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FIRST Robotics Competition

Welcome to the FIRST® Robotics Competition Control System Documentation! This site con-
tains everything you need to know for programming a competition robot!

Community translations can be found in a variety of languages in the bottom-left menu.
Returning Teams

If you are a returning team, please check out the overview of changes from 2022 to 2023 and
the known issues.

Changelog
Known Issues
New Teams

The Zero-to-Robot tutorial will guide you through preparation, wiring and programming a
basic robot!

Go to Zero-to-Robot

Hardware Overview

An overview of the hardware components available to teams.

Go to Hardware Overview

Software Overview

An overview of the software components and tools available to teams.
Go to Software Overview

Programming Basics

Documentation that is useful throughout a team’ s programming process.
View articles

Advanced Programming

Documentation that is suited toward veteran teams. This includes content such as Path Plan-
ning and Kinematics.

View articles

Hardware

Hardware tutorials and content available for teams.
View articles

Romi Robot

The Romi Robot is a low-cost Raspberry Pi based platform for practicing WPILib program-
ming.

View articles

API Documentation

Java and C++ class documentation.
Java

C++

Software Tools

Essential tooling such as FRC Driver Station, Dashboards, roboRIO Imaging Tool and more.



https://github.wpilib.org/allwpilib/docs/release/java/index.html
https://github.wpilib.org/allwpilib/docs/release/cpp/index.html
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View articles

Example Projects

This section showcases the available example projects that teams can reference in VS Code.
View articles

Status Light Quick Reference

Quick reference guide for the status lights on a variety of FRC hardware.

View article

3rd Party libraries

Tutorial on adding 3rd party libraries such as CTRE and REV to your robot project.

View article
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1.1.1 Java

* Code Academy
* Head First Java 2nd Edition 2—A4~X#r PR A ) Java 4fE#FE (ISBN-10: 0596009208).

1.1.2 C++

e LearnCPP

RFE i C ++ BERAISCEAS TR <https://www.amazon.com/dp/BOOKPTEH8C>" &
ZiEEMaEE AOx C ++ 1N (ISBN-10: 0321992784).

* C 4+ Primer Plus 6th Edition <https://www.amazon.com/dp/0321928423/>‘ (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 k4

* NI 2:>] LabVIEW

1.2 TEPLB’A
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2.1 Introduction to FRC Robot Wiring

41 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 (PH) / Power Distribution Panel (PDP)
roboRIO
Pneumatics Hub (PH) / Pneumatics Control Module (PCM)
Radio Power Module (RPM) / Voltage Regulator Module (VRM)
OpenMesh radio (with power cable and Ethernet cable)
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% 1: Diagram courtesy of FRC® Team 3161 and Stefen Acepcion.
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K 2: Diagram courtesy of FRC® Team 3161 and Stefen Acepcion.

2.1.

Introduction to FRC Robot Wiring
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- 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?) 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 Chapter 2. £ 1 %: BEEHEA
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2.1.4 Layout the Core Control System Components

REV

eﬂmﬁﬂﬁn
lﬂﬂﬂ&ﬂﬂﬂen

CTR

2.1. Introduction to FRC Robot Wiring 9
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Lay out the components on the board. An example layout is shown in the image above.

o  Cchapter2. $1%: BENBA
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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?2), strip 20 mm (~3/4” )

* High current channel connectors: Accept 8 - 24 AWG (.25 - 10 mum?2), 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.

2.1. Introduction to FRC Robot Wiring 11
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N

185120F

120 AMPERE o

THERMAL CIRCUIT BREAKER
_

VOLTS DC MAXIMUM
WITION PROTECTED
WATERPROOF L

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.

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

12 Chapter 2. £ 1 %: BEEHEA
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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 13
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2.1.7 Wire Breaker to Power Distribution

REV

BATTERY VOLTAOR 4 BATTERY B -

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

14 Chapter 2. % 1 %: BEENBA
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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. Introduction to FRC Robot Wiring 15
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2.1.8 Insulate power connections

REV

Requires: Electrical tape
Using electrical tape, insulate the two connections to the 120A breaker.
CTR

16 Chapter 2. £ 1 %: EENBA
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Requires: 1/16” Allen, Electrical tape

2.1. Introduction to FRC Robot Wiring 17
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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

REV

18 Chapter 2. £ 1 %: BEEHEA
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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 -)

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” )

2.1. Introduction to FRC Robot Wiring 19
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» 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.

