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FIRST Robotics Competition

FIRST® Robotics Competition Kontrol Sistemi Dokiimantasyonu’'na hosgeldiniz! Bu site ya-
risma robotunuzu kodlamaniz i¢in gereken her seyi barindiriyor!

Sol-alt meniide gesitli dillere yapilan goniillii gevirilere ulasabilirsiniz.
Geri Donen Takimlar

Eger tekrardan katilacak bir takimsaniz, 2023-2024 arasi olan degisikliklere, sik karsilasilan
sorunlara ve giincelleme i¢in hizli baslangi¢ kilavuzuna goz gezdirmeyi unutmayiniz.

Degisiklik Giinligu
Bilinen Sorunlar
Hizli Baslangig
Yeni Takimlar

Sifirdan Robot’a eg@itimi size temel bir robotu hazirlama, kablolama ve programlama konu-
sunda rehberlik edecek!

Go to Zero-to-Robot

Hardware Overview

Takimlarin kullanabilecegi donanim bilesenlerine genel bakis.
Go to Hardware Overview

Software Overview

Takimlarin kullanabilecegi yazilim bilesenlerine ve araglarina genel bakis.
Go to Software Overview

Programming Basics

Takima programlama siureci boyunca faydali olacak dokiimanlar.
View articles

Advanced Programming

Veteran takimlara hitabeden belgeler. Bu belgelerde Yol Planlama ve Kinematik gibi icerikler
bulunuyor.

View articles

Hardware

Takimlar i¢in donanim egitimleri ve igerik mevcuttur.
View articles

Romi and XRP Robots

The Romi and XRP robots are low-cost platforms for practicing WPILib programming.
View Romi articles

View XRP articles

API Documentation

Java, C++, and Python class documentation.

Java

C++



https://github.wpilib.org/allwpilib/docs/release/java/index.html
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Python
Software Tools

FRC Driver Station, Dashboards, roboRIO Goériintilleme Araci ve daha fazlasi gibi temel arac-
lar.

View articles

Example Projects

Bu kisim, takimlarin VS kodunu referans alarak mevcut projelere ornek gosterir.
View articles

Status Light Quick Reference

Cesitli FRC donanimlarindaki durum isiklari i¢in hizli basvuru kilavuzu.

View article

3rd Party libraries

Robot projenize CTRE ve REV gibi 3. taraf kitapliklar1 ekleme egitimi.

View article



https://robotpy.readthedocs.io/projects/robotpy/en/stable/

FIRST® Robotics Competition kontrol sistemi ve WPILib yazilim paketleri resmi belgeler ana
sayfasina hos geldiniz. Bu sayfa, FRC|reg|’in kontrol sistemini (kablolama, konfigurasyon ve
yazilim dahil) ve ayrica WPILib kitapliklar ve araglar i¢in birincil kaynaktir.

1.1 Programlamada yeni misiniz?

Bu sayfalar, WPILib kitapliklarinin ve FRC Kontrol Sisteminin ozelliklerini kapsar ve destek-
lenen programlama dillerini kullanmanin temellerini agiklamaz. Desteklenen programlama
dillerini 6grenmeye yonelik kaynaklar istiyorsaniz, asagidaki 6nerilere géz atin:

Not: Programlama dili bilgisi olmadan isleyen bir temel robot elde etmek icin bu Zero-to-
Robot bolimiiyle devam edebilirsiniz. Bunun otesine ge¢mek igin, programlamayi sectiginiz
dile asina olmaniz gerekecek.

1.1.1 Java

* Code Academy

* Head First Java 2nd Edition baslangic seviyesi dostu ve Java programlamaya giris (ISBN-
10: 0596009208).

1.1.2 C++

e LearnCPP

* Programming: Principles and Practice Using C++ 2nd Edition C++ dilinin yaraticisindan
baslangic sevitesi bir giris.(ISBN-10: 0321992784).

e C++ Primer Plus 6th Edition (ISBN-10: 0321776402).



https://www.codecademy.com/learn/learn-java
https://www.amazon.com/dp/0596009208/
https://www.learncpp.com/
https://www.amazon.com/dp/B00KPTEH8C
https://www.amazon.com/dp/0321928423/
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1.1.3 LabVIEW

e NI Learn LabVIEW

1.1.4 Python

» List of various guides to learn Python

1.2 Zero to Robot - Sifirdan Robota

The remaining pages in this tutorial are designed to be completed in order to go from zero to
a working basic robot. The documents will walk you through wiring your robot, installation
of all needed software, configuration of hardware, and loading a basic example program that
should allow your robot to operate. When you complete a page, simply click Next to navigate
to the next page and continue with the process. When you're done, you can click Next to
continue to an overview of WPILib in C++/Java/Python or jump back to the home page using
the logo at the top left to explore the rest of the content.

4 Bolum 1. Giris


https://www.ni.com/getting-started/labview-basics/
http://docs.python-guide.org/en/latest/intro/learning/

Adim 1: Robotunuzu insa Etme

Mevcut kontrol sistemine genel bir bakis burada bulunabilir.

2.1 Introduction to FRC Robot Wiring

Not: This document details the wiring of a basic electronics board for the kitbot or to allow
basic drivetrain testing.

Some images shown in this section reflect the setup for a Robot Control System using SPARK
or SPARK MAX Motor Controllers. Wiring diagram and layout should be similar for other
motor controllers. Where appropriate, two sets of images are provided to show connections
using controllers with and without integrated wires.

2.1.1 Overview

REV

CTR

2.1.2 Gather Materials

Locate the following control system components and tools

» Kit Materials:
Power Distribution Hub (PDH) / Power Distribution Panel (PDP)
roboRIO
Pneumatics Hub (PH) / Pneumatics Control Module (PCM)
Radio Power Module (RPM) / Voltage Regulator Module (VRM)
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Sekil 1: Diagram courtesy of FRC® Team 3161 and Stefen Acepcion.
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- OpenMesh radio (with power cable and Ethernet cable)
- Robot Signal Light (RSL)

- 4x SPARK MAX or other motor controllers

- 2x PWM y-cables

- 120A Circuit breaker

- 4x 40A Circuit breaker

- 6 AWG (16 mm?2) Red wire

- 10 AWG (6 mm?) Red/Black wire

- 18 AWG (1 mm?) Red/Black wire

- 22 AWG (0.5 mm?) Yellow/Green twisted CAN cable

- 8x Pairs of 10-12 AWG (4 - 6 mm?) (Yellow) quick disconnect terminals (16x ring
terminals if using integrated wire controllers)

- 2x Anderson SB50 battery connectors
- 6 AWG (16 mm?) Terminal lugs
- 12V Battery
- Red/Black Electrical tape
- Dual Lock material or fasteners
- Zip ties
- 1/4” or 1/2” (6-12 mm) plywood
* Tools Required:
- Wago Tool or small flat-head screwdriver

- Very small flat head screwdriver (eyeglass repair size)

Wire cutters, strippers, and crimpers

7/16” (11 mm may work if imperial is unavailable) box end wrench or nut driver

Additional 7/16” wrench/nut driver or Philips head screw driver

For CTR PDP only: 5 mm Hex key (3/16” may work if metric is unavailable)
For CTR PDP only: 1/16” Hex key

2.1.3 Create the Base for the Control System

For a test board, cut piece of 1/4” or 1/2” (6-12 mm) material (wood or plastic) approximately
24” x 16” (60 x 40 cm). For a Robot Quick Build control board see the supporting documen-
tation for the proper size board for the chosen chassis configuration.

8 Boliim 2. Adim 1: Robotunuzu insa Etme
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2.1.4 Layout the Core Control System Components

REV

CTR

Lay out the components on the board. An example layout is shown in the image above.

2.1. Introduction to FRC Robot Wiring 9



FIRST Robotics Competition

2.1.5 Fasten Components

Using the Dual Lock or hardware, fasten all components to the board. Note that in many FRC
games robot-to-robot contact may be substantial and Dual Lock alone is unlikely to stand up
as a fastener for many electronic components. Teams may wish to use nut and bolt fasteners
or (as shown in the image above) cable ties, with or without Dual Lock to secure devices to
the board.

2.1.6 Attach Robot Side Battery Connector

REV

The next step will involve using the Wago connectors on the PDH. To use the Wago connectors,
open the lever, insert the wire, then close the lever. Two sizes of Wago connector are found
on the PDH:

¢ Main power connectors: Accept 4 - 18 AWG (.75 - 25 mm?), strip 20 mm (~3/4")
* High current channel connectors: Accept 8 - 24 AWG (.25 - 10 mm?), strip 12 mm (~1/2")

To maximize pullout force and minimize connection resistance wires should not be tinned
(and ideally not twisted) before inserting into the Wago connector.

N

Requires: Battery Connector, 6 AWG (16 mm?) terminal lugs, 7/16” (11 mm) Box end

Attach terminal lug to positive (red) wire of battery connector. Strip .75” off the black wire.

10 Boliim 2. Adim 1: Robotunuzu insa Etme
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Lift the lever above the black main power input terminal on the PDH until it clicks into place.
Insert the wire. Pull the lever down to secure the wire.

Using a 7/16” (11 mm) box end wrench, remove the nut on the “Batt” side of the main breaker
and secure the positive terminal of the battery connector

CTR

Requires: Battery Connector, 6 AWG (16 mm?) terminal lugs, 1/16” Allen, 5 mm Allen, 7/16”
(11 mm) Box end

Attach terminal lugs to battery connector.
1. Using a 1/16” Allen wrench, remove the two screws securing the PDP terminal cover.

2. Using a 5 mm Allen wrench (3/16”), remove the negative (-) bolt and washer from the
PDP and fasten the negative terminal of the battery connector.

3. Using a 7/16” (11 mm) box end wrench, remove the nut on the “Batt” side of the main
breaker and secure the positive terminal of the battery connector

2.1. Introduction to FRC Robot Wiring 11
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2.1.7 Wire Breaker to Power Distribution

REV

Requires: 6 AWG (16 mm?) red wire, 1x 6 AWG (16 mm?) terminal lugs, 7/16” (11
mm) wrench

Secure one terminal lug to the end of the 6 AWG (16 mm?) red wire. Using the 7/16”
(11 mm) wrench, remove the nut from the “AUX” side of the 120A main breaker and
place the terminal over the stud. Loosely secure the nut (you may wish to remove
it shortly to cut and strip the other end of the wire). Measure out the length of wire
required to reach the positive terminal of the PDH.

1. Cut and strip the other end of the red wire.

2. Using the 7/16” (11 mm) wrench, secure the wire to the “AUX” side of the 120A
main breaker.

3. Lift the lever on the positive (red) input terminal of the PDH, insert the wire,
then close the terminal.

CTR

12 Boliim 2. Adim 1: Robotunuzu insa Etme
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Requires: 6 AWG (16 mm?) red wire, 2x 6 AWG (16 mm?) terminal lugs, 5 mm Allen, 7/16” (11
mm) box end

Secure one terminal lug to the end of the 6 AWG (16 mm?) red wire. Using the 7/16” (11
mm) box end, remove the nut from the “AUX” side of the 120A main breaker and place the
terminal over the stud. Loosely secure the nut (you may wish to remove it shortly to cut, strip,
and crimp the other end of the wire). Measure out the length of wire required to reach the
positive terminal of the PDP.

1. Cut, strip, and crimp the terminal to the 2nd end of the red 6 AWG (16 mm?) wire.

2. Using the 7/16” (11 mm) box end, secure the wire to the “AUX” side of the 120A main
breaker.

3. Using the 5 mm Allen wrench, secure the other end to the PDP positive terminal.

2.1.8 Insulate power connections

REV

Requires: Electrical tape

Using electrical tape, insulate the two connections to the 120A breaker.

2.1. Introduction to FRC Robot Wiring 13



FIRST Robotics Competition

CTR

Requires: 1/16” Allen, Electrical tape

1. Using electrical tape, insulate the two connections to the 120A breaker. Also insulate
any part of the PDP terminals which will be exposed when the cover is replaced.

2. Using the 1/16” Allen wrench, replace the PDP terminal cover

2.1.9 Motor Controller Power

14 Boliim 2. Adim 1: Robotunuzu insa Etme
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REV

Requires: Wire Stripper Terminal Controllers only: 10 or 12 AWG (4 - 6 mm?) wire ,
10 or 12 AWG (4 - 6 mm?) fork/ring terminals, wire crimper

For SPARK MAX or other wire integrated motor controllers (top image):

¢ Cut and strip the red and black power input wires, then insert into one of the
Wago terminal pairs.

For terminal motor controllers (bottom image):

1. Cut red and black wire to appropriate length to reach from one of the Wago
terminal pairs to the input side of the motor controller (with a little extra for
the length that will be inserted into the terminals on each end)

2. Strip one end of each of the wires, then insert into the Wago terminals.
3. Strip the other end of each wire, and crimp on a ring or fork terminal

4. Attach the terminal to the motor controller input terminals (red to +, black to

)

2.1. Introduction to FRC Robot Wiring 15
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CTR

The next step will involve using the Wago connectors on the PDP. To use the Wago connectors,
insert a small flat blade screwdriver into the rectangular hole at a shallow angle then angle
the screwdriver upwards as you continue to press in to actuate the lever, opening the terminal.
Two sizes of Wago connector are found on the PDP:

* Small Wago connector: Accepts 10 - 24 AWG (0.25 - 6 mm?), strip 11-12 mm (~7/16")
» Large Wago connector: Accepts 6 - 12 AWG (4 - 16 mm?), strip 12-13 mm (~1/2")

To maximize pullout force and minimize connection resistance wires should not be tinned
(and ideally not twisted) before inserting into the Wago connector.

©Co

T % |5 e
i

Requires: Wire Stripper, Small Flat Screwdriver, Terminal Controllers only: 10 or 12 AWG (4
- 6 mm?) wire, 10 or 12 AWG (4 - 6 mm?) fork/ring terminals, wire crimper

For SPARK MAX or other wire integrated motor controllers (top image):

* Cut and strip the red and black power input wires, then insert into one of the 40A (larger)
Wago terminal pairs.

For terminal motor controllers (bottom image):

1. Cut red and black wire to appropriate length to reach from one of the 40A (larger) Wago
terminal pairs to the input side of the motor controller (with a little extra for the length
that will be inserted into the terminals on each end)

2. Strip one end of each of the wires, then insert into the Wago terminals.
3. Strip the other end of each wire, and crimp on a ring or fork terminal

4. Attach the terminal to the motor controller input terminals (red to +, black to -)

16 Boliim 2. Adim 1: Robotunuzu insa Etme
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2.1.10 Weidmuller Connectors

A number of the CAN and power connectors in the system use a Weidmuller LSF series wire-
to-board connector. There are a few things to keep in mind when using this connector for best
results:

¢ Wire should be 16 AWG (1.5 mm?) to 24 AWG (0.25 mm?) (consult rules to verify required
gauge for power wiring)

* Wire ends should be stripped approximately 5/16 (~8 mm)”

* To insert or remove the wire, press down on the corresponding “button” to open the
terminal

After making the connection check to be sure that it is clean and secure:
» Verify that there are no “whiskers” outside the connector that may cause a short circuit

» Tug on the wire to verify that it is seated fully. If the wire comes out and is the correct
gauge it needs to be inserted further and/or stripped back further. Occasionally the ter-
minal may remain stuck open with the wire inserted and the button released even if the
wire is stripped and inserted properly; in these cases wiggling the wire in and out a small
amount will often allow the connector to latch shut and grip the wire.

2.1.11 roboRIO Power

REV

2.1. Introduction to FRC Robot Wiring 17
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Requires: 10A mini fuse, Wire stripper, very small flat screwdriver, 18 AWG (1 mm?)
Red and Black

1. Insert the 10A fuse into the PDH in one of the non-switchable fused channels
(20-22).

2. Strip ~5/16” (~8 mm) on both the red and black 18 AWG (1 mm?) wire and
connect to the corresponding terminals on the PDH channel where the fuse
was installed

3. Measure the required length to reach the power input on the roboRIO. Take

care to leave enough length to route the wires around any other components
such as the battery and to allow for any strain relief or cable management.

4. Cut and strip the wire.

5. Using a very small flat screwdriver connect the wires to the power input con-
nector of the roboRIO (red to V, black to C). Also make sure that the power
connector is screwed down securely to the roboRIO.

18 Boliim 2. Adim 1: Robotunuzu insa Etme
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CTR

bl
Pl . 8

Requires: 10A/20A mini fuses, Wire stripper, very small flat screwdriver, 18 AWG (1 mm?) Red
and Black

1. Insert the 10A and 20A mini fuses in the PDP in the locations shown on the silk screen
(and in the image above)

2. Strip ~5/16” (~8 mm) on both the red and black 18 AWG (1 mm?) wire and connect to
the “Vbat Controller PWR” terminals on the PDB

3. Measure the required length to reach the power input on the roboRIO. Take care to leave
enough length to route the wires around any other components such as the battery and
to allow for any strain relief or cable management.

4. Cut and strip the wire.

5. Using a very small flat screwdriver connect the wires to the power input connector of
the roboRIO (red to V, black to C). Also make sure that the power connector is screwed
down securely to the roboRIO.

2.1. Introduction to FRC Robot Wiring 19
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2.1.12 Radio Power

REV

=1

cod
=
m2°

Requires: Wire stripper, small flat screwdriver (optional), 18 AWG (1 mm?) red and
black wire:

1. Insert the 10A fuse into the PDH in one of the non-switchable fused channels
(20-22).

2. Strip ~5/16” (~8 mm) on the end of the red and black 18 AWG (1 mm?) wire
and connect the wire to the corresponding terminals on the PDH.

3. Measure the length required to reach the “12V Input” terminals on the Radio
Power Module. Take care to leave enough length to route the wires around any
other components such as the battery and to allow for any strain relief or cable
management.

4. Cut and strip ~5/16” (~8 mm) from the end of the wire.
5. Connect the wire to the RPM 12V Input terminals.

20 Boliim 2. Adim 1: Robotunuzu insa Etme
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CTR

Requires: Wire stripper, small flat screwdriver (optional), 18 AWG (1 mm?) red and black wire:
1. Strip ~5/16” (~8 mm) on the end of the red and black 18 AWG (1 mm?) wire.

2. Connect the wire to one of the two terminal pairs labeled “Vbat VRM PCM PWR” on the
PDP.

3. Measure the length required to reach the “12Vin” terminals on the VRM. Take care to
leave enough length to route the wires around any other components such as the battery
and to allow for any strain relief or cable management.

4. Cut and strip ~5/16” (~8 mm) from the end of the wire.
5. Connect the wire to the VRM 12Vin terminals.

Uyari: DO NOT connect the Rev passive POE injector cable directly to the roboRIO. The
roboRIO MUST connect to the socket end of the cable using an additional Ethernet cable
as shown in the next step.

2.1. Introduction to FRC Robot Wiring 21
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Requires: Small flat screwdriver (optional), Rev radio PoE cable

Insert the ferrules of the passive PoE injector cable into the corresponding colored ter-
minals on the 12V/2A section of the VRM.

Connect the RJ45 (Ethernet) plug end of the cable into the Ethernet port on the radio
closest to the barrel connector (labeled 18-24v POE)

1.

2.1.13 Pneumatics Power (Optional)

22 Boliim 2. Adim 1: Robotunuzu insa Etme



FIRST Robotics Competition

REV

Requires: Wire stripper, small flat screwdriver (optional), 18 AWG (1 mm?) red and black wire

Not: The Pneumatics Hub is an optional component used for controlling pneumatics on the
robot.

The Pneumatics Hub can be wired to either a non-switchable fused port on the PDH with a
15A or smaller fuse or to a circuit breaker protected port with a breaker up to 20A.

1. Strip ~5/16” (~8 mm) on the end of the red and black 18 AWG (1 mm?) wire.
2. Connect the wire to the PDH in one of the two ways described above

3. Measure the length required to reach the red terminals on the short end of the PH labeled
+/-. Take care to leave enough length to route the wires around any other components
such as the battery and to allow for any strain relief or cable management.

4. Cut and strip ~5/16” (~8 mm) from the other end of the wire.

5. Connect the wire to the PH input terminals.

2.1. Introduction to FRC Robot Wiring 23
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CTR

Requires: Wire stripper, small flat screwdriver (optional), 18 AWG (1 mm?) red and black wire

Not: The PCM is an optional component used for controlling pneumatics on the robot.

1. Strip ~5/16” (~8 mm) on the end of the red and black 18 AWG (1 mm?) wire.

2. Connect the wire to one of the two terminal pairs labeled “Vbat VRM PCM PWR” on the
PDP.

3. Measure the length required to reach the “Vin” terminals on the PCM. Take care to leave
enough length to route the wires around any other components such as the battery and
to allow for any strain relief or cable management.

4. Cut and strip ~5/16” (~8 mm) from the end of the wire.
5. Connect the wire to the PCM 12Vin terminals.

24 Boliim 2. Adim 1: Robotunuzu insa Etme
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2.1.14 Ethernet Cables

REV

Requires: 2x Ethernet cables

1. Connect an Ethernet cable from the RJ45 (Ethernet) socket of the roboRIO to the port
on the Radio Power Module labeled roboRIO.

2. Connect an Ethernet cable from the R]J45 socket of the radio closest to the barrel con-
nector socket (labeled 18-24v POE) to the socket labeled WiFi Radio on the RPM

2.1. Introduction to FRC Robot Wiring 25
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CTR

Requires: Ethernet cable

Connect an Ethernet cable from the RJ45 (Ethernet) socket of the Rev Passive POE cable to
the RJ45 (Ethernet) port on the roboRIO.

2.1.15 CAN Devices

roboRIO to Pneumatics CAN

26 Boliim 2. Adim 1: Robotunuzu insa Etme
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REV
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Requires: Wire stripper, small flat screwdriver (optional), yellow/green twisted CAN cable

Not: The PH is an optional component used for controlling pneumatics on the robot. If you
are not using the PH, wire the CAN connection directly from the roboRIO (shown in this step)
to the PDH (shown in the next step).

1. Strip ~5/16” (~8 mm) off of each of the CAN wires.

2. Insert the wires into the appropriate CAN terminals on the roboRIO (Yellow->YEL,
Green->GRN).

3. Measure the length required to reach the CAN terminals of the PCM (either of the two
available pairs). Cut and strip ~5/16” (~8 mm) off this end of the wires.

4. Insert the wires into the appropriate color coded CAN terminals on the PH. You may use
either of the Yellow/Green terminal pairs on the PH, there is no defined in or out.
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Requires: Wire stripper, small flat screwdriver (optional), yellow/green twisted CAN cable

Not: The PCM is an optional component used for controlling pneumatics on the robot. If you
are not using the PCM, wire the CAN connection directly from the roboRIO (shown in this
step) to the PDP (shown in the next step).

1. Strip ~5/16” (~8 mm) off of each of the CAN wires.

2. Insert the wires into the appropriate CAN terminals on the roboRIO (Yellow->YEL,
Green->GRN).

3. Measure the length required to reach the CAN terminals of the PCM (either of the two
available pairs). Cut and strip ~5/16” (~8 mm) off this end of the wires.

4. Insert the wires into the appropriate color coded CAN terminals on the PCM. You may
use either of the Yellow/Green terminal pairs on the PCM, there is no defined in or out.
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Pneumatics to PD CAN

REV
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Requires: Wire stripper, small flat screwdriver (optional), yellow/green twisted CAN
cable

Not: The PH is an optional component used for controlling pneumatics on the robot.
If you are not using the PH, wire the CAN connection directly from the roboRIO
(shown in the above step) to the PDH (shown in this step).

1. Strip ~5/16” (~8 mm) off of each of the CAN wires.
2. Insert the wires into the appropriate CAN terminals on the PH.

3. Measure the length required to reach the CAN terminals of the PDH (either of
the two available pairs). Cut and strip ~5/16” (~8 mm) off this end of the wires.

4. Insert the wires into the appropriate color coded CAN terminals on the PDH.
You may use either of the Yellow/Green terminal pairs on the PDH, there is no
defined in or out.
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Not: See the CAN Wiring Basics if you need to terminate the CAN bus somewhere
other than the PDP.

CTR

Requires: Wire stripper, small flat screwdriver (optional), yellow/green twisted CAN cable

Not: The PCM is an optional component used for controlling pneumatics on the robot. If you
are not using the PCM, wire the CAN connection directly from the roboRIO (shown in the
above step) to the PDP (shown in this step).

1. Strip ~5/16” (~8 mm) off of each of the CAN wires.
2. Insert the wires into the appropriate CAN terminals on the PCM.

3. Measure the length required to reach the CAN terminals of the PDP (either of the two
available pairs). Cut and strip ~5/16” (~8 mm) off this end of the wires.

4. Insert the wires into the appropriate color coded CAN terminals on the PDP. You may
use either of the Yellow/Green terminal pairs on the PDP, there is no defined in or out.

Not: See the CAN Wiring Basics if you need to terminate the CAN bus somewhere other than
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the PDP.

2.1.16 Motor Controller Signal Wires

2.1. Introduction to FRC Robot Wiring

31



ion

FIRST Robotics Compet

PWM

pbotunuzu insa Etme

32



FIRST Robotics Competition

This section details how to wire the SPARK MAX controllers using PWM signaling. This is
a recommended starting point as it is less complex and easier to troubleshoot than CAN
operation. The SPARK MAXs (and many other FRC motor controllers) can also be wired using
CAN which unlocks easier configuration, advanced functionality, better diagnostic data and
reduces the amount of wire needed.

Requires: 4x SPARK MAX PWM adapters (if using SPARK MAX), 4x PWM cables (if controllers
without integrated wires or adapters, otherwise optional), 2x PWM Y-cable (Optional)

Option 1 (Direct connect):

1. If using SPARK MAX, attach the PWM adapter to the SPARK MAX (small adapter with a
3 pin connector with black/white wires).

2. If needed, attach PWM extension cables to the controller or adapter. On the controller
side, match the colors or markings (some controllers may have green/yellow wiring,
green should connect to black).

3. Attach the other end of the cable to the roboRIO with the black wire towards the outside
of the roboRIO. It is recommended to connect the left side to PWM 0 and 1 and the right
side to PWM 2 and 3 for the most straightforward programming experience, but any
channel will work as long as you note which side goes to which channel and adjust the
code accordingly.

Option 2 (Y-cable):

1. If using SPARK MAX, attach the PWM adapter to the SPARK MAX (small adapter with a
3 pin connector with black/white wires).

2. If needed, attach PWM extension cables between the controller or adapter and the PWM
Y-cable. On the controller side, match the colors or markings (some controllers may have
green/yellow wiring, green should connect to black).

3. Connect 1 PWM Y-cable to the 2 PWM cables for the controllers controlling each side of
the robot. The brown wire on the Y-cable should match the black wire on the PWM cable.

4. Connect the PWM Y-cables to the PWM ports on the roboRIO. The brown wire should be
towards the outside of the roboRIO. It is recommended to connect the left side to PWM 0
and the right side to PWM 1 for the most straightforward programming experience, but
any channel will work as long as you note which side goes to which channel and adjust
the code accordingly.

CAN

The Spark MAX controllers can also be wired using CAN. When wiring CAN the objective is
to create a single complete bus running from the roboRIO on one end and running through
all CAN devices on the robot. It is recommended to have either Power Distribution device at
the other end of the bus because they have built-in termination. If you do not wish to locate
one of these devices at the end of the bus see CAN Wiring Basics for info about terminating
yourself.

The Spark MAX controllers come with CAN cables that are pre-terminated with connectors.
You can chain these cables together directly, or buy or build extension cables to bridge larger
gaps. To connect to other CAN devices such as pneumatics controllers, power distribution
boards, or the roboRIO you will need to either cut off one of these pre-terminated connectors
on the controller, cut off a connector on an extension, or build your own extension with just a
single connector.
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When chaining controllers together using the provided connectors, make sure to use the
provided retaining clip. If unavailable, secure the connection with a small ziptie, electrical
tape, or other similar method.

2.1.17 Robot Signal Light

Requires: Wire stripper, 2 pin cable, Robot Signal Light, 18 AWG (1 mm?) red wire, very small
flat screwdriver

1.
2.
3.

Cut one end off of the 2 pin cable and strip both wires
Insert the black wire into the center, “N” terminal and tighten the terminal.

Strip the 18 AWG (1 mm?) red wire and insert into the “La” terminal and tighten the
terminal.

4. Cut and strip the other end of the 18 AWG (1 mm?) wire to insert into the “Lb” terminal

Insert the red wire from the two pin cable into the “Lb” terminal with the 18 AWG (1
mm?) red wire and tighten the terminal.

. Connect the two-pin connector to the RSL port on the roboRIO. The black wire should

be closest to the outside of the roboRIO.

Tiiyo: You may wish to temporarily secure the RSL to the control board using cable ties or
Dual Lock (it is recommended to move the RSL to a more visible location as the robot is being
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constructed)

2.1.18 Circuit Breakers

REV

Requires: 4x 40A circuit breakers

Insert 40-amp Circuit Breakers into the positions on the PDH corresponding with the Wago
connectors the motor controllers are connected to. Note that the white graphic indicates
which breakers are associated with which terminal pairs.

If working on a Robot Quick Build, stop here and insert the board into the robot chassis before
continuing.

CTR

Requires: 4x 40A circuit breakers

Insert 40-amp Circuit Breakers into the positions on the PDP corresponding with the Wago
connectors the motor controllers are connected to. Note that, for all breakers, the breaker
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corresponds with the nearest positive (red) terminal (see graphic above). All negative termi-
nals on the board are directly connected internally.

If working on a Robot Quick Build, stop here and insert the board into the robot chassis before
continuing.

2.1.19 Motor Power

Requires: Wire stripper, wire crimper, phillips head screwdriver, wire connecting hardware
For each CIM motor:

* Strip the ends of the red and black wires from the CIM
For integrated wire controllers including SPARK MAX (top image):

1. Strip the red and black wires (or white and green wires) from the controller (the SPARK
MAX white wire is unused for brushed motors such as the CIM, it should be secured and
the end should be insulated such with electrical tape or other insulation method).

2. Connect the motor wires to the matching controller output wires (for controllers with
white/green, connect red to white and green to black). The images above show an examp-
le using quick disconnect terminals which are provided in the Rookie KOP.

For the SPARK or other non-integrated-wire controllers (bottom image):
1. Crimp a ring/fork terminal on each of the motor wires.
2. Attach the wires to the output side of the motor controller (red to +, black to -)
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2.1.20 STOP

Tehlike: Before plugging in the battery, make sure all connections have been made with
the proper polarity. Ideally have someone that did not wire the robot check to make sure
all connections are correct.

» Start with the battery and verify that the red wire is connected to the positive terminal

* Check that the red wire passes through the main breaker and to the + terminal of the
PDP and that the black wire travels directly to the - terminal.

* For each motor controller, verify that the red wire goes from the red PDP terminal to the
V+ terminal on the motor controller (not M+!!11)

* For each non-motor controller device, verify that the red wire runs from a red terminal
on the PD connects to a red terminal on the component.

* Make sure that the PoE cable is plugged directly into the radio NOT THE roboRIO!

Tiyo: It is also recommended to put the robot on blocks so the wheels are off the ground
before proceeding. This will prevent any unexpected movement from becoming dangerous.
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2.1.21 Manage Wires

Requires: Zip ties

Tiiyo: Now may be a good time to add a few zip ties to manage some of the wires before
proceeding. This will help keep the robot wiring neat.

2.1.22 Connect Battery

Connect the battery to the robot side of the Anderson connector. Power on the robot by moving
the lever on the top of the 120A main breaker into the ridge on the top of the housing.

If stuff blinks, you probably did it right. If you hear any clicking, or see any smoke, power the
system off immediately, clicking is likely the sound of circuit breakers tripping.

Before moving on, if using SPARK MAX controllers, there is one more configuration step to
complete. The SPARK MAX motor controllers are configured to control a brushless motor by
default. You can verify this by checking that the light on the controller is blinking either cyan
or magenta (indicating brushless brake or brushless coast respectively). To change to brushed
mode, press and hold the mode button for 3-4 seconds until the status LED changes color. The
LED should change to either blue or yellow, indicating that the controller is in brushed mode
(brake or coast respectively). To change the brake or coast mode, which controls how quickly
the motor slows down when a neutral signal is applied, press the mode button briefly.

Tiyo: For more information on the SPARK MAX motor controllers, including how to test
your motors/controllers without writing any code by using the REV Hardware Client, see the
SPARK MAX Quickstart guide.

From here, you should connect to the roboRIO and try uploading your code!
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Adim 2: Yazilimin Kurulmasi

Mevcut kontrol sistemi yazilimina genel bir bakis bulunabilir :doc: burada </docs/controls-
overviews/control-system-software>.

3.1 Cevrimdisi Kurulum Hazirhgi

Bu makale, FRC® Control System software’in ¢cevrimdisi kurulumunu yapmaniz gerektiginde
toplamak isteyeceginiz bilesenlere yonelik yonergeler/baglantilar igerir.

Tiiyo: Bu belge, ¢evrimdigi bilgisayarlara veya birden ¢ok bilgisayara yliklemeyi kolaylas-
tirmak icin asagidaki belgelerdeki tim indirme baglantilarini derler. Internete bagl tek bir
bilgisayara kurulum yapiyorsaniz, bu sayfay: atlayabilirsiniz.

Not: Bu araglarin yiiklenme sirasi Java ve C ++ ekipleri icin 6nemli degildir. LabVIEW, FRC
Oyun Araclar veya 3. Taraf kiitiphanelerinden 6nce kurulmalidir.
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3.1.1 Dokumantasyon

This documentation can be downloaded for offline viewing. The link to download the PDF can
be found here.

3.1.2 Yukleyiciler

Tam takimlar

e 2024 FRC Game Tools (Note: Click on link for “Individual Offline Installers”)

* 2024 FRC Radio Configuration Utility or 2024 FRC Radio Configuration Utility Israel
Version

LabVIEW Takimlan

e LabVIEW Base Installer (Note: Click on link for “Individual Offline Installers”)

Java/C++ Takimlan

* Java/C++ WPILib Installer

Once on the GitHub releases page, scroll to the download section in the middle of the page.

WPILib 2024.1.1 Release @D s

This is the kickoff release of WPILIb for the 2024 season.

The decumentation for WPILib is located at https://docs.wilib.org/ (if you have trouble accessing this location,

https.//fredocs.wpi.edu/en/stable/ is an alternate location with the same content).
If you're new to FRC, start with Getting Started.

System Requirements: WPILib requires 64-bit Windows 10 or 11, Ubuntu 22.04, or macOS 12 or higher. C++ teams should
note that Visual Studio 2022 is required for desktop builds. Mac users will need to have the Xcode Command Line Tools
installed before running the installer. This can be done by running xcode-select --install in the Terminal.

If you're returning from a previous season, check out what's new for 2024, You will need a new RoboRIO image for 2024; this
is available via the FRC 2024 Game Tools. Follow the WPILib installation guide to install WPILib.

If you're starting from a 2023 robot project, you will need to import your preject to create a 2024 project. The import
process is important, as it will make a few automated corrections for some breaking changes that happened in 2024. It is
also necessary to import vendor libraries again, since last year's vendor libraries must be updated to be compatible with this
year's projects

A complete list of known issues with this release can be found here.

WPILib is developed by a small team of volunteers and the FIRST community.

Downloads
For 2024, we have changed the location for WPILib downloads due to GitHub file size limitations. Please use the links below
to download the installer package for your platform.

 WPILib 2024.1.1 - Windows (2.0 GB)
* WPILib 2024.1.1 - Mac (Arm) (2.1 GB)

& WPILib 2024.1.1 - Mac (Intel) (2.2 GB)
* WPILib 2024.1.1 - Linux (2.3 GB)

Then click on the correct binary for your OS and architecture to begin the download.

Not: After downloading the Java/C++ WPILib installer, run it once while connected to the
internet and select Install for this User then Create VS Code zip to share with other com-
puters/OSes for offline install and save the downloaded VS Code zip file for future offline
installations.
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3.1.3 3. Taraf Kitaphklari/Yazilimlan

WPILib’e baglanan mevcut 3. taraf yazilimlarin bir dizini su adreste bulunabilir: 3. Taraf Kii-
tiiphaneleri.

3.2 FRC icin LabVIEW’i yukleme (yalnizca LabVIEW)

Not: This installation is for teams programming in LabVIEW or using NI Vision Assistant
only. C++, Java, and Python teams not using these features do not need to install LabVIEW
and should proceed to Installing the FRC Game Tools.

Indirme ve yiikleme siireleri, bilgisayar ve internet baglant1 6zelliklerine gore biiyiik olciide
degisecektir, ancak bu islemin biiyiik bir dosya indirme ve yiikleme igerdigini ve muhtemelen
tamamlanmasinin en az bir saat alacagini unutmayin.

3.2.1 Requirements

* Windows 10 or higher (Windows 10, 11)

3.2.2 Eski Siiriimleri Kaldirma (Onerilir)

Not: Eger cRIO’lar programlamaya devam etmek istiyorsaniz, FRC | reg | icin LabVIEW
kurulumunu surdiurmeniz gerekecektir. 2014. LabVIEW for FRC 2014 lisans1 uzatildi. Bu su-
rumlerin tek bir bilgisayarda bir arada bulunabilmesi gerekirken, bu kapsaml bir sekilde test
edilmis bir yapilandirma degildir.

Before installing the new version of LabVIEW it is recommended to remove any old versions.
The new version will likely co-exist with the old version, but all testing has been done with FRC
2024 only. Make sure to back up any team code located in the “User\LabVIEW Data” directory
before un-installing. Then click Start >> Add or Remove Programs. Locate the entry labeled
“NI Software”, and select Uninstall.
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Kaldirilacak Bilesenleri Secin

Gorunen iletisim kutusunda tim girisleri se¢in. Bunu yapmanin en kolay yolu, “Products Only”
onay kutusunun se¢imini kaldirmak ve “Name” in solundaki onay kutusunu se¢mektir. Remo-
va’a tiklayin. Kaldiricinin tamamlanmasini ve sordugunda yeniden baslamasini bekleyin.

Uyari: Bu talimatlar, bagka hicbir NI yaziliminin kurulu olmadigini varsayar. Yiikli bagka
NI yaziliminiz varsa, kaldirilmamasi gereken yazilimin isaretini kaldirmaniz gerekir.
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WilsTiomenrs

3.2.3 LabVIEW yukleyicisini edinme

Download the LabVIEW for FRC 2024 installer from NI. Be sure to select the correct version
from the drop-down.
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Online installer

File Size
537 MB

O Note: If you need to download individual versions or
patches, you can select from Individual Offline

Installers Offline Installer

Cevrimdis: diger makinelere yiiklemek isterseniz, Indir diigmesine tiklamayin, **Individual
Offline Installers-Bireysel Cevrimdig1 Yikleyiciler ** ‘e tiklayin ve ardindan tam yukleyiciyi
indirmek icin Indir’e tiklayin.

Not: This is a large download (~10GB). It is recommended to use a fast internet connection
and to use the NI Downloader to allow the download to resume if interrupted.

3.2.4 LabVIEW Kurulumu

NI LabVIEW bir lisans gerektirir. Her sezonun lisansi, bir sonraki yilin 31 Ocak tarihine kadar
gecerlidir (or. 2020 sezonu lisansinin siresi 31 Ocak 2021’de sona erer)

Takimlarin, ilgili yazilima eslik eden kisitlamalara ve lisans kosullarina tabi olarak ve yazilimi
yalnizca takim uyelerinin veya danismanlarin yalnizca FRC igin kullanmas: kosuluyla, yazih-
mi1 gerektigi kadar takim bilgisayarina kurmalarina izin verilir. LabVIEW’i kullanma haklar,
yalnizca ilgili yazilimin kurulumu sirasinda gosterilen lisans s6zlesmelerinin hitkiimlerine ta-
bidir.

Yilklemeyi Baslatma

Online Installer

Yiukleme islemini baslatmak icin indirilen exe dosyasini ¢alistirin. Yes Bir Windows Guivenlik
istemi ise Yes-Evet e tiklayin.

Offline Installer (Windows 10+)

Right click on the downloaded iso file and select mount. Run install.exe from the mounted iso.
Click “Yes” if a Windows Security prompt

Not: other installed programs may associate with iso files and the mount option may not
appear. If that software does not give the option to mount or extract the iso file, then install
7-Zip and use that to extract the iso.
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-
Name Date modified

~ Today (2)

Type Size

i-frc-2020-game-toals |

ni-frc-2020-game-tools_| Mount

Burn disc image

08

Share
Open with...

870,910 KB
5503 KB

Disc Image File

Application

Give access to

Restore previous versions

Send to

Cut
Copy

Create shortcut
Delete

Rename

Properties

NI Package Manager Lisansi

P— _—
n NI Package Manager

| Select Agree

Review Finish

You must accept the license agreements below to proceed. !

B

% |

NATIONAL INSTRUMENTS SOFTWARE LICENSE |
AGREEMENT

CAREFULLY READ THIS SOFTWARE LICENSE AGREEMENT ("AGREEMENT"). BY DOWNLOADING
THE SOFTWARE AND/OR CLICKING THE APPLICABLE BUTTON TO COMPLETE THE
INSTALLATION PROCESS, OR BY OTHERWISE EXECUTING THE APPLICABLE QUOTE (DEFINED
BELOW), YOU AGREE TO BE BOUND BY THE TERMS OF THIS AGREEMENT. IF YOU DO NOT WISH
TO BECOME A PARTY TO THIS AGREEMENT AND BE BOUND BY ITS TERMS AND CONDITIONS,
DO NOT INSTALL OR USE THE SOFTWARE, AND RETURN THE SOFTWARE (WITH ALL
ACCOMPANYING WRITTEN MATERIALS AND THEIR CONTAINERS) WITHIN THIRTY (30) DAYS OF
RECEIPT. ALL RETURNS TO NI WILL BE SUBJECT TO NI'S THEN-CURRENT RETURN POLICY. IF
YOU_ARE_ACCEPTING THIS AGREEMENT ON_BEHALF _OF AN_ENTITY. YOU AGREE_AND

| This license agreement applies to the following packages: NI Package Manager

(O Ido not accept all the license agreements.

(@ laccept the above 2 license agreements.

Next
Bu ekrani gorurseniz, tiklayin Next
Windows Hizli Baslangic¢’i devre disi birakin
/nNI Package—N]anage;_ . o N S X
| Select Agree Review Finish

Disable Windows fast startup

WARNING - Please Disable Windows Fdst Startup

Fast startup may cause problems with detecting or using your hardware.
It is recommended that you disable fast startup.

Note:
You will need to contact your administrator to disable fast startup if this setting is enabled
through a group policy.

Windows Fast Startup Information

Back Next
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Bu ekrani gorurseniz, tiklayin Next

NI Package Manager incelemesi

NI Package Manager X

Select Agree Review Finish
| ——

Review the following summary before continuing.

¥ Install s
NI Package Manager 2023Q3 |
|
|
Back Next

Bu ekrani gorurseniz, tiklayin Next

NI Package Manager Kurulumu

NI Package Manager X
Select Agree Review Perform

Installing NI Package Manager Deployment Support

Installing NI Package Manager Deployment Support 19.0

Next

NI Paket Yoneticisinin yikleme ilerlemesi bu pencerede izlenecektir
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Uriin listesi

I Installing LabVIEW Software for FRC X
Select Agree Review Finish
PROGRAMMING ENVIRONMENTS
LabVIEW Software for FRC |
LabVIEW (32-bit) English 2023Q3

LabVIEW Software for FRC provides

ADD-ONS componentishat help FIRST Robotics
LabVIEW Real-Time Module (32-bit) English 2023Q1 Competition (FRC) participants
Vision Development Module 2023Q1 Program robots with LabVIEW.
LabVIEW Software for FRC is a software
DRIVERS suite that provides software |
NI CompactRIO 2023Q3 Components required to use the
. LabVIEW programming language for the
NHMAQdx 20BQL  gRe. This suite includes LabVIEW
Professional as well as software add-
ons such as the LabVIEW Real-Time
Module and the LabVIEW Vision
Development Module. LabVIEW
| Software for FRC also includes
associated drivers.
|
Select All Deselect All Next
Tiklayin Next
Ek Paketler
-
I Installing LabVIEW Software for FRC X
Select Agree Review Finish

Additional items you may wish to install:

JKIVI Package Manager
VI Package Manager helps you discover, create, and install LabVIEW add-ons.

LabVIEW Advanced Signal Processing Toolkit (32-bit)
The LabVIEW Advanced Signal Processing Toolkit is a set of software tools that you can use to perform time frequency,
time series, and wavelet analysis.

LabVIEW Database Connectivity Toolkit (32-bit)
The LabVIEW Database Connectivity Toolkit helps you connect to local and remote databases and implement common
database operations.

LabVIEW Desktop Execution Trace Toolkit

The LabVIEW Desktop Execution Trace Toolkit helps you perform dynamic code analysis for advanced debugging.

LabVIEW Desktop Execution Trace Toolkit Support for LabVIEW 2023
This installs the LabVIEW Desktop Execution Trace Toolkit support files for LabVIEW 2023.

|

Back Select All Deselect All Next

Tiklayin Next
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Lisans anlasmalari

r
I Installing LabVIEW Software for FRC X

Select Agree Review Finish

You must accept the license agreements below to proceed.

DirectX 9.0 Functional Safety Editor Addendum .NET 6.0
i JKIVI Package Manager |
NATIONAL INSTRUMENTS SOFTWARE LICENSE
AGREEMENT [

CAREFULLY READ THIS SOFTWARE LICENSE AGREEMENT ("AGREEMENT"). BY DOWNLOADING
THE SOFTWARE AND/OR CLICKING THE APPLICABLE BUTTON TO COMPLETE THE
INSTALLATION PROCESS, OR BY OTHERWISE EXECUTING THE APPLICABLE QUOTE (DEFINED
BELOW), YOU AGREE TO BE BOUND BY THE TERMS OF THIS AGREEMENT. IF YOU DO NOT WISH

WEAHRR R AID DI ATS O Dp A N BA0 =
DataPlugln for AOPS NI Update Service, NI L|nux RT System Image, LabVIEW Runtime (32-bit), LabVIEW Runtlme 164—
bit), NI Distributed System Manager, NI LabVIEW Command Line Interface, JKI VI Package Manager, LabWindows/CVI
Shared Runtime, NI License Manager, JKI VI Package Manager Helper, LabVIEW (32-bit) English, LabVIEW DataFinder

(O Ido not accept all the license agreements. (@ laccept the above 6 license agreements.

Back Next

“T accept...” 0gesini isaretleyin ve ardindan Next tiklayin.

Uriin Bilgisi

r
I Installing LabVIEW Software for FRC X

Select Agree Review Finish

Information about the products to be installed. [

¥ NI OpenVINO Model Optimizer Support for Python 3.6

Configuring OpenVINO Support for Python 3.6 |
If you need to optimize deep learning models using OpenVINO, then you need to install Python 3.6. For
more information see the "Deep Learning: OpenVINO Inference engine & Model Optimizer" subsection

in the Vision Development Module readme: https://www.ni.com/r/vdmrn

4

NI-IMAQdx High-Performance GigE Vision Driver

Intel Pro 1000 Network Interface Devices

Installing the NI-IMAQdx High-Performance GigE Vision Driver associates all Intel Pro 1000 network
interface devices with the High-Performance GigE Vision Driver. If you do not want to use the High-
Performance Gigk Vision driver, click Back to return to the Select tab, and deselect the "NI-IMAQdx
High-Performance GigE Vision Driver" option.

Back Next

Tiklayin Next
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Yiklemeyi baslat

r
I Installing LabVIEW Software for FRC X
Select Agree Review Finish
Review the following summary before continuing.
¥ Install
ASAM e.V. DataPlugin for AOP5 21.5.0
JKIVI Package Manager 2023Q3
LabVIEW (32-bit) English 2023Q3
LabVIEW Advanced Signal Processing Toolkit (32-bit) 2023 Q1
LabVIEW Database Connectivity Toolkit (32-bit) 2023 Q1
LabVIEW DataFinder Connectivity VIs (32-bit) 2023 Q1
LabVIEW Desktop Execution Trace Toolkit 2023
LabVIEW Digital Filter Design Toolkit (32-bit) 2023Q1
LabVIEW Project Dependency Support Software 2023Q3
LabVIEW Real-Time Module (32-bit) English 2023 Q1
LabVIEW Report Generation Toolkit (32-bit) 2023 Q1
Back Next
Tiklayin Next
Genel ilerleme
r
I Installing LabVIEW Software for FRC X
Select Agree Review Finish

Installing NI Security Update (KB 67LSLCQW)

| |

Next

Genel ylikleme ilerlemesi bu pencerede izlenecektir

3.2.5 NI Update Hizmeti

NI Update Service

NI Update Service checks for available updates each time you install new NI software. Would you like NI Update Service also to
| check for updates periodically?

Note: If updates are available, you can choose whether to install or ignore them. Updates are never installed automatically.

Yes No

NI giincelleme servisini etkinlestirip etkinlestirmemeniz sorulacaktir. Gincelleme hizmetini
etkinlestirmemeyi secgebilirsiniz.
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Uyar1: Genel iletisim kanallarimiz (FRC Blog, Takim Giincellemeleri veya E-posta duyuru-
laru) araciligiyla FRC tarafindan yonlendirilmedikce bu giincellemelerin yliklenmesi 6ne-
rilmez.

NI Aktivasyon Sihirbazi

I Activate Software X

Create a user account
Let's get started L

You must obtain and activate a software license to continue. Learn more

Log in to Activate

No internet connection? Activate offline

Privacy Statement Cancel

Click the Log in to Activate button.

EJ niuser Account x

NIl User Account

Log in to continue

Email

Password Forgot password?

LOG IN

Create account >

ni.com hesabiniza giris yapin. Bir hesabiniz yoksa, ucretsiz bir hesap olusturmak icin secin
Create account .
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I Activate Software X
Log Out
19 licenses selected

Identity-based activation uses your NI User Account to activate. This lets you get started faster, receive
fewer interruptions, and you no longer need to remember serial numbers or create activation codes.

Learn more
Check my account for licenses A Activate
Check my account for licenses Processing Toolkit
Enter a serial number Htivity To?lkit
gn Toolkit
Enter activation codes n Toolkit for Microsoft Office
rork Toolkit

Connect to a volume license server it
LabVIEW 2023 él Real-Time Debu’g Deployment
LabVIEW 2023 Q1 Real-Time Module

Privacy Statement Extend Trial (13) Cancel

From the drop-down, select enter a serial number

I Activate Software X
Log Out
19 licenses selected

A serial number is a unique identifier belonging to each product that allows online product activation.
Learn more

Enter a serial number v Activate
LabVIEW 2023 Q1 LabVIEW Advanced Signal Processing Toolkit
LabVIEW 2023 Q1 LabVIEW Database Connectivity Toolkit
LabVIEW 2023 Q1 LabVIEW Digital Filter Design Toolkit
LabVIEW 2023 Q1 LabVIEW Report Generation Toolkit for Microsoft Office
1 abVIFW 2023 01 | ahVIFW Unit Test Framewonrk Toolkit

Privacy Statement Extend Trial (13) Cancel

Enter the serial number in all the boxes. Click Activate.

I Activate Software X

Activation was successful.

Some licenses have built-in grace periods that allow you to use sohware%;st the end of the subscription
term. See current billing information and software expiration dates by signing in to your account on
ni.com. View My Account

13 ACTIVATED 6 REMAINING

LabVIEW Desktop Execution Trace Toolkit 2023 Q1 LabVIEW Desktop Execution Trace Toolkit
LabVIEW 2023 Q1 LabVIEW Advanced Signal Processing Toolkit

LabVIEW 2023 Q3 Application Builder

LabVIEW 2023 Q1 LabVIEW Database Connectivity Toolkit

LabVIEW 2023 Q1 LabVIEW Digital Filter Design Toolkit

LabVIEW 2023 Q3 Professional Development System

/ LabVIEW 2023 Q1 Real-Time Module

AN N N NS

Register a product Activate Remaining Finish

If your products activate successfully, an “Activation Successful” message will appear. If the
serial number was incorrect, it will give you a text box and you can re-enter the number and
select Try Again. The items shown above are not expected to activate. If everything activated
successfully, click Finish.
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Restart

~ ) - N
I Installing LabVIEW Software for FRC X

Select Agree Review Finish

Reboot to complete operation.

Areboot is needed in order to complete the operation.

Reboot Now

Select Reboot Now after closing any open programs.

3.3 FRC Game Tools Araclarini Yukleme

FRC ® Game Tools asagidaki yazilim bilesenlerini igerir:
* LabVIEW Giincellemesi
» FRC Siiriicii Istasyonu
* FRC roboRIO Imaging Tool and Images

The LabVIEW runtime components required for the Driver Station and Imaging Tool are inc-
luded in this package.

Not: No components from the LabVIEW Software for FRC package are required for running
either the Driver Station or Imaging Tool.

3.3.1 Gereksinimler

* Windows 10 or higher (Windows 10, 11).
* Download the FRC Game Tools from NI.
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Online installer

File Size
537 MB

O Note: If you need to download individual versions or
patches, you can select from Individual Offline

Installers Offline Installer

Cevrimdisi baska makinelere kurmak isterseniz, tam yukleyiciyi indirmek i¢in Download e
tiklamadan 6nce Individual Offline Installers segenegini tiklayin.

3.3.2 Eski Siiriimleri Kaldirma (Onerilir)

Onemli: LabVIEW ekipleri bu adimi zaten tamamladi, tekrar etmeyin. LabVIEW ekipleri
Kurulum bolumine atlamalidir.

Before installing the new version of the FRC Game Tools it is recommended to remove any
old versions. The new version will likely co-exist with the old version (note that the DS will
overwrite old versions), but all testing has been done with FRC 2024 only. Then click Start
>> Add or Remove Programs. Locate the entry labeled “NI Software”, and select Uninstall.

Not: It is only necessary to uninstall previous versions when installing a new year’s tools
(or when a beta is installed). For example, uninstall the 2021 tools before installing the 2022
tools. It is not necessary to uninstall before upgrading to a new update of the 2022 game
tools.

>
he]

ps & features

€300_C250 series Software Uninstall

B CTRE Phoenix Framework

| & Apps & features

)
B
c

iversalis 2 128 MB
i5 Default apps 10/22/2020

0 Offe mans Intelli) IDEA Community Edition 2020.3.2

G Apps for websites NI Package Manager
D Video playback
NI Software

& Startup

Modify Uninstall

Realtek High Definition Audio Driver 481M8
10/22/2019

Snip & Sketch 240K8
Microsoft Corporation 9/10/2020

Visual Studio Communi ity 2019

OEENE BOEERAEI

x
5
:
oE
e

3

H

104 KB

52 Bolim 3. Adim 2: Yazilimin Kurulmasi



FIRST Robotics Competition

Kaldirilacak Bilesenleri Secin

Gorinen iletisim kutusunda tum girisleri se¢in. Bunu yapmanin en kolay yolu Products Only
onay kutusunun secimini kaldirmak ve “Name-Ad” in solundaki onay kutusunu se¢mektir.
Tiklayin Remove. Istenirse kaldiricinin tamamlanmasini ve yeniden baslamasini bekleyin.

[Ry—

BROWSE PRODUCTS. UPDATES [l INSTALLED (@

s | EProducts only 0

Category Version

100
180049152
180049152
180049152
a1

310
150049153
10185
180181
180181
18060
180182
1800
1550
1650
151
NILabVIEW 2018 1800
NILabVIEW 2018
NI Messurement & Automation Pxplorer

1802
Uries 1800

NaTIONAL
INSTRUMENTS

3.3.3 Kurulum

Onemli: Game Tools yiikleyicisi, .NET Framework 4.6.2'nin giincellenmesi veya yiiklenmesi
gerektigini sorabilir. Kurulumu tamamlamak igin, istenirse yeniden baslatma da dahil olmak
uzere ekrandaki komut istemlerini izleyin. Ardindan, gerekirse yukleyiciyi yeniden baslatarak
FRC Game Tools kurulumuna devam edin.

Extraction-Cikarma
Online

Yikleme islemini baslatmak igin indirilen yiritilebilir dosyay1 ¢alistirin. Bir Windows Giiven-
lik istemi gorinurse Yes e tiklayin.

Offline (Windows 10+)

Indirilen iso dosyasina sag tiklayin ve sunu secin mount . Takili iso’dan install.exe dosyasin
calistirin. Bir Windows Guivenlik istemi gorintirse Yes e tiklayin.
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-
Name Date modified Type Size
~ Today (2)
|€] ni-frc-2020-game-tools [~ —_— Disc Image File 870,910 KB
1 ni-frc-2020-game-tools | Mount Application 5503 kB
Burn disc image
|2 Share
Open with...
Give access to >

Restore previous versions

Send to )

Cut
Copy

Create shortcut
Delete

Rename

Properties

Not: Other installed programs may associate with iso files and the mount option may not
appear. If that software does not give the option to mount or extract the iso file, then install
7-Zip and use that to extract the iso.

NI Package Manager Lisansi

n NI Package Manager x

Select Agree Review Finish

You must accept the license agreements below to proceed.

NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT

CAREFULLY READ THIS SOFTWARE LICENSE AGREEMENT ("AGREEMENT"). BY DOWNLOADING THE
SOFTWARE AND/OR CLICKING THE APPLICABLE BUTTON TO COMPLETE THE INSTALLATION
PROCESS, YOU AGREE TO BE BOUND BY THE TERMS OF THIS AGREEMENT. IF YOU DO NOT WISH TO
BECOME A PARTY TO THIS AGREEMENT AND BE BOUND BY ITS TERMS AND CONDITIONS, DO NOT
INSTALL OR USE THE SOFTWARE, AND RETURN THE SOFTWARE (WITH ALL ACCOMPANYING
WRITTEN MATERIALS AND THEIR CONTAINERS) WITHIN THIRTY (30) DAYS OF RECEIPT. ALL
RETURNS TO NI WILL BE SUBJECT TO NI'S THEN-CURRENT RETURN POLICY. If you are accepting these
terms on behalf of an entity, you agree that you have authority to bind the entity to these terms.

The terms of this Agreement apply to the computer software provided with this Agreement, all updates or

upgrades to the software that may be prowgeq later by NI as part of any maintenance, technical support, or
This license agreement applies to the following packages: NI Package Manager

(@) | do not accept the license agreement. (O I accept the above license agreement.

Next

Bu ekrani gorirseniz, tiklayin Next. Bu ekran, NI Paket Yoneticisi Lisans sozlesmesini kabul
ettiginizi onaylar.
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Windows Fast Startup - Hizli Baslangic 6zelligini kapatin.

n NI Package Manager X

Select Agree Review Finish

—_—

WARNING - Please Disable Windows Fast Startup

Fast startup may cause problems with detecting or using your hardware.
It is recommended that you disable fast startup.

Note:
You will need to contact your administrator to disable fast startup if this setting is enabled
through a group policy.

Disable Windows fast startup Windows Fast Startup Information

Back Next

Windows Hizli Baglatma roboRIO’yu goriintillemek icin gereken NI suriiciilerinde sorunlara
neden olabileceginden, bu ekrani oldugu gibi birakmaniz 6nerilir. Devam edin ve tiklayin Next.

NI Package Manager incelemesi

NI Package Manager X
Select Agree Review Finish

*r

Review the following summary before continuing.
¥ Install
NI Package Manager 2023 Q2
|
Back Next

Bu ekrani gorurseniz, tiklayin Next.
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NI Package Manager Kurulumu

| n NI Package Manager

Select Agree Review Finish

| -

Installing NI Package Manager

l |

Installing NI Package Manager Core

Next

NI Paket Yoneticisinin kurulum ilerlemesi bu pencerede izlenecektir.

Ek Yazilim

| n Installing FRC Game Tools

Select Agree Review Finish

Additional items you may wish to install:

NI Certificates Installer
NI Certificates configures Microsoft Windows to always trust software from NI. When NI Certificates are installed, no
Windows security popups appear for installers that have a valid National Instruments digital signature.

[] NiLinuxRT System Image

NI Linux RT System Image provides software that is required to deploy applications on Nl real-time controllers.

Select All Deselect All Next

Bu ekrani gorurseniz, tiklayin Next.
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Lisans Sozlesmeleri

I Installing FRC Game Tools X

Select Agree Review Finish

You must accept the license agreements below to proceed.

“ FIRST Competition

NATIONAL INSTRUMENTS SOFTWARE LICENSE
AGREEMENT

CAREFULLY READ THIS SOFTWARE LICENSE AGREEMENT ("TAGREEMENT"). BY DOWNLOADING
THE SOFTWARE AND/OR CLICKING THE APPLICABLE BUTTON TO COMPLETE THE
INSTALLATION PROCESS, OR BY OTHERWISE EXECUTING THE APPLICABLE QUOTE (DEFINED
BELOW), YOU AGREE TO BE BOUND BY THE TERMS OF THIS AGREEMENT. IF YOU DO NOT WISH
TO BECOME A PARTY TO THIS AGREEMENT AND BE BOUND BY ITS TERMS AND CONDITIONS,
DO NOT INSTALL OR USE THE SOFTWARE, AND RETURN THE SOFTWARE (WITH ALL
ACCOMPANYING WRITTEN MATERIALS AND THEIR CONTAINERS) WITHIN THIRTY (30) DAYS OF
RECEIPT. ALL RETURNS TO NI WILL BE SUBJECT TO NI'S THEN-CURRENT RETURN POLICY. IF
This license agreement applies to the following packages: Vision Common Resources, LabVIEW Runtime (32-bit), FRC

|

| Game Tools
(O Ido not accept all the license agreements. (@ laccept the above 2 license agreements. |
Back Next

Secin I accept... ve ardindan tiklayin Next.

Degerlendirme Ozeti

I Installing FRC Game Tools X

Select Agree Review Finish

Review the following summary before continuing.

¥ Install L

FRC Game Tools 2024
LabVIEW Runtime (32-bit) 2023Q1
Vision Common Resources 2023Q1
NI Certificates Installer 21.5.0
NI System Configuration Runtime 2023 Q2

1

i

Back Next

Tiklayin Next.
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ilerleme Detaylari

I Installing FRC Game Tools X

Select Agree Review Finish

Installing NI Uninstaller

L ||

Decompressing ../../pool/ni-metauninstaller 23.3.0.49243-0
+f91_windows_x64.nipkg from \\?\C:\ProgramData\National Instruments\NI
Package Manager\packages\ni-metauninstaller 23.3.0.49243-0

Next

| | J

Bu ekran kurulum siirecini gosterir, devam edin ve bittiginde Next ye basin.

3.3.4 Kurulumu Tamamlamak icin Yeniden Baslatin

n Installing x

Select Agree Review Finish

Reboot to complete operation.

Areboot is needed in order to complete the operation.

Reboot Now

Istenirse, acik programlar kapattiktan sonra Reboot Now secenegini secin.

3.4 WPILib Kurulum Kilavuzu

This guide is intended for Java and C++ teams. LabVIEW teams can skip to FRC i¢in LabVI-
EW’i yuikleme (yalnizca LabVIEW). Python teams can skip to Python Installation Guide. Ad-
ditionally, the below tutorial shows Windows 10, but the steps are identical for all operating

systems. Notes differentiating operating systems will be shown.
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3.4.1 Onkosullar

Supported Operating Systems and Architectures:
* Windows 10 & 11, 64 bit only. 32 bit and Arm are not supported

* Ubuntu 22.04, 64 bit. Other Linux distributions with glibc > = 2.34 may work, but
are unsupported

* macOS 11 or higher, both Intel and Arm for Java. C++ requires macOS 12 or higher
with Xcode 14.

Uyar: The following OSes are no longer supported: macOS 10.15, Ubuntu 18.04 & 20.04,
Windows 7, Windows 8.1, and any 32-bit Windows.

WPILIib is designed to install to different folders for different years, so that it is not necessary
to uninstall a previous version before installing this year’s WPILib.

3.4.2 Downloading

WPILib Installer
WPILib 2024.3.2 Release - March 14, 2024 Downloads

Downloads for other platforms

Release Notes

You can download the latest release of the installer from GitHub.

Once on the GitHub releases page, scroll to the Downloads section.

WPILib 2024.1.1 Release @D 78

This is the kickoff release of WPILib for the 2024 season.

The documentation for WPILib is located at https://dacs.wpilib.org/ (if you have trouble accessing this location,
https://fredoes wpi.edu/en/stable/ is an alternate location with the same content).

If you're new to FR, start with Getting Started.

System Requirements: WPILib requires 64-bit Windows 10 or 11, Ubuntu 22.04, or macOS 12 or higher. C++ teams should
note that Visual Studio 2022 is required for desktop builds. Mac users will need to have the Xcode Command Line Tools
installed before running the installer. This can be done by running xcode-select --install in the Terminal.

If you're returning from a previous season, check out what's new for 2024. You will need a new RoboRIO image for 2024; this
is available via the FRC 2024 Game Tools. Follow the WPILib |lation guide to install WPILib.

If you're starting from a 2023 robot project, you will need to import your project to create a 2024 project. The import
process is important, as it will make a few automated corrections for some breaking changes that happened in 2024. It is
also necessary to import vendor libraries again, since last year's vendor libraries must be updated to be compatible with this
year's projects.

A complete list of known issues with this release can be found here.

WPILib is developed by a small team of volunteers and the FIRST community.

Downloads

For 2024, we have changed the location for WPILib downloads due to GitHub file size limitations. Please use the links below
to download the installer package for your platform.

* WPILib 2024.1.1 - Windows (2.0 GB)

* WPILib 2024.1.1 - Mac (Arm) (2.1 GB)

* WPILib 2024.1.1 - Mac (Intel) (2.2 GB)
* WPILib 2024.1.1 - Linux (2.3 GB)

Then click on the correct binary for your OS and architecture to begin the download.
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3.4.3 Yukleyiciyi Cikarma

WPILib ytkleyicisini indirdiginizde, Windows i¢in iso, Linux i¢in .tar.gz disk gorinti dos-
yasi ve MacOS icgin bir DMG olarak dagutilir.

Windows 10+

Windows 10+ users can right click on the downloaded disk image and select Mount to open
it. Then launch WPILibInstaller.exe.

Tomorrow (1)

WPILib Windows64-2020.3.2.is0
Today| @ Mount
Burn disc image
Edit with Intelli) IDEA
T-Zip
CRC SHA
Scan with Microsoft Defender...

* Share

Yester

Open with...

Give access to
PowerRename

Restore previous versions
Send to

Cut
Copy

Create shortcut
Delete

Rename

Properties

Not: Other installed programs may associate with iso files and the mount option may not
appear. If that software does not give the option to mount or extract the iso file, then follow
the directions below.

You can use 7-zip to extract the disk image by right-clicking, selecting 7-Zip and selecting
Extract to.... Windows 11 users may need to select Show more options at the bottom of the
context menu.
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© Mount 1/24/2020 1:49 AM Disc Image File 1,340,386 KB
loun

Burn disc image
] Edit with Intelli IDEA

7-Zip Open archive
CRCSHA > Open archive
€ Scen with Microsoft Defender... Extract files...

1# Share Extract Here

Open with... Extract to "WPILib_Windows64-2020.3.2\"
lest archive
Add to archive...

Give access to

PowerRename
Compress and email...

Add to "WPILib_Windows64-2020.3.2.is0.7"

Compress to "WPILib_Windows64-2020.3.2.is0.7z" and email
Cut Add to "WPILib_Windows64-2020.3 2.is0.zip"
Copy Compress to "WPILib_Windows64-2020.3 2.iso.zip" and email

Restore previous versions

Send to

Create shortcut
Delete

Rename

Properties

After opening the .iso file, launch the installer by opening WPILibInstaller.exe.

Not: After launching the installer, Windows may display a window titled “Windows protected
your PC”. Click More info, then select Run anyway to run the installer.

macOS

For this release, macOS users will need to have the Xcode Command Line Tools installed
before running the installer; we are working on removing this requirement in a future release.
This can be done by running xcode-select --install in the Terminal.

Onemli: When upgrading from a 2024 beta release or 2024.1.1, it’s necessary to manually
delete AdvantageScope before running the installer. Navigate to ~/wpilib/2024/tools and
delete AdvantageScope.

macOS kullanicilar, indirilen DMG ye ¢ift tiklayabilir ve ardindan uygulamay:1 baslatmak igin
WPILibInstaller 6gesini secebilir.

B WPILibinstaller

w

WPILiblnstaller
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Linux

Linux kullanicilar indirilen . tar.gz dosyasini ¢ikartmali ve ardindan WPILibInstaller uygu-
lamasimi baslatmalidir. Ubuntu, dosya gezginindeki yurutulebilir dosyalar: paylasilan kitap-
liklar olarak degerlendirir, bu nedenle ¢ift tiklamak onlar1 ¢alistirmaz. Asagidaki komutlari,
<version> yerine yliklediginiz stirimle degistirerek bir terminalde ¢alistirin.

$ tar -xf WPILib Linux-<version>.tar.gz
$ cd WPILib Linux-<version>/
$ ./WPILibInstaller

3.4.4 Yukleyiciyi Calistirma

Yiikleyiciyi actiginizda, asagidaki ekran ile karsilasacaksiniz. Devam edin ve basin Start.

@ WPILib Installer — m] e

Welcome to the WPILib Installer!

Version: 2022.1.1-beta-4

Start

@ WrILib Installer - [m} X

Select the install mode you would like.

Toals Only
(®) Everything

Install for this User Install for all Users

Back

This showcases a list of options included with the WPILib installation.

» Tools Only installs just the WPILib tools (Pathweaver, Shuffleboard, RobotBuilder, SysId,
Glass, and OutlineViewer) and JDK.

* Everything installs the full development environment (VS Code, extensions, all depen-
dencies), WPILib tools, and JDK.

Iki digme goreceksiniz Install for this User ve Install for all Users. Install for this User yal-
nizca mevcut kullanici hesabina ylkler ve yonetici ayricaliklar1 gerektirmez. Ancak, Install
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for all Users , tum sistem hesaplari icin araclar yukler ve *will-yonetici erisimi gerektirir *.
Install for all Users , macOS ve Linux i¢in bir secenek degildir.

Not: If you select Install for all Users, Windows will prompt for administrator access through
UAC during installation.

Size uygun segenegi secin ve asagidaki kurulum ekranini goreceksiniz.

Bu sonraki ekran VS Kodunun indirilmesini igerir. Ne yazik ki, lisanslama nedenlerinden dolay1
VS Code yukleyiciyle birlikte paketlenemez.
i @ WPILib Installer = [m} X |

For licensing reasons, this installer must download VS Code separately. Each year gets its own install
separate from the system one.

We strongly recommend using WPILib's VS Code instead of the system one or a separate IDE.

Download for this computer only Skip and don't use VS Code
(fastest) (NOT RECOMMENDED)

Download VS Code archives to share with
other computers/OSes for offline
install

Select existing VS Code archive for
offline install on this computer

Back

Download for this computer only

- Bu, VS Code’u yalnizca ayni zamanda en kiiciik indirme olan mevcut platform igin
indirir.

Skip and don’t use VS Code

- VS Code’u yuklemeyi atlar. Gelismis kurulumlar veya konfigurasyonlar icin kullanis-
hidir. Genellikle tavsiye edilmez.

Select existing VS Code archive for offline install on this computer

- Bu secenegin secilmesi, daha once yiikleyici tarafindan indirilmis VS Code’un 6nce-
den var olan bir zip dosyasini segmenize olanak taniyan bir komut istemini acacak-
tir. Bu segenek, makinenize VS Code’un onceden yluklenmis bir kopyasini segmenize
not-izin vermez.

Create VS Code archives to share with other computers/OSes for offline install

- Bu secenek, tim platformlar icin VS Code’un bir kopyasini indirir ve kaydeder; bu,
yukleyicinin kopyasini paylasmak i¢in yararhdir.

Go ahead and select Download for this computer only. This will begin the download process
and can take a bit depending on internet connectivity (it’'s ~100MB). Once the download is
done, select Next. You should be presented with a screen that looks similar to the one below.
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o

Installing documentation/cpp/drake__assert_8h,js

Extracting

Cancel Installation

Kurulum tamamlandiktan sonra, bitmis ekran ile karsilasacaksiniz.

@ WrILib Installer -

Finished installing! Press finish to exit.
Open Known Issues
Open Changelog
Use the WPILib VS Code desktop icon to start VS Code.

Finish

Onemli: WPILib installs a separate version of VS Code. It does not use an already existing
installation. Each year has it’s own copy of the tools appended with the year. IE: WPILib VS
Code 2022. Please launch the WPILib VS Code and not a system installed copy!

Tebrikler, WPILib gelistirme ortami ve araglar artik bilgisayarinizda yukli! Yukleyiciden ¢ik-
mak igin Bitir'e basin.
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3.4.5 Yukleme sonrasi

Baz isletim sistemleri, kurulumu tamamlamak icin baz1 son eylemler gerektirir.

macO0S

Kurulumdan sonra, yiikleyici WPILib VS Code klasériini agar. VS Code uygulamasini yuvaya
siirikleyin. WPILibInstaller goruntiisini masaiistiinden ¢ikarin.

Linux

Baz Linux surumleri (6r. Ubuntu 20.04) masausti kisayoluna baslatma yetenegi vermenizi
gerektirir. Masaiistli simgesine sag tiklayin ve Baslatmaya Izin Ver’i secin.

. Open

FRC VS Code . .
2021.desktop Open With Other Application

Cut

Copy

Rename...

Move to Trash

Allow Launching

Properties

show in Files

Not: Installing desktop tools and rebooting will create a folder on the desktop called YYYY
WPILib Tools, where YYYY is the current year. Desktop tool shortcuts are not available on
Linux and macOS.

3.4.6 Additional C++ Installation for Simulation

C++ robot simulation requires that a native compiler to be installed. For Windows, this would
be Visual Studio 2022 version 17.9 or later (not VS Code), macOS requires Xcode 14 or later,
and Linux (Ubuntu) requires the build-essential package.

Ensure the Desktop Development with C++ option is checked in the Visual Studio installer
for simulation support.
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Installation details

3.4.7 Ne Yuklenir?

Cevrimdis: Yiikleyici asagidaki bilesenleri ylkler:

Visual Studio Code - 2019 ve sonraki robot kodu gelistirme icin desteklenen IDE. Cev-
rimdis1 yukleyici, makinenizde zaten VS Kodunuz olsa bile, WPILib gelistirme icin VS
Code’un ayn bir kopyasini ayarlar. Bu, WPILib kurulumunun c¢alismasini saglayan bazi
ayarlarin, diger projeler i¢cin VS Code kullanirsaniz mevcut is akislarini bozabilecegi i¢cin
yapilir.

**C ++ Derleyici ** - roboRIO i¢in C ++ kodu olusturmaya yonelik ara¢ zincirleri

**Gradle ** - C ++ veya Java robot kodu olusturmak/dagitmak igin kullanilan belirli Grad-
le sirimu

**Java JDK / JRE ** - Java robot kodu olusturmak ve Java tabanli Araclardan herhangi
birini (Gosterge Tablolari, vb.) Calistirmak icin kullanilan Java JDK / JRE’nin belirli bir
surimii. Bu, mevcut herhangi bir JDK kurulumuyla yan yana bulunur ve JAVA HOME
degiskeninin iizerine yazmaz

WPILib Tools - SmartDashboard, Shuffleboard, RobotBuilder, OutlineViewer, PathWe-
aver, Glass, Sysld, Data Log Tool, roboRIO Team Number Setter, AdvantageScope

WPILib Bagimhliklar: - OpenCV vb.

VS Code Extensions - WPILib and Java/C+ +/Python extensions for robot code develop-
ment in VS Code

Documentation - Offline copies of this frc-docs documentation and Java/C++/Python
APIs

3.4.8 Kaldirma

WPILib, bu yilki WPILib’i kurmadan Once onceki bir sirimu kaldirmaya gerek kalmamasi
icin farkh yillar boyunca farklh klasorlere yiuklenecek sekilde tasarlanmistir. Ancak, istenirse
asagidaki talimatlar WPILib’i kaldirmak i¢in kullanilabilir.
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Windows
1. Delete the appropriate wpilib folder (c:\Users\Public\wpilib\YYYY where YYYY is the
year to uninstall)

2. C:\Users\Public\Public Desktop konumundaki masaistii simgelerini silin.

macOS

1. Delete the appropriate wpilib folder (~/wpilib/YYYY where YYYY is the year to uninstall)

Linux

1. Delete the appropriate wpilib folder (~/wpilib/YYYY where YYYY is the year to uninstall).
egrm -rf ~/wpilib/YYYY

3.4.9 Sorun giderme

Yukleyicinin basarisiz olmasi durumunda, lutfen yukleyici havuzunda bir sorun acin. Burada
bir baglant1 mevcuttur <https://github.com/wpilibsuite/wpilibinstaller-avalonia> ~ . Yiikle-
yici, hatanin nedeni hakkinda bir mesaj vermelidir, litfen bunu sorununuzun agiklamasina
ekleyin.

3.5 Python Installation Guide

This guide is intended for Python teams. Java and C++ teams can skip to WPILib Kurulum
Kilavuzu. LabVIEW teams can skip to FRC icin LabVIEW’i yiikleme (yalnizca LabVIEW).

3.5.1 Prerequisites

You must install a supported version of Python on a supported operating system. We currently
support Python 3.8/3.9/3.10/3.11/3.12, but only 3.12 is available for the roboRIO.

Supported Operating Systems and Architectures:
* Windows 10 & 11, 64 bit only. 32 bit and Arm are not supported
* macOS 12 or higher

e Ubuntu 22.04, 64 bit. Other Linux distributions with glibc > = 2.35 may work, but
are unsupported

On Windows and macOS, we recommend using the official Python installers distributed by
python.org.

* Python for Windows
* Python for macOS
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3.5.2 Install RobotPy

Once you have installed Python, you can use pip to install RobotPy on your development
computer.

Windows

Not: If you previously installed a pre-2024 or 2024 beta version of RobotPy, you should first
uninstall RobotPy via py -m pip uninstall robotpy before upgrading.

Uyari: On Windows, the Visual Studio 2019 redistributable package is required to be
installed.

Run the following command from cmd or Powershell to install the core RobotPy packages:

[py -3 -m pip install robotpy ]

To upgrade, you can run this:

[py -3 -m pip install --upgrade robotpy ]

If you don’t have administrative rights on your computer, either use
virtualenv/virtualenvwrapper-win, or or you can install to the user site-packages direc-

tory:
[py -3 -m pip install --user robotpy ]

macOS

Not: If you previously installed a pre-2024 or 2024 beta version of RobotPy, you should first
uninstall RobotPy via python3 -m pip uninstall robotpy before upgrading.

On a macOS system that has pip installed, just run the following command from the Terminal
application (may require admin rights):

[python3 -m pip install robotpy ]

To upgrade, you can run this:

[python3 -m pip install --upgrade robotpy ]

If you don’t have administrative rights on your computer, either wuse virtu-
alenv/virtualenvwrapper, or you can install to the user site-packages directory:

[python3 -m pip install --user robotpy ]
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Linux

Not: If you previously installed a pre-2024 or 2024 beta version of RobotPy, you should first
uninstall RobotPy via python3 -m pip uninstall robotpy before upgrading.

RobotPy distributes manylinux binary wheels on PyPI. However, installing these requires a
distro that has glibc 2.35 or newer, and an installer that implements PEP 600, such as pip
20.3 or newer. You can check your version of pip with the following command:

{python3 -m pip --version ]

If you need to upgrade your version of pip, it is highly recommended to use a virtual environ-
ment.

If you have a compatible version of pip, you can simply run:

[python3 -m pip install robotpy ]

To upgrade, you can run this:

[python3 -m pip install --upgrade robotpy ]

If you manage to install the packages and get the following error or something similar, your
system is most likely not compatible with RobotPy:

0SError: /usr/lib/x86 64-linux-gnu/libstdc++.s0.6: version “GLIBCXX 3.4.22' not found,
—(required by /usr/local/lib/python3.7/dist-packages/wpiutil/1lib/libwpiutil.so)

Linux ARM Coprocessor

We publish prebuilt wheels on artifactory, which can be downloaded by giving the
--extra-index-url option to pip:

python3 -m pip install --extra-index-url=https://wpilib.jfrog.io/artifactory/api/pypi/
—wpilib-python-release-2024/simple robotpy

source install

Alternatively, if you have a C++20 compiler installed, you may be able to use pip to install
RobotPy from source.

Uyar: It may take a very long time to install!

Uyar: Mixing our pre-built wheels with source installs may cause runtime errors. This is
due to internal ABI incompatibility between compiler versions.

Our ARM wheels are built for Debian 11 with GCC 10.

If you need to build with a specific compiler version, you can specify them using the CC and
CXX environment variables:
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[expo rt CC=gcc-12 CXX=g++-12

3.5.3 Download RobotPy for roboRIO

After installing the robotpy project on your computer, there are a variety of commands ava-
ilable that can be ran from the command line via the robotpy module.

Ayrica bakimiz:
Documentation for robotpy subcommands

If you already have a RobotPy robot project, you can use that to download the pieces needed to
run on the roboRIO. If you don’t have a project, running this command in an empty directory
will initialize a new robot project:

Windows

[py -3 -m robotpy init

macOS

[python3 -m robotpy init

Linux

[python3 -m robotpy init

This will create a robot.py and pyproject.toml file. The pyproject.toml file should be
customized and details the requirements needed to run your robot code, among other things.

Ayrica bakiniz:

The default pyproject.toml created for you only contains the version of RobotPy installed
on your computer. If you want to enable vendor packages or install other python packages
from PyPI, see our pyproject.toml documentation

Next run the robotpy sync subcommand, which will:
* Download Python compiled for roboRIO
» Download roboRIO compatible python packages as specified by your pyproject.toml

* Install the packages specified by your pyproject.toml into your local environment

Not: If you aren’t using a virtualenv and don’t have administrative privileges, the robotpy
sync command accepts a - -user argument to install to the user-specific site-packages direc-
tory.
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Windows

[py -3 -m robotpy sync

macOS

[python3 -m robotpy sync

Linux

[python3 -m robotpy sync

When you deploy your code to the roboRIO, the deploy subcommand will automatically install
Python (if needed) and your robot project requirements on the roboRIO as part of the deploy
process.

3.6 Sonraki adimlar

Tebrikler! 2. adim1 tamamladiniz ve simdi ¢calisan bir yazilim gelistirme ortamina sahip olma-
Iisiniz! Bu 6greticinin 3. adimi, donanimi programlayabilmeniz icin gliincellemeyi kapsar, 4.
Adim ise VS Code Integrated Development Environment (IDE) ‘de bir robotun programlan-
masini gosterir. Daha fazla bilgi i¢in, IDE’yi tanimak i¢in VS Code section okuyabilirsiniz.

Okunmasi tavsiye edilen belirli makaleler sunlardir:
* Visual Studio Code Basics
WPILib Commands in Visual Studio Code

* Creating a Robot Program

* Building and Deploying Robot Code
* Installing 3rd Party Libraries

Ek olarak, ekibinizin robotu i¢in gecerli olan ekstra konfiglirasyon yapmaniz gerekebilir. Liit-
fen gerekli belgeleri bulmak i¢in arama 6zelligini kullanin.

Not: Uciincii taraf CAN motor denetleyicileri kullanan ekiplerin, kodlamak icin fazladan
adimlar gerektiginden, Installing 3rd Party Libraries makalesine bakmasi1 6nemlidir. bu ci-
hazlar igin.
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Adim 3: Robotunuzu Hazirlama

4.1 Imaging your roboRIO 2

Not: The imaging instructions for the NI roboRIO 1.0 are here.

The NI roboRIO 2.0 boots from a microSD card configured with an appropriate boot image
containing the NI Linux Real-Time OS, drivers, and libraries specific to FRC. The microSD
card must be imaged with a laptop and an SD burner application per the instructions on this

page.

Onemli: Imaging the roboRIO 2 directly with the roboRIO Imaging Tool is not supported.

4.1.1 microSD Requirements

The NI roboRIO 2.0 supports all microSD cards. It is recommended to use a card with 2GB
or more of capacity.

4.1.2 Operation Tips

The NI roboRIO 2.0 requires a fully inserted microSD card containing a valid image in order
to boot and operate as intended.

If the microSD card is removed while powered, the roboRIO will hang. Once the microSD card
is replaced, the roboRIO will need to be restarted using the reset button, or be power cycled.

No damage will result from microSD card removal or insertion while powered, but best prac-
tice is to perform these operations while unpowered.

Uyari: Before imaging your roboRIO, you must have completed installation of the FRC
Game Tools. You also must have the roboRIO power properly wired to the CTRE Power
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Distribution Panel or REV Power Distribution Hub. Make sure the power wires to the ro-
boRIO are secure and that the connector is secure firmly to the roboRIO (4 total screws to
check).

4.1.3 Imaging Directly to the microSD Card

The image will be transferred to the microSD card using a specialized writing utility, someti-
mes called a burner. Several utilities are listed below, but most tools that can write arbitrary
images for booting a Raspberry Pi or similar dev boards will also produce a bootable SD card
for roboRIO 2.0.

Supported image files are named FRC_ roboRI0O2 YEAR VERSION.img.zip. You can locate
them by clicking the SD button in the roboRIO Imaging tool and then navigating to the SD
Images folder. It is generally best to use the latest version of the image.

If using a non Windows OS you will need to copy this image file to that computer.

(O Edit Startup Settings
® Format Target
! Update Firmware

Select Image

P T

FRC _roboRIO_2022 v2.2.7ip
FRC_roboRIO2_2022 _v2.2.zip
FRC_roboRIO2_2021_v3.0.zip

A microSD to USB dongle works well for writing to microSD cards.

Not: Raspberry Pi images will not boot on a roboRIO because the OS and drivers are incom-
patible. Similarly, a roboRIO image is not compatible with Raspberry Pi controller boards.

Writing the image with balenaEtcher

» Download and install balenaEtcher.

* Launch

* Flash from file -> locate the image file you want to copy to the microSD card
» Select target -> select the destination microSD device

e Press Flash
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Writing the image with Raspberry Pi Imager

* Download and install from Raspberry Pi Imager.

e Launch

* Choose OS -> Use Custom -> select the image file you want to copy to the microSD card

* Choose Storage -> select the destination microSD device

e Press Write

Uyar: After writing the image, Windows may prompt to format the drive. Do not reformat,
or else you will need to write the image again.

Setting the roboRIO Team Number

The image writing process above does not set a team number. To fix this teams will need to
insert the microSD card in the robRIO and connect to the robot. With the roboRIO Imaging
Tool go to Edit Startup Settings. Next, fill out the Team Number box and hit Apply.

B8 FRC roboRIO Imaging Tool - Version 22,0614

roboRIO Targets

' {roboRIO-6391-FRC ~

System Information

MAC Address 00:80:2F: 17:E4:42
Current IP 10.63.91.2

Current Image FRC_roboRIO_2022 v2.3

Firmware Version 6.0.0f1

4.2 Imaging your roboRIO 1

- x

Team Number
6391

® Edit Startup Settings
O Format Target

() Update Firmware

Startup Settings
[] Enable Console Out
[[] Disable RT Startup App

Rescan Apply Close

Uyari: RoboRIO’nuzu goruntilemeden once, :doc: FRC Game Tools</docs/zero-to-
robot/step-2/frc-game-tools> kurulumunu tamamlamis olmaniz gerekir. Ayrica roboRIO
gucunin Power Distribution Paneline uygun sekilde kablolanmis olmas1 gerekir. Robo-
RIO’ya giden gii¢ kablolarinin saglam oldugundan ve konektoriin roboRIO’ya sikica sa-
bitlendiginden emin olun (kontrol edilecek toplam 4 vida).

Not: The roboRIO 2 uses different imaging instructions. The imaging instructions for the NI

roboRIO 2.0 are here.

4.2. Imaging your roboRIO 1
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4.2.1 RoboRIO’yu yapilandirma

RoboRIO Imaging Tool, roboRIO’nuzu en son yazilimla formatlamak icin kullanilacaktir.

USB Baglantisi

POWER
STATUS

RADIO

COMM
MODE
NI roboRIO -

N7 NATIONAL i

)% INSTRUMENTS 2]
ACCELEROMETER

— RELAY — —ANALOG IN — v g1

RoboRIO USB Aygiti baglant: noktasindan bilgisayara bir USB kablosu baglayin. Bu, genellikle
bir yazici1 USB kablosu olarak bulunan, USB Type A erkek (standart PC ucu) ile Tip B erkek
kablo (2 kesik koseli kare) gerektirir.

Not: RoboRIO yalnizca USB baglantisi araciligiyla imajlanmalidir. Ethernet baglantisini kul-
lanarak imaj atmaya calismaniz onerilmez.

Suruciu Kurulumu

Ayqgit striiciisii otomatik olarak kurulmalidir. Ekranin sag alt kosesinde bir “New Device” agilir
penceresi gorirseniz, devam etmeden once siiriicii kurulumunun tamamlanmasini bekleyin.

76 Boliim 4. Adim 3: Robotunuzu Hazirlama



FIRST Robotics Competition

4.2. Imaging your roboRIO 1
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4.2.2 Imaging Tool Aracini Baslatma

ERSLITIVEr
STation

B L7301 Tn:: ol
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RoboRIO imaj atma araci ve en son imaj dosyasi, NI FRC|reg| Game Tool ile yuklenir. Masats-
tundeki kisayola ¢ift tiklayarak goruntileme aracini baslatin. RoboRIO’nuzu goruntulemede
zorluk yasiyorsaniz, simgeye sag tiklayip bunun yerine Yonetici Olarak Calistir't segmeniz ge-
rekebilir.