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

20 Chapter 2. £ 1 %: BEEHEA
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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. Cutred 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 -)

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
terminal 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 21
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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 connector of
the roboRIO (red to V, black to C). Also make sure that the power connector is screwed
down securely to the roboRIO.

CTR

2.1. Introduction to FRC Robot Wiring 23
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Requires: 10A/20A mini fuses, Wire stripper, very small flat screwdriver, 18 AWG (1 mm?)

24 Chapter 2. £ 1 #: BEHEA
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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.

2.1.12 Radio Power

REV
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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 Mod-
ule. 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.
CTR

26 Chapter 2. £ 1 %: EEHEBA
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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.

s 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 27
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Requires: Small flat screwdriver (optional), Rev radio PoE cable

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

2. 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)

2.1.13 Pneumatics Power (Optional)

IBIBIBIB

. BATTERY VOLTA

7 SWITCHABLE .

2.1. Introduction to FRC Robot Wiring 29
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Requires: Wire stripper, small flat screwdriver (optional), 18 AWG (1 mm?) red and black wire

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.
CTR

30 Chapter 2. £ 1 %: EEHEBA
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CONTROLLER PWR
A

AREEA M

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

2.1. Introduction to FRC Robot Wiring 31
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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.

2.1.14 Ethernet Cables

REV

32 Chapter 2. £ 1 %: EEHEBA
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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 RJ45 socket of the radio closest to the barrel con-
nector socket (labeled 18-24v POE) to the socket labeled WiFi Radio on the RPM

CTR

2.1. Introduction to FRC Robot Wiring 33
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Requires: Ethernet cable

Chapter 2. £ 1 %: EENBA
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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

2.1. Introduction to FRC Robot Wiring 35
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1 & -

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

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

2.1. Introduction to FRC Robot Wiring 37
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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.

Pneumatics to PD CAN

REV

- BATTERY VOLTA

el
-t
mv
2
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i
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Requires: Wire stripper, small flat screwdriver (optional), yellow/green twisted CAN cable
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.

CTR
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T C

Requires: Wire stripper, small flat screwdriver (optional), yellow/green twisted CAN cable
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1. Strip ~5/16” (~8 mm) off of each of the CAN wires.

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

2.1.

available pairs). Cut and strip ~5/16” (~8 mm) off this end of the wires.

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.

16 Motor Controller Signal Wires

PWM

2.1.

Introduction to FRC Robot Wiring 41
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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.

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
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tape, or other similar method.
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2.1.

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

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

3. 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

5. 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.

6. Connect the two-pin connector to the RSL port on the roboRIO. The black wire should
be closest to the outside of the roboRIO.

/M 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
constructed)

2.1.18 Circuit Breakers

REV
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REN pOWER DISTRIBUTION HUB

iz2vaQh

F d..u

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
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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
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.
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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
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white/green, connect red to white and green to black). The images above show an ex-
ample 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 -)

2.1.20 STOP

filks: 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+!!!!)
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* 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!

/NEXG: 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.

2.1.21 Manage Wires

Requires: Zip ties

/NEYG: 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.

/NEiY5: 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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AR & SO ¢F MR R AT fE:doc: it 4 </docs/controls-overviews/control-system-
software> ‘$; 3|

3.1 BERRES

AL REGHLZRE FRC® 5l RGEEA T BRI AL i B/

INBITS: ARSCRE G T DA SO T T R BkEERE . PAREHCE D) AR AL ST AL B2 AN
REAEIERL B BRI G BNL 2e%e, W nT RABkR Bt Ui .

#ik: XTF Java Il C ++ PN, XEETHIZNF ok K 2. LabVIEW [iZfE FRC ik T.H 85
=T PEZ A

3.1.1 #

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

3.1.2 2K A\R

FiaME

¢ 2023 FRC Game Tools (Note: Click on link for “Individual Offline Installers” )

* 2023 FRC Radio Configuration Utility or 2023 FRC Radio Configuration Utility Israel
Version

o (A[E-IUPRTHEMZE N! ) Classmate/Acer PC Image
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LabVIEW HPA

. . LabVIEW USB (3£ FIRST®Choice) 5t “F#; <https://www.ni.com/en-us/support/
downloads/drivers/download.labview-software-for-frc.html>* (& Bdf “BENELZ%E

R MEER)

Java / C ++ HBA

* Java/C++ WPILib Installer

Once on the GitHub releases page, scroll to the assets section at the bottom of the page.

Compare ~

This is the kickoff release of WPILIb for the 2023 season.

The documentation WPILib is located at ht [ (if you have trouble accessing this location, h is an alternate
location with the s
If you're

Minimum m requireme s 10 or 11, Ubuntu 22.04, or macOS 11 or higher. Newly supported this yea
is Apple Silicon (arm&4)! We ha uding Windo ; Ubuntu 20.04, and macOS 10.15. C++ team d note that Visual

s now required for desktop builds. For this Mac 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.

If you're returning from a previou n, check out \ be sure to read through this, as a lot has changed from 2022! You will need a new RoboRIO
image for is is available he FRC e b installatio o install WPILib.

If you're starting from a 2022 robot projec our p t 23 project. The import process is important, as it will make a number of

automated corrections fo inc y to import vendor libraries again, since last year's vendor libraries must be

% 1::  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 E=HE/RH
FEHS =5 PEH ] AR B Wl 4 A WPILib {9 m] F 58 = 5 i H 5k

3.2 %% LabVIEW for FRC ({2 LabVIEW)

ik RREAGE AT LabVIEW s {{{#ff] NI Vision Assistant #4174 fErIBAL. A X LT b
B C ++ Fil Java PMEAFE LR LabVIEW, W4ksi4:diInstalling the FRC Game Tools.,

R ] 2 TSN Internet SEEMMSAA A AR 2SS, (FRHER, MR RO St
M EAN 2%, W] RE R TR/ NRA RS A

3.2.1 Requirements

* Windows 10 or higher (Windows 10, 11). Windows 11 is not officially supported by NI,
but has been tested to work.

3.2.2 HFIBEAE (EF)

ik R4k cRIO #HT4AR, WIF B AHE%¢% LabVIEW forFRC®2014. LabVIEW for
FRC 2014 ¥ n[ikCA3 219 . MR R % n] e LG T EHL EIAE, (RO 20z AR
[

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 2023 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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Settings