Not: The roboRIO imaging tool is also located at C:\Program Files (x86)\National
Instruments\LabVIEW 2023\project\roboRI0O Tool

4.2.3 roboRIO Imaging Tool - imaj atma araci

a FRC roboRIO Imaging Tool - Version 22.0b8 — X
roboRIO Targets Team Number
P roboRI0-330-FRC ~| 330
O Edit Startup Settings
@ Format Target
bt (O Update Firmware
System Information Select Image
MAC Address 00:80:2F:17:78:93 EHESGEEH ARt "
Current IP 172.22.11.2
Current Image FRC_roboRIO_2022 v2.2
Firmware Version 6,001 -t
Rescan Reformat Close

Baslatildiktan sonra roboRIO Imaging Tool, mevcut roboRIO’lar tarayacak ve sol iist kutuda
bulunanlar gosterecektir. Sol alttaki kutu, halihazirda secili roboRIO icgin bilgi ve ayarlari
gosterecektir. Sagdaki bolme, roboRIO ayarlarini deg@istirmek icin kontroller igerir:

* Edit Startup Settings - Bu secenek, roboRIO’yu imajlamadan roboRIO’nun baslangi¢
ayarlarini (sag bolmedeki ayarlar) yapilandirmak istediginizde kullanilir.

* Format Target - Bu secenek, roboRIO’ya yeni bir imaj yiiklemek (veya mevcut goriintayi
yeniden atmak) istediginizde kullanilir. Bu en yaygin secenektir.

* Update Firmware - Bu secenek, roboRIO aygit yazilimini guncellemek icin kullanilir.
Bu sezon icin, goruntuleme araci roboRIO aygit yaziliminin 5.0 veya uzeri surumuni
gerektirecek.

Updating Firmware - Donanim Yazilimini Giincelleme

Uyar: It is only necessary to update the firmware on a brand new roboRIO. It is not
recommended to update the firmware unless it doesn’t meet the conditions below.
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s FRC roboRIO Imaging Tool - Version 22.0b8 — X
roboRIO Targets Team Number
P cocio sl 1 ] O

O Edit Startup Settings

O Format Target
bt e@ Update Firmware

System Information Select Firmware

MAC Address 00:80:2F:17:F8:93 e LEAHBARE .
Current IP 172.22.11.2 )
Current Image FRC_roboRIO_2022 v2.2

Firmware Version 6,0.0f1

(5]

Rescan Lk‘;&aha Close

roboRIO donanim yaziliminin 2019 veya sonraki goriintiiyle calismasi i¢in en az v5.0 olmasi
gerekir. RoboRIO’'nuz en az 5.0 siirimiiyse (goriintiilleme aracinin sol alt kisminda gosterildigi
gibi) gincelleme yapmaniza gerek yoktur.

Not: roboRIO firmware has had different version numbering schemes over the years. It isn’t
necessary to update the firmware if it has version 5, 6, 8, 22.5, 23.5 or variations of those
version numbers (e.g. 8.8.0f0 is a variation of 8). The firmware is only utilized in safe mode,
it is not used in normal operations.

roboRIO donanim yazilimini guncellemek icin:
1. Sol iist bolmede roboRIO’nuzun secildiginden emin olun.
Select Update Firmware in the top right pane
Enter a team number in the Team Number box
Sag alttaki en son iiretici yazilimi dosyasini segin
Click the Update button

o & Wb

4.2.4 roboRIO’ya Imaj atmak

Uyar1: The roboRIO image is different then the firmware, and must be updated yearly.

!FRC roboRIO Imaging Tool - Version 22.008 - X
roboRIO Targets Team Number
"0 " 9 %

(O Edit Startup Settinas

9_7, Format Target
v WO Update Firmware

System Information Select Image

MAC Address 00:80:2F: 17:FB:93 FRC_roboR10_2022 v2.2.7p &

Current IP 172.22.11.2 )

Current Image FRC_roboRIO_2022 v2.2

Firmware Version 6.0.0f1 e =
Rescan Reformat Close
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Not: The available image versions will not show until you select Format Target per step 2
below.

Sol ist bolmede roboRIO’nun secildiginden emin olun
Select Format Target in the right pane
Enter a team number in the Team Number box

Kutudaki en son imaj sirimini segin.

o W

Click Reformat to begin the imaging process.

4.2.5 imaj Atma ilerlemesi

! FRC roboRIO Imaging Toal - Version 22.008 - X
roboRIO Targets Team Number
P roboR10-330 7R ~ 0

(O Edit Startup Settings
(®) FormatTarget

v () Update Firmware
System Information Select Image
MAC Address 00:80:2F:17:7B:93 RN EH A 2
Current IP 172.22.11.2
Current Image FRC_roboRIO_2021_v3.0
Firmware Version 6.0.0f1 hd
Re-Imaging roboRIO target
Rescan Reformat Close
——

Imaj atma islemi yaklasik 3-10 dakika siirecektir. Pencerenin sol alt kismindaki ilerleme cu-
bugu, ilerlemeyi gosterecektir.

4.2.6 imaj Atma islemi Tamamlandi

m [

The roboRIO image was successfully
updated. TheIP address of the roboRIO
device 1s172.2211.2. The hostname is
reboRIO-1-FRC,

You must deploy code to use the robot.

b

When the imaging completes you should see the dialog above. Click Ok, then click the :gu-
ilabel Close" button at the bottom right to close the imaging tool. Reboot the roboRIO using
the Reset button to have the new team number take effect.
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4.2.7 Sorun giderme

roboRIO’nuza imaj atamiyorsanuz, sorun giderme adimlari sunlari icerir:

* RoboRIO Imaging Tool’'u baslatmak i¢in Masatiistil simgesine sag tiklayarak Yonetici-
Administrator olarak calistirmay: deneyin.

* RoboRIO web sayfasina bir web tarayicisiile” "http://172.22.11.2/"" adresinden erismeyi
deneyin ve / veya NI ag adaptoriniin Kontrol Panelindeki Ag Adaptorleri listenizde go-
rindigini dogrulayin. Degilse, NI FRC Game Tools’u yeniden yliklemeyi veya farkli bir
PC deneyin.

» : ref:Diger tiim ag bagdastiricilarini devre dis1 birak <docs/networking/networking-
introduction/roborio-network-troubleshooting:Disabling Network Adapters>

* Guvenlik duvarmizin kapali oldugundan emin olun.

* Some teams have experienced an issue where imaging fails if the device name of the
computer you're using has a special character (e.g. dash -), or number in it, or the name
is too long. Try renaming the computer (or using a different PC). On Windows 11, to
rename the PC, go to Settings > System > About and click Rename this PC

* Reset diigmesini en az 5 saniye basili tutarak roboRIO’yu Safe Mode - Giivenli Modda
baslatmay: deneyin.

» Try a different USB Cable
» Farkl bir bilgisayar deneyin

» If the status LED is constantly flashing, and imaging in safe mode failed, follow the ro-
boRIO recovery instructions

If the correct roboRIO image version isn’t available:
* Ensure you’'ve selected Format Target
» If an older version is shown, ensure you’ve installed the latest FRC Game Tools

» If the wrong version still shown after installing Game Tools, Uninstall Game Tools and
then re-install.

4.3 Radyonuzu Programlama

Bu kilavuz size FRC ® FRC olaylarinin disinda kullanim i¢in robotunuzun kablosuz koprusiinii
yapilandirmak i¢cin Radyo Yapilandirma Yardimci Programi yazilimi.

4.3.1 Gereksinimler

FRC Radio Configuration Utility Programi, makinenizdeki ag ayarlarini yapilandirmak icin
Yonetici ayricaliklar: gerektirir. Program gerekli ayricaliklari otomatik olarak istemelidir (Yo-
netici olmayan bir hesaptan calistirilirsa bir parola gerektirebilir), ancak sorun yasiyorsaniz,
bir Yonetici hesabindan calistirmay: deneyin.

Asagidaki baglantilardan en son FRC Radio Configuration Utility Yiikleyicisini indirin:
FRC Radio Configuration 24.0.1
FRC Radio Configuration 24.0.1 Israel Version
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Not: IL siirimii Israil ekipleri icindir ve Israil’de kullanim icin kisitlanmis kanallara sahip
OMS5PAC trian yaziliminin bir stiriminu igerir.

Yazilimi kullanmaya baslamadan once:
1. Diger tiim ag bagdastiricilarini devre disi birak

2. Plug directly from your computer into the wireless bridge ethernet port closest to the
power jack. Make sure no other devices are connected to your computer via ethernet. If
powering the radio via PoE, plug an Ethernet cable from the PC into the socket side of
the PoE adapter (where the roboRIO would plug in). If you experience issues configuring
through the PoE adapter, you may try connecting the PC to the alternate port on the radio.

Uyari: OM5P-AN ve AC, D-Link DAP1522 ile ayni1 elektrik fisini kullanir, ancak bunlar 12V
radyolardir. Radyoyu VRM tizerindeki 12V 2A terminallerine baglayin (merkez pin pozitif).

4.3.2 Uygulama Notlari

Varsayilan olarak, Radyo Yapilandirma Yardimc: Programi, telsizi kablosuz arayuz uizerinden
telsizden cikan trafikte 4Mbps bant genisligi sinirin1 uygulayacak sekilde programlayacaktir.
Ev yapilandirmasinda (AP modu) bu, istemci basina bir limit degil, toplamdir. Bu, birden fazla
istemciye video akisinin tavsiye edilmedigi anlamina gelir.

Bu program Windows 7, 8 ve 10’da test edilmistir. Diger isletim sistemlerinde ¢alisabilir, ancak
test edilmemistir.

Programlanmis Yapilandirma

’ WiFi H Eth Link H Power‘ ‘ WiFi HEth “”"Hpower‘
N e
3T g = 2

——
—_— —

Radio Configuration Utility Programi, calistirildiginda radyoya bir dizi yapilandirma ayari

programlar. Bu ayarlar tiim modlarda (etkinliklerde dahil) telsiz icin gecerlidir. Bunlar sunlari
igerir:

* * ""10.TE.AM.1" “icin statik bir IP ayarlayin

* Gelecekteki programlama ihtiyaglariigin 192.168.1.1 ‘in kablolu tarafinda alternatif bir
IP ayar.

» Kablolu baglant: noktalarini kopriileyin, boylece birbirlerinin yerine kullanilabilirler.
* Yukaridaki grafikte belirtilen LED konfigiirasyonu.
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» Kablosuz arayiiziin giden tarafinda 4Mb/s bant genisligi sinir1 (evde kullanim i¢in devre
dis1 birakilabilir)

+ I¢c paket 6nceliklendirme igin QoS kurallar (dahili arabellegi ve bant genisligi sinirina
ulasildiginda hangi paketlerin dikkate alinmayacagini etkiler). Bu kurallar:

- Robot Kontroli ve Durumu (UDP 1110, 1115, 1150)
- Robot TCP & NetworkTables (TCP 1735, 1740)
- Toplu (Diger tiim trafik). (BW sinir1 devre disi birakilirsa devre dis1 birakilir)

DHCP server enabled. Serves out:
- 10.TE.AM.11 - 10.TE.AM. 111 kablolu tarafta
- 10.TE.AM.138 - 10.TE.AM. 237 on the wireless side
- 255.255.255.0 alt ag maskesi
- Yayin adresi 10.TE.AM. 255

* DNS server enabled. DNS server IP and domain suffix (.lan) are served as part of the
DHCP.

Yalnizca evde:
» SSID, birden fazla ag1 ayirt etmek icin ekip numarasina eklenmis bir “Robot Ad1” icere-
bilir.
» Guvenlik duvan segenegi, saha giivenlik duvari kurallarimi taklit etmek igin etkinlestiri-
lebilir (ac¢ik baglanti noktalar1 Oyun Kilavuzunda bulunabilir)

Uyar: Yapilandirmayi manuel olarak degistirmek miimkiin degildir.

4.3.3 Yazilimi Yukleyin

481 FRC Radio_Configuration 10 8 15.exe 10/8/2

# FRCicon_RGB_Border.bmp 27PM  Bitmap Image ‘l

Yiikleyiciyi baslatmak icin FRC_Radio Configuration VERSION.exe uizerine cift tiklayin. Ku-
rulumu tamamlamak icin talimatlan izleyin.

Kurulum sirasinda eger zaten mevcut degilse Npcap kurulumunu icerecektir. Npcap yiikleyi-
ci, yuklemeyi yapilandirmak icin bir dizi onay kutusu icerir. Secenekleri varsayilanlar olarak
birakmalisiniz.

4.3.4 Yazilimi baslatin

FRC FM5 Robot Simulater
FRC Radio Configuration Litility
®. FRC Radio Configuration Utility

Programi baslatmak icin Baslat meniisiinii veya masatsti kisayolunu kullanin.
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Not: Programi bulmaniz gerekirse, C:\Program Files (x86)\FRC Radio Configuration
Utility konumuna kurulur. 32 bit makineler igin yol " C:Program FilesFRC Radio Configu-
ration Utility " dir.

4.3.5 Eger sorulursa programin degisiklik yapmasina izin verin

¥ -
%) User Account Control @

o

U Do you want to allow the following program from an
/" unknown publisher to make changes to this computer?

Program name:  FRC Bridge Configuration Utility.exe

Publisher: Unknown
File origin: Hard drive on this computer
(~) Show details | Ve D@J [ Mo

Change when these notifications appear

S

A prompt may appear about allowing the configuration utility to make changes to the compu-
ter. Click Yes if the prompt appears.

4.3.6 Ag arayuziunu segin.

, ,

Please select a network interface using the drop down box below.
If no network interfaces are listed, connectthe wireless bridge to the computer and click "Refresh”

Refresh o
| Local Area Connection
I Wireless Network Connection 2 e oK Cancel

a

Yapilandirma yardimci programinin kablosuz cihaz ile iletisim kurmak i¢in kullanacag ether-
net araylzuni se¢cmek igin acilir pencereyi kullanin. Windows makinelerde, ethernet arayuz-
leri tipik olarak “Yerel Alan Baglantis1” olarak adlandirilir. Yapilandirma programi kablosuz
baglant1 izerinden bir kopri programlayamaz.

1. Hicbir ethernet arabirimi listelenmemisse, kullanilabilir arabirimleri yeniden taramak
icin Refresh ye tiklayin.

2. Acilir listeden kullanmak istediginiz arayiizi segin
3. Tiklayin OK.
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4.3.7 Acik Mesh Firmware Notu

For the FRC Radio Configuration Utility to program the OM5P-AN and OM5P-AC radio, the
radio must be running an FRC specific build of the OpenWRT firmware.

Uriin yazilimini giincellemeniz veya yeniden yiikklemeniz gerekmiyorsa, sonraki adimi atlayin.

Uyar: Radios used in 2019-2023 do not need to be updated before configuring, the 2024
tool uses the same 2019 firmware.

4.3.8 Open Mesh radyoya FRC Donanim Yazilimini Yukleme

24 FRC Radio Configuration Utility o0 e S
File Tools Help
Team Number: 0\ Robot Name:

WPA Key: Firewall: U

Radio: OpenMesh BW Limit: ©

Mode: 24GHz Acess Pt *| | #% Load Firmware |

| __Corifigure |

-
v

i\
: -‘a.‘
To program your wireless bridge: If asked to reset your wireless bridge:
1) Connect power and Ethernet to the wireless bridge 1) If Event WPA Kiosk: Follow on-screen prompts
2) Make sure to use the Ethemet port shown above. 1) If Radio Config Utility: Select Openiesh
3) Wait for the Power light to turn and stay solid. 2) Unplug power from the radio
4) Enter your team number, and a WPA key (optional), above 3) Press the "Load Firmware” button

5) Press "Configure”, the process should take 15-60 seconds 4) Follow the on-screen prompts

FRC aygit yazilimini yuklemeniz (veya cihazi sifirlamaniz) gerekirse, bunu FFRC Radio Con-
figuration Utility Programini kullanarak yapabilirsiniz.

1. Yazilimi kurmak, programi baslatmak ve Ethernet arayiiziinii segmek icin yukaridaki ta-
limatlan izleyin.

2. Radio acilir meniisiinde Open Mesh radyosunun secildiginden emin olun.
3. Radyonun bilgisayara Ethernet tizerinden bagh oldugundan emin olun.

4. Radyodan giicii kesin. (Bir PoE kablosu kullaniyorsaniz, bu ayni zamanda PC’ye giden
kabloyu cikarabilirisiniz, buda dogru bir yonetimdir)

5. Firmware Yiikle diigmesine basin

6. Istendiginde, radyo giiciinii baglayin. Yaziim radyoyu algilamali, aygit yazilimini yiikle-
meli ve tamamlandiginda sizi uyarmalidir.

Uyari: NPF adi ile ilgili bir hata gorurseniz, radyoyu programlamak icin kullani-
lan adaptor disindaki tum adaptorleri devre disi birakmay: deneyin. Yalnizca bir adap-
tor bulunursa, ara¢ onu kullanmaya calismalidir. Daha fazla bilgi icin : ref: Ag Adap-
torlerini Devre Disit Birakma <docs/networking/networking-introduction/roborio-network-
troubleshooting:Disabling Network Adapters> icindeki adimlara bakin.
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setting to “en _us” as described on this page.

Teams may also see this error with Operating Systems configured for languages other
than US English. If you experience issues loading firmware or programming on a foreign
language OS, try using an English OS, such as on the KOP provided PC or setting the Locale

4.3.9 Radyo ve Calisma Modunu Secin

Mode: |2.4GHz Access Point @) 4 Load Firmware |

25 FRC Rodio Configuration Utiity o =) [
File Tools Help
Team Number: 0 Robot Name:
WPA Key: Firewall: O
Radio: OpenMesh © BWLmitt

| _.Configure |

To program your wireless bridge:

1) Connect power and Ethernet to the wireless bridge.

2) Make sure to use the Ethernet port shown above.

3) Wait for the Power light to turn and stay solid.

4) Enter your team number, and a WPA key (optional), above
5) Press "Configure”, the process should take 15-60 seconds

-

If asked to reset your wireless bridge:

1) If Event WPA Kiosk: Follow on-screen prompis
1) IfRadio Config Utility: Select OpenMesh

2) Unplug power from the radio

3) Press the "Load Firmware” button

4) Follow the on-screen prompts.

1. Acilir listeyi kullanarak yapilandirmakta oldugunuz radyoyu secin.

. Yapilandirmak istediginiz isletim modunu se¢in. Cogu durumda, varsayilan olarak 2,4

GHz Erisim Noktas1 secimi yeterli olacaktir. Bilgisayarlariniz destekliyorsa, 5GHz birgok
ortamda daha az yogun oldugu i¢in 5GHz AP modu onerilir.

4.3.10 Secenekler’i secin

£ FRC Radio Configuration Utility

B

=]

File Tools Help

Team Number: 0
WPA Key:
Radio: OpenMesh -

Robot Name:

Firewall: C

BW Limit: @

Mode: |2.4GHz Access Point ||

_ #% Load Firmware |

______Configure

0~

To program your wireless bridge:

1) Connect power and Ethernet to the wireless bridge.

2) Make sure to use the Ethemet port shown above.

3) Wait for the Power light to turn and stay solid.

4) Enter your team number, and a WPA key (optional), above
5) Press "Configure”, the process should take 15-60 seconds

If asked to reset your wireless bridge:

1) If Event WPA Kiosk: Follow on-screen prompts
1) IfRadio Config Utility: Select Openiesh

2) Unplug power from the radio

3) Press the "Load Firmware” bulton.

4) Follow the on-screen prompts.

4.3. Radyonuzu Programlama
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Seceneklerin varsayilan degerleri, cogu takimin kullanim durumuyla eslesecek sekilde secil-
mistir, ancak bu secenekleri kendi senaryonuza gore o0zellestirmek isteyebilirsiniz:

1. Robot Adi: Bu, telsiz tarafindan kullanilan SSID’ye eklenen bir dizedir. Bu, ayni ekip
numarasina sahip birden ¢ok aga sahip olmaniza ve bunlar yine de ayirt edebilmenize
olanak tanir.

2. Firewall-Guvenlik Duvari: Bu kutu isaretlenirse, radyo guvenlik duvari, FRC alaninda
bulunan giivenlik duvarinin baglanti1 noktasi engelleme davranisini taklit etmeye calisa-
cak sekilde yapilandirilacaktir. Agik baglant: noktalarinin listesi icin litfen FRC Oyun
Kilavuzuna bakin.

3. BW Limit: If this box is checked, the radio enforces a 4 Mbps bandwidth limit like it does
when programmed at events. Note that this is a total limit, not per client, so streaming
video to multiple clients simultaneously may cause undesired behavior.

Not: Guvenlik Duvari ve BW Sinir1 yalnizca Acik Ag telsizleri i¢cin gegerlidir. Bu segeneklerin
D-Link radyolar: Uizerinde hicbir etkisi yoktur.

Uyar: “Firewall-Guvenlik Duvar1” secenedi, modemi alan givenlik duvarin taklit edecek
sekilde yapilandirir. Bu, bu secenek etkinlestirildiginde kodu kablosuz olarak dagitamaya-
caginiz anlamina gelir. Bu, yarismalarda bulunabilecek engellenmis baglanti noktalarini
simiile etmek icin kullanishdir.

4.3.11 Yapilandirma isleminin Baslatiimasi

£ FRC Radio Configuration Utility = | 5 [
File Tools Help
Team Number: 0| Robot Name:

WPA Key: Firewall: O

Radio: |OpenMesh +  BWLimit: o
Mode: 2.4GHz Access Point |* | * Load Firmware |
T
. __Configure

Ry

To program your wireless bridge: If asked to reset your wireless bridge:
1) Connect power and Ethernet to the wireless bridge. 1) If Event WPA Kiosk: Follow on-screen prompts

2) Make sure to use the Ethernet port shown above. 1) If Radio Config Utility: Select Openhesh

3) Wait for the Power light to turn and stay solid 2) Unplug power from the radio

4) Enter your team number, and a WPA key (optional), above 3) Press the "Load Firmware” button

5) Press "Configure”, the process should take 15-60 seconds 4) Follow the on-screen prompis.

Kablosuz kopriuniizii hazirlamak, koprinin yapilandirilacag: ayarlar: girmek ve yapilandir-
ma siirecini baslatmak icin ekrandaki talimatlari izleyin. Bu ekran talimatlari, secilen kopra
modeli ve isletim moduna uyacak sekilde giincellenir.
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4.3.12 Yapilandirma ilerlemesi

File Tools
Checking for bridge at expected h’aﬂdrmses °
— b
Configuring computer IP address N
Checking for bridge at expected IP| resses
_—
e
v
Radio: DAP1522 RevB Mode: 2.4GHz Access Point
DO NOT USE AT FRC EVENTS

Yapilandirma islemi boyunca pencere sunlar1 gosterecektir:
1. Su anda yurutilen adim.
2. Yapilandirma siirecinin genel ilerlemesi.

3. Simdiye kadar tim adimlar uygulandi.

4.3. Radyonuzu Programlama
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4.3.13 Yapilandirma Tamamlandi

File Tools
Verifying bridge settings
L [a]
Configuring computer IP address -
Checking for bridge at expected IP addresses
| Bridge found at default IP address
Resetting bridge
Checking for bridge at default IP address
Bridge found at default IP addresa
Configuring bridge =settings
Reconnecting to k -
Verifying bridge Comt g
Team 1995 bridge programmed successfully
' -« @
|
-
M
)
Radio: DAP1522 RevB v Mode: 2.4GHz Access Point ~
DO NOT USE AT FRC EVENTS

&

Yapilandirma tamamlandiginda:
1. Diyalog penceresinde guilabel: OK tusuna basin.
2. Ayarlar ekranina donmek icin ana pencerede :guilabel: OK tusuna basin.
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4.3.14 Yapilandirma Hatalani

Filg T
. Checking for bridge at expected IP addresses

Configuring computer IP address

T

Checking for bridge at ewpected IP addresses

Ermor ﬁ‘

Bridge programming failed: Could not locate bridge
Please ensure that

-WiFi connections are disabled on this computer
-the wireless bridge is the only device connected via ethernat

Ifthis error still occurs after the above conditions are met,
Iry power cycling or manually resetting the bridge

Radio: | DAP1522 RevB Mode: 2.4GHz Access Point

DO NOT USE AT FRC EVENTS

Yapilandirma islemi sirasinda bir hata olusursa, sorunu gidermek icin hata mesajindaki tali-
matlari izleyin.

4.3.15 Sorun giderme

* Disable all other network adapters.
* Make sure you wait long enough that the power light has stayed solid for 10 seconds.

* Make sure you have the correct network interface, and only one interface is listed in the
drop-down.

» Make sure your firewall is turned off.

* Dogrudan bilgisayarinizdan kablosuz kopriiye baglayin ve bilgisayariniza ethernet ara-
ciligiyla baska higbir aygitin bagh olmadigindan emin olun.

* Ensure the ethernet is plugged into the port closest to the power jack on the wireless
bridge.

» If using an Operating System configured for languages other than US English, try using
an English OS, such as on the KOP provided PC or setting the Locale setting to “en us”
as described on this page.

* Due to Unicode incompatibles, non-US Teams may face a configuration failure because
of incorrect network interface reading. In that case, change the network adapter name
to another name in English and retry.

* Some users have reported success after installing npcap 1.60. If this doesn’t resolve the
issue, it’s recommended to uninstall npcap and the radio tool and then reinstall the radio
tool in order to get back to a known configuration.
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 If all else fails, try a different computer.
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5.1 Creating your Test Drivetrain Program (LabVIEW)

Not: This document covers how to create, build and load a basic FRC® LabVIEW program
for a drivetrain onto a roboRIO. Before beginning, make sure that you have installed LabVIEW
for FRC and the FRC Game Tools and that you have configured and imaged your roboRIO as
described in the Zero-to-Robot tutorial.

5.1.1 Creating a Project

|2 FRC 2023 Getting Started - X
File Operate Tools Help

LabVIEW"

Qontinue Last Session Utilities Resources
B 0boRIO Installation LabVIEW Training
Templates
balena Etcher SD Burner Installed Tutorials
T8 FRC roboRiO Project " CTRE Phoenix Tuner Online Tutorials
:\54 FRC Dashboard Project # Radio Configuration NI Support
£
BN & REV Hardware Client Installed Examples
&> Phoenix Tuner Online FRC Examples
LabVIEW Manual

Recent Projects

Community Content
[l 2023 Ball Shooter Simulation.vproj
Balena Etcher SD Burner

[&. ..abVIEW Mecanum Maze Simulation.lvproj WPILib LabVIEW Math

FIRST
ROBOTICS
COMPETITION

Launch LabVIEW and click the FRC roboRIO Robot Project link to display the Create New
FRC Robot Project dialog box.
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5.1.2 Configuring Project

D Create New FRC Robot Project

Select project name, folder, and IP address

Project name

2022 Robot Project o

Project folder

C:\Users\Joe\Documents\LabVIEW Data\2022

Robot Project

Team number

)

@ Arcade Drive
O Command & Control

O Learn LabVIEW: Mecanum Maze Simulation

O Learn LabVIEW: Ball Shooter Simulation
O Learn LabVIEW: Romi Robot

B My Computer
- ‘ RT roboRIO Target (172.22.11.2)
+ [ Support Code
=+ [J Team Code
=l Autonomous.wvi
-l Beginvi
|l Disabled.vi
b |l Finish.vi
=l Periodic Tasks.vi
i~ 8 Robot Global Data.vi
|l Teleopwi
bl Testwi
|l Vision Processing.vi
- =, Robot Main.vi
+ % Dependencies
i, Build Specifications

&l Project: Robot Project.ivproj
&

A

Finish

Back Next Cancel Help
Fill in the Create New FRC Project Dialog:
1. Pick a name for your project
2. Select a folder to place the project in.
3. Enter your team number
4. Select a project type. If unsure, select Arcade Drive.
5. Click Finish
5.1.3 Running the Program
1 2022 Robot Praject.lvproj - Project B - O X ‘Df: ot Maini Front Panel on 2022 Ro - O X
File Edit View Project Operate Tools Window Help File Edit View Project Operate Tools Window D
B e EE | o@_\um@m
| ttems  Files 9 A
=[] Project: 2022 Robot Project.vproj
| @ B My Computer
|| & B, Target (roboRIO-330-FRC.local)
@ G Support Code
2 o Enable Vision
\ ;. BotaSpectsion: -

I| & FRe Driver station - Version 22.008

TeleOperated @

Autonomous

Team # 330

0:00.0 b
1211V

Elapsed Time

=& PCBattery
PCCPU% ®

P
ractice Communic

Robot

Test e
Joysticks

O]

Window
No Robot

Team Station Red1 Code

Not: Note that a program deployed in this manner will not remain on the roboRIO after a
power cycle. To deploy a program to run every time the roboRIO starts follow the next step,
Deploying the program.

1. In the Project Explorer window, double-click the Robot Main.vi item to open the Robot
Main VI.
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2. Click the Run button (White Arrow on the top ribbon) of the Robot Main VI to deploy
the VI to the roboRIO. LabVIEW deploys the VI, all items required by the VI, and the
target settings to memory on the roboRIO. If prompted to save any VIs, click Save on all
prompts.

3. Using the Driver Station software, put the robot in Teleop Mode. For more information on
configuring and using the Driver Station software, see the FRC Driver Station Software
article.

4. Click Enable.
5. Move the joysticks and observe how the robot responds.

6. Click the Abort button of the Robot Main VI. Notice that the VI stops. When you deploy a
program with the Run button, the program runs on the roboRIO, but you can manipulate
the front panel objects of the program from the host computer.

5.1.4 Deploying the Program

D 2022 Robot Project.lvproj - Project Expl... — O bt
File Edit View Project Operate Tools Window Help

o1=1-, X[|sk (B~ o ®

ltems  Files

(L

J. Project: 2022 Robot Project.lvproj

- B My Computer

+ B, Target (roboRIO-330-FRC local)
©- [ Support Code
4 {4 Team Code

. jml Robot Main.vi

" Dependencies

"% Build Specifications

[

-

=

1 Unset as startup
e Run as startup

Duplicate

Explore

Clean
Remove from Project

Help...
Properties

To run in the competition, you will need to deploy a program to your roboRIO. This allows the
program to survive across reboots of the controller, but doesn’t allow the same debugging
features (front panel, probes, highlight execution) as running from the front panel. To deploy
your program:

1. In the Project Explorer, click the + next to Build Specifications to expand it.

2. Right-click on FRC Robot Boot-up Deployment and select Build. Wait for the build to
complete.
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3. Right-click again on FRC Robot Boot-Up Deployment and select Run as Startup. If you
receive a conflict dialog, click OK. This dialog simply indicates that there is currently a
program on the roboRIO which will be terminated/replaced.

4. Either check the box to close the deployment window on successful completion or click
the close button when the deployment completes.

5. The roboRIO will automatically start running the deployed code within a few seconds of
the dialog closing.

5.2 Creating your Test Drivetrain Program (Ja-
va/C++/Python)

Once everything is installed, we’re ready to create a robot program. WPILib comes with se-
veral templates for robot programs. Use of these templates is highly recommended for new
users; however, advanced users are free to write their own robot code from scratch. This
article walks through creating a project from one of the provided examples which has some
code already written to drive a basic robot.

* Creating a New WPILib Project (Java/C++)
* Creating a New WPILib Project (Python)

Onemli: This guide includes code examples that involve vendor hardware for the conveni-
ence of the user. In this document, PWM refers to the motor controller included in the KOP.
The CTRE tab references the Talon FX motor controller (Falcon 500 motor), but usage is si-
milar for TalonSRX and VictorSPX. The REV tab references the CAN SPARK MAX controlling
a brushless motor, but it’s similar for brushed motor. There is an assumption that the user
has already installed the required vendordeps and configured the device(s) (update firmware,
assign CAN IDs, etc) according to the manufacturer documentation (CTRE REV).

5.2.1 Creating a New WPILib Project (Java/C++)

Bring up the Visual Studio Code command palette with Ctrl+Shift+P. Then, type “WPILib”
into the prompt. Since all WPILib commands start with “WPILib”, this will bring up the list of
WPILib-specific VS Code commands. Now, select the “Create a new project” command:

>WPILib

le C++ Properties

This will bring up the “New Project Creator Window:”
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W' WPILib Project Creator X

W

Welcome to WPILib New Project Creator

Select a project type 'nple or Template) @ @

Base Folder. Select a base folder to place the new project into.

_

Select a new project folder

Project Name

new folder? ¥/ @

s a new folder at Base Folder\Project Name. Highly recommended to be checked. Otherwise
r will be placed at Base Folder and not utilize the Project Name

Team Number

o |

Enable Desktop Support l

This is needed for simulation and unit testing support, however there are some cases where this will do
some unexpected things during build. In addition, not all vendor libraries support desktop. This option
can be set with the command "WPILib: Set Desktop Support” at any

Generate Project

Binary Types linuxathena (release) ¢% WPILb & 0

The elements of the New Project Creator Window are explained below:

1.
2.
3.

Project Type: The kind of project we wish to create. For this example, select Example
Language: This is the language (C++ or Java) that will be used for this project.

Project Base: This box is used to select the base class or example to generate the project
from. For this example, select Getting Started

. Base Folder: This determines the folder in which the robot project will be located.

5. Project Name: The name of the robot project. This also specifies the name that the

project folder will be given if the Create New Folder box is checked.

Create a New Folder: If this is checked, a new folder will be created to hold the project
within the previously-specified folder. If it is not checked, the project will be located
directly in the previously-specified folder. An error will be thrown if the folder is not
empty and this is not checked. project folder will be given if the Create New Folder box
is checked.

. Team Number: The team number for the project, which will be used for package names

within the project and to locate the robot when deploying code.

Enable Desktop Support: Enables unit test and simulation. While WPILib supports
this, third party software libraries may not. If libraries do not support desktop, then
your code may not compile or may crash. It should be left unchecked unless unit testing
or simulation is needed and all libraries support it. For this example, do not check this
box.

Once all the above have been configured, click “Generate Project” and the robot project will
be created.

Not: Any errors in project generation will appear in the bottom right-hand corner of the
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screen.

Uyar: Creating projects on OneDrive is not supported as OneDrive’s caching interferes
with the build system. Some Windows installations put the Documents and Desktop folders
on OneDrive by default.

5.2.2 Opening The New Project

Visual Studio Code s

o Project successfully created. Would you like to open the folder?

| Yes (New Window) | Mo Cancel

After successfully creating your project, VS Code will give the option of opening the project
as shown above. We can choose to do that now or later by typing Ctrl+K then Ctr1+0 (or just
Command+0 on macOS) and select the folder where we saved our project.

Do you trust the authors of the files in this folder?

Code provides features that may automatically execute files in this folder.
If you don't trust the authors of these file recommend to continue in
restricted mode as the files may be ma us. Se to learn
mare.
C:\Users\Joe\Documents\Robotics\RobotBuilderTestProjectCpp-
Imported2822Alpha3

Trust the authors of all files in the parent folder ‘Robotics’

Yes, | trust the authors No, | don't trust the authors
Trust folder and enable all features Browse folder in restricted mode

Click Yes I trust the authors.

Once opened we will see the project hierarchy on the left. Double clicking on the file will open
that file in the editor.
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5.2.3 C++ Configurations (C++ Only)

For C++ projects, there is one more step to set up IntelliSense. Whenever we open a project,
we should get a pop-up in the bottom right corner asking to refresh C++ configurations. Click
“Yes” to set up IntelliSense.

P No C++ configurations. Yes to refresh,

5.2.4 Creating a New WPILib Project (Python)

Running the robotpy init command will initialize a new robot project:

Windows

[py -3 -m robotpy init

macOS

[python3 -m robotpy init
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Linux

[python3 -m robotpy init

This will create a robot.py and pyproject.toml file, but will not overwrite an existing file.

* The pyproject.toml file contains the requirements for your project, which are downlo-

aded and installed via the robotpy sync command.

* The robot.py file is where you will put the your Robot class.

Ayrica bakiniz:
Download RobotPy for roboRIO

5.2.5 Basic Drivetrain example

First, here is what a simple code can look like for a Drivetrain with PWM controlled motors

(such as SparkMax).

Not:

GettingStarted

the Python example below is from https://github.com/robotpy/examples/tree/main/

JAVA

import
import
import
import
import
import

J Xk

edu
edu
edu
edu
edu
edu

.wpi.
.wpi.
.wpi.
.wpi.
.wpi.
.wpi.

first
first
first
first
first
first

// Copyright (c) FIRST and other WPILib contributors.
// Open Source Software; you can modify and/or share it under the terms of
// the WPILib BSD license file in the root directory of this project.

package edu.wpi.first.wpilibj.examples.gettingstarted;

.util.sendable.SendableRegistry;
.wpilibj.TimedRobot;
.wpilibj.Timer;
.wpilibj.XboxController;
.wpilibj.drive.DifferentialDrive;
.wpilibj.motorcontrol.PWMSparkMax;

* The VM is configured to automatically run this class, and to call the functions,
—corresponding to

* each mode, as described in the TimedRobot documentation. If you change the name of,
—this class or

* the package after creating this project, you must also update the manifest file in,
—the resource

* directory.

=Y

public class Robot extends TimedRobot {

private final PWMSparkMax m_leftDrive = new PWMSparkMax(0);
private final PWMSparkMax m_rightDrive = new PWMSparkMax(1);
private final DifferentialDrive m robotDrive =
new DifferentialDrive(m leftDrive::set, m rightDrive::set);
private final XboxController m _controller = new XboxController(0);
(sonraki sayfaya devam)
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(onceki sayfadan devam)
private final Timer m_timer = new Timer();

public Robot() {
SendableRegistry.addChild(m_robotDrive, m_leftDrive);
SendableRegistry.addChild(m_robotDrive, m_rightDrive);
}

/x*
* This function is run when the robot is first started up and should be used for,
—any
* initialization code.
*/
@Override
public void robotInit() {
// We need to invert one side of the drivetrain so that positive voltages
// result in both sides moving forward. Depending on how your robot's
// gearbox 1is constructed, you might have to invert the left side instead.
m_rightDrive.setInverted(true);

}

/** This function is run once each time the robot enters autonomous mode. */
@Override
public void autonomousInit() {
m_timer.restart();
}

/** This function is called periodically during autonomous. */
@Override
public void autonomousPeriodic() {
// Drive for 2 seconds
if (m_timer.get() < 2.0) {
// Drive forwards half speed, make sure to turn input squaring off
m_robotDrive.arcadeDrive(0.5, 0.0, false);
} else {
m_robotDrive.stopMotor(); // stop robot
}
}

/** This function is called once each time the robot enters teleoperated mode. */
@Override
public void teleopInit() {}

/** This function is called periodically during teleoperated mode. */

@Override

public void teleopPeriodic() {
m_robotDrive.arcadeDrive(-m_controller.getlLeftY(), -m_controller.getRightX());

}

/** This function is called once each time the robot enters test mode. */
@Override
public void testInit() {}

/** This function is called periodically during test mode. */
@Override
public void testPeriodic() {}
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C++

// Copyright (c) FIRST and other WPILib contributors.
// Open Source Software; you can modify and/or share it under the terms of

// the WPILib BSD license file in the root directory of this project.

#include <frc/TimedRobot. h>

#include <frc/Timer. h>

#include <frc/XboxController. h>

#include <frc/drive/DifferentialDrive.h>
#include <frc/motorcontrol/PwWMSparkMax. h>

class Robot : public frc::TimedRobot {
public:
Robot () {

}

wpi::SendableRegistry::AddChild(&m_robotDrive, &m left);

wpi::SendableRegistry::AddChild(&m robotDrive, &m right);

// We need to invert one side of the drivetrain so that positive voltages
// result in both sides moving forward. Depending on how your robot's
// gearbox 1is constructed, you might have to invert the left side instead.

m_right.SetInverted(true);
m_robotDrive.SetExpiration (100 ms);
m_timer.Start();

void AutonomousInit() override { m timer.Restart(); }

void AutonomousPeriodic() override {

}

// Drive for 2 seconds
if (m_timer.Get() < 2_s) {

// Drive forwards half speed, make sure to turn input squaring off

m_robotDrive.ArcadeDrive (0.5, 0.0, false);
} else {

// Stop robot

m_robotDrive.ArcadeDrive (0.0, 0.0, false);

}

void TeleopInit() override {}

void TeleopPeriodic() override {

}

// Drive with arcade style (use right stick to steer)
m_robotDrive.ArcadeDrive(-m controller.GetLeftY(),
m_controller.GetRightX());

void TestInit() override {}

void TestPeriodic() override {}

private:
// Robot drive system
frc: :PWMSparkMax m_left{0};
frc::PWMSparkMax m_right{1};
frc::DifferentialDrive m_robotDrive{

[&] (double output) { m_left.Set(output); },

(sonraki sayfaya devam)
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(onceki sayfadan devam)
[&] (double output) { m_right.Set(output); }};

frc::XboxController m_controller{0};
frc::Timer m_timer;

i

#ifndef RUNNING FRC TESTS

int main() {
return frc::StartRobot<Robot>();

}

#endif

PYTHON

#!/usr/bin/env python3

#

# Copyright (c) FIRST and other WPILib contributors.

# Open Source Software; you can modify and/or share it under the terms of
# the WPILib BSD license file in the root directory of this project.

#

import wpilib
import wpilib.drive

class MyRobot(wpilib.TimedRobot):
def robotInit(self):
This function is called upon program startup and
should be used for any initialization code.
self.leftDrive = wpilib.PWMSparkMax(0)
self.rightDrive = wpilib.PWMSparkMax(1)
self.robotDrive = wpilib.drive.DifferentialDrive(
self.leftDrive, self.rightDrive
)
self.controller = wpilib.XboxController(0)
self.timer = wpilib.Timer()

# We need to invert one side of the drivetrain so that positive voltages
# result in both sides moving forward. Depending on how your robot's

# gearbox is constructed, you might have to invert the left side instead.
self.rightDrive.setInverted(True)

def autonomousInit(self):
"""This function is run once each time the robot enters autonomous mode.
self.timer.restart()

def autonomousPeriodic(self):
"""This function is called periodically during autonomous."""

# Drive for two seconds
if self.timer.get() < 2.0:
# Drive forwards half speed, make sure to turn input squaring off
(sonraki sayfaya devam)
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def

def

def

def

if na
wpi

(onceki sayfadan devam)
self.robotDrive.arcadeDrive (0.5, 0, squareInputs=False)
else:
self.robotDrive.stopMotor() # Stop robot

teleopInit(self):
"""This function is called once each time the robot enters teleoperated mode."

teleopPeriodic(self):
"""This function is called periodically during teleoperated mode."""
self.robotDrive.arcadeDrive(
-self.controller.getlLeftY(), -self.controller.getRightX()
)

testInit(self):

"""This function is called once each time the robot enters test mode."""
testPeriodic(self):

"""This function is called periodically during test mode."""
me == " main_ ":

1ib. run(MyRobot)

Now let’s look at various parts of the code.

5.2.6
PWM

Java

Imports/Iincludes

import
import
import
import
import
import

edu.wpi.first.util.sendable.SendableRegistry;
edu.wpi.first.wpilibj.TimedRobot;
edu.wpi.first.wpilibj.Timer;
edu.wpi.first.wpilibj.XboxController;
edu.wpi.first.wpilibj.drive.DifferentialDrive;
edu.wpi.first.wpilibj.motorcontrol.PWMSparkMax;

C++

#include <frc/TimedRobot. h>

#include <frc/Timer. h>

#include <frc/XboxController. h>

#include <frc/drive/DifferentialDrive. h>
#include <frc/motorcontrol/PWMSparkMax.h>
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Python
s |import wpilib
9 |import wpilib.drive

CTRE

JAVA

import
import
import
import
import

edu.wpi.first.wpilibj.Joystick;
edu.wpi.first.wpilibj.TimedRobot;
edu.wpi.first.wpilibj.Timer;
edu.wpi.first.wpilibj.drive.DifferentialDrive;
com.ctre.phoenix.motorcontrol.can.WPI_TalonFX;

C++

#include <frc/Joystick.h>

#include <frc/TimedRobot. h>

#include <frc/Timer. h>

#include <frc/drive/DifferentialDrive. h>

#include <ctre/phoenix/motorcontrol/can/WPI TalonFX.h>

PYTHON

import
import
import

wpilib # Used to get the joysticks
wpilib.drive # Used for the DifferentialDrive class
ctre # CTRE library

REV

JAVA

import
import

import
import
import
import

com. revrobotics.CANSparkMax;
com.revrobotics.CANSparkMaxLowLevel.MotorType;

edu.wpi.first.wpilibj.TimedRobot;
edu.wpi.first.wpilibj.Timer;
edu.wpi.first.wpilibj.XboxController;
edu.wpi.first.wpilibj.drive.DifferentialDrive;

5.2. Creating your Test Drivetrain Program (Java/C++/Python)

105




20
21
22
23
24
25
26

12
13

17
18
19
20
21
22
23

FIRST Robotics Competition

C++

#include <frc/TimedRobot.h>

#include <frc/Timer. h>

#include <frc/XboxController. h>

#include <frc/drive/DifferentialDrive. h>
#include <frc/motorcontrol/PWMSparkMax.h>

#include <rev/CANSparkMax. h>

PYTHON

import wpilib # Used to get the joysticks

import wpilib.drive # Used for the DifferentialDrive class
import rev # REV library

Our code needs to reference the components of WPILib that are used. In C++ this is accomp-
lished using #include statements; in Java it is done with import statements. The program re-
ferences classes for Joystick (for driving), PWMSparkMax / WPI TalonFX / CANSparkMax (for
controlling motors), ~ TimedRobot (the base class used for the example), Timer (used for
autonomous), and DifferentialDrive (for connecting the joystick control to the motors).

5.2.7 Defining the variables for our sample robot
PWM

Java

public class Robot extends TimedRobot {
private final PWMSparkMax m_leftDrive = new PWMSparkMax(0);
private final PWMSparkMax m rightDrive = new PWMSparkMax(1);
private final DifferentialDrive m robotDrive =
new DifferentialDrive(m_ leftDrive::set, m rightDrive::set);
private final XboxController m controller = new XboxController(0);
private final Timer m_timer = new Timer();

C++

public:
Robot () {

// We need to invert one side of the drivetrain so that positive voltages
// result in both sides moving forward. Depending on how your robot's

// gearbox is constructed, you might have to invert the left side instead.
m_right.SetInverted(true);

m_robotDrive.SetExpiration (100 ms);

m_timer.Start();
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private:
// Robot drive system
frc: :PWMSparkMax m_left{0};
frc::PWMSparkMax m_right{1};
frc::DifferentialDrive m_robotDrive{
[&] (double output) { m_left.Set(output); },
[&] (double output) { m right.Set(output); }};

frc::XboxController m _controller{0};
frc::Timer m_timer;

i

Python

class MyRobot(wpilib.TimedRobot):
def robotInit(self):
This function is called upon program startup and
should be used for any initialization code.
self.leftDrive = wpilib.PWMSparkMax(0)
self.rightDrive = wpilib.PWMSparkMax(1)
self.robotDrive = wpilib.drive.DifferentialDrive(
self.leftDrive, self.rightDrive
)
self.controller = wpilib.XboxController(0)
self.timer = wpilib.Timer()

# We need to invert one side of the drivetrain so that positive voltages
# result in both sides moving forward. Depending on how your robot's

# gearbox 1is constructed, you might have to invert the left side instead.
self.rightDrive.setInverted(True)

CTRE

Java

public class Robot extends TimedRobot {

private final WPI TalonFX m_leftDrive = new WPI TalonFX(1);

private final WPI TalonFX m_rightDrive = new WPI TalonFX(2);

private final DifferentialDrive m robotDrive = new DifferentialDrive(m leftDrive, ,
—m_rightDrive);

private final Joystick m_stick = new Joystick(0);

private final Timer m_timer = new Timer();
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C++

public:

Robot () {

// We need to invert one side of the drivetrain so that positive voltages
// result in both sides moving forward. Depending on how your robot's

// gearbox is constructed, you might have to invert the left side instead.
m_right.SetInverted(true);
m_robotDrive.SetExpiration (100 ms);
m_timer.Start();

private:

// Robot drive system
ctre::phoenix::motorcontrol::can::WPI TalonFX m left{1l};
ctre::phoenix: :motorcontrol::can::WPI TalonFX m right{2};
frc::DifferentialDrive m_robotDrive{m left, m right};

frc::Joystick m stick{0};
frc::Timer m_timer;

Python

class MyRobot(wpilib.TimedRobot):
def robotInit(self):

This function is called upon program startup and

should be used for any initialization code.

self.leftDrive = ctre.WPI TalonFX(1)

self.rightDrive = ctre.WPI TalonFX(2)

self.robotDrive = wpilib.drive.DifferentialDrive(
self.leftDrive, self.rightDrive

)

self.controller = wpilib.XboxController(0)

self.timer = wpilib.Timer()

# We need to invert one side of the drivetrain so that positive voltages
# result in both sides moving forward. Depending on how your robot's
# gearbox 1is constructed, you might have to invert the left side instead.

self.rightDrive.setInverted(True)

REV

Java

public class Robot extends TimedRobot {
private final CANSparkMax m_leftDrive = new CANSparkMax(1l, MotorType.kBrushless);
private final CANSparkMax m_rightDrive = new CANSparkMax(2, MotorType.kBrushless);
private final DifferentialDrive m robotDrive = new DifferentialDrive(m leftDrive, m_

—rightDrive);

(sonraki sayfaya devam)
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(onceki sayfadan devam)

private final XboxController m_controller = new XboxController(0);
private final Timer m_timer = new Timer();

C++

public:
Robot () {

// We need to invert one side of the drivetrain so that positive voltages
// result in both sides moving forward. Depending on how your robot's

// gearbox 1is constructed, you might have to invert the left side instead.
m_right.SetInverted(true);

m_robotDrive.SetExpiration(100 ms);

m_timer.Start();

private:
// Robot drive system
rev::CANSparkMax m_left{l, rev::CANSparkMax::MotorType::kBrushless};
rev::CANSparkMax m_right{2, rev::CANSparkMax::MotorType: :kBrushless};
frc::DifferentialDrive m robotDrive{m left, m right};

frc::XboxController m_controller{0};
frc::Timer m_timer;

Python

class MyRobot(wpilib.TimedRobot):
def robotInit(self):
This function is called upon program startup and
should be used for any initialization code.
self.leftDrive = rev.CANSparkMax(1l, rev.CANSparkMax.MotorType.kBrushless)
self.rightDrive = rev.CANSparkMax(2, rev.CANSparkMax.MotorType.kBrushless)
self.robotDrive = wpilib.drive.DifferentialDrive(
self.leftDrive, self.rightDrive
)
self.controller = wpilib.XboxController(0)
self.timer = wpilib.Timer()

# We need to invert one side of the drivetrain so that positive voltages
# result in both sides moving forward. Depending on how your robot's

# gearbox 1is constructed, you might have to invert the left side instead.
self.rightDrive.setInverted(True)

The sample robot in our examples will have a joystick on USB port 0 for arcade drive and two
motors on PWM ports 0 and 1 (Vendor examples use CAN with IDs 1 and 2). Here we create
objects of type DifferentialDrive (m_robotDrive), Joystick (m stick) and Timer (m_timer). This
section of the code does three things:

1. Defines the variables as members of our Robot class.
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2. Initializes the variables.

Not: The variable initializations for C++ are in the private section at the bottom of the
program. This means they are private to the class (Robot). The C++ code also sets the Motor
Safety expiration to 0.1 seconds (the drive will shut off if we don’t give it a command every
.1 seconds) and starts the Timer used for autonomous.

5.2.8 Robot Initialization

Java

@Override

public void robotInit() {
// We need to invert one side of the drivetrain so that positive voltages
// result in both sides moving forward. Depending on how your robot's
// gearbox 1is constructed, you might have to invert the left side instead.
m_rightDrive.setInverted(true);

C++

[void RobotInit() {}

Python

[def robotInit(self):

The RobotInit method is run when the robot program is starting up, but after the constructor.
The RobotInit for our sample program inverts the right side of the drivetrain. Depending on
your drive setup, you might need to invert the left side instead.

Not: In C++, the drive inversion is handled in the Robot () constructor above.

5.2.9 Simple Autonomous Example

JAVA

/** This function is run once each time the robot enters autonomous mode. */
@Override
public void autonomousInit() {

m_timer.restart();

}

/** This function is called periodically during autonomous. */

(sonraki sayfaya devam)
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(onceki sayfadan devam)

@Override
public void autonomousPeriodic() {
// Drive for 2 seconds
if (m_timer.get() < 2.0) {
// Drive forwards half speed, make sure to turn input squaring off
m_robotDrive.arcadeDrive(0.5, 0.0, false);
} else {
m_robotDrive.stopMotor(); // stop robot
}
}

C++

void AutonomousInit() override { m timer.Restart(); }

void AutonomousPeriodic() override {
// Drive for 2 seconds
if (m_timer.Get() < 2 s) {
// Drive forwards half speed, make sure to turn input squaring off
m_robotDrive.ArcadeDrive(0.5, 0.0, false);
} else {
// Stop robot
m_robotDrive.ArcadeDrive(0.0, 0.0, false);
}
}

PYTHON

def autonomousInit(self):
"""This function is run once each time the robot enters autonomous mode.
self.timer.restart()

def autonomousPeriodic(self):
"""This function is called periodically during autonomous."""

# Drive for two seconds

if self.timer.get() < 2.0:
# Drive forwards half speed, make sure to turn input squaring off
self.robotDrive.arcadeDrive(0.5, 0, squarelnputs=False)

else:
self.robotDrive.stopMotor() # Stop robot

The AutonomousInit method is run once each time the robot transitions to autonomous from
another mode. In this program, we restart the Timer in this method.

AutonomousPeriodic is run once every period while the robot is in autonomous mode. In
the TimedRobot class the period is a fixed time, which defaults to 20ms. In this example, the
periodic code checks if the timer is less than 2 seconds and if so, drives forward at half speed
using the ArcadeDrive method of the DifferentialDrive class. If more than 2 seconds has
elapsed, the code stops the robot drive.
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5.2.10 Joystick Control for Teleoperation

JAVA

/** This function is called once each time the robot enters teleoperated mode. */
@Override
public void teleopInit() {}

/** This function is called periodically during teleoperated mode. */
@Override
public void teleopPeriodic() {
m_robotDrive.arcadeDrive(-m _controller.getlLeftY(), -m controller.getRightX());

}

C++

void TeleopInit() override {}

void TeleopPeriodic() override {
// Drive with arcade style (use right stick to steer)
m_robotDrive.ArcadeDrive(-m_controller.GetLeftY(),
m_controller.GetRightX());

PYTHON

def teleopInit(self):
"""This function is called once each time the robot enters teleoperated mode."

nn
—

def teleopPeriodic(self):
"""This function is called periodically during teleoperated mode."""
self.robotDrive.arcadeDrive(
-self.controller.getlLeftY(), -self.controller.getRightX()
)

Like in Autonomous, the Teleop mode has a TeleopInit and TeleopPeriodic function. In this
example we don’t have anything to do in TeleopInit, it is provided for illustration purposes
only. In TeleopPeriodic, the code uses the ArcadeDrive method to map the Y-axis of the
Joystick to forward/back motion of the drive motors and the X-axis to turning motion.

5.2.11 Test Mode

JAVA

/** This function is called once each time the robot enters test mode. */
@Override
public void testInit() {}

(sonraki sayfaya devam)
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(onceki sayfadan devam)
/** This function is called periodically during test mode. */

@Override
public void testPeriodic() {}

C++

void TestInit() override {}

void TestPeriodic() override {}

PYTHON

def testInit(self):
"""This function is called once each time the robot enters test mode."""

def testPeriodic(self):
"""This function is called periodically during test mode."""

Test Mode is used for testing robot functionality. Similar to TeleopInit, the TestInit and
TestPeriodic methods are provided here for illustrative purposes only.

5.2.12 Deploying the Project to a Robot

* Deploy Java/C++ code
* Deploy Python code

5.3 Running your Test Program

5.3.1 Overview

You should create and download a Test Program as described for your programming language:
C++/Java/Python
LabVIEW

5.3.2 Tethered Operation

Running your test program while tethered to the Driver Station via ethernet or USB cable
will confirm the program was successfully deployed and that the driver station and roboRIO
are properly configured.

The roboRIO should be powered on and connected to the PC over Ethernet or USB.

5.3. Running your Test Program 113
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5.3.3 Starting the FRC Driver Station

FRC Drier
Station

E FRC Dri'-.-'ir Station

The FRC® Driver Station can be launched by double-clicking the icon on the Desktop or by
selecting Start->All Programs->FRC Driver Station.

5.3.4 Setting Up the Driver Station

S FRC Divr Station - Verson 240696

Team# 330 | @

Communication

The DS must be set to your team number in order to connect to your robot. In order to do
this click the Setup tab then enter your team number in the team number box. Press return
or click outside the box for the setting to take effect.

PCs will typically have the correct network settings for the DS to connect to the robot already,
but if not, make sure your Network adapter is set to DHCP.

5.3.5 Confirm Connectivity

Teleoperated
Disabled

Sekil 1: Tethered

Using the Driver Station software, click Diagnostics and confirm that the Enet Link (or Robot
Radio led, if operating wirelessly) and Robot leds are green.
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5.3.6 Operate the Robot

[ Driver Station - Version 15,063

Teleoperated
Disabled

Click the Operation Tab
1. Confirm that battery voltage is displayed
Communications, Robot Code, and Joysticks indicators are green.
Put the robot in Teleop Mode
Click Enable. Move the joysticks and observe how the robot responds.
Click Disable

ARl o

5.3.7 Wireless Operation

Before attempting wireless operation, tethered operation should have been confirmed as
described in Tethered Operation. Running your test program while connected to the Driver
Station via WiFi will confirm that the access point is properly configured.

Configuring the Access Point

See the article Programming your radio for details on configuring the robot radio for use as
an access point.

After configuring the access point, connect the driver station wirelessly to the robot. The
SSID will be your team number (as entered in the Bridge Configuration Utility). If you set a
key when using the Bridge Configuration Utility you will need to enter it to connect to the
network. Make sure the computer network adapter is set to DHCP (“Obtain an IP address
automatically”).

You can now confirm wireless operation using the same steps in Confirm Connectivity and
Operate the Robot above.
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Donanim Bilesenine Genel Bakis

Bu belgenin amaci, FRC® ‘i olusturan donanim bilesenlerine kisa bir genel bakis saglamaktir.
Kontrol sistemi. Her bilesen, bilesen islevinin kisa bir agiklamasini ve daha fazla dokiiman-
tasyona bir baglanti icerecektir.

Not: For wiring instructions/diagrams, please see the Wiring the FRC Control System docu-

ment.

6.1 Kontrol Sistemine Genel Bakis
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Diagram courtesy of FRC® Team 3161 and Stefen Acepcion.
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6.2 NI roboRIO

L‘:»

T AT HOMUAL
FTINSTRUMENTS

NI-roboRIO , FRC i¢in kullanilan ana robot denetleyicisidir. RoboRIO, diger tim donanimlara
komuta eden ekip tarafindan olusturulan kodu ¢alistiran robot i¢in “brain-beyin” gorevi gorur.

6.2. NI roboRIO 119
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6.3 CTRE Power Distribution Panel

The CTRE Power Distribution Panel (PDP) is designed to distribute power from a 12VDC bat-
tery to various robot components through auto-resetting circuit breakers and a small number
of special function fused connections. The PDP provides 8 output pairs rated for 40A continu-
ous current and 8 pairs rated for 30A continuous current. The PDP provides dedicated 12V
connectors for the roboRIO, as well as connectors for the Voltage Regulator Module and Pne-
umatics Control Module. It also includes a CAN interface for logging current, temperature,
and battery voltage. For more detailed information, see the PDP User Manual.
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https://store.ctr-electronics.com/content/user-manual/PDP%20User%27s%20Guide.pdf
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6.4 REV Power Distribution Hub

The REV Power Distribution Hub (PDH) is designed to distribute power from a 12VDC bat-
tery to various robot components. The PDH features 20 high-current (40A max) channels, 3
low-current (15A max), and 1 switchable low-current channel. The Power Distribution Hub
features toolless latching WAGO terminals, an LED voltage display, and the ability to connect
over CAN or USB-C to the REV Hardware Client for real-time telemetry.

6.4. REV Power Distribution Hub 121


https://docs.revrobotics.com/rev-11-1850/
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6.5 CTRE Voltage Regulator Module

The CTRE Voltage Regulator Module (VRM) is an independent module that is powered by
12 volts. The device is wired to a dedicated connector on the PDP. The module has multiple
regulated 12V and 5V outputs. The purpose of the VRM is to provide regulated power for the
robot radio, custom circuits, and IP vision cameras. For more information, see the VRM User
Manual.
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https://store.ctr-electronics.com/content/user-manual/VRM%20User%27s%20Guide.pdf
https://store.ctr-electronics.com/content/user-manual/VRM%20User%27s%20Guide.pdf
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6.6 REV Radio Power Module

The REV Radio Power Module is designed to keep one of the most critical system components,
the OpenMesh WiFi radio, powered in the toughest moments of the competition. The Radio
Power Module eliminates the need for powering the radio through a traditional barrel power
jack. Utilizing 18V Passive POE with two socketed RJ45 connectors, the Radio Power Module
passes signal between the radio and roboRIO while providing power directly to the radio.
After connecting the radio and roboRIO, easily add power to the Radio Power Module by
wiring it to the low-current channels on the Power Distribution Hub utilizing the color coded
push button WAGO terminals.
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6.7 OpenMesh OM5P-AN veya OM5P-AC Radyo-Modem

o
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Either the OpenMesh OM5P-AN or OpenMesh OM5P-AC wireless radio is used as the robot
radio to provide wireless communication functionality to the robot. The device can be con-
figured as an Access Point for direct connection of a laptop for use at home. It can also be
configured as a bridge for use on the field. The robot radio should be powered by one of the
12V/2A outputs on the VRM and connected to the roboRIO controller over Ethernet. For more
information, see Programming your Radio.

OMOB5P-AN artik satin alinamiyor. OM5P-AC, OM5P-AN'ye kiyasla biraz daha agirdir, daha fazla
sogutma 1zgarasina ve plrizli bir ylizey dokusuna sahiptir.
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https://www.andymark.com/products/open-mesh-om5p-ac-dual-band-1-17-gbps-access-point-radio
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6.8 120A Circuit Breaker - Devre Kesici Anahtar

120A Ana Devre Kesici, robot fuzerinde iki gorev gorir : ana robot giuc¢ anah-
tar1 ve asagi akigh robot kablolar1 ve bilesenleri icin bir koruma cihazi. 120A
devre kesici, robot pilinin ve Giic Dagitim kartlarinin pozitif terminallerine bagla-
nir. Daha fazla bilgi igin lutfen Cooper Bussmann 18X Serisi Veri Sayfasi’na (PN:
185120F) <https://www.mouser.com/datasheet/2/87/BUS Tns DS 18X CIRCUITBREAKER-

515519.pdf> bakin.
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6.9 Snap Action Devre Kesici - Sigorta

SXW

CINSd S, ALV
cSOLO VQI’R '\H IAVIN

The Snap Action circuit breakers, MX5 series and VB3 Series, are used with the Power Dist-
ribution Panel to limit current to branch circuits. The ratings on these circuit breakers are
for continuous current, temporary peak values can be considerably higher.
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https://www.snapaction.net/assets/img/VB3-Spec-Sheet-Revision-2023.pdf
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6.10 Robot Akusu

The power supply for an FRC robot is a single 12V 18Ah Sealed Lead Acid (SLA) battery,
capable of meeting the high current demands of an FRC robot. For more information, see the
Robot Battery page.

Not: Multiple battery part numbers may be legal, consult the FRC Manual for a complete
list.
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6.11 Robot Sinyal Isig1 - Robot Signal Light - RSL

Allen-Bradley

i)

Allen-Bradl€Y

Sekil 1: Allen-Bradley 855PB-B12MES522

AndyMark

The Robot Signal Light (RSL) is required to be either Allen-Bradley 855PB-B12ME522 or
AndyMark am-3583. It is directly controlled by the roboRIO and will flash when enabled and
stay solid while disabled.
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Sekil 2: AndyMark am-3583

6.11. Robot Sinyal Isigi - Robot Signal Light - RSL 129
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6.12 CTRE Pneumatics Control Module

The CTRE Pneumatics Control Module (PCM) contains all of the inputs and outputs required
to operate 12V or 24V pneumatic solenoids and the on board compressor. The PCM contains
an input for the pressure sensor and will control the compressor automatically when the robot
is enabled and a solenoid has been created in the code. For more information see the PCM
User Manual.
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https://store.ctr-electronics.com/content/user-manual/PCM%20User%27s%20Guide.pdf
https://store.ctr-electronics.com/content/user-manual/PCM%20User%27s%20Guide.pdf
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6.13 REV Pneumatic Hub

The REV Pneumatic Hub is a standalone module that is capable of switching both 12V and 24V
pneumatic solenoid valves. The Pneumatic Hub features 16 solenoid channels which allow for
up to 16 single-acting solenoids, 8 double-acting solenoids, or a combination of the two types.
The user selectable output voltage is fully regulated, allowing even 12V solenoids to stay
active when the robot battery drops as low as 4.75V.

Digital and analog pressure sensor ports are built into the device, increasing the flexibility
and feedback functionality of the pneumatic system. The USB-C connection on the Hub works
with the REV Hardware Client, allowing users to test pneumatic systems without a need for
an additional robot controller.
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6.14 Motor Kontrolorleri

There are a variety of different motor controllers which work with the FRC Control System
and are approved for use. These devices are used to provide variable voltage control of the
brushed and brushless DC motors used in FRC. They are listed here in order of usage.

Not: 3rd Party CAN control is not supported from WPILib. See this section on Uciincii Taraf
CAN Cihazlar: for more information.

6.14.1 Talon SRX

The Talon SRX Motor Controller is a “smart motor controller” from Cross The Road Elect-
ronics/VEX Robotics. The Talon SRX can be controlled over the CAN bus or PWM interface.
When using the CAN bus control, this device can take inputs from limit switches and po-
tentiometers, encoders, or similar sensors in order to perform advanced control. For more
information see the Talon SRX User’s Guide.
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https://www.firstinspires.org/robotics/frc/blog/2021-beta-testing-usage-report
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6.14.2 Victor SPX Motor Kontroloru

J\/

The Victor SPX Motor Controller is a CAN or PWM controlled motor controller from Cross The
Road Electronics/VEX Robotics. The device is connectorized to allow easy connection to the
roboRIO PWM connectors or a CAN bus. The case is sealed to prevent debris from entering
the controller. For more information, see the Victor SPX User Guide.
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6.14.3 SPARK MAX Motor Kontroloriu

The SPARK MAX Motor Controller is an advanced brushed and brushless DC motor controller
from REV Robotics. When using CAN bus or USB control, the SPARK MAX uses input from
limit switches, encoders, and other sensors, including the integrated encoder of the REV NEO
Brushless Motor, to perform advanced control modes. The SPARK MAX can be controlled over
PWM, CAN or USB (for configuration/testing only). For more information, see the SPARK MAX
User’s Manual.
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https://docs.revrobotics.com/sparkmax/
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6.14.4 TalonFX Motor Kontrol Cihazi

The TalonFX Motor Controller is integrated into the Falcon 500 brushless motor. It features
an integrated encoder and all of the smart features of the Talon SRX and more! For more
information see the Falcon 500 User Guide.
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6.14.5 SPARK Motor Kontroloriu

Uyar1: Bu motor kontrolori FRC kullanimi i¢in hala yasal olsa da, lretici bu iiriniin ire-
timini durdurmustur.

The SPARK Motor Controller from REV Robotics is an inexpensive brushed DC motor control-
ler. The SPARK is controlled using the PWM interface. Limit switches may be wired directly

to the SPARK to limit motor travel in one or both directions. For more information, see the
SPARK User’s Manual.
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https://www.revrobotics.com/rev-11-1200/
https://www.revrobotics.com/content/docs/REV-11-1200-UM.pdf
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6.14.6 Victor SP Motor Kontroloriu

Uyari: Bu motor kontrolori FRC kullanimi icin hala yasal olsa da, Uretici bu urtinin tre-
timini durdurmustur.

The Victor SP Motor Controller is a PWM motor controller from Cross The Road Electro-
nics/VEX Robotics. The Victor SP has an electrically isolated metal housing for heat dissipa-
tion, making the use of the fan optional. The case is sealed to prevent debris from entering
the controller. The controller is approximately half the size of previous models.
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6.14.7 Talon Motor Kontroloriu

Uyari: Bu motor kontrolorii FRC kullanimi igin hala yasal olsa da, Uiretici bu artinin ire-
timini durdurmustur.

The Talon Motor Controller from Cross the Road Electronics is a PWM controlled brushed DC
motor controller with passive cooling.
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https://files.andymark.com/Talon_User_Manual_1_3.pdf
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6.14.8 Victor 888 Motor Kontrolori/ Victor 884 Motor Kontroloru

Uyari: Bu motor kontrolorit FRC kullanimi icin hala yasal olsa da, Uretici bu artinin tre-
timini durdurmustur.

VEX Robotics’in Victor 884 ve Victor 888 motor kontrolorleri, FRC’de kullanim igin degisken
hizli PWM motor kontrolorleridir. Victor 888, FRC’de de kullanilabilen Victor 884’iun yerini
aliyor.
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6.14.9 Jaguar Motor Kontroloru

Uyari: Bu motor kontrolorii FRC kullanimi igin hala yasal olsa da, Uiretici bu irinin ire-
timini durdurmustur.

VEX Robotics’in (daha 6énce Luminary Micro ve Texas Instruments tarafindan yapilmis) Jagu-
ar Motor Controller, FRC’de kullanim i¢in degisken hizli bir motor kontroléridiir. FRC igin
Jaguar yalnizca PWM araylzu kullanilarak kontrol edilebilir.
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6.14.10 DMC-60 ve DMC-60C Motor Kontroloru

Uyar1: Bu motor kontrolorit FRC kullanimi i¢in hala yasal olsa da, lretici bu tiriiniin ire-
timini durdurmustur.

DMC-60, Digilent’in bir PWM motor kontrolérudiur. DMC-60, asir1 1sinmay1 ve hasar1 6nlemek
icin akim bukme dahil entegre termal algilama, koruma ve daha kolay hata ayiklama i¢in hiz,
yoni ve durumu gosteren dort ¢ok renkli LED’i igerir. Daha fazla bilgi igin, DMC-60 referans
kilavuzuna bakin

DMC-60C, DMC-60 kontrol cihazina CAN akilli kontrolor yetenekleri ekler. Ureticinin bu iiri-

nu durdurmasi nedeniyle, DMC-60C yalnizca PWM ile kullanilabilir. Daha fazla bilgi igin ba-
kiniz, DMC-60C Product Page- Urlin sayfasi
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6.14.11 Venom Motor Kontroloru

The Venom Motor Controller from Playing With Fusion is integrated into a motor based on the
original CIM. Speed, current, temperature, and position are all measured onboard, enabling
advanced control modes without complicated sensing and wiring schemes.
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6.14.12 Nidec Dynamo BLDC Motor Kontroller ile birlikte

The Nidec Dynamo BLDC Motor with Controller is the first brushless motor and controller
legal in FRC. This motor’s controller is integrated into the back of the motor. The motor data
sheet provides more device specifics.
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6.14.13 SD540B ve SD540C Motor Kontrolorleri

Mindsensors’tan SD540B ve SD540C Motor Kontrolorleri, PWM kullanilarak kontrol edilir.
Uretici desteginin olmamasi nedeniyle SD540C icin CAN kontrolil artik mevcut degil. Motor
hareketini bir veya her iki yonde sinirlamak ic¢in limit anahtarlari dogrudan SD540’a bagla-
nabilir. Daha fazla bilgi icin Mindsensors FRC sayfasina bakin

6.15 Spike H-Bridge Rolesi
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Uyar1: Bu role FRC kullanimi icin hala yasal olmakla birlikte, tiretici bu trinin iuretimini
durdurmustur.

VEX Robotics’ten Spike H-Bridge Relay, motorlara veya diger 6zel robot elektronik cihazla-
rina giden giicii kontrol etmek icin kullanilan bir cihazdir. Bir motora baglandiginda, Spike
hem ileri hem de geri yonde On/Off kontrolii saglar. Spike cikislar1 bagimsiz olarak kontrol
edildiginden 2 adede kadar 6zel elektronik devreye gii¢c saglamak igin de kullanilabilir. Spike
H-Bridge Rolesi roboRIO’nun bir réle gikisina baglanmali ve Gii¢ Dagitim Panelinden beslen-
melidir. Daha fazla bilgi icin bkz. Spike User’s Guide .

6.16 Servo Guc Modulu

—

Rev Robotics’in Servo Gli¢ Modiilli, servolara saglanan giici roboRIO entegre giic kaynaginin
yapabileceginin 6tesinde genisletebilir. Servo Gli¢ Modiilii, 6 kanalda 90W’a kadar 6V giic
saglar. Tim kontrol sinyalleri dogrudan roboRIO’dan gecger. Daha fazla bilgi i¢in, bkz. Servo
Giic Modilua web sayfasa.
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6.17 Microsoft Lifecam HD3000

The Microsoft Lifecam HD3000 is a USB webcam that can be plugged directly into the robo-
RIO. The camera is capable of capturing up to 1280x720 video at 30 FPS. For more informa-
tion about the camera, see the Microsoft product page. For more information about using the
camera with the roboRIO, see the Vision Processing section of this documentation.

6.18 Gorsel Atiflar

Image of roboRIO courtesy of National Instruments. Image of DMC-60 courtesy of Digilent.
Image of SD540 courtesy of Mindsensors. Images of Jaguar Motor Controller, Talon SRX, Talon
FX, Victor 888, Victor SP, Victor SPX, and Spike H-Bridge Relay courtesy of VEX Robotics, Inc.
Image of SPARK MAX, Power Distribution Hub, Radio Power Module, and Pneumatic Hub
courtesy of REV Robotics. Lifecam, PDP, PCM, SPARK, and VRM photos courtesy of FIRST®.
All other photos courtesy of AndyMark Inc.
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Yazilim Bilesenine Genel Bakis

FRC ® yazilim, ¢cok ¢esitli zorunlu ve istege bagl bilesenlerden olusur. Bu 6geler, robot kodu-
nuzun tasarnmi, geligtirilmesi ve hata ayiklamasinda size yardimci olmanin yanm sira kontrol
robotunun galismasina yardimci olmak ve sorun giderme sirasinda geri bildirim saglamak
icin tasarlanmistir. Bu belge, her bir yazilim bileseni i¢in, amacina iliskin kisa bir genel bakis,
uygunsa paket indirme baglantisi ve varsa diger belgelere baglanti saglar.

7.1 isletim Sistemi Uyumlulugu

FRC bilegenleri icin desteklenen birincil isletim sistemi Windows’tur. Tium gerekli FRC yazilim
bilesenleri Windows 10 & 11 ‘de test edilmistir.

Many of the tools for C++/Java/Python programming are also supported and tested on macOS
and Linux. Teams programming in C++/Java/Python should be able to develop using these
systems, using a Windows system for the Windows-only operations such as the Driver Station,
Radio Configuration Utility, and roboRIO Imaging Tool.
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7.2 LabVIEW FRC (Yalnizca Windows)

|23 FRC 2023 Getting Started
File Operate Tools Help

LabVIEW"

COntinue Last Session Utilities Resources
& roboRIO Installstion LabVIEW Training
Templates
- balena Etcher SD Burner Installed Tutorials
® ' CTRE Phoenix Tuner Online Tutorials
i LRC D bes Bpiect " Radio Configuration NI Support
) Blank Vi 7 REV Hardware Client Installed Examples
& Phoenix Tuner Online FRC Examples
Recent Projects LabVIEW Manual

Community Content
% 2023 Ball Shooter Simulation.ivproj
R Balena Etcher SD Burner

[k ..abVIEW Mecanum Maze Simulation.lvproj WPILib LabVIEW Math

FIRST
ROBOTICS
COMPETITION

LabVIEW Professional’in son surumiine dayanan LabVIEW FRC, bir FRC robotu programla-
mak icin resmi olarak desteklenen ii¢ dilden biridir. LabVIEW grafiksel, veri akisi odakli bir
dildir. LabVIEW programlari, VI'lar arasinda veri ileten kablolarla birlikte baglanan ve VI ad1
verilen bir simgeler koleksiyonundan olusur. LabVIEW FRC yikleyici, Kickoff Parca Kitinde
bulunan bir DVD’de dagitilir ve ayrica indirilebilir. Kurulum talimatlar1 dahil olmak iizere
LabVIEW FRC yazilimina baslama kilavuzu bulunabilir here.

7.3 Visual Studio Kodu

Visual Studio Code
ed

Visual Studio Code is the supported development environment for C++, Java. A guide to
getting started with Java and C++ for FRC, including the installation and configuration of
Visual Studio Code can be found here.
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7.4 NI LabVIEW Tarafindan Desteklenen FRC Siiriicu istas-
yonu (Yalnizca Windows)

Yarisma sirasinda robotun durumunu kontrol etmek amaciyla kullanilmasina izin verilen tek
yazilim budur. Bu yazilim, robotunuza cesitli giris cihazlarindan veri gonderir. Ayrica, robot
sorunlarini gidermeye yardimci olmak i¢in kullanilan bir dizi arag¢ icerir. NI LabVIEW Tara-
findan Desteklenen FRC Siiriicii istasyonu hakkinda daha fazla bilgi bulunabilir here.

7.5 Gosterge Tablosu Secenekleri

7.5.1 LabVIEW Dashboard (Yalnizca Windows)

‘5] FRC PC Dashboard

No Camera Selection

The LabVIEW Dashboard is automatically launched by the FRC Driver Station by default. The
purpose of the Dashboard is to provide feedback about the operation of the robot using tabbed

display with a variety of built in features. More information about the FRC Default Dashboard
software can be found here.
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7.5.2 SmartDashboard

|£)| SmartDashboard -

File View

Distance 12.470

Speed

125

A

Data

2,5
0.0l

[¢] 100 Z00 300 400 0

Time (units)

@

SmartDashboard allows you to view your robot data by automatically creating customizable
indicators specifically for each piece of data sent from your robot. Additional documentation

on SmartDashboard can be found here.

600 70 800

7.5.3 Shuffleboard

Shuffleboard has the same features as SmartDashboard. It also improves on the setup and
visualization of your data with new features and a modern design at the cost of being less
resource efficient. Additional documentation on Shuffleboard can be found here.

150 Bolim 7. Yazihm Bilesenine Genel Bakis



FIRST Robotics Competition

7.5.4 Glass

Glass is a Dashboard focused on being a programmer’s tool for debugging. The primary ad-
vantages are the field view, pose visualization and advanced signal plotting tools.

7.6 LiveWindow

- ~
| £| SmartDashboard - EEEEE
File View
Subsystem 1
T .
Spike 1| Off ¥
Subsystem 2
f & ]
| | Quadrature Encoder 1
| Speed 0.000
|| Distance 0.000
| |
i Distance per Tick 1.000
| Reversed ] Zero Distance
|| Victor 1
I "
| | \IJ | | 0.000 Zero
L -

LiveWindow is a feature of SmartDashboard and Shuffleboard, designed for use with the Test
Mode of the Driver Station. LiveWindow allows the user to see feedback from sensors on the
robot and control actuators independent of the written user code. More information about
LiveWindow can be found here.
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7.7 FRC roboRIO Imaging Tool

(Yalnizca Windows)

38 FRC roboRIO Imaging Tool - Version 22.0b8

roboRIO Targets
P roboRi0-330 7R ~

System Information

MAC Address
Current IP
Current Image

Firmware Version

00:80:2F:17:FB:93
172,.22.11.2
FRC_roboRIO_2022 v2.2
6.0.0f1

>< ‘
Team Number
330

(O Edit Startup Settings
@ Format Target

() Update Firmware

Select Image

FRC_roboRIO_2022 _v2.2.zip| n

Rescan Reformat Close

Bu arag, FRC’de kullanilmak tizere bir roboRIO’yu bicimlendirmek ve ayarlamak icin kulla-
nilir. Kurulum talimatlar: bulunabilir here. Bu araci kullanarak roboRIO’nuzu goruntileme

hakkinda ek talimatlar bulunabilir here.

7.8 FRC Radyo Yapilandirma Yardimci Programi (Yalnizca

Windows)

[5 FRC Racio Conhgurstion T & [=le
File Tools
Team Number: ol Robot Name:
WPA Key: Firewall: O
| Radio: Opentesh - BWLimit:

Mode: |2.4GHz Access Point ||

| % Load Firmware

_ __Configure |

To program your wireless bridge:

1) Connect power and Ethernet o the wireless bridge.

2) Make sure to use the "802.3af" Ethernet port as shown above.
3) Wait for the Power light o turn and stay solid.

4) Enter your team number, and a WPA key (optional), above

5) Press "Configure”, the process should take 15-60 seconds

If asked to reset your wireless bridge: ||
1) Event WPA Kiosk: Will reset automatically
2) Radio Config. Utility: Select OMSP-AN as the radio
3) Unplug power from the radio
4) Press the "Load Firmware” buiton
5) Follow the on-screen prompts.

FRC Radyo Yapilandirma Yardimci Programi, standart modemi evde pratik kullanim igin ya-

pilandirmak icin kullanilan bir aractir. Bu arag,

FRC oyun alani deneyimini taklit etmek icin

uygun ag ayarlarini ayarlar. FRC Radyo Yapilandirma Yardimci Programi, bulunabilen bagim-

s1z bir ylkleyici tarafindan yiklenir here.
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7.9 FRC Driver Station Gunluk Goruntuleyicisi (Yalnizca

Windows)

H

s 5 ¥y s w2 o2k

Duaand v Time | tent st Fiter 4l Events, Mlnfo 7

“Disavie Auto eTele Comnect pRaios Radio:  Disconnect

FRC Driver Station Gunluk Goruntilleyicisi, FRC Driver Station tarafindan olusturulan giin-
lukleri goruntilemek icin kullanilir. Bu gunlikler, bir antrenman seansi veya FRC magi sira-
sinda ne oldugunu anlamak icin énemli cesitli bilgiler icerir. FRC Siiriicii Istasyonu Giinliikk
Goriintileyicisi hakkinda daha fazla bilgi ve gunlikleri anlamak su adreste bulunabilir burada

7.10 RobotBuilder

| ] FRC RobotBuilder

o | G

Subsystems -
Cantrollers

8

Sensors

Property Value
iame [MyRobot

\utonomous Command utonomous Command
feam Number 0

java Project \Userskocormor Document VSVFRC Robot Bulder (TestRobot

e Default Java Package

Java Package forg.usfirst.frc0000
Works \WindRiver

ok to Select

‘What is it?
This is the root of your robot tree. The robot tree is an organized representation of your robot that
displays the key components and can be used to generate skeleton code, wiring diagrams 2d more.

Propertics

Name
The name of your robot.

‘

RobotBuilder is a tool designed to aid

in setup and structuring of a Command Based robot
project for C++ or Java (Python not currently supported). RobotBuilder allows you to enter
in the various components of your robot subsystems and operator interface and define what
your commands are in a graphical tree structure. RobotBuilder will then generate structural
template code to get you started. More information about RobotBuilder can be found here.
More information about the Command Based programming architecture can be found here.

7.9. FRC Driver Station Giinliikk Goruntiileyicisi (Yalnizca Windows)
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7.11 Robot Simulasyonu

Robot Simulation offers a way for Java, C++, and Python teams to verify their actual robot
code is working in a simulated environment. This simulation can be launched directly from
VS Code and includes a 2D field that users can visualize their robot’s movement on. For more
information see the Robot Simulation section.

7.12 FRC LabVIEW Robot Simulatoru (Yalnizca Windows)

{3 FRC Simulation Viewer

Simulate Time Factor

View Follow/Zoom

Color  Driver Station 1P

FRC Robot Simiilatérii, kodu ve / veya Siiriicii Istasyonu islevlerini test etmek icin simiile
edilmis bir ortamda onceden tanimlanmis bir robotu calistirmaniza olanak taniyan LabVIEW
programlama ortaminin bir bilesenidir. FRC Robot Simiilatorinin kullanimina iliskin bilgiler
burada veya LabVIEW Project Explorer’da Robot Simulation Readme.html dosyasini acarak
bulunabilir.
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7.13 PathWeaver

) =3
o

!:::
|

!:::
4

PathWeaver allows teams to quickly generate and configure paths for advanced autonomous
routines. These paths have smooth curves allowing the team to quickly navigate their robot
between points on the field. For more information see the PathWeaver section.

7.14 System Identification

This tool helps teams automatically calculate constants that can be used to describe the phy-
sical properties of your robot for use in features like robot simulation, trajectory following,
and PID control. For more information see the System Identification section.
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7.15 OutlineViewer

QutlineViewer - Connected (172.22.11.2) = (m] *

¥ Transitory Values

Name

OutlineViewer is a utility used to view, modify and add to all of the contents of the Network-
Tables for debugging purposes. LabVIEW teams can use the Variables tab of the LabVIEW
Dashboard to accomplish this functionality. For more information see the Outline Viewer sec-
tion.

7.16 roboRIO Team Number Setter

roboRIO Team Mumber Setter = [m] X
e View Info
- |+ Team Number
Set

Set team to 338

The roboRIO Team Number Setter is a cross-platform utility that can be used to set the team
number on the roboRIO. It is an alternative to the roboRIO imaging tool for setting the team
number. For more information see the roboRIO Team Number Setter section.
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WPILib Nedir?

The WPI Robotics Library (WPILib) is the standard software library provided for teams to
write code for their FRC® robots. WPILib contains a set of useful classes and subroutines for
interfacing with various parts of the FRC control system (such as sensors, motor controllers,
and the driver station), as well as an assortment of other utility functions.

8.1 Desteklenen Diller

There are three versions of WPILib, one for each of the three officially-supported text-based
languages: WPILib] for Java, and WPILibC for C++, and RobotPy for Python. A considerable
effort is made to maintain feature-parity between these languages - library features are not
added unless they can be reasonably supported for both Java and C++ (with the C++ able to
be wrapped by pybind for Python), and when possible the class and method names are kept
identical or highly-similar. Java, C++, and Python were chosen for the officially-supported
languages due to their appropriate level-of-abstraction and ubiquity in both industry and high-
school computer science classes.

In general, C++ offers better high-end performance, at the cost of increased user effort (me-
mory must be handled manually, and the C++ compiler does not do much to ensure user
code will not crash at runtime). Java and Python offer lesser performance, but much greater
convenience. Python users should take care to test their program to ensure that typos and
other issues don’t cause robot crashes, as Python is interpreted. New/inexperienced users
are encouraged to use Java.

8.2 Kaynak kodu ve belgeleme

WPILIib is an open-source library - the C++ and Java source code is in the allwpilib mono-repo
and python source code is in the mostrobotpy mono-repo. The Java and C++ source code can
be found in the WPILib] and WPILibC source directories:

Java ve C++ kaynak kodu, WPILib] ve WPILibC kaynak dizinlerinde bulunabilir:
» Java kaynak kodu <https://github.com/wpilibsuite/allwpilib/tree/main/wpilibj/src/main/java/edu/wpi/fir
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* C ++ kaynak kodu <https://github.com/wpilibsuite/allwpilib/tree/main/wpilibc/src/main/native/cpp>

* Python source code

While users are strongly encouraged to read the source code to resolve detailed questions
about library functionality, more-concise documentation can be found on the official docu-
mentation pages for WPILib] and WPILibC and RobotPy:

* Java documentation
* C++ documentation

* Python documentation
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2024 Overview

9.1 Bilinen Sorunlar

Bu makale, FRC® Kontrol Sistemi Yazilimi i¢cin bilinen sorunlari (ve gecici ¢coziimleri) ayrin-
tilariyla anlatmaktadir.

9.1.1 Acik sorunlar

AdvantageScope isn’t updated by WPILib Installer on macOS

Issue: When running the WPILib Installer, a pop-up saying "WPILibInstaller" was pre-
vented from modifying apps on your Mac. and AdvantageScope remains version 3.0.1.
This issue occurs when upgrading WPILib, when a beta version of WPIlib or WPILib 2024.1.1
was installed on macOS.

Workaround: Delete AdvantageScope from ~/wpilib/tools and re-run the WPILib Installer.

Driver Station randomly disabled

Issue: The Driver Station contains tighter safety mechanisms in 2024 to protect against cont-
rol issues. Some teams have seen this cause the robot to disable.

Workaround: There are multiple potential causes for tripping the safety mechanisms.

Not: The new safety mechanisms will not disable the robot when connected to the FMS.

Driver Station 24.0.1 from Game Tools 2024 Patch 1 contains an update to the safety controls
that may resolve the issue in certain circumstances. If the issue is still seen with this version
installed, please continue with the troubleshooting steps below.

The Driver Station software has new tools for control packet delays that could cause this. The
control system team requests that teams that experience this issue post screenshots of the
Driver Station Timing window to https://github.com/wpilibsuite/allwpilib/issues/6174
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Some teams have seen this happen only when the robot is operated wirelessly, but not when
operated via USB or ethernet tether. Some potential mitigations:

1. Try relocating the robot radio to a better location (high in the robot and away from
motors or large amounts of metal).

2. Measure your robot’s bandwidth and ensure you have margin to the 4 Mbps bandwidth
limit
3. Seeifthe Wi-Fi environment is congested using a tool like WiFi Analyzer. As the 5 ghz Wi-

Fi spectrum has more channels and is less crowded, switching the robot radio to operate
at 5 ghz will likely improve WiFi communication.