it Home

| Find a setting pel

I i Apps & features
i=  Default apps
[0 Offline maps
[ Apps for websites

N Video playback

-0

Startup

EEEEHAA

TELBLRHEHE S, R A H

Apps & features

C300_C250 series Software Uninstall

a4

(

%8 CTRE Phoenix Framework

. Europa Universalis 2

=l i

Intelli) IDEA Community Edition 2020.3.2

NI Package Manager

n NI Software

21.0.0

Modify

Realtek High Definition Audic Driver

Snip & Sketch
Microsoft Corporation

Visual Studio Community 2019

Xbox Console Companion
= I o momp
Microsoft Corporation

SLHE . AR . S RREIEER T e MO AR N S

1.28 MB

10/22/2020

Uninstall

481 MB
10/22/2019

24.0 KB

9/10/2020

MRl A O O R 00T SRRHE, AR AR Zeli

Bl XUEPIHIBOE AR A NT Jofk. An2R2ese 1At NI Erk, a2 B oA B 1B A
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4 NI Package Manager -8 X
BROWSE PRODUCTS UPDATES @ INSTALLED (@ ﬁ
Category v Maintainer v Clear Filters Products only ‘ 0 ‘
M | Name Maintainer Category Version
NI Certificates Installer National Instruments Utilities 200
NI Command Line Interface for LabVIEW National Instruments Utilities 100
NI CompactRIO - C Series Module Support 18.0 National Instruments Other Software 18.0049152
NI CompactRIO 18.0 National Instruments Other Software 18.0049152
NI CompactRIO 18.0 LabVIEW Support National Instruments Other Software 18.00.49152
NI Customer Experience Improvement Program (32-bit) National Instruments Utilities 311
NI Customer Experience Improvement Program (64-bit) National Instruments Utilities 3.1.0
NI Device Monitor 15.0 National Instruments Other Software 15.0049153
NI FIRST Robotics Competition 2019 Driver Station National Instruments Other Software 18.0.185
NI FIRST Robotics Competition Gamepad Tool National Instruments Other Software 18.0.181
NI FIRST Robotics Competition LabVIEW Update National Instruments Other Software 18.0.181
NI FIRST Robotics Simulation National Instruments Other Software 18.0.60
NI FIRST Robotics Utilities National Instruments Other Software 18.0.182
NI I/O Trace National Instruments Utilities 18.0.0
NI LabVIEW 2015 Runtime National Instruments Programming Environments 15.5.0
NI LabVIEW 2016 Runtime National Instruments Programming Environments 16.5.0
NI LabVIEW 2017 Runtime National Instruments Programming Environments 17.5.1
NI LabVIEW 2018 National Instruments Programming Environments 18.0.0
NI LabVIEW 2018 Runtime National Instruments Programming Environments 18.0.2
NI Measurement & Automation Explorer National Instruments Utilities 18.0.0
v
iNsTRUMENTS

3.2.3 3%H LabVIEW Z&EF

Either locate and insert the LabVIEW USB Drive or download the LabVIEW for FRC 2023
installer from NI. Be sure to select the correct version from the drop-down.

NIV Online installer

File Size
537 MB

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

Installers Offline Installer

R BB L AL IS, AR AT R &M, sl CRABIVERREE, RIGRE TR
PATR BSE RN R T

;. This is a large download (~9GB). It is recommended to use a fast internet connection
and to use the NI Downloader to allow the download to resume if interrupted.
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3.2.4 %% LabVIEW

NI LabVIEW FHEVFATHE, My mTiEess 45 1 4 31 B2 (i 2020 47176 aTiE
7 2021 4E 1 H 31 HEH)

AR A B PR R AR ] A5, i/ P AR 7 B R T REZ I AT BT S HIL 2 i, (Hide 2 K
B A B35 S8 A BE ke, 9 BAUHT FRC. (fi LabVIEW (AR 238 F (k23 i i v
LN IRURNE GO

FinRE

L LHRET
BT R8N exe SCHPATFIR % RE . W P Windows Z4#iR, ¥t “27,
B (Windows 10+)

HHLRE T AR iso SCF, SRR, MELIH iso J&FT install.exe. M3 Windows %44t
R, R

t#1E: 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.

e
Name Date modified Type Size
~ Today (2)
|“] ni-frc-2020-game-tools_~™ =" emmmEeEee Disc Image File 8705910 KB
. Mount o N

E ni-frc-2020-game-tools_ Application 5,503 KB

Burn disc image

&> Share
Open with...
Give access to >

Restore previous versions

Send to >

Cut
Copy

Create shortcut
Delete

Rename

Properties
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NI Package Manager ¥Fo[iE

NI Package Manager x

Select Agree Review Perform

You must accept the license agreements below to proceed.

NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT

H >

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 autherity to bind the entity to
these ferms.

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

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

O | do not accept the license agreement.

Mext

WAREBEB IR, WL T2,
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#ZH Windows & Bz

NI Package Manager x

Select Agree Review Perform

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 Mext

WAREBEB IR, WL T2,
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NI Package Manager {4

NI Package Manager x

Select Agree Review Perform
Review the following summary before continuing.
¥ Upgrade
NI Package Manager 19.0.0
Back Next

WRFR AR, WRl N2,
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NI Package Manager %%

NI Package Manager x

Select Agree Review Perform

Installing NI Package Manager Deployment Support

Installing NI Package Manager Deployment Support 19.0

Mext

NI Package Manager {42235 it BEAFE I 57 11 P iR B
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FamIlR
Installing LabVIEW Software for FRC
Select Agree Review Perform
Select products
[ | LabVIEW Software for FRC
PROGRAMMING ENVIRONMENTS
. . LabVIEW Software for FRC provides
4l LabVIEW (32-bit) English 2019
L { ) Englis components that help FIRST Robotics
ADD-ONS Competition (FRC) participants
LabVIEW Real-Time Module English 2019 | program robots with LabVIEW.
Vision Development Module 2019 | LabVIEW S_oﬂware for '_:RC Is a
LabVIEW Robotics Module for FRC 2019 | SOftware suite that provides software
components required to use the
DRIVERS LabVIEW programming language for
NI CompactRIO 19.0.0 | the FRC. This suite includes LabVIEW
NI-IMAQdx 19.0.0 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 Mext
M T
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Hitt

Installing LabVIEW Software for FRC

Select Agree Review Perform

Additional items you may wish to install:

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

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 DataFinder Connectivity Vls (32-hit)
LabVIEW DataFinder Connectivity Vs provide files and libraries to connect to DataFinder Server

LabVIEW Real-Time Trace Viewer
Core files to analyze timing and event data, or trace session, of VI and thread events for applications
running on an RT target.

—

LabVIEW Report Generation Toolkit (32-bit)
The LabVIEW Report Generation Toolkit provides Vis for programmatically creating and editing
Microsoft Word and Excel reports from LabVIEW.

NI Certificates Installer
NI Certificates configures Microsoft Windows to always trust software from NI. When NI Certificates

are installed no Windowe security nonuns annear for installers that have a valid Mational Instruments v
Back Select All Deselect All Mext
Mifis T2
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PRI

Installing LabVIEW Software for FRC

Select Agree Review Perform

You must accept the license agreements below to proceed.

DirectX 9.0 Functional Safety Editor Addendum VI

FIRST Competition JKI VI Package Manager
NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT

H »

CAREFULLY READ THIS SOFTWARE LICENSE AGREEMENT ("AGREEMENT"). BY DOWNLOADING
THE SOFTWARE AND/OR CLICKING THE APFLICABLE 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 (WITHALL
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

oo ouooentioce thoooo tocoon oo bobolf of oo oot scoss oo theod asoas beosan csstbhoocibie b biool tloo ookt to

This license agreement applies to the following packages: NI License Manager, NI Update Service, LabVIEW
Robotics Module for FRC, LabVIEW Runtime {32-bit), LabVIEW Runtime (32-bit), LabVIEW Runtime (64-hit),

v
A
[ |
NI Distributed System Manager 2019, NI LabVIEW Command Line Interface, Vision Development Module, v

(® | accept the above 6 license agreements.

(O 1 do not accept all the license agreements.

Back Mext

werp Rz, RIERd T2

3.2. %% LabVIEW for FRC ({X LabVIEW) 65



FIRST Robotics Competition

Installing LabVIEW Software for FRC

You must accept the license agreements below to proceed.

Microsoft Silverlight 5 EULA Microsoft Silverlight 5.1 Privacy Statement

This license agreement applies to the following packages: NI System Compaonents

Select Agree Review Perform

MICROSOFT SOFTWARE LICENSE TEEMS
MICROSOFT SILVERLIGHT 5

-

These license terms are an agreement between Microsoft Corporation (or based on where you live, one of
its affiliates) and you. Please read them. They apply to the software named above, which includes the
media on which you recerved it, if any. The terms also apply to any Microsoft

*  updates (including but not limited to bug fixes, patches, updates, upgrades, enhancements, new
versions, and successors to the software, collectively called “updates™),

o  supplements,
* Internet-based services, and

*  support services v

(® | accept the above 2 license agreements.

(0 | do not accept all the license agreements.

Back Mext

peh JeBEsz T, WIERE T8
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Installing LabVIEW Software for FRC

Select Agree Review Perform
Information about the products to be installed.
i

¥ 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: http://www.ni.com/r/vdmreadme2019
¥ 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 GigE Vision driver, click Back to return to the Select tab, and deselect the "NI-IMAQdx