4. Update the Wi-Fi drivers for the computer.

5. If you operate multiple robots in close proximity in access point mode, setting up a router
and operating the radios in bridge mode will reduce the number of wireless access points
and may improve communications

Some teams have seen this happen due to software that is running on the driver station (such
as Autodesk updater or Discord). Some potential mitigations:

1. Reboot the driver station computer
2. Close software that is running in the background
3. Follow the Driver Station Best Practices

While rare, this can be caused by robot code that oversaturates the roboRIO processor or
network connection. If all other troubleshooting steps fail, you can try running with one of
the WPILib example programs to see if the problem still occurs.

If you identify software that interferes with driver station, please post it to https://github.com/
wpilibsuite/allwpilib/issues/6174

Driver Station Reports Less Free RAM then is Available

Issue: The Driver Station diagnostic screen reports free RAM that is misleadingly low. This
is due to Linux’s use of memory caches. Linux will cache data in memory, but then relinquish
when the robot programs requests more memory. The Driver Station only reports memory
that isn’t used by caches.

Workaround: The true memory available to the robot program is available in the file /proc/
meminfo. Use ssh to connect to the robot, and run cat /proc/meminfo.

MemTotal: 250152 kB
MemFree: 46484 kB
MemAvailable: 126956 kB

The proper value to look is as MemAvailable, rather then MemFree (which is what the driver
station is reporting).
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Driver Station Reporting No Code

Issue: There is a rare occurrence in the roboRIO 2.0 that causes the roboRIO to not properly
start the robot program. This causes the Driver Station to report a successful connection but
no code, even though code is deployed on the roboRIO.

Workaround: We are currently investigating the root cause, but FIRST volunteers have been
made aware and the recommendation is to reboot the roboRIO when this occurs.

Not: Pressing the physical User button on the roboRIO for 5 seconds can also cause
the robot code to not start, but a reboot will not start the robot code. If the robot
code does not start after rebooting, press the User button. Ensure that nothing on
the robot is in contact with the User button.

Radio Second Port Sometimes Fails to Communicate

Issue: There is a rare occurrence in the OM5P Radios that causes the second Ethernet port
(the one farthest from the power plug) to not communicate.

Workaround: Generally, power cycling the radio will restablish communication with the se-
cond port. Alternately, utilize a network switch such as the tp-link switch formerly available
from FIRST Choice or the brainboxes SW-005 and plug all ethernet devices into the network
switch and then plug the switch into the radio’s first Ethernet port. This also allows easier
tethering while at competition.

Onboard 12C Causing System Lockups

Issue: Use of the onboard I12C port on the roboRIO 1 or 2, in any language, can result in system
lockups. The frequency of these lockups appears to be dependent on the specific hardware
(i.e. different roboRIOs will behave differently) as well as how the bus is being used.

Workaround: The only surefire mitigation is to use the MXP I2C port or another device to
read the 12C data. Accessing the device less frequently and/or using a different roboRIO may
significantly reduce the likelihood/frequency of lockups, it will be up to each team to assess
their tolerance of the risk of lockup. This lockup can not be definitively identified on the field
and a field fault will not be called for a match where this behavior is believed to occur. This
lockup is a CPU/kernel hang, the roboRIO will completely stop responding and will not be
accessible via the DS, webpage or SSH. If you can access your roboRIO via any of these
methods, you are experiencing a different issue.

Several alternatives exist for accessing the REV color sensor without using the roboRIO 12C
port. A similar approach could be used for other I2C sensors.

* Use a Raspberry Pi Pico. Supports up to 2 REV color sensors, sends data to the roboRIO
via serial. The Pi Pico is low cost (less than $10) and readily available.

» Use a Raspberry Pi. Supports 1-4 color sensors, sends data to the roboRIO via Network-
Tables. Primarily useful for teams already using a Raspberry Pi as a coprocessor.
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Updating Properties on roboRIO 2.0 may be slow or hang

Issue: Updating the properties on a roboRIO 2.0 without reformatting using the Imaging Tool
(such as setting the team number) may be slow or hang.

Workaround: After a few minutes of the tool waiting the roboRIO should be able to be rebo-
oted and the new properties should be set.

Simulation crashes on Mac after updating WPILib

Issue: On macOS, after updating the project to use a newer version of WPILib, running si-
mulation immediately crashes without the GUI appearing.

Workaround: In VS Code, run WPILib | Run a command in Gradle, clean. Alternatively, run
./gradlew clean in the terminal or delete the build directory.

Invalid build due to missing GradleRIO

Issue: Rarely, a user’s Gradle cache will get broken and they will get shown errors similar to
the following:

Could not apply requested plugin [id: ‘edu.wpi.first.GradleRIO’, version: ‘2020.3.2°'],
—as 1t does not provide a plugin with id ‘edu.wpi.first.GradleRIO’

Workaround-Cozium:

Delete your Gradle cache located under ~$USER_HOME/ .gradle. Windows machines may need
to enable the ability to view hidden files. This issue has only shown up on Windows so far.
Please report this issue if you get it on an alternative OS.

Sirici istasyonu Giinliigiinde Cince karakterler

**Issue-Sorun: * Nadiren, striici istasyonu gunluginde Ingilizce metin yerine Cince karak-
terler goriinecektir. Bu, yalnizca Windows, Ingilizce disinda bir dile ayarlandiginda meydana
gelir.

Team# 1690 | &

Teleoperated
Disabled

Cozum: Bilinen iki gecici ¢oziim vardir:
1. Cince karakterleri kopyalayip not defterine yapistirin, Ingilizce metin gériinecektir.

2. Windows dilini gecici olarak ingilizce olarak degistirin.
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C++ Intellisense - Acilista Acilan Dosyalar Diizgiin Calismiyor

Issue-Sorun: C ++ ‘da, VS Code baslatildiginda agilan dosyalarda Intellisense, yalnizca uy-
gun olanlar degil veya ustbilgi dosyalarini bulamama yerine bir derleme biriminden tim se-
ceneklerden gelen onerileri gosteren sorunlar yasayacaktir. Bu VS Code’daki bir hatadir.

Workaround-Cozim:

1. VS Code’daki tim dosyalar1 kapatin, ancak VS Code’u acgik birakin
2. Varsa .vscode klasorundeki c cpp properties.json dosyasini silin
3. Run the “Refresh C++ Intellisense” command in VS Code.
4

. Sag altta platforma benzeyen bir sey gormelisiniz (linuxathena veya windowsx86-64 vb.).
Eger linuxathena degilse tiklayin ve linuxathena (yayin) olarak ayarlayin

5. ~ 1 dakika bekleyin

6. Ana cpp dosyasini agin (bir baslik dosyasi degil). Intellisense simdi ¢alisiyor olmali

Issues with WPILib Dashboards and Simulation on Windows N Editions
Issue: WPILib code using CSCore (dashboards and simulated robot code) will have issues on
Education N editions of Windows.

* Shuffleboard will run, but not load cameras

* Smartdashbard will crash on start-up

* Robot Simulation will crash on start-up

Solution-Coziim: Media Feature Pack i kurun.

Python - CameraServer/cscore runs out of memory on roboRIO 1
Issue: When using CameraServer on a roboRIO 1, the image processing program will some-
times exit with a SIGABRT or “Error code 6” or a MemoryError.

Solution: You may be able to workaround this issue by disabling the NI webserver using the
following robotpy-installer command:

[python -m robotpy installer niweb disable

Ayrica bakimiz:
Github issue
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9.1.2 Fixed in WPILib 2024.2.1

Visual Studio Code Reports Unresolved Dependency

Issue: Java programs will report Unresolved dependency: org.junit.platform
junit-platform-launcherJava(0) on build.gradle. Programs that use unit tests will fail to
build. This causes build.gradle to be highlighted red in the Visual Studio Code explorer, and
the plugins line in build.gradle to have a red squiggle.

Workaround: This can be safetly ignored if you aren’t running unit tests. To fix it, do the
following:

On Windows execute the following in powershell:

Invoke-WebRequest -Uri https://repo.maven.apache.org/maven2/org/junit/jupiter/junit-
—jupiter/5.10.1/junit-jupiter-5.10.1.module -OutFile C:\Users\Public\wpilib\2024\
—maven\org\junit\jupiter\junit-jupiter\5.10.1\junit-jupiter-5.10.1.module
Invoke-WebRequest -Uri https://repo.maven.apache.org/maven2/org/junit/junit-bom/5.10.
—1/junit-bom-5.10.1.module -OutFile C:\Users\Public\wpilib\2024\maven\org\junit\
—junit-bom\5.10.1\junit-bom-5.10.1.module

On Linux/macOS execute the following:

curl https://repo.maven.apache.org/maven2/org/junit/jupiter/junit-jupiter/5.10.1/
—junit-jupiter-5.10.1.module -0 ~/wpilib/2024/maven/org/junit/jupiter/junit-jupiter/
—5.10.1/junit-jupiter-5.10.1.module

curl https://repo.maven.apache.org/maven2/org/junit/junit-bom/5.10.1/junit-bom-5.10.1.
—module -o ~/wpilib/2024/maven/org/junit/junit-bom/5.10.1/junit-bom-5.10.1.module

After running those, you’ll need to refresh Java intellisense in VS Code for it to pick up the
new files. You can do so by running the Clean Java Language Server Workspace command
in VS Code.

9.1.3 Fixed in Game Tools 2024 Patch 1

Driver Station internal issue with print error and tags

Issue: The Driver Station will occasionally print internal issue with print error and
tags. The message is caused when the DS reports a message on its side intermixed with
messages from the robot; it is not caused by and does not affect robot code.

Workaround: This will be fixed in the next Game Tools release. There is no known workaro-
und.

9.2 New for 2024

A number of improvements have been made to FRC® Control System software for 2024. This
article will describe and provide a brief overview of the new changes and features as well as
a more complete changelog for Java/C++ WPILib changes. This document only includes the
most relevant changes for end users, the full list of changes can be viewed on the various
WPILib GitHub repositories.

It’s recommended to also review the list of known issues.
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9.2.1 Onceki Yillardaki Projeleri ice Aktarmak

Due to internal GradleRIO changes, it is necessary to update projects from previous years.
After Installing WPILib for 2024, any 2023 projects must be imported to be compatible.

9.2.2 Buyuk Degisiklikler (Java/C++)

Bu degisiklikler, kitaplikta yapilan ve kullanicinin bilmesi gereken 6nemli degisikliklerden
bazilarini igerir. Bu butin buyuk degisiklikleri icermez, daha fazla degisiklik gormek icin bu
belgenin diger kisimlarina bakin.

Added support for XRP robots
Projects now default to supporting Java 17 features

Multiple NetworkTables networking improvements for improved reliability and robust-
ness and structured data support using protobuf

Java now uses the Serial GC by default on the roboRIO; this should improve performance
and reduce memory usage for most robot programs

Performance improvements and reduced worst-case memory usage throughout libraries
Added a typesafe unit system for Java (not used by the main part of WPILib yet)

Disabled LiveWindow in Test Mode by default. See See Enabling LiveWindow in Test
Mode to enable it.

Sysld has been rewritten to remove project generation; Replaced with data logging wit-
hin team robot program

Desteklenen isletim Sistemleri ve Mimariler:

* Windows 10 & 11, 64 bit. 32 bit ve Arm desteklenmiyor

* Ubuntu 22.04,64 bit. Glibc > = 2.32 yuklia olan diger Linux dagitimlar ¢alisabilir
ancak desteklenmemektedir.

e macOS 12 or later, Intel and Arm.

Uyari: The following OSes are no longer supported: macOS 11, Ubuntu 18.04 & 20.04,
Windows 7, Windows 8.1, and any 32-bit Windows.

9.2.3 WPILib

Genel Kutuphane

Commands:

Added proxy factory to Commands

Added IdleCommand

Fixed RepeatCommand calling end () twice
Added onlyWhile() and onlyIf() decorators

Implemented ConditionalCommand.getInterruptBehavior()
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Added interruptor parameter to onCommandInterrupt callbacks
Added DeferredCommand, Commands.defer(), and Subsystem.defer()
Add requirements parameter to Commands.idle()

Fix Java CommandXboxController.leftTrigger() parameter order
Make Java SelectCommand generic

Add finallyDo with zero-arg lambda

* NetworkTables:

Networking improvements for improved reliability and robustness
Added subprotocol to improve web-based dashboard connection aliveness checking
Bugfixes and stability improvements (reduced worst case memory usage)

Improved update behavior for values continuously updated from robot code (impro-
ves command button behavior)

* Data Logging:

Improved handling of low free space conditions (now stops logging if less than 5 MB
free)

Added warning about logging to built-in storage on RoboRIO 1

Reduced worst case memory usage

Improved file rename functionality to only use system time after it is updated by DS
NT publishers created before the log is started are now captured

Add delete without download functionality to Datal.ogTool

Changed default log location to logs subdirectory for better organization

e Hardware interfaces:

Getting timestamps is now ~10x faster

Exposed power rail disable and CPU temperature functionality
Exposed CAN timestamp base clock

Fixed and documented addressable LED timings

Fixed DutyCycleEncoder reset behavior

Added function to read the RSL state

Raw PWM now uses microseconds units

Fixed REVPH faults bitfield

C++: Fix Counter default distance per pulse to match Java

e Math:

Refactored kinematics, odometry, and pose estimator internals to have less code
duplication; you can implement custom drivetrains via the Kinematics and Odometry
interfaces and the PoseEstimator class.

LTV controllers use a faster DARE solver for faster construction (from 2.33 ms per
solve on a roboRIO to 0.432 ms in Java and 0.188 ms in C++ on a roboRIO)
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- (Java) Rotation3d.rotateBy() got a 100x speed improvement by using doubles in
Quaternion instead of EJML vectors

- (Java) Pose3d.exp() and Pose3d.log() got a speed improvement by calling the C++
version through JNI instead of using EJML matrices

- Improved accuracy of Rotation3d Euler angle calculations (getX(), getY (), getZ(),
aka roll-pitch-yaw) near gimbal lock

- Fixed CoordinateSystem. convert() Transform3d overload

- Modified TrapezoidProfile API to not require creating new instances for Profi-
ledPIDController-like use cases

- Added Exponential motion profile support

- Add constructor overloads for easier Transform2d and Transform3d creation from
X, Y, Z coordinates

- Add ChassisSpeeds fromRobotRelativeSpeeds to convert from robot relative to
field relative

- Add method to create a LinearSystem from kA and kV, for example from a charac-
terized mechanism

- Add SimulatedAnnealing class

- Fixed MecanumDriveWheelSpeeds desaturate()
* Added RobotController function to get the assigned team number
* Updated GetMatchTime docs and units
* Added function to wait for DS connection
* Added reflection based cleanup helper
* Added Java class preloader (no preloading is actually performed yet)
* Deprecated Accelerometer and Gyro interfaces (no replacement is planned)
* Updated to OpenCV 4.8.0 and EJML 0.43.1 and C++ JSON to 3.11.2
» Add PS5Controller class
» Add accessors for AprilTagFieldLayout origin and field dimensions
* ArcadeDrive: Fix max output handling
* Add PWMSparkFlex Motor Controller
* ADIS16470: allow accessing all three axes

e Deprecated MotorControllerGroup. Use PWMMotorController addFollower () method
or if using CAN motor controllers use their method of following.

* Added functional inteface to DifferentialDrive and MecanumDrive. The MotorCont-
roller interface may be removed in the future to reduce coupling with vendor libraries.
Instead of passing MotorController objects, the following method references or lambda
expressions can be used:

- Java: DifferentialDrive drive = new DifferentialDrive(m leftMotor::set,
m_rightMotor::set);

- C++: frc::DifferentialDrive m _drive{[&] (double output) { m leftMotor.
Set(output); }, [&](double output) { m rightMotor.Set(output); }};
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Son Dakika Degisiklikler

Changed DriverStation.getAllianceStation() to return optional value. See example
usage

Merged CommandBase into Command (Command is now a base class instead of an in-
terface)

Potentially breaking: made command scheduling order consistent

Removed various deprecated command classes and functions:

PerpetualCommand and Command.perpetually() (use RepeatCom-
mand/repeatedly () instead)

CommandGroupBase, Command.IsGrouped() (C++ only), and Command.SetGrouped()
(C++ only); the static factories have been moved to Commands

Command.withInterrupt()
ProxyScheduleCommand
Button (use Trigger instead)

Old-style Trigger functions: whenActive(), whileActiveOnce(),
whileActiveContinuous(), whenInactive(), toggleWhenActive(),
cancelWhenActive(). Each binding type has both True and False variants;
for brevity, only the True variants are listed here:

* onTrue() (replaces whenActive() and whenPressed()): schedule on rising
edge.

* whileTrue() (replaces whileActiveOnce()): schedule on rising edge, cancel
on falling edge.

* toggleOnTrue() (replaces toggleWhenActive()): on rising edge, schedule if
unscheduled and cancel if scheduled.

* cancelWhenActive(): this is a fairly niche use case which is better described
as having the trigger’s rising edge (Trigger.rising()) as an end condition
for the command (using Command.until()).

* whileActiveContinuously(): however common, this relied on the no-op be-
havior of scheduling an already-scheduled command. The more correct way
to repeat the command if it ends before the falling edge is using Command.
repeatedly()/RepeatCommand or a RunCommand - the only difference is if the
command is interrupted, but that is more likely to result in two commands
perpetually canceling each other than achieve the desired behavior. Manu-
ally implementing a blindly-scheduling binding like whileActiveContinuo-
usly () is still possible, though might not be intuitive.

- CommandScheduler.clearButtons()

- CommandScheduler.addButtons() (Java only)

- Command supplier constructor of SelectCommand (use ProxyCommand instead)

* Removed Compressor.enabled() function (use isEnabled() instead)

e Removed CameraServer.setSize() function (use setResolution() on the camera ob-
ject instead)

* Removed deprecated and broken SPI methods
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Removed 2-argument constructor to SlewRateLimiter
Removed frc2::PIDController alias (frc::PIDController already existed)

For ease of use, loadAprilTagFieldLayout() now throws an unchecked exception ins-
tead of a checked exception

Add new parameter for ElevatorSim constructor for starting height

Report error on negative PID gains

9.2.4 Simulasyon

Unified PWM simulation Speed, Position, and Raw values to be consistent with robot
behavior

Expanded DutyCycleEncoderSim API
Added ability to set starting state of mechanism sims

Added mechanism-specific SetState overloads to physics sims

9.2.5 SmartDashboard

Onemli: SmartDashboard is not supported on Apple Silicon (Arm64) Macs.

Connection to the robot now always occurs after processing the save file. Fixes the prob-
lem that Choosers don’t show up if connection to the robot happens before a chooser in
the save file is processed

Added LiveWindow widgets to containing subsystem widget when creating them from
the save file

Now properly handles putting the Scheduler on SmartDashboard with SmartDashboard.
putData()

9.2.6 Glass / OutlineViewer / Simulation GUI

Include standard field images for Field2D background
Enhanced array support in NetworkTables views
Added background color selector to glass plots

Added tooltips for NT settings

Improved title bar message

Fixed loading a maximized window on second monitor
Fixed crash when clearing existing workspace

Fixed file dialogs not closing after window closes

add ProfiledPIDController support
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9.2.7 GradleRIO

» Use Java Serial GC by default
* Remove AlwaysPreTouch from Java arguments (reduces startup memory usage)
* Added support for XRP

* Enforces that vendor dependencies set correct frcYear (prevents using prior year vendor
dependencies)

* Upgraded to Gradle 8.4

Check that project isn’t in OneDrive, as that causes issues

9.2.8 WPILib Hepsi Bir Arada Yukleyici

* Update to VS Code 1.85.1

* VS Code extension updates: cpptools 1.19.1, javaext 1.26.0
* Use separate zip files for VS Code download/install
Update to use .NET 8

* AdvantageScope is now bundlled by the installer

9.2.9 Visual Studio Kod Uzantisi

» Java source code is now bundled into the deployed jar file. This makes it possible to
recover source code from a deployed robot program.

Added XRP support

Check that project isn’t created in OneDrive, as that causes issues

9.2.10 RobotBuilder

Add POVButton

» Fixed constants aliasing

Updated PCM references and wiring export for addition of REV PH

9.2.11 Sysld

» Removed project generation; Replaced with data logging within team robot program
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9.3 Quick Start for Returning Teams

This section serves as a launching point for veteran teams that need to update to the current
year’s software.

It is advised that all teams read through the changelog and known issues for the season.
1. Install LabVIEW (LabVIEW teams only)

Install Game Tools

Install WPILib (Java / C++ teams only)

Update third party libraries

Reimage roboRIO 1 or roboRIO 2

Import robot project (Java / C++ teams only)

NS ks Wb

Update software based on the changes described in the changelog
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10.1 Visual Studio Code Temelleri ve WPILib Uzantisi

Microsoft’s Visual Studio Code is the supported IDE for C++ and Java development in FRC.
This article introduces some of the basics of using Visual Studio Code and the WPILib exten-
sion.

10.1.1 Hosgeldiniz Sayfasi

|Hosgeldiniz Ekranl|

Visual Studio Code ilk acildiginda, Hosgeldiniz sayfasi sunulur. Bu sayfada, Visual Studio Co-
de’u ozellestirmenize olanak taniyan bazi hizli baglantilarin yani sira, IDE’nin temellerini, bazi
ipuclarini ve pif noktalarini1 6grenmenize yardimci olabilecek belgelere ve videolara giden bir
dizi baglant1 bulacaksiniz.

Sag ust kosede kiigiik bir WPILib logosu da gorebilirsiniz. Bu, WPILib uzantisi tarafindan
saglanan 6zelliklere erismenin bir yoludur (asagida daha ayrintili olarak ele alinmistir).
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10.1.2 Kullanici arayuzu

Programa bir g6z atmak i¢in en 6énemli baglanti muhtemelen temel Kullanici Arayiizii belgesi-
dir. Bu belge, kullanic1 arabirimini Ul kullanmanin bircok temelini aciklar ve FRC i¢in Visual
Studio Code kullanmaya baslamak igin ihtiyaciniz olan bilgilerin cogunu saglar.

10.1.3 Komut Paleti

Komut Paleti, Visual Studio Code’daki (WPILib uzantisindan olanlar dahil) hemen hemen her
islev veya 0zellige erismek veya calistirmak icin kullanilabilir. Komut Paletine Gorunim me-
niisiinden veya su tuslara basilarak erisilebilir Ct rl+Shift+P ( Cmd+Shift+P on macOS). Pen-
cereye metin yazmak, aramay1 dinamik olarak ilgili komutlarla daraltacak ve bunlar1 agilir
menide gosterecektir.

Asagidaki ornekte “wpilib”, Komut Paleti etkinlestirildikten sonra arama kutusuna yazilir ve
listeyi WPILib iceren islevlere daraltir.

10.1.4 WPILib Uzantisi

|WPILib Komutlari|

WPILib uzantis1 FRC|reg | projeler ve proje bilesenleri olusturma, roboRIO’ya kod olusturma
ve indirme ve daha fazlasiyla ilgili 6zel islevler. WPILib komutlarina iki yoldan biriyle erise-
bilirsiniz:

* Komut Paletine “WPILib” yazarak

* Cogu pencerenin en sag ust kosesindeki WPILib simgesine tiklayarak. Bu, onceden ya-
z1lmis gibi “WPILib” ile Komut Paletini agacaktir

Not: IntelliSense’i garip sekillerde bozdugu bilindigi icin VS Code’un FRC kurulumuyla Visual
Studio IntelliCode eklentisinin yiiklenmesi 6nerilmez.

Belirli WPILib uzant1 komutlar hakkinda daha fazla bilgi i¢cin bu bolimdeki diger makalelere
bakin.

10.2 Visual Studio Code’da WPILib Komutlari

Bu belge, WPILib VS Code Uzantisi tarafindan saglanan komutlarin ve ne yaptiklarinin tam
bir listesini igerir.

Bu komutlara erismek icin; Komut Paletini agmak i¢in Ctrl+Shift+P tuslarina basin, ardindan
komut listesini filtrelemek icin burada gosterildigi gibi komut adini yazmaya baslayin. Komutu
yuritmek icin komut adina tiklayin.

* WPILib: Build Robot Code - GradleRIO kullanarak acik proje olusturur.

* WPILib: Create a new project-WPILib: Yeni bir proje olusturun - Yeni bir robot
projesi olusturun

* WPILib C++: Refresh C++ Intellisense - C++ Intellisense yapilandirmasina yonelik
bir guncellemeyi zorlar.
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e WPILib C++: Select Current C++ Toolchain - Select the toolchain to use for Intel-
lisense (i.e. desktop vs. roboRIO vs...). This is the same as clicking the current mode in
the bottom right status bar.

* WPILib C++: Select Enabled C++ Intellisense Binary Types - Switch Intellisense
between static, shared, and executable

* WPILib: Cancel currently running tasks -WPILib: Su anda calisan gorevleri iptal
edin - WPILib uzantisinin su anda galistirmakta oldugu tiim gorevleri iptal eder.

* WPILib: Change Auto Save On Deploy Setting - Bir yikleme yapilirken dosyalarin
otomatik olarak kaydedilip kaydedilmeyecegini degistirir. Bu varsayilan olarak etkinles-
tirilmistir.

* WPILib: Change Auto Start RioLog on Deploy Setting - RioLog’un yuklemede oto-
matik olarak baslayip baslamayacagini degistirir. Bu varsayilan olarak etkinlestirilmistir.

* WPILib: Change Desktop Support Enabled Setting - Masaiistiinde robot kodu olus-
turmanin etkinlestirilip etkinlestirilmeyecegini degistirir. Bunu test ve simiilasyon amag-
lar1 icin etkinlestirir. Varsayilan olarak Masatstii Destegi kapalidir.

* WPILib: Change Language Setting - Su anda acik olan projenin C++ veya Java olup
olmadigini degistirir.

* WPILib: Change Run Commands Except Deploy/Debug in Offline Mode Setting-
WPILib: Cevrimdis1 Modda Dagitma / Hata Ayiklama Hari¢ Calistirma Komutla-
rin1 Degistirme - GradleRIO’'nun dagitma / hata ayiklama disindaki komutlar icin Cev-
rimici Modda eger galismiyorsa degistirin (bagimliliklar: gevrimicinden otomatik olarak
cekmeye calisir). Varsayilanlar etkin (online mode-gevrimici mod).

* WPILib: Change Run Deploy/Debug Command in Offline Mode Setting-WPILib:
Cevrimdis1 Mod Ayarinda Calistirma Dagitma / Hata Ayiklama Komutunu Degis-
tirin - GradleRIO’nun dagitim / hata ayiklama igin Cevrimici Modda eger calismiyorsa
degistirin (bagimliliklan ¢evrimicinden otomatik olarak ¢cekmeye calisacaktir). Varsayi-
lanlar devre disidir (gevrimdisi mod).

* WPILib: Varsayilan Simiilasyon Uzantisi1 Ayarini Secin - Simiilasyon uzantilarinin
varsayllan olarak etkinlestirilip etkinlestirilmeyecegini degistirin (build.gradle icinde
tanimlanan tiim simiilasyon uzantilar: etkinlestirilecektir)

* WPILib: Change Skip Tests On Deploy Setting-WPILib: Yiikleme Ayarinda Test-
lerin Durumunu Degistirin - Yiklemede testlerin atlanip atlanmayacagini degistirir.
Varsayilan olarak devre disidir (testler yiuklemede ¢alistirilir).

* WPILib: Change Stop Simulation on Entry Setting-WPILib: Giris Ayarinda Si-
miilasyonun Durumunu Degistir - Simiilasyon ¢alistirilirken giriste robot kodunun
durdurulup durdurulmayacagini degistirir. Varsayilan olarak devre disidir (giriste dur-
maz).

* WPILib: Change Use WinDbg Preview (From Store) as Windows Debugger Set-
ting - Change whether to use the VS Code debugger or WinDbg Preview (from Windows
Store).

* WPILib: Check for WPILib Updates - Check for an update to the WPILib GradleRIO
version for the project. This does not update the Visual Studio Code extension, tools, or
offline dependencies. Users are strongly recommended to use the offline wpilib installer

* WPILib: Debug Robot Code-WPILib: Robot Kodunda Hata Ayiklama - Hata ayik-
lama modunda robot kodunu olusturun ve roboRIO’ya yiikleyin, sonrasinda hata ayikla-
maya baslayin.
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WPILib: Deploy Robot Code-WPILib: Robot Kodunu Yiikleyin - Robot kodunu olus-
turur ve roboRIO’ya yukler.

WPILib: Hardware Sim Robot Code - This builds the current robot code project on
your PC and starts it running in simulation using hardware attached to the comupter
rather then pure software simulation. Requires vendor support.

WPILib: Import a WPILib 2020-2023 Gradle Project - Open a wizard to help you
create a new project from a existing VS Code Gradle project from 2020-2022. Further
documentation is at importing gradle project

WPILib: Install tools from GradleRIO -WPILib: GradleRIO’dan araclar yiikleyin
- WPILib Java araclarim yukler (6rn. SmartDashboard, Shuffleboard, vb.). Bunun varsa-
yilan olarak ¢evrimdis: ytkleyici tarafindan yapildigini unutmayin.

WPILib: Manage Vendor Libraries-WPILib: Uretici Kiitiiphanelerini Yonetin - 3.
sahis kiitiphanelerini yikler/gunceller.

WPILib: Open API Documentation-WPILib: Acik API Belgeleri - WPILib Javadocs
veya C++ Doxygen belgelerini acar

WPILib: Open Project Information -WPILib: Proje Bilgilerini A¢ - Proje bilgilerini
iceren bir widget acar (Proje siirimi, uzanti sirimu vb.).

WPILib: WPILib Komut Paletini Ac¢ - Bu komut, bir WPILib Komut Paletini agmak icin
kullanilir (suna esdeger Ctrl+Shift+P and typing WPILib yazarak)

WPILib: Open WPILib Help-WPILib: WPILib Yardimini A¢ - Bu, WPILib belgelerine
baglanti veren basit bir sayfa agar (bu site).

WPILib: Reset Ask for WPILib Updates Flag-WPILib Giincellemelerini Sifirlama -
Bu, mevcut projedeki isareti temizleyerek, daha 6nce giincelleme yapmamay1 sectiyseniz
bir projeyi en son WPILib surumune guncellemenize olanak tanir.

WPILib: Run a command in Gradle-WPILib: Gradle’da bir komut calistirin - Bu,
GradleRIO komut ortaminda rastgele bir komut ¢alistirmaniza olanak tanir.

WPILib: Set Team Number-WPILib: Takim Numarasini Ayarla - Bir projeyle iliskili
takim numarasini deg@istirmek icin kullanilir. Bu, yalnizca proje olustururken baslangicta
belirtilen takim numarasini degistirmeniz gerektiginde gereklidir.

WPILib: Set VS Code Java Home to FRC Home -WPILib: VS Code Java Home’'u
FRC Home’a Ayarla - VS Code Java Home degiskenini FRC uzantis: tarafindan kes-
fedilen Java Home’a yonlendirecek sekilde ayarlar. Bu, IntelliSense ayarlarinin WPILib
yap1 ayarlariyla uyumlu oldugundan emin olmak igin ¢evrimdaisi yiikleyici kullanilmiyorsa
gereklidir.

WPILib: Show Log Folder-WPILib: Log Klasoriinii Goster - WPILib uzantisinin dahili
loglan sakladigi klasorii gosterir. Bu, WPILib gelistiricilerine bir uzanti sorunu bildirir-
ken/hata ayiklarken yararh olabilir.

WPILib: Simulate Robot Code - This builds the current robot code project on your PC
and starts it running in simulation. This requires Desktop Support to be set to Enabled.

WPILib: Start RioLog-WPILib: RioLog’u Baslat - Bu, bir robot programindan konsol
cikisini goruntilemek icin kullanilan RioLog ekranini baslatir.

WPILib: Start Tool-WPILib: Baslangic¢ Araci - Bu, WPILib araglarini (6rn. SmartDash-
board, Shuffleboard, vb.) VS Code i¢inden baslatmaniza olanak tanir.
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* WPILib: Test Robot Code-WPILib: Robot Kodunu Test Etme - Bu, mevcut robot
kodu projesini olusturur ve olusturulan tim testleri ¢alistirir. Bu, Masaiistii Desteginin-
Desktop Support, Etkin-Enabled olarak ayarlanmasini gerektirir.

10.3 Bir Robot Programi Olusturmak

Her sey kurulduktan sonra, bir robot programi olusturmaya haziriz. WPILib, robot program-
lar icin cesitli sablonlarla birlikte gelir. Bu sablonlarin kullanimi yeni kullanicilar i¢in siddetle
tavsiye edilir; ancak, ileri diizey kullanicilar kendi robot kodlarini sifirdan yazmakta 6zgurdir.

10.3.1 Temel Sinif Secme

WPILib robot programi sablonlarindan birini kullanarak bir projeye baslamak icin, kullanici-
lar once robotlar icin bir temel sinif se¢gmelidir. Kullanicilar, robot programinin ana akisini
kontrol eden birincil Robot sinifini olusturmak icin bu temel siniflar1 alt siniflandirir. Temel
sinif igin U¢ secenek mevcuttur:

TimedRobot

Documentation: Java - C++

Kaynak: Java <https://github.com/wpilibsuite/allwpilib/blob/main/wpilibj/src/main/java/edu/wpi/first/wpilibj
- C ++ <https://github.com/wpilibsuite/allwpilib/blob/main/wpilibc/src/main/native/cpp/TimedRobot.cpp=

The TimedRobot class is the base class recommended for most users. It provides control of the
robot program through a collection of init(), periodic(), and exit() methods, which are
called by WPILib during specific robot states (e.g. autonomous or teleoperated). During these
calls, your code typically polls each input device and acts according to the data it receives. For
instance, you would typically determine the position of the joystick and state of the joystick
buttons on each call and act accordingly. The TimedRobot class also provides an example of
retrieving autonomous routines through SendableChooser (Java/ C++)

Not: Baz bilgilendirici yorumlari ve otonom 6rnegi kaldiran bir TimedRobot Skeleton sablonu
mevcuttur. Zaten TimedRobot u biliyorsaniz bunu kullanabilirsiniz. Asagida gosterilen 6rnek
TimedRobot Skeleton igindir.

JAVA

import edu.wpi.first.wpilibj.TimedRobot;

/**

* The VM is configured to automatically run this class, and to call the functions,
—scorresponding to

* each mode, as described in the TimedRobot documentation. If you change the name of,
—~this class or

* the package after creating this project, you must also update the build.gradle,
—~file in the

(sonraki sayfaya devam)
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* project.
*/

/**

public class Robot extends TimedRobot {

(onceki sayfadan devam)

* This function is run when the robot is first started up and should be used for,

—any

* jnitialization code.

*/
@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

robotInit() {}

robotPeriodic() {}

autonomousInit() {}

autonomousPeriodic() {}

teleopInit() {}

teleopPeriodic() {}

disabledInit() {}

disabledPeriodic() {}

testInit() {}

testPeriodic() {}

simulationInit() {}

simulationPeriodic() {}

C++

#include "Robot.h"

void Robot:
void Robot:

void Robot:
void Robot:

:RobotInit() {}
:RobotPeriodic() {}

:AutonomousInit() {}
:AutonomousPeriodic() {}

(sonraki sayfaya devam)
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(onceki sayfadan devam)

void Robot::TeleopInit() {}
void Robot::TeleopPeriodic() {}

void Robot::DisabledInit() {}
void Robot::DisabledPeriodic() {}

void Robot::TestInit() {}
void Robot::TestPeriodic() {}

void Robot::SimulationInit() {}
void Robot::SimulationPeriodic() {}

#ifndef RUNNING FRC TESTS
int main() {
return frc::StartRobot<Robot>();

}
#endif

Periyodik yontemler varsayilan olarak her 20 ms’de bir ¢cagrilir. Bu, istenen yeni giincelleme
oraniyla iist sinif kurucusunu ¢agirarak degistirilebilir.

Tehlike: Changing your robot rate can cause some unintended behavior (loop overruns).
Teams can also use Notifiers to schedule methods at a custom rate.

JAVA

public Robot() {
super(0.03); // Periodic methods will now be called every 30 ms.

}

C++

[Robot() . frc::TimedRobot (30 ms) {}

RobotBase

Documentation: Java - C++

Kaynak: Java <https://github.com/wpilibsuite/allwpilib/blob/main/wpilibj/src/main/java/edu/wpi/first/wpilibj
__-C ++ <https://github.com/wpilibsuite/allwpilib/blob/main/wpilibc/src/main/native/cppcs/RobotBase.cpp

The RobotBase class is the most minimal base-class offered, and is generally not recommen-
ded for direct use. No robot control flow is handled for the user; everything must be written
from scratch inside the startCompetition() method. The template by default showcases how
to process the different operation modes (teleop, auto, etc).
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Not: Bos bir startCompetition() metodu sunan bir RobotBase Skeleton sablonu mevcut-
tur.

Command Robot-Komut Robotu

The Command Robot framework adds to the basic functionality of a Timed Robot by automa-
tically polling inputs and converting the raw input data into events. These events are tied
to user code, which is executed when the event is triggered. For instance, when a button is
pressed, code tied to the pressing of that button is automatically called and it is not necessary
to poll or keep track of the state of that button directly. The Command Robot framework makes
it easier to write compact easy-to-read code with complex behavior, but requires an additi-
onal up-front time investment from a programmer in order to understand how the Command
Robot framework works.

Teams using Command Robot should see the Command-Based Programming Tutorial.

Romi

Romi kullanan takimlar Romi - Timed veya Romi - Command Bot sablonunu kullanmalidir.

Romi - Zamanl

Romi - Timed sablonu, bir arcadeDrive (double xaxisSpeed, double zaxisRotate) me-
todunu ortaya cikaran bir RomiDrivetrain sinifi saglar. Bu arcadeDrive islevini beslemek
kullaniciya baghdir.

Bu sinif ayrica Romi’'nin yerlesik kodlayicilarinin alinmasi ve sifirlanmasi igin islevler de sag-
lar.

Romi - Komut Robotu

Romi - Command Bot sablonu, bir arcadeDrive (double xaxisSpeed, double zaxisRota-
te) metodunu ortaya ¢ikaran bir RomiDrivetrain alt sistemi saglar. Bu arcadeDrive islevini
beslemek kullaniciya baglidir.

Bu alt sistem ayni zamanda Romi'nin yerlesik kodlayicilarinin alinmasi ve sifirlanmasi i¢in
islevler de saglar.

Temel Sinif Kullanmama

Istenirse, kullanicilar bir temel sinifi tamamen cikarabilir ve programlarini baska herhangi bir
programda oldugu gibi basitce main() yontemine yazabilirler. Bu kesinlikle tavsiye edilmez
- kullanicilar robot kodlarinmi yazarken “tekerle@i yeniden icat etmemelidir” - ancak program
akislan uzerinde mutlak kontrole sahip olmak isteyenler i¢cin desteklenir.
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Uyarr: Kullanicilar, ne yaptiklarindan kesinlikle emin olmadiklar: stirece bir robot prog-
raminin main() yontemini degistirmemelidir.

10.3.2 Yeni bir WPILib Projesi Olusturma

Once we’ve decided on a base class, we can create our new robot project. Bring up the Visual
Studio Code command palette with Ctrl+Shift+P. Then, type “WPILib” into the prompt. Since
all WPILib commands start with “WPILib”, this will bring up the list of WPILib-specific VS
Code commands. Now, select the Create a new project command:

>WPILib

te a new project

dle C++ Properties

: Build Robot Code

Bu, “New Project Creator Window-Yeni Proje Olusturma Penceresi:” getirecektir:

W' WPILib Project Creator X

W

Welcome to WPILib New Project Creator

Select a project type o'nple or Template) @ @

Base Folder. Select a base folder to place the new project into. S

Select a new project folder

Project Name

Create a new folder? ¥/ @

This creates a new folder at Base Folder\Project Name. Highly recommended to be checked. Otherwise
the folder will be placed at Base Folder and not utilize the Project Name

Team Number

o |

Enable Desktop Support ll

This is needed for simulation and unit testing support, however there are some cases where this will do
some unexpected things during build. In addition, not all vendor libraries support desktop. This option
can be set with the command "WPILib: Set Desktop Support” at any time.

Generate Project

Binary Types linuxathena (release) ¢» WPILb & 0

Yeni Proje Olusturma Penceresinin 6geleri asagida aciklanmigstir:

1. Project Type -Proje Tiirii: Olusturmak istedigimiz proje tiri. Bu 6rnek bir proje veya
WPILib tarafindan saglanan proje sablonlarindan biri olabilir. Robot temel siniflarinin
her biri icin sablonlar mevcuttur. Ek olarak, Command-based projeleri i¢in bir sablon
mevcuttur; bu projeler TimedRobot temel sinifi izerine insa edilmistir, ancak bir dizi ek
ozellik icerir - bu tur robot programi yeni ekipler icin siddetle tavsiye edilir.

2. Language -Dil: Bu proje icin kullanilacak dildir (C++ veya Java).

3. ** Base Folder-Temel Klasor **: Bu bir sablon projeyse, bu kullanilacak sablonun turina
belirtir.
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Project Location -Proje Konumu: Robot projesinin konumlandirilacag: klasora belir-
ler.

. Project Name -Proje Adi: Robot projesinin adi. Bu ayrica Create New Folder -Yeni

Klasor Olustur kutusu isaretlendiginde proje klasoriiniin verilecegi adi da belirtir.

** Create a New Folder-Yeni Klasor Olustur **: Bu isaretlenirse, projeyi 6nceden belir-
tilen klasor icinde tutmak icin yeni bir klasor olusturulur. *not-isaretli degilse *, proje
dogrudan 6nceden belirtilen klasorde yer alacaktir. Klasor bos degilse ve bu kontrol edil-
mezse bir hata atilacaktir.

. Team Number -Takim Numarasi: Proje icindeki paket isimleri icin ve kodu yuklerken

robotu bulmak icin kullanilacak proje takim numarasi.

. **Enable Desktop Support-Masaiistii Destegini Etkinlestir **: Birim testi ve simtlasyonu

etkinlestirir. WPILib bunu desteklerken, igiinci taraf yazilim kitapliklar: desteklemeye-
bilir. Kitapliklar masatistiinii desteklemiyorsa, kodunuz derlenmeyebilir veya ¢okebilir.
Birim testi veya simiilasyon gerekmedikce ve tim kitapliklar bunu desteklemedikce, isa-
retlenmeden birakilmalidir.

Yukaridakilerin timiu yapilandirildiktan sonra, “Generate Project -Proje Olustur” u tiklayin ve
robot projesi olusturulacaktir.

Not:

Proje olusturmadaki herhangi bir hata, ekranin sag alt kosesinde goriinecektir.

Uyar: Creating projects on OneDrive is not supported as OneDrive’s caching interferes
with the build system. Some Windows installations put the Documents and Desktop folders
on OneDrive by default.

Tum segenekler secildikten sonra bir 6rnek asagida gosterilmistir.
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W' WPILib Project Creator X

W

Welcome to WPILib New Project Creator

Base Folder. Select a base folder to place the new project into. S
c\Users\Joe\Documents\Robotics
Select a new project folder

Project Name

GettingStarted

Create a new folder? ¥
This creates a new folder at Base Folder\Project Name. Highly recommended to be checked. Otherwise
the folder will be placed at Base Folder and not utilize the Project Name

Team Number

254

Enable Desktop Support ll

This is needed for simulation and unit testing support, however there are some cases where this will do

some unexpected things during build. In addition, not all vendor libraries support desktop. This option
can be set with the command "WPILib: Set Desktop Support” at any time.

Generate Project

Binary Types linuxathena (release) ¢% WPILb & 0

10.3.3 Yeni Projeyi Acmak

After successfully creating your project, VS Code will give the option of opening the project
as shown below. We can choose to do that now or later by typing Ctrl+K then Ctrl1+0 (or just
Command+0 on macOS) and select the folder where we saved our project.

Visual Studio Code X

0 Project successfully created. Would you like to open the folder?

| Yes (New Window) | No Cancel

Acildiktan sonra solda proje hiyerarsisini gorecegiz. Dosyaya ¢ift tiklamak o dosyay1 diizenle-
yicide agacaktir.
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10.3.4 C++ Yapilandirmalan (Yalnizca C++)

C ++ projeleri i¢in IntelliSense’i kurmak icin bir adim daha vardir. Ne zaman bir proje agsak,
sag alt kosede C ++ yapilandirmalarini yenilememizi isteyen bir pencere agmaliyiz. Intelli-
Sense’i kurmak icin “Yes-Evet” i tiklayin.

I No C++ configurations. Yes to refresh.

10.4 3. Taraf Kutuphaneleri

Teams that are using non-PWM motor controllers or advanced sensors will most likely need
to install external vendor dependencies.

10.4.1 What Are Vendor Dependencies?

Avendor dependency is a way for vendors such as CTRE, REV, and others to add their software
library to robot projects. This library can interface with motor controllers and other devices.
This way, teams can interact with their devices via CAN and have access to more complex
and in-depth features than traditional PWM control.

10.4.2 Managing Vendor Dependencies

Vendor dependencies are installed on a per-project basis (so each robot project can have its
own set of vendor dependencies). Vendor dependencies can be installed “online” or “offline”.
The “online” functionality is done by downloading the dependencies over the internet, while
offline is typically provided by a vendor-specific installer.
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Uyarn: If installing a vendor dependency via the “online” mode, make sure to reconnect
the computer to the internet and rebuild about every 30 days otherwise the cache will
clear, completely deleting the downloaded library install.

Not: Vendors recommend using their offline installers when available, because the offline
installeris typically bundled with additional programs that are extremely useful when working
with their devices.

How Does It Work?

How Does It Work? - Java/C++

For Java and C++, a JSON file describing the vendor library is installed on your system to ~/
wpilib/YYYY/vendordeps (where YYYY is the year and ~ is C:\Users\Public on Windows).
This can either be done by an offline installer or the file can be fetched from an online location
using the menu item in Visual Studio Code. This file is then used from VS Code to add to the
library to each individual project. Vendor library information is managed on a per-project
basis to make sure that a project is always pointing to a consistent version of a given vendor
library. The libraries themselves are placed in the Maven cache at C:\Users\Public\wpilib\
YYYY\maven. Vendors can place a local copy here with an offline installer (recommended) or
require users to be connected to the internet for an initial build to fetch the library from a
remote Maven location.

This JSON file allows specification of complex libraries with multiple components (Java, C++,
JNI, etc.) and also helps handle some complexities related to simulation. Vendors that choose
to provide a remote URL in the JSON also enable users to check for updates from within VS
Code.

How Does It Work? - LabVIEW

For LabVIEW teams, there might be a few new Third Party items on various palettes (speci-
fically, one in Actuators, one in Actuators -> Motor Control labeled CAN Motor, and one in
Sensors). These correspond to folders in C:\Program Files\National Instruments\LabVIEW
2023\vi.lib\Rock Robotics\WPI\Third Party

In order to install third party libraries for LabVIEW, download the VIs from the vendor (ty-
pically via some sort of installer). Then drag and drop the third party VIs into the respective
folder mentioned above just like any other VI.
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How Does It Work? - Python

Third party libraries are packaged into Python wheels and uploaded to PyPI (if pure python)
and/or WPILib’s artifactory. Users can enable them as dependencies either by adding the
component name to robotpy extras (recommended) or by adding an explicit dependency
for the PyPI package in requires. The dependencies are downloaded when robotpy syncis
executed, and installed on the roboRIO when robotpy deploy is executed.

Installing Libraries
Java/C++

VS Code

>WPILib m|

Install new library (o!

Cevrimdisi bir saglayici tarafindan kurulan bir satici kiitiphanesini eklemek icin, su tusa ba-
sin: kbd:Ctrl +Shift+P ve WPILib yazin veya WPILib Komut Paletini agmak icin sag ustteki
WPILib simgesine tiklayin ve yazmaya baslayin: Manage Vendor Libraries, ardindan meniiden
Install new libraries (offline) segenegini secin.

] kheck to install libraries OSelected  OK

B WPILib-New-Commands
B WPILib-Old-Commands 2020.0.0

Her birinin yanindaki kutuyu isaretleyerek projeye eklemek icin istenen kitapliklar se¢in ve
ardindan tiklayin OK. JSON dosyasi, kutiphaneyi projeye bagimlilik olarak ekleyerek proje-
deki vendordeps klasorine kopyalanacaktir.

In order to install a vendor library in online mode, press Ctrl+Shift+P and type WPILib or
click on the WPILib icon in the top right to open the WPILib Command Palette and begin
typing Manage Vendor Libraries and select it in the menu, and then click on Install new
libraries (online) instead and copy + paste the vendor JSON URL.

Checking for Updates (Offline)

Since dependencies are version managed on a per-project basis, even when installed offline,
you will need to Manage Vendor Libraries and select Check for updates (offline) for each
project you wish to update.

Checking for Updates (Online)

Saticilarin istege bagli olarak doldurabilece@i JSON dosyasinin bir kismi, ¢cevrimici bir glincel-
leme konumudur. Bir kitaplikta uygun bir konum belirtilmisse, calistirarak Check for updates
(online) , kitapligin daha yeni bir sirimiiniin uzak konumdan mevcut olup olmadigini kontrol
eder.

Removing a Library Dependency
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Bir projeden kiitiphane bagimliligin1 kaldirmak icin:guilabel:Manage Current Libraries me-
niusiinden Manage Vendor Libraries segcenegini secin, kaldirilacak kitapliklar i¢in kutuyu isa-
retleyin ve tiklayin OK. Bu kitapliklar projeden bagimlhiliklar olarak kaldirilacaktir.

Command-Line

Satic1 URLsinden bir satici kitapligi bagimlilig: eklemek, bir gradle gorevi araciligiyla komut
satir1 araciligiyla da yapilabilir. Proje kokiinde bir komut satir1 6rneg@i agin ve radlew ven-
dordep --url = yazin; burada " , saticinin JSON URLsidir. Bu, satic1 kitapligi bagimliligi
JSON dosyasini projenin = vendordeps = klasoriine ekleyecektir. Satici kitapliklar: da ayni
sekilde giincellenebilir.

The vendordep gradle task can also fetch vendordep JSONs from the user wpilib folder.
To do so, pass FRCLOCAL/Filename. json as the file URL. For example, gradlew vendordep
--url =FRCLOCAL/WPILibNewCommands.json will fetch the JSON for the command-based fra-
mework.

Python

All RobotPy project dependencies are specified in pyproject.toml. You can add additional
vendor-specific dependencies either by:

* Adding the component name to robotpy extras
* Adding the PyPI package name to requires
Ayrica bakimz:

pyproject.toml usage

10.4.3 Kutuphaneler

WPILib Libraries

Command Library

The WPILib command library has been split into a vendor library. It is installed by the WPILib
installer for offline installation.

Java/C++

New Command Library
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Python
* PyPI package: robotpy[commands2] or robotpy-commands-v2

* In pyproject.toml: robotpy extras = ["commands2"]

Romi Library

A Romi Library has been created to contain several helper classes that are used in the Romi -
Reference example.

Java/C++

Romi Vendordep.

Python
* PyPI package: robotpy[romi] or robotpy-romi

* In pyproject.toml: robotpy extras = ["romi"]

XRP Library

An XRP Library has been created to contain several helper classes that are used in the XRP-
Reference example.

Java/C++

XRP Vendordep.

Python

* PyPI package: robotpy[xrp] or robotpy-xrp
* In pyproject.toml: robotpy extras = ["xrp"]

Vendor Libraries

Click these links to visit the vendor site to see whether they offer online installers, offline
installers, or both. URLs below are to plug in to the VS Code -> Install New Libraries (online)
feature.

CTRE Phoenix Framework - Contains CANcoder, CANifier, CANdle, Pigeon IMU, Pigeon 2.0,
Talon FX, Talon SRX, and Victor SPX Libraries and Phoenix Tuner program for configuring
CTRE CAN devices

188 Boliim 10. VS Code’a Genel Bakis


https://raw.githubusercontent.com/wpilibsuite/allwpilib/main/romiVendordep/RomiVendordep.json
https://raw.githubusercontent.com/wpilibsuite/allwpilib/main/xrpVendordep/XRPVendordep.json
https://docs.ctr-electronics.com/

FIRST Robotics Competition

Java/C++
Phoenix (v6): https://maven.ctr-electronics.com/release/com/ctre/phoenix6/
latest/Phoenix6-frc2024-1latest.json

Phoenix (v5): https://maven.ctr-electronics.com/release/com/ctre/phoenix/
Phoenix5-frc2024-1latest. json

Not: All users should use the Phoenix (v6) library. If you also need Phoenix v5 support,
additionally install the v5 vendor library.

Python

Vendor’s package:

* PyPI package: robotpy[phoenix6] or phoenix6

* In pyproject.toml: robotpy extras = ["phoenix6"]
Community packages:

* PyPI package: robotpy[phoenix5] or robotpy-ctre

* In pyproject.toml: robotpy extras = ["phoenix5"]

Redux Robotics ReduxLib - Library for all Redux devices including the Canandcoder and Ca-
nandcolor

Java/C++

https://frcsdk.reduxrobotics.com/ReduxLib 2024. json

Python

Not yet available

Fusion Driver ile oynamak- Venom motor/kontrol cihazi dahil tiim PWF cihazlar icin kutip-
hane

Java/C++

https://www.playingwithfusion.com/frc/playingwithfusion2024.json
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Python

Community-supported packages:
* PyPI package: robotpy[playingwithfusion] or robotpy-playingwithfusion
* In pyproject.toml: robotpy extras = ["playingwithfusion"]

Kauai Labs - NavX-MXP, NavX-Micro, ve Sensor Fusion kiitiphaneleri

Java/C++

https://dev.studica.com/releases/2024/NavX. json

Python

Community-supported packages:
* PyPI package: robotpy[navx] or robotpy-navx
* In pyproject.toml: robotpy extras = ["navx"]

REV Robotics REVLib - Library for all REV devices including SPARK Flex, SPARK MAX, and
Color Sensor V3

Java/C++

https://software-metadata.revrobotics.com/REVLib-2024. json

Python

Community-supported packages:
* PyPI package: robotpyl[rev] or robotpy-rev
* In pyproject.toml: robotpy extras = ["rev"]

Topluluk Kitiiphaneleri

PhotonVision - PhotonVision CV yazilimi i¢in Kutiiphane

Java/C++

https://maven.photonvision.org/repository/internal/org/photonvision/
photonlib-json/1.0/photonlib-json-1.0.json
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Python

* PyPI package: photonlibpy

* In pyproject.toml: requires = ["photonlibpy"]
PathPlanner - Library for PathPlanner

Java/C++

https://3015rangerrobotics.github.io/pathplannerlib/PathplannerLib.json

Python

* PyPI package: pathplannerlib
e In pyproject.toml: requires = ["pathplannerlib"]
ChoreoLib - Library for reading and following trajectories generated by Choreo

Java/C++

https://sleipnirgroup.github.io/ChoreolLib/dep/ChoreolLib.json

Python

Not available

YAGSL - Library for Swerve Drives of any configuration
Java

https://broncbotz3481.github.io/YAGSL-Lib/yagsl/yagsl.json

Python

Not available

10.5 Robot Kodunun Olusturulmasi ve Yuklenmesi

RoboRIO lizerinde calisabilmek icin, robot projeleri (“built”) ile derlenmeli ve yiklenmelidir.
Kod, robot kontrolciisiinde yerel olarak derlenmediginden, bu “capraz derleme” olarak bilinir.

Bir robot projesi olusturmak veytiklemek icin sunlardan birini yapin:
1. Komut Paletini agin ve “Build Robot Code-Robot Kodu Olustur” se¢in

2. VS Code penceresinin sag iist kosesindeki ii¢ nokta ile gosterilen kisayol meniisiinii agin
ve “Build Robot Code-Robot Kodu Olustur” secin.
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3. Proje hiyerarsisinde build.gradle dosyasina sag tiklayin ve “Build Robot Code-Robot Ko-

du Olustur” segin

EXPLORER
OPEN EDITORS
MYNEWROBOTPROJECT

OUTLINE
TIMELINE
GRADLE TASKS
JAVA DEPENDENCIES
MAVEN PROJECTS
®O0A0 %1 O Gradle: Build Error

build.gradle — MYNEWROBOTPROJECT

© buildgradlle X

ToN_11
TON_11

team = frc.getTeanNunber ()

d v + O @

> -Dorg.gradle. java. home="/Library/Java/JavaVirtualMachin
es/jdk-11.

4 actionable

Terminal will be reused by tasks, press any key to close it.
1]

Ln1,Col1 Spaces:4 UTF-8 CRLF Gradle <5 WPILib @

Deploy robot code by selecting “Deploy Robot Code” from any of the three locations from
the previous instructions. That will build (if necessary) and deploy the robot program to the

roboRIO.

until the roboRIO is re-imaged.

Uyari: Avoid powering off the robot while deploying robot code. Interrupting the dep-
loyment process can corrupt the roboRIO filesystem and prevent your code from working

If successful, we will see a “Build Successful” message (1) and the RioLog will open with the
console output from the robot program as it runs (2).

Srow

avo Lo
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10.6 Konsol Ciktisini Goruntiuleme

Metin tabanli-text based programlarin konsol ¢iktisini gorintillemek icin roboRIO bir Net-
Console uyarlar. RoboRIO’dan NetConsole ciktisini gorintillemenin iki ana yolu vardir: FRC
Driver Station’daki Console Viewer ve VS Code’daki Riolog eklentisi.

Not: RoboRIO’da, NetConsole yalnizca program ciktisi icindir. Sistem konsolu ile etkilesim
kurmak istiyorsaniz, SSH veya Serial console kullanmaniz gerekecektir.

10.6.1 Console Viewer

Console Viewer’t Acma

|Console Viewer'rt Acma|

Konsol Gériintiileyiciyi agmak icin énce FRC|reg| Siiriicii Istasyonu. Ardindan, mesaj goriin-
tuleyici penceresinin (1) st kismindaki disli ¢ark: tiklayin ve “Konsolu Goriintiile” yi segin.

Console Viewer Penceresi

|Console Viewer Penceresi|

Console Viewer penceresi robot programimizin ¢iktisini yesil renkte gosterir. Sag tistteki cark,
pencereyi temizleyebilir ve goruntilenen mesajlarin diizeyini ayarlayabilir.

10.6.2 Riolog VS Code Eklentisi

Riolog eklentisi, NetConsole ciktisini1 VS Code’da goruntillemek icin kullanilabilen bir VS Code
gorunumudur (orijinal Eclipse surumai icin atif : Manuel Stoeckl, FRC1511).

RioLog View’t Acma

|RioLog View'rt Acma|

Varsayilan olarak, RioLog goriniimii her roboRIO dagitiminin sonunda otomatik olarak acila-
caktir. RioLog goriinumini manuel olarak baslatmak icin, komut paletini agmak ve “RioLog”
yazmaya baslamak icin: kbd:Ctrl + Shift + P tuslarina basin, ardindan WPILib: RioLog’u Bas-
lat segenegini secin.
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Riolog Penceresi

|Riolog Penceresi]|

RioLog gorunimiu st bolmede gorinmelidir. Riolog, konsolu islemek icin bir dizi kontrol ige-
rir:

» **Pause/Resume Display-Goruntillemeyi Duraklat/Siirdir ** - Bu, goruntilemeyi durak-
latir/devam ettirir. Arka planda, yeni paketler alinmaya devam edecek ve devam et diig-
mesine tiklandiginda goruntiillenecektir.

« **Discard/Accept Incoming-Gelenleri iptal Et/Kabul Et ** - Bu, yeni paketlerin kabul edi-
lip edilmeyecegini degistirir. Paketler atilirken ekran duraklatilacak ve elde edilen tim
paketler atilacaktir. Digmeye tekrar tiklamak, paketleri almaya devam edecektir.

* Clear-Temizle - Bu, ekranin mevcut igerigini temizler.

* Don’t Show/Show Prints-Printleri Goster/Gosterme - Bu, print ifadeleri olarak ka-
tegorize edilen mesajlar1 gosterir veya gizler.

* Switch to Viewer-Goriintiileyiciye Geg - Bu, kaydedilen log dosyalar icin goriintiile-
yiciye gecer.

* Don’t Show/Show Warnings-Uyarilar1 Goster/Gosterme - Bu, uyar olarak kategori-
ze edilen mesajlar1 gosterir veya gizler.

* Disconnect/Reconnect-Baglantiy1 Kes/Yeniden Baglan - Bu, konsol akisina baglan-
tiy1 keser veya yeniden baglanir.

* Show/Don’t Show Timestamps-Zaman Damgalarin1 Goster/Gosterme - Pencerede-
ki iletilerde zaman damgalarini gosterir veya gizler.

» Save Log-Log Kaydet - Log icerigini kaydedip gorintiileyebileceginiz veya daha son-
ra RioLog gorintileyiciyle acabileceginiz bir dosyaya kopyalar (bkz. Switch to Viewer
above Yukaridaki Goruntileyiciye Gec)

* Set Team Number-Takim Numarasini Ayarla - Konsol akisina baglanmak icin robo-
RIO’nun ekip numarasini ayarlar, RioLog ylikleme islemiyle baslatilirsa otomatik olarak
ayarlanir.

10.7 Bir Robot Programinda Debugging -Hata Ayiklama

Kagimilmaz olarak, bir program bekledigimiz sekilde davranmayabilir. Bu gerceklestiginde,
programin bunu neden yaptigini yaptigini anlamamiz gerekir, boylece yapmasini istedigimiz
seyi yapmasini saglayabiliriz. Bu tiir istenmeyen program davranisina “bug” hata adi verilir
ve diizeltme islemine “debugging” hata ayiklama denir.

Hata ayiklayici, bir programda hata ayiklamaya yardimci olmak i¢in program akisini kontrol
etmek ve deg@iskenleri izlemek icin kullanilan bir aractir. Bu boliimde bir FRC ® ic¢in bir hata
ayiklama oturumunun nasil ayarlanacag: agiklanacaktir. robot programai.

Not: Programlarinda hata ayiklamasi gereken, ancak bir hata ayiklayicinin -debugger nasil
kullanilacagini bilmeyen/0grenmeye vakti olmayan yeni basglayan kullanicilar igin, genellikle,
yalnizca ilgili program durumunu konsola yazdirarak bir programda hata ayiklamak mium-
kiindir. Ancak, ogrencilerin sonunda bir hata ayiklayici-debugger kullanmay:1 6grenmeleri
siddetle tavsiye edilir.
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10.7.1 Hata Ayiklayiciyr Calistirma

>WPILib debug|

Robot Code

WPILib 6nceden doldurulmus Komut paletini agmak icin kbd: Ctrl + Shift + P ye basin ve’
WPILib" yazin veya WPILib Menu Item Menii Ogesi’'ne tiklayin. Hata ayiklamay1 baslatmak
igin Debug yazin ve Debug Robot Code menii 6gesini segin. Kod roboRIO’ya indirilecek ve
hata ayiklamaya baslayacaktir.

10.7.2 Breakpoints-Duraksatma Noktalari

“breakpoint-kesme noktas1”, kullanicinin program durumunu inceleyebilmesi i¢in hata ayikla-
yicinin program yuritmesini duraklatacagi bir kod satiridir. Bu, kullanicinin programin bekle-
nen davranistan tam olarak nerede saptigini belirlemek i¢in sorunlu koddaki belirli noktalarda
programi duraklatmasina izin verdigi i¢in hata ayiklama sirasinda son derece yararhdir.

Hata ayiklayici, karsilastigi ilk breakpoint da otomatik olarak durur.

Breakpoint-Duraksatma Noktasi Belirleme

autonomousPeriodic() {

e.stopMotor();

Kullanici programinizda bir kesme noktasi ayarlamak icin kaynak kodu penceresinin sol kenar
boslugunu (satir numarasinin solunda) tiklayin : Kiigiik kirmizi bir daire, ilgili satirda kesme
noktasinin ayarlandigini gosterir.

10.7.3 Baski ifadeleri ile Hata Ayiklama

Programinizda hata ayiklamanin baska bir yolu, kodunuzda yazdirma deyimleri kullanmak ve
bunlari RioLog’u Visual Studio Code veya Driver Station’da kullanarak goriintiilemektir. Ozel-
likle yuksek miktarlarda kullanildiklarinda ¢ok verimli olmadiklar: i¢in baski tablolar: dikkatle
eklenmelidir. Dongili tasmalarina neden olabileceginden rekabet i¢in kaldirilmalidirlar.

JAVA

[System.out .print("example");
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C++

[wpi: routs() << "example\n";

10.7.4 Debugging with NetworkTables

NetworkTables can be used to share robot information with your debugging computer. Ne-
tworkTables can be viewed with your favorite Dashboard or OutlineViewer. One advantage
of NetworkTables is that tools like Shuffleboard can be used to graphically analyze the data.
These same tools can then be used with same data to later provide an operator interface for
your drivers.

10.7.5 Daha fazla bilgi edin

* VS Code ile hata ayiklama hakkinda daha fazla bilgi edinmek icin bu link baglantisina
bakin.

* Bu VS Code article <https://code.visualstudio.com/docs/editor/editingevolved > makale-
sinde bahsedilen 6zelliklerden bazilari, kodunuzla ilgili sorunlar1 anlamaniza ve teshis
etmenize yardimci olacaktir. Hizli Onarim (sar1 ampul) 6zelligi, neyin ice aktarilacagi
dahil olmak iizere c¢esitli sorunlarda ¢ok yardimci olabilir.

* Bu kadar ¢ok sorunda hata ayiklama zorunlulugunu énlemenin en iyi yollarindan biri
Birim Testi yapmaktir.

* Robotunuzun calistigini dogrulamak Simulation gercek robot iizerinde karmasik hata
ayiklama yapmak zorunda kalmay1 onlemek i¢in de harika bir yoldur.

10.8 Importing Last Year’s Robot Code

Due to changes in the project, it is necessary to update the build files for a previous years
Gradle project. It is also necessary to import vendor libraries again, since last year’s vendor
libraries must be updated to be compatible with this year’s projects.

10.8.1 Automatic Import

To make it easy for teams to import previous years gradle projects into the current year’s
framework, WPILib includes a wizard for importing previous years projects into VS Code.
This will generate the necessary gradle components and load the project into VS Code. In
place upgrades are not supported.

Onemli: The import process copies your project source files from the current directory to a
new directory and completely regenerates the gradle files. Additionally, it updates the code
for the package changes made in 2023. If you made non-standard updates to the build.
gradle, you will need to make those changes again. For this reason, in place upgrades are
not supported. It is also necessary to import vendor libraries again, since last year’s vendor
libraries must be updated to be compatible with this year’s projects.
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Launching the Import Wizard

Visual Studio Code X

This project is not compatible with this version of the extension. Would you like to import this
project into 20217,

Yes No Mo, Don't ask again Cancel

When you open a previous year’s project, you will be prompted to import that project. Click

yes.

Alternately, you can chose to import it from the menu. Press Ctrl+Shift+P and type “WPILib”
or click the WPILib icon to locate the WPILib commands. Begin typing “Import a WPILib 2020-
2023 Gradle project” and select it from the dropdown as shown below.

>WPILib imporli

a WPILib 2020/2021/2022 Gradle project

) File Edit Selection View Go Run -  WPILib Gradle 2 Import - 2022betaCommandCPP ... ([] & (1) 03
W WPILib Gradle 2020-2022 Import X

Welcome to WPILib 2020/2021/2022 Project Importer

irectory and

Select a gradie project

Base Folder. S

c:\Users\Joe\Documents\Robotics
Select a new project folder

Project Name:

2022betaCommandCPP-Imported

Team Number
330

Enable Desktop Support Il

Import Romi
Check this if d imported is a romi project. This is not au . ed manually.

Import Project

®0A0 Binary Types linuxathena (release) WPILib & Q

You’ll be presented with the WPILib Project Importer window. This is similar to the process of
creating a new project and the window and the steps are shown below. This window contains
the following elements:

1.

Gradle Project: Selects the project to be imported. Users should select the build.gradle
file in the root directory of the gradle project.

2. Project Location: This determines the folder in which the robot project will be located.

3. Project Name: The name of the robot project. This also specifies the name that the

project folder will be given if the Create New Folder box is checked. This must be a
different directory from the original location.

. Create a New Folder: If this is checked, a new folder will be created to hold the project

within the previously-specified folder. If it is not checked, the project will be located
directly in the previously-specified folder. An error will be thrown if the folder is not
empty and this is not checked.

. Team Number: The team number for the project, which will be used for package names

within the project and to locate the robot when deploying code.
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6. Enable Desktop Support: If this is checked, simulation and unit test support is enabled.
However, there are some cases where this will do some unexpected things. In addition,
all vendor libraries need desktop support which not all libraries do.

7. Import Romi Project: If this is checked, the project is imported using the Romi gradle

template. This should only be checked for Romi projects.

on OneDrive by default.

Uyar: Creating projects on OneDrive is not supported as OneDrive’s caching interferes
with the build system. Some Windows installations put the Documents and Desktop folders

Click Import Project to begin the upgrade.

The gradle project will be upgraded and copied into the new project directory. You can then
either open the new project immediately using the pop-up below or open it later using the

Ctr1+40 (or Command+0 for macOS) shortcut.

Visual Studio Code

X

o Project successfully created. Would you like to open the folder?

Yes (New Window) Mo Cancel

Click Yes I trust the authors.

Do you trust the authors of the files in this folder?

Code provides features that may automatically execute files in this folder.
If you don't trust the autheors of these files, we recommend to continue in
restricted mode as the files may be malicious. See to learn

more.
C:\Users\Joe\Documents\Robotics\RobotBuilderTestProjectCpp-
Imported2822Alpha3

Trust the authors of all files in the parent folder ‘Robotics*

Yes, | trust the authors No, | don't trust the authors
Trust folder and enable all features Browse folder in restricted mode

C++ Configurations (C++ Only)

For C++ projects, there is one more step to set up IntelliSense. Whenever you open a project,
you should get a pop-up in the bottom right corner asking to refresh C++ configurations. Click

Yes to set up IntelliSense.

P No C++ configurations. Yes to refresh.
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3rd Party Libraries

It is necessary to update and re-import 3rd party libraries. See 3rd Party Libraries for details.
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Dashboards

11.1 Choosing a Dashboard

A dashboard is a program used to retrieve and display information about the operation of your
robot. There are two main types of dashboards that teams may need: driver and programmer
dashboards. Some dashboards will try to accommodate both purposes.

11.1.1 Driver Dashboard

During competition the drive team will use this dashboard to get information from the robot.
It should focus on conveying key information instantly. This is often best accomplished by
using large, colorful, and easy to understand visual elements. Most teams will also use this
dashboard to select their autonomous routine.

Take caution to carefully consider what needs to be on this dashboard and if there is another
better way of communicating that information. Any members of the drive team (especially
the driver) looking at the dashboard takes their focus away from the match. Using LEDs to
indicate the state of your robot is a good example of a way to communicate useful information
to the driver without having to take their eyes off the robot.

11.1.2 Programming Dashboard

This dashboard is designed for debugging code and analyzing data from the robot. It supports
the monitoring of a wide variety of information simultaneously, prioritizing function and utility
over simplicity or ease of use. This functionality often includes complex data visualization
and graphing across extended periods. In scenarios where there is an overwhelming amount
of data to review, real-time analysis becomes challenging. The capability to examine past
data and replay it proves to be extremely beneficial. While some dashboards may log data
transmitted to them, on-robot telemetry using the DatalLog class simplifies the process.
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11.1.3 Specific Dashboards (oldest to newest)

Not: SmartDashboard and Shuffleboard have a long history of aiding FRC teams. However,
they do not have a person to maintain them so are not receiving bug fixes or improvements.
Notably, Shuffleboard may experience performance issues on some machines under certain
scenarios. PRs from external contributors will be reviewed.

LabVIEW Dashboard (Driver / Programming) - easy to use and provides a lot of features st-
raight out of the box like: camera streams, autonomous selection, and joystick feedback. It
can be customized using LabVIEW by creating a new Dashboard project. While it can be used
by Java or C++ teams, they generally prefer SmartDashboard or Shuffleboard which can be
customized in their respective language.

SmartDashboard (Driver) - simple and efficient dashboard that uses relatively few computer
resources. It does not have the fancy look or some of the features Shuffleboard has, but
it displays network tables data with a variety of widgets without bogging down the driver
station computer.

Shuffleboard (Driver) - straightforward and easily customizable dashboard. It displays net-
work tables data using a variety of widgets that can be positioned and controlled with robot
code. It includes many extra features like: tabs, recording / playback, and advanced custom
widgets.

Glass (Programming) - robot data visualization tool. Its GUI is extremely similar to that of the
Simulation GUI. In its current state, it is meant to be used as a programmer’s tool rather than
a proper dashboard in a competition environment, with a focus on high performance real time
plotting.

AdvantageScope (Programming) - robot diagnostics, log review/analysis, and data visualiza-
tion application. It reads the WPILib Data Log (.wpilog) and Driver Station Log (.dslog /
.dsevents) file formats, plus live robot data viewing.

11.1.4 Third Party Dashboards

FRC Web Components (Driver) - A web-based dashboard that can be installed as a standalone
application, or as a JavaScript package for custom dashboard solutions.

Elastic (Driver) - simple and modern Shuffleboard alternative made by Team 353. It is meant
to serve as a dashboard for competition but can also be used for testing. It features draggable
and resizable card widgets.

QFRCDashboard (Driver) - described as reliable, high-performance, low-footprint dashboard.
QFRCDashboard has been specifically designed to use as few resources as possible.
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11.2 Shuffleboard

Shuffleboard is a straightforward and easily customizable driveteam focused dashboard. It
displays network tables data using a variety of widgets that can be positioned and controlled
with robot code. It includes many extra features like: tabs, recording / playback, and advanced
custom widgets.

11.2.1 Shuffleboard - Getting Started

Tour of Shuffleboard

Shuffleboard is a dashboard for FRC® based on newer technologies such as JavaFX that
are available to Java programs. It is designed to be used for creating dashboards for C++,
Java, and Python programs. If you've used SmartDashboard in the past then you are already
familiar with many of the features of Shuffleboard since they fundamentally work the same
way. But Shuffleboard has many features that aren’t in SmartDashboard. Here are some of
the highlights:

* Graphics is based on JavaFX, the Java graphics standard. Each of the components has
an associated style sheet so it becomes possible to have different “skins” or “themes”
for Shuffleboard. We supply default light and dark themes.

* Shuffleboard supports multiple sheets for the display of your data. In fact you can
create a new sheet (shown as a tab in the Shuffleboard window) and indicate if and which
data should be autopopulated on it. By default there is a Test tab and a SmartDashboard
tab that are autopopulated as data arrives. Other tabs might be for robot debugging vs.
driving.

* Graphical display elements (widgets) are laid out on a grid to keep the interface
clean and easy to read. You can change the grid size to have more or less resolution in
your layouts and visual cues are provided to help you change your layout using drag and
drop. Or you can choose to turn off the grid lines although the grid layout is preserved.

* Layouts are saved and the previous layout is instantiated by default when you run shuff-
leboard again.

* There is a record and playback feature that lets you review the data sent by your robot
program after it finishes. That way you can carefully review the actions of the robot if
something goes wrong.

* Graph widgets are available for numeric data and you can drag data onto a graph
to see multiple points at the same time and on the same scale.

* You can extend Shuffleboard by writing your own widgets that are specific to your team’s
requirements. Documentation on extending it can be found in Custom Widgets.

1. Sources area: Here are data sources from which you can choose values from Network-
Tables or other sources to display by dragging a value into one of the tabs

2. Tab panes: This is where you data is displayed from the robot or other sources. In this
example it is Test-mode subsystems that are shown here in the LiveWindow tab. This
area can show any number of tabbed windows, and each window has it’s own set of
properties like grid size and auto-populate.

3. Record/playback controls: set of media-like controls where you can playback the cur-
rent session to see historical data
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tabs

You can start Shuffleboard in one of four ways:

1.

You can automatically start it when the Driver Station starts by setting the “Dashboard
Type” to Shuffleboard in the settings tab as shown in the picture above.

. You can run it by double-clicking the Shuffleboard icon in the YEAR WPILIib tools folder

on the Windows Desktop.

. You can start from with Visual Studio Code by pressing Ctrl+Shift+P and type “WPILib”

or click the WPILib logo in the top right to launch the WPILib Command Palette. Select
Start Tool, then select Shuffleboard.

. You can run it by double-clicking on the shuffleboard.XXX file (where XXX is .vbs on

Windows and .py on Linux or macOS) in ~/WPILib/YYYY/tools/ (where YYYY is the
year and ~ is C:\Users\Public on Windows). This is useful on a development system
that does not have the Driver Station installed such as a macOS or Linux system.

. You can start it from the command line by typing the command: shuffleboard on Win-

dows or python shuffleboard.py on macOS or Linux from ~/WPILib/YYYY/tools di-
rectory (where YYYY is the year and ~ is C:\Users\Public on Windows). This is often
easiest on a development system that doesn’t have the Driver Station installed.

Not: The .vbs (Windows) and .py (macOS/Linux) scripts help launch the tools using the
correct JDK.
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Getting robot data onto the dashboard

The easiest way to get data displayed on the dashboard is simply to use methods in the Smart-
Dashboard class. For example to write a number to Shuffleboard write:

JAVA

[SmartDashboard.putNumber("Joystick X value", joystickl.getX());

C++

[frc: :SmartDashboard: :PutNumber("Joystick X value", joystickl.getX());

PYTHON

from wpilib import SmartDashboard

SmartDashboard.putNumber("Joystick X value", joystickl.getX())

to see a field displayed with the label “Joystick X value” and a value of the X value of the joys-
tick. Each time this line of code is executed, a new joystick value will be sent to Shuffleboard.
Remember: you must write the joystick value whenever you want to see an updated value.
Executing this line once at the start of the program will only display the value once at the
time the line of code was executed.

Joystick X value

0.56

Displaying data from your robot

Your robot can display data in regular operating modes like Teleop and Autonomous modes
but you can also display the status and operate all the robot subsystems when the robot is
switched to Test mode. By default you’ll see two tabs when you start Shuffleboard, one for
Teleop/Autonomous and another for Test mode. The currently selected tab is underlined as
can be seen in the picture below.

Often debugging or monitoring the status of a robot involves writing a number of values to the
console and watching them stream by. With Shuffleboard you can put values to a GUI that is
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- SmartDashboard X LiveWindow +

..d/PIDCommand ..hboard/Number

Running
42.0

P 1.0
I 2.0
D 3.0
F 0
Setpoint 0
Enabled |

automatically constructed based on your program. As values are updated, the corresponding
GUI element changes value - there is no need to try to catch numbers streaming by on the
screen.

Displaying values in normal operating mode (autonomous or teleop)

JAVA

protected void execute() {
SmartDashboard.putBoolean("Bridge Limit", bridgeTipper.atBridge());
SmartDashboard.putNumber("Bridge Angle", bridgeTipper.getPosition());
SmartDashboard.putNumber("Swerve Angle", drivetrain.getSwerveAngle());
SmartDashboard.putNumber("Left Drive Encoder", drivetrain.getlLeftEncoder());
SmartDashboard. putNumber("Right Drive Encoder", drivetrain.getRightEncoder());
SmartDashboard.putNumber("Turret Pot", turret.getCurrentAngle());
SmartDashboard.putNumber("Turret Pot Voltage", turret.getAverageVoltage());
SmartDashboard.putNumber("RPM", shooter.getRPM());
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C++

frc::SmartDashboard: :PutBoolean("Bridge Limit", bridgeTipper.AtBridge());
frc::SmartDashboard: :PutNumber("Bridge Angle", bridgeTipper.GetPosition());
frc::SmartDashboard: : PutNumber("Swerve Angle", drivetrain.GetSwerveAngle());
frc::SmartDashboard: :PutNumber("Left Drive Encoder", drivetrain.GetLeftEncoder());
frc::SmartDashboard: :PutNumber ("Right Drive Encoder", drivetrain.GetRightEncoder());
frc::SmartDashboard: : PutNumber("Turret Pot", turret.GetCurrentAngle());
frc::SmartDashboard: :PutNumber("Turret Pot Voltage", turret.GetAverageVoltage());
frc::SmartDashboard: : PutNumber ("RPM", shooter.GetRPM());

PYTHON

from wpilib import SmartDashboard

SmartDashboard.
SmartDashboard.
SmartDashboard.
SmartDashboard.
SmartDashboard.
.putNumber("Turret Pot", turret.getCurrentAngle())
SmartDashboard.
SmartDashboard.

SmartDashboard

putBoolean("Bridge Limit", bridgeTipper.atBridge())
putNumber("Bridge Angle", bridgeTipper.getPosition())
putNumber("Swerve Angle", drivetrain.getSwerveAngle())
putNumber("Left Drive Encoder", drivetrain.getLeftEncoder())
putNumber("Right Drive Encoder", drivetrain.getRightEncoder())

putNumber("Turret Pot Voltage", turret.getAverageVoltage())
putNumber("RPM", shooter.getRPM())

Bridge Angle Swerve Angle RPM Bridge Limit
4300.0
Left Drive Encoder Right Drive Encoder
5682.0 5400.0
Turret Pot Turret Pot Voltage
2.345
0OV 125V 376V BV

You can write Boolean, Numeric, or String values to Shuffleboard by simply calling the correct
method for the type and including the name and the value of the data, no additional code is

required.
* Numeric  types such as char, int, long, float or double call
SmartDashboard.putNumber(“dashboard-name”, value).
* String types call SmartDashboard.putString(“dashboard-name”, value)
* Boolean types call SmartDashboard.putBoolean(“dashboard-name”, value)
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Changing the display type of data

Depending on the data type of the values being sent to Shuffleboard you can often change the
display format. In the previous example you can see that number values were displayed as
either decimal numbers, a dial to better represent angles, and as a voltage view for the turret
potentiometer. To set the display type right-click on the tile and select “Show as...”. You can
choose display types from the list in the popup menu.

Bridge Angle Swerve Angle RF
Right-click here

—— 4300

Remove
0 ¢ E] 100

Add to new layout... »

oW as... ¥ I
Leﬁ‘ Show ) Graph ler
Edit Properties Number Bar
5682.u
Number Slider
v Simple Dial
Turret Pot Turret Pot V¢
Text View
2.345 i
OV 195V 3 Voltage View

Displaying data in Test mode

You may add code to your program to display values for your sensors and actuators while the
robot is in Test mode. This can be selected from the Driver Station whenever the robot is not
on the field. The code to display these values is automatically generated by RobotBuilder or
manually added to your program and is described in the next article. Test mode is designed
to verify the correct operation of the sensors and actuators on a robot. In addition it can be
used for obtaining setpoints from sensors such as potentiometers and for tuning PID loops in
your code.

Setting test mode

Test Enabled

Enable Test Mode in the Driver Station by clicking on the “Test” button and setting “Enab-
le” on the robot. When doing this, Shuffleboard will display the status of any actuators and
sensors used by your program organized by subsystem.
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Getting data from the Sources view

Normally NetworkTables data automatically appears on one of the tabs and you just rearrange
and use that data. Sometimes you might want to recover a value that was accidentally deleted
from the tab or display a value that is not part of the SmartDashboard / NetworkTables key. For
these cases the values can be dragged onto a pane from NetworkTables view under Sources
on the left side of the window. Choose the value that you want to display and just drag it to
the pane and it will be automatically created with the default type of widget for the data type.

e Ruodig  Teb
SmanOmshibowd X LveWindow +

Sources view [ aw i Cemitin
including el
NetworkTables | s -

e Ervettase
e LW Bt
[
¥ PlGbarrem

......

Not: Sometimes the Sources view is not visible on the left - it is possible to drag the divider
between the tabbed panes and the Sources so the sources is not visible. If this happens move
the cursor over the left edge and look for a divider resizing cursor, then left click and drag
out the view. In the two images below you can see where to click and drag, and when finished
the divider is as shown in the second image.

Put the cursor

here and drag File Recording Tab
to the right to SmartDashboard x

open the Sources  Widgets
NetworkTables —

New divider position

Basic Command » CameraServer

=P+ NetworkTabl
DefaultDrive v Networkrable

Name Value
.command DefaultDrive
.default DefaultDrive

DefaultDrive
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Displaying Camera Streams

Camera streams from the robot can be viewed on a tab in Shuffleboard. This is useful for vi-
ewing what the robot is seeing to give a less obstructed view for operators or helping visualize
the output from a vision algorithm running on the driver station computer or a coprocessor on
the robot. Any stream that is running using the CameraServer API can be viewed in a camera
stream widget.

Adding a Camera Stream

To add a camera to your dashboard select “Sources” and view the “CameraServer” source in
the left side panel in the Shuffleboard window as shown in the example below. A list of camera
streams will be shown, in this case there is only one camera called “Robot Front Camera”.
Drag that to the tab where it should be displayed. Alternatively the stream can also be placed
on the dashboard by right-clicking on the stream in the Sources list and selecting “Show as:
Camera Stream”.

File__Recording _Tab File Recording  Tab

———
Sources Widgets SmartDashboard Sources  Widgets
-

Name Value Name Value

Robot Front Camera e .
Show as: Camera Stream

Either click on the stream and drag it where it should be placed or
right-click on the source and select "Show as: Camera Stream"

Once the camera stream is added it will be displayed in the window. It can be resized and
moved where you would like it.

Not: Be aware that sending too much data from too high a resolution or too high a frame
rate will cause high CPU usage on both the roboRIO and the laptop.

Robot Front Camera
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Working with widgets

The visual displays that you manipulate on the screen in Shuffleboard are called widgets.
Widgets are generally automatically displayed from values that the robot program publishes
with NetworkTables.

Moving widgets

Widgets can be moved simply with drag and drop. Just move the cursor over the widget,
left-click and drag it to the new position. When dragging you can only place widgets on grid
squares and the size of the grid will effect the resolution of your display. When dragging a
red or green outline will be displayed. Green generally means that there is enough room at
the current location to drop the widget and red generally means that it will overlap or be too
big to drop. In the example below a widget is being moved to a location where it doesn’t fit.

n
ab Folder/String

Folder/String

asflajsf

asfl;ajsf Soda
PlaceSoda
e asflajsf astiajst
thing

Everything

Resizing widgets

Widgets can be resized by clicking and dragging the edge or corner of the widget image. The
cursor will change to a resize-cursor when it is in the right position to resize the widget. As
with moving widgets, a green or red outline will be drawn indicating that the widget can be
resized or not. The example below shows a widget being resized to a larger area with the
green outline indicating that there is no overlap with surrounding widgets.

Folder/String

asflajsf
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Changing the display type of widgets

Shuffleboard is very rich in display types depending on the data published from the robot. It
will automatically choose a default display type, but you might want to change it depending
on the application. To see what the possible displays are for any widget, right-click on the
widget and select the “Show as...” and from the popup menu, choose the desired type. In the
example below are two data values, one a number and the other a boolean. You can see the
different types of display options that are available to each. The boolean value has only two
possible values (true/false) it can be shown as a boolean box (the red/green color), or text,
or a toggle button or toggle switch. The. number value can be displayed as a graph, number
bar, number slider, dial, text, or a voltage view depending on the context of the value.

Changing the title of widgets

You can change the title of widgets by double-clicking in their title bar and editing the title to
the new value. If a widget is contained in a layout, then right-click on the widget and select
the properties. From there you can change the widget title that is displayed.

Changing widget properties

You can change the appearance of a widget such as the range of values represented, colors
or some other visual element. In cases where this is possible right-click on the widget and
select “Edit properties” from the popup menu. In this boolean value widget shown below, the
widget title, true color and false color can all be edited.

Working with Lists

Lists in Shuffleboard are sets of tiles grouped together in a vertical layout, making it visually
obvious that those tiles are related. In addition, tiles in lists take up less screen space than
individual tiles:

» Tiles in lists don’t have individual header labels; they instead have smaller labels within
their list entries.

» Individual tiles placed together create gaps between one another; lists have smaller gaps
between tiles.

Creating a list

A list can be created as follows:
1. Right-click on the tile that should be first in the list.
2. Select “Add to new layout...”, then “List Layout” from the popup menu.
3. A new list will be created labeled “List”, and the tile will be at the top of it.
Note that tiles in lists do not have header labels; their label is at the bottom of their list entry.

212 Bolim 11. Dashboards



FIRST Robotics Competition

boolean value

List
Switch closed Edit properties
Show as... '« Boolean Box
4300.0 Remove from list Text View
= Mave down Toggle Button
Send to bottom Toggle Switch
Remave
Add to mew layout... »
List
Switch closed
4300.0 numeric value
RPM

Edit properties
Show as...
Remove from list
Move up

Send to top

Remove

Add to new layout. ..

Graph
Mumber Bar
Number Slider

Simple Dial

v Text View

Voltage View
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List
Title Switch closed
Color when true #7cfc00
Switch closed
Color whenfalse Ml Dark Red
4300.0 Close
RPM
——
i o . List
Bridge Angle Swerve Angle RPM Bridge Limit
43000
1] 42 100 1] 29 100
i 42
Left Drive Encoder Right Drive Encoder
Bridge Angle
5682.0 5400.0
Turret Pot Turret Pot Voltage
Direct placement
2345 x "
0V 125V 375V 5V 1} 29 00
Swerve Angle
5682.0
Left Drive E coder
Tiles placed directly Li
" ist layout
on the tab vs. tiles Y 5400.0
in a list
i Z.lee Encoder
2345
Turret Pot
oV 125V 375V 5V
Turret Pot Voltage
Swit
L2/
0 List
Switch closed emove - e
Addto new layout... » gt Layout
Show as... > Subsystem Layout v

Switch closed

o Edit Properties
N

5687
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Adding tiles to/removing tiles from a list

A tile can be added to an existing list as follows:
1. Identify the list and the tile to be added.
2. Drag the new tile onto the list.

3. The tile will be added to the list. If the current list size is too small to show it, the tile
will be added to the list off-screen and a vertical scrollbar will be added if not already
present.

A tile can be removed from a list by following the process in reverse:
1. Identify the list and the tile within it to be removed.
2. Drag the tile out of the list and place it anywhere with free space.

3. The tile will be removed from the list and placed at that location.

List List List
RPM el RPM

Switch closed 43000 Switchclose]| _ 000 %0 Switch closed

o 4300.0

-

©

)

Rearranging tiles in a list

Tiles in a list can be rearranged by right-clicking on the tile and selecting:
* Move up moves the tile towards the top of the list.
* Move down moves the tile towards the bottom of the list.
* Send to top moves the tile to the top of a list.
* Send to bottom moves the tile to the bottom of a list.
* There are two buttons labeled Remove, and each button does:

- The top Remove button (above the pinline; section of dropdown with grayed-out tile
label) deletes the tile from the Shuffleboard layout.

- The bottom Remove button (below the pinline; section of dropdown with grayed-out
list label) deletes the list and all tiles inside it from the Shuffleboard layout.

- If you want to take an entry out of a list without deleting it, see Adding tiles
to/removing tiles from a list.

11.2. Shuffleboard 215



FIRST Robotics Competition

u £4 rao

Swerve Angle
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Renaming a list

You can rename a list by double-clicking on the list label and changing the name. Click outside
the label to save changes.

0 42 100
Bridge Angle
0 29 100
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Creating and manipulating tabs

The tabbed layout the Shuffleboard uses help separate different “views” of your robot data
and make the displays more useful. You might have a tab the has the display for helping
debug the robot program and a different tab for use in competitions. There are a number
of options that make tabs very powerful. You can control which data from NetworkTables or
other sources appears in each of your tabs using the auto-populate options described later in
this article.

Default tabs

When you open Shuffleboard for the first time there are two tabs, labeled SmartDashboard
and LiveWindow. These correspond to the two views that SmartDashboard had depending on
whether your robot is running in Autonomous/Teleop or Test mode. In shuffleboard both of
these views are available any time.

File Recording Tab

Sources  Widgets SmartDashboard X LiveWindow +
v CameraServer

Basic Commands Grouped Commands
Name Value

DefaultDrive PrepareToGrab

DriveFoward

On the SmartDashboard tab all the values that are written using the SmartDashbo-
ard.putType() set of methods. On the LiveWindow tab all the autogenerated debugging values
are shown.

Switching between tabs

You can switch between tabs clicking on the tab label at the top of the window. In the case
above, simply click on SmartDashboard or LiveWindow to see the values that are associated
with each tab.

Adding and Hiding Tabs

You can add additional tabs by clicking on the plus(+) symbol just to the right of the last tab.
Once you create a new tab you can set the label by double-clicking on the label in the tab
and editing it. You can also right-click on the tab or use the Tab menu to bring up the tab
preferences and from that window you can change the name by editing the Title field.

218 Bolim 11. Dashboards



FIRST Robotics Competition

Title CompetitionView

Auto populate (
Source prefix SmartDashboard/Shooter
Tile size 32.0

Show grid ‘ _

Horizontal spacing 16.0

Vertical spacing 16.0

Close

You can hide tabs by clicking the minus(-) symbol to the left of the selected tab name. Since
tabs are generated based on the relevant NetworkTable, it is not possible to permanently
delete them without deleting the table.

B Shuffleboard
File Recording Tab Help

SmartDashboard x L veWindow  +
B
Ungroup\ DriveSubsy

Distance

Speed

Crmndarl1l

Setting the tab to auto-populate

One of the most powerful features with tabs is to have them automatically populate new values
based on a source prefix that is supplied in the tab Preferences pane. In the above example
the Preferences pane has a Source prefix of “SmartDashboard/Shooter” and Auto populate is
turned on. Any values that are written using the SmartDashboard class that specifies a sub-
key of Shooter will automatically appear on that tab. Note: keys that match more than one
Source prefix will appear in both tabs. Because those keys also start with SmartDashboard/
and that’s the Source prefix for the default SmartDashboard tab, those widgets will appear
in both panes. To only have values appear in one pane, you can use NetworkTables to write
labels and values and use a different path that is not under SmartDashboard. Alternatively
you could let everything appear in the SmartDashboard tab making it very cluttered, but have
specific tabs for your needs that will be better filtered.
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Using the tab grid and spacing

Each tab can have it’s own Tile size (number of pixels per large square). So some tabs might
have coarser resolution for easier layout and others might have a fine grid. The Tile size in the
Tab preferences overrides any global settings in the Shuffleboard preferences. In addition,
you can specify the padding between the drawing in the widget and the edge of the of the
widget. If you program user interfaces these parameters are usually referred to as horizontal
and vertical gap (hgap, vgap).

Moving widgets between tabs

Currently there is no way to easily move widgets between tabs without deleting it from one
tab and dragging the field from the sources hierarchy on the left into the new pane. We hope
to have that capability in a subsequent update soon.

Working with Graphs

With Shuffleboard you can graph numeric values over time. Graphs are very useful to see
how sensor or motor values are changing as your robot is operating. For example the sensor
value can be graphed in a PID loop to see how it is responding during tuning.

To create a graph, choose a numeric value and right-click in the heading and select “Show
as...” and then choose graph

. .ernh\ll -

-15
Remove

Add to new layout... »
Show as... » Graph
Number Bar
Number Slider
Simple Dial
v Text View

Voltage View

The graph widget shows line plots of the value that you selected. It will automatically set
the scale and the default time interval that the graph will show will be 30 seconds. You can
change that in the setting for the graph (see below).
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Adding Additional Data Values

For related values it is often desirable to show multiple values on the same graph. To do that,
simply drag additional values from the NetworkTables source view (left side of the Shuffle-
board window) and drop it onto the graph and that value will be added as shown below. You
can continue to drag additional values onto the graph.

Graph (2 sources)
100
50
E .
?B 0 |‘||_|J_I||-—o-_;l".I _.n_--- L
>
-50
-100
14:11 14:26 14:41
Time

You can resize the graph vertically to view the legend if it is not displayed as shown in the
image below. The legend shows all the sources that are used in the plot.
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Graph (3 sources)
100
50
]
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s
-50
-100
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LiveWindow/TestSystem/Ultrasonic/Value
O LiveWindow/Wrist/Potentiometer/Value

Setting Graph Properties

You can set the number of seconds that are shown in the graph by changing the “Visible time”
in the graph widget properties. To access the properties, right-click on the graph and select
“Edit properties”.

In addition to setting the visible time the graph can selectively turn sources on and off by
turning the switch on and off for each of the sources shown in the properties window (see

below).

Graph (3 sources)
200

100 Title Graph (3 sources)

Value

o wlan hl mlgiala Loadainn amlio

Visible time 300
-100 Live window/ test system/ potentiometer/ value visible q
15:38 15:53 16:08 (jve window/ test system/ ultrasonic/ value visible [ ¢
Time Live window/ wrist/ potentiometer/ value visible q
O LiveWi /T
LiveWindow/TestSystem/Uttrasonic/V alue
O LiveWindow/Wrist/Potentiometer/Value

Close
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Recording and Playback

Shuffleboard can log all widget updates during a session. Later the log file can be “played
back” to see what happened during a match or a practice run. This is especially useful if
something doesn’t operate as intended during a match and you want to see what happened.
Each recording is captured in a recording file.

Creating a Recording

When shuffleboard starts it begins recording to all the NetworkTables values are recorded and
continues until stopped by hitting the record/stop button in the recorder controls as shown
below. If a new recording is desired, such as when a new piece of code or mechanical system
is being tested, stop the current recording if it is running, and click the record button. Click
the button again to stop recording and close the recording file. If the button is round (as
shown) then click it to start a recording. If the button is a square, then a recoding is currently
running so click it to stop the recording.

L ] - > | g

Record/stop

Playing a Recording

Previous recordings can be played back by:
1. Selecting the “Recording” menu then click “Load playback”.

2. Choose a recording from the from the directory shown. Recordings are grouped by date
and the file names are the time the recording was made to help identify the correct one.
Select the correct recording from the list.

& jova :

@

[ sou ] .

» Can Load playback... 03P

mmmmmmmm

¥ NetworkTable
Name Value

¥ LiveWindow

Controlling the Playback

Selecting the recoding file will begin playback of that file. While the recording is playing the
recording controls will show the current time within the recording as well as the option to
loop the recording while watching it. When the recording is being played back the “transport”
controls will allow the playback to be controlled.

“« I " »

N
® Loop\i 0:06/ 0:07

The controls work as follows:
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The left double-arrow button backs up the playback to the last changed data point
The play/pause controls starts and stops the playback
The square stop button stops playback and resumes showing current robot values

The right double-arrow skips forward to the next changed data value

ok W

The slider allows for direct positioning to any point in time to view different parts of the
recording

6. The loop switch turns on playback looping, that is, the playback will run over and over
until stopped

7. The time shows the current point within the recording and the total time of the recording

Converting to Different File Formats

Start recording Ctri+Shift+H

Load playback...  Ctr+Shift+P

ﬁﬂ

Convert recordings

Shuffleboard recordings are in a custom binary format for efficiency. To analyze recorded data
without playing it back through the app, Shuffleboard supports data converters to convert the
recordings to an arbitrary format. Only a simple CSV converter is shipped with the app, but
teams can write custom converters and include them in Shuffleboard plugins.

® Export Recording Files

Files to Convert
Convertto CSV

Include metadata

No files selected
fhome/sam/Shuffleboard/ recordings

Change

AddFiles Add Directory

Multiple recordings can be converted at once. Individual files can be selected with the “Add
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Files” button, or all recording files in a directory can be selected at once with the “Add Di-
rectory” button.

Converted recordings will be generated in the ~/Shuffleboard/recordings directory, but
can be manually selected with the “Change” button.

Different converters can be selected with the dropdown in the top right. By default, only the
CSV converter is available. Custom converters from plugins will appear as options in the
dropdown.

Additional Notes

Graphs won’t display properly while scrubbing the timeline but if it is playing through where
the graph history can be captured by the graph then they will display as in the original run.

Setting global preferences for Shuffleboard

There are a number of settings that set the way Shuffleboard looks and behaves. Those are
on the Shuffleboard Preferences pane that can be accessed from the File menu.

Setting the theme

Shuffleboard supports two themes, Material Dark and Material Light and the setting depends
on your preferences. This uses css styles that apply to the entire application and can be
changed any time.

Setting the default tile size

Shuffleboard positions tiles on a grid when you are adding or moving them yourself or when
they are auto-populated. You can set the default tile size when for each tab or it can be set
globally for all the tabs created after the default setting is changed. Finer resolution in the grid
results in finer control over placement of tiles. This can be set in the Shuffleboard Preferences
window as shown below.
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Application NetworkTables

T Theme Material Light

Default tile size 320

, Automatically load last save file (_
Show confirmation dialog when exiting ( )

y,

Working with the layout save files

You can save your layout using the File / Save and File / Save as... menu options. The pre-
ferences window has options to cause the previous layout to be automatically applied when
Shuffleboard starts. In addition, Shuffleboard will display a “Save layout” window to remind
you to save the layout on exit, if the layout has changed. You can choose to turn off the auto-
matic prompt on exit, but be sure to save the layout manually in this case so you don’t loose
your changes.

Save the current layout before closing? @

No Cancel

Setting the team number

| Shuffleboard Preferences
|

App Settings
vy Plugins Connection settings
Hase Server localhost
MNetworkTables

v Tabs
SmartDashboard

LiveWindow
|

In order for Shuffleboard to be able to find your NetworkTables server on your robot, specify
your team number in the “NetworkTables” tab on the Preferences pane. If you're running
Shuffleboard with a running Driver Station, the Server field will be auto-populated with the
correct information. If you're running on a computer without the Driver Station, you can
manually enter your team number or the robotRIO network address.
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Shuffleboard FAQ, issues, and bugs

Uyar: Shuffleboard as well as most of the other control system components were deve-
loped with Java 11 and will not work with Java 8. Be sure before reporting problems that
your computer has Java 11 installed and is set as the default Java Environment.

Frequently Asked Questions
How do | report issues, bugs or feature requests with Shuffleboard?

There is no active maintainer of Shuffleboard, but we are accepting pull requests. Bugs, is-
sues, and feature requests can be added on the Shuffleboard GitHub page by creating an
issue. Please try to look at existing issues before creating new ones to make sure you aren’t
duplicating something that has already been reported or work that is planned. You can find
the issues on the Shuffleboard GitHub page.

How can | add my own widgets or other extensions to Shuffleboard?

Custom Widgets has a large amount of documentation on extending the program with custom
plugins. Sample plugin projects that can be used for additional custom widgets and themes
can be found on the Shuffleboard GitHub page.

How can | build Shuffleboard from the source code?

You can get the source code by downloading, cloning, or forking the repository on the GitHub
site. To build and run Shuffleboard from the source, make sure that the current directory is
the top level source code and use one of these commands:

Application Command (for Windows systems run the
gradlew.bat file)

Running Shuffleboard ./gradlew :app:run
Building the APIs and utility classes for plu- ./gradlew :api:shadow]ar
gin creation

Building the complete application jar file ./gradlew :app:shadow]ar

11.2.2 Shuffleboard - Layouts with Code

Using tabs

Shuffleboard is a tabbed interface. Each tab organizes widgets in a logical grouping. By de-
fault, Shuffleboard has tabs for the legacy SmartDashboard and LiveWindow - but new tabs
can now be created in Shuffleboard directly from a robot program for better organization.

Creating a new tab
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JAVA

[ShufﬂeboardTab tab = Shuffleboard.getTab("Tab Title");

C++

[ShufﬂeboardTab& tab = Shuffleboard: :GetTab("Tab Title");

PYTHON

from wpilib.shuffleboard import Shuffleboard

tab = Shuffleboard.getTab("Tab Title")

Creating a new tab is as simple as calling a single method on the Shuffleboard class, which
will create a new tab on Shuffleboard and return a handle for adding your data to the tab.
Calling getTab multiple times with the same tab title will return the same handle each time.

Selecting a tab

JAVA

[Shufﬂeboa rd.selectTab("Tab Title");

C++

[Shuffleboard::SelectTab("Tab Title"); ]

PYTHON

from wpilib.shuffleboard import Shuffleboard

Shuffleboard.selectTab("Tab Title")

This method lets a tab be selected by title. This is case-sensitive (so “Tab Title” and “Tab title”
are two individual tabs), and only works if a tab with that title exists at the time the method
is called, so calling selectTab("Example")will only have an effect if a tab named “Example”
has previously been defined.

This method can be used to select any tab in Shuffleboard, not just ones created by the robot
program.
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Caveats

Tabs created from a robot program differ in a few important ways from normal tabs created
from the dashboard:

* Not saved in the Shuffleboard save file
* No support for autopopulation
» Users are expected to specify the tab contents in their robot program

* Have a special color to differentiate from normal tabs

Sending data

Unlike SmartDashboard, data cannot be sent directly to Shuffleboard without first specifying
what tab the data should be placed in.

Sending simple data

Sending simple data (numbers, strings, booleans, and arrays of these) is done by calling add
on a tab. This method will set the value if not already present, but will not overwrite an existing
value.

JAVA

Shuffleboard.getTab("Numbers")
.add("Pi", 3.14);

C++

frc::Shuffleboard: :GetTab("Numbers")
LAdd("Pit, 3.14);

PYTHON

from wpilib.shuffleboard import Shuffleboard

Shuffleboard.getTab("Tab Title").add("Pi", 3.14)

If data needs to be updated (for example, the output of some calculation done on the robot),
call getEntry () after defining the value, then update it when needed or in a periodic function
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JAVA

class VisionCalculator {
private ShuffleboardTab tab = Shuffleboard.getTab("Vision");
private GenericEntry distanceEntry =
tab.add("Distance to target", 0)
.getEntry();

public void calculate() {
double distance = ...;
distanceEntry.setDouble(distance);

}

PYTHON

from wpilib.shuffleboard import Shuffleboard

def robotInit(self):
tab = Shuffleboard.getTab("Vision")
self.distanceEntry = tab.add("Distance to target", 0).getEntry()

def teleopPeriodic(self):
distance = self.encoder.getDistance()
self.distanceEntry.setDouble(distance)

Making choices persist between reboots

When configuring a robot from the dashboard, some settings may want to persist between
robot or driverstation reboots instead of having drivers remember (or forget) to configure the
settings before each match.

Simply using addPersistent instead of add will make the value saved on the roboRIO and
loaded when the robot program starts.

Not: This does not apply to sendable data such as choosers or motor controllers.

JAVA

Shuffleboard.getTab("Drive")
.addPersistent("Max Speed", 1.0);
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C++

frc::Shuffleboard: :GetTab("Drive")
.AddPersistent("Max Speed", 1.0);

PYTHON

from wpilib.shuffleboard import Shuffleboard

(Shuffleboard.getTab("Drive")
.addPersistent("Max Speed", 1.0))

Sending sensors, motors, etc

Analogous to SmartDashboard.putData, any Sendable object (most sensors, motor control-
lers, and SendableChoosers) can be added to any tab

JAVA

Shuffleboard.getTab("Tab Title")
.add("Sendable Title", mySendable);

C++

frc::Shuffleboard: :GetTab("Tab Title")
.Add("Sendable Title", mySendable);

PYTHON

from wpilib.shuffleboard import Shuffleboard

(Shuffleboard.getTab("Tab Title")
.add("Sendable Title", mySendable))

Retrieving data

Unlike SmartDashboard.getNumber and friends, retrieving data from Shuffleboard is also do-
ne through the NetworkTableEntries, which we covered in the previous article.
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JAVA

class DriveBase extends Subsystem {
private ShuffleboardTab tab = Shuffleboard.getTab("Drive");
private GenericEntry maxSpeed =
tab.add("Max Speed", 1)
.getEntry();

private DifferentialDrive robotDrive = ...;

public void drive(double left, double right) {
// Retrieve the maximum speed from the dashboard
double max = maxSpeed.getDouble(1.0);
robotDrive.tankDrive(left * max, right * max);

}

PYTHON

import commands2
import wpilib.drive
from wpilib.shuffleboard import Shuffleboard

class DriveSubsystem(commands2.SubsystemBase):
def init (self) -> None:
super(). init_ ()

tab = Shuffleboard.getTab("Drive")
self.maxSpeed = tab.add("Max Speed", 1).getEntry()

this.robotDrive = ...

def drive(self, left: float, right: float):
# Retrieve the maximum speed from the dashboard
max = self.maxSpeed.getDouble(1.0)
self.robotDrive.tankDrive(left * max, right * max)

This basic example has a glaring flaw: the maximum speed can be set on the dashboard to
a value outside [0, 1] - which could cause the inputs to be saturated (always at maximum
speed), or even reversed! Fortunately, there is a way to avoid this problem - covered in the

next article.

Configuring widgets

Robot programs can specify exactly which widget to use to display a data point, as well as how
that widget should be configured. As there are too many widgets to be listed here, consult

the docs for details.
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Specifying a widget

Call withWidget after add in the call chain:

JAVA

Shuffleboard.getTab("Drive")
.add("Max Speed", 1)
.withWidget (BuiltInWidgets.kNumberSlider) // specify the widget here
.getEntry();

C++

frc::Shuffleboard: :GetTab("Drive")
.Add("Max Speed", 1)
.WithWidget(frc::BuiltInWidgets: :kNumberSlider) // specify the widget here
.GetEntry();

PYTHON

from wpilib.shuffleboard import Shuffleboard
from wpilib.shuffleboard import BuiltInWidgets

(Shuffleboard.getTab("Drive")
.add("Max Speed", 1)
.withWidget (BuiltInWidgets.kNumberSlider) # specify the widget here
.getEntry())

In this example, we configure the “Max Speed” widget to use a slider to modify the values
instead of a basic text field.

x

File Recording Tab Help

SmartDashboard LiveWindow X Drive

Max Speed
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Setting widget properties

Since the maximum speed only makes sense to be a value from 0 to 1 (full stop to full speed),
a slider from -1 to 1 can cause problems if the value drops below zero. Fortunately, we can
modify that using the withProperties method

JAVA

Shuffleboard.getTab("Drive")
.add("Max Speed", 1)
.withWidget (BuiltInWidgets.kNumberSlider)
.withProperties(Map.of("min", 0, "max", 1)) // specify widget properties here
.getEntry();

C++

frc::Shuffleboard: :GetTab("Drive")
.Add("Max Speed", 1)
.WithWidget(frc::BuiltInWidgets: :kNumberSlider)
WithProperties({ // specify widget properties here
{"min", nt::Value::MakeDouble(0)},
{"max", nt::Value::MakeDouble(1)}

1)
.GetEntry();

PYTHON

from wpilib.shuffleboard import Shuffleboard
from wpilib.shuffleboard import BuiltInWidgets

(Shuffleboard.getTab("Drive")
.add("Max Speed", 1)
.withWidget (BuiltInWidgets.kNumberSlider)
.withProperties(map("min", 0, "max", 1)) # specify widget properties here
.getEntry())
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®

File Recording Tab Help

SmartDashboard LiveWindow X Drive

Max Speed

a 0.25 05 0.75 1

Notes

Widgets can be specified by name; however, names are case- and whitespace-sensitive (“Num-
ber Slider” is different from “Number slider” and “NumberSlider”). For this reason, it is re-
commended to use the built in widgets class to specify the widget instead of by raw name.
However, a custom widget can only be specified by name or by creating a custom WidgetType
for that widget.

Widget property names are neither case-sensitive nor whitespace-sensitive (“Max” and “max”
are the same). Consult the documentation on the widget in the BuiltInWidgets class for details
on the properties of that widget.

Organizing Widgets
Setting Widget Size and Position

Call withSize and withPosition to set the size and position of the widget in the tab.

withSize sets the number of columns wide and rows high the widget should be. For example,
calling withSize(1, 1) makes the widget occupy a single cell in the grid. Note that some
widgets have a minimum size that may be greater than the specified size, in which case the
widget will use the smallest supported size.

withPosition sets the row and column of the top-left corner of the widget. Rows and columns
are both 0-indexed, so the topmost row is number 0 and the leftmost column is also number
0. If the position of any widget in a tab is specified, every widget should also have its position
set to avoid overlapping widgets.
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JAVA

Shuffleboard.getTab("Pre-round")
.add("Auto Mode", autoModeChooser)
.withSize(2, 1) // make the widget 2x1
.withPosition(0, 0); // place it in the top-left corner

C++

frc::Shuffleboard: :GetTab("Pre-round")
.Add("Auto Mode", autoModeChooser)
WithSize(2, 1)
.WithPosition(0,0);

PYTHON

from wpilib.shuffleboard import Shuffleboard

(Shuffleboard.getTab("Pre-round")
.add("Auto Mode", autoModeChooser)
.withSize(2, 1) # make the widget 2x1
.withPosition(0, 0)) # place it in the top-left corner

Adding Widgets to Layouts

If there are many widgets in a tab with related data, it can be useful to place them into
smaller subgroups instead of loose in the tab. Much like how the handle to a tab is retrieved
with Shuffleboard.getTab, a layout inside a tab (or even in another layout) can be retrieved
with ShuffleboardTab.getLayout.

JAVA

ShuffleboardLayout elevatorCommands = Shuffleboard.getTab("Commands")
.getLayout("Elevator", BuiltInLayouts.kList)
.withSize(2, 2)
.withProperties(Map.of("Label position", "HIDDEN")); // hide labels for commands

elevatorCommands.add(new ElevatorDownCommand());
elevatorCommands.add(new ElevatorUpCommand());
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C++

wpi::StringMap<std::shared ptr<nt::Value>> properties{
std::make pair("Label position", nt::Value::MakeString("HIDDEN"))
T

frc::ShuffleboardLayout& elevatorCommands = frc::Shuffleboard::GetTab("Commands")
.GetLayout("Elevator", frc::BuiltInLayouts::kList)
WithSize(2, 2)
.WithProperties(properties);

ElevatorDownCommand* elevatorDown = new ElevatorDownCommand();
ElevatorUpCommand* elevatorUp = new ElevatorUpCommand();

elevatorCommands.Add("Elevator Down", elevatorDown);
elevatorCommands.Add("Elevator Up", elevatorUp);

PYTHON

from wpilib.shuffleboard import Shuffleboard
from wpilib.shuffleboard import BuiltInLayouts

(elevatorCommands = Shuffleboard.getTab("Commands")
.getLayout("Elevator", BuiltInLayouts.kList)
.withSize(2, 2)
.withProperties(map("Label position", "HIDDEN"))) # hide labels for commands

elevatorCommands.add (ElevatorDownCommand())
elevatorCommands.add(ElevatorUpCommand())

*x

File Recording Tab Help

SmartDashboard  LiveWindow X Commands  +

B

Elevator Claw
ElevatorDown CloseClaw
ElevatorUp OpenClaw
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11.2.3 Shuffleboard - Advanced Usage

Commands and Subsystems

When using the command-based framework Shuffleboard makes it easier to understand what
the robot is doing by displaying the state of various commands and subsystems in real-time.

Displaying Subsystems

To see the status of a subsystem while the robot is operating in either autonomous or teleope-
rated modes, that is what its default command is and what command is currently using that
subsystem, send a subsystem instance to Shuffleboard:

JAVA

[Sma rtDashboard.putData(subsystem-reference); ]
C++

[Sma rtDashboard: :PutData(subsystem-pointer); ]
PYTHON

from wpilib import SmartDashboard

SmartDashboard.putData(subsystem-reference)

Shuffleboard will display the subsystem name, the default command associated with this
subsystem, and the currently running command. In this example the default command for
the Elevator subsystem is called AutonomousCommand and it is also the current command that
is using the Elevator subsystem.

Elevator

Default command: AutonomousCommand
Current command: AutonomousCommand
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Subsystems in Test Mode

In Test mode (Test/Enabled in the driver station) subsystems may be displayed in the Live-
Window tab with the sensors and actuators of the subsystem. This is ideal for verifying of
sensors are working by seeing the values that they are returning. In addition, actuators can
be operated. For example, motors can be operated using sliders to set their commanded spe-
ed and direction. For PIDSubsystems the P, I, D, and F constants are displayed along with
the setpoint and an enable control. This is useful for tuning PIDSubsystems by adjusting the
constants, putting in a setpoint, and enabling the embedded PIDController. Then the mecha-
nism’s response can be observed. This cycle (change parameters, enable, and observe) can
be repeated until a reasonable set of parameters is found.

Elevator
P B0
| 0
8] 0
F il
Setpoent 0
Enabled

FlDSubsysiern Controlles

oW 125 W 2.50W 375V 5W

pot

0 Jero

matar

PIDS alt sistemlerinin ayarlanmasi1 hakkinda daha fazla bilgi bulunabilir here. RobotBuilder’
kullanmak, alt sistemi Test modunda gorintilemek icin kodu otomatik olarak olusturacaktir.
Alt sistemlerin goriintiillenmesi i¢in gerekli olan kod asagida gosterilmistir; burada alt sistem
adi, alt sistemin adini iceren bir dizedir:

[setName(subsystem—name) ;
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Komutlari Goriintilleme

Using commands and subsystems makes very modular robot programs that can easily be tes-
ted and modified. Part of this is because commands can be written completely independently
of other commands and can therefore be easily run from Shuffleboard. To write a command
to Shuffleboard use the SmartDashboard.putData method as shown here:

JAVA

[SmartDashboard.putData("ElevatorMove: up", new ElevatorMove(2.7)); ]

C++

[SmartDashboard: :PutData("ElevatorMove: up", new ElevatorMove(2.7));

PYTHON

from wpilib import SmartDashboard

SmartDashboard.putData("ElevatorMove: up", ElevatorMove(2.7))

Shuffleboard will display the command name and a button to execute the command. In this
way individual commands and command groups can easily be tested without needing special
test code in a robot program. In the image below there are a number of commands contained
in a Shuffleboard list. Pressing the button once runs the command and pressing it again stops
the command. To use this feature the robot must be enabled in teleop mode.
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Grouped Commands

PrepareToGrab

PrepareToGrab

Grab

Grab

PlaceSoda

PlaceSoda

Everything

Everything

AutonomousCom...

Autonomous Command
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Testing and Tuning PID Loops

One challenge in using sensors to control mechanisms is to have a good algorithm to drive the
motors to the proper position or speed. The most commonly used control algorithm is called
PID control. There is a good set of videos (look for the robot controls playlist) that explain
the control algorithms described here. The PID algorithm converts sensor values into motor
speeds by:

1. Reading sensor values to determine how far the robot or mechanism from the desired
setpoint. The setpoint is the sensor value that corresponds to the expected goal. For
example, a robot arm with a wrist joint should be able to move to a specified angle very
quickly and stop at that angle as indicated by a sensor. A potentiometer is a sensor that
can measure. rotational angle. By connecting it to an analog input, the program can get
a voltage measurement that is directly proportional to the angle.

2. Compute an error (the difference between the sensor value and the desired value). The
sign of the error value indicates which side of the setpoint the wrist is on. For example
negative values might indicate that the measured wrist angle is larger than the desired
wrist angle. The magnitude of the error is how far the measured wrist angle is from
the actual wrist angle. If the error is zero, then the measured angle exactly matches the
desired angle. The error can be used as an input to the PID algorithm to compute a motor
speed.

3. The resultant motor speed is then used to drive the motor in the correct direction and a
speed that hopefully will reach the setpoint as quickly as possible without overshooting
(moving past the setpoint).

WPILib has a PIDController class that implements the PID algorithm and accepts constants
that correspond to the Kp, Ki, and Kd values. The PID algorithm has three components that
contribute to computing the motor speed from the error.

1. P (proportional) - this is a term that when multiplied by a constant (Kp) will generate a
motor speed that will help move the motor in the correct direction and speed.

2. I (integral) - this term is the sum of successive errors. The longer the error exists the
larger the integral contribution will be. It is simply a sum of all the errors over time. If
the wrist isn’t quite getting to the setpoint because of a large load it is trying to move,
the integral term will continue to increase (sum of the errors) until it contributes enough
to the motor speed to get it to move to the setpoint. The sum of the errors is multiplied
by a constant (Ki) to scale the integral term for the system.

3. D (differential) - this value is the rate of change of the errors. It is used to slow down the
motor speed if it’s moving too fast. It’s computed by taking the difference between the
current error value and the previous error value. It is also multiplied by a constant (kd)
to scale it to match the rest of the system.

Tuning the PID Controller

Tuning the PID controller consists of adjusting constants for accurate results. Shuffleboard
helps this process by displaying the details of a PID subsystem with a user interface for setting
constant values and testing how well it operates. This is displayed while the robot is operating
in test mode (done by setting “Test” in the driver station).
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PIDSubsystem Controller

This is the test mode picture of a wrist subsystem that has a potentiometer as the sensor (pot)
and a motor controller connected to the motor. It has a number of areas that correspond to
the PIDSubsystem.

1. The analog input voltage value from the potentiometer. This is the sensor input value.

2. A slider that moves the wrist motor in either direction with 0 as stopped. The positive
and negative values correspond to moving up or down.

3. The PID constants as described above (F is a feedforward value that is used for speed
PID loops)

4. The setpoint value that corresponds the to the pot value when the wrist has reached the
desired value

5. Enables the PID controller - No longer working, see below.

Try various PID gains to get the desired motor performance. You can look at the video linked to
at the beginning of this article or other sources on the internet to get the desired performance.
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Onemli: The enable option does not affect the PIDController introduced in 2020, as the cont-
roller is updated every robot loop. See the example below on how to retain this functionality.

Enable Functionality in the New PIDController

The following example demonstrates how to create a button on your dashboard that will enab-
le/disable the PIDController.

JAVA

ShuffleboardTab tab = Shuffleboard.getTab("Shooter");
GenericEntry shooterEnable = tab.add("Shooter Enable", false).getEntry();

// Command Example assumed to be in a PIDSubsystem
new NetworkButton(shooterEnable).onTrue(new InstantCommand(m_shooter::enable));

// Timed Robot Example

if (shooterEnable.getBoolean()) {
// Calculates the output of the PID algorithm based on the sensor reading
// and sends it to a motor
motor.set(pid.calculate(encoder.getDistance(), setpoint));

}

C++

frc::ShuffleboardTab& tab = frc::Shuffleboard: :GetTab("Shooter");
nt::GenericEntry& shooterEnable = *tab.Add("Shooter Enable", false).GetEntry();

// Command-based assumed to be in a PIDSubsystem
frc2: :NetworkButton(shooterEnable).OnTrue(frc2::InstantCommand([&] { m_shooter.
—Enable(); }));

// Timed Robot Example

if (shooterEnable.GetBoolean()) {
// Calculates the output of the PID algorithm based on the sensor reading
// and sends it to a motor
motor.Set(pid.Calculate(encoder.GetDistance(), setpoint));

}
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PYTHON

from wpilib.shuffleboard import Shuffleboard

tab = Shuffleboard.getTab("Shooter")
shooterEnable = tab.add("Shooter Enable", false).getEntry()

# Command Example assumed to be in a PIDSubsystem
NetworkButton(shooterEnable) .onTrue(InstantCommand(m_shooter.enable()))

# Timed Robot Example
if (shooterEnable.getBoolean()):

# Calculates the output of the PID algorithm based on the sensor reading
# and sends it to a motor

motor.set(pid.calculate(encoder.getDistance(), setpoint))

Viewing Hierarchies of Data

Dragging a key with other keys below it (deeper in the hierarchy) displays the hierarchy in a
tree, similar to the NetworkTables sources on the left.

Select the data source:

% SmartDashboard LiveWindow +

Sources Widgets N
» CameraServer

» MetworkTables

Click and drag the NetworkTables key into the preferred tab.

% SmartDashboard LiveWindow  +

Sources Widgets &l
» CameraServer

v HetworkTables

Name Value
¥ FMSinfo

EventName

FNSControlData
GameSpecificldessage
IsRedAlliance
Matchhumber
MatchType
ReplayNumber

¥ SmartDashboard I

active
default

options

true
00
00
)

Default Auto
Default Auto
[Default Auto, My Auto]

> 4

‘SmartDashboard

Name Value

¥ Auto choices
active Default Auto
default Default Auto

options [Default Auto, M...
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11.2.4 Shuffleboard - Custom Widgets
Built-in Plugins

Shuffleboard provides a number of built-in plugins that handle common tasks for FRC® use,
such as camera streams, all widgets, and NetworkTables connections.

Base Plugin

The base plugin defines all the data types, widgets, and layouts necessary for FRC use. It
does not define any of the source types, or any special data types or widgets for those source
types. Those are handled by the NetworkTables Plugin and the CameraServer Plugin. This
separation of concerns makes it easier for teams to create plugins for custom source types or
protocols (eg HTTP, ZeroMQ) for the FRC data types without needing a NetworkTables client.

CameraServer Plugin

The camera server plugin provides sources and widgets for viewing camerastreams from the
CameraServer WPILib class.

This plugin depends on the NetworkTables Plugin in order to discover the available camera
streams.

Stream discovery

CameraServer sources are automatically discovered by looking at the /CameraPublisher Ne-
tworkTable.

/CameraPublisher
/<camera name>
streams=["urll", "url2", ...1]

For example, a camera named “Camera” with a server at roborio-0000-frc.local would
have this table layout:

/CameraPublisher
/Camera
streams=["mjpeg:http://roborio-0000-frc.local:1181/?action =stream"]

This setup will automatically discover all camera streams hosted on a roboRIO by the Came-
raServer class in WPILib. Any non-WPILib projects that want to have camera streams appear
in shuffleboard will have to set the streams entry for the camera server.

246 Bolim 11. Dashboards



FIRST Robotics Competition

NetworkTables Plugin

The NetworkTables plugin provides data sources backed by ntcore. Since the LiveWindow,
SmartDashboard, and Shuffleboard classes in WPILib use NetworkTables to send the data
to the driver station, this plugin will need to be loaded in order to use those classes.

This plugin handles the connection and reconnection to NetworkTables automatically, users
of shuffleboard and writers of custom plugins will not have to worry about the intricacies of
the NetworkTables protocol.

Creating a Plugin

Overview

Plugins provide the ability to create custom widgets, layouts, data sources/types, and custom
themes. Shuffleboard provides the following built-in plugins.

* NetworkTables Plugin: To connect to data published over NetworkTables
* Base Plugin: To display custom FRC® data types in custom widgets

* CameraServer Plugin: To view streams from the CameraServer

Tiiyo: An example custom Shuffleboard plugin which creates a custom data type and a simple
widget for displaying it can be found here.

Create a Custom Plugin

In order to define a plugin, the plugin class must be a subclass of
edu.wpi.first.shuffleboard.api.Plugin or one of its subclasses. An example of a plugin
class would be as following.

JAVA

import edu.wpi.first.shuffleboard.api.plugin.Description;
import edu.wpi.first.shuffleboard.api.plugin.Plugin;

@Description(group = "com.example", name = "MyPlugin", version = "1.2.3", summary =

—"An example plugin")
public class MyPlugin extends Plugin {

}

Additional explanations on how these attributes are used, including version numbers can be
found here.

Note the @Description annotation is needed to tell the plugin loader the properties of the
custom plugin class. Plugin classes are permitted to have a default constructor but it cannot
take any arguments.
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Building plugin

The easiest way to build plugins is to utlize the example-plugins folder in the shuffleblo-
ard source tree. Clone Shuffleboard with git clone https://github.com/wpilibsuite/
shuffleboard.git, and checkout the version that corresponds to the WPILib version you
have installed (e.g. 2023.2.1). git checkout v2023.2.1

Put vyour ©plugin in the example-plugins\PLUGIN-NAME directory. Copy the
custom-data-and-widget.gradle from example-plugins\custom-data-and-widget and
rename to match your plugin name. Edit settings.gradle in the shuffleboard root directory
to add include "example-plugins:PLUGIN-NAME"

Plugins are allowed to have dependencies on other plugins and libraries, however, they must
be included correctly in the maven or gradle build file. When a plugin depends on other
plugins, it is good practice to define those dependencies so the plugin does not load when the
dependencies do not load as well. This can be done using the @Requires annotation as shown
below:

@Requires(group = "com.example", name = "Good Plugin", minVersion = "1.2.3")
@Requires(group = "edu.wpi.first.shuffleboard", name = "Base", minVersion = "1.0.0")
@Description(group = "com.example", name = "MyPlugin", version = "1.2.3", summary =

—"An example plugin")
public class MyPlugin extends Plugin {

}

The minVersion specifies the minimum allowable version of the plugin that can be loaded.
For example, if the minVersion is 1.4.5, and the plugin with the version 1.4.7 is loaded, it
will be allowed to do so. However, if the plugin with the version 1.2.4 is loaded, it will not be
allowed to since it is less than the minVersion.

Deploying Plugin To Shuffleboard

In order to load a plugin in Shuffleboard, you will need to generate a jar file of the plugin
and put it in the ~/Shuffleboard/plugins folder. This can be done automatically by running
from the shuffleboard root gradlew :example-plugins:PLUGIN-NAME:installPlugin

After deploying, Shuffleboard will cache the path of the plugin so it can be automatically
loaded the next time Shuffleboard loads. It may be necessary to click on Clear Cache under
the plugins menu to remove a plugin or reload a plugin into Shuffleboard.

Manually Adding Plugin

The other way to add a plugin to Shuffleboard is to compile it to a jar file and add it from Shuff-
leboard. The jar file is located in example-plugins\PLUGIN-NAME\build\libs after running
gradlew build in the shuffleboard root Open Shuffleboard, click on the file tab in the top
left, and choose Plugins from the drop down menu.
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Loaded Plugins o

Plugin Loaded Version
edu.wpi first.shuffleboard:Base 1.1.8
edu.wpi first.shuffleboard:NetworkTables 225
edu.wpi first.shuffleboard:CameraServer 3.0.0

Clear cache Load plugin

From the plugins window, choose the “Load plugin” button in the bottom right, and select
your jar file.

Creating Custom Data Types

Widgets allow us to control and visualize different types of data. This data could be integers
and doubles or even Java Objects. In order to display these types of data using widgets, it is
helpful to create a container class for them. It is not necessary to create your own Data Class
if the widget will handle single fielded data types such as doubles, arrays, or strings.

Creating The Data Class

In this example, we will create a custom data type for a 2D Point and its x and y coordinates.
In order to create a custom data type class, it must extend the abstract class ComplexData.
Your custom data class must also implement the asMap () method that returns the represented
data as a simple map as noted below with the @0verride annotation:

import edu.wpi.first.shuffleboard.api.data.ComplexData;
import java.util.Map;
public class MyPoint2D extends ComplexData<MyPoint2D> {

private final double x;
private final double y;

//Constructor should take all the different fields needed and assign them their,
—corresponding instance variables.
public MyPoint2D(double x, double y) {
this.x = x;
this.y = y;
}

@Override
public Map<String, Object> asMap() {
return Map.of("x", x, "y", y);
}
}

It is also good practice to override the default equals and hashcode methods to ensure that
different objects are considered equivalent when their fields are the same. The asMap () met-
hod should return the data represented in a simple Map object as it will be mapped to the
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NetworkTables entry it corresponds to. In this case, we can represent the point as its X and
Y coordinates and return a Map containing them.

import edu.wpi.first.shuffleboard.api.data.ComplexData;
import java.util.Map;
public final class MyPoint2D extends ComplexData<MyPoint2D> {

private final double x;
private final double y;

// Constructor should take all the different fields needed and assign them to,
—their corresponding instance variables.
public Point(double x, double y) {

this.x = x;
this.y = y;
}
@Override

public Map<String, Object> asMap() {

return Map.of("x", this.x, "y", this.y);
}

}

Other methods can be added to retrieve or edit fields and instance variables, however, it is
good practice to make these classes immutable to prevent changing the source data objects.
Instead, you can make a new copy object instead of manipulating the existing object. For
example, if we wanted to change the y coordinate of our point, we can define the following
method:

public MyPoint2D withY(double newY) {
return new MyPoint2D(this.x, newY);
}

This creates a new MyPoint2D object and returns it with the new y-coordinate. Same can be
done for changing the x coordinate.

Creating a Data Type

There are two different data types that can be made: Simple data types that have only one
field (ie. a single number or string), and Complex data types that have multiple data fields
(ie. multiple strings, multiple numbers).

In order to define a simple data type, the class must extend the SimpleDataType<DataType>
class with the data type needed and implement the getDefaultValue() method. In this
example, we will use a double as our simple data type.

public final class MyDoubleDataType extends SimpleDataType<Double> {
private static final String NAME = "Double";
private MyDataType() {
super (NAME, Double.class);
}

(sonraki sayfaya devam)
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@Override
public Double getDefaultValue() {
return 0.0;

}
}

The class constructor is set to private to ensure that only a single instance of the data type
will exist.

In order to define a complex data type, the class must extend the ComplexDataType class and
override the fromMap() and getDefaultValue() methods. We will use our MyPoint2D class
as an example to see what a complex data type class would look like.

public final class PointDataType extends ComplexDataType<MyPoint2D> {

private static final String NAME = "MyPoint2D";
public static final PointDataType Instance = new PointDataType();

private PointDataType() {
super (NAME, MyPoint2D.class);

}

@Override
public Function<Map<String, Object>, MyPoint2D> fromMap() {
return map -> {
return new MyPoint2D( (double) map.getOrDefault("x", 0.0), (double) map.
—getOrDefault("y", 0.0));
b
}

@Override

public MyPoint2D getDefaultValue() {
// use default values of 0 for X and Y coordinates
return new MyPoint2D(0, 0);

}

}

The following code above works as noted:

The fromMap () method creates a new MyPoint2D using the values in the NetworkTables entry
it is bound to. The getOrDefault method will return 0.0 if it cannot get the entry values. The
getDefaultValue will return a new MyPoint2D object if no source is present.

Exporting Data Type To Plugin

In order to have the data type be recognized by Shuffleboard, the plugin must export them
by overriding the getDataTypes method. For example,

public class MyPlugin extends Plugin {

@Override
public List<DataType> getDataTypes() {
return List.of(PointDataType.Instance);
(sonraki sayfaya devam)
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Creating A Widget

Widgets allow us to view, change, and interact with data published through different data
sources. The CameraServer, NetworkTables, and Base plugins provide the widgets to control
basic data types (including FRC-specific data types). However, custom widgets allow us to
control our custom data types we made in the previous sections or Java Objects.

The basic Widget interface inherits from the Component and Sourced interfaces. Component
is the most basic building block of components that be displayed in Shuffleboard. Sourced is
an interface for things that can handle and interface with data sources to display or modify
data. Widgets that don’t support data bindings but simply have child nodes would not use the
Sourced interface but simply the Component interface. Both are basic building blocks towards
making widgets and allows us to modify and display data.

A good widget allows the end-user to customize the widget to suit their needs. An example
could be to allow the user to control the range of the number slider, that is, its maximum
and minimum or the orientation of the slider itself. The view of the widget or how it looks
is defined using FXML. FXML is an XML based language that is useful for defining the static
layout of the widget (Panes, Labels and Controls).

More about FXML can be found here.

Defining a Widget’s FXML

In this example, we will create two sliders to help us control the X and Y coordinates of our
Point2D data type we created in previous sections. It is helpful to place the FXML file in the
same package as the Java class.

In order to create an empty, blank window for our widget, we need to create a Pane. A Pane is
a parent node that contains other child nodes, in this case, 2 sliders. There are many different
types of Pane, they are as noted:

e Stack Pane

- Stack Panes allow elements to be overlaid. Also, StackPanes by default center child
nodes.

¢ Grid Pane

- Grid Panes are extremely useful defining child elements using a coordinate system
by creating a flexible grid of rows and columns on the pane.

e Flow Pane

- Flow Panes wrap all child nodes at a boundary set. Child nodes can flow vertically
(wrapped at the height boundary for the pane) or horizontally (wrapped at the width
boundary of the pane).

e Anchor Pane

- Anchor Panes allow child elements to be placed in the top, bottom, left side, right
side, or center of the pane.
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Layout panes are also extremely useful for placing child nodes in one horizontal row using a
HBox or one vertical column using a VBox.

The basic syntax for defining a Pane using FXML would be as the following:

<?import javafx.scene.layout.*?>
<StackPane xmlns:fx ="http://javafx.com/fxml/1" fx:controller ="/path/to/widget/class
" fx:id ="root">

</StackPane>

The fx:controller attribute contains the name of the widget class. An instance of this class
is created when the FXML file is loaded. For this to work, the controller class must have a
no-argument constructor.

Creating A Widget Class

Now that we have a Pane, we can now add child elements to that pane. In this example, we can
add two slider objects. Remember to add an fx:1id to each element so they can be referenced
in our Java class we will make later on. We will use a VBox to position our slider on top of each
other.

<?import javafx.scene.layout.*?>
<StackPane xmlns:fx ="http://javafx.com/fxml/1" fx:controller ="/path/to/widget/class
" fx:id ="root">

<VBox>
<Slider fx:id = "xSlider"/>
<Slider fx:id = "ySlider"/>
</VBox>
</StackPane>

Now that we have finished creating our FXML file, we can now create a widget class. The
widget class should include a @Description annotation that states the supported data types
of the widget and the name of the widget. If a @Description annotation is not present, the
plugin class must implement the get() method to return its widgets.

It also must include a @ParametrizedController annotation that points to the FXML file
containing the layout of the widget. If the class that only supports one data source it must
extend the SimpleAnnotatedWidget class. If the class supports multiple data sources, it must
extend the ComplexAnnotatedWidget class. For more information, see Widget Types.

import edu.wpi.first.shuffleboard.api.widget.Description;
import edu.wpi.first.shuffleboard.api.widget.ParametrizedController;
import edu.wpi.first.shuffleboard.api.widget.SimpleAnnotatedWidget;

/*

* If the FXML file and Java file are in the same package, that is the Java file is,
—1in src/main/java and the

* FXML file is under src/main/resources or your code equivalent package, the
—relative path will work

* However, if they are in different packages, an absolute path will be required.
&/

]

@Description(name = "MyPoint2D", dataTypes = MyPoint2D.class)
(sonraki sayfaya devam)
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@ParametrizedController("Point2DWidget. fxml")
public final class Point2DWidget extends SimpleAnnotatedWidget<MyPoint2D> {

}

If you are not using a custom data type, you can reference any Java data type (ie. Double.
class), or if the widget does not need data binding you can pass NoneType.class.

Now that we have created our class we can create fields for the widgets we declared in our
FXML file using the @FXML annotation. For our two sliders, an example would be:

import edu.wpi.first.shuffleboard.api.widget.Description;

import edu.wpi.first.shuffleboard.api.widget.ParametrizedController;
import edu.wpi.first.shuffleboard.api.widget.SimpleAnnotatedWidget;
import javafx.fxml.FXML;

@Description(name = "MyPoint2D", dataTypes = MyPoint2D.class)
@ParametrizedController("Point2DWidget. fxml")
public final class Point2DWidget extends SimpleAnnotatedWidget<MyPoint2D> {

@FXML
private Pane root;

@FXML
private Slider xSlider;

@FXML
private Slider ySlider;
}

In order to display our pane on our custom widget we need to override the getView() method
and return our StackPane.

import edu.wpi.first.shuffleboard.api.widget.Description;

import edu.wpi.first.shuffleboard.api.widget.ParametrizedController;
import edu.wpi.first.shuffleboard.api.widget.SimpleAnnotatedWidget;
import javafx.fxml.FXML;

@Description(name = "MyPoint2D", dataTypes = MyPoint2D.class)
@ParametrizedController("Point2DWidget. fxml")
public final class Point2DWidget extends SimpleAnnotatedWidget<MyPoint2D> {

@FXML
private StackPane root;

@FXML
private Slider xSlider;

@FXML
private Slider ySlider;

@Override
public Pane getView() {
return root;

}
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Binding Elements and Adding Listeners

Binding is a mechanism that allows JavaFX widgets to express direct relationships with the
data source. For example, changing a widget will change its related NetworkTableEntry and
vice versa.

An example, in this case, would be changing the X and Y coordinate of our 2D point by chan-
ging the values of xSlider and ySlider respectively.

A good practice is to set bindings in the initialize() method tagged with the @FXML anno-
tation which is required to call the method from FXML if the method is not public.

import edu.wpi.first.shuffleboard.api.widget.Description;

import edu.wpi.first.shuffleboard.api.widget.ParametrizedController;
import edu.wpi.first.shuffleboard.api.widget.SimpleAnnotatedWidget;
import javafx.fxml.FXML;

@Description(name = "MyPoint2D", dataTypes = MyPoint2D.class)
@ParametrizedController("Point2DWidget. fxml")
public final class Point2DWidget extends SimpleAnnotatedWidget<MyPoint2D> {

@FXML
private StackPane root;

@FXML
private Slider xSlider;

@FXML
private Slider ySlider;

@FXML

private void initialize() {
xSlider.valueProperty().bind(dataOrDefault.map(MyPoint2D: :getX));
ySlider.valueProperty().bind(dataOrDefault.map(MyPoint2D: :getY));

}

@Override
public Pane getView() {
return root;

}
}

The above initialize method binds the slider’s value property to the MyPoint2D data class’
corresponding X and Y value. Meaning, changing the slider will change the coordinate and
vice versa. The dataOrDefault.map () method will get the data source’s value, or, if no source
is present, will return the default value.

Using a listener is another way to change values when the slider or data source has changed.
For example a listener for our slider would be:

xSlider.valueProperty().addListener((observable, oldValue, newValue) ->,
—setData(getData().withX(newValue));

In this case, the setData() method sets the value in the data source of the widget to the
newValue.
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Exploring Custom Components

Widgets are not automatically discovered when loading plugins; the defining plugin must
explicitly export it for it to be usable. This approach is taken to allow multiple plugins to be
defined in the same JAR.

@Override
public List<ComponentType> getComponents() {
return List.of(WidgetType.forAnnotatedWidget(Point2DWidget.class));

}

Set Default Widget For Data type

In order to set your widget as default for your custom data type, you can override the get-
DefaultComponents() in your plugin class that stores a Map for all default widgets as noted
below:

@Override
public Map<DataType, ComponentType> getDefaultComponents() {

return Map.of(Point2DType.Instance, WidgetType.forAnnotatedWidget(Point2DWidget.
—class));

}

Custom Themes

Since shuffleboard is a JavaFX application, it has support for custom themes via Cascading
Stylesheets (CSS for short). These are commonly used on webpages for making HTML look
nice, but JavaFX also has support, albeit for a different language subset (see here for docu-
mentation on how to use it).

Shuffleboard comes with three themes by default: Material Light, Material Dark, and Mid-
night. These are color variations on the same material design stylesheet. In addition, they
inherit from a base.css stylesheet that defines styles for the custom components ,defined in
shuffleboard or libraries that it uses; the base material design stylesheet only applies to the
UI components built into JavaFX.

There are two ways to define a custom theme: place the stylesheets in a directory with the
name of the theme in ~/Shuffleboard/themes; for example, a theoretical “Yellow” theme
could be placed in

[~/Shufﬂeboa rd/themes/Yellow/yellowtheme.css

All the stylesheets in the directory will be treated as part of the theme.
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Loading Themes via Plugins

Custom themes can also be defined by plugins. This makes them easier to share and bundle
with custom widgets, but are slightly more difficult to define. The theme object will need a
reference to a class defined in the plugin so that the plugin loader can determine where the
stylesheets are located. If a class is passed that is not present in the JAR that the plugin is in,
the theme will not be able to be used.

@Description(group = "com.example", name = "My Plugin", version = "1.2.3", summary =
<*>")
class MyPlugin extends Plugin {

private static final Theme myTheme = new Theme(MyPlugin.class, "My Theme Name", "/
—path/to/stylesheet", "/path/to/stylesheet", ...);
@Override

public List<Theme> getThemes() {
return ImmutablelList.of (myTheme);

}

Modifying or Extending Shuffleboard’s Default Themes

Shuffleboard’s Material Light and Material Dark themes provide a lot of the framework for
light and dark themes, respectively, as well as many styles specific to shuffleboard, Controls-
FX, and Medusa UI components to fit with the material-style design.

Themes that want to modify these themes need to add import statements for these styleshe-
ets:

@import "/edu/wpi/first/shuffleboard/api/material.css"; /* Material design CSS for,
—JavaFX components */

@import "/edu/wpi/first/shuffleboard/api/base.css"; /* Material design CSS for,
—shuffleboard components */

@import "/edu/wpi/first/shuffleboard/app/light.css"; /* CSS for the Material Light,
—~theme */

@import "/edu/wpi/first/shuffleboard/app/dark.css"; /* CSS for the Material Dark,,
—~theme */

@import "/edu/wpi/first/shuffleboard/app/midnight.css"; /* (SS for the Midnight,,
—theme */

Note that base.css internally imports material.css, and light.css, dark.css, and
midnight.css all import base. css, so importing light. css will implicitly import both base.
css and material.css as well.
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Source Code for the CSS Files

* material.css: https://github.com/wpilibsuite/shuffleboard/blob/main/api/src/main/
resources/edu/wpi/first/shuffleboard/api/material.css

* base.css: https://github.com/wpilibsuite/shuffleboard/blob/main/api/src/main/
resources/edu/wpi/first/shuffleboard/api/base.css

* light.css: https://github.com/wpilibsuite/shuffleboard/blob/main/app/src/main/
resources/edu/wpi/first/shuffleboard/app/light.css

* dark.css: https://github.com/wpilibsuite/shuffleboard/blob/main/app/src/main/
resources/edu/wpi/first/shuffleboard/app/dark.css

* midnight.css: https://github.com/wpilibsuite/shuffleboard/blob/main/app/src/main/
resources/edu/wpi/first/shuffleboard/app/midnight.css

Material Design Color Swatches

The material design CSS uses color swatch variables for almost everything. These variables
can be set from custom CSS files, reducing the amount of custom code needed.

The -swatch-<100|200|300|400|500> variables define progressively darker shades of the
same primary color. The light theme uses the default shades of blue set in material.css, but
the dark theme overrides these with shades of red. -swatch-<|light|dark>-gray defines
three levels of gray to use for various background or text colors.

Overriding the Swatch Colors

Replacing blue with red (light)

@import "/edu/wpi/first/shuffleboard/app/light.css"

.root {
-swatch-100: hsb(0, 80%, 98%);
-swatch-200: hsb(0, 80%, 88%);
-swatch-300: hsb(0, 80%, 78%);
-swatch-400: hsb(0, 80%, 68%);
-swatch-500: hsb(0, 80%, 58%);

Replacing red with blue (dark)

@import "/edu/wpi/first/shuffleboard/app/dark.css"

.root {
-swatch-100: #BBDEFB;
-swatch-200: #90CAF9;
-swatch-300: #64BEF6;
-swatch-400: #42A5F5;
-swatch-500: #2196F3;
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Widget Types

While Widget is pretty straightforward as far as the interface is concerned, there are several
intermediate implementations to make it easier to define the widget.

Class Description

AbstractWidget Implements getProperties(), getSources(), and titleProperty()

SingleTypeWid- Adds properties for widgets that only support a single data type

get<T>

AnnotatedWidget Adds default implementations for getName() and getDataTypes() for
widgets with a @Description annotation

SingleSource- For widgets with only a single source (by default, widgets support mul-

Widget tiple sources)

SimpleAnnotate- CombinesSingleTypeWidget<T>, AnnotatedWidget, and SingleSour-

dWidget<T> ceWidget

There are also two annotations to help define widgets:

Name Description

@ParametrizedCont- Allows widgets to be FXML controllers for JavaFX views defined

roller via FXML

@Description Lets the name and supported data types be defined in a single
line

AbstractWidget

This class implements getProperties(), getSources(), addSource(), and titlePro-
perty(). It also defines a method exportProperties(Property<?>...) method so subclas-
ses can easy add custom widget properties, or properties for the JavaFX components in the
widget. Most of the widgets in the base plugin use this.

SingleTypeWidget

A type of widget that only supports a single data type. This interface is parametrized and has
methods for setting or getting the data, as well as a method for getting the (single) data type
of the widget.

AnnotatedWidget

This interface implements getDataTypes() and getName() by looking at the @Description
annotation on the implementing class. This requires the annotation to be present, or the
widget will not be able to be loaded and used.

// No @Description annotation!

public class WrongImplementation implements AnnotatedWidget {
I oo

}
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@Description(name = ..., dataTypes = ...)

public class CorrectImplementation implements AnnotatedWidget {
// ...

}

SingleSourceWidget

A type of widget that only uses a single source.

SimpleAnnotatedWidget

A combination of SingleTypeWidget<T>, AnnotatedWidget, and SingleSourceWidget. Most
widgets in the base plugin extend from this class. This also has a protected field called
dataOrDefault that lets subclasses use a default data value if the widget doesn’t have a
source, or if the source is providing null.

©@ParametrizedController

This annotation can be placed on a widget class to let shuffleboard know that it’s an FXML
controller for a JavaFX view defined via FXML. The annotation takes a single parameter that
defines where the FXML file in relation to the class on which it is placed. For example, a
widget in the directory src/main/java/com/acme that is an FXML controller for a FXML file
in src/main/resources/com/acme can use the annotation as either

[@Pa rametrizedController("MyWidget.fxml") ]
or as
[@Pa rametrizedController("/com/acme/MyWidget.fxml") J

@Description

This allows widgets to have their name and supported data types defined by a single annota-
tion, when used alongside AnnotatedWidget.

11.3 SmartDashboard

SmartDashboard is a simple and efficient dashboard that uses relatively few computer reso-
urces. It does not have the fancy look or some of the features Shuffleboard has, but it displays
network tables data with a variety of widgets without bogging down the driver station com-
puter.
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11.3.1 SmartDashboard Introduction
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The SmartDashboard is a Java program that will display robot data in real time. The Smart-
Dashboard helps you with these things:

Displays robot data of your choice while the program is running. It can be displayed as
simple text fields or more elaborately in many other display types like graphs, dials, etc.

Displays the state of the robot program such as the currently executing commands and
the status of any subsystems

Displays buttons that you can press to cause variables to be set on your robot

Allows you to choose startup options on the dashboard that can be read by the robot
program

The displayed data is automatically formatted in real-time as the data is sent from the robot,
but you can change the format or the display widget types and then save the new screen
layouts to be used again later. And with all these options, it is still extremely simple to use.
To display some data on the dashboard, simply call one of the SmartDashboard methods with
the data and its name and the value will automatically appear on the dashboard screen.

Installing the SmartDashboard

The SmartDashboard is packaged with the WPILib Installer and can be launched directly from
the Driver Station by selecting the SmartDashboard button on the Setup tab.
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Configuring the Team Number

g |£| SmartDashboard - 40

File View -
| [£] Edit Preferences ﬁ
Property Value
[Team Number 40
Use mDMS (supported on ra...
| Hide Menu =]

Automatically Show Widgets

Grid Cell Width(z) 15

Grid Cell Height(s) 16

Window X Position -1587

Window Y Position 453

Window Width 1362

'Window Height 455

Save File C:\Users\koconnor\Dow, .,
Log to CSV

CSY File Ci\Userstkoconnor\sma. ..

The first time you launch the SmartDashboard you should be prompted for your team number.
To change the team number after this: click File > Preferences to open the Preferences di-
alog. Double-click the box to the right of Team Number and enter your FRC® Team Number,
then click outside the box to save.

Not: SmartDashboard will take a moment to configure itself for the team number, do not be
alarmed.

Setting a Custom NetworkTables Server Location

By default, SmartDashboard will look for NetworkTables instances running on a connected
RoboRIO, but it’s sometimes useful to look for NetworkTables at a different IP address. To
connect to SmartDashboard from a host other than the roboRIO, open SmartDashboard pre-
ferences under the File menu and in the Team Number field, enter the IP address or hostname
of the NetworkTables host.

This option is incredibly useful for using SmartDashboard with WPILib simulation. Simply
add localhost to the Team Number field and SmartDashboard will detect your locally-hosted
robot!

[ JOX ) Edit Preferences
Property Value
Team Number [localhost |
Hide Menu

Automatically Show Widgets

Grid Cell Width(s) 16

Grid Cell Height(s) 16
Window X Position 723
Window Y Position 432
Window Width 317
Window Height 200

Save File /example
Log to CSV

CSV File /example
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Locating the Save File

| £ Edit Preferences l [
Property Value

[ Team Number 3

Hide Menu ]

Automatically Show Widgets

Grid Cell Width(s) 16

Grid Cell Height{s) 16

Window X Position 186

Window Y Position 307

Window Width 640

Window Height 430

Save File q C:\Wsers\koconnor\SmartDashboard save. xml
Log to CSV ]

Cs File C:\Users\koconnor\SmartDashboard s, bt

Users may wish to customize the save location of the SmartDashboard. To do this click the box
next to Save File then browse to the folder where you would like to save the configuration.
Files saved in the installation directories for the WPILib components will likely be overwritten
on updates to the tools.

Adding a Connection Indicator

| £/ SmartDashboard - 3 - =] |
File

. v | Editable Ctrl+E
v Edit Subsystems  Ctrl+Shift+E

Reset LiveWindow Ctrl+R
Add... L4 Image

Reveal... L Connect\onlndi(atoh
Remove Unused Label

Robot Preferences

It is often helpful to see if the SmartDashboard is connected to the robot. To add a connecti-
on indicator, select View > Add > Connection Indicator. This indicator will be red when
disconnected and green when connected. To move or resize this indicator, select View > Edi-
table to toggle the SmartDashboard into editable mode, then drag the center of the indicator
to move it or the edges to resize. Select the Editable item again to lock it in place.

Adding Widgets to the SmartDashboard

Widgets are automatically added to the SmartDashboard for each “key” sent by the robot
code. For instructions on adding robot code to write to the SmartDashboard see Displaying
Expressions from Within the Robot Program.

11.3.2 Displaying Expressions from a Robot Program

Not: Often debugging or monitoring the status of a robot involves writing a number of values
to the console and watching them stream by. With SmartDashboard you can put values to
a GUI that is automatically constructed based on your program. As values are updated, the
corresponding GUI element changes value - there is no need to try to catch numbers streaming
by on the screen.
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Writing Values to SmartDashboard

JAVA

protected void execute() {

SmartDashboard.
SmartDashboard.
SmartDashboard.
SmartDashboard.
SmartDashboard.
SmartDashboard.
SmartDashboard.
SmartDashboard.

putBoolean("Bridge Limit", bridgeTipper.atBridge());
putNumber("Bridge Angle", bridgeTipper.getPosition());
putNumber("Swerve Angle", drivetrain.getSwerveAngle());
putNumber("Left Drive Encoder", drivetrain.getLeftEncoder())
putNumber("Right Drive Encoder", drivetrain.getRightEncoder(
putNumber("Turret Pot", turret.getCurrentAngle());
putNumber("Turret Pot Voltage", turret.getAverageVoltage());
putNumber ("RPM", shooter.getRPM());

5);

C++

void Command::Execute() {

frc:
frc:
frc:
frc:
frc:

:SmartDashboard:
:SmartDashboard:
:SmartDashboard:
:SmartDashboard:
:SmartDashboard:

:PutBoolean("Bridge Limit", BridgeTipper.AtBridge());
:PutNumber("Bridge Angle", BridgeTipper.GetPosition());
:PutNumber("Swerve Angle", Drivetrain.GetSwerveAngle());
:PutNumber("Left Drive Encoder", Drivetrain.GetLeftEncoder());
:PutNumber("Right Drive Encoder", Drivetrain.

—GetRightEncoder());

frc::SmartDashboard:
frc::SmartDashboard:
frc::SmartDashboard:

:PutNumber("Turret Pot", Turret.GetCurrentAngle());
:PutNumber("Turret Pot Voltage", Turret.GetAverageVoltage());
:PutNumber ("RPM", Shooter.GetRPM());

PYTHON

from wpilib import SmartDashboard

SmartDashboard.
SmartDashboard.
SmartDashboard.
SmartDashboard.
SmartDashboard.
SmartDashboard.
SmartDashboard.
SmartDashboard.

putBoolean("Bridge Limit", bridgeTipper.atBridge())
putNumber("Bridge Angle", bridgeTipper.getPosition())
putNumber ("“Swerve Angle", drivetrain.getSwerveAngle())
putNumber("Left Drive Encoder", drivetrain.getLeftEncoder())
putNumber("Right Drive Encoder", drivetrain.getRightEncoder())
putNumber("Turret Pot", turret.getCurrentAngle())
putNumber("Turret Pot Voltage", turret.getAverageVoltage())
putNumber ("RPM", shooter.getRPM())

You can write Boolean, Numeric, or String values to the SmartDashboard by simply calling the
correct method for the type and including the name and the value of the data, no additional
code is required. Any time in your program that you write another value with the same name, it
appears in the same Ul element on the screen on the driver station or development computer.
As you can imagine this is a great way of debugging and getting status of your robot as it is

operating.
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Creating Widgets on SmartDashboard

Widgets are populated on the SmartDashboard automatically, no user intervention is required.
Note that the widgets are only populated when the value is first written, you may need to
enable your robot in a particular mode or trigger a particular code routine for an item to
appear. To alter the appearance of the widget, see the next two sections Changing the Display
Properties of a Value and Changing the Display Widget Type for a Value.

Stale Data

SmartDashboard uses NetworkTables for communicating values between the robot and the
driver station laptop. NetworkTables acts as a distributed table of name and value pairs. If
a name/value pair is added to either the client (laptop) or server (robot) it is replicated to
the other. If a name/value pair is deleted from, say, the robot but the SmartDashboard or
OutlineViewer are still running, then when the robot is restarted, the old values will still
appear in the SmartDashboard and OutlineViewer because they never stopped running and
continue to have those values in their tables. When the robot restarts, those old values will
be replicated to the robot.

To ensure that the SmartDashboard and OutlineViewer are showing current values, it is ne-
cessary to restart the NetworkTables clients and robot at the same time. That way, old values
that one is holding won’t get replicated to the others.

This usually isn’t a problem if the program isn’t constantly changing, but if the program is in
development and the set of keys being added to NetworkTables is constantly changing, then
it might be necessary to do the restart of everything to accurately see what is current.

11.3.3 Changing the display properties of a value

Each value displayed with SmartDashboard has a set of properties that effect the way it’s
displayed.

Setting the SmartDashboard display into editing mode

SmartDashboard

v Editable ~+E

Edit Subsystems “+0+E | arm angle 34.500
Live Window Mode F12
Reset LiveWindow ~+R
Clos ki b

Remove Unused

The SmartDashboard has two modes it can operate in, display mode and edit mode. In edit
mode you can move around widgets on the screen and edit their properties. To put the Smart-
Dashboard into edit mode, click the “View” menu, then select “Editable” to turn on edit mode.
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Getting the properties editor of a widget

Arm angle 34.500

Change to...

end to Bac

Reset 5ize

Remove

Once in edit mode, you can display and edit the properties for a widget. Right-click on the
widget and select “Properties...”.

Editing the properties on a field

Arm angle 34.500

A dialog box will be shown in response to the “Properties...” menu item on the widgets right-
click context menu.

Editing the widgets background color

e aogle RSOUNN — GG

Arm angle
Property | Value |
Editable L

[ ] 1117
Eackground | Recent
B W
T I

OK Cancel Reset
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To edit a property value, say, Background color, click the background color shown (in this case
grey), and choose a color from the color editor that pops up. This will be used as the widgets
background color.

Edit properties of other widgets

f propemr 'Walue |

Upper Limit 100.0
Lower Limit 0.0
Tick Interval 10.0

Different widget types have different sets of editable properties to change the appearance.
In this example, the upper and lower limits of the dial and the tick interval are changeable
parameters.

11.3.4 Changing the Display Widget Type for a Value

One can change the type of widget that displays values with the SmartDashboard. The allo-
wable widgets depend on the type of the value being displayed.

Setting Edit Mode

SmartDashboard -

v Editable ~+E
Edit Subsystems “4+1r+E
Live Window Mode F12
Reset LiveWindow “+R
Add... >

Remove Unused

(®) Default program
) Experimental auto

Tube collector switch true Arm angle 34.500

Make sure that the SmartDashboard is in edit mode. This is done by selecting Editable from
the View menu.
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Choosing Widget Type

Arm angle 34.500

Change to...
Properties...
Send to Back

FormattedField
Compass
LinePlot
ProgressBar

Remave SimpleDial

Right-click on the widget and select Change to.... Then, pick the type of widget to use for
the particular value. In this case we choose LinePlot.

Showing New Widget Type

Arm angle

35

30

25

20

Data

15

10

0.0000000
Time (units)

The new widget type is displayed. In this case, a Line Plot, will show the values of the Arm
angle value over time. You can set the properties of the graph to make it better fit your data by
right-clicking and selecting Properties. ... See: Changing the display properties of a value.

11.3.5 Choosing an Autonomous Program

Often teams have more than one autonomous program, either for competitive reasons or
for testing new software. Programs often vary by adding things like time delays, different
strategies, etc. The methods to choose the strategy to run usually involves switches, joystick
buttons, knobs or other hardware based inputs.

With the SmartDashboard you can simply display a widget on the screen to choose the autono-
mous program that you would like to run. And with command based programs, that program
is encapsulated in one of several commands. This article shows how to select an autonomous
program with only a few lines of code and a nice looking user interface, with examples for
both TimedRobot and Command-Based Robots.
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TimedRobot

Not: The code snippets shown below are part of the TimedRobot template (Java, C++):

Creating SendableChooser Object

In Robot. java /Robot.h, create a variable to hold a reference to a SendableChooser object.
Two or more auto modes can be added by creating strings to send to the chooser. Using
the SendableChooser, one can choose between them. In this example, Default and My Auto
are shown as options. You will also need a variable to store which auto has been chosen,
m_autoSelected.

Java

private static final String kDefaultAuto = "Default";

private static final String kCustomAuto = "My Auto";

private String m_autoSelected;

private final SendableChooser<String> m_chooser = new SendableChooser<>();

C++

frc::SendableChooser<std: :string> m_chooser;
const std::string kAutoNameDefault = "Default";
const std::string kAutoNameCustom = "My Auto";
std::string m_autoSelected;

Python

import wpilib

self.defaultAuto = "Default"
self.customAuto = "My Auto";
self.chooser = wpilib.SendableChooser()

Setting Up Options

The chooser allows you to pick from a list of defined elements, in this case the strings we defi-
ned above. In robotInit, add your options created as strings above using setDefaultOption
or addOption. setDefaultOption will be the one selected by default when the dashboard
starts. The putData function will push it to the dashboard on your driver station computer.
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Java

public void robotInit() {
m_chooser.setDefaultOption("Default Auto", kDefaultAuto);
m_chooser.addOption("My Auto", kCustomAuto);
SmartDashboard.putData("Auto choices", m_chooser);

}

C++

void Robot::RobotInit() {
m_chooser.SetDefaultOption(kAutoNameDefault, kAutoNameDefault);
m_chooser.AddOption(kAutoNameCustom, kAutoNameCustom);
frc::SmartDashboard: :PutData("Auto Modes", &m_chooser);

}

Python

from wpilib import SmartDashboard

self.chooser.setDefaultOption("Default Auto", self.defaultAuto)
self.chooser.addOption("My Auto", self.customAuto)
SmartDashboard.putData("Auto choices", self.chooser)

Running Autonomous Code

Now, in autonomousInit and autonomousPeriodic, you can use the m autoSelected variable
to read which option was chosen, and change what happens during the autonomous period.

Java

@Override
public void autonomousInit() {
m_autoSelected = m_chooser.getSelected();

System.out.println("Auto selected: " + m_autoSelected);
}
/** This function is called periodically during autonomous. */
@Override

public void autonomousPeriodic() {
switch (m_autoSelected) {

case kCustomAuto:
// Put custom auto code here
break;

case kDefaultAuto:

default:
// Put default auto code here
break;

(sonraki sayfaya devam)

270 Bolim 11. Dashboards




FIRST Robotics Competition

(onceki sayfadan devam)

C++

void Robot::AutonomousInit() {
m_autoSelected = m_chooser.GetSelected();
fmt::print("Auto selected: {}\n", m_autoSelected);

if (m_autoSelected == kAutoNameCustom) {
// Custom Auto goes here
} else {
// Default Auto goes here
}
}

void Robot::AutonomousPeriodic() {
if (m_autoSelected == kAutoNameCustom) {
// Custom Auto goes here
} else {
// Default Auto goes here
}
}

Python

def autonomousInit(self):
self.autoSelected = self.chooser.getSelected()
print("Auto selected: " + self.autoSelected)

def autonomousPeriodic(self):
match self.autoSelected:
case self.customAuto:
# Put custom auto code here
case

# Put default auto code here

Command-Based

Not: The code snippets shown below are part of the HatchbotTraditional example project
(Java, C++, Python):
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Creating the SendableChooser Object

In RobotContainer, create a variable to hold a reference to a SendableChooser object. Two
or more commands can be created and stored in new variables. Using the SendableChooser,
one can choose between them. In this example, SimpleAuto and ComplexAuto are shown as
options.

Java

// A simple auto routine that drives forward a specified distance, and then stops.
private final Command m_simpleAuto =
new DriveDistance(
AutoConstants.kAutoDriveDistanceInches, AutoConstants.kAutoDriveSpeed, m_
—robotDrive);

// A complex auto routine that drives forward, drops a hatch, and then drives,
—backward.

private final Command m complexAuto = new ComplexAuto(m robotDrive, m_
—hatchSubsystem);

// A chooser for autonomous commands
SendableChooser<Command> m_chooser = new SendableChooser<>();

C++ (using raw pointers)

// The autonomous routines

DriveDistance m simpleAuto{AutoConstants: :kAutoDriveDistancelInches,
AutoConstants: :kAutoDriveSpeed, &m drive};

ComplexAuto m complexAuto{&m drive, &m hatch};

// The chooser for the autonomous routines
frc::SendableChooser<frc2::Command*> m_chooser;

C++ (using CommandPtr)

// The autonomous routines
frc2::CommandPtr m_simpleAuto = autos::SimpleAuto(&m_drive);
frc2::CommandPtr m complexAuto = autos::ComplexAuto(&m drive, &m_hatch);

// The chooser for the autonomous routines
frc::SendableChooser<frc2::Command*> m_chooser;
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Python

# A simple auto routine that drives forward a specified distance, and then
—stops.
self.simpleAuto = DriveDistance(
constants.kAutoDriveDistanceInches, constants.kAutoDriveSpeed, self.drive
)

# A complex auto routine that drives forward, drops a hatch, and then drives,
—backward.
self.complexAuto = ComplexAuto(self.drive, self.hatch)

# Chooser
self.chooser = wpilib.SendableChooser()

Setting up SendableChooser

Imagine that you have two autonomous programs to choose between and they are encapsu-
lated in commands SimpleAuto and ComplexAuto. To choose between them:

In RobotContainer, create a SendableChooser object and add instances of the two com-
mands to it. There can be any number of commands, and the one added as a default
(setDefaultOption), becomes the one that is initially selected. Notice that each command
is included in an setDefaultOption() or addOption() method call on the SendableChooser
instance.

Java

// Add commands to the autonomous command chooser
m_chooser.setDefaultOption("Simple Auto", m_simpleAuto);
m_chooser.addOption("Complex Auto", m_complexAuto);

C++ (using raw pointers)

// Add commands to the autonomous command chooser
m_chooser.SetDefaultOption("Simple Auto", &m_simpleAuto);
m_chooser.AddOption("Complex Auto", &m complexAuto);

C++ (using CommandPtr)

// Add commands to the autonomous command chooser

// Note that we do *not* move ownership into the chooser
m_chooser.SetDefaultOption("Simple Auto", m_simpleAuto.get());
m_chooser.AddOption("Complex Auto", m_complexAuto.get());
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Python

# Add commands to the autonomous command chooser
self.chooser.setDefaultOption("Simple Auto", self.simpleAuto)
self.chooser.addOption("Complex Auto", self.complexAuto)

Then, publish the chooser to the dashboard:

Java

// Put the chooser on the dashboard
SmartDashboard.putData(m_chooser);

C++

// Put the chooser on the dashboard
frc::SmartDashboard: : PutData(&m_chooser) ;

Python

from wpilib import SmartDashboard

# Put the chooser on the dashboard
SmartDashboard.putData(chooser)

Starting an Autonomous Command

In Robot. java, when the autonomous period starts, the SendableChooser object is polled to
get the selected command and that command must be scheduled.

Java

public Command getAutonomousCommand() {
return m_chooser.getSelected();

}

public void autonomousInit() {
m_autonomousCommand = m_robotContainer.getAutonomousCommand();

// schedule the autonomous command (example)
if (m_autonomousCommand != null) {
m_autonomousCommand.schedule();
}
}

274 Bolim 11. Dashboards



FIRST Robotics Competition

C++ (Source)

frc2::Command* RobotContainer: :GetAutonomousCommand() {
// Runs the chosen command in autonomous
return m chooser.GetSelected();

}

void Robot::AutonomousInit() {
m_autonomousCommand = m_container.GetAutonomousCommand() ;

if (m_autonomousCommand != nullptr) {
m_autonomousCommand->Schedule() ;
}
}
Python

def getAutonomousCommand(self) -> commands2.Command:
return self.chooser.getSelected()

def autonomousInit(self) -> None:
"""This autonomous runs the autonomous command selected by your,
—RobotContainer class."""
self.autonomousCommand = self.container.getAutonomousCommand /()

if self.autonomousCommand:
self.autonomousCommand.schedule()

Running the Scheduler during Autonomous

In Robot. java, this will run the scheduler every driver station update period (about every
20ms) and cause the selected autonomous command to run. In Python the scheduler runs
automatically when TimedCommandRobot is used.

Not: Running the scheduler can occur in the autonomousPeriodic() function or robotPe-
riodic(), both will function similarly in autonomous mode.

Java

@Override
public void robotPeriodic() {
CommandScheduler.getInstance().run();

}
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C++ (Source)

void Robot::RobotPeriodic() {
frc2::CommandScheduler: :GetInstance().Run();

}

Canceling the Autonomous Command

In Robot. java, when the teleop period begins, the autonomous command will be canceled.

Java

@Override

public void teleopInit() {
// This makes sure that the autonomous stops running when
// teleop starts running. If you want the autonomous to
// continue until interrupted by another command, remove
// this line or comment it out.
if (m_autonomousCommand != null) {

m_autonomousCommand.cancel();

}

}

C++ (Source)

void Robot::TeleopInit() {
// This makes sure that the autonomous stops running when
// teleop starts running. If you want the autonomous to
// continue until interrupted by another command, remove
// this line or comment it out.
if (m_autonomousCommand != nullptr) {
m_autonomousCommand->Cancel() ;
m_autonomousCommand = nullptr;

Python

def teleopInit(self) -> None:
# This makes sure that the autonomous stops running when
# teleop starts running. If you want the autonomous to
# continue until interrupted by another command, remove
# this line or comment it out.
if self.autonomousCommand:
self.autonomousCommand. cancel()
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SmartDashboard Display

o @® SmartDashboard | Connected: 127.0.0.1
File View

© simple Auto
Complex Auto

When the SmartDashboard is run, the choices from the SendableChooser are automatically
displayed. You can simply pick an option before the autonomous period begins and the cor-
responding command will run.

11.3.6 Displaying the Status of Commands and Subsystems

If you are using the command-based programming features of WPILib, you will find that they
are very well integrated with SmartDashboard. It can help diagnose what the robot is doing
at any time and it gives you control and a view of what’s currently running.

Overview of Command and Subsystem Displays

SmartDashboard - 190

i File View
Scheduler with no - No commands running.
commands running Rotations |0.000

Ticks 0.000
Subsystem with no
commands  J GO
== . Data values written
A command that /' Autonomous Commas d [ stan with putNumber()

can be started

With SmartDashboard you can display the status of the commands and subsystems in your ro-
bot program in various ways. The outputs should significantly reduce the debugging time for
your programs. In this picture you can see a number of displays that are possible. Displayed
here are:

* The Scheduler currently with No commands running. In the next example you can see
what it looks like with a few commands running showing the status of the robot.

* A subsystem, ExampleSubsystem that indicates that there are currently no commands
running that are “requiring” it. When commands are running, it will indicate the name
of the commands that are using the subsystem.

* A command written to SmartDashboard that shows a start button that can be pressed
to run the command. This is an excellent way of testing your commands one at a time.

* And a few data values written to the dashboard to help debug the code that’s running.

In the following examples, you’ll see what the screen would look like when there are com-
mands running, and the code that produces this display.
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Displaying the Scheduler Status

JAVA

[Sma rtDashboard.putData(CommandScheduler.getInstance());

C++

[frc: :SmartDashboard: :PutData(frc2::CommandScheduler: :GetInstance());

PYTHON

from wpilib import SmartDashboard
from commands2 import CommandScheduler

SmartDashboard.putData(CommandScheduler.getInstance())

You can display the status of the Scheduler (the code that schedules your commands to run).
This is easily done by adding a single line to the RobotInit method in your RobotProgram as
shown here. In this example the Scheduler instance is written using the putData method to
SmartDashboard. This line of code produces the display in the previous image.

SmartDashboard - 190

ExampleCommand | cancel [

newCommand [ cancel [

ExampleSubsystem | ExampleCommand

Autonomous Command | start |

Rota

This is the scheduler status when there are two commands running, ExampleCommand and
newCommand. This replaces the No commands running. message from the previous screen
image. You can see commands displayed on the dashboard as the program runs and various
commands are triggered.

Displaying Subsystem Status

JAVA

[Sma rtDashboard.putData(exampleSubsystem);
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C++

[frc: :SmartDashboard: :PutData(&exampleSubsystem) ;

PYTHON

from wpilib import SmartDashboard

SmartDashboard.putData(exampleSubsystem)

In this example we are writing the command instance, exampleSubsystem and instance of the
ExampleSubsystem class to the SmartDashboard. This causes the display shown in the previ-
ous image. The text field will either contain a few dashes, - - - indicating that no command is
current using this subsystem, or the name of the command currently using this subsystem.

SmartDashboard - 190

File View
ExampleCommand cancel
P |—| Rota
newCommand | cancel |

ExampleSubsystem | ExampleCommand

Autonomous Command start

Running commands will “require” subsystems. That is the command is reserving the subsys-
tem for its exclusive use. If you display a subsystem on SmartDashboard, it will display which
command is currently using it. In this example, ExampleSubsystem is in use by ExampleCom-
mand.

Activating Commands with a Button

JAVA

[SmartDashboard.putData("Autonomous Command", exampleCommand) ;

C++

[frc: :SmartDashboard: :PutData("Autonomous Command", &exampleCommand);
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PYTHON

from wpilib import SmartDashboard

SmartDashboard.putData("Autonomous Command", exampleCommand)

This is the code required to create a button for the command on SmartDashboard. Pressing the
button will schedule the command. While the command is running, the button label changes
from start to cancel and pressing the button will cancel the command.

SmartDashboard - 190
File View
ExampleCommand cancel
P |—| Rota
newCommand | cancel |

ExampleSubsystem | ExampleCommand

Autonomous Command | start |

In this example you can see a button labeled Autonomous Command. Pressing this button will
run the associated command and is an excellent way of testing commands one at a time
without having to add throw-away test code to your robot program. Adding buttons for each
command makes it simple to test the program, one command at a time.

11.3.7 Verifying SmartDashboard is working

Connection Indicator

SmartDashboard will automatically include the connection status and IP address of the Net-
workTables source in the title of the window.
@ @® SmartDashboard | Disconnected

File View

© simple Auto
Complex Auto
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@ @® SmartDashboard | Connected: 127.0.0.1

File View

© simple Auto
Complex Auto

Connection Indicator Widget

SmartDashboard includes a connection indicator widget which will turn red or green depen-
ding on the connection to NetworkTables, usually provided by the roboRIO. For instructions
to add this widget, look at Adding a Connection Indicator in the SmartDashboard Intro.

Robot Program Example

JAVA

public class Robot extends TimedRobot {
double counter = 0.0;

public void teleopPeriodic() {

SmartDashboard.putNumber("Counter", counter++);

}
}

C++

#include "Robot.h"
float counter = 0.0;

void Robot::TeleopPeriodic() {

frc::SmartDashboard: :PutNumber("Counter", counter++);

}
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PYTHON

from wpilib import SmartDashboard
self.counter = 0.0

def teleopPeriodic(self) -> None:
SmartDashboard. putNumber("Counter", self.counter += 1)

This is a minimal robot program that writes a value to the SmartDashboard. It simply incre-
ments a counter 50 times per second to verify that the connection is working. However, to
minimize bandwidth usage, NetworkTables by default will throttle the updates to 10 times
per second.

SmartDashboard Output for the Sample Program

SmartDashboard - 190
File View
Counter 64.000

The SmartDashboard display should look like this after about 6 seconds of the robot being
enabled in Teleop mode. If it doesn’t, then you need to check that the connection is correctly
set up.
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Verifying the IP address in SmartDashboard

File View

SmartDashboard - 190

Counter | 64.000

8 .06 Edit Preferences

- |

& (deploy,run) & | RobotTem

Team Number

Automatically Show Wi...
Grid Cell width(s)

Grid Cell Height(s)
Window X Position
Window Y Position
Window Width

Window Height

Save File

Log to C5V

CSV File

272

JUsers/brad /SmartDas...

,fU_sers,fbrad;SmartDas...

If the display of the value is not appearing, verify that the team number is correctly set as
shown in this picture. The preferences dialog can be viewed by selecting File, then Prefe-

rences.

Verifying Program using OutlineViewer

You can verify that the robot program is generating SmartDashboard values by using the

OutlineViewer program.

Expand the SmartDashboard row. The value Counter is the variable written to the SmartDash-
board via NetworkTables. As the program runs you should see the value increasing (1398.0
in this case). If you don’t see this variable in the OutlineViewer, look for something wrong
with the robot program or the network configuration.

A OutlineViewer - Connected (172.22.11.2)
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11.3.8 SmartDashboard Namespace

SmartDashboard uses NetworkTables to send data between the robot and the Dashboard
(Driver Station) computer. NetworkTables sends data as name, value pairs, like a distributed
hashtable between the robot and the computer. When a value is changed in one place, its value
is automatically updated in the other place. This mechanism and a standard set of name (keys)
is how data is displayed on the SmartDashboard.

There is a hierarchical structure in the name space creating a set of tables and subtables.
SmartDashboard data is in the SmartDashboard subtable and LiveWindow data is in the Li-
veWindow subtable as shown below.

For informational purposes, the names and values can be displayed using the OutlineViewer
application that is installed in the same location as the SmartDashboard. It will display all the
NetworkTables keys and values as they are updated.

SmartDashboard Data Values

JSmartDashboard/Autonomous Command /isParented false o
/SmartDashboard /Autonomous Command /name AutonomousCommand

defaultAuto

afayitnito, secondAuto, thr‘

”

SmartDashboard values are created with key names that begin with SmartDashboard/. The
above values viewed with OutlineViewer correspond to data put to the SmartDashboard with
the following statements:

chooser = new SendableChooser();
chooser.setDefaultOption("defaultAuto", new AutonomousCommand());
chooser.addOption("secondAuto"”, new AutonomousCommand());
chooser.addOption("thirdAuto", new AutonomousCommand());
SmartDashboard.putData("Chooser", chooser);
SmartDashboard.putNumber("Arm position in degrees", 52.0);
SmartDashboard.putString("Program Version", "V1.2");

The Arm position is created with the putNumber() call. The AutonomousCommand is writ-
ten with a putData("Autonomous Command"”, command) that is not shown in the above code
fragment. The chooser is created as a SendableChooser object and the string value, Program
Version is created with the putString() call.
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View of SmartDashboard

e 00 SmartDashboard - 190
File View

Autonomous Command | start | o
—————— WS

(») defaultAuto

dAut o
) secondAuto\ N
() thirdAuto

Arm position in degrees | 52.000 o
-
|Program Version V1.2 o
N

The code from the previous step generates the table values as shown and the SmartDashboard
display as shown here. The numbers correspond to the NetworkTables variables shown in the
previous step.

LiveWindow Data Values

LiveWindow data is automatically grouped by subsystem. The data is viewable in the Smart-
Dashboard when the robot is in Test mode (set on the Driver Station). If you are not writing
a command based program, you can still cause sensors and actuators to be grouped for easy
viewing by specifying the subsystem name. In the above display you can see the key names
and the resultant output in Test mode on the SmartDashboard. All the strings start with /
LiveWindow then the Subsystem name, then a group of values that are used to display each
element. The code that generates this LiveWindow display is shown below:

drivetrainLeft = new PWMVictorSPX(1);
drivetrainLeft.setName("Drive train", "Left");

drivetrainRight = new PWMVictorSPX(1);
drivetrainRight.setName("Drive train", "Right";

(sonraki sayfaya devam)
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(onceki sayfadan devam)

drivetrainRobotDrive = new DifferentialDrive(drivetrainLeft, drivetrainRight);
drivetrainRobotDrive.setSafetyEnabled(false);
drivetrainRobotDrive.setExpiration(0.1);

drivetrainUltrasonic = new AnalogInput(3);
drivetrainUltrasonic.setName("Drive train", "Ultrasonic");

elevatorMotor = new PWMVictorSPX(6);
elevatorMotor.setName("Elevator", "Motor");

elevatorPot = new AnalogInput(4);
elevatorPot.setName("Elevator", "Pot");

wristPot = new AnalogInput(2);
wristPot.setName("Wrist", "Pot");

wristMotor = new PWMVictorSPX(3);
wristMotor.setName("Wrist", "Motor");

clawMotor = new PWMVictorSPX(5);
clawMotor.setName("Claw", "Motor");

Values that correspond to actuators are not only displayed, but can be set using sliders created
in the SmartDashboard in Test mode.

11.3.9 SmartDashboard: Test Mode and Live Window

Displaying LiveWindow Values

LiveWindow will automatically add your sensors and actuators for you. There is no need to
do it manually. LiveWindow values may also be displayed by writing the code yourself and
adding it to your robot program. This allows you to customize the names and group them
in subsystems. This is a convenient method of displaying whether they are actual command
based program subsystems or just a grouping that you decide to use in your program.
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Adding the Necessary Code to your Program

For each sensor or actuator that is created, set the subsystem name and display name by
calling setName (SetName in C++). When the SmartDashboard is put into LiveWindow mode,
it will display the sensors and actuators.

JAVA

Ultrasonic ultrasonic = new Ultrasonic(l, 2);
SendableRegistry.setName(ultrasonic, "Arm", "Ultrasonic");

Jaguar elbow = new Jaguar(l);
SendableRegistry.setName(elbow, "Arm", "Elbow");

Victor wrist = new Victor(2);
SendableRegistry.setName(wrist, "Arm", "Wrist");

C++

frc::Ultrasonic ultrasonic{l, 2};
SendableRegistry::SetName(ultrasonic, "Arm", "Ultrasonic");

frc::Jaguar elbow{l};
SendableRegistry: :SetName(elbow, "Arm", "Elbow");

frc::Victor wrist{2};
SendableRegistry::SetName(wrist, "Arm", "Wrist");

PYTHON

from wpilib import Jaguar, Ultrasonic, Victor
from wpiutil import SendableRegistry

ultrasonic = Ultrasonic(1l, 2)
SendableRegistry.setName(ultrasonic, "Arm", "Ultrasonic")

elbow = Jaguar(1l)
SendableRegistry.setName(elbow, "Arm", "Elbow")

wrist = Victor(2)
SendableRegistry.setName(wrist, "Arm", "Wrist")

If your objects are in a Subsystem, this can be simplified using the addChild method of Subsys -
temBase
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JAVA

Ultrasonic ultrasonic = new Ultrasonic(1l, 2);
addChild("Ultrasonic", ultrasonic);

Jaguar elbow = new Jaguar(1l);
addChild("Elbow", elbow);

Victor wrist = new Victor(2);
addChild("Wrist", wrist);

C++

frc::Ultrasonic ultrasonic{l, 2};
AddChild("Ultrasonic", ultrasonic);

frc::Jaguar elbow{l};
AddChild("Elbow", elbow);

frc::Victor wrist{2};
AddChild("Wrist", wrist);

PYTHON

from wpilib import Jaguar, Ultrasonic, Victor
from commands2 import SubsystemBase

ultrasonic = Ultrasonic(1l, 2)
SubsystemBase.addChild("Ultrasonic", ultrasonic)

elbow = Jaguar(1l)
SubsystemBase.addChild("Elbow", elbow)

wrist = Victor(2)
SubsystemBase.addChild("Wrist", wrist)

Viewing the Display in SmartDashboard

SmartDashboard -

File View
Arm
Wrist

W/
| | | | | 0.000 Zero
Elbow

U
| I | | | 0.000 Zero

Ultrasonic 0.000
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The sensors and actuators added to the LiveWindow will be displayed grouped by subsystem.
The subsystem name is just an arbitrary grouping the helping to organize the display of the
sensors. Actuators can be operated by operating the slider for the two motor controllers.

Enabling Test mode (LiveWindow)

You may add code to your program to display values for your sensors and actuators while the
robot is in Test mode. This can be selected from the Driver Station whenever the robot is not
on the field (see Enabling Test Mode for details on how to do this). Test mode is designed
to verify the correct operation of the sensors and actuators on a robot. In addition it can be
used for obtaining setpoints from sensors such as potentiometers and for tuning PID loops in
your code. When the robot is enabled in Test mode, the SmartDashboard display will switch
to test mode (LiveWindow) and will display the status of any actuators and sensors used by
your program.

Onemli: Since 2024, LiveWindow is not enabled by default in Test mode!

Enabling LiveWindow in Test Mode

To run LiveWindow in Test Mode, the following code is needed in the Robot class:

JAVA

@Override
public void robotInit() {
enableLiveWindowInTest (true);

}

C++

void Robot::RobotInit() {
EnableLiveWindowInTest(true);

}

PYTHON

def robotInit(self) -> None:
enableLiveWindowInTest(true)
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Explicitly vs. implicit test mode display

JAVA

PWMSparkMax leftDrive;
PWMSparkMax rightDrive;
PWMVictorSPX arm;
BuiltInAccelerometer accel;

@Override

public void robotInit() {
leftDrive = new PWMSparkMax(0);
rightDrive = new PWMSparkMax(1);
arm = new PWMVictorSPX(2);
accel = new BuiltInAccelerometer();

SendableRegistry.setName(arm, "SomeSubsystem", "Arm");
SendableRegistry.setName(accel, "SomeSubsystem", "Accelerometer");
1
C++

frc::PWMSparkMax leftDrive{0};
frc: :PWMSparkMax rigthDrive{1};
frc::BuiltInAccelerometer accel{};
frc: :PWMVictorSPX arm{3};

void Robot::RobotInit() {

wpi::SendableRegistry::SetName(&arm, "SomeSubsystem", "Arm");
wpi::SendableRegistry: :SetName(&accel, "SomeSubsystem", "Accelerometer");
}
PYTHON

from wpilib import BuiltInAccelerometer, PWMSparkMax, PWMVictorSPX
from wpiutil import SendableRegistry

def robotInit(self) -> None:
leftDrive = PWMSparkMax(0)
rightDrive = PWMSparkMax(1)
arm = PWMVictorSPX(2)
accel = BuiltInAccelerometer()
SendableRegistry.setName(arm, "SomeSubsystem", "Arm")
SendableRegistry.setName(accel, "SomeSubsystem", "Accelerometer")

All sensors and actuators will automatically be displayed on the SmartDashboard in test mode
and will be named using the object type (such as PWMSparkMax, PWMVictorSPX, BuiltInAc-
celerometer, etc.) with channel number with which the object was created. In addition, the
program can explicitly add sensors and actuators to the test mode display, in which case
programmer-defined subsystem and object names can be specified making the program cle-
arer. This example illustrates explicitly defining those sensors and actuators.
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Understanding what is displayed in Test mode

kP4 smartDashboard | Connected: 127.0.0.1 — O pet

File View

Ungrouped
PWMSparkMax[0]

| 0.0000C| Zero o
PWMSparkMax[1]

' 0.0000C Zero

SomeSubsysterm
Arm

' 0.0000c Zero

Accelerometer 9
X 0.000000

Y 0.000000
z 0.000000

This is the output in the SmartDashboard display when the robot is placed into test mode. In
the display shown above the objects listed as Ungrouped were implicitly created by WPILib
when the corresponding objects were created. These objects are contained in a subsystem
group called “Ungrouped” (1) and are named with the device type (PWMSparkMax in this
case), and the channel numbers. The objects shown in the “SomeSubsystem” (2) group are
explicitly created by the programmer from the code example in the previous section. These are
named in the calls to SendableRegistry.setName (). Explicitly created sensors and actuators
will be grouped by the specified subsystem.

PID Tuning with SmartDashboard

The PID (Proportional, Integral, Differential) is an algorithm for determining the motor speed
based on sensor feedback to reach a setpoint as quickly as possible. For example, a robot with
an elevator that moves to a predetermined position should move there as fast as possible then
stop without excessive overshoot leading to oscillation. Getting the PID controller to behave
this way is called “tuning”. The idea is to compute an error value that is the difference between
the current value of the mechanism feedback element and the desired (setpoint) value. In the
case of the arm, there might be a potentiometer connected to an analog channel that provides
a voltage that is proportional to the position of the arm. The desired value is the voltage that
is predetermined for the position the arm should move to, and the current value is the voltage
for the actual position of the arm.
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Finding the setpoint values with LiveWindow

Wrist
o | Motor

S

I |
ol Pot 2.526

W

0.000 Zero

g —

Create a PID Subsystem for each mechanism with feedback. The PID Subsystems contain the
actuator (motor) and the feedback sensor (potentiometer in this case). You can use Test mode
to display the subsystem sensors and actuators. Using the slider manually adjust the actuator
to each desired position. Note the sensor values (2) for each of the desired positions. These
will become the setpoints for the PID controller.

Viewing the PIDController in LiveWindow

Wirist Elevator
Motor Pot 1,498
| i A ] | 0.000  Zero Motor
Pot2.526 ! J T, oo zeo
PIDSubsystem Controller PIDSubsystem Controller
P:  |2.000 P |20.000
I |0.000 L 0.000
D:  [0.000 D: 0,000
F:  |0.000 F:  0.000
Setpoint:|2.500 Setpoint: 1.500

Enabled: Enabled: v

In Test mode, the PID Subsystems display their P, I, and D parameters that are set in the code.
The P, I, and D values are the weights applied to the computed error (P), sum of errors over
time (I), and the rate of change of errors (D). Each of those terms is multiplied by the weights
and added together to form the motor value. Choosing the optimal P, I, and D values can be
difficult and requires some amount of experimentation. The Test mode on the robot allows
the values to be modified, and the mechanism response observed.

Onemli: The enable option does not affect the PIDController introduced in 2020, as the cont-
roller is updated every robot loop. See the example here on how to retain this functionality.

Tuning the PIDController

Wrist Elevator

Motor Pot 1.518
i . J _I \ 0.000 Zero Motor
Pot 2.526 | | i | 0.000 Zero
PIDSubsystem Controller PID Subsystem Controller

Pi 2.000 P: 100.000
I 0.000 It 0.000
D:  0.000 D: 0.000
F:  |0.000 F: 0.000

Sefpoint: 2.500 Setpoint:| 1.500

Enabled: Enabled: v
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Tuning the PID controller can be difficult and there are many articles that describe techniques
that can be used. It is best to start with the P value first. To try different values fill in a low
number for P, enter a setpoint determined earlier in this document, and note how fast the
mechanism responds. If it responds too slowly, perhaps never reaching the setpoint, increase
P. If it responds too quickly, perhaps oscillating, reduce the P value. Repeat this process until
you get a response that is as fast as possible without oscillation. It’s possible that having a P
term is all that’s needed to achieve adequate control of your mechanism. Further information
is located in the Tuning a Flywheel Velocity Controller document.

Once you have determined P, I, and D values they can be inserted into the program. You’ll find
them either in the properties for the PIDSubsystem in RobotBuilder or in the constructor for
the PID Subsystem in your code.

The F (feedforward) term is used for controlling velocity with a PID controller.
More information can be found at WPILib’de PID Kontrolii.

11.4 Glass

Glass is a new dashboard and robot data visualization tool. Its GUI is extremely similar to
that of the Simulation GUI. In its current state, it is meant to be used as a programmer’s tool
rather than a proper dashboard in a competition environment.

Not: Glass will not be available within the list of dashboards in the NI Driver Station.

11.4.1 Introduction to Glass

Glass is a new dashboard and robot data visualization tool. It supports many of the same
widgets that the Simulation GUI supports, including robot pose visualization and advanced
plotting. In its current state, it is meant to be used as a programmer’s tool for debugging and
not as a dashboard for competition use.

Opening Glass

Glass can be launched by selecting the ellipsis menu (...) in VS Code, clicking on Start Tool
and then choosing Glass.
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> OPEN EDITORS
HOUROFCODE

.getDistanceNete.

JAVA PROJECTS
Pmain O ©0AT Ln26,Col55 Spacesi2 UTF-8 LF Java & JaveSEm WP # O

Not: You can also launch Glass directly by navigating to ~/wpilib/YYYY/tools and running
Glass.py (Linux and macOS) or by using the shortcut inside the WPILib Tools desktop folder
(Windows).

Changing View Settings

The View menu item contains Zoom and Style settings that can be customized. The Zoom
option dictates the size of the text in the application whereas the Style option allows you to
select between the Classic, Light, and Dark modes.

An example of the Dark style setting is below:

eoe Glass - DISCONNECTED
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Clearing Application Data

Application data for Glass, including widget sizes and positions as well as other custom infor-
mation for widgets is stored in a glass.ini file. The location of this file varies based on your
operating system:

* On Windows, the configuration file is located in %APPDATA%.
* On macOS, the configuration file is located in ~/Library/Preferences.

* On Linux, the configuration file is located in $XDG_CONFIG HOME or ~/.config if the for-
mer does not exist.

The glass.ini configuration file can simply be deleted to restore Glass to a “clean slate”.

11.4.2 Establishing NetworkTables Connections

Glass uses the NetworkTables protocol to establish a connection with your robot program. It
is also used to transmit and receive data to and from the robot.

Connecting to a Robot

When Glass is first launched, you will see two widgets - NetworkTables Settings and Net-
workTables. To connect to a robot, select Client under Mode in the NetworkTables Settings
widget, enter your team number and click on Apply.

You can also connect to a robot that is running in simulation on your computer (including
Romi robots) by typing in localhost into the Team/IP box.
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tworkTables Plot

ables Settings

Onemli: The NetworkTables connection status is always visible on the title bar of the Glass

application.

Viewing NetworkTables Entries

The NetworkTables widget can be used to view all entries that are being sent over Network-
Tables. These entries are hierarchically arranged by main table, sub-table, and so on.

¥ NetworkTables
» Connections
V¥ Values
Name
» FMSInfo
v LiveWindow
> .status
¥ Ungrouped
type
» AnalogGyro[6]
> DifferentialDrive[1]
> DigitalInput[0]
> DigitalInput[1]
» DigitalInput[2]

» DigitalInput[3]

» Encoder[0]
» Encoder[2]
> PWMVictorSPX[0]
> PWMVictorSPX[1]
v PWMVictorSPX[2]
.actuator
.name
.type
Value
> PWMVictorSPX[3]
» Scheduler
> frc2::SubsystemBase

LW Subsystem

true ¥ boolean

PWMVictorSPX[2]
Speed Controller

0.000000

string

string
string

double

Changed

42411866'

42411866
42411866'
42411866'

42411866'

Furthermore, you can view all connected NetworkTables clients under the Connections pane

of the widget.
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11.4.3 Glass Widgets

Specialized widgets are available for certain types that exist in robot code. These include
objects that are manually sent over NetworkTables such as SendableChooser instances, or
hardware that is automatically sent over LiveWindow.

Not: Widget support in Glass is still in its infancy - therefore, there are only a handful of
widgets available. This list will grow as development work continues.

Not: A widget can be renamed by right-clicking on its header and specifying a new name.

Hardware Widgets

Widgets for specific hardware (such as motor controllers) are usually available via LiveWin-
dow. These can be accessed by selecting the NetworkTables menu option, clicking on Live-
Window and choosing the desired widget.

l View NetworkTables Plot

NetworkTables Settings «
| NetworkTables View v

C1 FMSInfo V¥V Mode

10 LiveWindow » Ungrouped P DigitalInput[0]
SmartDashboard > DigitalInput[1]
- DigitalInput[2]
DigitalInput[3]

Ap

V NetworkTables

The list of hardware (sent over LiveWindow automatically) that has widgets is below:
* DigitalInput
* DigitalOutput
* SpeedController
* Gyro

Here is an example of the widget for gyroscopes:
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¥ /LiveWindow/Ungrouped/ADXRS458_Gyrol X

-66.9704 Gyro Angle (Deg)

Sendable Chooser Widget

The Sendable Chooser widget represents a SendableChooser instance from robot code. It
is often used to select autonomous modes. Like other dashboards, your SendableChooser
instance simply needs to be sent using a NetworkTables API. The simplest is to use something

like SmartDashboard:

JAVA

[SmartDashboard.putData("Auto Selector", m_selector); ]
C++

[f rc::SmartDashboard: :PutData("Auto Selector", &m_selector); ]
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PYTHON

from wpilib import SmartDashboard

SmartDashboard.putData("Auto Selector", selector)

Not: For more information on creating a SendableChooser, please see this document.

The Sendable Chooser widget will appear in the NetworkTables menu and underneath the
main table name that the instance was sent over. From the example above, the main table
name would be SmartDashboard.

PID Controller Widget

The PID Controller widget allows you to quickly tune PID values for a certain controller.
A PIDController instance must be sent using a NetworkTables API. The simplest is to use

something like SmartDashboard:

JAVA

[SmartDashboard.putData("Elevator PID Controller", m elevatorPIDController); ]
C++

[frc: :SmartDashboard: :PutData("Elevator PID Controller", &m elevatorPIDController); ]
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PYTHON

from wpilib import SmartDashboard

SmartDashboard.putData("Elevator PID Controller", elevatorPIDController)

This allows you to quickly tune P, I, and D values for various setpoints.

¥ /SmartDashboard/ElesX

Elevator PID Contr
3.6000
B.801
0.6850

B.8006 Setpoint

FMSinfo Widget

The FMSInfo widget is created by default when Glass connects to a robot. This widget displays
basic information about the robot’s enabled state, whether a Driver Station is connected,
whether an FMS is connected, the game-specific data, etc. It can be viewed by selecting the

NetworkTables menu item and clicking on FMSInfo.
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11.4.4 Widgets for the Command-Based Framework

Glass also has several widgets that are specific to the command-based framework. These inc-
lude widgets to schedule commands, view actively running commands on a specific subsys-
tem, or view the state of the command scheduler.

Command Selector Widget

The Command Selector widget allows you to start and cancel a specific instance of a command
(sent over NetworkTables) from Glass. For example, you can create an instance of MyCommand
and send it to SmartDashboard:

JAVA

MyCommand command = new MyCommand(...);
SmartDashboard.putData("My Command", command);

C++

#include <frc/smartdashboard/SmartDashboard. h>

MyCommand command{...};
frc::SmartDashboard: :PutData("My Command", &command);

PYTHON

from wpilib import SmartDashboard

command = MyCommand(...)
SmartDashboard.putData("My Command", command)

Not: The MyCommand instance can also be sent using a lower-level NetworkTables API or
using the Shuffleboard API. In this case, the SmartDashboard API was used, meaning that the
Command Selector widget will appear under the SmartDashboard table name.
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¥ My Command

MyCommand

Cancel Running...

The widget has two states. When the command is not running, a Run button will appear
- clicking it will schedule the command. When the command is running, a Cancel button,
accompanied by Running... text, will appear (as shown above). This will cancel the command.

Subsystem Widget

The Subsystem widget can be used to see the default command and the currently schedu-
led command on a specific subsystem. If you are using the SubsystemBase base class, your
subsystem will be automatically sent to NetworkTables over LiveWindow. To view this widget,
look under the LiveWindow main table name in the NetworkTables menu.

¥ /LiveWindow/DriveSubsystem X
DriveSubs

Detault Command: DeftaulktDriwve

Current Command: DriveDistance

Command Scheduler Widget

The Command Scheduler widget allows you to see all currently scheduled commands. In
addition, any of these commands can be canceled from the GUI.

¥ /LiveWindow/Ungrouped/Scheduler
Scheduled Commands:
DriveDistance Cancel

MyCommand Cancel

The CommandScheduler instance is automatically sent to NetworkTables over LiveWindow. To
view this widget, look under the LiveWindow main table name in the NetworkTables menu.
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11.4.5 The Field2d Widget

Glass supports displaying your robot’s position on the field using the Field2d widget. An ins-
tance of the Field2d class should be created, sent over NetworkTables, and updated periodi-
cally with the latest robot pose in your robot code.

Sending Robot Pose from User Code

To send your robot’s position (usually obtained by odometry or a pose estimator), a Field2d
instance must be created in robot code and sent over NetworkTables. The instance must then
be updated periodically with the latest robot pose.

JAVA

private final Field2d m field = new Field2d();

// Do this in either robot or subsystem init
SmartDashboard.putData("Field", m_field);

// Do this in either robot periodic or subsystem periodic
m_field.setRobotPose(m odometry.getPoseMeters());

C++

#include <frc/smartdashboard/Field2d. h>
#include <frc/smartdashboard/SmartDashboard. h>

frc::Field2d m field;

// Do this in either robot or subsystem init
frc::SmartDashboard: :PutData("Field", &m_ field);

// Do this in either robot periodic or subsystem periodic
m_field.SetRobotPose(m_odometry.GetPose());

PYTHON

from wpilib import SmartDashboard, Field2d
self.field = Field2d()

# Do this in either robot or subsystem init
SmartDashboard.putData("Field", self.field)

# Do this in either robot periodic or subsystem periodic
self.field.setRobotPose(self.odometry.getPose())
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Not: The Field2d instance can also be sent using a lower-level NetworkTables API or using
the Shuffleboard API. In this case, the SmartDashboard API was used, meaning that the Fi-
eld2d widget will appear under the SmartDashboard table name.

Sending Trajectories to Field2d

Visualizing your trajectory is a great debugging step for verifying that your trajectories are
created as intended. Trajectories can be easily visualized in Field2d using the setTrajec-
tory()/SetTrajectory() functions.

JAVA

public void robotInit() {

// Create the trajectory to follow in autonomous. It is best to initialize

// trajectories here to avoid wasting time in autonomous.

m _trajectory =

TrajectoryGenerator.generateTrajectory(

new Pose2d(0, 0, Rotation2d.fromDegrees(0)),
List.of (new Translation2d(1, 1), new Translation2d(2, -1)),
new Pose2d(3, 0, Rotation2d.fromDegrees(0)),
new TrajectoryConfig(Units.feetToMeters(3.0), Units.feetToMeters(3.0)));

// Create and push Field2d to SmartDashboard.
m field = new Field2d();
SmartDashboard.putData(m field);

// Push the trajectory to Field2d.
m_field.getObject("traj").setTrajectory(m_trajectory);

C++

void AutonomousInit() override {
// Start the timer.
m_timer.Start();

// Send Field2d to SmartDashboard.
frc::SmartDashboard: :PutData(&m_field);

// Reset the drivetrain's odometry to the starting pose of the trajectory.
m_drive.ResetOdometry(m trajectory.InitialPose());

// Send our generated trajectory to FieldZ2d.
m field.GetObject("traj")->SetTrajectory(m trajectory);

304 Bolim 11. Dashboards




FIRST Robotics Competition

PYTHON

def robotInit(self):

# An example trajectory to follow during the autonomous period.
self.trajectory = wpimath.trajectory.TrajectoryGenerator.generateTrajectory(
wpimath.geometry.Pose2d (0, 0, wpimath.geometry.Rotation2d.fromDegrees(0)),
[
wpimath.geometry.Translation2d(1, 1),
wpimath.geometry.Translation2d(2, -1),

1,
wpimath.geometry.Pose2d(3, 0, wpimath.geometry.Rotation2d.fromDegrees(0)),

wpimath.trajectory.TrajectoryConfig(
wpimath.units.feetToMeters(3.0), wpimath.units.feetToMeters(3.0)
),
)

# Create Field2d for robot and trajectory visualizations.
self.field = wpilib.Field2d()

# Create and push Field2d to SmartDashboard.
wpilib.SmartDashboard.putData(self.field)

# Push the trajectory to Field2d.
self.field.getObject("traj").setTrajectory(self.trajectory)

Viewing Trajectories with Glass

The sent trajectory can be viewed with Glass through the dropdown NetworkTables -> Smart-
Dashboard -> Field2d.

¥ Field {SmartDashboard)

Not: The above example which uses the RamseteController (Java / C++ / Python) will not
show the sent trajectory until autonomous is enabled at least once.
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Viewing the Robot Pose in Glass

After sending the Field2d instance over NetworkTables, the Field2d widget can be added to
Glass by selecting NetworkTables in the menu bar, choosing the table name that the instance
was sent over, and then clicking on the Field button.

Once the widget appears, you can resize and place it on the Glass workspace as you desire.
Right-clicking the top of the widget will allow you to customize the name of the widget, select
a custom field image, select a custom robot image, and choose the dimensions of the field and
robot.

You can choose from an existing field layout using the Image drop-down. Or you can select a
custom file by setting the Image to Custom and selecting Choose image.... You can choose to
either select an image file or a PathWeaver JSON file as long as the image file is in the same
directory. Choosing the JSON file will automatically import the correct location of the field in
the image and the correct size of the field.

Not: You can retrieve the latest field image and JSON files from here. This is the same image
and JSON that are used when generating paths using PathWeaver.

¥ Field (SmartDashboard)
Edit name:
Close
meters ¥ Units
¥ Field
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Modifying Pose Style

Poses can be customized in a plethora of ways by right clicking on the Field2d menu bar.
Examples of customization are: line width, line weight, style, arrow width, arrow weight,

color, etc.

¥ Field (SmartDashboard)

One usage of customizing the pose style is converting the previously shown traj pose object
to a line, rather than a list of poses. Click on the Style dropdown box and select Line. You
should notice an immediate change in how the trajectory looks.

= Robot

0w a1l

Now, uncheck the Arrows checkbox. This will cause our trajectory to look like a nice and fluid
line!
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¥ Field {SmartDashboard)

Viewing Pose Data with AdvantageScope

AdvantageScope is an alternative option for viewing pose data from a Field2d object, inclu-
ding data recorded to a log file using WPILib data logs. Both 2D and 3D visualizations are
supported. See the documentation for the odometry and 3D field tabs for more details.

® © ® Log_23-04-21_15-41-23_q116.wpilog — AdvantageScope

LU | “\ Line Graph | # Odometry | --/3D Field

> |

C

onfig
Field: (2023 Field v [blue origin +| Source

Robot: [Crab Bot

ctory Units: [meters ] and radians ~|
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11.4.6 The Mechanism2d Widget

Glass supports displaying stick-figure representations of your robot’s mechanisms using the
Mechanism2d widget. It supports combinations of ligaments that can rotate and / or extend
or retract, such as arms and elevators and they can be combined for more complicated mec-
hanisms. An instance of the Mechanism2d class should be created and populated, sent over
NetworkTables, and updated periodically with the latest mechanism states in your robot co-
de. It can also be used with the Physics Simulation to visualize and program your robot’s
mechanisms before the robot is built.

Creating and Configuring the Mechanism2d Instance

The Mechanism2d object is the “canvas” where the mechanism is drawn. The root node is
where the mechanism is anchored to Mechanism2d. For a single jointed arm this would the
pivot point. For an elevator, this would be where it’s attached to the robot’s base. To get
a root node (represented by a MechanismRoot2d object), call getRoot (name, x, y) on the
container Mechanism2d object. The name is used to name the root within NetworkTables, and
should be unique, but otherwise isn’t important. The x / y coordinate system follows the
same orientation as Field2d - (0,0) is bottom left.

In the examples below, an elevator is drawn, with a rotational wrist on top of the elevator.
The full Mechanism2d example is available in Java / C++

JAVA

// the main mechanism object

Mechanism2d mech = new Mechanism2d(3, 3);

// the mechanism root node

MechanismRoot2d root = mech.getRoot("climber", 2, 0);

C++

// the main mechanism object

frc::Mechanism2d m_mech{3, 3};

// the mechanism root node

frc::MechanismRoot2d* m_root = m_mech.GetRoot("climber", 2, 0);

PYTHON

# the main mechanism object

self.mech = wpilib.Mechanism2d(3, 3)

# the mechanism root node

self.root = self.mech.getRoot("climber", 2, 0)

Each MechanismLigament2d object represents a stage of the mechanism. It has a three re-
quired parameters, a name, an initial length to draw (relative to the size of the Mechanism2d
object), and an initial angle to draw the ligament in degrees. Ligament angles are relative to
the parent ligament, and follow math notation - the same as Rotation2d (counterclockwise-
positive). A ligament based on the root with an angle of zero will point right. Two optional
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parameters let you change the width (also relative to the size of the Mechanism?2d object) and
the color. Call append()/Append() on a root node or ligament node to add another node to
the figure. In Java, pass a constructed MechanismLigament2d object to add it. In C++, pass
the construction parameters in order to construct and add a ligament.

JAVA

// MechanismLigament2d objects represent each "section"/"stage" of the mechanism, ,
—and are based

// off the root node or another ligament object

m_elevator = root.append(new MechanismLigament2d("elevator", ,
—kElevatorMinimumLength, 90));

m wrist =

m_elevator.append(
new MechanismLigament2d("wrist", 0.5, 90, 6, new Color8Bit(Color.

—kPurple)));

C++

// MechanismlLigament2d objects represent each "section"/"stage" of the
// mechanism, and are based off the root node or another ligament object
frc::MechanismLigament2d* m_elevator =
m_root->Append<frc: :MechanismLigament2d>("elevator", 1, 90 _deg);
frc::MechanismLigament2d* m wrist =
m_elevator->Append<frc: :MechanismLigament2d>(
"wrist", 0.5, 90 deg, 6, frc::Color8Bit{frc::Color::kPurple});

PYTHON

# MechanismLigament2d objects represent each "section"/"stage" of the,
—mechanism, and are based
# off the root node or another ligament object
self.elevator = self.root.appendLigament (
"elevator", self.kElevatorMinimumLength, 90
)
self.wrist = self.elevator.appendLigament (
"wrist", 0.5, 90, 6, wpilib.Color8Bit(wpilib.Color.kPurple)
)

Then, publish the Mechanism2d object to NetworkTables:
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JAVA

// post the mechanism to the dashboard
SmartDashboard.putData("Mech2d", mech);

C++

// publish to dashboard
frc::SmartDashboard: :PutData("Mech2d", &m_mech);

PYTHON

# post the mechanism to the dashboard
wpilib.SmartDashboard.putData("Mech2d", self.mech)

Not: The Mechanism2d instance can also be sent using a lower-level NetworkTables API or
using the Shuffleboard API. In this case, the SmartDashboard API was used, meaning that the

Mechanism2d widget will appear under the SmartDashboard table name.

To manipulate a ligament angle or length, call setLength() or setAngle() on the Mechanism-
Ligament2d object. When manipulating ligament length based off of sensor measurements,
make sure to add the minimum length to prevent 0-length (and therefore invisible) ligaments.

JAVA

@Override

public void robotPeriodic() {
// update the dashboard mechanism's state
m_elevator.setlLength(kElevatorMinimumLength + m_elevatorEncoder.getDistance());
m wrist.setAngle(m wristPot.get());

}

C++

void RobotPeriodic() override {
// update the dashboard mechanism's state
m_elevator->SetLength(kElevatorMinimumLength +
m elevatorEncoder.GetDistance());
m wrist->SetAngle(units::degree t{m wristPotentiometer.Get()});

}

11.4. Glass

311



50
51
52
53
54

FIRST Robotics Competition

PYTHON

def robotPeriodic(self):
# update the dashboard mechanism's state
self.elevator.setLength(
self.kElevatorMinimumLength + self.elevatorEncoder.getDistance()

)
self.wrist.setAngle(self.wristPot.get())

Viewing the Mechanism2d in Glass

After sending the Mechanism2d instance over NetworkTables, the Mechanism2d widget can
be added to Glass by selecting NetworkTables in the menu bar, choosing the table name that
the instance was sent over, and then clicking on the Field button.

NetworkTables DS Plob Window

NetworkTables View

LiveWindow [ 2
SmartDashboard [

Once the widget appears as shown below, you can resize and place it on the Glass workspace
as you desire. Right-clicking the top of the widget will allow you to customize the name of the
widget. As the wrist potentiometer and elevator encoder changes, the mechanism will update
in the widget.

¥ Mech2d (SmartDashboa X

3
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Viewing the Mechanism2d in AdvantageScope

AdvantageScope is an alternative option for viewing a Mechanism2d object, including data
recorded to a log file using WPILib data logs. Both 2D and 3D visualizations are supported.
See the documentation for the mechanism and 3D field tabs for more details.

000 Log_23-04-21_12-30-33_g101.wpilog — AdvantageScope P X +

[ v

3D Poses Config

Field: 2023 Field + blue origin +|Source

/RealOutputs/Odemetry/Robot

i 3 .
_Meuhamsm {Reba) v Robot: I—Krlﬂm 7 Shure

/RealOutputs/Mechanismac/A

<Drag Fere>

Mechansn Reoo) v s
Mechanism [Rebet) Units: [meiers v\and

/RealOutputs/Mechanismd/CubeIntake

Next Steps

As mentioned above, the Mechanism?2d visualization can be combined with Physics Simulation
to help you program mechanisms before your robot is built. The ArmSimulation (Java / C++ /
Python) and ElevatorSimulation (Java / C++ / Python) examples combine physics simulation
and Mechanism?2d visualization so that you can practice programming a single jointed arm
and elevator without a robot.
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11.4.7 Plots

Glass excels at high-performance, comprehensive plotting of data from NetworkTables. Some
features include resizable plots, plots with multiple y axes and the ability to pause, examine,

and resume plots.

Creating a Plot

A new plot widget can be created by selecting the Plot button on the main menu bar and then
clicking on New Plot Window. Several individual plots can be added to each plot window. To
add a plot within a plot window, click the Add plot button inside the widget. Then you can

drag various sources from the NetworkTables widget into the plot:

'V NetworkTables
» Connections
V¥ Values
Name
» FMSInfo
> LiveWindow
¥ SmartDashboard
Current Position 0.000000 double
> Field
Kd 0.000000 double
Kp 10.000000 double
Setpoint 3.000000 double
¥ Plot <6>

Pause

NT:/SmartDashboard/Setpoint

NT:/SmartDashboard/Current Position

Changed

3575885

3573874
3573865

3575568
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Manipulating Plots

You can click and drag on the plot to move around and scroll on top of the plot to zoom the y
axes in and out. Double clicking on the graph will autoscale it so that the zoom and axis limits
fit all of the data it is plotting. Furthermore, right-clicking on the plot will present you with a
plethora of options, including whether you want to display secondary and tertiary y axes, if
you wish to lock certain axes, etc.

¥ Plot <0> Edit name

Pause

Close
int

Add p1
nt Position dd plot

¥ Plot 0
Move Up Move Down Delete

Edit plot name:

Show Le
Primar
©.000 Min 1.000 Max Apply
Lock Axis Min Max
2nd Y-
3rd Y-
10.0 = |+ View Time (s)

300 - |+ Height

If you choose to make secondary and tertiary y axes available, you can drag data sources onto
those axes to make their lines correspond with your desired axis:

¥ Plot <0>

Pause

NT:/SmartDashboard/Setpoint
NT:/SmartDashboard/Current Position

|_. NT:/SmartDashboard/Kd

Then, you can lock certain axes so that their range always remains constant, regardless of
panning. In this example, the secondary axis range (with the /SmartDashboard/Kp entry) was
locked between 9 and 12.

¥V Plot <6> Edit name:
Resume
Close
Add plot
ard/Kp ¥ Plot 0
Move Up Move Down Delete

Edit plot name:

Visible

Button

©.000 Min 1.000 Max Apply
Lock s Min Max

2nd Y-Axis
9.000 Min 12.000 Max Apply
Lock s Min Max
3rd Y-Axis
10.0 [= [+ View Time (s)
360 |- |+ Height

11.4. Glass 315



FIRST Robotics Competition

Plotting with AdvantageScope

AdvantageScope is an alternative option for creating plots, including from data recorded to a
log file using WPILib data logs. See the documentation for the line graph tab for more details.

® © ® Log_23-04-21_15-41-23_q116.wpilog — AdvantageScope > & X > +

w | \'Line Graph | * Odometry | ++ 3D Field
67575
120

Left Axis Discrete Fields «+|  Right Axis [Locked, Converted]
) x| @ o X | @ [RealOutputs/Cubelintake/AngleRadians >
90.8724392758754¢

® .tputs/C Joysticks X | © X
3 92

11.5 AdvantageScope

AdvantageScope is a data visualization tool for NetworkTables, WPILib data logs, and Driver
Station logs. It is a programmer’s tool (rather than a competition dashboard) and can be used
to debug real or simulated robot code from a log file or live over the network.

In Visual Studio Code, press Ctrl+Shift+P and type WPILib or click the WPILib logo in the top
right to launch the WPILib Command Palette. Select Start Tool, then select AdvantageScope.
You can also open any supported log file in AdvantageScope using a standard file browser.

Not: Detailed documentation for AdvantageScope can be found here. It is also available
offline by clicking the book icon in the tab bar.

The capabilities of AdvantageScope include:
* Display of numeric, textual, and boolean data in graphs and tables

* Visualization of pose and mechanism data in 2D and 3D, including custom 3D robot
models

» Automatic synchronization of data sources, including log files, match videos, and Zebra
MotionWorks tracking

* Specialized displays for joysticks, swerve module states, and console text
* Analysis of numeric fields using histograms and statistical measures

» Multiple export options, including CSV and WPILib data logs
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DETnED w [FiReGraph]| -+ 30 Field | ul tatistics | #1 Odometry | @ Video | @ swerve | m Joysticks | @ M
— MatchNumber 116
— MatchTime 1 0501

~ MatchType
~ ReplayNumber
- Test

» PowerDistribution

v RealOutouts
» AprifTagVision
v Am

30204786705620494

~ ElbowFeedforwarc 0.782
~ ShoulderFeedback 0.047

11.6 LabVIEW Dashboard

The LabVIEW Dashboard is easy to use and provides a lot of features straight out of the box
like: camera streams, autonomous selection, and joystick feedback. It can be customized using
LabVIEW by creating a new Dashboard project. While it can be used by Java, C++, or Python
teams, they generally prefer SmartDashboard or Shuffleboard which can be customized in
their respective language.

11.6.1 FRC LabVIEW Kontrol Paneli

The Dashboard application installed and launched by the FRC® Driver Station is a LabVIEW
program designed to provide teams with basic feedback from their robot, with the ability to
expand and customize the information to suit their needs. This Dashboard application uses
NetworkTables and contains a variety of tools that teams may find useful.

LabVIEW Kontrol Paneli

£/ FRC PC Dashboard - o X

No Camera Selection

Gosterge Panosu iki ana bolume ayrilmistir. Sol bolme, bir kamera goruntiusunu goruntiulemek
icindir. Sag bolme sunlar igerir:

» Kumanda kolu ve siiriicii motor degerleri i¢in gostergeler (LabVIEW robot kodu ile kul-
lanildiginda varsayilan olarak baglanir), bir cayro gostergesi, bir Otonom sec¢im metin
kutusu, bir baglant1 géstergesi ve kamera icin bazi kontroller ve gostergeler iceren sii-
rucu sekmesi

» Bazi varsayilan kontrolleri ve gostergeleri iceren temel sekme
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* Sol bolmedeki izleyiciye benzer ikincil bir kamera goruntileyici iceren kamera sekmesi
» Kontrol panelini LabVIEW kullanarak 6zellestirmek icin 6zel sekme

* LabVIEW cgercevesinde Test Modu ile kullanim i¢in Test sekmesi

* Yeni LabVIEW C&C Framework ile kullanim i¢gin Komutlar sekmesi

* Eslesmelerden once ve / veya eslesmeler arasinda tamamlamak tizere gorev listeleri olus-
turmak ic¢in kullanilabilen kontrol listesi sekmesi

* Variables tab that displays the raw NetworkTables variables in a tree view format

LabVIEW Dashboard ayrica sag altta bulunan Kayit / Oynatma islevini de igerir. Bu 6zellikle
ilgili daha fazla ayrinti1 asagida "Record/Playback - Kayit / Oynatma’ altinda verilmistir.

Kamera Goruntisi ve Kontrolleri

® @G

IMAQdx:Webcam C170: W 3200240 30fps HW 30 fps 2.6 Mbps

The left pane is used to display a video feed from acamera located on the robot. There are
also some controls and indicators related to the camera below the tab area:

1. Kamera Goruntu Ekrani

2. Mode Selector-Mod Secici - Bu acilir ment, kullanilacak kamera ekrani tirinu segme-
nize olanak tanir. Segenekler, Kamera Kapali, USB Kamera Yazilimi (yazilim sikistirma),
USB Kamera HW (donanim sikistirmasi) ve IP Kamera (Eksen kamera) seklindedir. Bilgi-
sayariniz USB {izerinden roboRIO’ya baglandiginda IP Kamera ayarinin ¢alismayacagini
unutmayin.

3. Camera Settings-Kamera Ayarlari - Bu kontrol, kontrol panelindeki goriuntii akiginin ¢o-
zinurligunt, kare hizin1 ve sikistirmasini degistirmenize olanak tanir, yapilandirmay:
acmak icin kontrole tiklayin.

4. Bant Genisligi Gostergesi - Goruiintil akisinin yaklasik bant genisligi kullanimini gosterir.
Gosterge, “safe-guvenli” bant genisligi kullanimai icin yesil, takimlarin dikkatli kullanmasi
gerektiginde sari, akis bant genisligi yarisma alaninda calisacak seviyelerin otesinde ise
kirmiz1 renkte gorintilenecektir.

5. Framerate-Kare Hiz1 - Goruintii akisinin yaklasik alinan kare hizini gosterir.
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Tiiyo: Bant genisligi gostergesi, acik olan tim kamera akislari i¢in birlesik bant genisligini
gosterir.

surus

Drive  Camera Basic Custom Test Commands Checklist Variables

Gyro 0]

I
360

Drive Motors

Front

[
|| |

Back @
NT Connection @ Select Autonomous ...

No Camera Selection W 320x240 15fps 30%

Orta bolme, LabVIEW cercevesiyle kullanildiginda kumanda ¢ubuklar: ve stirticii komutlar
hakkinda geri bildirim saglayan bir bolim ve NetworkTables durumunu ve otonom segiciyi
goruntileyen bir bolim igerir:

1.

ok Wb

LabVIEW cercevesini kullanirken 2 adede kadar kumanda kolu icin X, Y ve Gaz Kelebegi
bilgilerini ve digme degerlerini goruntiler

LabVIEW cergevesi kullanilirken motor kontrolérlerine gonderilen degerleri goruntiiler
Displays a connection indicator for the NetworkTables data from the robot
Bir Gyro degeri goriuntiler

Otonom modlar se¢mek icin kullanilabilecek bir metin kutusu goruntiler. Her dilin kod
sablonlarinda, birden ¢ok 6zerk program arasindan sec¢im yapmak i¢in bu kutuyu kullan-
ma ornekleri vardir.

Bu gostergeler (Gyro disinda) LabVIEW c¢ercgevesi kullanilirken varsayilan olarak uygun de-
gerlere baglanir. Bunlar1 C ++ / Java koduyla kullanma hakkinda bilgi i¢in bkz: doc: using-
the-labview-dashboard-with-c ++ - java-code.
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Kamera

Tayo: Sol bolme yalnizca tek bir kamera ¢ikis1 gorintileyebilir, bu nedenle gerekirse ikinci
bir kamera ¢ikis1 gorintillemek i¢cin sag bolmedeki kamera sekmesini kullanin.

st  Commands  Checklist ~Variables

The camera tab is used to display a video feed from a camera located on the robot. There are
also some controls and indicators related to the camera below the tab area:

1.
2.

5.

Kamera Goriunti Ekrani

Mode Selector-Mod Secici - Bu acilir ment, kullanilacak kamera ekrani tirini segme-
nize olanak tanir. Secenekler, Kamera Kapali, USB Kamera Yazilimi (yazilhim sikigtirma),
USB Kamera HW (donanim sikistirmasi) ve IP Kamera (Eksen kamera) seklindedir. Bilgi-
sayariniz USB iizerinden roboRIO’ya baglandiginda IP Kamera ayarinin ¢alismayacagini
unutmayin.

. Camera Settings-Kamera Ayarlar - Bu kontrol, kontrol panelindeki goruntu akisinin ¢o-

zinurligiuni, kare hizin1 ve sikistirmasini degistirmenize olanak tanir, yapilandirmay
acmak icin kontrole tiklayin.

. Bant Genisligi Gostergesi - Goriintii akisinin yaklasik bant genisligi kullanimini gosterir.

Gosterge, “safe-guvenli” bant genisligi kullanimi icin yesil, takimlarin dikkatli kullanmasi
gerektiginde sari, akis bant genisligi yarisma alaninda galisacak seviyelerin otesinde ise
kirmizi renkte goruntilenecektir.

Framerate-Kare Hizi - Goruntt akisinin yaklasik alinan kare hizini gosterir.

Tayo: Bant genisligi gostergesi, acik olan tim kamera akislar icin birlesik bant genisligini
gosterir.
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Temel

Drive Camera Basic  Custom Test Commands Checklist Variables

DB/String 0 DB/String 5

New Name DB/LED O ' _ DB/Slider 0
1

DB/Button1 osneo1 W I os/sicer 1
1

DB/Button 2 ™= DB/LED 2 ' DB/Slider 2

DB/Button 3 ™ DB/LED 3 ' _ DB/Slider 3
1

No Camera Selection W 320x240 15fps 30%

Temel sekmesi, robotu kontrol etmek veya robottan bilgileri goriintiilemek i¢in kullanilabilen
onceden doldurulmus cesitli ¢ift yonli kontroller / gostergeler icerir. Her bir 6geyle iliskili
SmartDashboard anahtar adlari, ayni adlandirma modelini izleyen ve soldaki DB / String 0’dan
DB / String 4’e ve DB / String 5’ten DB / String’e kadar olan Dizeler haricinde gostergenin
yaninda etiketlenir. Sagda 9. LabVIEW cercevesi, Teleop’taki Digmeler ve Kaydiricilardan bir
okuma Ornegi igerir. Ayrica, Baslangicta etiketlerin 6zellestirilmesine iliskin bir 6rnek icerir.
Bu sekmeyi C ++ Java koduyla kullanma hakkinda daha fazla ayrinti i¢in, bakiniz: doc: using-
the-labview-dashboard-with-c ++ - java-code.

Custom-Ozel

Drive  Basic Custom  Test Checklist WVariables

This tab is a great place fc us settings and robot-specific values.
Place 1ls and indica b and match name to
Dashboard Variables o ‘ou can also delete this comment.

Ozel sekmesi, mevcut herhangi bir islevi kaldirmadan LabVIEW kullanarak kontrol paneline
ek kontroller / gostergeler eklemenizi saglar. Bu sekmeyi 6zellestirmek icin LabVIEW’de bir
Gosterge Tablosu projesi olusturmaniz gerekir.
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Test-Olcek

.Dperation Test  Checklist

1/0 Name
= TestMode
Autamatic
Camera
= loystick
loystick 1
Axes 0.000000, 0.000000, 0.000000, 0.00
Buttons False, False, False, False, False,
Motor
[=] Left and Right Motor
Info PWM: Digital Module 1, Invalid
; Qutput ** 0.000
=] Left and Right Motor
Info PWM: Digital Module 1, Invalid
Qutput ** 0.000
[=] My Motor RefMum
Info CAN: ID 1, Percent WBus
Qutput **= 0.000

Test sekmesi, LabVIEW kullanan ekipler icin Test moduyla kullanim i¢indir (Java ve C ++ ekip-
leri Test Modunu kullanirken SmartDashboard veya Shuffleboard kullanmalidir). Kitapliklar-
daki bircok 6ge icin Giris / Cikis bilgileri burada otomatik olarak doldurulacaktir. Yanlarinda **
bulunan tiim 6geler, kontrol paneli tarafindan kontrol edilebilen g¢iktilardir. Bir gikisi kontrol
etmek igin, lGizerine tiklayarak secin, degeri ayarlamak i¢in kaydiriciy1 siirtikleyin ve ardindan
cikisi etkinlestirmek igin yesil diigmeye basili tutun. Yesil diigme serbest birakilir birakilmaz,
cikt1 devre disi birakilacaktir. Bu sekme, robot lizerinde testleri ¢calistirmak ve izlemek icin
de kullanilabilir. LabVIEW cercgevesinde 6rnek bir test saglanmistir. Acilir kutudan bu testin
secilmesi, kaydirici yerine testin durumunu gosterecek ve kontrolleri etkinlestirecektir.

Commands-Komutlar

Drive Basic Custom Test Commands  Checklist Variables

Command Status - |
Robor not in Test Mode

Parameter

Mo Input Parameters

Komutlar sekmesi, hangi komutlarin calistigini gérmek ve test amaciyla komutlar1 manuel
olarak calistirmak i¢cin Robot Test modundayken kullanilabilir.
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Checklist-Kontrol listesi

Drive Basic Custom Test Checklist | variables

1. Secure battery and connection
2. Ethernet cable from radio to robot controller
3. Radio switch position and LEDs

4. Remove safety pins

This list is read from a text file in
Public/Documents/FRC/Checklist. txt.

Modify the file to customize your list.

Double clicking checkmarks a list item.
Shift Double Click clears the checkmarks.

Camera Off

Kontrol listesi sekmesi, takimlar tarafindan macglardan 6nce veya maglar arasinda gercekles-
tirilecek bir gorev listesi olusturmak icin kullanilabilir. Kontrol Listesi sekmesini kullanma
talimatlari, varsayilan kontrol listesi dosyasinda 6nceden doldurulmustur.

Variables-Degiskenler

Drive Basic Custom Test Checklist WVariables

Variable Name Value
=} SmartDashboard
=] DB

Button 0 Bool
Button 1 Bool
Button 2 Bool
Button 3 Bool
Slider 0 | Numeric
Slider 1 I Numeric
Slider 2 1 Numeric
Slider 3 I Numeric
String 0 String
String 1 String
String 2 String
String 3 5tring
String 4 string
String 5 String
String 6 String
String 7 5tring
String 8 5tring

Camera Off

The Variables tab of the left pane shows all NetworkTables variables in a tree display. The
Variable Name (Key), Value and data type are shown for each variable. Information about the
NetworkTables bandwidth usage is also displayed in this tab. Entries will be shown with black
diamonds if they are not currently synced with the robot.
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Record/Playback-Kayit/Oynatma

The LabVIEW Dashboard includes a Record/Playback feature that allows you to record video

and NetworkTables data (such as the state of your Dashboard indicators) and play it back
later.

Recording-Kayit

Drive Basic Custom  Test Checklist Wariables

Camera Off

Kayda baslamak icin kirmizi dairesel Kayit diigmesini tiklayin. Sag bolmenin arka plani kayit

yaptiginizi belirtmek icin kirmiziya dénecektir. Kaydi durdurmak icin kirmizi kare Durdur
diigmesine basin.

Playback-Geri calma

sl oo e
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Bir kaydi oynatmak icin yesil iicgen Oynat digmesine tiklayin. Sag bélmenin arka plani yesil
renkte yanip sonmeye baslayacak ve kamera bolmesinin altinda kayittan yluritme kontrolleri
goriunecektir.

1.

Dosya Secici - Agilir menii, oynatilacak bir giinliik dosyasi se¢menize olanak tanir. Giinlik
dosyalari, tarih ve saat kullanilarak adlandirilir ve acilir menii ayrica dosyanin uzunlu-
gunu gosterir. Bir gunliik dosyas1 secmek, o dosyayl hemen oynatmaya baslayacaktir.

Oynat / Duraklat diigmesi - Bu diigme, giinlik dosyasinin oynatilmasini duraklatmaniza
ve devam ettirmenize olanak tanir.

. Oynatma Hizi1 - Bu acilir meni, oynatma hizini 1/10 hizdan 10x hiza ayarlamaniza olanak

tanir, varsayilan gercek zamanhdir (1x)

Zaman Kontrol Kaydiricisi - Bu kaydirici, istenen konuma tiklayarak veya kaydiriciy: sii-
rikleyerek giinliikk dosyasinda hizli ileri veya geri sarmaniza olanak tanir.

. Ayarlar - Bir gunlik dosyasi seciliyken, bu acilir meni bir dosyay: yeniden adlandirma-

niza veya silmenize veya gunlikleri iceren klasorit Windows Gezgini'nde (Typically C:\
Users\Public\Documents\FRC\Log Files\Dashboard) agmaniza olanak tanir.

11.6.2 Using the LabVIEW Dashboard with C++, Java, or Python Code

The default LabVIEW Dashboard utilizes NetworkTables to pass values and is therefore com-
patible with C++, Java, and Python robot programs. This article covers the keys and value
ranges to use to work with the Dashboard.

Drive Tab

Drive  Basic Custom Test Checklist Variables

Gyro
|
360

Battery

3200240 10fps 49%

0 Mbps 0 fps

Camera Off v

The Select Autonomous... dropdown can be used so show the available autonomous routines
and choose one to run for the match.
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JAVA

SmartDashboard.putStringArray("Auto List", {"Drive Forwards", "Drive Backwards",
—"Shoot"});

// At the beginning of auto
String autoName = SmartDashboard.getString("Auto Selector", "Drive Forwards") // This,
wwould make "Drive Forwards the default auto
switch(autoName) {
case "Drive Forwards":
// auto here
case "Drive Backwards":
// auto here
case "Shoot":
// auto here

C++

frc::SmartDashboard: :PutStringArray("Auto List", {"Drive Forwards", "Drive Backwards",
— "Shoot"});

// At the beginning of auto
String autoName = SmartDashboard.GetString("Auto Selector", "Drive Forwards") // This,
wwould make "Drive Forwards the default auto
switch(autoName) {
case "Drive Forwards":
// auto here
case "Drive Backwards":
// auto here
case "Shoot":
// auto here

PYTHON

from wpilib import SmartDashboard

SmartDashboard.putStringArray("Auto List", ["Drive Forwards", "Drive Backwards",
—"Shoot"])

# At the beginning of auto
autoName = SmartDashboard.getString("Auto Selector", "Drive Forwards") # This would,,
—make "Drive Forwards the default auto
match autoName:
case "Drive Forwards":
# auto here
case "Drive Backwards":
# auto here
case "Shoot":
# auto here

Sending to the “Gyro” NetworkTables entry will populate the gyro here.
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JAVA

[Sma rtDashboard.putNumber("Gyro", drivetrain.getHeading()); ]
C++

[frc::SmartDashboard::PutNumber(”Gyro", Drivetrain.GetHeading()); ]
PYTHON

from wpilib import SmartDashboard

SmartDashboard.putNumber("Gyro", self.drivetrain.getHeading())

There are four outputs that show the motor power to the drivetrain. This is configured for 2
motors per side and a tank style drivetrain. This is done by setting “RobotDrive Motors” like
the example below.

JAVA

—~drivetrain.getRightFront(), drivetrain.getlLeftBack(), drivetrain.getRightBack()});

SmartDashboard.putNumberArray("RobotDrive Motors", {drivetrain.getlLeftFront(),, ’

C++

frc::SmartDashboard: : PutNumberArray("Gyro", {drivetrain.GetLeftFront(), drivetrain.
—GetRightFront(), drivetrain.GetLeftBack(), drivetrain.GetRightBack()});

PYTHON

from wpilib import SmartDashboard

SmartDashboard.putNumberArray("“RobotDrive Motors", [self.drivetrain.getLeftFront(),,
—self.drivetrain.getRightFront(), self.drivetrain.getLeftBack(), self.drivetrain.
—.getRightBack()1])
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Basic Tab

.[lri\.'e Basic .l:::ustcum .Tes‘t .IZ:ZhEc:kliS‘t Variables

ONE DB/String 5

New Name DB/LED O ' DB/Slider 0
DB/Button 1 DB/LED 1 ' DB/Slider 1
DB/LED 2 ' DB/Slider 2
DB/LED 3 ' DB/slider 3

Camera Off

The Basic tab uses a number of keys in the a “DB” sub-table to send/receive Dashboard data.
The LED’s are output only, the other fields are all bi-directional (send or receive).

Strings

My 21 Char TestString

The strings are labeled top-to-bottom, left-to-right from “DB/String 0” to “DB/String 9”. Each
String field can display at least 21 characters (exact number depends on what characters).
To write to these strings:
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JAVA

[SmartDashboard.putString("DB/String 0", "My 21 Char TestString"); ]
C++

[frc::SmartDashboard::PutString("DB/String 0", "My 21 Char TestString"); ]
PYTHON

from wpilib import SmartDashboard

SmartDashboard.putString("“DB/String 0", "My 21 Char TestString")

To read string data entered on the Dashboard:

JAVA

[String dashData = SmartDashboard.getString("DB/String 0", "myDefaultData"); ]

C++

[std: :string dashData = frc::SmartDashboard: :GetString("DB/String 0", "myDefaultData"); ]

PYTHON

from wpilib import SmartDashboard

dashData = SmartDashboard.getString("DB/String 0", "myDefaultData")

Buttons and LEDs

= MNew Name DB/LED O
DB/Button 1 DB/LED 1

DB/Button 2 DB/LED 2

DB/Button 3 DB/LED 3

11.6. LabVIEW Dashboard 329



FIRST Robotics Competition

The Buttons and LEDs are boolean values and are labeled top-to-bottom from “DB/Button 0”
to “DB/Button 3” and “DB/LED 0” to “DB/LED 3”. The Buttons are bi-directional, the LEDs
are only able to be written from the Robot and read on the Dashboard. To write to the Buttons
or LEDs:

JAVA

[SmartDashboard.putBoolean("DB/Button 0", true);

C++

[frc::SmartDashboard::PutBoolean("DB/Button 0", true);

PYTHON

from wpilib import SmartDashboard

SmartDashboard.putBoolean("DB/Button 0", true)

To read from the Buttons: (default value is false)

JAVA

[boolean buttonValue = SmartDashboard.getBoolean("DB/Button 0", false);

C++

[bool buttonValue = frc::SmartDashboard: :GetBoolean("DB/Button 0", false);

PYTHON

from wpilib import SmartDashboard

buttonValue = SmartDashboard.getBoolean("DB/Button 0", false)
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Sliders

DB/Slider O
DB/Slider 1

DB/Slider 2

DB/Slider 3

The Sliders are bi-directional analog (double) controls/indicators with a range from 0 to 5. To
write to these indicators:

JAVA

[SmartDashboard.putNumber(”DB/Slider 0", 2.58);

C++

[frc::SmartDashboard::PutNumber("DB/Slider 0", 2.58);

PYTHON

from wpilib import SmartDashboard

SmartDashboard.putNumber("DB/Slider 0", 2.58)

To read values from the Dashboard into the robot program: (default value of 0.0)

JAVA

[double dashData = SmartDashboard.getNumber("DB/Slider 0", 0.0);

C++

[double dashData frc::SmartDashboard: :GetNumber("DB/Slider 0", 0.0);
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PYTHON

from wpilib import SmartDashboard

dashData = SmartDashboard.getNumber("DB/Slider 0", 0.0)

11.6.3 Troubleshooting Dashboard Connectivity

This document will help explain how to recognize if the Dashboard is not connected to your
robot, steps to troubleshoot this condition and a code modification you can make.

Recognizing LabVIEW Dashboard Connectivity

22| FRC PC Dashboard - o X

No Camera Selection

On the Variables tab of the Dashboard, the variables are shown with a black diamond when
they are not synced with the robot. Once the Dashboard connects to the robot and these
variables are synced, the diamond will disappear.

Recognizing SmartDashboard Connectivity

gj SmartDashboard | Connected: 172.22.11.2

SmartDashboard indicates if it is connected or not in the title bar. It shows the IP address it
is connected to. See this page for more on configuring the connection.
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g¥ SmartDashboard | Connected: 172.22.11.2 s SmartDashboard |
File View File View

Editable Ctrl+E

~  Edit Subsystems  Ctrl+Shift+E

Clear All Plots Shift+P
Reset LiveWindow Ctrl+R
Add... > Image

Connection Indicator %

For more visibility, you can also add a Connection Indicator widget. The connection indicator
can be moved or re-sized if the Editable checkbox is checked.

Recognizing Shuffleboard Connectivity

MetworkTables: not connected

Shuffleboard indicates if it is connected or not in the bottom right corner of the application
as shown in the image above. See page for more on configuring the connection.

Recognizing Glass Connectivity

i Glass - Connected (127.0.0.1)

Glass indicates if it is connected or not in the title bar. It shows the IP address it is connected
to. See this page for more on configuring the connection.

Recognizing AdvantageScope Connectivity

Al 172.22.11.2 — AdvantageScope
AdvantageScope indicates if it is connected or not in the title bar. It shows the IP address it is

connected to, or else the IP address it is attempting to connect to. See the AdvantageScope
Documentation for more on configuring the connection.
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Troubleshooting Connectivity

If the Dashboard does not connect to the Robot (after the Driver Station has connected to the
robot) the recommended troubleshooting steps are:

1. Restart the Dashboard (there is no need to restart the Driver Station software)

2. If that doesn’t work, restart the Robot Code using the Restart Robot Code button on the
Diagnostics tab of the Driver Station

3. If it still doesn’t connect, verify that the Team Number / Server is set properly in the
Dashboard and that your Robot Code writes a value during initialization or disabled
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Telemetry

12.1 Telemetry: Recording and Sending Real-Time Data

Recording and viewing telemetry data is a crucial part of the engineering process - accura-
te telemetry data helps you tune your robot to perform optimally, and is indispensable for
debugging your robot when it fails to perform as expected.

By default, no telemetry data is recorded (saved) on the robot. However, recording data on
the robot can provide benefits over recording on a dashboard, namely that more data can be
recorded (there are no bandwidth limitations), and all the recorded data can be very accura-
tely timestamped. WPILib has integrated support for on-robot recording of telemetry data via
the DatalLogManager and Datalog classes and provides a tool for downloading data log files
and converting them to CSV.

Not: In addition to on-robot recording of telemetry data, teams can record their telemetry
data on their driver station computer with Shuffleboard recordings.

12.1.1 Adding Telemetry to Robot Code

WPILib supports several different ways to record and send telemetry data from robot code.

At the most basic level, the Riolog provides support for viewing print statements from robot
code. This is useful for on-the-fly debugging of problematic code, but does not scale as console
interfaces are not suitable for rich data streams.

WPILib supports several dashboards that allow users to more easily send rich telemetry data
to the driver-station computer. All WPILib dashboards communicate with the NetworkTables
protocol, and so they are to some degree interoperable (telemetry logged with one dashboard
will be visible on the others, but the specific widgets/formatting will generally not be compa-
tible). NetworkTables (and thus WPILib all dashboards) currently support the following data

types:
* boolean
* boolean[]
* double
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* double[]
* string
* string[]
* byte[]

Telemetry data can be sent to a WPILib dashboard using an associated WPILib method (for
more details, see the documentation for the individual dashboard in question), or by directly
publishing to NetworkTables.

While NetworkTables does not yet support serialization of complex data types (this is tenta-
tively scheduled for 2024), mutable types from user code can be easily extended to interface
directly with WPILib dashboards via the Sendable interface, whose usage is described in the
next article.

12.2 Robot Telemetry with Sendable

While the WPILib dashboard APIs allow users to easily send small pieces of data from their
robot code to the dashboard, it is often tedious to manually write code for publishing telemetry
values from the robot code’s operational logic.

A cleaner approach is to leverage the existing object-oriented structure of user code to mark
important data fields for telemetry logging in a declarative programming style. The WPILib
framework can then handle the tedious/tricky part of correctly reading from (and, potentially,
writing to) those fields for you, greatly reducing the total amount of code the user has to write
and improving readability.

WPILib provides this functionality with the Sendable interface. Classes that implement Sen-
dable are able to register value listeners that automatically send data to the dashboard - and,
in some cases, receive values back. These classes can be declaratively sent to any of the WPI-
Lib dashboards (as one would an ordinary data field), removing the need for teams to write
their own code to send/poll for updates.

12.2.1 What is Sendable?

Sendable (Java, C++, Python) is an interface provided by WPILib to facilitate robot telemetry.
Classes that implement Sendable can declaratively send their state to the dashboard - once
declared, WPILib will automatically send the telemetry values every robot loop. This removes
the need for teams to handle the iteration-to-iteration logic of sending and receiving values
from the dashboard, and also allows teams to separate their telemetry code from their robot
logic.

Many WPILib classes (such as Commands) already implement Sendable, and so can be sent
to the dashboard without any user modification. Users are also able to easily extend their own
classes to implement Sendable.

The Sendable interface contains only one method: initSendable. Implementing classes over-
ride this method to perform the binding of in-code data values to structured JSON data, which
is then automatically sent to the robot dashboard via NetworkTables. Implementation of the
Sendable interface is discussed in the next article.
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12.2.2 Sending a Sendable to the Dashboard

Not: Unlike simple data types, Sendables are automatically kept up-to-date on the dashboard
by WPILib, without any further user code - “set it and forget it”. Accordingly, they should
usually be sent to the dashboard in an initialization block or constructor, not in a periodic
function.

To send a Sendable object to the dashboard, simply use the dashboard’s putData method. For
example, an “arm” class that uses a PID Controller can automatically log telemetry from the
controller by calling the following in its constructor:

JAVA

[SmartDashboard.putData("Arm PID", armPIDController); ]
C++

[f rc: :SmartDashboard: :PutData("Arm PID", &armPIDController); ]
PYTHON

from wpilib import SmartDashboard

SmartDashboard.putData("Arm PID", armPIDController)

Additionally, some Sendable classes bind setters to the data values sent from the dashboard
to the robot, allowing remote tuning of robot parameters.

12.3 On-Robot Telemetry Recording Into Data Logs

By default, no telemetry data is recorded (saved) on the robot. The DataLogManager class
provides a convenient wrapper around the lower-level Datalog class for on-robot recording
of telemetry data into data logs. The WPILib data logs are binary for size and speed reasons.
In general, the data log facilities provided by WPILib have minimal overhead to robot code,
as all file I/O is performed on a separate thread-the log operation consists of mainly a mutex
acquisition and copying the data.
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12.3.1 Structure of Data Logs

Similar to NetworkTables, data logs have the concept of entries with string identifiers (keys)
with a specified data type. Unlike NetworkTables, the data type cannot be changed after the
entry is created, and entries also have metadata-an arbitrary (but typically JSON) string that
can be used to convey additional information about the entry such as the data source or data
schema. Also unlike NetworkTables, data log operation is unidirectional-the Datalog class
can only write data logs (it does not support read-back of written values) and the Datalog-
Reader class can only read data logs (it does not support changing values in the data log).

Data logs consist of a series of timestamped records. Control records allow starting, finishing,
or changing the metadata of entries, and data records record data value changes. Timestamps
are stored in integer microseconds; when running on the RoboRIO, the FPGA timestamp is
used (the same timestamp returned by Timer.getFPGATimestamp()).

Not: For more information on the details of the data log file format, see the WPILib Data Log
File Format Specification.

12.3.2 Standard Data Logging using DataLogManager

The DatalLogManager class (Java, C++, Python) provides a centralized data log that provides
automatic data log file management. It automatically cleans up old files when disk space
is low and renames the file based either on current date/time or (if available) competition
match number. The data file will be saved to a USB flash drive in a folder called logs if one
is attached, or to /home/lvuser/logs otherwise.

Not: USB flash drives need to be formatted as FAT32 to work with the roboRIO. NTFS or
exFAT formatted drives will not work.

Log files are initially named FRC_TBD_ {random}.wpilog until the DS connects. After the DS
connects, the log file is renamed to FRC yyyyMMdd HHmmss.wpilog (where the date/time is
UTC). If the FMS is connected and provides a match number, the log file is renamed to
FRC yyyyMMdd HHmmss {event} {match}.wpilog.

On startup, all existing log files where a DS has not been connected will be deleted. If there
is less than 50 MB of free space on the target storage, FRC log files are deleted (oldest to
newest) until there is 50 MB free OR there are 10 files remaining.

The most basic usage of DatalL.ogManager only requires a single line of code (typically this
would be called from robotInit). This will record all NetworkTables changes to the data log.
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JAVA

import edu.wpi.first.wpilibj.DatalLogManager;

// Starts recording to data log
DatalLogManager.start();

C++

#include "frc/DatalLogManager.h"

// Starts recording to data log
frc::DataLogManager: :Start();

PYTHON

from wpilib import DatalogManager

DatalLogManager.start()

Datal.ogManager provides a convenience function (DataLogManager.log()) for logging of
text messages to the messages entry in the data log. The message is also printed to standard
output, so this can be a replacement for System.out.println().

Datal.ogManager also records the current roboRIO system time (in UTC) to the data log every
~5 seconds to the systemTime entry in the data log. This can be used to (roughly) synchronize
the data log with other records such as DS logs or match video.

For custom logging, the managed Datalog can be accessed via DataLogManager.getLog().

Logging Joystick Data

Datal.ogManager by default does not record joystick data. The DriverStation class provides
support for logging of DS control and joystick data via the startDatalLog() function:

JAVA

import edu.wpi.first.wpilibj.DatalLogManager;
import edu.wpi.first.wpilibj.DriverStation;

// Starts recording to data log
DatalLogManager.start();

// Record both DS control and joystick data
DriverStation.startDatalog(DatalLogManager.getlLog());

// (alternatively) Record only DS control data
DriverStation.startDatalog(DatalLogManager.getlLog(), false);
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C++

#include "frc/DatalLogManager.h"
#include "frc/DriverStation.h"

// Starts recording to data log
frc::DataLogManager: :Start();

// Record both DS control and joystick data
DriverStation::StartDatalLog(DataLogManager: :GetLog());

// (alternatively) Record only DS control data
DriverStation::StartDatalLog(DataLogManager::GetLog(), false);

PYTHON

from wpilib import DatalogManager, DriverStation

# Starts recording to data log
DatalLogManager.start()

# Record both DS control and joystick data
DriverStation.startDatalog(DatalLogManager.getlLog())

# (alternatively) Record only DS control data
DriverStation.startDatalog(DatalLogManager.getlLog(), False)

12.3.3 Custom Data Logging using Datalog

The Datalog class (Java, C++, Python) and its associated LogEntry classes (e.g. BooleanLo-
gEntry, DoubleLogEntry, etc) provides low-level access for writing data logs.

Not: Unlike NetworkTables, there is no change checking performed. Every call to a
LogEntry.append() function will result in a record being written to the data log. Checking
for changes and only appending to the log when necessary is the responsibility of the caller.

The LogEntry classes can be used in conjunction with Datal.LogManager to record values only
to a data log and not to NetworkTables:

JAVA

import edu.wpi.first.util.datalog.BooleanLogEntry;
import edu.wpi.first.util.datalog.Datalog;

import edu.wpi.first.util.datalog.DoublelLogEntry;
import edu.wpi.first.util.datalog.StringLogEntry;
import edu.wpi.first.wpilibj.DatalLogManager;

BooleanLogEntry myBooleanLog;
DoubleLogEntry myDoublelLog;
(sonraki sayfaya devam)
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(onceki sayfadan devam)
StringLogEntry myStringlLog;

public void robotInit() {
// Starts recording to data log
DatalLogManager.start();

// Set up custom log entries

DataLog log = DatalLogManager.getlLog();

myBooleanLog = new BooleanLogEntry(log, "/my/boolean");
myDoubleLog = new DoublelLogEntry(log, "/my/double");
myStringLog = new StringlLogEntry(log, "/my/string");

}

public void teleopPeriodic() {
if (...) {
// Only log when necessary
myBooleanLog.append(true);
myDoublelLog.append(3.5);
myStringlLog.append("wow!");

C++

#include "frc/DatalogManager.h"
#include "wpi/DatalLog.h"

wpi::log::BooleanLogEntry myBooleanLog;
wpi::log: :DoubleLogEntry myDoublelog;
wpi::log::StringLogEntry myStringlLog;

void RobotInit() {
// Starts recording to data log
frc::DataLogManager: :Start();

// Set up custom log entries

wpi::log::DataLog& log = frc::DataLogManager: :GetLog();
myBooleanLog = wpi::Log::BooleanLogEntry(log, "/my/boolean");
myDoubleLog = wpi::log::DoubleLogEntry(log, "/my/double");
myStringLog = wpi::log::StringLogEntry(log, "/my/string");

}

void TeleopPeriodic() {
if (...) {
// Only log when necessary
myBooleanLog.Append(true);
myDoublelLog.Append(3.5);
myStringlLog.Append("wow!");
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PYTHON

from wpilib import DatalogManager, TimedRobot
from wpiutil.log import (

Datalog,

BooleanLogEntry,

DoubleLogEntry,

StringlLogEntry,
)

class MyRobot(TimedRobot):
def robotInit(self):
# Starts recording to data log
DatalLogManager.start()

# Set up custom log entries

log = DatalogManager.getlLog()

self.myBooleanLog = BooleanLogEntry(log, "/my/boolean")
self.myDoubleLog = DoubleLogEntry(log, "/my/double")
self.myStringLog = StringLogEntry(log, "/my/string")

def teleopPeriodic(self):
if ...:
# Only log when necessary
self.myBooleanLog.append(True)
self.myDoublelLog.append(3.5)
self.myStringlLog.append("wow!")

12.4 Downloading & Processing Data Logs

Data logs can be processed and viewed offline by AdvantageScope, the Datal.ogTool, or cus-
tom utilities. If data log files are being stored to the roboRIO integrated flash memory instead
of a removable USB flash drive, it’s important to periodically download and delete data logs
to avoid the storage from filling up.

12.4.1 Managing Data Logs with AdvantageScope

AdvantageScope is an analysis tool that supports downloading, visualizing, and exporting
data logs. See the relevant sections of the documentation for more details:

* Downloading log files

* Exporting to new formats

342 Bolim 12. Telemetry


https://github.com/Mechanical-Advantage/AdvantageScope/blob/main/docs/OPEN-FILE.md
https://github.com/Mechanical-Advantage/AdvantageScope/blob/main/docs/EXPORT.md

FIRST Robotics Competition

12.4.2 Managing Data Logs with the DataLogTool
The Datal.ogTool desktop application integrates a SFTP client for downloading data log files
from a network device (e.g. roboRIO or coprocessor) to the local computer.
This process consists of four steps:
1. Connect to roboRIO or coprocessor
2. Navigate to remote directory and select what files to download
3. Select download folder

4. Download files and optionally delete remote files after downloading

Connecting to RoboRIO

Not: The downloader uses SSH, so it will not be able to connect wirelessly if the radio firewall
is enabled (e.g. when the robot is on the competition field).

¥ Download

294| Team Number / Address

Tvuser
Password

Conneckt

Either a team number, IP address, or hostname can be entered into the Team Number / Add-
ress field. This field specifies the remote host to connect to. If a team number is entered,
roborio-TEAM-frc.local is used as the connection address.

The remote username and password are also entered here. For the roboRIO, the username
should be lvuser with a blank password.

The tool also supports connecting to network devices other than the roboRIO, such as copro-
cessors, as long as the device supports SFTP password-based authentication.

Click Connect to connect to the remote device. This will attempt to connect to the device. The
connection attempt can be aborted at any time by clicking Disconnect. If the application is
unable to connect to the remote device, an error will be displayed above the Team Number /
Address field and a new connection can be attempted.

Downloading Files

After the connection is successfully established, a simplified file browser will be displayed.
This is used to navigate the remote filesystem and select which files to download. The first
text box shows the current directory. A specific directory can be navigated to by typing it
in this text box and pressing Enter. Alternatively, directory navigation can be performed by
clicking on one of the directories that are listed below the remote dir textbox. Following the
list of directories is a table of files. Only files with a .wpilog extension are shown, so the table
will be empty if there are no log files in the current directory. The checkbox next to each data
log file indicates whether the file should be downloaded.
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Not: On the roboRIO, log files are typically saved to either /home/lvuser/logs or /u/logs
(USB stick location).

¥ Download

Disconnect Refresh

/home/1vuser Remote Dir

deploy
frc
frc_install
natinst
Download
3.wpilog
3.wpilog

303.wpilog

Select Download Folder...

Delete after download

Click Select Download Folder... to bring up a file browser for the local computer.

If you want to delete the files from the remote device after they are downloaded, check the
Delete after download checkbox.

Once a download folder is selected, Download will appear. After clicking this button, the
display will change to a download progress display. Any errors will be shown next to each file.
Click Download complete! to return to the file browser.

¥ Download

Disconnect

Size Download

303.wpilog 1017 file exists

Download complete!

Converting Data Logs to CSV

As data logs are binary files, the Datal.ogTool desktop application provides functionality to
convert data logs into CSV files for further processing or analysis. Multiple data logs may
be simultaneously loaded into the tool for batch processing, and partial data exports can be
performed by selecting only the data that is desired to be output.
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The conversion process is started by opening data log files in the “Input Files” window. Files
are opened by clicking Open File(s).... Summary status on each file (e.g. number of records
and entries) is displayed. Clicking X in the table row closes the file.

After at least one file is loaded, the “Entries” window displays a tree view of the entries
(this can be changed to a flat view by right clicking on the “Entries” window title bar and
unchecking Tree View). Individual entries or entire subtrees can be checked or unchecked to
indicate whether they should be included in the export. The data type information and initial
metadata for each entry is also shown in the table. As the “Entries” view shows a merged
view of all entries across all input files, if more than one input file is open, hovering over an
entry’s name will highlight what input files contain that entry.

The output window is used to specify the output folder (via Select Output Folder...) as well
as the output style (list or table). The list output style outputs a CSV file with 3 columns
(timestamp, entry name, and value) and a row for every value change (for every exported
entry). The table output style outputs a CSV file with a timestamp column and a column for
every exported entry; a row is output for every value change (for every exported entry), but
the value is placed in the correct column for that entry. Clicking Export CSV will create a
.csv file in the output folder corresponding to each input file.

12.4.3 Managing Data Logs with the Driver Station

Team # 330

Teleoperated
Disabled

The Driver Station software can download WPILogs. Click on the gear icon and select Upload
WPILogs. The logs in /home/lvuser/logs or /u/logs will be downloaded automatically to
C:\Users\Public\Documents\FRC\Log Files\WPILogs
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12.4.4 Custom Processing of Data Logs

For more advanced processing of data logs (e.g. for processing of binary values that can’t
be converted to CSV), WPILib provides a DataLogReader class for reading data logs in Java,
C++, or Python. There is also a pure python datalog reader (datalog.py). For other languages,
the data log format is also documented.

DataLogReader provides a low-level view of a data log, in that it supports iterating over a data
log’s control and data records and decoding of common data types, but does not provide any
higher level abstractions such as a NetworkTables-like map of entries. The printlog example
in Java and C++ (and the Python datalog.py) demonstrates basic usage.

12.5 Writing Your Own Sendable Classes

Since the Sendable interface only has one method, writing your own classes that implement
Sendable (and thus automatically log values to and/or consume values from the dashboard)
is extremely easy: just provide an implementation for the overridable initSendable method,
in which setters and getters for your class’s fields are declaratively bound to key values (their
display names on the dashboard).

For example, here is the implementation of initSendable from WPILib’s BangBangControl-
ler:

JAVA

@Override

public void initSendable(SendableBuilder builder) {
builder.setSmartDashboardType("BangBangController");
builder.addDoubleProperty("tolerance", this::getTolerance, this::setTolerance);
builder.addDoubleProperty("setpoint", this::getSetpoint, this::setSetpoint);
builder.addDoubleProperty("measurement", this::getMeasurement, null);
builder.addDoubleProperty("error", this::getError, null);
builder.addBooleanProperty("atSetpoint", this::atSetpoint, null);

C++

void BangBangController::InitSendable(wpi: :SendableBuilder& builder) {

builder.SetSmartDashboardType("BangBangController");
builder.AddDoubleProperty(

"tolerance", [this] { return GetTolerance(); },

[this] (double tolerance) { SetTolerance(tolerance); });
builder.AddDoubleProperty(

"setpoint", [this] { return GetSetpoint(); },

[this] (double setpoint) { SetSetpoint(setpoint); });
builder.AddDoubleProperty(

"measurement", [this] { return GetMeasurement(); }, nullptr);
builder.AddDoubleProperty(

"error", [this] { return GetError(); }, nullptr);
builder.AddBooleanProperty (

(sonraki sayfaya devam)
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(onceki sayfadan devam)
"atSetpoint", [this] { return AtSetpoint(); }, nullptr);
}

To enable the automatic updating of values by WPILib “in the background”, Sendable data
names are bound to getter and setter functions rather than specific data values. If a field that
you wish to log has no defined setters and getters, they can be defined inline with a lambda
expression.

12.5.1 The SendableBuilder Class

As seen above, the initSendable method takes a single parameter, builder, of type Sendab-
leBuilder (Java, C++, Python). This builder exposes methods that allow binding of getters
and setters to dashboard names, as well as methods for safely ensuring that values consumed
from the dashboard do not cause unsafe robot behavior.

Databinding with addProperty Methods

Like all WPILib dashboard code, Sendab'le fields are ultimately transmitted over NetworkTab-
les, and thus the databinding methods provided by SendableBuilder match the supported
NetworkTables data types:

* boolean: addBooleanProperty

* boolean[]: addBooleanArrayProperty
* double: addDoubleProperty

* double[]: addDoubleArrayProperty

* string: addStringProperty

» string[]: addStringArrayProperty

* byte[]: addRawProperty

Ensuring Safety with setSafeState and setActuator

Since Sendable allows users to consume arbitrary values from the dashboard, it is possible
for users to pipe dashboard controls directly to robot actuations. This is extremely unsafe
if not done with care; dashboards are not a particularly good interface for controlling robot
movement, and users generally do not expect the robot to move in response to a change on
the dashboard.

To help users ensure safety when interfacing with dashboard values, SendableBuilder expo-
ses a setSafeState method, which is called to place any Sendable mechanism that actuates
based on dashboard input into a safe state. Any potentially hazardous user-written Sendab-
le implementation should call setSafeState with a suitable safe state implementation. For
example, here is the implementation from the WPILib PWMMotorController class:
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JAVA

@Override

public void initSendable(SendableBuilder builder) {
builder.setSmartDashboardType("Motor Controller")
builder.setActuator(true);
builder.setSafeState(this::disable);
builder.addDoubleProperty("Value", this::get, this::set);

}

’

C++

void PWMMotorController::InitSendable(wpi: :SendableBuilder& builder) {
builder.SetSmartDashboardType("Motor Controller");
builder.SetActuator(true);
builder.SetSafeState([=, this] { Disable(); });
builder.AddDoubleProperty(
"Value", [=, this] { return Get(); },
[=, this](double value) { Set(value); });

Additionally, users may call builder.setActuator(true) to mark any mechanism that might
move as a result of Sendable input as an actuator. Currently, this is used by Shuffleboard to
disable actuator widgets when not in LiveWindow mode.

12.6 Third-Party Telemetry Libraries

Tiiyo: Is your library not listed here when it should be? Open a pull request to add it!

Several third-party logging utilities and frameworks exist that provide functionality beyond
what is currently provided by WPILib:

» AdvantageKit (Java only): “Log everything”-based logging framework with hooks for rep-
laying logged data in simulation.

* Monologue (Java only): annotation-based logging library. Extensive telemetry and on-
robot logging can be added to your robot code with minimal code footprint and design
restrictions.

* DSLOG: An alternate driver station log viewer.
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FRC LabVIEW Programlama

13.1 Robot Programlarn Olusturma

13.1.1 Tank Surusu Rehberi

Soru: Robotumun tank siiriiciiyti kullanarak iki kumanda kolu ile stirmesini nasil saglayabili-
rim?

Solution: There are four components to consider when setting up tank drive for your robot.
The first thing you will want to do is make sure the tank drive.vi is used instead of the arcade
drive.vi or whichever drive VI you were utilizing previously. The second item to consider is
how you want your joysticks to map to the direction you want to drive. In tank drive, the
left joystick is used to control the left motors and the right joystick is used to control the
right motors. For example, if you want to make your robot turn right by pushing up on the
left joystick and down on the right joystick you will need to set your joystick’s accordingly in
LabVIEW (this is shown in more detail below). Next, you will want to confirm the PWM lines
that you are wired into, are the same ones your joysticks will be controlling. Lastly, make sure
your motor controllers match the motor controllers specified in LabVIEW. The steps below will
discuss these ideas in more detail:

1. LabVIEW'i agin ve “FRC roboRIO Project e cift tiklayin.
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File Operate Toels Help

LabVIEW f¢

Projects >
Tutorials New Q
Utiliti & Blank Vi
b %&) FRC roboRIO Project
Support %) FRC Dashboard Project
£ More...
Open

). ..enstein Reborn Working Version.vproj

k.
Bl mindsensors Examples.ivprej

L)

L Beginvi

J, CANLight Fadei

i Periodic Tasks.vi

i Teleop.vi

. Robot Main.vi

i, CANLight Demo.vi

). Robot Global Data.vi AO
2 Browse...

FEeErEN

2. Projenize bir isim verin, takim numaranizi ekleyin ve Arcade Drive Robot roboRIO yu
secin. Baska bir segcenek segebilirsiniz, ancak bu egitimde bu proje i¢in tank stirticiisiiniin
nasil ayarlanacagi anlatilacaktir.

3. Project Explorer penceresinde, Robot Main.vi yi acin.

4. Blok semasini gormek igin: kbd: Ctrl + E ye basin. Asagidaki resme benzemelidir:

Docurme
Rebet
and 1c

e ents the famewsnt
e fo1 your robatics program.

3 should et be necessary to modidy this
VL You should be able to code your robot
within the Tearn Vis described below.

[Execute Teleop Wi ta react
8 new Disver Sation pa

e ket +

4. Disabled.i
Called each time 4 packet is received and
the robet s disabled

Parsllel loops runing at user-defined

5. Teleop Etkin vaka yapisinin i¢indeki “Teleop” vi 6gesine cift tiklayin. Blok semasina ba-
kin. Burada iki degisiklik yapmak isteyeceksiniz:

* Arcade Drive’1 tank drive.vi ile degistirin. Bu, blok diyagram >> WPI Robotics Library
>> Robot Drive>> {izerine sag tiklayip Tank Drive VI'ya tiklayarak bulunabilir.

* Get Values.vi ‘den sonraki Index Array fonksiyonunu bulun. iki sayisal sabit olusturmaniz
ve her birini dizin girislerinden birine baglamaniz gerekecektir. FRC® Siiriicii Istasyo-
nundaki USB Aygitlar1 sekmesine bakarak her bir dizinin degerinin ne olmasi gerekti-
gini belirleyebilirsiniz. Hangi numaraya (indeks) bagl olduklarini belirlemek igin iki ku-
manda ¢ubugunu hareket ettirin. Her bir kumanda kolu i¢cin Y ekseni dizinini kullanmak
isteyebilirsiniz. Bunun nedeni, motorlarin ileri gitmesini istediginizde joystick’i yukar,
geri gittiginizde asagi dogru itmenin sezgisel olmasidir. Her biri i¢in X ekseni dizinini
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secerseniz, robot motorlarinin hareket etmesini saglamak igin kumanda ¢cubugunu sola
veya saga (x ekseni yonleri) hareket ettirmeniz gerekir. Kurulumumda, sol motorlarin Y
ekseni kontroli i¢in dizin 1’i ve sag motorlar Y ekseni kontroli olarak dizin 5’i segtim.
LabVIEW'deki ayarlamalari asagidaki resimde gorebilirsiniz:

Fie tan Q) Promcs Operme Took indow iep
z : S

TR e
B

6. Daha sonra “Robot Main.vi”nize geri donmek ve “Begin.vi.” lizerine ¢ift tiklamak isteye-
ceksiniz.

7. Bu VI'da onaylanmas: gereken ilk sey, sol ve sag motorlarimizin LabVIEW’deki
PDP’nizdeki (Gli¢ Dagitim Paneli) ile ayn1 PWM hatlarina bagli olmasidir.

8. Bu VI'da teyit edilecek ikinci sey, “Open 2 Motor.vi"nin dogru motor kontroloriniin se-
¢ilmis olmasidir (Talon, Jaguar, Victor, vb.).

Ornegin, Jaguar motor denetleyicileri kullaniyorum ve motorlarim PWM 8 ve 9’a
bagh. Asagidaki resim, yapmam gereken degisiklikleri gosteriyor:

File Edt View Project Operate Took Window Help
> @] @] [3][E=][wale 2 [15t Application Font |~ |[To | Do~ | (0~ oal . 4 F.Tn
[This V1 is called before others 50 you can setup for execution. The code below shows how to give controls on the
[Basic tab more specific names, You can et
The data and L0 allocated here will be made svailabie to the Button Names, LED Names, Shder Names,
loops for camera, periedic, and to the Auto and TeleOp Vs snd String Names

To 2dd more V0, use an Open VI followed by a Refnum
Registry Set V1. Use a Refrum Registry Get VI in the ther
locations.

[CEBumon ames)- 3
[You may also want to use global varisbles to communicate S
between parallel locps. c3 \I NewName] | [50 Wt String Aoy <]

Until the communications specify the mode, - L
initiakze it to & safe value. L

tu,‘.u?cnomcw Disabled '}—‘-Oi‘cuw Mode

RightMotordnwened
Lefthtotordny ened B0
Left Motor p» PWME ]

Right Motor [= PWHS -|—| _ Ern
lagu
[tatze o moten]
Fms =S ﬁ

fintialize » joystice]

enotin emer out
o

9. Ayarlamalar yaptiginiz tim Vis’i kaydedin ve artik tank stirticilii bir robotu siirebilirsiniz!
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13.1.2 Command ve Control Egitimi
Giris

Command and Control, robota 6zgii alt sistemlerden olusan bir koleksiyon icin robot kodunu
komutlar ve denetleyiciler halinde diizenleyen 2016 sezonu igin eklenen yeni bir LabVIEW
sablonudur. Her bir alt sistem, mekanizma i¢in uygun hizda ¢alisan bagimsiz bir kontrol dén-
gusiune veya state machine ve istenen islemleri ve ayar noktalarini giincelleyen yliksek seviyeli
komutlara sahiptir. Bu, otonom kodun eszamanli komut dizileri olusturmasini cok kolaylasti-
rir. Bu arada TeleOp, ayni komutlar: tamamlanmayi beklemeye gerek kalmadan kullanabildigi
ve siiriicii ekibinin girdisine gore yeni komutlarin kolay iptaline ve baslatilmasina izin verdigi
icin avantaj saglar. Her alt sistemde, zaman igindeki sensér ve kontrol degerlerini gosteren
bir panel ve hata ayiklamaya yardimci olmak i¢cin komut izleme bulunur.

Command ve Control nedir ?

Command and Control recognizes that FRC® robots tend to be built up of relatively indepen-
dent mechanisms such as Drive, Shooter, Arm, etc. Each of these is referred to as a subsystem
and needs code that will coordinate the various sensors and actuators of the subsystem in or-
der to complete requested commands, or actions, such as “Close Gripper” or “Lower Arm”.
One of the key principles of this framework is that subsystems will each have an indepen-
dent controller loop that is solely responsible for updating motors and other actuators. Code
outside of the subsystem controller can issue commands which may change the robot’s out-
put, but should not directly change any outputs. The difference is very subtle but this means
that outputs can only possibly be updated from one location in the project. This speeds up
debugging a robot behaving unexpectedly by giving you the ability to look through a list of
commands sent to the subsystem rather than searching your project for where an output may
have been modified. It also becomes easier to add an additional sensor, change gearing, or
disable a mechanism without needing to modify code outside of the controller.

Oncelikle Otonom ve TeleOp’tan olusan oyun kodunun tipik olarak ayar noktalarim giincelle-
mesi ve belirli mekanizmalarin durumuna tepki vermesi gerekecektir. Autonomous igin, ro-
botun calismasini bir dizi islem olarak tanimlamak ¢ok yaygindir - buraya siriin, alin, oraya
tasiyin, ates edin, vb. Komutlar, hizli bir sekilde karmasik rutinler olusturmak icin ek mantikla
sirayla baglanabilir. TeleOp icin, ayn1 komutlar eszamansiz olarak yturiitiilebilir, robotun her
zaman en son suricu girdilerini islemesine izin verir ve uygun sekilde uygulanirsa yeni ko-
mutlar kesintiye ugrayarak, siiriicii ekibinin saha kosullarina hizli bir sekilde yanit verirken
ayni zamanda otomatiklestirilmis komutlardan ve komutlardan dizilerinden yararlanmasini
saglar..

Neden Commdnf and Control kullanmaliyim?

Command ve Control, mevcut LabVIEW proje sablonlarina islevsellik ekleyerek kodun daha
karmasik robotlar ve robot koduyla daha iyi 6lceklenmesini saglar. Alt sistemler, uygulama-
nin ayrintilarini soyutlamak icin kullanilir ve oyun kodu, yiiksek seviyeli komut VI dizilerinden
olusturulur. Komutlarin kendileri, ayar noktalarini giincelleyebilen, mithendislik birimleri ve
mekanizma birimleri arasinda sayisal 6lgeklendirme / haritalama gerceklestirebilen ve senk-
ronizasyon secenekleri sunan VI'lardir. Robotta disli oraninin degistirilmesi gibi fiziksel degi-
siklikler yapilirsa, bu degisikligi kod tabaninin tamaminda yansitmak icin yalnizca birkac Vis
komutunda degisiklikler yapilabilir.
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I/0 kapsiilleme, daha 6ngoriilebilir islem ve kaynak gakismalar: meydana geldiginde daha hizhi
hata ayiklama saglar. Her bir komut bir VI oldugu icin, komutlar arasinda tek adim atabilir
veya her bir alt sisteme gonderilen tim komutlarin bir listesini goruntiillemek icin yerlesik
Trace islevini kullanabilirsiniz. Cerceve, eszamansiz bildirim ve tutarh veri yayilimi kullanir,

bu da bir diziyi programlamayi kolaylastirir ¢alistirilacak dogru komutu belirlemek igin basit
bir mantik ekleyin.

Part 1: Proje Gezgini

Proje Gezgini, robot sisteminiz icin kullanacaginiz tim Vis ve dosyalar i¢in organizasyon sag-
lar. Asagida, sistemimizin genigletilmesine yardimci olmak icin Proje Gezgini’'ndeki ana bile-
senlerin bir agiklamasi bulunmaktadir. En sik kullanilan 6geler kalin olarak isaretlenmistir.

£3 2016 Robot Project.ivproj - Project Explorer [e]@] =]
File Edit View Project Operate Tools Window Help

Items ; Files

=] \gg Project: 2016 Robot Project.lvproj
B My Computer
E Target (roboRIO-1-FRC.local)
a-[@ data
o @ Drive
= [ Commands
gg Drivefor Timewvi
i;g. Drive Immediate.vi
gﬂ, Read Drive Operation.vi
Reserve Drive.vi
Stop Driving.vi
Template for Drive Immediate with Deadband.vit
Template for Drive Immediate.vit
Template for Drive with Duration.vit
= Implementation
G-[@ Infrastructure
g@. Drive Controller.vi
- [k3 Drive Operations.ctl
gQ. Drive Published Globals.vi
- [3 Drive Setpoints.ctl .
gg Score Macro.vi
= [ Framework
‘;S Begin.vi
[ Disabled.vi
- [m] Finish.vi
= gg Periodic Tasks.vi
EE’ Robot Global Data.vi
£+ Support Code
‘;S Arcadeloystick.vi
gg Buttons Pressed.vi
‘;g Debugging globals.vi
= gg Elapsed Times.vi
- [ Vision
gg Vision Processing.vi
gg Robot Main.vi
gg Teleopwvi

semee

gﬂ, Autonomous.vi
gg Testvi

gﬁ, SubSystems.vi

}. @ Build Specifications

1

My Computer
Projenin ylklendigi bilgisayardaki islemi tanimlayan 6geler. Bir robot projesi i¢in, bu bir
simiillasyon hedefi olarak kullanilir ve simiilasyon dosyalariyla doldurulur.
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Sim Destek Dosyalan
The folder containing 3D CAD models and description files for the simulated robot.

Robot Simulation Readme.html
Documents the PWM channels and robot info you will need in order to write robot code
that matches the wiring of the simulated robot.

Dependencies-Bagimhiliklar
Simiile edilmis robotun kodu tarafindan kullanilan dosyalari gosterir. Simiile edilmis ro-
bot hedefi igin kod belirlediginizde bu doldurulacaktir.

Derleme Ozellikleri
Bu, simiile edilmis robot hedefi icin kodun nasil olusturulacagini ve dagitilacagini tanim-
layan dosyalar icerecektir.

Target (roboRIO-TEAM-FRC.local)
(Adres) konumunda bulunan roboRIO’da operasyonu tanimlayan ogeler.
Drive - Stris
Robot surtucu tabani icin alt sistem uygulamasi ve komutlari. Bu, WPILib RobotDrive
VI'lar icin 6zel bir yedek gorevi gorur.
Framework-Cerceve
Cok sik kullanilmayan bir alt sistemin parcasi olmayan robot kodu i¢in kullanilan VI'lar.

Begin
Robot kodu ilk basladiginda bir kez ¢agrilir. Bu, belirli bir alt sisteme ait olmayan
baslatma kodu i¢in kullanishdir.

Disabled
Devre dis1 birakilan her paket icin bir kez gagrilir ve robotun hareket etmesini iste-
mediginizde sensorlerde hata ayiklamak icin kullanilabilir.

Finish
Gelistirme sirasinda bu, robot kodu bittiginde ¢agrilabilir. Durduruldugunda veya
gic kapatildiginda ¢agrilmaz.

Periodic Tasks

Hata ayiklama veya izleme icin ad hoc periyodik donguler i¢in iyi bir yer
Robot Global Data

Bir alt sisteme ait olmayan robot bilgilerini paylasmak i¢in kullanishidir.

Destek Kodu
Hata ayiklama ve kod gelistirme yardimcilari.
Vision
Kamera ve gorunti isleme icin alt sistem ve komutlar.

Robot Main.vi
Kod gelistirirken calistiracaginiz en ust seviye VI.

Autonomous.vi
Otonom periyodu boyunca ¢alisan VI.

Teleop.vi
Her TeleOp paketi i¢in ¢agrilan VI.

Test.vi
Driver Station test modundayken calisan VI.

SubSystems.vi
Tium alt sistemleri igceren ve baslatan VI.
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Dependencies-Bagimliliklar
Robot kodu tarafindan kullanilan dosyalar: gosterir.

Derleme Ozellikleri
Kod dogru galistiktan sonra kodu bir baslangi¢ uygulamasi olarak olusturmak ve calis-
tirmak icin kullanilir.

E o ‘Teleop Enabled” P

Execute Teleop VIto react
to a new Driver Station packet g

Based on the robot mode, call the appropriate Team code
Double click an icon to open a Team VI and modify code

=

Create I/O refnums 'm
& initialize robot
]
- [Server|
wrenr] [Start Robot Communication.
corm § |Runs in parallel with user code.

ﬁ Svf'qm! Execute the code of the subsystems

Startup a Smartdashboard /Network Tables Server.
Runs in parallel with user code.

Drive Subsystem Project Explorer

= @@ Drive
B[ Cornmands
- [l Drive for Time.wvi
gﬂ Drive Immediate.vi
- |@l Read Drive Operationvi
gg Reserve Drivesw
- [, Stop Driving.vi
_!E Template for Drive Immediate with Deadband.vit
53 Template for Drive Immediate.vit
;,‘fg Template for Drive with Duration.vit
2 @ Implementation
B[ Infrastructure
gg, Drive Check for New Command.wvi
il:l;L Drive Command Helper.wi
gg Drive Controller Initialization.wi
= Dive Contiollisd
iil, Drive Operations.ctl
- |md, Drive Published Globals.vi
ﬁ-_%, Drive Setpoints.ctl
i'__!’ﬂ. Score Macrowi

Commands:
Bu klasor, denetleyiciden bir islem gerceklestirmesini isteyen komut VI'lari igerir. Ayrica,
ek suricu komutlar olusturmak i¢in sablonlar icerir.

Not: Yeni bir komut olusturduktan sonra, denetleyicinin yeni islemi tanimlamak icin kullan-
dig1 alanlar eklemek veya glincellemek icin Drive Setpoints.ctl dosyasini diizenlemeniz
gerekebilir. Ayrica, her deger icin bir durum eklemek i¢in Drive Controller.vi'ye gitmeniz ve
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durum yapisini degistirmeniz gerekir.

Uygulama

Bunlar, alt sistemi olusturmak igin kullanilan VI'lar ve Kontrollerdir.
Altyapa VI lan

* Drive Check for New Command: Denetleyici donglisinin her yinelemesi olarak ad-
landirnlir. Yeni komutlar kontrol eder, zamanlama verilerini giinceller ve tamamlan-
diginda bir bekleme komutunu bildirir.

* Drive Command Helper.vi: Komutlar, yeni bir komutun verildigini kontroloére bildir-
mek i¢in bu VI'y1 gagirir.

* Drive Controller Initialization.vi: Bildiriciyi tahsis eder ve zamanlamayi, varsayilan
komutu ve diger bilgileri tek bir veri kablosunda birlestirir.

* Drive Controller.vi: Bu VI, control/state machine déngisiini igerir. Panel ayrica hata
ayiklama icin yararli ekranlar icerebilir.

* Drive Operation.ctl: Bu typedef, denetleyicinin ¢alisma modlarini tanimlar. Bircok komut
bir islemi paylasabilir.

* Drive Setpoint.ctl: Drive alt sisteminin tiim c¢alisma modlar1 tarafindan kullanilan veri
alanlarini igerir.

* Drive Published Globals.vi: Siriici alt sistemi hakkinda genel bilgileri yayinlamak icin
yararl bir yer.

Boliim 2: Drive Subsystem-Siiriicii Alt Sistemini Baslatma

Denetleyicinin blok diyagraminda, nasil diizenlenecegini bilmek isteyece@iniz 6nemli alanlar:
gosteren yesil yorumlar vardir.

Kontrol dongiisiniin solundaki alan, alt sistem basladiginda bir kez calistirilacaktir. Bura-
s1, genellikle tim I/O ve durum verilerini tahsis edeceginiz ve baslatacaginiz yerdir. I/O ref-
num’larini yayinlayabilirsiniz veya onlar1 yalnizca Test Modu’'na kaydederek diger kodlarin
bir komut kullanmadan motorlar1 guncelleyememesi i¢cin onlar: gizli tutabilirsiniz.

Distance (feet)

Duration Distance (feet)
Check for New Command.vi E 7 = =
Command Helper.vi
troller Initalization.vi £ e
3 ller-vi
ve Operations.ct | 0

tpoints.ctl | &4 Drive Controller.vi Block Diagram on 2016 Robot Project XXX.lvproj/Target *
L roi

© Fra
@ support Code =

7] Vit @] O[] [][z5] o= [ 180t Appiication Font |~ |[%o ][~ | [¢9~ |[*al
& Robot Mainyi i

File Edit View Project Operate Tools Window Help

Step 1: Initialize motors, sersors, and other resources [Loop: carries out operation using setpoints, and ch
of the subsystem outside the loop. Publish the refnums.
for testing. Wire directly into the loop.

Step 3: F¢
update ac
Operatior

LeftMotoriwerted g Left and Right Motors)

- 7

o) o o
=)
[ Test Mode Only m

Not: Her bir alt sistem icin kaynaklar1 Begin.vi yerine ilgili Controller.vi’de baslatmak, 1/0
kapsiillemeyi gelistirir, olas1 kaynak cakismalarini azaltir ve hata ayiklamay: basitlestirir.
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Default Command

*Reserve v
0| Left Setpoint

Right Setpoint Drive h]
Control
Init

0
0|Duration
0

Name

error in

Step 2: Define the default operation and setpoint --
when no other operation is being requested.

Baslatma isleminin bir kismi, bagka hicbir islem islenmediginde varsayilan islemi ve ayar nok-
tas1 degerlerini segmektir.

Step 3: For a given operation, read from sensors, perform calculations,
update actuators and status. @
Operations can be merged to a single case.

1| “Drive for Time" Ml
B
oo} B> > >
B3 ‘
=
E

Kontrol déngiisiiniin iginde, islemlerin gercekte uygulandigi bir durum ifadesi bulunur. Ayar
noktasi degerleri, yineleme gecikmesi, yineleme sayis1 ve sensorlerin timii, alt sistemin nasil
calistigini etkileyebilir. Bu case yapisi, alt sistemin her calisma durumu icin bir degere sahiptir.
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Step 4: Format a string to describe this
cmd and how the previous cmd finished

|"Successful”‘ "Aborted" 'F

L %.1f, R %.1f, D %f Current

Dist %f Cmd
bibe)

Denetleyici dongiisiiniin her yinelemesi istege bagl olarak Trace VI'y1 giincelleyecektir. Cer-
ceve zaten alt sistem adini, ¢alismasini ve agiklamasini icerir ve izleme bilgilerine ek ayar
noktasi degerlerini bigimlendirmeyi yararli bulabilirsiniz. Trace VI'y1 a¢in ve robot kodu her
bir alt sisteme gonderilen mevcut ayar noktalar1 ve komutlarda calisirken Enable’e tiklayin.

Kontrolorin birincil amaci, alt sistem igin aktiiatorleri gincellemektir. Bu, case yapisi icinde
meydana gelebilir, ancak ¢ogu zaman, degerlerin her zaman dogru degerle ve kodda yalnizca
bir konumda giincellendiginden emin olmak i¢in bunu yapinin asagi yoniinde yapmak yarar-
hdir.

Step 5: Upate your I/O

IUpdate motors and update dashboard|

RobotDrive Motors

Bolum 3: Drive Subsystem Tasinan Komutlar

Her yeni alt sistem i¢in gonderilen 3 6rnek komut vardir:
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Time For Drive.vi

Bu VI, motorlar belirli bir saniye kadar ¢alisacak sekilde ayarlar. istege bagl olarak komutun
tamamlanmasiyla senkronize olur.

Drive for Time durumu, zamanlayici1 sona erene veya yeni bir komut verilene kadar motorlari
ayar noktasinda calistiracaktir. Motorlarda giivenlik zaman asimi etkinlestirilmisse, motorla-
rin en az 100 ms’de bir glincellenmesi gerekir. Bu nedenle kod kalan surenin kiicik olanini
ve 50ms’yi bekler.

Access Cmd setpoints|

Operation [~ [_

Tooo}— 13> — O
sof 203
-

Current Command|
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Drive Immediate.vi

Motorlar icin istenen sol ve sag hizlari alir ve motorlar:i hemen bu ayar noktalarina ayarlar.

Immediate durumu, motorlar:i komutla tanimlanan ayar noktasina giinceller. Yeni bir komut
gelene kadar veya bir zaman asimi degerine kadar motorlarin bu degeri korumasini istediginiz
icin komut bitmis sayilmaz. Zaman asimi, bir komutun 6li bant icerdigi her zaman yararhdir.
Ol banttan daha kiiciikse kiigiik degerler istenmez ve komut zaman asimina ugramadikca
hirlt1 veya sirinmeye neden olur.

v
1 "Immediate”, Default 't

Access Cmd setpoints:

Operation [ [_

Hold motor values for ~50ms. Finish, and reserve, if
we exceed that time. This is mostly to deal with
[deadbanded joystick.

2>
[ru] > 100

Current Command
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Stop Driving.vi

Llr o

Robotu sabit hale getirerek tahrik motorlarini sifirlayin.

Reserve komutu motorlar kapatir ve yeni bir komut bekler. Reserve, adlandirilmis bir komut
dizisi ile kullanildiginda, robotu hareket ettirmiyor olsa bile siirticti alt sisteminin bir dizinin
parcasi oldugunu tamimlar. Bu, aynm1 anda calisan komutlar arasinda alt sistem kaynaginda
arabuluculuk yapmaya yardimci olur.

4 "Reserve 't
Access Cmd se'.Evmts
Operation s Don't move motors while reserved |0 [.
[floop needs to poll sensors or other
values, use a timeout value. - 1 waits for
next command to be sent. E
S — 3
Current Command

Part 4: Yeni Komutlar Yaratmak

Komut ve Kontrol cercevesi, kullanicilarin bir alt sistem icin kolayca yeni komutlar olustur-
masina olanak tanir. Yeni bir komut olusturmak icin alt sistem klasoriini agin / Commands
project explorer penceresinde, yeni komutunuzun baslangi¢ noktasi olarak kullanmak igin VI
Sablonlarindan birini secin, sag tiklayin ve New From Template 6gesini secin.

» Immediate-Hemen: Bu VI, alt sistemi yeni ayar noktasi hakkinda bilgilendirir.

* Immediate with deadband : Bu VI, giris degerini 6lii bantla karsilastirir ve istege bagh
olarak alt sistemi yeni ayar noktas1 hakkinda bilgilendirir. Bu, joystick devamli degerleri
kullanildiginda ¢ok kullanighdir.
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* With duration: This VI notifies the subsys

tem to perform this command for the given

duration, and then return to the default state. Synchronization determines whether this
VI Starts the operation and returns immediately, or waits for the operation to complete.
The first option is commonly used for TeleOp, and the second for Autonomous sequen-

cing.

Bu ornekte yeni bir komutu ekleyecegiz: “Mesafe i¢cin Siir”.

( E Cormmand and Control Project.hpraj - Project Explorer

=

File Edit View Project Operate Tools

gel=1- 1

3

» H3

Window Help

[ @ o

Al

Items | Files l

+ B My Computer

E—-mTarget(mhnRIO-E}T-FRC.\nca\)
+ @ data

BF Drive

- [@ Commands

ég. Drive for Time.wi

. [, Drive Immediate.vi

- |, Read Drive Operation.vi

- [ml Reserve Drivevi

- |l Stop Driving.vi

&

-~ [mgl, Drive for Distance vi
= [ Implementation
Infrastructure

!Q. Drive Controllerwi
- [k Drive Operations.ctl
,;Q. Drive Published Globals:wvi
~[E3 Drive Setpoints.ctl

- ) Score Macrowi
Framework

Support Code

Wision

Robot Main.vi

Teleop.vi

3 Autonomouswvi

Testwvi

SubSystemswi
Dependencies

W8

=

} (3

PErEERRR

ot

Build Specifications

J_:Q. Project: Command and Contral Project.vproj

@ Template for Drive Immediate with Deadband.vit
Q Template for Drive Immediate.vit

Open
Explore...

Show in Files View  Ctrl+E
Print...
Run

Mewr from Template

Find >

Deploy

Rename...

Properties

First, save the new VI with a descriptive name such as “Drive for Distance”. Next, determine
whether the new command needs a new value added the Drive Operations enum typedef. The

initial project code already has an enum value of
shows how you would add one if needed.

Drive for Distance, but the following image
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{ Drive Operations.ctl Type Def on Command and ... E@ ]

File Edit Wiew Project Operate Tools Window Help Mo

| ][ Type Def. I~ |[ 150t Applicat| <, [ 2 o

-

Enum
3' Reserve
Visible Items »

m

Change to Indicator

Change to Array
Description and Tip... 3
Command and Control Project.lvproj) sy oot 4
| Data Operations »
Advanced
Representation »

Display Format..,

Select Item »
Add Itern After

Add Item Before
Remove Item

Edit Items..,

Disable Item

Properties

Bir komutun yurutilmesi icin ek bilgiye ihtiya¢ duyarsa, bunu ayar setpoint kontroliine ek-
leyin. Varsayilan olarak, Suriucu alt sistemi, yurutilecek islemle birlikte Sol Ayar Noktasi-
Setpoint, Sag Ayar Noktasi-Setpoint ve Duration-siire icin alanlara sahiptir. Drive for Distance
komutu, Streyi-Duration mesafe olarak yeniden kullanabilirdi, ancak devam edelim ve Drive
Setpoints.ctl’ye Distance (feet) adi verilen sayisal bir kontrol ekleyelim.

&2 Drive Setpoints.ctl Ty... | 5

File Edit View Project Operate Tools Drive
Set

I Type Def. |« IW pointz

*~

SubSystem Data
Operation
Reserve

Left Setpoint  Right Setpoint

m

0 0
Duration Distance (feet)
0 0

2016 Robot ProjectDec9.lvproj/Target| ¢ m »
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Bundan sonra, komutumuzu belirtmek icin gereken tiim alanlara sahip oldugumuzda, yeni
olusturulan Drive for Distance.vi 1 deg@istirebiliriz. Asagida gosterildigi gibi, enum acilir me-
niisiinden Drive for Distance 6gesini se¢in ve mesafeyi, hizlar vb. belirtmek i¢in bir VI para-
metresi ekleyin. Birimler uyusmuyorsa, VI komutu birimler arasinda haritalamak icin harika
bir yerdir.

£ Template for Drive with Duration 1.vi Block Diagram on 2016 Robot Project XXX.lvproj/Tar... ﬂgj

| File Edit View Project Operate Tools Window Help

[ ( 18pt Application Font |~ |[3c |[7a~ | (€5~ |[&ak]  conrch \—H'ﬂ‘

{° Drive for Distance 7]

Update mode and setpoints|

Description

SIolols

Right Speed[FE8———
Distance (inches) [TEi ¥ B
inches per foot [12]

"] command Info Out
Command Info Inf{&z T

‘ Left Speed|[Goin
|

|

|

| Synchronication [}
|

|

2016 Robot Project XXXIvproj/Target ¢

Next, add code to the Drive Controller to define what happens when the Drive for Distance
command executes. Right click on the Case Structure and Duplicate or Add Case for Every
Value. This will create a new “Drive for Distance” case.

In order to access new setpoint fields, grow the “Access Cmd setpoints” unbundle node. Open
your encoder(s) on the outside, to the left of the loop. In the new diagram of the case structure,
we added a call to reset the encoder on the first loop iteration and read it otherwise. There
is also some simple code that compares encoder values and updates the motor power. If new
controls are added to the setpoints cluster, you should also consider adding them to the Trace.
The necessary changes are shown in the image below.
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Bolim 5: Bir Alt Sistem Olusturma

Yeni bir alt sistem olusturmak i¢cin roboRIO hedefine sag tiklayin ve New» Subsystem Sistem
0gesini secin. Acilan iletisim kutusunda, alt sistemin adini girin, isletim modlarini listeleyin
ve simgenin rengini belirtin.

2 2016 Robot Projectvproj * - Project Explorer [l e ==
File Edit View Project Operate Tools Window Help

[bee xhox|[Eh @ al Al |a]

tems | Files |
1

= B Project: 2016 Robot Project.vproj
= B My Computer
4 [ Sim Support Files
~ @ Robot Simulation Readme.htral
o' Dependencies
L% Build Specifications

) [T
data 7 £
Drive Add
Virtual Folder
Frarnework .
Support Code onnect =—
Vision : i
l, Robot Mainvi Utilities o
} Telesi Varizble
eleopai
I
Autonomous i Deploy 10 Server
Testui Deploy All Class
-, Subysternsai Find Project kers... Webiserce
% Dependencies
"% Build Specifications Amrange By »
Expand All
Collapse All
Remove from Project
Rename... F2
Help...
Properties

OK’e tikladiginizda, alt sistem klasorii olusturulacak ve proje disk klasoriine ve agacina ekle-
necektir. Bir alt sistemi olusturan VI'larin ve kontrollerin temel bir uygulamasini icerecektir.
Yeni denetleyiciye bir ¢cagri, Alt Sistemler VI'ya eklenecektir. Controller VI acilacak, I/O ek-
lemeniz ve state-machine veya kontrol kodunu uygulamaniz i¢cin hazir olacaktir. Olusturulan
VI simgeleri, iletisim kutusunda saglanan rengi ve adi kullanacaktir. Olusturulan kod, ayar
noktasi alanlar ve islemleri icin typedef’leri kullanacaktir.

3 Voice Subsystem Controlleryi Frant Panel on 201 Robot ProjectvprojfTarget = [B]=s
File Edit View Project Operste Tools Window Help ﬂ@
[® @] @[] [ 5ot Avieston Fort 1~ | 5 |~ |2~ |6~ [or Q@)

Current

Tip: It may be helpful to observe inputs and sensor values.
You may also want to display tuning or debugging controls

ermorin
status .EUdE
2| o

source

]

2016 Robot Project vproj/ Target] <

Asag@ida yeni olusturulan alt sistemin blok semas1 bulunmaktadir. Bu kod, alt sistemi olustur-
dugunuzda otomatik olarak iiretilecektir.
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13.2 LabVIEW Kaynaklari

13.2.1 LabVIEW Kaynaklari

Not: LabVIEW’de programlama ve 0zellikle FRC ® programlama hakkinda daha fazla bilgi
edinmek icin LabVIEW’deki robotlar i¢cin asagidaki kaynaklara goz atin.

LabVIEW Temelleri

NI provides tutorials on the basics of LabVIEW. These tutorials can help you get acquainted
with the LabVIEW environment and the basics of the graphical, dataflow programming model
used in LabVIEW.

NI FRC Egitimleri

NI ayrica, temelden gelismise kadar degisen bircok FRC'ye o0zel egitim ve
sunuma<https://forums.ni.com/t5/FIRST-Robotics-Competition/Archived-2015-FRC-
LabVIEW-Additional-Resources/ta-p/3528790?profile.language =en>"_ ev sahipligi
yapiyor. Derinlemesine tek bir kaynak icin, sayfanin altina yakin bir yerde bulunan FRC Basic
and Advanced Training Classes’a bakin.

Yiklii Egitimler ve Ornekler

Ayrica, LabVIEW kurulumunuzun bir parcasi olarak saglanan her tirli gorev ve bilesen icin
egitimler ve oérnekler de vardir. Ogreticilere erismek igin, LabVIEW Acilis ekranindan (prog-
ram ilk baslatildiginda goriinen ekran) sol taraftaki Tutorials sekmesine tiklayin. Ogreticile-
rin hepsinin tek bir belgede oldugunu unutmayin, bu nedenle acgildiktan sonra acgilis ekranina
geri donmeden diger egitimlere goz atmakta 6zgiirsiniiz.

Orneklere erismek igin ya Support sekmesine, ardindan Find FRC Examples a tiklayin veya
bir program tizerinde ¢alisirken Help meniisiinii agin, Find Examples u secgin ve FRC Robotics
klasorini agin .
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Third Party Resources

* FRC Control and Trajectory Library
* Secret Book Of FRC LabVIEW 2

13.2.2 Waiting for Target to Respond - Bozuk dongulerden kurtarma

Not: If you download LabVIEW code which contains an unconstrained loop (a loop with no
delay) it is possible to get the roboRIO into a state where LabVIEW is unable to connect to
download new code. This document explains the process required to load new, fixed, code to

recover from this state.

Belirti

aﬂephyment Progress EEE|

Deployment Status

e ) [ e i e

Checking items for conflicts, This operation could take a while...
Preparing items for download. This operation could take a while...
Deploying NL_FileType.vlib

Deploying MI_PackedLibraryUtility.lvlib

Deploying MI_Vision_Development_Module.lvlib

Deploying NI Vision_Acquisition_Software.lvlib

Waiting for the target (Target) to respond

Waiting for the target (Target) to respond | 4
Waiting for the target (Target) to respond

m

Deployment Progress

Close on successful completion Glose e

Bu sorunun birincil belirtisi, yukarida gosterildigi gibi “Waiting for the target (Target) to res-
pond” adiminda askida kalan yeni robot kodunu indirme girisimleridir. Bu semptomun baska
olasi nedenleri de oldugunu unutmayin (bir C++Java programindan LabVIEW programina
gecgmek gibi), ancak burada acgiklanan adimlar bunlarin gogunu veya timini ¢ozecektir.

Indirme iletisim kutusunu kapatmak icin Cancel a tiklayin.

Sorun

This loop is good

Joutput

[i]

Bu sorunun yaygin bir kaynagi, LabVIEW kodunuzdaki kisitlanmamis dongilerdir. Sinirlandi-
rilmamis dongii, herhangi bir gecikme 6gesi icermeyen bir dongidir (soldaki gibi). Nereden
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bakmaya baslayacaginizdan emin degilseniz, Disabled.VI, Periodic Tasks.VI ve Vision Proces-
sing.VI, bu tir dongl icin ortak konumlardir. Kodla ilgili sorunu ¢ézmek icin, sag dongide
bulunan Timing paletinden Wait(ms) VI gibi bir gecikme 6gesi ekleyin.

Set No App - Uygulama Yok Ayarla

Startup Settings

L] Force safe Mode
|¥] Enable Console Out
|| Disable FPGA Startup App
[¥] Enable Secure Shell Server (sshd)

[+] LabVIEW Project Access

RoboRIO web sunucusunu kullanma (daha fazla ayrinti icin roboRIO Web Dashboard Star-

tup Settings deki makaleye bakin). “RT Baslangi¢ Uygulamasini Devre Dis1 Birak” kutusunu
Check isaretleyin .

Reboot -Yeniden baslat

Cihazdaki Reset digmesini kullanarak veya web sayfasinin sag ust kosesindeki Restart sse-
¢enegine tiklayarak roboRIO’yu yeniden baslatin.

Uygulama Yok’u Temizle

Startup Settings

[_| Force Safe Mode

|¥| Enable Console Qut

|_| Disable RT Startup App

[_| isable FPGA Startup App
|¥] Enable Secure Shell Server (sshd)

] LabVIEW Project Access

RoboRIO web sunucusunu kullanma (daha fazla ayrinti i¢in: roboRIO Web Dashboard Startup

Settings ‘deki makaleye bakin). “RT Baslangi¢c Uygulamasini Devre Dis1 Birak” kutusunun
Uncheck isaretini kaldirin.

LabVIEW Kodunu Yiikle

LabVIEW kodunu yiikleyin (Run digmesini veya Run as Startup’it kullanarak). RoboRIO’yu
yeniden baslatmadan énce LabVIEW kodunu Run as Startup olarak ayarladiginizdan emin
olun, aksi takdirde yukaridaki talimatlar: tekrar izlemeniz gerekecektir.
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13.2.3 iki Kamera Modu Arasinda Nasil Gegis Yapilir

Bu kod, iki farkli kamera modu arasinda gecis yapmak icin bir butonun nasil kullanilacagini
gosterir. Kod dort asamadan olusur.

Ilk asamada joystick iizerindeki bir butonun degeri okunur.

Daha sonra, mevcut okuma bir Feedback Node ve bazi Boolean aritmetigi kullanilarak énceki
okuma ile karsilastirilir. Bunlar birlikte, kamera modunun, buton basili tutulurken birden gok
kez ileri ve geri gitmek yerine, yalnizca butona ilk basildiginda degistirilmesini saglar.

Bundan sonra, ikinci asamanin sonucunu mevcut kamera modu degeri iizerinden maskele-
yerek kamera modu acilir. Buna bit masking -bit maskeleme denir ve bunu XOR islevi ile
yaparak, kod ikinci asama dogruya dondiigiinde kamera modunu degistirir ve baska tiirli bir
sey yapmaz.

Son olarak, her kamera modu i¢in kodu en sondaki sart yapisina ekleyebilirsiniz. Kod her
calistinldiginda, bu bolim mevcut kamera modunun kodunu galistiracaktir.

2015

Toggle camera) 1[0 Defoult
Imede value Even Camera Settings

13.2.4 LabVIEW Ornekleri ve Rehberleri

Populer Ogreticiler

Otonom Zamanli Hareket Egitimi
* Robotunuzu farkli zaman araliklarin da otonom olarak hareket ettirin
* Otonom Hareket hakkinda daha fazla bilgi edinin
Temel Motor Kontrol Egitimi
* RoboRIO motor donaniminizi ve yaziliminizi kurun
* FRC ® ‘i kurmay1 6grenin Kontrol Sistemi ve FRC Robot Projesi
* Motor Kontroli hakkinda daha fazlasini gorin
Gorunti Isleme Egitimi
+ Temel Gorintil Isleme tekniklerini ve NI Vision Assistant’1 nasil kullanacaginizi 6grenin
« Kameralar ve Goriintii Isleme hakkinda daha fazla bilgi edinin
PID Kontrol Egitimi
* PID Kontroli nedir ve bunu nasil uygulayabilirim?

"Command and Control<https://forums.ni.com/t5/FIRST-Robotics-
Competition/Command-and-Control-Tutorial/ta-p/3534946?profile.language =en>"_

¢ Command ve Control nedir ?

* Nasil uygularim?
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Suricu Istasyonu Egitimi
* FRC Driver Station’1 taniyin

"Test Modu Rehberi<https://forums.ni.com/t5/FIRST-Robotics-Competition/FRC-
2015-Test-Mode-Tutorial/ta-p/3535797?profile.language =en>"_

* Test Modunu kurmay1 ve kullanmay1 6grenin

Daha fazla ornek ve bilgi mi ariyorsunuz? Daha fazla belgede arama yapin veya kendi soru-
nuzu, 6rnek kodunuzu veya rehberinizi “buraya tiklayarak génderin! <https://forums.ni.com/
t5/FIRST-Robotics-Competition/tkb-p/3019?profile.language=en> "~ Yayinlarinizi bir etiket-
le isaretlemeyi unutmayin!

13.2.5 Bir Projeye Bagimsiz Motor Ekleme

Tekerlekleri kontrol eden siiriciiniiziin tamami ayarlandiktan sonra, kol gibi tekerleklerden
tamamen bagimsiz bir seyi kontrol etmek icin ek bir motor eklemeniz gerekebilir. Bu mo-
tor tankinizin, atari salonunuzun veya mecanum tekerleklerinin bir parcasi olmayacagindan,
kesinlikle bagimsiz olarak kontrol edilmesini isteyeceksiniz.

Bu VI Parcaciklari, halihazirda ¢ok motorlu bir siiriicli igeren bir projede tek bir motorun nasil
kurulacagim gosterir. HAND> OK> LABVIEW semboliinii goriirseniz, resmi blok diyagrama-
niza surukleyin ve iste: kod! Tamam, iste nasil yapiyorsun.

FIRST, create a motor reference in the Begin.vi, using the Motor Control Open VI and Mo-
tor Control Refnum Registry Set VI. These can be found by right-clicking in the block di-
agram and going to WPI Robotics Library>>RobotDrive>>Motor Control. Choose your
PWM line and name your motor. I named mine “Lift Motor” and connected it to PWM 7. (I
also included and enabled the Motor Control Safety Config VI, which automatically turns off
the motor if it loses connection.)

|r" ILift Motor|  [*Enable | _T
Mlatar Makar Patar |
| L PWM ? - -,.':.'GZZ:.E.'H _}@ gg;ﬁ; |

_ o Waed] )

Simdi, ** Motor Control Refnum Registry Get VI ** ‘y1 kullanarak ** Teleop.vi ** de moto-
runuza (adin tam olmasi gerekir) referans verin ve ** Motor Kontrol Seti Cikis1 VI * ile ne
yapacagini soyleyin *. Bunlar yukaridaki VI'larla aym yerdedir.
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eyl 2015

Add your motor code above these
Vls, and wire to the "Output”
terminal of the Motor Set Output VI

Maokor \ Makor |
|

ILiﬁ: Motor [El'} Set

Clutput

Ornegin, sonraki parca Kaldirma Motoruna, Kumanda Kolu 0’da diigme 4’e basildiginda ileri
hareket etmesini ve aksi takdirde hareketsiz kalmasini séyler. Benim i¢in diigme 4, Xbox tar-
z1 denetleyicimin (“Joystick 0”) sol tamponudur. Cok daha derinlemesine kumanda kolu dig-
mesi secenekleri icin, bakin: ref: *Motorlar veya Solenoidleri Kontrol Etmek i¢cin Kumanda
Kolu Dugmelerini Kullanma <docs / software / labview / kaynaklar / nasil-kullanilir-joystick-
diigmeleri-kontrol-motorlari -veya-solenoidler: Motorlar: veya Solenoidleri Kontrol Etmek i¢in
Kumanda Kolu Diigmelerini Kullanma> “.

| - Jayrtick ™ Juyrtick Array
|@ B‘*_ vaLUEs E— @f . 1 | I%)

|
= 1 | Matar Mator
||L|ﬁ Mntnr[ B"" fo;ut

Son olarak, ** Motor Control Refnum Registry Get VI ** ve ** Motor Control Close VI **
kullanarak ** Finish.vi ** ‘deki (tipki siiriicii ve joystick ile yaptigimiz gibi) referanslar kapat-
mamiz gerekir. . Bu resim Close VI'y1 tek basina diuiz bir sekans yapisinda gosterirken, tim
Close VI'larin ayni ¢cercevede olmasini gercekten istiyoruz. Bu iki VI'y1 diger Get VI ve Close
VI'larin altina yerlestirebilirsiniz (joystick ve siiriicii igin).

| Lift Motor] H[%*

o N e o e o o o [ w8

Umarim bu, simdiye kadarki en iyi robotu programlamaniza yardimci olur! lyi sanslar!
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13.2.6 RoboRIO ile Klavye Navigasyonu

Bu ornek, bir joystick veya baska bir kontrolcu aygit yerine klavye yonlendirmesi kullanarak
robotu kontrol etmek icin baz: oneriler sunar. Bu durumda, bir tank drive konfigurasyonunda
iki sturiicii motorunu kontrol etmek icin A, W, S ve D tuslarini kullaniriz.

Ilk VI Snippet’i, Dashboard Main VI'ya dahil edilmesi gereken koddur. Bu kodu Loop 1’in True
durumuna ekleyebilirsiniz. Kod, loop-dongii baslamadan 6nce klavyeye bir baglanti acar ve
her yinelemede basilan tusu okur. Bu bilgiler bir stringe dontsturulir ve daha sonra robot
projesinde Teleop VI'ya aktarilir. Loop 1’in ¢calismasi durdugunda, klavye baglantis1 kapanir.

find@ 15
[Insert this code a3 shown inte the True Case in Loop 1 of Dashbeard Main.vi in the D Preyect.| ¥
T[True <P
ey Pressed Key Pressed as String
o] ik
[Fead Key Pressed] l —
[Etoedl—gmw
@; o g | RN @
(= o D vinte Strng +]
] Cl

ikinci VI Snippet’i, Teleop VI'ya dahil edilmesi gereken koddur. Bu, Dashboard’dan hangi
tusa basildigini gosteren string degerini okur. Bir Case Structure-Kosul Yapisi daha sonra,
anahtara bagh olarak sol ve sag motorlara hangi degerlerin yazilmasi gerektigini belirler.
Bu durumda, W ileri, A sol, D sag ve S ters. Bu ornekteki her durum, motorlar yar1 hizda
calistirir. Bunu kodunuzda ayni sekilde tutabilir, degerleri degistirebilir veya stirticiiniin hiz
ayarlamasina izin vermek icin ek kod ekleyebilirsiniz, boylece gerektiginde hizli veya yavas
suirebilirsiniz. Motor degerleri secildikten sonra siiriicii motorlarina yazilir ve motor degerleri
dashboardda yayinlanir.

13.2.7 One-Shot Buton yapmak

Joystick Get Values islevini kullanirken, bir joystick digmesine basmak, diigme birakilana
kadar diigmenin TRUE okumasina neden olur. Bu, biiylik olasilikla her basista birden c¢ok
DOGRU degeri okuyacaginiz anlamina gelir. Ya diigmeye her basildiginda yalnizca bir DOG-
RU degeri okumak isterseniz? Bu genellikle “One-shot Button” olarak adlandirilir. Asagidaki
egitim, bunu yapmak icin Teleop.vi'nize birakabileceginiz bir subVI'y1 nasil olusturacaginizi
gosterecektir.

Oncelikle, projenizin Support Code klasériinde yeni bir VI olusturun.
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o] o)==

Window Help

&2 Button Press.lvproj - Project Explorer
File Edit View Project Operate Tools

HEW XDDOX|ISKRIE-Fal

Items | Files

= B4 Project: Button Press.lvproj
" B My Computer
= & Target (roboRIO-1111.local)
+

Ttems incorrectly claimed by a library
Find Project ltems...

Arrange By
Expand All
Collapse All

Remove from Project
Rename...

$ 5 Team Code | N
il Robot Main.y Add » Virtual Folder
+ "-'v:;' Dependencie Control
+- 4. Build Specifii  Convert to Auto-populating Folder... R
- Library
Convert to Library Variable
Find ltems with No Callers 1/O Server

Class
‘Web Service

Simdi yeni VI'nin blok diyagraminda, asagidaki kod parcacigini birakin.

Qomt| =
[Button In
And

| = 9 .

TF H
| Feedback Mode Not |
|
- __ =B _ _

=

Button Pressed?

.
ITFI |

Bu kod, Feedback Node adi verilen bir islevi kullanir. Digmenin mevcut degerini feedack node
diguminin sol tarafina bagladik. Feedback node diigiminin okundan ¢ikan tel, digmenin
onceki degerini temsil eder. Geri bildirim diguminiizdeki ok burada gosterildigi gibi ters
yOne gidiyorsa, yoni tersine ¢evirme segenegini bulmak igin sag tiklayin.

Bir digmeye basildiginda, digmenin degeri FALSE’dan TRUE’ya gider. Bu VI'nin giktisinin
yalnizca diigmenin mevcut degeri TRUE ve diigmenin onceki degeri FALSE oldugunda TRUE

olmasini istiyoruz.

Daha sonra boolen kontroliinii ve gostergesini VI'nin giris ve gikislarina baglamamiz gerekir.
Bunu yapmak i¢in, 6nce baglayici bolmesindeki bloga tiklayin, ardindan ikisini baglamak igin
digmeye tiklayin (asagidaki semaya bakin). Gosterge i¢in bunu tekrarlayin.
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I Untitled 3 Front Panel on Button Press.lvproj/Target *

o o=

File Edit View Project Operate Took Window Help

|;>_1g,_ @[ 1] [15pt Application Font |~ |[$o = [es+ | [ad~ | [+ Search N

Button Pressed?

By In

Button Press hiproj/ Target] «

Daha sonra, bu VI'nin 6zelliklerini TeleOp.vi'mizde bu VI'min katlarini kullanabilmemiz igin
degistirmemiz gerekiyor. VI Simgesine sag tiklayin ve VI Ozellikleri'ne gidin. Ardindan “Exe-
cution” kategorisini secin ve “Preallocated clone reentrant execution” y1 secin.

2 Untitled 3 Front Panel on Button Press hiproj/ Target ™
[Fie Edit View Project Opente Took Window Help

[ ] @) 00| [ 15pt application Font | |[§ov | e et~ |3+

4 ?:m?

Buttonn Button Pressed?

> -

[Button Press hproj Target] «

Edit lzon...

Find All Instances

2 VIProperties

‘ Category

Execution

[v] Allow debugging

Reentrancy

Non-reentrant execution
Shared clone reentrant execution

@ Preallocated clone reentrant execution

Reentrancy settings affect memory usage, call
overhead, jitter, and state maintained within the
VL. Display Context help for guidance with
selecting the best setting for your use case.

[“linline subVl into calling Vs

Priority
normal prierity [=]
Preferred Execution System

same as caller =

[7] Enable automatic error handling
Run when opened
| Suspend when called
) Clear indicators when called

¥| Auto handle menus at launch

Cancel ] Help

Son olarak, VI Simgesini VI'nin islevini daha acgiklayici olacak sekilde degistirmeliyiz. Simgeye
sag tiklayin ve Edit Icon’a gidin. Create a new Icon-Yeni bir Simge olusturun.
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3 Unsitled 3 Fromt Panel on Button Press peroj Target *
Fle Edt View Project Operate Toals Window Help

&[] @)/ 11| [15pt Application Font |~ | B [~ |28~ | [a= |

Find AllInstances

ButtonIn Button Pressed?

Son olarak, VI'y1 agiklayici bir adla kaydedin. Artik bu VI'y1 Support Files klasorunden Tele-
Op.vi'nize surukleyip birakabilirsiniz. Iste tamamlanan VI'nin bir kopyasi: Button Press.vi

Iste bu VI'y1 nasil kullanabileceginize dair bir érnek.

|values to the dashboard

i

r
Joystick 0/Axes i
(% Ob
Joystick 0/Buttons
&

M True 't
Button was Pressed. Do Something!
This code will only run once per button press!

[®Enable Vision»] ﬂ|> |>°Enab|e Vision

toggle vision

13.2.8 Robot Kodunuza Giivenlik Ozellikleri Ekleme

Karmasik projelerde yaygin olarak goériilen bir sorun, tiim kodunuzun beklediginiz anda calis-
tigindan emin olmaktir. RoboRIO’da yiiksek oncelige sahip gorevler, uzun yuriitme siireleri
veya sik cagirmalar islem giici aldiginda sorunlar ortaya ¢ikabilir. Bu, islemcinin mesgul ol-
masi nedeniyle gercgeklestirilemeyen gorevler igcin “starvation-agliktan 6lme” olarak bilinen
duruma yol agar. Cogu durumda bu, kumanda kollarindan ve diger cihazlardan girisinize tep-
ki stiresini basitce yavaslatir. Ancak bu, robotunuzun tahrik motorlarinin siz onlar1 durdurma-
ya calistiktan sonra uzun sure acik kalmasina da neden olabilir. Bundan dolay1 herhangi bir
robotik felaketten kacinmak ic¢in, gorev girdisi tikanmasini kontrol eden ve potansiyel olarak
zararl islemleri otomatik olarak kapatan givenlik 6zellikleri uygulayabilirsiniz.

Motorlar icin giivenlik kontrollerinin kolay uygulanmasini saglayan yerlesik fonksiyonlar var-
dir. Bu islevler sunlardir:

* Robot Suris Guvenlik Yapilandirmasi

* Motor Siriicii Guvenlik Yapilandirmasi
* Role Guvenligi Yapilandirmasi

*» PWM Safety Configuration

* Solenoid Guivenlik Yapilandirmasi

* Robot Siiriicii Gecikmesi ve Giincelleme Giivenligi
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Tum Guvenlik Yapilandirmasi islevlerinde, programlamaniz calisirken guvenlik kontrollerini
etkinlestirebilir ve devre dis1 birakabilir ve hangi zaman asiminin uygun oldugunu disindii-
guniizii yapilandirabilirsiniz. Islevler, giivenligi etkinlestirilmis tiim aygitlarin bir énbellegini
tutar ve bunlardan herhangi birinin zaman sinirlarin1 asip asmadigini kontrol eder. Varsa,
onbellekteki tum cihazlar devre dis1 birakilir ve robot hemen durur veya role / PWM / sole-
noid cikislar kapatilir. Asagidaki kod, motorlarin kapatilmadan once hicbir giris almayacag
maksimum bir zaman sinir ayarlamak i¢in Suricu Guvenlik Yapilandirmasi islevlerinin nasil
kullanilacagini gosterir.

[Use jeystick to contrel mtors]

L=m
t Motor P i ﬁ
s
Right Mator 7 s
: ~) E]E| [Standiard =] [
PAM Channel 1
Tabor SR =)
Safety Canfig TR

Emniyet kapatmasini test etmek icin, donguye zaman asiminizdan daha uzun bir Bekleme
islevi eklemeyi deneyin!

Guvenlik kontrollerinin uygulanmasiyla ilgili son islev-Robot Drive Delay and Update Safety-
roboRIO’yu zaman sinirini asmadan Otonom Moda gegirmenizi saglar. Striicti Cikisi islevleri-
ne agir yukli ¢agrilar yapmadan mevcut motor ¢ikisini koruyacak ve ayrica motorlarin aniden
durmamasi i¢in giivenlik kontrollerinin diizenli olarak giincellenmesini saglayacaktir.

Genel olarak, robotunuzun kasitsiz olarak tehlikeli bir durumda birakilmadigindan emin ol-
mak icin projenizde bir tir giivenlik kontroliniin uygulanmasi siddetle tavsiye edilir!

13.2.9 Motorlar veya Solenoidleri Kontrol Etmek icin Kumanda Kolu
Dugmelerini Kullanma

Tahrik sistemlerimizi calisir hale getirdikce, motorlar ve solenoidler gibi yardimci cihazlari-
miz1 baglamaya geciyoruz. Bununla birlikte, bu cihazlar kontrol etmek igin genellikle joystick
diigmelerini kullanacagiz. Buna baglamak igin, joystick diigmeleriyle cihazlar1 kontrol etme-
nin birka¢ yolunu inceleyecegiz.

Bunun gibi bir belgeden VI Snippet’i tiklayip dogrudan LabVIEW kodunuza siirikleyebilece-
ginizi biliyor muydunuz? Bunu bu belgedeki parcaciklarla deneyin.

Kurulum:

Yapilandirma ne olursa olsun, “Begin.vi” ye bir, iki veya daha fazla (gercekten heyecanliysa-
niz) joystick eklemeniz gerekir. ilk érnek 2 oyun ¢ubugu kullanir ve digerleri yalnizca birini
kullanir. Asagidaki snippet gibi baska yerlerde de kullanabilmemiz i¢in her birine benzersiz
bir ad verin. Masamin sol ve sag tarafinda olduklari icin onlara “LeftStick” ve “RightStick”
adini verdim. Oyun ¢ubuklariniz zaten yapilandirilmigsa, harika! Bu adimi atlayabilirsiniz.
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=
RightStick B
P el e
F.. USE CI - GOFEH —l-[a
initialize a joystick
LeftStick
ki | CESRTEETTE | myrkic
FUseT e e
J)

Bu belgedeki kodun geri kalan1 “Teleop.VI” icine yerlestirilecektir. Burada, kumanda kolu
digmelerimizi motorlarimizin veya solenoidlerimizin farkli yonlerini kontrol etmek icin prog-
ramlayacagiz.

Senaryo 1

“Bir dugmeye bastigimda motorun bir yone, farkli bir diigmeye bastigimda diger
yone hareket etmesini istiyorum.”

Bu kod, ayni motoru kontrol etmek icin iki farkli kumanda kolundaki 0 diigmesini kullanir.
LeftStick tuzerindeki 0 butonuna basilirsa, motor geriye dogru hareket eder ve RightStick
uzerindeki O butonuna basilirsa, motor ileri dogru hareket eder. Her iki digmeye de basilirsa
veya hicbir digmeye basilmazsa, motor hareket etmez. Burada motor referansima “Motor5”
adin1 verdim, ancak motorunuza “Begin.vi” de istediginiz ad1 verebilirsiniz.

r some logic to make the moter move
forward if rightstick button is pressed,
backward if leftstick button is pressed,
and not at all if neither or both buttons|

Index the Oth
button of each

Read Joysticks by referencing are pressed

names given in Begin.vi

|

|

|

5 |
5 05}~ |
0 )B'} ) % |
' |

| |

el

Kontrol i¢in ayni joystick’ten birden fazla digme kullanmak isteyebilirsiniz. Bunun bir 6rnegi
icin, Senaryo 2’deki VI snippetine veya asagidaki VI snippetine bakin.
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Burada 0 ve 2 numarali kumanda kolu diigmelerini kullandim, ancak ihtiyaciniz olan digme-
leri kullanmaktan ¢ekinmeyin.

Senaryo 2

** Farkli kumanda kolu diigmelerinin ¢esitli hizlarda hareket etmesini istiyorum.”**

Bu 6rnek, bastiginiz diigmelere bagh olarak bir motora farkl seyler yaptirmaniz gerektiginde
yardimc1 olabilir. Ornegin, oyun ¢ubugumun bir tetikleyici (diigme 0) ve istte 4 diigme (1-4
arasi digmeler) oldugunu varsayalim. Bu durumda, asagidaki diigmeler asagidaki islevlere
sahip olmalidir:

* button 1 - yarim hizda geri git

* button 2 - yarim hizda ileri git

* button 3 - 1/4 hizda geri git

* button 4 - 1/4 hizda ileri git

* trigger- tam hiz ileri! (tam hizda ileri)

Daha sonra boolen dizisini “JoystickGetValues.vi” den alir ve onu bir “Boolean Array to Num-
ber” digimiine (Numeric Palette-Conversion Palette) baglariz. Bu, boolen dizisini kullanabi-
lecegimiz bir sayiya donustiriir. Bu rakami bir case structure’a baglayin.

Her durum, dizideki degerlerin ikili gosterimine karsilik gelir. Bu 6rnekte, her durum tek dig-
meli bir kombinasyona karsilik gelir. Alt1 durum ekledik: 0 (tim digmeler kapali), 1 (digme
0 acik), 2 (digme 1 acik), 4 (diigme 2 acik), 8 (diigme 3 acik) ve 16 (diigme 4 acik). 3 degerini
atladigimiza dikkat edin. 3 ayni anda basilan 0 ve 1 diigmelerine karsilik gelir. Bunu gereksi-
nimlerimizde tanimlamadik, bu yiizden varsayilan durumun ele almasina izin verecegiz.

LabVIEW 2014 Case Structure Yardim belgesini buradan incelemek faydal olabilir:
https://zone.ni.com/reference/en-XX/help/371361L-01/glang/case structure/
Ayrica, burada case yapilariyla ilgili 3 Topluluk rehberi vardir:

https://forums.ni.com/t5/Curriculum-and-Labs-for/Unit-3-Case-Structures-Lesson-1/ta-p/
35059457profile.language=en

https://forums.ni.com/t5/Curriculum-and-Labs-for/Unit-3-Case-Structures-Lesson-2/ta-p/
3505933?profile.language=en

https://forums.ni.com/t5/Curriculum-and-Labs-for/Unit-3-Case-Structures-Lesson-3/ta-p/
35059797profile.language=en
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Gereksinimlerimiz basit oldugundan, her durumda sadece tek bir sabite ihtiyacimiz var. Du-
rum 1 i¢in (tam ileri) 1, 2. durum ic¢in (yarim geri) a -0.5 kullaniyoruz, vb. 1 ile -1 arasindaki
herhangi bir sabit degeri kullanabiliriz. 0 durumunu varsayilan olarak biraktim, bu nedenle
birden fazla digmeye basildiginda (tanimlanmamis herhangi bir duruma ulasildiginda) motor
duracaktir. Elbette bu durumlar istediginiz gibi 6zellestirmekte 6zgirsiiniiz.

Senaryo 3

“Joystick diigmelerimle bir solenoidi kontrol etmek istiyorum.”

Simdiye kadar, joystick’in diigmeleri bir dizi boolen’den nasil ¢ikarildigini biliyoruz. lgilen-
digimiz diigmeyi elde etmek igcin bu diziyi indekslememiz ve bu boolean: bir secili diigiime
baglamamiz gerekir. “Solenoid Set.vi” giris olarak bir Enum gerektirdiginden, numaralandir-
manin en kolay yolu “Solenoid Set.vi” nin “Value” girisine sag tiklamak ve “Create Constant”
u secmektir. Bu sabiti cogaltin ve bir kopyasini True terminale ve birini de secilen digumiin
False terminaline baglayin. Ardindan, segme digumiiniin ¢ikisini solenoid VI'nin “Value” gi-
risine baglayin.

| [RightStick] Bl el

GET
| MALLES

Mutlu Robot Calismalar!

13.2.10 FRC icin LabVIEW’de Local ve Global Degiskenler

Bu 6rnek, yerel ve genel degiskenlere, FRC icin varsayilan LabVIEW’de nasil kullanildiklarina
bir giris olarak hizmet eder ® Robot Projesi ve bunlarn projenizde nasil kullanmak isteyebile-
ceginiz.

Localk ve global degiskenler, ayni VI (yerel degiskenler) veya farkli VI'lar (global degiskenler)
icindeki konumlar arasinda veri aktarmak igin kullanilabilir ve LabVIEW’in meshur oldugu
geleneksel Veri Akisi Paradigmasi ‘i bozar. Bu nedenle, herhangi bir nedenle degeri dogrudan
bir node dan baska bir node a baglayamadiginizda yararlh olabilirler.

Not: Olas1 nedenlerden biri, verileri ardistk dongi yinelemeleri arasin-
da gecirmeniz gerekmesidir; Miro T, bu vyazida ele alindi. LabVIEW’deki
“feedback node<https://zone.ni.com/reference/en-XX/help/371361L-
01/lvconcepts/block_diagram_feedback/>"__ shift register’a esdeger olarak kullani-
labilecegi, ancak bu baska bir konu olabilir!
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Local ve Global Degiskenlere Giris

Yerel degiskenler ayni VI igerisinde kullanilabilir. On Panelinizde bir kontrole veya gostergeye
sag tiklayarak yerel bir degisken olusturun:

Mumetic
A———
H-EI
Wisible terns b
Enaledn Change to Indicator
@ Make Type Def,
; Description and Tip...
Find ,

Lacal YWariable

Reference
Property Mode  »
Invoke MNode [ 2

Replace
Data Operations 3
Advanced 3

Fit M rrntrnl +1 Pane I

Blok diyagram tlizerindeki Structures paletinden de bir yerel degisken olusturabilirsiniz. Bir
VI'da birden fazla yerel degiskeniniz oldugunda, hangi degiskeni se¢mek i¢in sol tiklayabilir-
siniz:
Murmeric

DEL K

R MNUmMeric

4 Boolean

Murmeric

Global degiskenler biraz farkli olusturulur. Structures paletinden blok diyagrama bir tane
ekleyin ve iizerine ¢ift tikladiginizda ayr bir 6n panel actigina dikkat edin. Bu 6n panelin bir
blok diyagrami yoktur, ancak 6n panele istediginiz kadar varlik ekleyip *.Vi dosyas1 olarak
kaydedersiniz:
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F Siring

J String
String 2

o

y

B Global LFront Panel* | = || @ || 22 |

@

*| Search - 1

File Edit “iew Project Operate

m

........

Not: Local ve Global degiskenleri kullanirken yaris kosullarindan kaginmaya ¢ok dikkat edin!
Esasen, en son hangi konuma yazildigini bilmenin bir yolu olmadan ayni degiskene birden ¢ok

konumda yanlislikla yazmadiginizdan emin olun. Daha kapsaml bir aciklama icin su yardim
belgesine bakin:

FRC Robot Project icin Default LabVIEW Nasil Kullanilirlar?

“Vizyonu Etkinlestir” ve “Gortunti Boyutu” icin global degiskenler, Robot Ana VI'nin her yi-
nelemesi sirasinda yazilir...

e
B3 Robot Maini Front Panel on 2015 Rabot Proje- =2 A=k e S|
i PO~

et Operste Tools Window

For ‘4 @’—" I

=======

Finish

... Ve sonra Vision Processing VI'nin her yinelemesinde okuyun:
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processImage Out data to find color, shape, etc. Look
ot examples\FRChvision for ideas and sample code.  |”

Each iteration of the loop,
Enable ima

|m m

7015 Robot Project 2 vproj/ Target. < n J

Bu, kullanicinin, LabVIEW Development Environment dan Robot Main VI'ya konuslandirirken,
goruntu islemeyi enable/disable etmesine ve Robot Main’'nin On Panelinden gorinti boyutunu
degistirmesine olanak tanir.

Bunlari Projenizde Nasil Kullanabilirsiniz?

Periodic Tasks VI i¢cin blok semasina bakin. Belki de Boolen gibi, Teleop VI'da global bir de-
giskene yazilabilen ve ardindan Periodic Tasks VI’dan okunabilen bir deger vardir. Ardindan,
boolean genel degiskenine baglh olarak, Periodic Tasks VI’da hangi kod veya degerleri kulla-
nacaginiza karar verebilirsiniz:

[L00 ms tasks go here

True ~|

RobotDriveDevRef Motors(]

Different code

\
\
\
\
® Global Varizble Written to in Teleop V'Ibl 7| depending on ‘
\
\
\
|

value of boolean
global varialble

13.2.11 Kompresoru LabVIEW’de Kullanma

Bu kod parcasi roboRIO projenizi Pnomatik Kontrol Modulinu (PCM) kullanmak icin nasil
ayarlayacaginizi gosterir. PCM, tankta belirli basinglar 6l¢ildiginde kompresori otomatik
olarak baslatir ve durdurur. RoboRIO programinizda asagidaki VI'lar1 eklemeniz gerekecektir.

Daha fazla bilgi i¢in asagidaki baglantilara bakin:
FRC Pneumatics Manual
PCM User’s Guide

"RoboRIO i¢in Adim Adim Pnomatik<http://team358.org/files/pneumatic/Pneumatics-
StepByStep-roboRIO.pdf>"__
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VI'y1 baslatin

Bu pasaj1 Begin.vi'ye yerlestirin.

O | 7

Compressor

| Qpen ot B |

Teleop VI
Bu boélimi Teleop.vi'ye yerlestirin. Bu bolim yalnizca c¢iktilar diger islemler icin kullaniyor-

saniz gereklidir.
O of

r___ T

L Compressor

VI'y1 sonlandir

Bu parcacigi, Finish.vi'nin Close Refs, verileri kaydetme vb. boliimiine yerlestirin.

iﬂ':’#ﬂi :"“E]

|IC ompressor B

Erop Clase
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14

FRC Python Programming

14.1 pyproject.toml usage

Not: RobotPy projects are not required to have a pyproject.toml, but when you run robotpy
sync one will automatically be created for you.

pyproject.toml has become a standard way to store build and tooling configuration for Pyt-
hon projects. The [tool.XXX] section(s) of the TOML file is a place where tools can store
their configuration information.

Currently RobotPy only stores deployment related information in pyproject.toml, in the
[tool. robotpy] section. Users can customize the other sections however they want, and
robotpy will ignore them.

The pyproject.toml file looks something like this:

#

# Use this configuration file to control what RobotPy packages are installed
# on your RoboRIO

#

[tool.robotpy]

# Version of robotpy this project depends on
robotpy version = "2024.2.1.0"

# Which extra RobotPy components should be installed
# -> equivalent to “pip install robotpy[extral, ...]
robotpy extras = [

"all"

"apriltag"

"commands2"

"cscore"

"navx"

"pathplannerlib"

"phoenix5"

"phoenix6"

HoHH OH R W R H

(sonraki sayfaya devam)

385


https://toml.io

FIRST Robotics Competition

(onceki sayfadan devam)
# "playingwithfusion"

# "rev"
# "romi"
# Ilsimll

]

# Other pip packages to install
requires = []

Each of the following will instruct the deploy process to install packages to the roboRIO:

robotpy version is the version of the robotpy PyPI package that this robot code depends
on.

robotpy extras defines extra RobotPy components that can be installed, as only the core
RobotPy libraries are installed by default.

requires is a list of strings, and each item is equivalent to a line of a requirements.txt file. You
can install any pure python packages on the roboRIO and they will likely work, but any pac-
kages that have binary dependencies must be cross-compiled for the roboRIO. For example,
if you needed to use numpy in your robot code:

[tool. robotpyl]

requires = ["numpy"]

The packages that can be installed are stored on the WPILib Artifactory server. If you find that
you need a package that isn’t available on artifactory, consult the roborio-wheels repository.

14.2 RobotPy subcommands

When you install RobotPy in your Python installation, it installs a package called robotpy-cli,
which provides a robotpy command that can be used to perform tasks related to your robot
and related code.

If you execute the command from the command line, it will show the various subcommands
that are available:

Windows

[py -3 -m robotpy
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macO0S
[python3 -m robotpy ]
Linux
[python3 -m robotpy ]

Not: If you don’t see a list of commands but either see a RobotPy logo or an error saying No
module named robotpy. main_ ; 'robotpy' is a package and cannot be directly
executed, you should uninstall the robotpy module and then reinstall it via pip.

This only affects users who upgraded from pre-2024 or the 2024 beta.

You can pass the --help argument to see more information about the subcommand. For
example, to see help for the sim command you can do the following:

Windows

[py -3 -m robotpy sim --help ]
macOS

[python3 -m robotpy sim --help ]
Linux

[python3 -m robotpy sim --help ]

This page has more detailed documentation for some of the subcommands:

14.2.1 Deploy Python program to roboRIO

Not: Before deploying the code to your robot, you must start by installing RobotPy on your
computer

In particular, it is expected that you have ran robotpy sync to download all of the roboRIO
python dependencies.
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Windows

[py -3 -m robotpy deploy

macOS

[python3 -m robotpy deploy

Linux

[python3 -m robotpy deploy

When you execute the robotpy deploy subcommand, it will do the following:
* Run pytest tests on your code (will exit if they fail)
* Install Python on the roboRIO (if not already present)

* Install python packages on the roboRIO as specified by your pyproject.toml (if not
already present)

* Copy the entire robot project directory to the roboRIO and execute it

Uyar: Avoid powering off the robot while deploying robot code. Interrupting the dep-
loyment process can corrupt the roboRIO filesystem and prevent your code from working
until the roboRIO is re-imaged.

When successful, you will see a SUCCESS: Deploy was successful! message.

You can watch your robot code’s output (and see any problems) with netconsole by using the
Driver Station Log Viewer or pynetconsole. You can use netconsole and the normal FRC tools
to interact with the running robot code.

Ayrica bakimiz:
Konsol Ciktisint Gortintiileme
Immediate feedback via Netconsole

When deploying the code to the roboRIO, you can have immediate feedback by adding the
option -nc. This will cause the deploy command to show your program’s console output, by
launching a netconsole listener.
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Windows

[py -3 -m robotpy deploy --nc

macOS

[python3 -m robotpy deploy --nc

Linux

[python3 -m robotpy deploy --nc

Not: Viewing netconsole output requires the driver station software to be connected to your
robot

Skipping Tests

In the event that the tests are failing but you want to upload the code anyway, you can skip
them by adding the option -skip-tests.

Windows

[py -3 -m robotpy deploy --skip-tests

macO0S

[python3 -m robotpy deploy --skip-tests

Linux

[python3 -m robotpy deploy --skip-tests
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15

Hardware APIs

This section discusses the control of motors and pneumatics through motor controllers, sole-
noids and pneumatics, and their interface with Java and C++ WPILib.

15.1 Motors APIs

Programming your motors are absolutely essential to a moving robot! This section showcases
some helpful classes and examples for getting your robot up and moving!

15.1.1 Using Motor Controllers in Code

Motor controllers come in two main flavors: CAN and PWM. A CAN controller can send more
detailed status information back to the roboRIO, whereas a PWM controller can only be set to
a value. For information on using these motors with the WPILib drivetrain classes, see Using
the WPILib Classes to Drive your Robot.

Using PWM Motor Controllers

PWM motor controllers can be controlled in the same way as a CAN motor controller. For a
more detailed background on how they work, see PWM Motor Controllers in Depth. To use a
PWM motor controller, simply use the appropriate motor controller class provided by WPILib
and supply it the port the motor controller(s) are plugged into on the roboRIO. All approved
motor controllers have WPILib classes provided for them.

Not: The Spark and VictorSP classes are used here as an example; other PWM motor cont-
roller classes have exactly the same API.
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JAVA

Spark spark = new Spark(0); // 0 is the RIO PWM port this is connected to
spark.set(-0.75); // the % output of the motor, between -1 and 1
VictorSP victor = new VictorSP(0); // 0 is the RIO PWM port this is connected to

victor.set(0.6); // the % output of the motor, between -1 and 1

C++

frc::Spark spark{0}; // 0 is the RIO PWM port this is connected to
spark.Set(-0.75); // the % output of the motor, between -1 and 1
frc::VictorSP victor{0}; // 0 is the RIO PWM port this is connected to

victor.Set(0.6); // the % output of the motor, between -1 and 1

PYTHON

spark = wpilib.Spark(0) # 0 is the RIO PWM port this is connected to
spark.set(-0.75) # the % output of the motor, between -1 and 1
victor = wpilib.VictorSP(0) # 0 is the RIO PWM port this is connected to

victor.set(0.6) # the % output of the motor, between -1 and 1

CAN Motor Controllers

A handful of CAN motor controllers are available through vendors such as CTR Electronics,
REV Robotics, and Playing with Fusion. See Uctincu Taraf CAN Cihazlari, 3. Taraf Kutiupha-
neleri, and Third Party Example Projects for more information.

15.1.2 PWM Motor Controllers in Depth

Ipucu: WPILib has extensive support for motor control. There are a number of classes that
represent different types of motor controllers and servos. There are currently two classes of
motor controllers, PWM based motor controllers and CAN based motor controllers. WPILib
also contains composite classes (like DifferentialDrive) which allow you to control multiple
motors with a single object. This article will cover the details of PWM motor controllers; CAN
controllers and composite classes will be covered in separate articles.
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PWM Controllers, brief theory of operation

The acronym PWM stands for Pulse Width Modulation. For motor controllers, PWM can refer
to both the input signal and the method the controller uses to control motor speed. To control
the speed of the motor the controller must vary the perceived input voltage of the motor.
To do this the controller switches the full input voltage on and off very quickly, varying the
amount of time it is on based on the control signal. Because of the mechanical and electrical
time constants of the types of motors used in FRC® this rapid switching produces an effect
equivalent to that of applying a fixed lower voltage (50% switching produces the same effect
as applying ~6V).

The PWM signal the controllers use for an input is a little bit different. Even at the bounds of
the signal range (max forward or max reverse) the signal never approaches a duty cycle of
0% or 100%. Instead the controllers use a signal with a period of either 5ms or 10ms and a
midpoint pulse width of 1.5ms. Many of the controllers use the typical hobby RC controller
timing of 1ms to 2ms.

Raw vs Scaled output values

In general, all of the motor controller classes in WPILib take a scaled -1.0 to 1.0 value as the
output to an actuator. The PWM module in the FPGA on the roboRIO is capable of generating
PWM signals with periods of 5, 10, or 20ms and can vary the pulse width in 4096 steps of 1us
each . The raw values sent to this module are in this 0-4096 range with 0 being a special case
which holds the signal low (disabled). The class for each motor controller contains information
about what the typical bound values (min, max and each side of the deadband) are as well
as the typical midpoint. WPILib can then use these values to map the scaled value into the
proper range for the motor controller. This allows for the code to switch seamlessly between
different types of controllers and abstracts out the details of the specific signaling.

Calibrating Motor Controllers

So if WPILib handles all this scaling, why would you ever need to calibrate your motor control-
ler? The values WPILib uses for scaling are approximate based on measurement of a number
of samples of each controller type. Due to a variety of factors, the timing of an individual
motor controller may vary slightly. In order to definitively eliminate “humming” (midpoint
signal interpreted as slight movement in one direction) and drive the controller all the way
to each extreme, calibrating the controllers is still recommended. In general, the calibration
procedure for each controller involves putting the controller into calibration mode then dri-
ving the input signal to each extreme, then back to the midpoint. For examples on how to use
these motor controllers in your code, see Using Motor Controllers in Code/Using PWM Motor
Controllers
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15.1.3 Using the WPILib Classes to Drive your Robot

WPILib includes many classes to help make your robot get driving faster.

Standard drivetrains
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Differential Drive Robots
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These drive bases typically have two or more in-line traction or omni wheels per side (e.g.,
6WD or 8WD) and may also be known as “skid-steer”, “tank drive”, or “West Coast Drive”.
The Kit of Parts drivetrain is an example of a differential drive. These drivetrains are capable
of driving forward/backward and can turn by driving the two sides in opposite directions ca-
using the wheels to skid sideways. These drivetrains are not capable of sideways translational

movement.

Mecanum Drive

Mecanum drive is a method of driving using specially designed wheels that allow the robot
to drive in any direction without changing the orientation of the robot. A robot with a con-
ventional drivetrain (all wheels pointing in the same direction) must turn in the direction it
needs to drive. A mecanum robot can move in any direction without first turning and is called
a holonomic drive. The wheels (shown on this robot) have rollers that cause the forces from
driving to be applied at a 45 degree angle rather than straight forward as in the case of a
conventional drive.

When viewed from the top, the rollers on a mecanum drivetrain should form an X’ pattern.
This results in the force vectors (when driving the wheel forward) on the front two whe-
els pointing forward and inward and the rear two wheels pointing forward and outward. By
spinning the wheels in different directions, various components of the force vectors cancel
out, resulting in the desired robot movement. A quick chart of different movements has been
provided below, drawing out the force vectors for each of these motions may help in unders-
tanding how these drivetrains work. By varying the speeds of the wheels in addition to the
direction, movements can be combined resulting in translation in any direction and rotation,
simultaneously.
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Drive Class Conventions

Motor Inversion

As of 2022, the right side of the drivetrain is no longer inverted by default. It is the respon-
sibility of the user to manage proper inversions for their drivetrain. Users can invert motors
by calling setInverted()/SetInverted() on their motor objects.

JAVA

PWMSparkMax m_motorRight = new PWMSparkMax(0);

@Override
public void robotInit() {
m motorRight.setInverted(true);

}

C++

frc: :PWMSparkMax m motorLeft{0};

public:
void RobotInit() override {
m _motorRight.SetInverted(true);

}

PYTHON

def robotInit(self):
self.motorRight = wpilib.PWMSparkMax(0)
self.motorRight.setInverted(True)

Squaring Inputs

When driving robots, it is often desirable to manipulate the joystick inputs such that the robot
has finer control at low speeds while still using the full output range. One way to accomplish
this is by squaring the joystick input, then reapplying the sign. By default the Differential
Drive class will square the inputs. If this is not desired (e.g. if passing values in from a PID-
Controller), use one of the drive methods with the squaredInputs parameter and set it to
false.
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Input Deadband

By default, the Differential Drive class applies an input deadband of 0.02. This means that
input values with a magnitude below 0.02 (after any squaring as described above) will be
set to 0. In most cases these small inputs result from imperfect joystick centering and are
not sufficient to cause drivetrain movement, the deadband helps reduce unnecessary motor
heating that may result from applying these small values to the drivetrain. To change the
deadband, use the setDeadband() method.

Maximum Output

Sometimes drivers feel that their drivetrain is driving too fast and want to limit the output.
This can be accomplished with the setMaxOutput() method. This maximum output is multip-
lied by result of the previous drive functions like deadband and squared inputs.

Motor Safety

Motor Safety is a mechanism in WPILib that takes the concept of a watchdog and breaks it
out into one watchdog (Motor Safety timer) for each individual actuator. Note that this pro-
tection mechanism is in addition to the System Watchdog which is controlled by the Network
Communications code and the FPGA and will disable all actuator outputs if it does not receive
a valid data packet for 125ms.

The purpose of the Motor Safety mechanism is the same as the purpose of a watchdog timer,
to disable mechanisms which may cause harm to themselves, people or property if the code
locks up and does not properly update the actuator output. Motor Safety breaks this concept
out on a per actuator basis so that you can appropriately determine where it is necessary and
where it is not. Examples of mechanisms that should have motor safety enabled are systems
like drive trains and arms. If these systems get latched on a particular value they could cause
damage to their environment or themselves. An example of a mechanism that may not need
motor safety is a spinning flywheel for a shooter. If this mechanism gets latched on a particular
value it will simply continue spinning until the robot is disabled. By default Motor Safety is
enabled for DifferentialDrive and MecanumDrive objects and disabled for all other motor
controllers and servos.

The Motor Safety feature operates by maintaining a timer that tracks how long it has been
since the feed() method has been called for that actuator. Code in the Driver Station class ini-
tiates a comparison of these timers to the timeout values for any actuator with safety enabled
every 5 received packets (100ms nominal). The set() methods of each motor controller class
and the set() and setAngle() methods of the servo class call feed() to indicate that the output
of the actuator has been updated.

The Motor Safety interface of motor controllers can be interacted with by the user using the
following methods:
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JAVA

m_motorRight.setSafetyEnabled(true);
m_motorRight.setSafetyEnabled(false);
m _motorRight.setExpiration(.1);
m_motorRight. feed()

C++

m _motorRight->SetSafetyEnabled(true);
m_motorRight->SetSafetyEnabled(false);
m_motorRight->SetExpiration(.1);

m _motorRight->Feed();

PYTHON

m_motorRight.setSafetyEnabled(True)
m _motorRight.setSafetyEnabled(False)
m_motorRight.setExpiration(.1)
m_motorRight.feed()

By default all Drive objects enable Motor Safety. Depending on the mechanism and the struc-
ture of your program, you may wish to configure the timeout length of the motor safety (in
seconds). The timeout length is configured on a per actuator basis and is not a global setting.
The default (and minimum useful) value is 100ms.

Axis Conventions

The drive classes use the NWU axes convention (North-West-Up as external reference in the
world frame). The positive X axis points ahead, the positive Y axis points left, and the positive
Z axis points up. We use NWU here because the rest of the library, and math in general, use
NWU axes convention.

Joysticks follow NED (North-East-Down) convention, where the positive X axis points ahead,
the positive Y axis points right, and the positive Z axis points down. However, it’s important to
note that axes values are rotations around the respective axes, not translations. When viewed
with each axis pointing toward you, CCW is a positive value and CW is a negative value.
Pushing forward on the joystick is a CW rotation around the Y axis, so you get a negative
value. Pushing to the right is a CCW rotation around the X axis, so you get a positive value.

Not: See the Coordinate System section for more detail about the axis conventions and
coordinate systems.
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Using the DifferentialDrive class to control Differential Drive robots

Not: WPILib provides separate Robot Drive classes for the most common drive train con-
figurations (differential and mecanum). The DifferentialDrive class handles the differential
drivetrain configuration. These drive bases typically have two or more in-line traction or om-
ni wheels per side (e.g., 6WD or 8WD) and may also be known as “skid-steer”, “tank drive”,
or “West Coast Drive” (WCD). The Kit of Parts drivetrain is an example of a differential drive.
There are methods to control the drive with 3 different styles (“Tank”, “Arcade”, or “Curva-

ture”), explained in the article below.

DifferentialDrive is a method provided for the control of “skid-steer” or “West Coast” drivet-
rains, such as the Kit of Parts chassis. Instantiating a DifferentialDrive is as simple as so:

Java

public class Robot extends TimedRobot {
private DifferentialDrive m_robotDrive;
private final PWMSparkMax m_ leftMotor = new PWMSparkMax(0);
private final PWMSparkMax m_rightMotor = new PWMSparkMax(1);

@Override
public void robotInit() {
// We need to invert one side of the drivetrain so that positive voltages
// result in both sides moving forward. Depending on how your robot's
// gearbox 1is constructed, you might have to invert the left side,
—instead.
m_rightMotor.setInverted(true);

m_robotDrive = new DifferentialDrive(m_ leftMotor::set, m_
—rightMotor::set);
}

C++ (Header)

frc::PWMSparkMax m_leftMotor{0};
frc::PWMSparkMax m_rightMotor{1};
frc::DifferentialDrive m_robotDrive{
[&] (double output) { m leftMotor.Set(output); },
[&] (double output) { m _rightMotor.Set(output); }};
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C++ (Source)

}

void RobotInit() override {

—instead.

// We need to invert one side of the drivetrain so that positive voltages
// result in both sides moving forward. Depending on how your robot's
// gearbox 1is constructed, you might have to invert the left side,

m_rightMotor.SetInverted(true);

Python

—rightMotor)

—voltages

—instead.

def robotInit(self):
"""Robot initialization function"""

leftMotor = wpilib.PWMSparkMax(0)
rightMotor = wpilib.PWMSparkMax(1)
self.robotDrive = wpilib.drive.DifferentialDrive(leftMotor, ,

# We need to invert one side of the drivetrain so that positive,

# result in both sides moving forward. Depending on how your robot's
# gearbox is constructed, you might have to invert the left side,

rightMotor.setInverted(True)

Multi-Motor DifferentialDrive

Many FRC® drivetrains have more than 1 motor on each side. Classes derived from PWMMo -
torController (Java/C++ / Python) have an addFollower method so that multiple follower
motor controllers can be updated when the leader motor controller is commanded. CAN motor
controllers have similar features, review the vendor’s documention to see how to use them.
The examples below show a 4 motor (2 per side) drivetrain. To extend to more motors, simply
create the additional controllers and use additional addFollower calls.

Java

Class variables (e.g. in Robot.java or Subystem):

// The motors on the left side of the drive.

private final PWMSparkMax m_leftLeader = new PWMSparkMax(DriveConstants.
—kLeftMotorlPort);

private final PWMSparkMax m leftFollower = new PWMSparkMax(DriveConstants.
—kLeftMotor2Port);

// The motors on the right side of the drive.

private final PWMSparkMax m_rightLeader = new PWMSparkMax(DriveConstants.
—kRightMotorlPort);

private final PWMSparkMax m_rightFollower = new PWMSparkMax(DriveConstants.
—kRightMotor2Port);

In robotInit or Subsystem constructor:
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m_leftLeader.addFollower(m leftFollower);
m_rightLeader.addFollower(m_rightFollower);

// We need to invert one side of the drivetrain so that positive voltages

// result in both sides moving forward. Depending on how your robot's

// gearbox is constructed, you might have to invert the left side,
—instead.

m_rightLeader.setInverted(true);

C++ (Header)

( private:
// The motor controllers
frc::PWMSparkMax m leftl;
frc::PWMSparkMax m_ left2;
frc::PWMSparkMax m_rightl;
frc::PWMSparkMax m_right2;

// The robot's drive
frc::DifferentialDrive m drive{[&] (double output) { m leftl.Set(output); },
[&] (double output) { m _rightl.Set(output); }

~};

C++ (Source)

In robotInit or Subsystem constructor:

m_leftl.AddFollower(m left2);
m_rightl.AddFollower(m_right2);

// We need to invert one side of the drivetrain so that positive voltages
// result in both sides moving forward. Depending on how your robot's

// gearbox is constructed, you might have to invert the left side instead.
m_rightl.SetInverted(true);

. J

Python

Not: MotorControllerGroup is deprecated in 2024. Can you help update this examp-
le?

def robotInit(self):
frontLeft = wpilib.Spark(1)
rearLeft = wpilib.Spark(2)
left = wpilib.MotorControllerGroup(frontLeft, rearLeft)
left.setInverted(True) # if you want to invert the entire side you can,
—do so here

frontRight = wpilib.Spark(3)
rearRight = wpilib.Spark(4)

(sonraki sayfaya devam)
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(onceki sayfadan devam)
right = wpilib.MotorControllerGroup(frontLeft, rearLeft)

self.drive = wpilib.drive.DifferentialDrive(left, right)

Drive Modes

Not: The DifferentialDrive class contains three different default modes of driving your robot’s
motors.

» Tank Drive, which controls the left and right side independently
* Arcade Drive, which controls a forward and turn speed

* Curvature Drive, a subset of Arcade Drive, which makes your robot handle like a car
with constant-curvature turns.

The DifferentialDrive class contains three default methods for controlling skid-steer or WCD
robots. Note that you can create your own methods of controlling the robot’s driving and have
them call tankDrive() with the derived inputs for left and right motors.

The Tank Drive mode is used to control each side of the drivetrain independently (usually with
an individual joystick axis controlling each). This example shows how to use the Y-axis of two
separate joysticks to run the drivetrain in Tank mode. Construction of the objects has been
omitted, for above for drivetrain construction and here for Joystick construction.

The Arcade Drive mode is used to control the drivetrain using speed/throttle and rotation
rate. This is typically used either with two axes from a single joystick, or split across joysticks
(often on a single gamepad) with the throttle coming from one stick and the rotation from
another. This example shows how to use a single joystick with the Arcade mode. Construction
of the objects has been omitted, for above for drivetrain construction and here for Joystick
construction.

Like Arcade Drive, the Curvature Drive mode is used to control the drivetrain using spe-
ed/throttle and rotation rate. The difference is that the rotation control input controls the
radius of curvature instead of rate of heading change, much like the steering wheel of a car.
This mode also supports turning in place, which is enabled when the third boolean parameter
is true.

JAVA

public void teleopPeriodic() {
// Tank drive with a given left and right rates
myDrive.tankDrive(-leftStick.getY(), -rightStick.getY());

// Arcade drive with a given forward and turn rate
myDrive.arcadeDrive(-driveStick.getY(), -driveStick.getX());

// Curvature drive with a given forward and turn rate, as well as a button for,
—~turning in-place.

myDrive.curvatureDrive(-driveStick.getY (), -driveStick.getX(), driveStick.
—getButton(1l));
}
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C++

void TeleopPeriodic() override {
// Tank drive with a given left and right rates
myDrive.TankDrive(-leftStick.GetY(), -rightStick.GetY());

// Arcade drive with a given forward and turn rate
myDrive.ArcadeDrive(-driveStick.GetY(), -driveStick.GetX());

// Curvature drive with a given forward and turn rate, as well as a quick-turn,
—button

myDrive.CurvatureDrive(-driveStick.GetY (), -driveStick.GetX(), driveStick.
—.GetButton(1));
}

PYTHON

def teleopPeriodic(self):
# Tank drive with a given left and right rates
self.myDrive.tankDrive(-self.leftStick.getY(), -self.rightStick.getY())

# Arcade drive with a given forward and turn rate
self.myDrive.arcadeDrive(-self.driveStick.getY(), -self.driveStick.getX())

# Curvature drive with a given forward and turn rate, as well as a button for,
—turning in-place.

self.myDrive.curvatureDrive(-self.driveStick.getY(), -self.driveStick.getX(),,
—self.driveStick.getButton(1))

Using the MecanumDrive class to control Mecanum Drive robots
MecanumDrive is a method provided for the control of holonomic drivetrains with Mecanum

wheels, such as the Kit of Parts chassis with the mecanum drive upgrade kit, as shown above.
Instantiating a MecanumDrive is as simple as so:

JAVA

private static final int kFrontLeftChannel = 2;
private static final int kRearLeftChannel = 3;
private static final int kFrontRightChannel = 1;
private static final int kRearRightChannel = 0;

@Override
public void robotInit() {
PWMSparkMax frontLeft = new PWMSparkMax(kFrontLeftChannel);
PWMSparkMax rearLeft = new PWMSparkMax(kRearLeftChannel);
PWMSparkMax frontRight = new PWMSparkMax(kFrontRightChannel);
PWMSparkMax rearRight = new PWMSparkMax(kRearRightChannel);
// Invert the right side motors.
// You may need to change or remove this to match your robot.
frontRight.setInverted(true);
(sonraki sayfaya devam)

404 Boluim 15. Hardware APIls




FIRST Robotics Competition

(onceki sayfadan devam)

rearRight.setInverted(true);

m_robotDrive = new MecanumDrive(frontLeft::set, rearLeft::set, frontRight::set

ru

—rearRight::set);

}

C++

private:
static constexpr int kFrontLeftChannel = 0;

static constexpr int kRearLeftChannel =
static constexpr int kFrontRightChannel

1g
= 2;

static constexpr int kRearRightChannel = 3;

frc:
frc:
frc:
frc:
frc:

:PWMSparkMax m_frontLeft{kFrontLeftChannel};
:PWMSparkMax m_rearLeft{kRearLeftChannel};
:PWMSparkMax m_frontRight{kFrontRightChannel};
:PWMSparkMax m_rearRight{kRearRightChannel};
:MecanumDrive m robotDrive{

[&] (double output) { m frontLeft.Set(output); },
[&] (double output) { m_rearLeft.Set(output); },
[&] (double output) { m frontRight.Set(output); },
[&] (double output) { m _rearRight.Set(output); }};

void RobotInit() override {
// Invert the right side motors. You may need to change or remove this to
// match your robot.
m_frontRight.SetInverted(true);
m_rearRight.SetInverted(true);

PYTHON

# Channels on the roboRIO that the motor controllers are plugged in to
kFrontLeftChannel = 2

kRearLeftChannel =
kFrontRightChannel

3
=1

kRearRightChannel = 0

def robotInit(self):

self.frontLeft = wpilib.PWMSparkMax(self.kFrontLeftChannel)
self.rearLeft = wpilib.PWMSparkMax(self.kRearLeftChannel)
self.frontRight = wpilib.PWMSparkMax(self.kFrontRightChannel)
self.rearRight = wpilib.PWMSparkMax(self.kRearRightChannel)

# invert the right side motors

# you may need to change or remove this to match your robot
self.frontRight.setInverted(True)
self.rearRight.setInverted(True)

self.robotDrive = wpilib.drive.MecanumDrive (
self.frontLeft, self.rearLeft, self.frontRight, self.rearRight

(sonraki sayfaya devam)
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(onceki sayfadan devam)

)

self.stick = wpilib.Joystick(self.kJoystickChannel)

Mecanum Drive Modes

Not: The drive axis conventions are different from common joystick axis conventions. See
the Axis Conventions above for more information.

The MecanumDrive class contains two different default modes of driving your robot’s motors.

» driveCartesian: Angles are measured clockwise from the positive X axis. The robot’s
speed is independent from its angle or rotation rate.

» drivePolar: Angles are measured counter-clockwise from straight ahead. The speed at
which the robot drives (translation) is independent from its angle or rotation rate.

JAVA

public void teleopPeriodic() {
// Drive using the X, Y, and Z axes of the joystick.
m_robotDrive.driveCartesian(-m_stick.getY(), -m_stick.getX(), -m_stick.getZ());
// Drive at 45 degrees relative to the robot, at the speed given by the Y axis of,
—the joystick, with no rotation.
m_robotDrive.drivePolar(-m_stick.getY(), Rotation2d.fromDegrees(45), 0);

}

C++

void TeleopPeriodic() override {
// Drive using the X, Y, and Z axes of the joystick.
m_robotDrive.driveCartesian(-m stick.GetY(), -m stick.GetX(), -m_stick.GetZ());
// Drive at 45 degrees relative to the robot, at the speed given by the Y axis of,
—the joystick, with no rotation.
m_robotDrive.drivePolar(-m stick.GetY(), 45 deg, 0);
}

PYTHON

def teleopPeriodic(self):

// Drive using the X, Y, and Z axes of the joystick.

self.robotDrive.driveCartesian(-self.stick.getY(), -self.stick.getX(), -self.
—stick.getZ())

// Drive at 45 degrees relative to the robot, at the speed given by the Y axis of
—the joystick, with no rotation.

self.robotDrive.drivePolar(-self.stick.getY(), Rotation2d.fromDegrees(45), 0)

406 Boluim 15. Hardware APIls




FIRST Robotics Competition

Field-Oriented Driving

A 4th parameter can be supplied to the driveCartesian(double ySpeed, double xSpeed,
double zRotation, double gyroAngle) method, the angle returned from a Gyro sensor.
This will adjust the rotation value supplied. This is particularly useful with mecanum drive
since, for the purposes of steering, the robot really has no front, back or sides. It can go in
any direction. Adding the angle in degrees from a gyro object will cause the robot to move
away from the drivers when the joystick is pushed forwards, and towards the drivers when it
is pulled towards them, regardless of what direction the robot is facing.

The use of field-oriented driving makes often makes the robot much easier to drive, especially
compared to a “robot-oriented” drive system where the controls are reversed when the robot
is facing the drivers.

Just remember to get the gyro angle each time driveCartesian() is called.

Not: Many teams also like to ramp the joysticks inputs over time to promote a smooth acce-
leration and reduce jerk. This can be accomplished with a Slew Rate Limiter.

15.1.4 Repeatable Low Power Movement - Controlling Servos with
WPILib

Servo motors are a type of motor which integrates positional feedback into the motor in order
to allow a single motor to perform repeatable, controllable movement, taking position as the
input signal. WPILib provides the capability to control servos which match the common hobby
input specification (Pulse Width Modulation (PWM) signal, 0.6 ms - 2.4 ms pulse width)

Constructing a Servo object

JAVA

[Servo exampleServo = new Servo(1l); ]
C++

[frc: :Servo exampleServo {1}; ]
PYTHON

[exampleServo = wpilib.Servo(1) ]

A servo object is constructed by passing a channel.
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Setting Servo Values

JAVA

exampleServo.set(.5);
exampleServo.setAngle(75);

C++

exampleServo.Set(.5);
exampleServo.SetAngle(75);

PYTHON

exampleServo.set(.5)
exampleServo.setAngle(75)

There are two methods of setting servo values in WPILib:

* Scaled Value - Sets the servo position using a scaled 0 to 1.0 value. 0 corresponds to one
extreme of the servo and 1.0 corresponds to the other

* Angle - Set the servo position by specifying the angle, in degrees from 0 to 180. This
method will work for servos with the same range as the Hitec HS-322HD servo . Any
values passed to this method outside the specified range will be coerced to the boundary.

15.2 Pneumatics APIs

15.2.1 Operating Pneumatic Cylinders

FRC teams can use a solenoid valve as part of performing a variety of tasks, including shifting
gearboxes and moving robot mechanisms. A solenoid valve is used to electronically switch a
pressurized air line “on” or “off”. Solenoids are controlled by a robot’s Pneumatics Control
Module, or Pneumatic Hub, which is in turn connected to the robot’s roboRIO via CAN. The
easiest way to see a solenoid’s state is via the LEDs on the PCM or PH (which indicates if the
valve is “on” or not). When un-powered, solenoids can be manually actuated with the small
button on the valve body.

Single acting solenoids apply or vent pressure from a single output port. They are typically
used either when an external force will provide the return action of the cylinder (spring, gra-
vity, separate mechanism) or in pairs to act as a double solenoid. A double solenoid switches
air flow between two output ports (many also have a center position where neither output
is vented or connected to the input). Double solenoid valves are commonly used when you
wish to control both the extend and retract actions of a cylinder using air pressure. Double
solenoid valves have two electrical inputs which connect back to two separate channels on
the solenoid breakout.
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Single Solenoids in WPILib

Single solenoids in WPILib are controlled using the Solenoid class (Java / C++). To const-
ruct a Solenoid object, simply pass the desired port number (assumes default CAN ID) and
pneumatics module type or CAN ID, pneumatics module type, and port number to the const-
ructor. To set the value of the solenoid call set(true) to enable or set(false) to disable the
solenoid output.

Java

// Solenoid corresponds to a single solenoid.
// In this case, it's connected to channel 0 of a PH with the default CAN ID.
private final Solenoid m_solenoid = new Solenoid(PneumaticsModuleType.REVPH, 0);

/*

* The output of GetRawButton is true/false depending on whether
* the button is pressed; Set takes a boolean for whether

* to retract the solenoid (false) or extend it (true).

*/

m_solenoid.set(m_stick.getRawButton(kSolenoidButton));

C++ (Header)

// Solenoid corresponds to a single solenoid.

// In this case, it's connected to channel 0 of a PH with the default CAN
// ID.

frc::Solenoid m solenoid{frc::PneumaticsModuleType: :REVPH, 0};

C++ (Source)

/*

* The output of GetRawButton is true/false depending on whether
* the button is pressed; Set takes a boolean for whether

* to retract the solenoid (false) or extend it (true).

Wy

m_solenoid.Set(m_stick.GetRawButton(kSolenoidButton));

Double Solenoids in WPILib

Double solenoids are controlled by the DoubleSolenoid class in WPILib (Java / C++). These
are constructed similarly to the single solenoid but there are now two port numbers to pass
to the constructor, a forward channel (first) and a reverse channel (second). The state of the
valve can then be set to kOff (neither output activated), kForward (forward channel enab-
led) or kReverse (reverse channel enabled). Additionally, the CAN ID can be passed to the
DoubleSolenoid if teams have a non-default CAN ID.
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Java

// DoubleSolenoid corresponds to a double solenoid.
// In this case, it's connected to channels 1 and 2 of a PH with the default CAN ID.
private final DoubleSolenoid m doubleSolenoid =

new DoubleSolenoid(PneumaticsModuleType.REVPH, 1, 2);

m_doubleSolenoid.set(DoubleSolenoid.Value.kForward);
m_doubleSolenoid.set(DoubleSolenoid.Value.kReverse);

C++ (Header)

// DoubleSolenoid corresponds to a double solenoid.

// In this case, it's connected to channels 1 and 2 of a PH with the default
// CAN ID.

frc::DoubleSolenoid m doubleSolenoid{frc::PneumaticsModuleType: :REVPH, 1, 2};

C++ (Source)

m_doubleSolenoid.Set(frc::DoubleSolenoid: :kForward) ;
m_doubleSolenoid.Set(frc::DoubleSolenoid: :kReverse);

Toggling Solenoids

Solenoids can be switched from one output to the other (known as toggling) by using the
.toggle() method.

Not: Since a DoubleSolenoid defaults to off, you will have to set it before it can be toggled.

JAVA

Solenoid exampleSingle = new Solenoid(PneumaticsModuleType.CTREPCM, 0);
DoubleSolenoid exampleDouble = new DoubleSolenoid(PneumaticsModuleType.CTREPCM, 1, 2);

// Initialize the DoubleSolenoid so it knows where to start. Not required for single,
—solenoids.
exampleDouble.set(kReverse);

if (m_controller.getYButtonPressed()) {
exampleSingle.toggle();
exampleDouble. toggle();

}
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C++

frc::Solenoid exampleSingle{frc::PneumaticsModuleType: :CTREPCM, 0};
frc::DoubleSolenoid exampleDouble{frc::PneumaticsModuleType::CTREPCM, 1, 2};

// Initialize the DoubleSolenoid so it knows where to start. Not required for single,
—Solenoids.
exampleDouble.Set(frc::DoubleSolenoid: :Value: :kReverse) ;

if (m_controller.GetYButtonPressed()) {
exampleSingle.Toggle();
exampleDouble.Toggle();

}

15.2.2 Generating and Storing Pressure

Pressure is created using a pneumatic compressor and stored in pneumatic tanks. The comp-
ressor must be on the robot and powered by the robot’s pneumatics module. The “Closed
Loop” mode on the Compressor is enabled by default, and it is not recommended that teams
change this setting. When closed loop control is enabled the pneumatic module will automa-
tically turn the compressor on when the digital pressure switch is closed (below the pressure
threshold) and turn it off when the pressure switch is open (~120PSI). When closed loop cont-
rol is disabled the compressor will not be turned on. Using the Compressor (Java / C++) class,
users can query the status of the compressor. The state (currently on or off), pressure switch
state, and compressor current can all be queried from the Compressor object, as shown by
the following code from the Solenoid example project (Java, C++):

Not: The Compressor object is only needed if you want the ability to turn off the compressor,
change the pressure sensor (PH only), or query compressor status.

Construct a Compressor object:

REV Pneumatic Hub (PH)

Java

// Compressor connected to a PH with a default CAN ID (1)
private final Compressor m_compressor = new Compressor(PneumaticsModuleType.REVPH);

C++ (Header)

// Compressor connected to a PH with a default CAN ID
frc::Compressor m_compressor{frc::PneumaticsModuleType: :REVPH};
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CTRE Pneumatics Control Module (PCM)

Java

// Compressor connected to a PCM with a default CAN ID (@)
private final Compressor m_compressor = new Compressor(PneumaticsModuleType.
—CTREPCM) ;

C++ (Header)

[ // Compressor connected to a PH with a default CAN ID

Querying compressor current and state:

Java

// Get compressor current draw.

return m_compressor.getCurrent();

// Get whether the compressor is active.

return m_compressor.isEnabled();

// Get the digital pressure switch connected to the PCM/PH.
// The switch is open when the pressure is over ~120 PSI.
return m_compressor.getPressureSwitchValue();

C++ (Source)

// Get compressor current draw.

units::ampere_ t compressorCurrent = m_compressor.GetCurrent();
return compressorCurrent.value();

// Get whether the compressor is active.

return m_compressor.IsEnabled();

// Get the digital pressure switch connected to the PCM/PH.

// The switch is open when the pressure is over ~120 PSI.
return m_compressor.GetPressureSwitchValue();

Enable/disable digital closed-loop compressor control (enabled by default):

Java

// Disable closed-loop mode on the compressor.

m_compressor.disable();

// Enable closed-loop mode based on the digital pressure switch,
—connected to the

// PCM/PH.

// The switch is open when the pressure is over ~120 PSI.

m_compressor.enableDigital();
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C++ (Source)

// Disable closed-loop mode on the compressor.

m_compressor.Disable();

// Enable closed-loop mode based on the digital pressure switch

// connected to the PCM/PH. The switch is open when the pressure is over
// ~120 PSI.

m_compressor.EnableDigital();

The Pneumatic Hub also has methods for enabling compressor control using the REV Analog
Pressure Sensor:

Java

// Enable closed-loop mode based on the analog pressure sensor connected to,
—the PH.

// The compressor will run while the pressure reported by the sensor is in,
—the

// specified range ([70 PSI, 120 PSI] in this example).

// Analog mode exists only on the PH! On the PCM, this enables digital,,
—control.

m_compressor.enableAnalog(70, 120);

// Enable closed-loop mode based on both the digital pressure switch AND
—the analog

// pressure sensor connected to the PH.

// The compressor will run while the pressure reported by the analog sensor,
—1s 1in the

// specified range ([70 PSI, 120 PSI] in this example) AND the digital,,
—Switch reports

// that the system is not full.

// Hybrid mode exists only on the PH! On the PCM, this enables digital,,
—control.

m_compressor.enableHybrid (70, 120);

C++ (Source)

// Enable closed-loop mode based on the analog pressure sensor connected

// to the PH. The compressor will run while the pressure reported by the

// sensor is in the specified range ([70 PSI, 120 PSI] in this example).

// Analog mode exists only on the PH! On the PCM, this enables digital

// control.

m_compressor.EnableAnalog (70 psi, 120 psi);

// Enable closed-loop mode based on both the digital pressure switch AND the,
—analog

// pressure sensor connected to the PH.

// The compressor will run while the pressure reported by the analog sensor is,
—in the

// specified range ([70 PSI, 120 PSI] in this example) AND the digital switch,,
—reports

// that the system is not full.

// Hybrid mode exists only on the PH! On the PCM, this enables digital control.

m_compressor.EnableHybrid (70 psi, 120 psi);

15.2. Pneumatics APIs 413




FIRST Robotics Competition

Pressure Transducers

A pressure transducer is a sensor where analog voltage is proportial to the measured pres-
sure.

Pneumatic Hub

The Pneumatic Hub has analog inputs that may be used to read a pressure transducer using
the Compressor class.

Java

// Compressor connected to a PH with a default CAN ID (1)
private final Compressor m_compressor = new Compressor(PneumaticsModuleType.REVPH);

// Get the pressure (in PSI) from the analog sensor connected to the PH.
// This function is supported only on the PH!

// 0On a PCM, this function will return 0.

return m_compressor.getPressure();

C++ (Header)

// Compressor connected to a PH with a default CAN ID
frc::Compressor m_compressor{frc: :PneumaticsModuleType: :REVPH};

C++ (Source)

// Get the pressure (in PSI) from the analog sensor connected to the PH.
// This function is supported only on the PH!

// On a PCM, this function will return 0.
units::pounds per square inch t pressure = m compressor.GetPressure();
return pressure.value();

roboRIO

A pressure transducer can be connected to the Analog Input ports on the roboRIO, and can
be read by the AnalogInput or AnalogPotentiometer classes in WPILib.
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Java

// External analog pressure sensor

// product-specific voltage->pressure conversion, see product manual

// in this case, 250(V/5)-25

// the scale parameter in the AnalogPotentiometer constructor is scaled from 1,
—instead of 5,

// so if r is the raw AnalogPotentiometer output, the pressure is 250r-25

static final double kScale = 250;

static final double kOffset = -25;

private final AnalogPotentiometer m pressureTransducer =

new AnalogPotentiometer(/* the AnalogIn port*/ 2, kScale, kOffset);

// Get the pressure (in PSI) from an analog pressure sensor connected to the RIO.
return m _pressureTransducer.get();

C++ (Header)

// External analog pressure sensor

// product-specific voltage->pressure conversion, see product manual

// in this case, 250(V/5)-25

// the scale parameter in the AnalogPotentiometer constructor is scaled from

// 1 instead of 5, so if r is the raw AnalogPotentiometer output, the

// pressure is 250r-25

static constexpr double kScale = 250;

static constexpr double kOffset = -25;

frc::AnalogPotentiometer m pressureTransducer{/* the AnalogIn port*/ 2,
kScale, kOffset};

C++ (Source)

// Get the pressure (in PSI) from an analog pressure sensor connected to
// the RIO.
return units::pounds per square_inch t{m pressureTransducer.Get()};

15.2.3 Using the FRC Control System to Control Pneumatics

There are two options for operating solenoids to control pneumatic cylinders, the CTRE Pne-
umatics Control Module and the REV Robotics Pneumatics Hub.

15.2. Pneumatics APIs 415



FIRST Robotics Competition

The CTRE Pneumatics Control Module (PCM) is a CAN-based device that provides control
over the compressor and up to 8 solenoids per module.

The REV Pneumatic Hub (PH) is a CAN-based device that provides control over the compres-
sor and up to 16 solenoids per module.

These devices are integrated into WPILib through a series of classes that make them simple
to use. The closed loop control of the Compressor and Pressure switch is handled by the PCM
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hardware and the Solenoids are handled by the Solenoid class that controls the solenoid
channels.

These modules are responsible for regulating the robot’s pressure using a pressure switch
and a compressor and switching solenoids on and off. They communicate with the roboRIO
over CAN. For more information, see Donanim Bilesenine Genel Bakis.

15.2.4 Module Numbers

CAN Devices are identified by their CAN ID. The default CAN ID for PCMs is 0. The default
CAN ID for PHs is 1. If using a single module on the bus it is recommended to leave it at the
default CAN ID. Additional modules can be used where the modules corresponding solenoids
are differentiated by the module number in the constructors of the Solenoid, DoubleSolenoid
and Compressor classes.

15.3 Sensors

Sensors are an integral way of having your robot hardware and software communicate with
each other. This section highlights interfacing with those sensors at a software level.

15.3.1 Sensor Overview - Software

Not: This section covers using sensors in software. For a guide to sensor hardware, see
Sensore Genel Bakis - Donanim.

Not: While cameras may definitely be considered “sensors”, vision processing is a
sufficiently-complicated subject that it is covered in its own section, rather than here.

In order to be effective, it is often vital for robots to be able to gather information about their
surroundings. Devices that provide feedback to the robot on the state of its environment are
called “sensors.” WPILib innately supports a large variety of sensors through classes included
in the library. This section will provide a guide to both using common sensor types through
WPILib, as well as writing code for sensors without official support.

What sensors does WPILIB support?

The roboRIO includes an FPGA which allows accurate real-time measuring of a variety of
sensor input. WPILib, in turn, provides a number of classes for accessing this functionality.

WPILib provides native support for:
» Accelerometers
* Gyroscopes
» Ultrasonic rangefinders

e Potentiometers
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e Counters
e Quadrature encoders
e [imit switches

Additionally, WPILib includes lower-level classes for interfacing directly with the FPGA’s di-
gital and analog inputs and outputs.

15.3.2 Accelerometers - Software

Not: This section covers accelerometers in software. For a hardware guide to accelerometers,
see Ivmeolgerler - Donanim.

An accelerometer is a device that measures acceleration.

Accelerometers generally come in two types: single-axis and 3-axis. A single-axis accelero-
meter measures acceleration along one spatial dimension; a 3-axis accelerometer measures
acceleration along all three spatial dimensions at once.

WPILib supports single-axis accelerometers through the AnalogAccelerometer class.

Three-axis accelerometers often require more complicated communications protocols (such
as SPI or I12C) in order to send multi-dimensional data. WPILib has native support for the
following 3-axis accelerometers:

« ADXL345 I2C
« ADXL345 SPI
« ADXL362

e BuiltInAccelerometer

AnalogAccelerometer

The AnalogAccelerometer class (Java, C++) allows users to read values from a single-axis
accelerometer that is connected to one of the roboRIO’s analog inputs.

JAVA

// Creates an analog accelerometer on analog input 0O
AnalogAccelerometer accelerometer = new AnalogAccelerometer(0);

// Sets the sensitivity of the accelerometer to 1 volt per G
accelerometer.setSensitivity(1);

// Sets the zero voltage of the accelerometer to 3 volts
accelerometer.setZero(3);

// Gets the current acceleration
double accel = accelerometer.getAcceleration();
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C++

// Creates an analog accelerometer on analog input 0O
frc::AnalogAccelerometer accelerometer{0};

// Sets the sensitivity of the accelerometer to 1 volt per G
accelerometer.SetSensitivity(1);

// Sets the zero voltage of the accelerometer to 3 volts
accelerometer.SetZero(3);

// Gets the current acceleration
double accel = accelerometer.GetAcceleration();

If users have a 3-axis analog accelerometer, they can use three instances of this class, one for
each axis.

There are getters for the acceleration along each cardinal direction (x, y, and z), as well as a
setter for the range of accelerations the accelerometer will measure.

JAVA

// Sets the accelerometer to measure between -8 and 8 G's
accelerometer.setRange(BuiltInAccelerometer.Range.k8G);

C++

// Sets the accelerometer to measure between -8 and 8 G's
accelerometer.SetRange(BuiltInAccelerometer: :Range: :kRange 8G);

ADXL345_12C

The ADXL345 I2C class (Java, C++) provides support for the ADXL.345 accelerometer over
the 12C communications bus.

JAVA

// Creates an ADXL345 accelerometer object on the MXP I2C port
// with a measurement range from -8 to 8 G's
ADXL345 I2C accelerometer = new ADXL345 I2C(I2C.Port.kMXP, ADXL345 I2C.Range.k8G);
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C++

// Creates an ADXL345 accelerometer object on the MXP I2C port
// with a measurement range from -8 to 8 G's
frc::ADXL345 I2C accelerometer{I2C::Port::kMXP, frc::ADXL345 I2C::Range::kRange 8G};

ADXL345_SPI

The ADXL345 SPI class (Java, C++) provides support for the ADXL345 accelerometer over
the SPI communications bus.

JAVA

// Creates an ADXL345 accelerometer object on the MXP SPI port
// with a measurement range from -8 to 8 G's
ADXL345 SPI accelerometer = new ADXL345 SPI(SPI.Port.kMXP, ADXL345 SPI.Range.k8G);

C++

// Creates an ADXL345 accelerometer object on the MXP SPI port
// with a measurement range from -8 to 8 G's
frc::ADXL345 SPI accelerometer{SPI::Port::kMXP, frc::ADXL345 SPI::Range::kRange 8G};

ADXL362

The ADXL362 class (Java, C++) provides support for the ADXL.362 accelerometer over the SPI
communications bus.

JAVA

// Creates an ADXL362 accelerometer object on the MXP SPI port
// with a measurement range from -8 to 8 G's
ADXL362 accelerometer = new ADXL362(SPI.Port.kMXP, ADXL362.Range.k8G);

C++

// Creates an ADXL362 accelerometer object on the MXP SPI port
// with a measurement range from -8 to 8 G's
frc::ADXL362 accelerometer{SPI::Port::kMXP, frc::ADXL362::Range::kRange 8G};
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BuiltinAccelerometer

The BuiltInAccelerometer class (Java, C++) provides access to the roboRIO’s own built-in
accelerometer:

JAVA

// Creates an object for the built-in accelerometer
// Range defaults to +- 8 G's
BuiltInAccelerometer accelerometer = new BuiltInAccelerometer();

C++

// Creates an object for the built-in accelerometer
// Range defaults to +- 8 G's
frc::BuiltInAccelerometer accelerometer;

Third-party accelerometers

While WPILib provides native support for a number of accelerometers that are available in the
kit of parts or through FIRST Choice, there are a few popular AHRS (Attitude and Heading
Reference System) devices commonly used in FRC that include accelerometers. These are
generally controlled through vendor libraries, though if they have a simple analog output
they can be used with the AnalogAccelerometer class.

Using accelerometers in code

Not: Accelerometers, as their name suggests, measure acceleration. Precise accelerometers
can be used to determine position through double-integration (since acceleration is the se-
cond derivative of position), much in the way that gyroscopes are used to determine heading.
However, the accelerometers available for use in FRC are not nearly high-enough quality to
be used this way.

It is recommended to use accelerometers in FRC® for any application which needs a rough
measurement of the current acceleration. This can include detecting collisions with other
robots or field elements, so that vulnerable mechanisms can be automatically retracted. They
may also be used to determine when the robot is passing over rough terrain for an autonomous
routine (such as traversing the defenses in FIRST Stronghold).

For detecting collisions, it is often more robust to measure the jerk than the acceleration.
The jerk is the derivative (or rate of change) of acceleration, and indicates how rapidly the
forces on the robot are changing - the sudden impulse from a collision causes a sharp spike in
the jerk. Jerk can be determined by simply taking the difference of subsequent acceleration
measurements, and dividing by the time between them:
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JAVA

double prevXAccel
double prevYAccel

0.0;
0.0;
BuiltInAccelerometer accelerometer = new BuiltInAccelerometer();

@Override

public void robotPeriodic() {
// Gets the current accelerations in the X and Y directions
double xAccel = accelerometer.getX();
double yAccel = accelerometer.getY();

// Calculates the jerk in the X and Y directions

// Divides by .02 because default loop timing is 20ms
double xJerk = (xAccel - prevXAccel) / 0.02;

double yJerk = (yAccel - prevYAccel) / 0.02;

prevXAccel = xAccel;
prevYAccel yAccel;

C++

double prevXAccel

0.0;
double prevYAccel = 0.0;

frc::BuiltInAccelerometer accelerometer;

void Robot::RobotPeriodic() {
// Gets the current accelerations in the X and Y directions
double xAccel accelerometer.GetX();
double yAccel accelerometer.GetY();

// Calculates the jerk in the X and Y directions

// Divides by .02 because default loop timing is 20ms
double xJerk = (xAccel - prevXAccel) / 0.02;
double yJerk = (yAccel - prevYAccel) / 0.02;
prevXAccel
prevYAccel

}

Most accelerometers legal for FRC use are quite noisy, and it is often a good idea to combine
them with the LinearFilter class (Java, C++) to reduce the noise:
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JAVA

BuiltInAccelerometer accelerometer = new BuiltInAccelerometer();

// Create a LinearFilter that will calculate a moving average of the measured X,
—acceleration over the past 10 iterations of the main loop

LinearFilter xAccelFilter = LinearFilter.movingAverage(10);

@Override
public void robotPeriodic() {
// Get the filtered X acceleration
double filteredXAccel = xAccelFilter.calculate(accelerometer.getX());

C++

frc::BuiltInAccelerometer accelerometer;

// Create a LinearFilter that will calculate a moving average of the measured X,
—acceleration over the past 10 iterations of the main loop
auto xAccelFilter = frc::LinearFilter: :MovingAverage(10);

void Robot::RobotPeriodic() {
// Get the filtered X acceleration
double filteredXAccel = xAccelFilter.Calculate(accelerometer.GetX());

15.3.3 Gyroscopes - Software

Not: This section covers gyros in software. For a hardware guide to gyros, see Gyroscopes -
Donanim.

A gyroscope, or “gyro,” is an angular rate sensor typically used in robotics to measure and/or
stabilize robot headings. WPILib natively provides specific support for the ADXRS450 gyro
available in the kit of parts, as well as more general support for a wider variety of analog
gyros through the AnalogGyro class.

There are getters the current angular rate and heading and functions for zeroing the current
heading and calibrating the gyro.

Not: It is crucial that the robot remain stationary while calibrating a gyro.
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ADIS16448

The ADIS16448 uses the ADIS16448 IMU class (Java, C++, Python). See the Analog Devices
ADIS16448 documentation for additional information and examples.

Uyari: The Analog Devices documentation linked above contains outdated instructions for
software installation as the ADIS16448 is now built into WPILib.

JAVA

// ADIS16448 plugged into the MXP port
ADIS16448 IMU gyro = new ADIS16448 IMU();

C++

// ADIS16448 plugged into the MXP port
ADIS16448 IMU gyro;

PYTHON

from wpilib import ADIS16448 IMU

# ADIS16448 plugged into the MXP port
self.gyro = ADIS16448 IMU()

ADIS16470

The ADIS16470 uses the ADIS16470 IMU class (Java, C++, Python). See the Analog Devices
ADIS16470 documentation for additional information and examples.

Uyari: The Analog Devices documentation linked above contains outdated instructions for
software installation as the ADIS16470 is now built into WPILib.

JAVA

// ADIS16470 plugged into the SPI port
ADIS16470 IMU gyro = new ADIS16470 IMU();

424 Boluim 15. Hardware APIls


https://github.wpilib.org/allwpilib/docs/release/java/edu/wpi/first/wpilibj/ADIS16448_IMU.html
https://github.wpilib.org/allwpilib/docs/release/cpp/classfrc_1_1_a_d_i_s16448___i_m_u.html
https://robotpy.readthedocs.io/projects/robotpy/en/stable/wpilib/ADIS16448_IMU.html#wpilib.ADIS16448_IMU
https://wiki.analog.com/first/adis16448_imu_frc
https://wiki.analog.com/first/adis16448_imu_frc
https://github.wpilib.org/allwpilib/docs/release/java/edu/wpi/first/wpilibj/ADIS16470_IMU.html
https://github.wpilib.org/allwpilib/docs/release/cpp/classfrc_1_1_a_d_i_s16470___i_m_u.html
https://robotpy.readthedocs.io/projects/robotpy/en/stable/wpilib/ADIS16470_IMU.html#wpilib.ADIS16470_IMU
https://wiki.analog.com/first/adis16470_imu_frc
https://wiki.analog.com/first/adis16470_imu_frc

FIRST Robotics Competition

C++

// ADIS16470 plugged into the SPI port
ADIS16470_IMU gyro;

PYTHON

# ADIS16470 plugged into the SPI port
self.gyro = ADIS16470 IMU()

ADXRS450_Gyro

The ADXRS450 Gyro class (Java, C++, Python) provides support for the Analog Devices AD-
XRS450 gyro available in the kit of parts, which connects over the SPI bus.

Not: ADXRS450 Gyro accumulation is handled through special circuitry in the FPGA; accor-
dingly only a single instance of ADXRS450 Gyro may be used.

JAVA

// Creates an ADXRS450 Gyro object on the onboard SPI port
ADXRS450 Gyro gyro = new ADXRS450 Gyro();

C++

// Creates an ADXRS450 Gyro object on the onboard SPI port
frc::ADXRS450 Gyro gyro;

PYTHON

# Creates an ADXRS450 _Gyro object on the onboard SPI port
self.gyro = ADXRS450 Gyro()

AnalogGyro

The AnalogGyro class (Java, C++, Python) provides support for any single-axis gyro with an
analog output.

Not: Gyro accumulation is handled through special circuitry in the FPGA; accordingly, Ana-
logGyro's may only be used on analog ports 0 and 1.
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JAVA

// Creates an AnalogGyro object on port 0
AnalogGyro gyro = new AnalogGyro(0);

C++

// Creates an AnalogGyro object on port 0
frc::AnalogGyro gyro{0};

PYTHON

# Creates an AnalogGyro object on port 0O
self.gyro = AnalogGyro(0)

navX

The navX uses the AHRS class. See the navX documentation for additional connection types.

JAVA

// navX MXP using SPI
AHRS gyro = new AHRS(SPI.Port.kMXP);

C++

// navX MXP using SPI
AHRS gyro{SPI::Port::kMXP};

PYTHON

import navx

# navX MXP using SPI
self.gyro = navx.AHRS(SPI.Port.kMXP)

426 Boluim 15. Hardware APIls


https://pdocs.kauailabs.com/navx-mxp/guidance/selecting-an-interface/

FIRST Robotics Competition

Pigeon

The Pigeon should use the WPI PigeonIMU class. The Pigeon can either be connected with
CAN or by data cable to a TalonSRX. The Pigeon IMU User’s Guide contains full details on
using the Pigeon.

JAVA

WPI PigeonIMU gyro = new WPI PigeonIMU(Q); // Pigeon is on CAN Bus with device ID 0
// OR (choose one or the other based on your connection)

TalonSRX talon = new TalonSRX(Q); // TalonSRX is on CAN Bus with device ID 0

WPI PigeonIMU gyro = new WPI PigeonIMU(talon); // Pigeon uses the talon created above

C++

WPI_PigeonIMU gyro{0}; // Pigeon is on CAN Bus with device ID 0
// OR (choose one or the other based on your connection)

TalonSRX talon{0}; // TalonSRX is on CAN Bus with device ID 0
WPI_PigeonIMU gyro{talon}; // Pigeon uses the talon created above

PYTHON

import phoenix5
import ctre.sensors

self.gyro = ctre.WPI PigeonIMU(@); # Pigeon is on CAN Bus with device ID 0
# OR (choose one or the other based on your connection)

talon = ctre.TalonSRX(0); # TalonSRX is on CAN Bus with device ID 0
self.gyro = ctre.WPI _PigeonIMU(talon) # Pigeon uses the talon created above

Using gyros in code

Not: As gyros measure rate rather than position, position is inferred by integrating (adding
up) the rate signal to get the total change in angle. Thus, gyro angle measurements are always
relative to some arbitrary zero angle (determined by the angle of the gyro when either the
robot was turned on or a zeroing method was called), and are also subject to accumulated
errors (called “drift”) that increase in magnitude the longer the gyro is used. The amount of
drift varies with the type of gyro.

Gyros are extremely useful in FRC for both measuring and controlling robot heading. Since
FRC matches are generally short, total gyro drift over the course of an FRC match tends to be
manageably small (on the order of a couple of degrees for a good-quality gyro). Moreover, not
all useful gyro applications require the absolute heading measurement to remain accurate
over the course of the entire match.
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Displaying the robot heading on the dashboard

Shuffleboard includes a widget for displaying heading data from a gyro in the form of a com-
pass. This can be helpful for viewing the robot heading when sight lines to the robot are
obscured:

JAVA

// Use gyro declaration from above here

public void robotInit() {
// Places a compass indicator for the gyro heading on the dashboard
Shuffleboard.getTab("Example tab").add(gyro);

C++

// Use gyro declaration from above here

void Robot::RobotInit() {
// Places a compass indicator for the gyro heading on the dashboard
frc::Shuffleboard.GetTab("Example tab").Add(gyro);

PYTHON

from wpilib.shuffleboard import Shuffleboard

def robotInit(self):
# Use gyro declaration from above here

# Places a compass indicator for the gyro heading on the dashboard
Shuffleboard.getTab("Example tab").add(self.gyro)

Stabilizing heading while driving

A very common use for a gyro is to stabilize robot heading while driving, so that the robot dri-
ves straight. This is especially important for holonomic drives such as mecanum and swerve,
but is extremely useful for tank drives as well.

This is typically achieved by closing a PID controller on either the turn rate or the heading,
and piping the output of the loop to one’s turning control (for a tank drive, this would be a
speed differential between the two sides of the drive).

Uyarn: Like with all control loops, users should be careful to ensure that the sensor direc-
tion and the turning direction are consistent. If they are not, the loop will be unstable and
the robot will turn wildly.
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Example: Tank drive stabilization using turn rate

The following example shows how to stabilize heading using a simple P loop closed on the
turn rate. Since a robot that is not turning should have a turn rate of zero, the setpoint for
the loop is implicitly zero, making this method very simple.

JAVA

// Use gyro declaration from above here

// The gain for a simple P loop
double kP = 1;

// Initialize motor controllers and drive
Spark leftLeader = new Spark(0);
Spark leftFollower = new Spark(1l);

Spark rightlLeader = new Spark(2);
Spark rightFollower = new Spark(3);

DifferentialDrive drive = new DifferentialDrive(leftLeader::set, rightlLeader::set);

@Override

public void robotInit() {
// Configures the encoder's distance-per-pulse
// The robot moves forward 1 foot per encoder rotation
// There are 256 pulses per encoder rotation
encoder.setDistancePerPulse(1./256.);

// Invert the right side of the drivetrain. You might have to invert the other,
—side
rightLeader.setInverted(true);

// Configure the followers to follow the leaders
leftLeader.addFollower(leftFollower);
rightLeader.addFollower(rightFollower);

}

@Override

public void autonomousPeriodic() {
// Setpoint is implicitly O, since we don't want the heading to change
double error = -gyro.getRate();

// Drives forward continuously at half speed, using the gyro to stabilize the,
—heading

drive.tankDrive(.5 + kP * error, .5 - kP * error);
}
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C++

// Use gyro declaration from above here

// The gain for a simple P loop
double kP = 1;

// Initialize motor controllers and drive
frc::Spark leftLeader{0};
frc::Spark leftFollower{l1};

frc::Spark rightlLeader{2};
frc::Spark rightFollower{3};

frc::DifferentialDrive drive{[&] (double output) { leftLeader.Set(output); },
[&] (double output) { rightlLeader.Set(output); }};

void Robot::RobotInit() {

// Invert the right side of the drivetrain. You might have to invert the other,
—side

rightLeader.SetInverted(true);

// Configure the followers to follow the leaders
leftLeader.AddFollower(leftFollower);
rightLeader.AddFollower(rightFollower);

}

void Robot::AutonomousPeriodic() {
// Setpoint is implicitly 0, since we don't want the heading to change
double error = -gyro.GetRate();

// Drives forward continuously at half speed, using the gyro to stabilize the,
—heading
drive.TankDrive(.5 + kP * error, .5 - kP * error);

}

PYTHON

from wpilib import Spark
from wpilib import MotorControllerGroup
from wpilib.drive import DifferentialDrive

def robotInit(self):
# Use gyro declaration from above here

# The gain for a simple P loop
self.kP =1

# Initialize motor controllers and drive
leftl = Spark(0)
left2 = Spark(1l)
rightl = Spark(2)
right2 = Spark(3)

leftMotors = MotorControllerGroup(leftl, left2)
(sonraki sayfaya devam)
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rightMotors = MotorControllerGroup(rightl, right2)

self.drive = DifferentialDrive(leftMotors, rightMotors)
rightMotors.setInverted(true)
def autonomousPeriodic(self):
# Setpoint is implicitly 0, since we don't want the heading to change
error = -self.gyro.getRate()
# Drives forward continuously at half speed, using the gyro to stabilize the,

—~heading
self.drive.tankDrive(.5 + self.kP * error, .5 - self.kP * error)

Not: MotorControllerGroup is deprecated in 2024. Can you help update the Python example?

More-advanced implementations can use a more-complicated control loop. When closing the
loop on the turn rate for heading stabilization, PI loops are particularly effective.

Example: Tank drive stabilization using heading

The following example shows how to stabilize heading using a simple P loop closed on the
heading. Unlike in the turn rate example, we will need to set the setpoint to the current
heading before starting motion, making this method slightly more-complicated.

JAVA

// Use gyro declaration from above here

// The gain for a simple P loop
double kP = 1;

// The heading of the robot when starting the motion
double heading;

// Initialize motor controllers and drive
Spark leftl = new Spark(0);
Spark left2 = new Spark(1l);

Spark rightl
Spark right2

new Spark(2);
new Spark(3);

MotorControllerGroup leftMotors = new MotorControllerGroup(leftl, left2);
MotorControllerGroup rightMotors = new MotorControllerGroup(rightl, right2);

DifferentialDrive drive = new DifferentialDrive(leftMotors, rightMotors);

@Override
public void robotInit() {
rightMotors.setInverted(true);

}

(sonraki sayfaya devam)
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@Override

public void autonomousInit() {
// Set setpoint to current heading at start of auto
heading = gyro.getAngle();

}

@Override
public void autonomousPeriodic() {
double error = heading - gyro.getAngle();

// Drives forward continuously at half speed, using the gyro to stabilize the,
—heading
drive.tankDrive(.5 + kP * error, .5 - kP * error);

}

C++

// Use gyro declaration from above here

// The gain for a simple P loop
double kP = 1;

// The heading of the robot when starting the motion
double heading;

// Initialize motor controllers and drive
frc::Spark leftl1{0};
frc::Spark left2{1};
frc::Spark rightl{2};
frc::Spark right2{3};

frc::MotorControllerGroup leftMotors{leftl, left2};
frc::MotorControllerGroup rightMotors{rightl, right2};

frc::DifferentialDrive drive{leftMotors, rightMotors};

void Robot::RobotInit() {
rightMotors.SetInverted(true);
}

void Robot::AutonomousInit() {
// Set setpoint to current heading at start of auto
heading = gyro.GetAngle();

}

void Robot::AutonomousPeriodic() {
double error = heading - gyro.GetAngle();

// Drives forward continuously at half speed, using the gyro to stabilize the,
—heading
drive.TankDrive(.5 + kP * error, .5 - kP * error);

}
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PYTHON

from wpilib import Spark
from wpilib import MotorControllerGroup
from wpilib.drive import DifferentialDrive

def robotInit(self):
# Use gyro declaration from above here

# The gain for a simple P loop
self.kP =1

# Initialize motor controllers and drive
leftl = Spark(0)
left2 = Spark(1l)
rightl Spark(2)
right2 Spark(3)

leftMotors = MotorControllerGroup(leftl, left2)
rightMotors = MotorControllerGroup(rightl, right2)

self.drive = DifferentialDrive(leftMotors, rightMotors)
rightMotors.setInverted(true)

def autonomousInit(self):
# Set setpoint to current heading at start of auto

self.heading = self.gyro.getAngle()

def autonomousPeriodic(self):
error = self.heading - self.gyro.getAngle()

# Drives forward continuously at half speed, using the gyro to stabilize the,

—heading
self.drive.tankDrive(.5 + self.kP * error, .5 - self.kP * error)

More-advanced implementations can use a more-complicated control loop. When closing the
loop on the heading for heading stabilization, PD loops are particularly effective.

Turning to a set heading

Another common and highly-useful application for a gyro is turning a robot to face a specified
direction. This can be a component of an autonomous driving routine, or can be used during
teleoperated control to help align a robot with field elements.

Much like with heading stabilization, this is often accomplished with a PID loop - unlike with
stabilization, however, the loop can only be closed on the heading. The following example
code will turn the robot to face 90 degrees with a simple P loop:
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JAVA

// Use gyro declaration from above here

// The gain for a simple P loop
double kP = 0.05;

// Initialize motor controllers and drive
Spark leftl = new Spark(0);
Spark left2 new Spark(1l);

Spark rightl
Spark right2

new Spark(2);
new Spark(3);

MotorControllerGroup leftMotors = new MotorControllerGroup(leftl, left2);
MotorControllerGroup rightMotors = new MotorControllerGroup(rightl, right2);

DifferentialDrive drive = new DifferentialDrive(leftMotors, rightMotors);

@Override
public void robotInit() {
rightMotors.setInverted(true);

}

@Override

public void autonomousPeriodic() {
// Find the heading error; setpoint is 90
double error = 90 - gyro.getAngle();

// Turns the robot to face the desired direction
drive.tankDrive (kP * error, -kP * error);

C++

// Use gyro declaration from above here

// The gain for a simple P loop
double kP = 0.05;

// Initialize motor controllers and drive
frc::Spark leftl{0};

frc::Spark left2{1};

frc::Spark rightl{2};

frc::Spark right2{3};

frc::MotorControllerGroup leftMotors{leftl, left2};
frc::MotorControllerGroup rightMotors{rightl, right2};

frc::DifferentialDrive drive{leftMotors, rightMotors};
void Robot::RobotInit() {

rightMotors.SetInverted(true);
}

(sonraki sayfaya devam)
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void Robot::AutonomousPeriodic() {
// Find the heading error; setpoint is 90
double error = 90 - gyro.GetAngle();

// Turns the robot to face the desired direction
drive.TankDrive(kP * error, -kP * error);

PYTHON

from wpilib import Spark
from wpilib import MotorControllerGroup
from wpilib.drive import DifferentialDrive

def robotInit(self):
# Use gyro declaration from above here

# The gain for a simple P loop
self.kP = 0.05

# Initialize motor controllers and drive
leftl Spark(0)

left2 Spark(1)

rightl = Spark(2)

right2 = Spark(3)

leftMotors = MotorControllerGroup(leftl, left2)
rightMotors = MotorControllerGroup(rightl, right2)

self.drive = DifferentialDrive(leftMotors, rightMotors)
rightMotors.setInverted(true)
def autonomousPeriodic(self):
# Find the heading error; setpoint is 90
error = 90 - self.gyro.getAngle()
# Drives forward continuously at half speed, using the gyro to stabilize the,

—~heading
self.drive.tankDrive(self.kP * error, -self.kP * error)

As before, more-advanced implementations can use more-complicated control loops.

Not: Turn-to-angle loops can be tricky to tune correctly due to static friction in the drivetrain,
especially if a simple P loop is used. There are a number of ways to account for this; one of
the most common/effective is to add a “minimum output” to the output of the control loop.
Another effective strategy is to cascade to well-tuned velocity controllers on each side of the
drive.
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15.3.4 Ultrasonics - Software

Not: This section covers ultrasonics in software. For a hardware guide to ultrasonics, see
Ultrasonik - Donanim.

An ultrasonic sensor is commonly used to measure distance to an object using high-frequency
sound. Generally, ultrasonics measure the distance to the closest object within their “field of
view.”

There are two primary types of ultrasonics supported natively by WPILib:
* Ping-response ultrasonics

* Analog ultrasonics

Ping-response ultrasonics

The Ultrasonic class (Java, C++) provides support for ping-response ultrasonics. As ping-
response ultrasonics (per the name) require separate pins for both sending the ping and
measuring the response, users must specify DIO pin numbers for both output and input when
constructing an Ultrasonic instance:

Java

// Creates a ping-response Ultrasonic object on DIO 1 and 2.
Ultrasonic m_rangeFinder = new Ultrasonic(l, 2);

C++

// Creates a ping-response Ultrasonic object on DIO 1 and 2.
frc::Ultrasonic m_rangeFinder{l, 2};

The measurement can then be retrieved in either inches or millimeters in Java; in C++ the
units library is used to automatically convert to any desired length unit:

Java

// We can read the distance in millimeters

double distanceMillimeters = m_rangeFinder.getRangeMM();
// ... or in inches

double distanceInches = m_rangeFinder.getRangeInches();
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C++

// We can read the distance

units::meter_t distance = m_rangeFinder.GetRange();
// units auto-convert

units::millimeter t distanceMillimeters = distance;
units::inch t distancelnches = distance;

Analog ultrasonics

Some ultrasonic sensors simply return an analog voltage corresponding to the measured dis-
tance. These sensors can may simply be used with the AnalogPotentiometer class.

Third-party ultrasonics

Other ultrasonic sensors offered by third-parties may use more complicated communications
protocols (such as I2C or SPI). WPILib does not provide native support for any such ultraso-
nics; they will typically be controlled with vendor libraries.

Using ultrasonics in code

Ultrasonic sensors are very useful for determining spacing during autonomous routines. For
example, the following code from the UltrasonicPID example project (Java, C++) will move
the robot to 1 meter away from the nearest object the sensor detects:

Java

(public class Robot extends TimedRobot {
// distance the robot wants to stay from an object
// (one meter)
static final double kHoldDistanceMillimeters = 1.0e3;

// proportional speed constant

private static final double kP = 0.001;
// integral speed constant

private static final double kI = 0.0;
// derivative speed constant

private static final double kD = 0.0;

static final int kLeftMotorPort = 0;
static final int kRightMotorPort = 1;

static final int kUltrasonicPingPort
static final int kUltrasonicEchoPort

0;
1;

// Ultrasonic sensors tend to be quite noisy and susceptible to sudden,
—outliers,

// so measurements are filtered with a 5-sample median filter

private final MedianFilter m filter = new MedianFilter(5);

(sonraki sayfaya devam)
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private final Ultrasonic m ultrasonic = new Ultrasonic(kUltrasonicPingPort,
— kUltrasonicEchoPort);

private final PWMSparkMax m_leftMotor = new PWMSparkMax(kLeftMotorPort);

private final PWMSparkMax m_rightMotor = new PWMSparkMax(kRightMotorPort);

private final DifferentialDrive m_robotDrive =

new DifferentialDrive(m leftMotor::set, m rightMotor::set);

private final PIDController m pidController = new PIDController(kP, kI,

—kD);

public Robot() {
SendableRegistry.addChild(m_robotDrive, m_ leftMotor);
SendableRegistry.addChild(m_robotDrive, m_rightMotor);
}

@Override
public void autonomousInit() {
// Set setpoint of the pid controller
m_pidController.setSetpoint(kHoldDistanceMillimeters);
}

@Override

public void autonomousPeriodic() {
double measurement = m ultrasonic.getRangeMM();
double filteredMeasurement = m filter.calculate(measurement);
double pidOutput = m_pidController.calculate(filteredMeasurement);

// disable input squaring -- PID output is linear
m_robotDrive.arcadeDrive(pidOutput, 0, false);

C++ (Header)

class Robot : public frc::TimedRobot {
public:

Robot () ;

void AutonomousInit() override;

void AutonomousPeriodic() override;

// distance the robot wants to stay from an object
static constexpr units::millimeter t kHoldDistance = 1 m;

static constexpr int kLeftMotorPort = 0;
static constexpr int kRightMotorPort = 1;
static constexpr int kUltrasonicPingPort
static constexpr int kUltrasonicEchoPort

[l
=

private:

// proportional speed constant
static constexpr double kP = 0.001;
// integral speed constant

static constexpr double kI = 0.0;
// derivative speed constant

(sonraki sayfaya devam)
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static constexpr double kD = 0.0;

// Ultrasonic sensors tend to be quite noisy and susceptible to sudden
// outliers, so measurements are filtered with a 5-sample median filter
frc::MedianFilter<units::millimeter t> m filter{5};

frc::Ultrasonic m ultrasonic{kUltrasonicPingPort, kUltrasonicEchoPort};
frc::PWMSparkMax m_ left{kLeftMotorPort};
frc: :PWMSparkMax m_right{kRightMotorPort};
frc::DifferentialDrive m robotDrive{
[&] (double output) { m left.Set(output); },
[&] (double output) { m _right.Set(output); }};
frc::PIDController m pidController{kP, kI, kD};

C++ (Source)

void Robot::AutonomousInit() {
// Set setpoint of the pid controller
m_pidController.SetSetpoint(kHoldDistance.value());
}

void Robot::AutonomousPeriodic() {
units::millimeter_ t measurement = m_ultrasonic.GetRange();
units::millimeter t filteredMeasurement = m filter.Calculate(measurement);
double pidOutput = m pidController.Calculate(filteredMeasurement.value());

// disable input squaring -- PID output is linear
m_robotDrive.ArcadeDrive(pidOQutput, 0, false);

}

L J

Additionally, ping-response ultrasonics can be sent to Shuffleboard, where they will be disp-
layed with their own widgets:

Java
// Add the ultrasonic on the "Sensors" tab of the dashboard
// Data will update automatically
Shuffleboard.getTab("Sensors").add(m_rangeFinder);

C++

// Add the ultrasonic on the "Sensors" tab of the dashboard
// Data will update automatically
frc::Shuffleboard: :GetTab("Sensors").Add(m_rangeFinder);
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15.3.5 Counters
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The Counter class (Java, C++) is a versatile class that allows the counting of pulse edges on
a digital input. Counter is used as a component in several more-complicated WPILib classes
(such as Encoder and Ultrasonic), but is also quite useful on its own.

Not: There are a total of 8 counter units in the roboRIO FPGA, meaning no more than 8
Counter objects may be instantiated at any one time, including those contained as resources
in other WPILib objects. For detailed information on when a Counter may be used by another
object, refer to the official API documentation.

Configuring a counter

The Counter class can be configured in a number of ways to provide differing functionalities.

Counter Modes

The Counter object may be configured to operate in one of four different modes:
1. Two-pulse mode: Counts up and down based on the edges of two different channels.
2. Semi-period mode: Measures the duration of a pulse on a single channel.

3. Pulse-length mode: Counts up and down based on the edges of one channel, with the
direction determined by the duration of the pulse on that channel.

4. External direction mode: Counts up and down based on the edges of one channel, with
a separate channel specifying the direction.

Not: In all modes except semi-period mode, the counter can be configured to increment
either once per edge (2X decoding), or once per pulse (1X decoding). By default, counters are
set to two-pulse mode, though if only one channel is specified the counter will only count up.
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Two-pulse mode

In two-pulse mode, the Counter will count up for every edge/pulse on the specified “up chan-
nel,” and down for every edge/pulse on the specified “down channel.” A counter can be initi-
alized in two-pulse with the following code:

JAVA

// Create a new Counter object in two-pulse mode
Counter counter = new Counter(Counter.Mode.k2Pulse);

@Override

public void robotInit() {
// Set up the input channels for the counter
counter.setUpSource(1l);
counter.setDownSource(2);

// Set the decoding type to 2X
counter.setUpSourceEdge(true, true);
counter.setDownSourceEdge(true, true);

C++

// Create a new Counter object in two-pulse mode
frc::Counter counter{frc::Counter: :Mode: :k2Pulse};

void Robot::RobotInit() {
// Set up the input channels for the counter
counter.SetUpSource(1l);
counter.SetDownSource(2);

// Set the decoding type to 2X
counter.SetUpSourceEdge(true, true);
counter.SetDownSourceEdge(true, true);

Semi-period mode

In semi-period mode, the Counter will count the duration of the pulses on a channel, either
from a rising edge to the next falling edge, or from a falling edge to the next rising edge. A
counter can be initialized in semi-period mode with the following code:
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JAVA

// Create a new Counter object in two-pulse mode
Counter counter = new Counter(Counter.Mode.kSemiperiod);

@Override

public void robotInit() {
// Set up the input channel for the counter
counter.setUpSource(1l);

// Set the encoder to count pulse duration from rising edge to falling edge
counter.setSemiPeriodMode(true) ;

C++

// Create a new Counter object in two-pulse mode
frc::Counter counter{frc::Counter: :Mode: :kSemiperiod};

void Robot() {
// Set up the input channel for the counter
counter.SetUpSource(1l);

// Set the encoder to count pulse duration from rising edge to falling edge
counter.SetSemiPeriodMode(true);

To get the pulse width, call the getPeriod() method:

JAVA

// Return the measured pulse width in seconds
counter.getPeriod();

C++

// Return the measured pulse width in seconds
counter.GetPeriod();

Pulse-length mode

In pulse-length mode, the counter will count either up or down depending on the length of
the pulse. A pulse below the specified threshold time will be interpreted as a forward count
and a pulse above the threshold is a reverse count. This is useful for some gear tooth sensors
which encode direction in this manner. A counter can be initialized in this mode as follows:
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JAVA

// Create a new Counter object in two-pulse mode
Counter counter = new Counter(Counter.Mode.kPulselLength);

@Override

public void robotInit() {
// Set up the input channel for the counter
counter.setUpSource(1l);

// Set the decoding type to 2X
counter.setUpSourceEdge(true, true);

// Set the counter to count down if the pulses are longer than .05 seconds
counter.setPulselLengthMode(.05)

C++

// Create a new Counter object in two-pulse mode
frc::Counter counter{frc::Counter: :Mode: :kPulseLength};

void Robot::RobotInit() {
// Set up the input channel for the counter
counter.SetUpSource(1);

// Set the decoding type to 2X
counter.SetUpSourceEdge(true, true);

// Set the counter to count down if the pulses are longer than .05 seconds
counter.SetPulselLengthMode(.05)

External direction mode

In external direction mode, the counter counts either up or down depending on the level on
the second channel. If the direction source is low, the counter will increase; if the direction
source is high, the counter will decrease (to reverse this, see the next section). A counter can
be initialized in this mode as follows:

JAVA

// Create a new Counter object in two-pulse mode
Counter counter = new Counter(Counter.Mode.kExternalDirection);

@Override

public void robotInit() {
// Set up the input channels for the counter
counter.setUpSource(1l);
counter.setDownSource(2);

// Set the decoding type to 2X
(sonraki sayfaya devam)
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counter.setUpSourceEdge(true, true);

C++

// Create a new Counter object in two-pulse mode
frc::Counter counter{frc::Counter: :Mode: :kExternalDirection};

void RobotInit() {
// Set up the input channels for the counter
counter.SetUpSource(1l);
counter.SetDownSource(2);

// Set the decoding type to 2X
counter.SetUpSourceEdge(true, true);

Configuring counter parameters

Not: The Counter class does not make any assumptions about units of distance; it will return
values in whatever units were used to calculate the distance-per-pulse value. Users thus have
complete control over the distance units used. However, units of time are always in seconds.

Not: The number of pulses used in the distance-per-pulse calculation does not depend on
the decoding type - each “pulse” should always be considered to be a full cycle (rising and
falling).

Apart from the mode-specific configurations, the Counter class offers a number of additional
configuration methods:

JAVA

// Configures the counter to return a distance of 4 for every 256 pulses
// Also changes the units of getRate
counter.setDistancePerPulse(4./256.);

// Configures the counter to consider itself stopped after .1 seconds
counter.setMaxPeriod(.1);

// Configures the counter to consider itself stopped when its rate is below 10
counter.setMinRate(10);

// Reverses the direction of the counter
counter.setReverseDirection(true);

// Configures an counter to average its period measurement over 5 samples
// Can be between 1 and 127 samples
counter.setSamplesToAverage(5);
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C++

// Configures the counter to return a distance of 4 for every 256 pulses
// Also changes the units of getRate
counter.SetDistancePerPulse(4./256.);

// Configures the counter to consider itself stopped after .1 seconds
counter.SetMaxPeriod(.1);

// Configures the counter to consider itself stopped when its rate is below 10
counter.SetMinRate(10);

// Reverses the direction of the counter
counter.SetReverseDirection(true);

// Configures an counter to average its period measurement over 5 samples
// Can be between 1 and 127 samples
counter.SetSamplesToAverage(5);

Reading information from counters

Regardless of mode, there is some information that the Counter class always exposes to users:

Count

Users can obtain the current count with the get () method:

JAVA

// returns the current count
counter.get();

C++

// returns the current count
counter.Get();

Distance

Not: Counters measure relative distance, not absolute; the distance value returned will de-
pend on the position of the encoder when the robot was turned on or the encoder value was
last reset.

If the distance per pulse has been configured, users can obtain the total distance traveled by
the counted sensor with the getDistance() method:

15.3. Sensors 445




FIRST Robotics Competition

JAVA

// returns the current distance
counter.getDistance();

C++

// returns the current distance
counter.GetDistance();

Rate

Not: Units of time for the Counter class are always in seconds.

Users can obtain the current rate of change of the counter with the getRate() method:

JAVA

// Gets the current rate of the counter
counter.getRate();

C++

// Gets the current rate of the counter
counter.GetRate();

Stopped

Users can obtain whether the counter is stationary with the getStopped() method:

JAVA

// Gets whether the counter is stopped
counter.getStopped();

446 Boluim 15. Hardware APIls



FIRST Robotics Competition

C++

// Gets whether the counter is stopped
counter.GetStopped();

Direction

Users can obtain the direction in which the counter last moved with the getDirection()
method:

JAVA

// Gets the last direction in which the counter moved
counter.getDirection();

C++

// Gets the last direction in which the counter moved
counter.GetDirection();

Period

Not: In semi-period mode, this method returns the duration of the pulse, not of the period.

Users can obtain the duration (in seconds) of the most-recent period with the getPeriod()
method:

JAVA

// returns the current period in seconds
counter.getPeriod();

C++

// returns the current period in seconds
counter.GetPeriod();
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Resetting a counter

To reset a counter to a distance reading of zero, call the reset () method. This is useful for en-
suring that the measured distance corresponds to the actual desired physical measurement.

JAVA

// Resets the encoder to read a distance of zero
counter.reset();

C++

// Resets the encoder to read a distance of zero
counter.Reset();

Using counters in code

Counters are useful for a wide variety of robot applications - but since the Counter class is
so varied, it is difficult to provide a good summary of them here. Many of these applications
overlap with the Encoder class - a simple counter is often a cheaper alternative to a quadrature
encoder. For a summary of potential uses for encoders in code, see Encoders - Software.

15.3.6 Encoders - Software

Not: This section covers encoders in software. For a hardware guide to encoders, see
Kodlayicilar-Donanim.

Encoders are devices used to measure motion (usually, the rotation of a shaft).

Onemli: The classes in this document are only used for encoders that are plugged directly in-
to the roboRIO! Please reference the appropriate vendors’ documentation for using encoders
plugged into motor controllers.

Quadrature Encoders - The Encoder Class

WPILib provides support for quadrature encoders through the Encoder class (Java, C++).
This class provides a simple API for configuring and reading data from encoders.
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These encoders produce square-wave signals on two channels that are a quarter-period out-
of-phase (hence the term, “quadrature”). The pulses are used to measure the rotation, and
the direction of motion can be determined from which channel “leads” the other.
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The FPGA handles quadrature encoders either through a counter module or an encoder mo-
dule, depending on the decoding type - the choice is handled automatically by WPILib. The
FPGA contains 8 encoder modules.

Examples of quadrature encoders:
* AMT103-V available through FIRST Choice
* CIMcoder
* CTRE Mag Encoder

Grayhill 63r

REV Through Bore Encoder

US Digital E4AT
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Initializing a Quadrature Encoder

A quadrature encoder can be instantiated as follows:

JAVA

// Initializes an encoder on DIO pins O and 1
// Defaults to 4X decoding and non-inverted
Encoder encoder = new Encoder(0, 1);

C++

// Initializes an encoder on DIO pins 0 and 1
// Defaults to 4X decoding and non-inverted
frc::Encoder encoder{0, 1};

Decoding Type

The WPILib Encoder class can decode encoder signals in three different modes:
* 1X Decoding: Increments the distance for every complete period of the encoder signal
(once per four edges).

* 2X Decoding: Increments the distance for every half-period of the encoder signal (once
per two edges).

* 4X Decoding: Increments the distance for every edge of the encoder signal (four times
per period).

4X decoding offers the greatest precision, but at the potential cost of increased “jitter” in rate
measurements. To use a different decoding type, use the following constructor:

JAVA

// Initializes an encoder on DIO pins O and 1
// 2X encoding and non-inverted
Encoder encoder = new Encoder(0, 1, false, Encoder.EncodingType.k2X);

C++

// Initializes an encoder on DIO pins O and 1
// 2X encoding and non-inverted
frc::Encoder encoder{0, 1, false, frc::Encoder::EncodingType: :k2X};
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Configuring Quadrature Encoder Parameters

Not: The Encoder class does not make any assumptions about units of distance; it will return
values in whatever units were used to calculate the distance-per-pulse value. Users thus have
complete control over the distance units used. However, units of time are always in seconds.

Not: The number of pulses used in the distance-per-pulse calculation does not depend on the
decoding type - each “pulse” should always be considered to be a full cycle (four edges).

The Encoder class offers a number of configuration methods:

JAVA

// Configures the encoder to return a distance of 4 for every 256 pulses
// Also changes the units of getRate
encoder.setDistancePerPulse(4.0/256.0);

// Configures the encoder to consider itself stopped after .1 seconds
encoder.setMaxPeriod(0.1);

// Configures the encoder to consider itself stopped when its rate is below 10
encoder.setMinRate(10);

// Reverses the direction of the encoder
encoder.setReverseDirection(true);

// Configures an encoder to average its period measurement over 5 samples
// Can be between 1 and 127 samples
encoder.setSamplesToAverage(5);

C++

// Configures the encoder to return a distance of 4 for every 256 pulses
// Also changes the units of getRate
encoder.SetDistancePerPulse(4.0/256.0);

// Configures the encoder to consider itself stopped after .1 seconds
encoder.SetMaxPeriod(0.1);

// Configures the encoder to consider itself stopped when its rate is below 10
encoder.SetMinRate(10);

// Reverses the direction of the encoder
encoder.SetReverseDirection(true);

// Configures an encoder to average its period measurement over 5 samples
// Can be between 1 and 127 samples
encoder.SetSamplesToAverage(5);
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Reading information from Quadrature Encoders

The Encoder class provides a wealth of information to the user about the motion of the enco-
der.

Distance

Not: Quadrature encoders measure relative distance, not absolute; the distance value retur-
ned will depend on the position of the encoder when the robot was turned on or the encoder

value was last reset.

Users can obtain the total distance traveled by the encoder with the getDistance() method:

JAVA

// Gets the distance traveled
encoder.getDistance();

C++

// Gets the distance traveled
encoder.GetDistance();

Rate

Not: Units of time for the Encoder class are always in seconds.

Users can obtain the current rate of change of the encoder with the getRate() method:

JAVA

// Gets the current rate of the encoder
encoder.getRate();
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C++

// Gets the current rate of the encoder
encoder.GetRate();

Stopped

Users can obtain whether the encoder is stationary with the getStopped() method:

JAVA

// Gets whether the encoder is stopped
encoder.getStopped();

C++

// Gets whether the encoder is stopped
encoder.GetStopped();

Direction

Users can obtain the direction in which the encoder last moved with the getDirection()
method:

JAVA

// Gets the last direction in which the encoder moved
encoder.getDirection();

C++

// Gets the last direction in which the encoder moved
encoder.GetDirection();

Period

Users can obtain the period of the encoder pulses (in seconds) with the getPeriod() method:
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JAVA

// Gets the current period of the encoder
encoder.getPeriod();

C++

// Gets the current period of the encoder
encoder.GetPeriod();

Resetting a Quadrature Encoder

To reset a quadrature encoder to a distance reading of zero, call the reset() method. This
is useful for ensuring that the measured distance corresponds to the actual desired physical

measurement, and is often called during a homing routine:

JAVA

// Resets the encoder to read a distance of zero
encoder.reset();

C++

// Resets the encoder to read a distance of zero
encoder.Reset();

Duty Cycle Encoders - The DutyCycleEncoder class

WPILib provides support for duty cycle (also marketed as PWM) encoders through the
DutyCycleEncoder class (Java, C++). This class provides a simple API for configuring and

reading data from duty cycle encoders.

The roboRIO’s FPGA handles duty cycle encoders automatically.

Examples of duty cycle encoders:
* AndyMark Mag Encoder

CTRE Mag Encoder

REV Through Bore Encoder

Team 221 Lamprey?2
US Digital MA3
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Initializing a Duty Cycle Encoder

A duty cycle encoder can be instantiated as follows:

JAVA

// Initializes a duty cycle encoder on DIO pins @
DutyCycleEncoder encoder = new DutyCycleEncoder(0);

C++

// Initializes a duty cycle encoder on DIO pins @
frc::DutyCycleEncoder encoder{0};

Configuring Duty Cycle Encoder Parameters

Not: The DutyCycleEncoder class does not make any assumptions about units of distance;
it will return values in whatever units were used to calculate the distance-per-rotation value.
Users thus have complete control over the distance units used.

The DutyCycleEncoder class offers a number of configuration methods:

JAVA

encoder.setDistancePerRotation(4.0);

// Configures the encoder to return a distance of 4 for every rotation

C++

encoder.SetDistancePerRotation(4.0);

// Configures the encoder to return a distance of 4 for every rotation

Reading Distance from Duty Cycle Encoders

Not: Duty Cycle encoders measure absolute distance. It does not depend on the starting

position of the encoder.

Users can obtain the distance measured by the encoder with the getDistance() method:

15.3. Sensors

455



FIRST Robotics Competition

JAVA

// Gets the distance traveled
encoder.getDistance();

C++

// Gets the distance traveled
encoder.GetDistance();

Detecting a Duty Cycle Encoder is Connected

As duty cycle encoders output a continuous set of pulses, it is possible to detect that the
encoder has been unplugged.

JAVA

// Gets if the encoder is connected
encoder.isConnected();

C++

// Gets if the encoder is connected
encoder.IsConnected();

Resetting a Duty Cycle Encoder

To reset an encoder so the current distance is 0, call the reset () method. This is useful for
ensuring that the measured distance corresponds to the actual desired physical measure-
ment. Unlike quadrature encoders, duty cycle encoders don’t need to be homed. However,
after reset, the position offset can be stored to be set when the program starts so that the
reset doesn’t have to be performed again. The Preferences class provides a method to save
and retrieve the values on the roboRIO.

JAVA

// Resets the encoder to read a distance of zero at the current position
encoder.reset();

// get the position offset from when the encoder was reset
encoder.getPosition0ffset();

// set the position offset to half a rotation
encoder.setPosition0ffset(0.5);
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C++

// Resets the encoder to read a distance of zero at the current position
encoder.Reset();

// get the position offset from when the encoder was reset
encoder.GetPositionOffset();

// set the position offset to half a rotation
encoder.SetPosition0ffset(0.5);

Analog Encoders - The AnalogEncoder Class

WPILib provides support for analog absolute encoders through the AnalogEncoder class (Ja-
va, C++). This class provides a simple API for configuring and reading data from duty cycle
encoders.

Examples of analog encoders:
* Team 221 Lamprey?2
» Thrifty Absolute Magnetic Encoder
» US Digital MA3

Initializing an Analog Encoder

An analog encoder can be instantiated as follows:

JAVA

// Initializes a duty cycle encoder on Analog Input pins 0O
AnalogEncoder encoder = new AnalogEncoder(0);

C++

// Initializes a duty cycle encoder on DIO pins 0O
frc::AnalogEncoder encoder{0};

Configuring Analog Encoder Parameters

Not: The AnalogEncoder class does not make any assumptions about units of distance; it will
return values in whatever units were used to calculate the distance-per-rotation value. Users
thus have complete control over the distance units used.

The AnalogEncoder class offers a number of configuration methods:

15.3. Sensors 457



https://github.wpilib.org/allwpilib/docs/release/java/edu/wpi/first/wpilibj/AnalogEncoder.html
https://github.wpilib.org/allwpilib/docs/release/java/edu/wpi/first/wpilibj/AnalogEncoder.html
https://github.wpilib.org/allwpilib/docs/release/cpp/classfrc_1_1_analog_encoder.html
https://www.andymark.com/products/lamprey-absolute-encoder
https://www.thethriftybot.com/products/thrifty-absolute-magnetic-encoder
https://www.usdigital.com/products/encoders/absolute/shaft/ma3/

FIRST Robotics Competition

JAVA

// Configures the encoder to return a distance of 4 for every rotation
encoder.setDistancePerRotation(4.0);

C++

// Configures the encoder to return a distance of 4 for every rotation
encoder.SetDistancePerRotation(4.0);

Reading Distance from Analog Encoders

Not: Analog encoders measure absolute distance. It does not depend on the starting position
of the encoder.

Users can obtain the distance measured by the encoder with the getDistance() method:

JAVA

// Gets the distance measured
encoder.getDistance();

C++

// Gets the distance measured
encoder.GetDistance();

Resetting an Analog Encoder

To reset an analog encoder so the current distance is 0, call the reset() method. This is
useful for ensuring that the measured distance corresponds to the actual desired physical
measurement. Unlike quadrature encoders, duty cycle encoders don’t need to be homed.
However, after reset, the position offset can be stored to be set when the program starts so
that the reset doesn’t have to be performed again. The Preferences class provides a method
to save and retrieve the values on the roboRIO.
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JAVA

// Resets the encoder to read a distance of zero at the current position
encoder.reset();

// get the position offset from when the encoder was reset
encoder.getPositionOffset();

// set the position offset to half a rotation
encoder.setPosition0ffset(0.5);

C++

// Resets the encoder to read a distance of zero at the current position
encoder.Reset();

// get the position offset from when the encoder was reset
encoder.GetPositionOffset();

// set the position offset to half a rotation
encoder.SetPosition0ffset(0.5);

Using Encoders in Code

Encoders are some of the most useful sensors in FRC®; they are very nearly a requirement
to make a robot capable of nontrivially-automated actuations and movement. The potential
applications of encoders in robot code are too numerous to summarize fully here, but an
example is provided below:

Driving to a Distance

Encoders can be used on a robot drive to create a simple “drive to distance” routine. This is
useful in autonomous mode, but has the disadvantage that the robot’s momentum will cause
it to overshoot the intended distance. Better methods include using a PID Controller or using
Path Planning

Not: The following example uses the Encoder class, but is similar if other DutyCycleEnco-
der or AnalogEncoder is used. However, quadrature encoders are typically better suited for
drivetrains since they roll over many times and don’t have an absolute position.
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JAVA

// Creates an encoder on DIO ports 0 and 1
Encoder encoder = new Encoder(0, 1);

// Initialize motor controllers and drive
Spark leftLeader = new Spark(0);
Spark leftFollower = new Spark(1l);

Spark rightlLeader = new Spark(2);
Spark rightFollower = new Spark(3);

DifferentialDrive drive = new DifferentialDrive(leftLeader::set, rightlLeader::set);

@Override

public void robotInit() {
// Configures the encoder's distance-per-pulse
// The robot moves forward 1 foot per encoder rotation
// There are 256 pulses per encoder rotation
encoder.setDistancePerPulse(1./256.);

// Invert the right side of the drivetrain. You might have to invert the other,
—side
rightLeader.setInverted(true);

// Configure the followers to follow the leaders
leftLeader.addFollower(leftFollower);
rightLeader.addFollower(rightFollower);

}

@Override
public void autonomousPeriodic() {
// Drives forward at half speed until the robot has moved 5 feet, then stops:
if(encoder.getDistance() < 5) {
drive.tankDrive(0.5, 0.5);
} else {
drive.tankDrive (0, 0);
}

C++

// Creates an encoder on DIO ports 0 and 1.
frc::Encoder encoder{0, 1};

// Initialize motor controllers and drive
frc::Spark leftLeader{0};
frc::Spark leftFollower{l1};

frc::Spark rightlLeader{2};
frc::Spark rightFollower{3};

frc::DifferentialDrive drive{[&] (double output) { leftlLeader.Set(output); },
[&] (double output) { rightlLeader.Set(output); }};

(sonraki sayfaya devam)
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(onceki sayfadan devam)

void Robot::RobotInit() {
// Configures the encoder's distance-per-pulse
// The robot moves forward 1 foot per encoder rotation
// There are 256 pulses per encoder rotation
encoder.SetDistancePerPulse(1.0/256.0);

// Invert the right side of the drivetrain. You might have to invert the other,
—side
rightLeader.SetInverted(true);

// Configure the followers to follow the leaders
leftLeader.AddFollower (leftFollower);
rightLeader.AddFollower(rightFollower);

}

void Robot::AutonomousPeriodic() {
// Drives forward at half speed until the robot has moved 5 feet, then stops:
if (encoder.GetDistance() < 5) {
drive.TankDrive (0.5, 0.5);
} else {
drive.TankDrive (0, 0);
}

Homing a Mechanism

Since quadrature encoders measure relative distance, it is often important to ensure that their
“zero-point” is in the right place. A typical way to do this is a “homing routine,” in which a
mechanism is moved until it hits a known position (usually accomplished with a limit switch),
or “home,” and then the encoder is reset. The following code provides a basic example:

Not: Homing is not necessary for absolute encoders like duty cycle encoders and analog
encoders.

JAVA

Encoder encoder = new Encoder(0, 1);
Spark spark = new Spark(0);

// Limit switch on DIO 2
DigitalInput limit = new DigitalInput(2);

public void autonomousPeriodic() {
// Runs the motor backwards at half speed until the limit switch is pressed
// then turn off the motor and reset the encoder
if(!limit.get()) {
spark.set(-0.5);
} else {
spark.set(0);
(sonraki sayfaya devam)
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(onceki sayfadan devam)
encoder.reset();

C++

frc::Encoder encoder{0,1};
frc::Spark spark{0};

// Limit switch on DIO 2
frc::DigitalInput limit{2};

void AutonomousPeriodic() {
// Runs the motor backwards at half speed until the limit switch is pressed
// then turn off the motor and reset the encoder
if(!limit.Get()) {
spark.Set(-0.5);
} else {
spark.Set(0);
encoder.Reset();

15.3.7 Analog Inputs - Software

Not: This section covers analog inputs in software. For a hardware guide to analog inputs,
see Analog Girigler - Donanim.

The roboRIO’s FPGA supports up to 8 analog input channels that can be used to read the value
of an analog voltage from a sensor. Analog inputs may be used for any sensor that outputs a
simple voltage.

Analog inputs from the FPGA by default return a 12-bit integer proportional to the voltage,
from 0 to 5 volts.

The Analoglnput class

Not: It is often more convenient to use the Analog Potentiometers wrapper class than to use
AnalogInput directly, as it supports scaling to meaningful units.

Support for reading the voltages on the FPGA analog inputs is provided through the Analo-
gInput class (Java, C++).
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Initializing an Analoginput

An AnalogInput may be initialized as follows:

JAVA

// Initializes an AnalogInput on port 0O
AnalogInput analog = new AnalogInput(0);

C++

// Initializes an AnalogInput on port 0O
frc::AnalogInput analog{0};

Oversampling and Averaging

Al

Average

Accumulator
Channel 0,1 only

2

vye s

{
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The FPGA’s analog input modules supports both oversampling and averaging. These behaviors
are highly similar, but differ in a few important ways. Both may be used at the same time.

Oversampling

When oversampling is enabled, the FPGA will add multiple consecutive samples together, and
return the accumulated value. Users may specify the number of bits of oversampling - for n
bits of oversampling, the number of samples added together is 27:

JAVA

// Sets the AnalogInput to 4-bit oversampling.

16 samples will be added together.

// Thus, the reported values will increase by about a factor of 16, and the update

// rate will decrease by a similar amount.
analog.setOversampleBits(4);
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C++

// Sets the AnalogInput to 4-bit oversampling. 16 samples will be added together.
// Thus, the reported values will increase by about a factor of 16, and the update
// rate will decrease by a similar amount.

analog.SetOversampleBits(4);

Averaging

Averaging behaves much like oversampling, except the accumulated values are divided by the
number of samples so that the scaling of the returned values does not change. This is often
more-convenient, but occasionally the additional roundoff error introduced by the rounding
is undesirable.

JAVA

// Sets the AnalogInput to 4-bit averaging. 16 samples will be averaged together.
// The update rate will decrease by a factor of 16.
analog.setAverageBits(4);

C++

// Sets the AnalogInput to 4-bit averaging. 16 samples will be averaged together.
// The update rate will decrease by a factor of 16.
analog.SetAverageBits(4);

Not: When oversampling and averaging are used at the same time, the oversampling is app-
lied first, and then the oversampled values are averaged. Thus, 2-bit oversampling and 2-bit
averaging used at the same time will increase the scale of the returned values by approxima-
tely a factor of 2, and decrease the update rate by approximately a factor of 4.

Reading values from an Analoginput

Values can be read from an AnalogInput with one of four different methods:

getValue

The getValue method returns the raw instantaneous measured value from the analog input,
without applying any calibration and ignoring oversampling and averaging settings. The re-
turned value is an integer.
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JAVA

[analog .getValue();

C++

[analog.GetValue();

getVoltage

The getVoltage method returns the instantaneous measured voltage from the analog input.
Oversampling and averaging settings are ignored, but the value is rescaled to represent a

voltage. The returned value is a double.

JAVA

[analog.getVoltage();

C++

[analog.GetVoltage();

getAverageValue

The getAverageValue method returns the averaged value from the analog input. The value
is not rescaled, but oversampling and averaging are both applied. The returned value is an

integer.

JAVA

[analog.getAverageValue();

C++

[analog.GetAverageValue( );
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getAverageVoltage

The getAverageVoltage method returns the averaged voltage from the analog input. Resca-
ling, oversampling, and averaging are all applied. The returned value is a double.

JAVA

[analog.getAverageVoltage();

C++

[analog.GetAve rageVoltage();

Accumulator

Not: The accumulator methods do not currently support returning a value in units of volts -
the returned value will always be an integer (specifically, a Long).

Analog input channels 0 and 1 additionally support an accumulator, which integrates (adds
up) the signal indefinitely, so that the returned value is the sum of all past measured values.
Oversampling and averaging are applied prior to accumulation.

JAVA

// Sets the initial value of the accumulator to 0
// This 1is the "starting point" from which the value will change over time
analog.setAccumulatorInitialValue(0);

// Sets the "center" of the accumulator to 0. This value is subtracted from
// all measured values prior to accumulation.
analog.setAccumulatorCenter(0);

// Returns the number of accumulated samples since the accumulator was last started/
—reset
analog.getAccumulatorCount();

// Returns the value of the accumulator. Return type is long.
analog.getAccumulatorValue();

// Resets the accumulator to the initial value
analog.resetAccumulator();
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C++

// Sets the initial value of the accumulator to 0
// This is the "starting point" from which the value will change over time
analog.SetAccumulatorInitialValue(0);

// Sets the "center" of the accumulator to 0. This value is subtracted from
// all measured values prior to accumulation.
analog.SetAccumulatorCenter(0);

// Returns the number of accumulated samples since the accumulator was last started/
—reset
analog.GetAccumulatorCount();

// Returns the value of the accumulator. Return type is long.
analog.GetAccumulatorValue();

// Resets the accumulator to the initial value
analog.ResetAccumulator();

Obtaining synchronized count and value

Sometimes, it is necessarily to obtain matched measurements of the count and the value. This
can be done using the getAccumulatorOutput method:

JAVA

// Instantiate an AccumulatorResult object to hold the matched measurements
AccumulatorResult result = new AccumulatorResult();

// Fill the AccumulatorResult with the matched measurements
analog.getAccumulatorQutput(result);

// Read the values from the AccumulatorResult

long count = result.count;
long value = result.value;
C++

// The count and value variables to fill
int 64t count;
int 64t value;

// Fill the count and value variables with the matched measurements
analog.GetAccumulatorOutput(count, value);
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Using analog inputs in code

The AnalogInput class can be used to write code for a wide variety of sensors (including
potentiometers, accelerometers, gyroscopes, ultrasonics, and more) that return their data as
an analog voltage. However, if possible it is almost always more convenient to use one of the
other existing WPILib classes that handles the lower-level code (reading the analog voltages
and converting them to meaningful units) for you. Users should only directly use AnalogInput
as a “last resort.”

Accordingly, for examples of how to effectively use analog sensors in code, users should refer
to the other pages of this chapter that deal with more-specific classes.

15.3.8 Analog Potentiometers - Software

Not: This section covers analog potentiometers in software. For a hardware guide to analog
potentiometers, see Analog Potansiyometreler - Donanim.

Potentiometers are variable resistors that allow information about position to be converted
into an analog voltage signal. This signal can be read by the roboRIO to control whatever
device is attached to the potentiometer.

While it is possible to read information from a potentiometer directly with an Analog Inputs -
Software, WPILib provides an AnalogPotentiometer class (Java, C++) that handles re-scaling
the values into meaningful units for the user. It is strongly encouraged to use this class.

In fact, the AnalogPotentiometer name is something of a misnomer - this class should be
used for the vast majority of sensors that return their signal as a simple, linearly-scaled analog
voltage.

The AnalogPotentiometer class

Not: The “full range” or “scale” parameters in the AnalogPotentiometer constructor are
scale factors from a range of 0-1 to the actual range, not from 0-5. That is, they represent a
native fractional scale, rather than a voltage scale.

An AnalogPotentiometer can be initialized as follows:

JAVA

// Initializes an AnalogPotentiometer on analog port 0O

// The full range of motion (in meaningful external units) is 0-180 (this could be,
—degrees, for instance)

// The "starting point" of the motion, i.e. where the mechanism is located when the,
—.potentiometer reads Ov, is 30.

AnalogPotentiometer pot = new AnalogPotentiometer(0, 180, 30);
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C++

// Initializes an AnalogPotentiometer on analog port 0O

// The full range of motion (in meaningful external units) is 0-180 (this could be,
—degrees, for instance)

// The "starting point" of the motion, i.e. where the mechanism is located when the,
—potentiometer reads Ov, 1is 30.

frc::AnalogPotentiometer pot{0, 180, 30};

Customizing the underlying Analoginput

Not: If the user changes the scaling of the AnalogInput with oversampling, this must be
reflected in the scale setting passed to the AnalogPotentiometer.

If the user would like to apply custom settings to the underlying AnalogInput used by the
AnalogPotentiometer, an alternative constructor may be used in which the AnalogInput is
injected:

JAVA

// Initializes an AnalogInput on port 0O, and enables 2-bit averaging
AnalogInput input = new AnalogInput(0);
input.setAverageBits(2);

// Initializes an AnalogPotentiometer with the given AnalogInput

// The full range of motion (in meaningful external units) is 0-180 (this could be,
—degrees, for instance)

// The "starting point" of the motion, i.e. where the mechanism is located when the,
—potentiometer reads Ov, 1is 30.

AnalogPotentiometer pot = new AnalogPotentiometer(input, 180, 30);

C++

// Initializes an AnalogInput on port 0O, and enables 2-bit averaging
frc::AnalogInput input{0};
input.SetAverageBits(2);

// Initializes an AnalogPotentiometer with the given AnalogInput

// The full range of motion (in meaningful external units) is 0-180 (this could be,
—degrees, for instance)

// The "starting point" of the motion, i.e. where the mechanism is located when the,
—potentiometer reads Ov, 1is 30.

frc::AnalogPotentiometer pot{input, 180, 30};
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Reading values from the AnalogPotentiometer

The scaled value can be read by simply calling the get method:

JAVA
[pot.get(); ]
C++
[pot.Get(); ]

Using AnalogPotentiometers in code

Analog sensors can be used in code much in the way other sensors that measure the same
thing can be. If the analog sensor is a potentiometer measuring an arm angle, it can be used
similarly to an encoder. If it is an ultrasonic sensor, it can be used similarly to other ultraso-
nics.

It is very important to keep in mind that actual, physical potentiometers generally have a
limited range of motion. Safeguards should be present in both the physical mechanism and the
code to ensure that the mechanism does not break the sensor by traveling past its maximum
throw.

15.3.9 Digital Inputs - Software

Not: This section covers digital inputs in software. For a hardware guide to digital inputs,
see Dijital Girisler - Donanim.

The roboRIO’s FPGA supports up to 26 digital inputs. 10 of these are made available through
the built-in DIO ports on the RIO itself, while the other 16 are available through the MXP
breakout port.

Digital inputs read one of two states - “high” or “low.” By default, the built-in ports on the RIO
will read “high” due to internal pull-up resistors (for more information, see Dijital Girisler -
Donanim). Accordingly, digital inputs are most-commonly used with switches of some sort.
Support for this usage is provided through the DigitalInput class (Java, C++).
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The Digitallnput class

A DigitallInput can be initialized as follows:

JAVA

// Initializes a DigitalInput on DIO 0O
DigitalInput input = new DigitalInput(0);

C++

// Initializes a DigitalInput on DIO 0O
frc::DigitalInput input{0};

Reading the value of the Digitalinput

The state of the DigitalInput can be polled with the get method:

JAVA

// Gets the value of the digital input. Returns true if the circuit 1is open.
input.get();

C++

// Gets the value of the digital input. Returns true if the circuit 1is open.
input.Get();

Creating a Digitallnput from an Analoglinput

Not: An AnalogTrigger constructed with a port number argument can share that analog
port with a separate AnalogInput, but two AnalogInput objects may not share the same port.

Sometimes, it is desirable to use an analog input as a digital input. This can be easily achieved
using the AnalogTrigger class (Java, C++).

An AnalogTrigger may be initialized as follows. As with AnalogPotentiometer, an Analo-
gInput may be passed explicitly if the user wishes to customize the sampling settings:
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JAVA

// Initializes an AnalogTrigger on port 0O
AnalogTrigger trigger® = new AnalogTrigger(0);

// Initializes an AnalogInput on port 1 and enables 2-bit oversampling
AnalogInput input = new AnalogInput(1l);
input.setAverageBits(2);

// Initializes an AnalogTrigger using the above input
AnalogTrigger triggerl = new AnalogTrigger(input);

C++

// Initializes an AnalogTrigger on port 0
frc::AnalogTrigger trigger0{0};

// Initializes an AnalogInput on port 1 and enables 2-bit oversampling
frc::AnalogInput input{l};
input.SetAverageBits(2);

// Initializes an AnalogTrigger using the above input
frc::AnalogTrigger triggerl{input};

Setting the trigger points

Not: For details on the scaling of “raw” AnalogInput values, see Analog Inputs - Software.

To convert the analog signal to a digital one, it is necessary to specify at what values the
trigger will enable and disable. These values may be different to avoid “dithering” around the
transition point:

JAVA

// Sets the trigger to enable at a raw value of 3500, and disable at a value of 1000
trigger.setLimitsRaw (1000, 3500);

// Sets the trigger to enable at a voltage of 4 volts, and disable at a value of 1.5,
—volts
trigger.setLimitsVoltage(1.5, 4);
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C++

// Sets the trigger to enable at a raw value of 3500, and disable at a value of 1000
trigger.SetLimitsRaw (1000, 3500);

// Sets the trigger to enable at a voltage of 4 volts, and disable at a value of 1.5,
—volts
trigger.SetLimitsVoltage(1l.5, 4);

Using Digitallnputs in code

As almost all switches on the robot will be used through a DigitalInput. This class is extre-
mely important for effective robot control.

Limiting the motion of a mechanism

Nearly all motorized mechanisms (such as arms and elevators) in FRC® should be given some
form of “limit switch” to prevent them from damaging themselves at the end of their range of
motions. A short example is given below:

JAVA

Spark spark = new Spark(0);

// Limit switch on DIO 2
DigitalInput limit = new DigitalInput(2);

public void autonomousPeriodic() {
// Runs the motor forwards at half speed, unless the limit is pressed
if(!limit.get()) {
spark.set(.5);
} else {
spark.set(0);
}

C++

// Motor for the mechanism
frc::Spark spark{0};

// Limit switch on DIO 2
frc::DigitalInput limit{2};

void AutonomousPeriodic() {
// Runs the motor forwards at half speed, unless the limit is pressed
if(!limit.Get()) {
spark.Set(.5);
} else {

(sonraki sayfaya devam)
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(onceki sayfadan devam)
spark.Set(0);

Homing a mechanism

Limit switches are very important for being able to “home” a mechanism with an encoder. For
an example of this, see Homing a Mechanism.

15.3.10 Programming Limit Switches

Limit switches are often used to control mechanisms on robots. While limit switches are simp-
le to use, they only can sense a single position of a moving part. This makes them ideal for
ensuring that movement doesn’t exceed some limit but not so good at controlling the speed of
the movement as it approaches the limit. For example, a rotational shoulder joint on a robot
arm would best be controlled using a potentiometer or an absolute encoder. A limit switch
could make sure that if the potentiometer ever failed, the limit switch would stop the robot
from going too far and causing damage.

Limit switches can have “normally open” or “normally closed” outputs. This will control if a
high signal means the switch is opened or closed. To learn more about limit switch hardware
see this article.

Controlling a Motor with Two Limit Switches

JAVA

DigitalInput toplimitSwitch = new DigitalInput(0);
DigitalInput bottomlimitSwitch = new DigitalInput(1l);
PWMVictorSPX motor = new PWMVictorSPX(0);

Joystick joystick = new Joystick(0);

@Override

public void teleopPeriodic() {
setMotorSpeed(joystick.getRawAxis(2));

}

public void setMotorSpeed(double speed) {
if (speed > 0) {
if (toplimitSwitch.get()) {
// We are going up and top limit is tripped so stop
motor.set(0);
} else {
// We are going up but top limit is not tripped so go at commanded speed
motor.set(speed);
}
} else {
if (bottomlimitSwitch.get()) {
// We are going down and bottom limit is tripped so stop
motor.set(0);
(sonraki sayfaya devam)
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(onceki sayfadan devam)

} else {
// We are going down but bottom limit is not tripped so go at commanded,,
—speed
motor.set(speed);
}
}
}
C++

frc::DigitalInput toplimitSwitch {0};
frc::DigitalInput bottomlimitSwitch {1};
frc: :PWMVictorSPX motor {0};
frc::Joystick joystick {0};

void TeleopPeriodic() {
SetMotorSpeed(joystick.GetRawAxis(2));
}

void SetMotorSpeed(double speed) {
if (speed > 0) {
if (toplimitSwitch.Get()) {
// We are going up and top limit is tripped so stop
motor.Set(0);
} else {
// We are going up but top limit is not tripped so go at commanded speed
motor.Set(speed);
}
} else {
if (bottomlimitSwitch.Get()) {
// We are going down and bottom limit is tripped so stop
motor.Set(0Q);
} else {
// We are going down but bottom limit is not tripped so go at commanded,
—speed
motor.Set(speed);
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15.4 Miscellaneous Hardware APIs

This section highlights miscellaneous hardware APIs that are standalone.

15.4.1 Addressable LEDs

LED strips have been commonly used by teams for several years for a variety of reasons. They
allow teams to debug robot functionality from the audience, provide a visual marker for their
robot, and can simply add some visual appeal. WPILib has an API for controlling WS2812
LEDs with their data pin connected via PWM.

Instantiating the AddressableLED Object

You first create an AddressableLED object that takes the PWM port as an argument. It must
be a PWM header on the roboRIO. Then you set the number of LEDs located on your LED
strip, which can be done with the setLength() function.

Uyarn: It is important to note that setting the length of the LED header is an expensive
task and it’s not recommended to run this periodically.

After the length of the strip has been set, you’ll have to create an AddressablelLEDBuf-
fer object that takes the number of LEDs as an input. You’ll then call myAddressableLed.
setData(myAddressableLEDBuffer) to set the led output data. Finally, you can call
myAddressablelLed.start() to write the output continuously. Below is a full example of the
initialization process.

Not: C++ does not have an AddressableLEDBuffer, and instead uses an Array.

Java

@Override

public void robotInit() {
// PWM port 9
// Must be a PWM header, not MXP or DIO
m_led = new AddressableLED(9);

// Reuse buffer

// Default to a length of 60, start empty output

// Length is expensive to set, so only set it once, then just update data
m ledBuffer = new AddressableLEDBuffer(60);
m_led.setlLength(m_ledBuffer.getlLength());

// Set the data
m_led.setData(m_ledBuffer);
m_led.start();
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C++

class Robot : public frc::TimedRobot {
private:
static constexpr int kLength = 60;

// PWM port 9

// Must be a PWM header, not MXP or DIO

frc::AddressableLED m_led{9};

std::array<frc::AddressablelLED: :LEDData, kLength>
m ledBuffer; // Reuse the buffer

// Store what the last hue of the first pixel 1is

int firstPixelHue = 0;

void Robot::RobotInit() {
// Default to a length of 60, start empty output
// Length is expensive to set, so only set it once, then just update data
m_led.SetLength(kLength);
m_led.SetData(m_ledBuffer);
m led.Start();

Not: The roboRIO only supports only 1 AddressableLED object. As WS2812B LEDs are con-
nected in series, you can drive several strips connected in series from from AddressableLED
object.

Setting the Entire Strip to One Color

Color can be set to an individual led on the strip using two methods. setRGB() which takes
RGB values as an input and setHSV () which takes HSV values as an input.

Using RGB Values

RGB stands for Red, Green, and Blue. This is a fairly common color model as it’s quite easy
to understand. LEDs can be set with the setRGB method that takes 4 arguments: index of the
LED, amount of red, amount of green, amount of blue. The amount of Red, Green, and Blue
are integer values between 0-255.

Java

for (var i = 0; i < m _ledBuffer.getLength(); i++) {
// Sets the specified LED to the RGB values for red
m_ledBuffer.setRGB(i, 255, 0, 0);

}

m_led.setData(m_ledBuffer);
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C++

for (int i = 0; i < kLength; i++) {
m_ledBuffer[i].SetRGB(255, 0, 0);
}

m_led.SetData(m_ledBuffer);

Using HSV Values

HSV stands for Hue, Saturation, and Value. Hue describes the color or tint, saturation being
the amount of gray, and value being the brightness. In WPILib, Hue is an integer from 0 - 180.
Saturation and Value are integers from 0 - 255. If you look at a color picker like Google’s,
Hue will be 0 - 360 and Saturation and Value are from 0% to 100%. This is the same way that
OpenCV handles HSV colors. Make sure the HSV values entered to WPILib are correct, or
the color produced might not be the same as was expected.

HSL HSV

0° 120° H 240° 360° 0° 1200y 240° 360°

L=" H=0°/180° V=" H=0°/180°
1

2408 g SNSL U S‘HSV1

LEDs can be set with the setHSV method that takes 4 arguments: index of the LED, hue,
saturation, and value. An example is shown below for setting the color of an LED strip to red
(hue of 0).
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Java

for (var i = 0; i < m_ledBuffer.getLength(); i++) {
// Sets the specified LED to the HSV values for red
m_ledBuffer.setHSV(i, 0, 100, 100);

}

m_led.setData(m_ledBuffer);

C++

for (int i = 0; i < kLength; i++) {
m_ledBuffer[i].SetHSV(0, 100, 100);
}

m_led.SetData(m_ledBuffer);

Creating a Rainbow Effect

The below method does a couple of important things. Inside of the for loop, it equally dist-
ributes the hue over the entire length of the strand and stores the individual LED hue to a
variable called hue. Then the for loop sets the HSV value of that specified pixel using the hue
value.

Moving outside of the for loop, the m_rainbowFirstPixelHue then iterates the pixel that con-
tains the “initial” hue creating the rainbow effect. m rainbowFirstPixelHue then checks to
make sure that the hue is inside the hue boundaries of 180. This is because HSV hue is a
value from 0-180.

Not: It's good robot practice to keep the robotPeriodic() method as clean as possible, so
we’ll create a method for handling setting our LED data. We’ll call this method rainbow()
and call it from robotPeriodic().

Java

private void rainbow() {

// For every pixel

for (var i = 0; i < m_ledBuffer.getLength(); i++) {
// Calculate the hue - hue is easier for rainbows because the color
// shape is a circle so only one value needs to precess
final var hue = (m_rainbowFirstPixelHue + (i * 180 / m_ledBuffer.getLength()))

—% 180;

// Set the value
m_ledBuffer.setHSV(i, hue, 255, 128);

}

// Increase by to make the rainbow "move"

m_rainbowFirstPixelHue += 3;

// Check bounds

m_rainbowFirstPixelHue %= 180;
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C++

void Robot::Rainbow() {
// For every pixel
for (int i = 0; i < kLength; i++) {
// Calculate the hue - hue is easier for rainbows because the color
// shape is a circle so only one value needs to precess
const auto pixelHue = (firstPixelHue + (i * 180 / kLength)) % 180;
// Set the value
m_ledBuffer[i].SetHSV(pixelHue, 255, 128);
}
// Increase by to make the rainbow "move"
firstPixelHue += 3;
// Check bounds
firstPixelHue %= 180;
}

Now that we have our rainbow method created, we have to actually call the method and set
the data of the LED.

Java

@Override

public void robotPeriodic() {
// Fill the buffer with a rainbow
rainbow();
// Set the LEDs
m_led.setData(m_ledBuffer);

C++

void Robot::RobotPeriodic() {
// Fill the buffer with a rainbow
Rainbow();
// Set the LEDs
m_led.SetData(m_ ledBuffer);

15.5 Motor Controllers

A motor controller is responsible on your robot for making motors move. For brushed DC
motors such as the CIM or 775, the motor controller regulates the voltage that the motor
receives, much like a light bulb. For brushless motor controllers such as the Spark MAX, the
controller regulates the power delivered to each “phase” of the motor.

Not: Another name for a motor controller is a speed controller.
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Ipucu: One can make a quick, non-competition-legal motor controller by removing the motor
from a cordless BRUSHED drill and attaching PowerPoles or equivalents to the motor’s leads.
Make sure that the voltage supplied by the drill will not damage the motor, but note that the
775 is fine at up to 24 volts.

Uyari: Connecting a BRUSHLESS motor controller straight to power, such as to a con-
ventional brushed motor controller, will destroy the motor!

15.5.1 FRC Legal Motor Controllers

Motor controllers come in lots of shapes, sizes and feature sets. This is the full list of FRC®
Legal motor controllers as of 2024:

DMC 60/DMC 60c Motor Controller (P/N: 410-334-1, 410-334-2)

Jaguar Motor Controller (P/N: MDL-BDC, MDL-BDC24, and 217-3367) connected to
PWM only

Nidec Dynamo BLDC Motor with Controller to control integral actuator only (P/N
840205-000, am-3740)

SD540 Motor Controller (P/N: SD540x1, SD540x2, SD540x4, SD540Bx1, SD540Bx2,
SD540Bx4, SD540C)

Spark Flex Motor Controller (P/N REV-11-2159, am-5276)
Spark Motor Controller (P/N: REV-11-1200, am-4260)
Spark MAX Motor Controller (P/N: REV-11-2158, am-4261)

Talon FX Motor Controller (P/N 217-6515, 19-708850, am-6515, am-6515 Short, WCP-
0940) for controlling integral Falcon 500 or Kraken X60 only,

Talon Motor Controller (P/N: CTRE Talon, CTRE Talon SR, and am-2195)

Talon SRX Motor Controller (P/N: 217-8080, am-2854, 14-838288)

Venom Motor with Controller (P/N BDC-10001) for controlling integral motor only
Victor 884 Motor Controller (P/N: VICTOR-884-12/12)

Victor 888 Motor Controller (P/N: 217-2769)

Victor SP Motor Controller (P/N: 217-9090, am-2855, 14-868380)

Victor SPX Motor Controller (P/N: 217-9191, 17-868388, am-3748)
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15.6 Pneumatics

Pneumatics are a quick and easy way to make something that’s in one state or another using
compressed air. For information on operating pneumatics, see Pneumatics APIs.

15.6.1 FRC Legal Pneumatics controllers

¢ Pneumatics Control Module (P/N: am-2858, 217-4243)
e Pneumatic Hub (P/N REV-11-1852)

15.7 Relays

A relay controls power to a motor or custom electronics in an On/Off fashion.

15.7.1 FRC Legal Relay Modules

* Spike H-Bridge Relay (P/N: 217-0220 and SPIKE-RELAY-H)

* Automation Direct Relay (P/N: AD-SSR6M12-DC200D, AD-SSR6M25-DC200D, AD-
SSR6M40-DC200D)

¢ Power Distribution Hub (PDH) switched channel (P/N REV-11-1850)
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CAN Aygitlan

16.1 CAN cihazlarini kullanmak

CAN has many advantages over other methods of connection between the robot controller
and peripheral devices.

* CAN baglantilari, cihazdan cihaza papatya dizimlidir, bu da genellikle her cihazi RIO’nun
kendisine baglamaktan ¢cok daha kisa kablolarla sonuglanir.

¢ Much more data can be sent over a CAN connection than over a PWM connection - thus,
CAN motor controllers are capable of a much more expansive feature-set than are PWM
motor controllers.

* CAN cift yonludir, bu nedenle CAN motor kontrolorleri verileri RIO’ya geri gondere-
bilir, bu da yine PWM kontrolérlerinin sunabileceginden daha kapsamli bir 6zellik seti
oldugunu gosterir.

For instructions on wiring CAN devices, see the relevant section of the robot wiring guide.

CAN cihazlan genellikle kendi WPILib siniflarina sahiptir. Asagidaki boliimler, bu siniflardan
birkacinin kullanimini aciklayacaktir.
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16.2 Pnomatik Kontrol Modulu

The Pneumatics Control Module (PCM) is a CAN-based device that provides complete control
over the compressor and up to 8 solenoids per module. The PCM is integrated into WPILib
through a series of classes that make it simple to use.

The closed loop control of the Compressor and Pressure switch is handled by the Compressor
class (Java, C++, Python), and the Solenoids are handled by the Solenoid (Java, C++, Python)
and DoubleSolenoid (Java, C++, Python) classes.

An additional PCM module can be used where the module’s corresponding solenoids are diffe-
rentiated by the module number in the constructors of the Solenoid and Compressor classes.

For more information on controlling the compressor, see Operating a Compressor for Pne-
umatics.

For more information on controlling solenoids, see Operating Pneumatic Cylinders.
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16.3 Pneumatic Hub

The Pneumatic Hub (PH) is a CAN-based device that provides complete control over the comp-
ressor and up to 16 solenoids per module. The PH is integrated into WPILib through a series
of classes that make it simple to use.

The closed loop control of the Compressor and Pressure switch is handled by the Compressor
class (Java, C++, Python), and the Solenoids are handled by the Solenoid (Java, C++, Python)
and DoubleSolenoid (Java, C++, Python) classes.

An additional PH module can be used where the module’s corresponding solenoids are diffe-
rentiated by the module number in the constructors of the Solenoid and Compressor classes.

For more information on controlling the compressor, see Operating a Compressor for Pne-
umatics.

For more information on controlling solenoids, see Operating Pneumatic Cylinders.

16.4 Power Distribution Module

The CTRE Power Distribution Panel (PDP) and Rev Power Distribution Hub (PDH) can use
their CAN connectivity to communicate a wealth of status information regarding the robot’s
power use to the roboRIO, for use in user code. This has the capability to report current
temperature, the bus voltage, the total robot current draw, the total robot energy use, and
the individual current draw of each device power channel. This data can be used for a number
of advanced control techniques, such as motor torque limiting and brownout avoidance.
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16.4.1 Creating a Power Distribution Object

To use the either Power Distribution module, create an instance of the PowerDistribution
class (Java, C++, Python). With no arguments, the Power Distribution object will be detected,
and must use CAN ID of 0 for CTRE or 1 for REV. If the CAN ID is non-default, additional
constructors are available to specify the CAN ID and type.

JAVA

new PowerDistribution();
new PowerDistribution(0, ModuleType.kCTRE);
new PowerDistribution(1l, ModuleType.kRev);

PowerDistribution examplePD
PowerDistribution examplePD
PowerDistribution examplePD

C++

PowerDistribution examplePD{};
PowerDistribution examplePD{0, frc::PowerDistribution: :ModuleType: :kCTRE};
PowerDistribution examplePD{1l, frc::PowerDistribution::ModuleType::kRev};

PYTHON

from wpilib import PowerDistribution

examplePD = PowerDistribution()
examplePD = PowerDistribution(0, PowerDistribution.ModuleType.kCTRE)
examplePD = PowerDistribution(1l, PowerDistribution.ModuleType.KkRev)

Note: it is not necessary to create a PowerDistribution object unless you need to read values
from it. The board will work and supply power on all the channels even if the object is never
created.

Uyari: To enable voltage and current logging in the Driver Station, the CAN ID for the
CTRE Power Distribution Panel must be 0, and for the REV Power Distribution Hub it must
be 1.

16.4.2 Reading the Bus Voltage

JAVA

// Get the voltage going into the PDP, in Volts.

// The PDP returns the voltage in increments of 0.05 Volts.
double voltage = m pdp.getVoltage();
SmartDashboard.putNumber("Voltage", voltage);
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C++

// Get the voltage going into the PDP, in Volts.

// The PDP returns the voltage in increments of 0.05 Volts.
double voltage = m pdp.GetVoltage();
frc::SmartDashboard: : PutNumber("Voltage", voltage);

PYTHON

# Get the voltage going into the PDP, in Volts.

# The PDP returns the voltage in increments of 0.05 Volts.
voltage = self.pdp.getVoltage()
wpilib.SmartDashboard.putNumber("Voltage", voltage)

Monitoring the bus voltage can be useful for (among other things) detecting when the robot
is near a brownout, so that action can be taken to avoid brownout in a controlled manner. See
the roboRIO Brownouts document for more information.

16.4.3 Reading the Temperature

JAVA

// Retrieves the temperature of the PDP, in degrees Celsius.
double temperatureCelsius = m pdp.getTemperature();
SmartDashboard.putNumber("Temperature", temperatureCelsius);

C++

// Retrieves the temperature of the PDP, in degrees Celsius.
double temperatureCelsius = m_pdp.GetTemperature();
frc::SmartDashboard: : PutNumber ("Temperature", temperatureCelsius);

PYTHON

# Retrieves the temperature of the PDP, in degrees Celsius.
temperatureCelsius = self.pdp.getTemperature()
wpilib.SmartDashboard.putNumber("Temperature", temperatureCelsius)

Monitoring the temperature can be useful for detecting if the robot has been drawing too
much power and needs to be shut down for a while, or if there is a short or other wiring
problem.
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16.4.4 Reading the Total Current, Power, and Energy

JAVA

// Get the total current of all channels.
double totalCurrent = m pdp.getTotalCurrent();
SmartDashboard.putNumber("Total Current", totalCurrent);

// Get the total power of all channels.

// Power is the bus voltage multiplied by the current with the units Watts.
double totalPower = m _pdp.getTotalPower();

SmartDashboard.putNumber("Total Power", totalPower);

// Get the total energy of all channels.

// Energy is the power summed over time with units Joules.
double totalEnergy = m_pdp.getTotalEnergy();
SmartDashboard.putNumber("Total Energy", totalEnergy);

C++

// Get the total current of all channels.
double totalCurrent = m pdp.GetTotalCurrent();
frc::SmartDashboard: :PutNumber("Total Current", totalCurrent);

// Get the total power of all channels.

// Power is the bus voltage multiplied by the current with the units Watts.
double totalPower = m _pdp.GetTotalPower();
frc::SmartDashboard: : PutNumber("Total Power", totalPower);

// Get the total energy of all channels.

// Energy is the power summed over time with units Joules.
double totalEnergy = m pdp.GetTotalEnergy();
frc::SmartDashboard: :PutNumber("Total Energy", totalEnergy);

PYTHON

# Get the total current of all channels.
totalCurrent = self.pdp.getTotalCurrent()
wpilib.SmartDashboard.putNumber("Total Current", totalCurrent)

# Get the total power of all channels.

# Power is the bus voltage multiplied by the current with the units Watts.
totalPower = self.pdp.getTotalPower()
wpilib.SmartDashboard.putNumber("Total Power", totalPower)

# Get the total energy of all channels.

# Energy is the power summed over time with units Joules.
totalEnergy = self.pdp.getTotalEnergy()
wpilib.SmartDashboard.putNumber("Total Energy", totalEnergy)

Monitoring the total current, power and energy can be useful for controlling how much power
is being drawn from the battery, both for preventing brownouts and ensuring that mechanisms
have sufficient power available to perform the actions required. Power is the bus voltage
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multiplied by the current with the units Watts. Energy is the power summed over time with
units Joules.

16.4.5 Reading Individual Channel Currents

The PDP/PDH also allows users to monitor the current drawn by the individual device power
channels. You can read the current on any of the 16 PDP channels (0-15) or 24 PDH channels
(0-23).

JAVA

// Get the current going through channel 7, in Amperes.

// The PDP returns the current in increments of 0.125A.

// At low currents the current readings tend to be less accurate.
double current7 = m_pdp.getCurrent(7);
SmartDashboard.putNumber("Current Channel 7", current7);

C++

// Get the current going through channel 7, in Amperes.

// The PDP returns the current in increments of 0.125A.

// At low currents the current readings tend to be less accurate.
double current7 = m pdp.GetCurrent(7);

frc::SmartDashboard: :PutNumber("Current Channel 7", current7);

PYTHON

# Get the current going through channel 7, in Amperes.

# The PDP returns the current in increments of 0.125A.

# At low currents the current readings tend to be less accurate.
current7 = self.pdp.getCurrent(7)
wpilib.SmartDashboard.putNumber("Current Channel 7", current7)

Monitoring individual device current draws can be useful for detecting shorts or stalled mo-
tors.

16.4.6 Using the Switchable Channel (PDH)

The REV PDH has one channel that can be switched on or off to control custom circuits.
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JAVA

examplePD.setSwitchableChannel(true);
examplePD.setSwitchableChannel(false);

C++

examplePD.SetSwitchableChannel(true);
examplePD.SetSwitchableChannel(false);

PYTHON

examplePD.setSwitchableChannel(True)
examplePD.setSwitchableChannel (False)

16.5 Uciincii Taraf CAN Cihazlari

A number of FRC® vendors offer their own CAN peripherals. As CAN devices offer expansive
feature-sets, vendor CAN devices require similarly expansive code libraries to operate. As
a result, these libraries are not maintained as an official part of WPILib, but are instead
maintained by the vendors themselves. For a guide to installing third-party libraries, see 3rd
Party Libraries

Cesitli saticilardan ortak iiciinct taraf CAN cihazlarinin bir listesi ve ilgili harici belgelere
baglantilar asagida verilmistir:

16.5.1 CTR Electronics

CTR Electronics (CTRE) offers several CAN peripherals with external libraries. General reso-
urces for all CTRE devices include:

Phoenix Device Software Documentation

CTRE Motor Siriciuleri

e ** Talon FX (Falcon 500 Motorlu ile) **
- API Documentation (v5: Java, C++ | Pro: Java, C++)
- Hardware User’s Manual
- Software Documentation (v5, Pro)
* Talon SRX
- API Documentation (Java, C++)
- Hardware User’s Manual

- Software Documentation
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e Victor SPX
- API Documentation (Java, C++)
- Hardware User’s Manual

- Software Documentation

CTRE Sensorleri

* CANcoder
- API Documentation (v5: Java, C++ | Pro: Java, C++)
- Hardware User’s Manual
- Software Documentation (v5, Pro)
* Pigeon 2.0
- API Documentation (v5: Java, C++ | Pro: Java, C++)
- Hardware User’s Manual
- Software Documentation (v5, Pro)
* Pigeon IMU
- API Documentation (Java, C++)
- Hardware User’s Manual
- Software Documentation
* CANifier
- API Documentation (Java, C++)
- Hardware User’s Manual

- Software Documentation

CTRE Other CAN Devices

e CANdle LED Controller
- API Documentation (Java, C++)
- Hardware User’s Manual

- Software Documentation
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https://api.ctr-electronics.com/phoenix/release/java/com/ctre/phoenix/motorcontrol/can/WPI_VictorSPX.html
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https://store.ctr-electronics.com/content/user-manual/CANCoder%20User's%20Guide.pdf
https://v5.docs.ctr-electronics.com/en/stable/ch12a_BringUpCANCoder.html
https://pro.docs.ctr-electronics.com/en/stable/docs/api-reference/api-usage/index.html
https://api.ctr-electronics.com/phoenix/release/java/com/ctre/phoenix/sensors/WPI_Pigeon2.html
https://api.ctr-electronics.com/phoenix/release/cpp/classctre_1_1phoenix_1_1sensors_1_1_w_p_i___pigeon2.html
https://api.ctr-electronics.com/phoenixpro/release/java/com/ctre/phoenixpro/hardware/Pigeon2.html
https://api.ctr-electronics.com/phoenixpro/release/cpp/classctre_1_1phoenixpro_1_1hardware_1_1_pigeon2.html
https://store.ctr-electronics.com/content/user-manual/Pigeon2%20User's%20Guide.pdf
https://v5.docs.ctr-electronics.com/en/stable/ch11a_BringUpPigeon2.html
https://pro.docs.ctr-electronics.com/en/stable/docs/api-reference/api-usage/index.html
https://api.ctr-electronics.com/phoenix/release/java/com/ctre/phoenix/sensors/WPI_PigeonIMU.html
https://api.ctr-electronics.com/phoenix/release/cpp/classctre_1_1phoenix_1_1sensors_1_1_w_p_i___pigeon_i_m_u.html
https://store.ctr-electronics.com/content/user-manual/Pigeon%20IMU%20User's%20Guide.pdf
https://v5.docs.ctr-electronics.com/en/stable/ch11_BringUpPigeon.html
https://api.ctr-electronics.com/phoenix/release/java/com/ctre/phoenix/CANifier.html
https://api.ctr-electronics.com/phoenix/release/cpp/classctre_1_1phoenix_1_1_c_a_nifier.html
https://store.ctr-electronics.com/content/user-manual/CANifier%20User%27s%20Guide.pdf
https://v5.docs.ctr-electronics.com/en/stable/ch12_BringUpCANifier.html
https://api.ctr-electronics.com/phoenix/release/java/com/ctre/phoenix/led/CANdle.html
https://api.ctr-electronics.com/phoenix/release/cpp/classctre_1_1phoenix_1_1led_1_1_c_a_ndle.html
https://store.ctr-electronics.com/content/user-manual/CANdle%20User's%20Guide.pdf
https://v5.docs.ctr-electronics.com/en/stable/ch12b_BringUpCANdle.html
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16.5.2 REV Robotik

REV Robotics currently offers the SPARK MAX and SPARK Flex motor controllers which can
be used for brushed and REV brushless (NEO, NEO 550, and NEO Vortex) motors.

REV Motor Suriuclleri

* SPARK MAX
- API Documentation (Java, C++)
- Technical Manual

* SPARK Flex
- API Documentation (Java, C++)

- Technical Manual

16.5.3 Fusion ile Oynamak

Playing With Fusion (PWF), Venom entegre motor / kontrol cihazinin yani sira bir Ugus Siiresi
mesafe sensoru sunar:

PWF Motor Stritcileri

* Venom
- API Belgeleri (Java <https://www.playingwithfusion.com/frc/2020/javadoc/com/playingwithfusion/
summary.html> , C ++ <https://www.playingwithfusion.com/frc/2020/cppdoc/html/annotated.ht
)

- Teknik Kilavuz <https://www.playingwithfusion.com/include/getfile.php?fileid =7086>

PWF Sensorleri

* Time of Flight Sensor
- API Belgeleri (Java <https://www.playingwithfusion.com/frc/2020/javadoc/com/playingwithfusion/]
summary.html> , C ++ <https://www.playingwithfusion.com/frc/2020/cppdoc/html/annotated.ht
)

- Teknik Kilavuz <https://www.playingwithfusion.com/include/getfile.php?fileid =7091 >
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16.5.4 Redux Robotics

Redux Robotics currently offers the Canandcoder CAN + PWM magnetic encoder and the
Canandcolor CAN-enabled color sensor.

Redux Sensors

* Canandcoder
- API Documentation (Java, C++)
- Technical Manual

* Canandcolor
- API Documentation (Java, C++)

- Technical Manual

16.6 FRC CAN Cihaz Ozellikleri

This document seeks to describe the basic functions of the current FRC® CAN system and
the requirements for any new CAN devices seeking to work with the system.

16.6.1 adresleme

FRC CAN dugiumleri, ID’yi 5 bilesene bolen, 6nceden tanimlanmis bir semaya dayali olarak
tanimlar:

Cihaz Tara

Bu, bahsedilen aygitin tirini agiklayan 5 bitlik bir degerdir. Asagida yeni tanimlanmis ci-
haz turlerinin bir tablosu bulunmaktadir. Rezerve boliminden yeni tir bir cihaz edinmek
istiyorsaniz, litfen FIRST ten talepte bulununuz.

Cihaz Turleri

Yayin Mesajlar - Broadcast

Robot Kontrolori

Motor Sturiicusi

Role Kontrolora

Gyro Sensori

Ivmedlcer

Ultrasonik Sensor

Disli Sensori

Gli¢ Dagitim Modiili - Power Distribution Module
Pnomatik Kontrolorii

Cesitli 10

10 Breakout 11
Rezerve 12-30
Fabrika Yazilimi giincellemesi 31

OO UT s WNRF-O
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Uretici firma

Bu, CAN cihazinin iireticisini belirten 8 bitlik bir degerdir. Su anda atanan degerler asagidaki
tabloda bulunabilir. Reserved havuzundan bir iiretici kimliginin atanmasini istiyorsaniz, litfen

FIRST’a bir istek gonderin.

Uretici firma

Yayin -Broadcast
NI

Luminary Micro
DEKA

CTR Electronics
REV Robotics
Grapple
MindSensors
Team Use

Kauai Labs
Copperforge
Playing With Fusion
Studica

The Thrifty Bot
Redux Robotics
AndyMark

Vivid Hosting
Rezerve

OO UIddWNR-O

API / Mesaj Tanimlayici

The API or Message Identifier is a 10-bit value that identifies a particular command or mes-
sage type. These identifiers are unique for each Manufacturer + Device Type combination
(so an API identifier that may be a “Voltage Set” for a Luminary Micro Motor Controller may
be a “Status Get” for a CTR Electronics Motor Controller or Current Get for a CTR Power

Distribution Module).

Mesaj tanimlayici 2 alt alana ayrilmistir: 6 bit API Sinifi ve 4 bit API Dizini-Index.
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API Sinifi

API Sinifi, bir API gruplamasi icin 6 bitlik bir tanimlayicidir. Benzer mesajlar tek bir API Si-
nifi altinda gruplandirilir. Jaguar Motor Controller icin API Siniflarinin bir 6rnegi asagidaki
tabloda gosterilmektedir.

API Sinifi

Gerilim Kontrol Modu

Hiz Kontrol Modu

Gerilim Kompanzasyon Modu
Pozisyon Kontrol Modu
Mevcut Kontrol Modu
Durum

Periyodik Durum
Yapilandirma

Ack - onay

OO U WNRF-O

API Dizini

API Dizini, bir API Sinifi icindeki belirli bir mesaj i¢in 4 bitlik bir tanimlayicidir. Jaguar Motor
Controller Hiz Kontrolii API Sinifi igin API Dizini degerlerinin bir 6rnegi asagidaki tabloda
gosterilmektedir.

API Dizini

Enable Control - Kontroli Etkinlestir 0
Disable Control - Kontroli Devre Disi Birak 1
Set Setpoint - Ayar Noktasini Ayarla 2
P Sabiti 3
I Sabiti 4
D Sabiti 5
Set Reference - Referans Ayarla 6
Trusted Enable 7
Trusted Set No Ack 8
Guivenilir Ayar Noktasi1 No Ack 10
Set Setpoint No Ack - Ayar Noktasini Ayarla Onay Yok 11

Device NUmber - Cihaz numarasi

Aygit Numarasi, belirli bir tirdeki aygitin numarasini gosteren 6 bitlik bir miktardir. Cihazlar,
FRC Kontrol Sisteminin diger bilesenleri ile eslesmesi icin varsayilan cihaz kimligi 0 olmalidir.
Cihaz 0x3F, cihaza 0zel yayin mesajlar: i¢in ayrilabilir.

Example
Speed Control Mode Disable from Luminary Micro Jaguar Speed Controller (dev # 4)

API Device
Field Device Type Manufacturer Code API Class Index Number
Value 2 2 1 1 4

Bits

[ o [o[ o[ o[ o of a[ o[ of of of of of 1[o[afo[e[oo[c[x]a]o]
Bit Position [28]27]26[25[24[ 23] 2

q
2)2 \20|19|18\17\16|15\14\13\12\11[10\9|s|7|s\5\4|3|z\1\o\

16.6. FRC CAN Cihaz Ozellikleri 495



FIRST Robotics Competition

16.6.2 Protected Frames - Korumali Cerceveler

Aktliator kontrol yetenegini uygulayan FRC CAN Diigiimleri (motor kontrolorleri, roleler, pno-
matik kontrolorleri vb.), Robotun etkinlestirildigini ve komutlarin ana robot kontroloriinden
(yani roboRIO) geldigini dogrulamak i¢in bir yol uygulamalidir.

16.6.3 Yayin Mesajlari - Broadcast

Yayin mesajlari, cihaz tiri ve lretici alanlar1 0 olarak ayarlanarak tim diagimlere gonde-
rilen mesajlardir. Yayin mesajlari icin API Sinifi 0’dir. Su anda tanimlanmis yayin mesajlari
asagidaki tabloda gosterilmektedir:

Description - Aciklama

Disable - Devre dis1 birak 0
System Halt - Sistem durdu 1
System Reset 2
Device Assign - Cihaz Atama 3
Device Query - Cihaz Sorgusu 4
Heartbeat - Kalp atis1 5
Sync 6
Update - Giuincelleme 7
Firmware Surumiu 8
Enumerate - Numaralandir 9

1

System Resume - Sistem Devam Ettirme 0

Devices should disable immediately when receiving the Disable message (arbID 0). Imple-
mentation of other broadcast messages is optional.

16.6.4 FRC CAN Dugumleri icin Gereksinimler

CAN Diigiimlerinin FRC Sisteminde kullanim i¢in kabul edilmesi i¢in, asagidakileri yapmalar
gerekir:

+ Ongoériilen FRC formatiyla eslesen Arbitration ID Kimliklerini kullanarak iletisim kurun:
- Gecerli, kullanilan bir CAN Cihaz Tipi (Tablo 1’e gore - CAN Cihaz Tipleri)
- Gegerli, yayinlanmis bir Uretici Kimligi (Tablo 2’ye gore - CAN Uretici Kodlar)
- API Sinif (lar) ve Dizin (leri) Cihaz ureticisi tarafindan atanir ve belgelendirilir.

- Cihaz tipinin birden fazla biriminin ayn1 agda birlikte var olmas1 amaclaniyorsa, kul-
lanici tarafindan secilebilen bir cihaz numarasa.

* Yayin Mesajlar bolumiinde ayrintili olarak agiklanan minimum Yayin mesaji gereksinim-
lerini destekleyin.

» If controlling actuators, utilize a scheme to assure that the robot is issuing commands,
is enabled, and is still present.

* Provide software library support for LabVIEW, C++, and Java or arrange with FIRST®
or FIRST’s Control System Partners to provide such interfaces.
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16.6.5 Universal Heartbeat

The roboRIO provides a universal CAN heartbeat that any device on the bus can listen and
react to. This heartbeat is sent every 20 ms. The heartbeat has a full CAN ID of 0x01011840
(which is the NI Manufacturer ID, RobotController type, Device ID 0 and API ID 0x061). It is
an 8 byte CAN packet with the following bitfield layout.

Description - Aciklama Byte Width (bits)

Match time (seconds) 8 8
Match number -7

—_
o

6
Replay number 6
Red alliance 5
Enabled 5
Autonomous mode 5
Test mode 5
System watchdog 5
Tournament type 5
Time of day (year) 4
Time of day (month) 3
Time of day (day) 3
Time of day (seconds) 2
Time of day (minutes) 1
Time of day (hours) 1

o~

-3
-2

oUW RrRPRFRPREPRPF~R,OD

struct [[gnu::packed]] RobotState {
uint64 t matchTimeSeconds : 8;
uint64_t matchNumber : 10;
uint64_t replayNumber : 6;
uint64 t redAlliance : 1;
uint64_t enabled : 1;
uint64_t autonomous : 1;
uint64 t testMode : 1;
uint64_t systemWatchdog : 1;
uint64_t tournamentType : 3;
uint64_t timeOfDay yr : 6;
uint64_t timeOfDay month : 4;
uint64_t timeOfDay day : 5;
uint64_t timeOfDay sec : 6;
uint64_t timeOfDay min : 6;
uint64_t timeOfDay hr : 5;

}

If the System watchdog flag is set, motor controllers are enabled. If 100 ms has passed since
this packet was received, the robot program can be considered hung, and devices should act
as if the robot has been disabled.

Note that all fields except Enabled, Autonomous mode, Test mode, and System watchdog will
contain invalid values until an arbitrary time after the Driver Station connects.
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Temel Programlama

17.1 Git Surum Kontrolune Giris

Onemli: A more in-depth guide on Git is available on the Git website.

Git, Linus Torvalds tarafindan olusturulan ve Linux ¢ekirdegini olusturmak ve stirdiirmekle
de bilinen bir Dagitilmis Strim Kontrol Sistemidir (VCS). Strim Kontrolii, gelistiriciler i¢in
kod degisikliklerini izlemek igin bir sistemdir. Git Stirim Kontroliniin avantajlar: sunlardir:

* Separation of testing environments into branches
* Gecmisi silmeden belirli bir islemeye gitme yetenegi
» Taahhiitleri gesitli sekillerde, bunlari birlestirmek de dahil olmak tizere yonetme yetenegi

* Cesitli diger ozellikler, bkz. here

17.1.1 Onkosullar

Onemli: Bu egitici Windows isletim sistemini kullanir

Git’i asagidaki baglantilardan indirip kurmaniz gerekir:
* Windows <https://git-scm.com/download/win> _
* macOS <https://git-scm.com/download/mac> _

* Linux <https://git-scm.com/download/linux> _

Not: https://www.google.com/search?q=adding+git+to+path yolunuza Git eklemeniz gere-
kebilir
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17.1.2 Git Kelime Bilgisi

Git revolves around several core data structures and commands:
* Repository: Kok dizindeki “.git ” klasoru dahil kodunuzun veri yapisi
* Commit: a particular saved state of the repository, which includes all files and additions

* Branch: a means of grouping a set of commits. Each branch has a unique history. This
is primarily used for separating development and stable branches.

* Push: uzak depoyu yerel degisikliklerinizle giincelleyin

» Pull: Yerel deponuzu uzaktan degisikliklerle giincelleyin

* Clone: retrieve a local copy of a repository to modify

* Fork: duplicate a pre-existing repository to modify, and to compare against the original

* Merge: combine various changes from different branches/commits/forks into a single
history

17.1.3 Depo

Git deposu, bir projenin yapisini, ge¢misini ve dosyalarini igeren bir veri yapisidir.
Git depolar genellikle sunlardan olusur:
* Bir .git klasori. Bu klasor arsivle ilgili ¢esitli bilgileri icerir.

* Bir .gitignore dosyasi. Bu dosya, kaydettiginizde dahil edilmesini istemediginiz dosya-
lar1 veya dizinleri igerir.

* Dosyalar ve Klasorler. Bu, deponun ana igerigidir.

Depoyu olusturma

You can store the repository locally, or through a remote - a remote being the cloud, or possibly
another storage medium or server that hosts your repository. GitHub is a popular free hosting
service. Numerous developers use it, and that’s what this tutorial will use.

Not: There are various providers that can host repositories. Gitlab and Bitbucket are a few
alternatives to Github.

GitHub Hesabi Olusturma

Go ahead and create a GitHub account by visiting the website and following the on-screen
prompts.
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Built for

developers

Hub latfo
1 open source to business,

Yerel Yaratilis

Hesabinizi olusturup dogruladiktan sonra ana sayfay1 ziyaret etmek isteyeceksiniz. Gosterilen
resme benzer gorunecek.

Learn Git and GitHub without any code!

Using the Hello World guide, you'll create a repository, start a
branch, write comments, and open a pull request.

Read the guide Start a project

Discover interesting projects and people to populate
your personal news feed.

elps you keep up with recent activity on repositories you watch

Sag ustteki art1 simgesini tiklayin.

@ GitHub Sponsors

Ready to support o source? GitHub will
match your contglfution to developers
during their figg'year in GitHub Sponsors.

code!

@D Welcome to the new dashboard. Get closer X
" start a to the stuff you care about most.

Sonra “Yeni Depo” tiklayin
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¥ GitHub Spi

Ready to sup
match yourt  New organization
during their 1

Mew gist

Mew project

Uygun bilgileri doldurun ve ardindan “Depo olustur” u tiklayin

Create a new repository
A repository contains all project files, including the revision history. Already have a project repository elsewhere?
Import a repository.

Owner Repository name *
ExampleUser3007 = / ExampleRepo v
Great repository names are short and memorable. Need inspiration? How about reimagined-palm-tree?

Description (optional)

@® Public
Anyone can see this repasitory. You choose who can commit,

(@] Private

You choose who can see and commit to this repository

[ Initialize this repository with a README

This will let you immediately clone the repository to your compuiter. Skip this step if you're importing an existing repository.

Add gitignore None ~ Adda license: None + | ®

eate repository

Buna benzer bir ekran

gormelisiniz

Quick setup — if you've done this kind of thing before

IsetupinDesktop |or | HITPS | ssH | https://github.com/ExampleUsersee?/ExampleRepo.git B

Get started by creating a new file or uploading an existing file. We recommend every repository include a README, LICENSE, and gitignare,

...or create a new repository on the command line

echo "# ExampleRepo” >> README.md 2]
git init

git add README.md

git commit -m "first commit"

git remote add origin https://github. con/Exampleusersee7/Exanplerepo. git

git push -u origin master

...or push an existing repository from the command line

git remote add origin https://github.com/ExampleUser9087/ExampleRepo.git B
git push -u origin master

...or import code from another repository
You can initialize this repository with code from a Subversion, Mercurial, or TFS project.

Import code

Not: The keyboard shortcut Ctrl+~ can be used to open a terminal in Visual Studio Code for

502

Bolim 17. Temel Programlama



FIRST Robotics Competition

Windows.

Simdi bir PowerShell penceresi acip proje dizininize gitmek isteyeceksiniz. PowerShell ile
ilgili miikkemmel bir ogretici burada <https://programminghistorian.org/en/lessons/intro-to-
powershell> _ bulunabilir. Lutfen alternatif isletim sistemlerinde bir terminalin nasil acila-
cagini ogrenmek icin arama motorunuza danisin.

EN Windows PowerShell

S C:\Users\daltz\Documents\Example Folder>

If a directory is empty, a file needs to be created in order for git to have something to track.
In the below Empty Directory example, we created a file called README.md with the contents
of # Example Repo. For FRC® Robot projects, the below Existing Project commands should
be run in the root of a project created by the VS Code WPILib Project Creator. More details
on the various commands can be found in the subsequent sections.

Not: Dosya yolunu degistirin Replace the filepath "C:\Users\ExampleUser9007\
Documents\Example Folder" repo’yu  olusturmak istediginiz = klasorle ve
uzak URLyi degistirin. Onceki adimlarda olusturdugunuz deponun URLsi
ile” “https://github.com/ExampleUser9007/ExampleRepo.git™ .

Empty Directory

> cd "C:\Users\ExampleUser9007\Documents\Example Folder"
> git init
Initialized empty Git repository in C:/Users/ExampleUser9007/Documents/Example Folder/
—.git/
> echo "# ExampleRepo" >> README.md
> git add README.md
> git commit -m "First commit"
[main (root-commit) fafafal] First commit
1 file changed, 1 insertions(+), 0 deletions(-)
create mode 100644 README.md
> git remote add origin https://github.com/ExampleUser9007/ExampleRepo.git
> git push -u origin main
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Existing Project

> cd "C:\Users\ExampleUser9007\Documents\Example Folder"
> git init
Initialized empty Git repository in C:/Users/ExampleUser9007/Documents/Example Folder/
—.git/
> git add .
> git commit -m "First commit"
[main (root-commit) fafafa] First commit
1 file changed, 1 insertions(+), 0 deletions(-)
create mode 100644 README.md
> git remote add origin https://github.com/ExampleUser9007/ExampleRepo.git
> git push -u origin main

17.1.4 Kaydetme

Depolar, 6ncelikle kayitlardan olusur. islemler, kaydedilmis durumlar veya kodun stiriimleri-
dir.

Onceki 6rnekte, README.md adh bir dosya olusturduk. Bu dosyay: favori metin diizenleyi-
cinizde acin ve birkag satir1 diizenleyin. Dosyay1 biraz dizelttikten sonra kaydedip kapatin.
PowerShell’e gidin ve asagidaki komutlar1 yazin.

> git add README.md
> git commit -m "Adds a description to the repository"
[main bcbcbc] Adds a description to the repository
1 file changed, 2 insertions(+), 0 deletions(-)
> git push

Not: Writing good commit messages is a key part of a maintainable project. A guide on
writing commit messages can be found here.

Git Cekme

Not: Kullanici otomatik olarak mevcut calisma daliyla birlesmek istemediginde git fetch
kullanilabilir

Bu komut, uzak depodan ge¢misi veya taahhiitleri alir. Uzaktan kumanda, sahip olmadigi-
niz isleri icerdiginde, otomatik olarak birlestirmeye calisacaktir. Bakinmiz: ref:docs / yazilim /
temel-programlama / git-baslarken: Birlestirme.

Caligtir: git pull
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Git Ekle

This command “stages” the specified file(s) so that they will be included in the next commit.

For a single file, run git add FILENAME.txt where FILENAME.txt is the name and extension
of the file to add. To add every file/folder that isn’t excluded via gitignore, run git add
When run in the root of the repository this command will stage every untracked, unexcluded
file.

Git Kaydetme

This command creates the commit and stores it locally. This saves the state and adds it to the
repository’s history. The commit will consist of whatever changes (“diffs”) were made to the
staged files since the last commit. It is required to specify a “commit message” explaining
why you changed this set of files or what the change accomplishes.

Calistir: git commit -m "mesaji buraya yazin"

Git Push

Yerel degisikliklerinizi uzak bilgisayara (Bulut) yikleyin (itin)
Caligtir: git push

17.1.5 Subeler

Branches in Git are similar to parallel worlds. They start off the same, and then they can
“branch” out into different varying paths. Consider the Git control flow to look similar to this.

Edited Files are listed inside the circles, representing c...

e N
Master @ A @ >@

\ J

New Branch Pull Request + Merge (—J

e | N
Feature 1... > A —>C ——> A

\ A J

Checkout branch Merge + Commit

4 N\

Your Local Version...

\_ Viewer does not support full SVG 1.1 Y,

Yukaridaki ornekte, FeatureB, FeatureA ile birlestirilmistir. Bu, birlestirme denen seydir. De-
gisiklikleri bir daldan digerine “birlestiriyorsunuz”.
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Sube Olusturma

Calistir: git sube sube adi burada sube adi, olusturulacak dalin adidir. Yeni sube gecgmisi,
mevcut aktif subeden olusturulacaktir.

Sube Girmek

Bir sube olusturulduktan sonra subeye girmeniz gerekir.

Calistir: git checkout sube adi burada sube adi, daha 6nce olusturulan daldir.

17.1.6 Birlestirme

In scenarios where you want to copy one branches history into another, you can merge them.
A merge is done by calling git merge branch-name with branch-name being the name of the
branch to merge from. It is automatically merged into the current active branch.

It’s common for a remote repository to contain work (history) that you do not have. Whenever
you run git pull, it will attempt to automatically merge those commits into your local copy.
That merge may look like the below.

Edited Files are listed inside the circles, representing c...

Master @ 0 Q A+C

New Branch | | Manual Resolution of merge conflict
s r_} N
Feature 1... > A —C  —A
A

>

J/

Checkout branch Merge + Commit

Your Local Version...

\_ Viewer does not support full SVG 1.1 Y,

However, in the above example, what if File A was modified by both branch Featurel and
Feature2? This is called a merge conflict. A merge conflict can be resolved by editing the
conflicting file. In the example, we would need to edit File A to keep the history or changes that
we want. After that has been done, simply re-add, re-commit, and then push your changes.

17.1.7 Sifirlama

Bazen gecmisin sifirlanmasi veya bir islemenin geri alinmasi gerekir. Bu, birden cok sekilde
yapilabilir.
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Kaydetmeyi Geri Dondiirme

Not: Git, hangi subeyi veya mensei se¢gmesi gerektigini bilmedigi icin bir birlestirmeyi geri
alamazsiniz.

Gecmisi geri dondirmek icin bir commit calistirmasina yol acan git revert commit-id.
Commit ID’leri git log komutu kullanilarak gosterilebilir.

Kafayi Sifirlama

Uyarn: Kafay: zorla sifirlamak tehlikeli bir komuttur. Hedefin disindaki tim ge¢cmisi kalici
olarak siler. Uyarildin!

Calistir: git reset --hard commit-id.

17.1.8 Catallar

Catallar dallara benzer sekilde tedavi edilebilir. Yukar akisi (orijinal depo) orijinle (catalli
depo) birlestirebilirsiniz.

Bir Depoyu Klonlamak

Bir deponun zaten bir uzaktan kumandada yaratilmis ve depolanmis olmasi1 durumunda, onu
kullanarak klonlayabilirsiniz.

[git clone https://github.com/myrepo.git

where myrepo.git is replaced with your git repo. If you follow this, you can skip to commits.

Catal Guncelleme

1. Yukarn akisi ekleyin: git remote add upstream https://github.com/ORIGINAL OWNER/
ORIGINAL REPOSITORY.git

2. Eklendigini onaylayin: git remote -v
3. Yukar: akistan degisiklikleri cekin: git yukari akis getir
4. Degisiklikleri bashkta birlestirin: git merge upstream / upstream-branch-name
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17.1.9 Gitignore

Onemli: Ekiplerin, robot projelerinde bulunan “.gitignore “ dosyasini degistirmemeleri son
derece 6nemlidir. Bu, ¢evrimdis: dagitimin ¢alismamasina neden olabilir.

Bir .gitignore dosyasi, genellikle git add ile otomatik olarak islenmeyecek dosyalarin listesi
olarak kullanilir. Bu dosyada listelenen herhangi bir dosya veya dizin islenmeyecektir. Ayrica
git status <https://git-scm.com/docs/git-status> _ile gorunmeyecekler.

Additional Information can be found here.

Bir Klasoru Gizleme

Sonunda egik ¢izgi ile gizlenecek klasori igeren yeni bir satir eklemeniz yeterlidir
EX: ' dislanacak dizin /*°

Bir Dosyayi Gizlemek

Deponun kokine gore on bekleyen dizinler de dahil olmak uizere, gizlenecek dosyanin adini
iceren yeni bir satir ekleyin.

EX: dizin / dosyadan-gizlenecek.txt
EX: dosya-to-hide2.txt

17.1.10 ek bilgi

Resmi git <https://git-scm.com/docs/gittutorial> _ web sitesinde ¢ok daha ayrintili bir egitim
bulunabilir.

Yaygin hatalar dizeltmek icin bir kilavuz, git ucus kurallar1 havuzunda bulunabilir.

17.2 C ++ Unite Kitaphgi

WPILib is coupled with a Units library for C++ teams. This library leverages the C++ type
system to enforce proper dimensionality for method parameters, automatically perform unit
conversions, and even allow users to define arbitrary defined unit types. Since the C++ type
system is enforced at compile-time, the library has essentially no runtime cost.
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17.2.1 Unite Kitaphgini Kullanma

Birim kitapligi, yalnizca baslik iceren bir kitapliktir. Kullanmak istediginiz birimler i¢in kaynak
dosyalariniza ilgili baslig: eklemelisiniz. Iste mevcut birimlerin listesi.

#include <units/acceleration.h>
#include <units/angle.h>

#include <units/angular acceleration.h>
#include <units/angular velocity.h>
#include <units/area.h>

#include <units/capacitance.h>
#include <units/charge.h>

#include <units/concentration.h>
#include <units/conductance.h>
#include <units/current.h>

#include <units/curvature.h>

#include <units/data.h>

#include <units/data transfer rate.h>
#include <units/density.h>

#include <units/dimensionless.h>
#include <units/energy.h>

#include <units/force.h>

#include <units/frequency.h>

#include <units/illuminance.h>
#include <units/impedance. h>

#include <units/inductance.h>
#include <units/length.h>

#include <units/luminous flux.h>
#include <units/luminous intensity.h>
#include <units/magnetic field strength.h>
#include <units/magnetic flux.h>
#include <units/mass.h>

#include <units/moment of inertia.h>
#include <units/power.h>

#include <units/pressure.h>

#include <units/radiation.h>

#include <units/solid angle. h>
#include <units/substance.h>

#include <units/temperature.h>
#include <units/time.h>

#include <units/torque.h>

#include <units/velocity.h>

#include <units/voltage.h>

#include <units/volume.h>

units/math.h baghgi, units::math::abs() gibi birime duyarl islevler saglar.
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Unite Tipleri ve Tasiyici Sinif Tipleri

C ++ tnite kitaplhgi iki tir tir tanimina dayanir: birim tiirleri ve kapsayici turleri.

Unite Tipleri

Birim tiirleri, herhangi bir gercek depolanmis deger olmaksizin soyut bir birim kavramina
karsilik gelir. Birim tirleri, birimler kitapliginin temel “building block-yapi tas1” dir, az sayida
“basic-temel” birim tirtinden (6rnegin =~ metre "~ , *° saniye ~° vb.) yapici bir sekilde (*°
compound_unit-birlesik birim" " sablonu kullanilarak) tanimlanir.

While unit types cannot contain numerical values, their use in building other unit types means
that when a type or method uses a template parameter to specify its dimensionality, that
parameter will be a unit type.

Container-Tasiyici Sinif Turleri

Container-Tastyict Sinif tirleri, bir birime gore boyutlandirilmis gergek bir miktara karsilik
gelir - yani, bunlar gercekte sayisal degeri tutan seydir. Container-Tagiyici Sinif tlirleri, unit t
sablonuna sahip birim tirlerinden olusturulur. Cogu birim tirinin son eki t ile ayni adi
tasiyan karsilik gelen bir kap tiirt vardir - 6rnegin, birim tird units: :meter, konteyner tira
units::meter t ye karsilik gelir.

Bir birimin belirli bir miktan kullanildiginda (degisken veya yontem parametresi olarak), bu,
Container-Tasiyici Sinif tlirtiniin bir 6rnegdi olacaktir. Varsayilan olarak, Container-Tasiyici Si-
nif tiirleri gergek degeri ** double -¢ift’ * olarak depolar - ileri diizey kullanicilar bunu manuel
olarak unit t sablonunu ¢agirarak degistirebilir.

Birim ve Container-Tasiyici Sinif turler turlerinin tam listesi documentation
<https://github.com/nholthaus/units#namespaces> __ belgelerinde bulunabilir.

Unite Ornekleri Olusturma

Belirli bir initenin 6rnegini olusturmak icin, container tiirtiniin bir 6rnegini olusturuyoruz:

// The variable speed has a value of 5 meters per second.
units::meter per second t speed{5.0};

Alternatif olarak, iinite kitapligi, daha yaygin kap tiirlerinden bazilari i¢cin tanimlanmis type
literals sahiptir. Bunlar, bir birimi daha kisa ve 6z bir sekilde tanimlamak icin tir ¢ikarimi ile
birlikte kullanilabilir:

// The variable speed has a value of 5 meters per second.
auto speed = 5 mps;

Turler birbirleri arasinda donusturilebildigi stirece, birimler baska bir container turtnin de-
geri kullanilarak da baslatilabilir. Ornegin, bir foot t degerinden bir meter t degeri olustu-
rulabilir.

auto feet = 6 _ft;
units::meter t meters{feet};
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Aslinda, donusturiilebilir birim turlerini temsil eden tiim kap turleri implicitly convertible. Bu
nedenle, asagidakiler tamamen dogrudur:

[units: :meter_t distance = 6_ft; ]

Kisacasi, kodumuzun herhangi bir yerinde * herhangi bir -any other* uzunluk birimi * yerine
* herhangi-any * uzunluk birimini kullanabiliriz; birimler kitaplig1 bizim icin otomatik olarak
dogru donlisimii gergeklestirecektir.

Hesap Yapma Unitesi

Container-Tasiyic tiirleri, islemin * boyutsal olarak * saglam olmasi gerektigi ek kosuluyla,
temel alinan veri turlerinin tim siradan aritmetik islemlerini destekler. Bu nedenle, ekleme
her zaman iki uyumlu container turunde yapilmalidir:

// Add two meter t values together
auto sum =5 m + 7. m; // sum is 12 m

// Adds meters to feet; both are length, so this is fine
auto sum = 5 m + 7 ft;

// Tries to add a meter t to a second t, will throw a compile-time error
auto sum = 5m + 7_s;

Carpma, herhangi bir kap tiri ciftinde gercgeklestirilebilir ve bir bilesik birimin kap turini
verir:

Not: Bir hesaplama bir bilesik birim tirt verdiginde, bu tiir yalnizca sonug tiura agikca be-
lirtilmisse islem noktasinda gegerlilik agisindan kontrol edilecektir. ** auto-otomatik™ " kulla-
nilirsa, bu kontrol yapilmayacaktir. Ornegin, mesafeyi zamana béldiigiimiizde, sonucun ger-
cekten bir hiz olmasini saglamak isteyebiliriz (yani, ' units :: meter per second t ). lade

tirinin " auto-otomatik ** olarak bildirilmesi durumunda bu kontrol yapilmayacaktir.

// Multiply two meter t values, result is square meter t
auto product = 5 m * 7_m; // product is 35 sq m

// Divide a meter t value by a second t, result is a meter per second t
units::meter per second t speed = 6 m / 0.5 s; // speed is 12 mps

Fonksiyonlar

Bazi standart islevler ("° kelepge-clamp " gibi), aritmetik islemlerin gerceklestirilebilecegi
herhangi bir turt kabul edecek sekilde sablonlanmistir. container-konteyner turleri olarak
depolanan miktarlar bu islevlerle sorunsuz galisacaktir.

Bununla birlikte, diger standart islevleri yalnizca siradan sayisal tirlerde c¢alisir (6rnegin, do-
uble). Birim kitapliginin " units :: math™* ad alani, birimleri kabul eden bu islevlerin bircogu
icin sarmalayicilar igerir. Bu tiir islevlere 6rnek olarak “* sqrt *°, * pow " ,vb. verilebilir.

auto area = 36 sq m;
units::meter_ t sidelLength = units::math::sqrt(area);
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Unite/Birim Sargisinin Cikarilmasi

To convert a container type to its underlying value, use the value() method. This serves as
an escape hatch from the units type system, which should be used only when necessary.

units::meter t distance = 6.5 m;
double distanceMeters = distance.value();

17.2.2 WPILib Kodundaki Unite Kitaphigi Ornegi

WPILib’in yeni ozelliklerindeki yontemler igin gesitli argumanlar (or kinematics) Birimler ki-
tapligini kullanir. Iste bir 6rnek yoriingeyi 6rneklemek.

// Sample the trajectory at 1.2 seconds. This represents where the robot
// should be after 1.2 seconds of traversal.
Trajectory::State point = trajectory.Sample(1l.2 s);

// Since units of time are implicitly convertible, this is exactly equivalent to the,
—above code
Trajectory::State point = trajectory.Sample(1200 ms);

Bazi WPILib siniflar, birden ¢ok birim tiirii secenegiyle dogal olarak calisabilen nesneleri
temsil eder - 6rnegin, bir hareket profili dogrusal mesafede (6r. Metre) veya acisal mesafede
(or. Radyan) calisabilir. Bu tur siniflar i¢in, birim tiira sablon parametresi olarak gereklidir:

// Creates a new set of trapezoidal motion profile constraints

// Max velocity of 10 meters per second

// Max acceleration of 20 meters per second squared
frc::TrapezoidProfile<units: :meters>::Constraints{10 _mps, 20 _mps sq};

// Creates a new set of trapezoidal motion profile constraints

// Max velocity of 10 radians per second

// Max acceleration of 20 radians per second squared
frc::TrapezoidProfile<units::radians>::Constraints{10 rad per s, 20 rad per s / 1 s};

Daha ayrintili belgeler icin litfen birim kitapligi icin resmi ~ GitHub sayfasini <https://github.
com/nholthaus/units>” ziyaret edin.

17.3 The Java Units Library

The units library is a tool that helps programmers avoid mistakes related to units of measu-
rement. It does this by keeping track of the units of measurement, and by ensuring that all
operations are performed with the correct units. This can help to prevent errors that can lead
to incorrect results, such as adding a distance in inches to a distance in meters.

An added benefit is readability and maintainability, which also reduces bugs. By making the
units of measurement explicit in your code, it becomes easier to read and understand what
your code is doing. This can also help to make your code more maintainable, as it is easier to
identify and fix errors related to units of measurement.

The units library has a number of features:

* A set of predefined units, such as meters, degrees, and seconds.
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* The ability to convert between different units.
* Support for performing arithmetic and comparisons on quantities with units.

* Support for displaying quantities with units in a human-readable format.

17.3.1 Terminology

Dimension
Dimensions represent the nature of a physical quantity, such as length, time, or mass.
They are independent of any specific unit system. For example, the dimension of meters
is length, regardless of whether the length is expressed in meters, millimeters, or inches.
Unit
Units are specific realizations of dimensions. They are the way of expressing physical
quantities. Each dimension has a base unit, such as the meter for length, the second for

time, the kilogram for mass. Derived units are formed by combining base units, such as
meters per second for velocity.

Measure
Measures are the specific magnitude of physical quantities, expressed in a particular
unit. For example, 5 meters is a measure of distance.

These concepts are used within the Units Library. For example, the measure 10 seconds has
a magnitude of 10, the dimension is time, and the unit is seconds.

17.3.2 Using the Units Library

The Java units library is available in the edu.wpi.first.units package. The most relevant
classes are:

* The various classes for predefined dimensions, such as Distance and Time

* Units, which contains a set of predefined units. Take a look a the Units javadoc to browse
the available units and their types.

* Measure, which is used to tag a value with a unit.

Not: Itis recommended to static import edu.wpi.first.units.Units.* to get full access to
all the predefined units.

Java Generics

Units of measurement can be complex expressions involving various dimension, such as dis-
tance, time, and velocity. Nested generic type parameters allow for the definition of units
that can represent such complex expressions. Generics are used to keep the library concise,
reusable, and extensible, but it tends to be verbose due to the syntax for Java generics.

For instance, consider the type Measure<Velocity<Distance>>. This type represents a me-
asurement for velocity, where the velocity itself is expressed as a unit of distance per unit
of time. This nested structure allows for the representation of units like meters per second
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or feet per minute. Similarly, the type Measure<Per<Voltage, Velocity<Distance>>> rep-
resents a measurement for a ratio of voltage to velocity. This type is useful for representing
quantities like volts per meter per second, the unit of measure for some feedforward gains.

It’s important to note that not all measurements require such complex nested types. For
example, the type Measure<Distance> is sufficient for representing simple units like me-
ters or feet. However, for more complex units, the use of nested generic type parameters is
essential.

For local variables, you may choose to use Java’s var keyword instead of including the full
type name. For example, these are equivalent:

Measure<Per<Voltage, Velocity<Distance>>> v = VoltsPerMeterPerSecond.of(8);
var v = VoltsPerMeterPerSecond.of(8);

Creating Measures

The Measure class is a generic type that represents a magnitude (physical quantity) with its
corresponding unit. It provides a consistent and type-safe way to handle different dimensions
of measurements, such as distance, angle, and velocity, but abstracts away the particular
unit (e.g. meter vs. inch). To create a Measure object, you call the Unit.of method on the
appropriate unit object. For example, to create a Measure<Distance> object representing a
distance of 6 inches, you would write:

[Measure<Distance> wheelDiameter = Inches.of(6);

Other measures can also be created using their Unit.of method:

Measure<Mass> kArmMass = Kilograms.of(1.423);

Measure<Distance> kArmLength = Inches.of(32.25);

Measure<Angle> kMinArmAngle = Degrees.of(5);

Measure<Angle> kArmMaxTravel = Rotations.of(0.45);
Measure<Velocity<Distance>> kMaxSpeed = MetersPerSecond.of(2.5);

Performing Calculations

The Measure class also supports arithmetic operations, such as addition, subtraction, multip-
lication, and division. These are done by calling methods on the objects. These operations al-
ways ensure that the units are compatible before performing the calculation, and they return
a new Measure object. For example, you can add two Measure<Distance> objects together,
even if they have different units:

Inches.of(10);
Meters.of (0.254);

Measure<Distance> distancel
Measure<Distance> distance2

Measure<Distance> totalDistance = distancel.plus(distance2);

In this code, the units library will automatically convert the measures to the same unit be-
fore adding the two distances. The resulting totalDistance object will be a new Measu-
re<Distance> object that has a value of 0.508 meters, or 20 inches.

This example combines the wheel diameter and gear ratio to calcualate the distance per
rotation of the wheel:
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Measure<Distance> wheelDiameter = Inches.of(3);

double gearRatio = 10.48;

Measure<Distance> distancePerRotation = wheelDiameter.times(Math.PI).
—divide(gearRatio);

Uyar: By default, arithmetic operations create new Measure instances for their results.
See Java Garbage Collection for discussion on creating a large number of short-lived ob-
jects. See also, the Mutability and Object Creation section below for a possible workaround.

Converting Units

Unit conversions can be done by calling Measure.in(Unit). The Java type system will pre-
vent units from being converted between incompatible types, such as distances to angles. The
returned values will be bare double values without unit information - it is up to you, the prog-
rammer, to interpret them correctly! It is strongly recommended to only use unit conversions
when interacting with APIs that do not support the units library.

Measure<Velocity<Distance>> kMaxVelocity = FeetPerSecond.of(12.5);
Measure<Velocity<Velocity<Distance>>> kMaxAcceleration = FeetPerSecond.per(Second).
—0f(22.9);

kMaxVelocity.in(MetersPerSecond); // => OK! Returns 3.81
kMaxVelocity.in(RadiansPerSecond); // => Compile error! Velocity<Angle> cannot be,
—converted to Unit<Velocity<Distance>>

// The WPILib math libraries use SI metric units, so we have to convert to meters:
TrapezoidProfile.Constraints kDriveConstraints = new TrapezoidProfile.Constraints(
maxVelocity.in(MetersPerSecond),

maxAcceleration.in(MetersPerSecondPerSecond)

)

Usage Example

Pulling all of the concepts together, we can create an example that calculates the end effector
position of an arm mechanism:

Measure<Distance> armLength = Feet.of(3).plus(Inches.of(4.25));
Measure<Distance> endEffectorX armLength.times(Math.cos(getArmAngle().in(Radians)
Measure<Distance> endEffectorY = armLength.times(Math.sin(getArmAngle().in(Radians)

);
);

)
)
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Human-readable Formatting

The Measure class has methods that can be used to get a human-readable representation of
the measure. This feature is useful to display a measure on a dashboard or in logs.

* toString() and toShortString() return a string representation of the measure in a
shorthand form. The symbol of the backing unit is used, rather than the full name, and
the magnitude is represented in scientific notation. For example, 1.234e+04 V/m

* toLongString() returns a string representation of the measure in a longhand form. The
name of the backing unit is used, rather than its symbol, and the magnitude is represen-
ted in a full string, not scientific notation. For example, 1234 Volt per Meter

17.3.3 Mutability and Object Creation

To reduce the number of object instances you create, and reduce memory usage, a special
MutableMeasure class is available. You may want to consider using mutable objects if you
are using the units library repeatedly, such as in the robot’s periodic loop. See Java Garbage
Collection for more discussion on creating a large number of short-lived objects.

MutableMeasure allows the internal state of the object to be updated, such as with the results
of arithmetic operations, to avoid allocating new objects. Special care needs to be taken when
mutating a measure because it will change the value every place that instance is referenced.
If the object will be exposed as part of a public method, have that method return a regular
Measure in its signature to prevent the caller from modifying your internal state.

Extra methods are available on MutableMeasure for updating the internal value. Note that
these methods all begin with the mut prefix - this is to make it obvious that these methods
will be mutating the object and are potentially unsafe! For the full list of methods and API
documentation, see the MutableMeasure API documentation

mut _plus(double, Increments the internal value by an amount in another unit. The

Unit) internal unit will stay the same

mut plus(Measure) Increments the internal value by another measurement. The inter-
nal unit will stay the same

mut minus(double, Decrements the internal value by an amount in another unit. The

Unit) internal unit will stay the same

mut _minus(Measure) Decrements the internal value by another measurement. The inter-
nal unit will stay the same

mut times(double) Multiplies the internal value by a scalar

mut divide(double) Divides the internal value by a scalar

mut replace(double Overrides the internal state and sets it to equal the given value and

Unit) unit

mut_replace(Measur¢ Overrides the internal state to make it identical to the given measu-
rement

mut setMagnitude(dc Overrides the internal value, keeping the internal unit. Be careful
when using this!

MutableMeasure<Distance> measure = MutableMeasure.zero(Feet);

measure.mut plus(10, Inches); // 0.8333 feet
measure.mut plus(Inches.of(10)); // 1.6667 feet
measure.mut minus(5, Inches); // 1.25 feet

measure.mut _minus(Inches.of(5)); // 0.8333 feet
(sonraki sayfaya devam)
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(onceki sayfadan devam)

measure.mut times(6); // 0.8333 * 6 = 5 feet

measure.mut divide(5); // 5/ 5 =1 foot

measure.mut replace(6.2, Meters) // 6.2 meters - note the unit changed!

measure.mut replace(Millimeters.of(14.2)) // 14.2mm - the unit changed again!
measure.mut setMagnitude(72) // 72mm

Revisiting the arm example from above, we can use mut replace - and, optionally, mut times

- to calculate the end effector position

import
import
import

public

edu.wpi.first.units.Measure;
edu.wpi.first.units.MutableMeasure;
static edu.wpi.first.units.Units.*;

class Arm {

// Note the two ephemeral object allocations for the Feet.of and Inches.of calls.

// Because this is a constant value computed just once, they will easily be garbage,
—collected without

// any problems with memory use or loop timing jitter.

private static final Measure<Distance> kArmLength = Feet.of(3).plus(Inches.of(4.
~25));

// Angle and X/Y locations will likely be called in the main robot loop, let's,
—store them in a MutableMeasure

// to avoid allocating lots of short-lived objects

private final MutableMeasure<Angle> m angle = MutableMeasure.zero(Degrees);

private final MutableMeasure<Distance> m_endEffectorX = MutableMeasure.zero(Feet);

private final MutableMeasure<Distance> m_endEffectorY MutableMeasure.zero(Feet);

private final Encoder m_encoder = new Encoder(...);

public Measure<Distance> getEndEffectorX() {
m_endEffectorX.mut replace(
Math.cos(getAngle().in(Radians)) * kArmLength.in(Feet), // the new magnitude to,
—Store
Feet // the units of the new magnitude
)i
return m_endEffectorX;

}

public Measure<Distance> getEndEffectorY() {
// An alternative approach so we don't have to unpack and repack the units
m_endEffectorY.mut replace(kArmLength);
m_endEffectorY.mut times(Math.sin(getAngle().in(Radians)));
return m _endEffectorY;

}

public Measure<Angle> getAngle() {
double rawAngle = m _encoder.getPosition();
m_angle.mut replace(rawAngle, Degrees); // NOTE: the encoder must be configured,
—with distancePerPulse in terms of degrees!
return m_angle;
}
}
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Uyar: MutableMeasure objects can - by definition - change their values at any time! It is
unsafe to keep a stateful reference to them - prefer to extract a value using the Measure.
in method, or create a copy with Measure.copy that can be safely stored. For the same
reason, library authors must also be careful about methods accepting Measure.

Can you spot the bug in this code?

private Measure<Distance> m_lastDistance;

public Measure<Distance> calculateDelta(Measure<Distance> currentDistance) {
if (m_lastDistance == null) {
m lastDistance = currentDistance;
return currentDistance;
} else {
Measure<Distance> delta = currentDistance.minus(m_lastDistance);
m_lastDistance = currentDistance;
return delta;
}
}

If we run the calculateDelta method a few times, we can see a pattern:

MutableMeasure<Distance> distance = MutableMeasure.zero(Inches);
distance.mut plus(10, Inches);
calculateDelta(distance); // expect 10 inches and get 10 - good!

distance.mut plus(2, Inches);
calculateDelta(distance); // expect 2 inches, but get 0 instead!

distance.mut plus(8, Inches);
calculateDelta(distance); // expect 8 inches, but get 0 instead!

This is because the m_lastDistance field is a reference to the same MutableMeasure object
as the input! Effectively, the delta is calculated as (currentDistance - currentDistance) on
every call after the first, which naturally always returns zero. One solution would be to track
m lastDistance as a copy of the input measure to take a snapshot; however, this approach
does incur one extra object allocation for the copy. If you need to be careful about object
allocations, m_lastDistance could also be stored as a MutableMeasure.

Immutable Copies

private Measure<Distance> m_lastDistance;

public Measure<Distance> calculateDelta(Measure<Distance> currentDistance) {
if (m_lastDistance == null) {
m_lastDistance = currentDistance.copy();
return currentDistance;
} else {
var delta = currentDistance.minus(m_lastDistance);
m_lastDistance = currentDistance.copy();
return delta;
}
}
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Zero-allocation Mutables

private final MutableMeasure<Distance> m lastDistance = MutableMeasure.zero(Meters);
private final MutableMeasure<Distance> m delta = MutableMeasure.zero(Meters);

public Measure<Distance> calculateDelta(Measure<Distance> currentDistance) {
// m_delta = currentDistance - m lastDistance
m delta.mut replace(currentDistance);
m_delta.mut minus(m lastDistance);
m_lastDistance.mut replace(currentDistance);
return m _delta;

}

17.3.4 Defining New Units

There are four ways to define a new unit that isn’t already present in the library:
» Using the Unit.per or Unit.mult methods to create a composite of two other units;
* Using the Milli, Micro, and Kilo helper methods;
* Using the derive method and customizing how the new unit relates to the base unit; and
* Subclassing Unit to define a new dimension.

New units can be defined as combinations of existing units using the Unit.mult and Unit.per
methods.

Per<Voltage, Distance> VoltsPerInch = Volts.per(Inch);
Velocity<Mass> KgPerSecond = Kilograms.per(Second);
Mult<Mass, Velocity<Velocity<Distance>> Newtons = Kilograms.
—mult(MetersPerSecondSquared) ;

Using mult and per will store the resulting unit. Every call will return the same object to
avoid unnecessary allocations and garbage collector pressure.

@Override
public void robotPeriodic() {

// Feet.per(Millisecond) creates a new unit on the first loop,

// which will be reused on every successive loop

SmartDashboard.putNumber("Speed", m drivebase.getSpeed().in(Feet.per(Millisecond)));
}

Not: Calling Unit.per(Time) will return a Velocity unit, which is different from and incom-
patible with a Per unit!

New dimensions can also be created by subclassing Unit and implementing the two construc-
tors. Note that Unit is also a parameterized generic type, where the generic type argument
is self-referential; Distance is a Unit<Distance>. This is what allows us to have stronger
guarantees in the type system to prevent conversions between unrelated dimensions.

public class ElectricCharge extends Unit<ElectricCharge> {
public ElectricCharge(double baseUnitEquivalent, String name, String symbol) {
super(ElectricCharge.class, baseUnitEquivalent, name, symbol);
(sonraki sayfaya devam)

17.3. The Java Units Library 519




FIRST Robotics Competition

(onceki sayfadan devam)

}

// required for derivation with Milli, Kilo, etc.
public ElectricCharge(UnaryFunction toBaseConverter, UnaryFunction,
—fromBaseConverter, String name, String symbol) {
super(ElectricCharge.class, toBaseConverter, fromBaseConverter, name, symbol);
}

}

public static final ElectricCharge Coulomb = new ElectricCharge(1l, "Coulomb", "C");
public static final ElectricCharge ElectronCharge = new ElectricCharge(1.60217646e-19,
. "Electron Charge", "e");

public static final ElectricCharge AmpHour = new ElectricCharge(3600, "Amp Hour", "Ah

public static final ElectricCharge MilliampHour = Milli(AmpHour);

17.4 Joysticks

A joystick can be used with the Driver Station program to control the robot. Almost any “cont-
roller” that can be recognized by Windows can be used as a joystick. Joysticks are accessed
using the GenericHID class. This class has three relevant subclasses for preconfigured joys-
ticks. You may also implement your own for other controllers by extending GenericHID. The
first is Joystick which is useful for standard flight joysticks. The second is XboxController
which works for the Xbox 360, Xbox One, or Logitech F310 (in XInput mode). Finally, the
PS4Controller class is ideal for using that controller. Each axis of the controller ranges from
-1 to 1.

The command based way to use the these classes is detailed in the section: Komutlar: Trigger-
Tetikleyicilere Baglama.

17.4.1 Driver Station Joysticks

E FRC Driver Station - Version 24.0b96

Buttons POV

Rumble

4

The USB Devices Tab of the Driver Station is used to setup and configure the joystick for use
with the robot. Pressing a button on a joystick will cause its entry in the table to light up green.
Selecting the joystick will show the values of axes, buttons and the POV that can be used to
determine the mapping between physical joystick features and axis or button numbers.
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The USB Devices Tab also assigns a joystick index to each joystick. To reorder the joysticks
simply click and drag. The Driver Station software will try to preserve the ordering of devices
between runs. It is a good idea to note what order your devices should be in and check each
time you start the Driver Station software that they are correct.

When the Driver Station is in disabled mode, it is routinely looking for status changes on the
joystick devices. Unplugged devices are removed from the list and new devices are opened
and added. When not connected to the FMS, unplugging a joystick will force the Driver Station
into disabled mode. To start using the joystick again: plug the joystick in, check that it shows
up in the right spot, then re-enable the robot. While the Driver Station is in enabled mode, it
will not scan for new devices. This is a time consuming operation and timely update of signals
from attached devices takes priority.

Not: For some joysticks the startup routine will read whatever position the joysticks are in
as the center position, therefore, when the computer is turned on (or when the joystick is
plugged in) the joysticks should be at their center position.

When the robot is connected to the Field Management System at competition, the Driver
Station mode is dictated by the FMS. This means that you cannot disable your robot and the
DS cannot disable itself in order to detect joystick changes. A manual complete refresh of the
joysticks can be initiated by pressing the F1 key on the keyboard. Note that this will close
and re-open all devices, so all devices should be in their center position as noted above.
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17.4.2 Joystick Class

1 A
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2010-2014

JAVA

Joystick exampleJoystick = new Joystick(0); // 0 is the USB Port to be used as,
—indicated on the Driver Station

C++

Joystick exampleJoystick{0}; // 0 is the USB Port to be used as indicated on the,
—Driver Station

PYTHON

exampleJoystick = wpilib.Joystick(0) # 0 is the USB Port to be used as indicated on,
—the Driver Station

The Joystickclassis designed to make using a flight joystick to operate the robot significantly
easier. Depending on the flight joystick, the user may need to set the specific X, Y, Z, and
Throttle channels that your flight joystick uses. This class offers special methods for accessing
the angle and magnitude of the flight joystick.

Onemli: Due to differences in coordinate systems, teams usually negate the values when
reading joystick axes. See the Joystick and controller coordinate system section for more
detail.
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17.4.3 XboxController Class

JAVA

XboxController exampleXbox = new XboxController(0); // 0 is the USB Port to be used,
—as indicated on the Driver Station

C++

XboxController exampleXbox{0}; // 0 is the USB Port to be used as indicated on the,
—~Driver Station

PYTHON

exampleXbox = wpilib.XboxController(0) # 0@ is the USB Port to be used as indicated on,
—the Driver Station

The XboxController class provides named methods (e.g. getXButton, getXButtonPres-
sed, getXButtonReleased) for each of the buttons, and the indices can be accessed with
XboxController.Button.kX.value. The rumble feature of the controller can be controlled by
using XboxController.setRumble(GenericHID.RumbleType.kRightRumble, value). Many
users do a split stick arcade drive that uses the left stick for just forwards / backwards and
the right stick for left / right turning.

Onemli: Due to differences in coordinate systems, teams usually negate the values when
reading joystick axes. See the Joystick and controller coordinate system section for more
detail.
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17.4.4 PS4Controller Class

JAVA

PS4Controller examplePS4 = new PS4Controller(0); // 0 is the USB Port to be used as,
—indicated on the Driver Station

C++

PS4Controller examplePS4{0}; // O is the USB Port to be used as indicated on the,
—Driver Station

PYTHON

examplePS4 = wpilib.PS4Controller(0) # 0 is the USB Port to be used as indicated on,
—the Driver Station

The PS4Controller class provides named methods (e.g. getSquareButton, getSquareBut-
tonPressed, getSquareButtonReleased) for each of the buttons, and the indices can be ac-
cessed with PS4Controller.Button.kSquare.value. The rumble feature of the controller can
be controlled by using PS4Controller.setRumble(GenericHID.RumbleType.kRightRumble,
value).

Onemli: Due to differences in coordinate systems, teams usually negate the values when
reading joystick axes. See the joystick and controller coordinate system section for more
detail.
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17.4.5 POV
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315° 450

270° 90°
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On joysticks, the POV is a directional hat that can select one of 8 different angles or read -1
for unpressed. The XboxController/PS4Controller D-pad works the same as a POV. Be careful
when using a POV with exact angle requirements as it is hard for the user to ensure they
select exactly the angle desired.

17.4.6 GenericHID Usage

An axis can be used with .getRawAxis(int index) (if not using any of the classes above)
that returns the current value. Zero and one in this example are each the index of an axis as
found in the Driver Station mentioned above.

JAVA

private final PWMSparkMax m_leftMotor = new PWMSparkMax(Constants.kLeftMotorPort);
private final PWMSparkMax m_rightMotor = new PWMSparkMax(Constants.kRightMotorPort);
private final DifferentialDrive m robotDrive = new DifferentialDrive(m leftMotor::set,
— m_rightMotor::set);

private final GenericHID m stick = new GenericHID(Constants.kJoystickPort);

m_robotDrive.arcadeDrive(-m_stick.getRawAxis(0), m_stick.getRawAxis(1));
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C++

frc: :PWMVictorSPX m_leftMotor{Constants::kLeftMotorPort};

frc::PWMVictorSPX m_rightMotor{Constants::kRightMotorPort};

frc::DifferentialDrive m _robotDrive{[&] (double output) { m leftMotor.Set(output); },
[&] (double output) { m rightMotor.Set(output); }};

frc::GenericHID m_stick{Constants::kJoystickPort};

m_robotDrive.ArcadeDrive(-m_stick.GetRawAxis(0), m_stick.GetRawAxis(1));

PYTHON

leftMotor = wpilib.PWMVictorSPX(LEFT MOTOR PORT)

rightMotor = wpilib.PWMVictorSPX(RIGHT _MOTOR PORT)

self.robotDrive = wpilib.drive.DifferentialDrive(leftMotor, rightMotor)
self.stick = wpilib.GenericHID(JOYSTICK PORT)

self.robotDrive.arcadeDrive(-self.stick.getRawAxis(0), self.stick.getRawAxis(1))

17.4.7 Button Usage

Not: Usage such as the following is for code not using the command-based framework. For
button usage in the command-based framework, see Komutlar: Trigger-Tetikleyicilere Bagla-
ma.

Unlike an axis, you will usually want to use the pressed and released methods to respond to
button input. These will return true if the button has been activated since the last check. This
is helpful for taking an action once when the event occurs but not having to continuously do
it while the button is held down.

JAVA

if (joystick.getRawButtonPressed(0)) {

turnIntakeOn(); // When pressed the intake turns on
}
if (joystick.getRawButtonReleased(0)) {

turnIntakeOff(); // When released the intake turns off
}

OR

if (joystick.getRawButton(0)) {
turnIntakeOn();

} else {
turnIntakeOff();

}
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C++

if (joystick.GetRawButtonPressed(0)) {

turnIntakeOn(); // When pressed the intake turns on
}
if (joystick.GetRawButtonReleased(0)) {

turnIntakeOff(); // When released the intake turns off
}

OR

if (joystick.GetRawButton(0)) {
turnIntakeOn();

} else {
turnIntakeOff();

}

PYTHON

if joystick.getRawButtonPressed(0):
turnIntakeOn() # When pressed the intake turns on

if joystick.getRawButtonReleased(0):
turnIntakeOff () # When released the intake turns off

# OR

if joystick.getRawButton(0):
turnIntakeOn()

else:
turnIntakeOff ()

A common request is to toggle something on and off with the press of a button. Toggles should
be used with caution, as they require the user to keep track of the robot state.

JAVA

boolean toggle = false;

if (joystick.getRawButtonPressed(0)) {

if (toggle) {
// Current state is true so turn off
retractIntake();
toggle = false;

} else {
// Current state is false so turn on
deployIntake();
toggle = true;

}
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C++

bool toggle{false};

if (joystick.GetRawButtonPressed(0)) {
if (toggle) {
// Current state is true so turn off

retractIntake();
toggle = false;
} else {
// Current state is false so turn on
deployIntake();
toggle = true;
}
}
PYTHON

toggle = False

if joystick.getRawButtonPressed(0):

if toggle:
# current state is True so turn off
retractIntake()
toggle = False

else:
# Current state is False so turn on
deployIntake()
toggle = True

17.5 Coordinate System

Coordinate systems are used in FRC programming in several places. A few of the common
places are: robot movement, joystick input, pose estimation, AprilTags, and path planning.

It is important to understand the basics of the coordinate system used throughout WPILib
and other common tools for programming an FRC robot, such as PathPlanner. Many teams
intuitively think of a coordinate system that is different from what is used in WPILib, and this
leads to problems that need to be tracked down throughout the season. It is worthwhile to take
a few minutes to understand the coordinate system, and come back here as a reference when
programming. It’s not very difficult to get robot movement with a joystick working without
getting the coordinate system right, but it will be much more difficult to build on code using
a different coordinate system to add pose estimation with AprilTags and path planning for

autonomous.
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17.5.1 WPILib coordinate system

In most cases, WPILib uses the NWU axes convention (North-West-Up as external reference
in the world frame.) In the NWU axes convention, where the positive X axis points ahead, the
positive Y axis points left, and the positive Z axis points up referenced from the floor. When
viewed with each positive axis pointing toward you, counter-clockwise (CCW) is a positive
value and clockwise (CW) is a negative value.

Sekil 1: Robot coordinate system in three dimensions

The figure above shows the coordinate system in relation to an FRC robot. The figure below
shows this same coordinate system when viewed from the top (with the Z axis pointing toward
you.) This is how you can think of the robot’s coordinates in 2D.
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Sekil 2: Robot coordinate system in two dimensions

17.5.2 Rotation conventions

In most cases in WPILib programming, 0° is aligned with the positive X axis, and 180° is
aligned with the negative X axis. CCW rotation is positive, so 90° is aligned with the positive
Y axis, and -90° is aligned with the negative Y axis.

The figure above shows the unit circle with common angles labeled in degrees (°) and radians
(rad). Notice that rotation to the right is negative, and the range for the whole unit circle is
-180° to 180° (-Pi radians to Pi radians).

Not: The range is (-180, 180], meaning it is exclusive of -180° and inclusive of 180°.

There are some places you may choose to use a different range, such as 0° to 360° or 0 to 1
rotation, but be aware that many core WPILib classes and FRC tools are built with the unit
circle above.

Uyari: Some gyroscope and IMU models use CW positive rotation, such as the NavX IMU.
Care must be taken to handle rotation properly, sensor values may need to be inverted.
Read the documentation and verify that rotation is CCW positive.

Uyari: Many sensors that read rotation around an axis, such as encoders and IMU's,
read continuously. This means they read more than one rotation, so when rotating past
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Sekil 3: Unit circle with common angles
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180° they read 181°, not -179°. Some sensors have configuration settings where you can
choose their wrapping behavior and range, while others need to be handled in your code.
Careful attention should be paid to make sure sensor readings are consistent and your
control loop handles wrapping in the same way as your sensor.

17.5.3 Joystick and controller coordinate system

Joysticks, including the sticks on controllers, don’t use the same NWU coordinate system.
They use the NED (North-East-Down) convention, where the positive X axis points ahead,
the positive Y axis points right, and the positive Z axis points down. When viewed with each
positive axis pointing toward you, counter-clockwise (CCW) is a positive value and clockwise
(CW) is a negative value.

It’s important to note that joystick input values are rotations around an axis, not translations.
In practical terms, this means:

* pushing forward on the joystick (toward the positive X axis) is a CW rotation around the
Y axis, so you get a negative Y value.

» pushing to the right (toward the positive Y axis) is a CCW rotation around the X axis, so
you get a positive X value.

* twisting the joystick CW (toward the positive Y axis) is a CCW rotation around the Z axis,
so you get a positive Z value.

17.5.4 Using Joystick and controller input to drive a robot

You may have noticed, the coordinate system used by WPILib for the robot is not the same as
the coordinate system used for joysticks and controllers. Care needs to be taken to understand
the difference, and properly pass driver input to the drive subsystem.

Differential drivetrain example

Differential drivetrains are non-holonomic, which means the robot drivetrain cannot move
side-to-side (strafe). This type of drivetrain 