High-Performance GigE Vision Driver” option.
¥ NI-VISA v

Back Mext
M T
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FIERR
Installing LabVIEW Software for FRC
Select Agree Review Perform
Review the following summary before continuing.
A
¥ Install
JKI VI Package Manager 2019
LabVIEW (32-bit) English 2019
LabVIEW Database Connectivity Toolkit (32-bit) 2019
LabVIEW Real-Time Module English 2019
LabVIEW Report Generation Toolkit (32-bit) 2019
LabVIEW Robaotics Module for FRC 2019
LabVIEW Runtime (32-bit) 2019
LabVIEW Runtime (32-bit) 2018 SP1 13
LabVIEW Runtime (32-bit) 2015 SP1f13
LabVIEW Runtime (64-bit) 2018 SP1 13
LabWindows/CVI Shared Runtime 2019
NI CompactRIO 19.0.0
NI Distributed System Manager 2019 19.0.0
NI LabVIEW Command Line Interface 2.1
NI Update Service 19.0.0
NI-IMAQdx 19.0.0 v
Back Mext
M T
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BiF#E

Installing LabVIEW Software for FRC

Select Agree Review Perform

Upgrading NI Uninstaller

Installing NI Uninstaller 19.0.0

Mext

AEETT 1 PR B B AR 2t B2

3.2.5 NI EHR%

NI Update Service

M 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

ARG R RN NI S HSS « GnT DA 5 B A 55«

B Bk FRC i # AT @ RE (FRC W%, FINEHER FIRE) 185, SRR
LEHHT .
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NI BERS

Activate Software X

Create a user account
Let's get started

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

Log in to Activate

No internet connection? Continue with offline activation

Privacy Statement Cancel

Click the Log in to Activate button.
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B3 niuserAccount X

NI User Account

Log in to continue

Email

Password Forgot password?

LOG IN

Create account >

R ER) ni.com k. WEREECAMK, 1WikPE: Create account BgE— A aghik .

3.2. %% LabVIEW for FRC ({X LabVIEW)
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Activate Software

14 licenses selected

Log Out

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 t

Enter a serial number b
Enter activation codes Microsoft Office
| Connecttoavolume licenseserver |
LabVIEW 2020 SP1 Continuous Integration System
LabVIEW 2020 SP1 Debug Deployment System

Privacy Statement Extend Trial (8)

From the drop-down, select enter a serial number

Activate Software

14 licenses selected

Cancel

Log Out

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

Learn more

Enter a serial number v Activate (1)

#H#####%# | LabVIEW 2020 Database Connectivity Toolkit
LabVIEW 2020 Real-Time Debug Deployment
LabVIEW 2020 Real-Time Module

LabVIEW 2020 Report Generation Toolkit for Microsoft Office
I 2bVIFWW 20720 SD1 Annlicatinn Ruildar

Privacy Statement Extend Trial (8)

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

Cancel
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Activate Software

Congratulations!

Activation was a success. See below for details.

8 ACTIVATED 6 REMAINING

LabVIEW 2020 SP1 Application Builder

LabVIEW 2020 Database Connectivity Toolkit

LabVIEW 2020 SP1 Professional Development System
LabVIEW 2020 Real-Time Module

LabVIEW 2020 Report Generation Toolkit for Microsoft Office
Vision Acquisition Software 21.0 NI-IMAQdx

Vision Development Module 2021 Runtime

LENSSANASNSS

Vision Development Module 2021 Development

Product Registration

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.

3.2. %% LabVIEW for FRC ({X LabVIEW)
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ERF

Installing LabVIEW Software for FRC

Select Agree Review Perform

Reboot to complete installation.

ceded in order to complete the installation.

Reboot Now

KUAPAFTITRE G, 2 LR,

3.3 %% FRC Game Tools

The FRC® Game Tools & PAF 4144
* LabVIEW Update
* FRC Driver Station
* FRC roboRIO Imaging Tool and Images

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

%ik: No components from the LabVIEW Software for FRC package are required for running
either the Driver Station or Imaging Tool.
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3.3.1 X

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

Online installer

File Size
537 MB

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

Installers Offline Installer
QA SRR (e A R e R A DU F SR 2 2 B, B ML R,

3.3.2 HFKIBEE (EF)

#Hi%i: LabVIEW HIB\C 52458, 2§ . LabVIEW H B\ Bk % :ref:docs/zero-to-robot/step-
2/frc-game-tools:installation section.

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 2022 only. Then click Start »
Add or Remove Programs. Locate the entry labeled “NI Software” , and select Uninstall.

1. It is only necessary to uninstall previous versions when installing a new year’ s tools.
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.

3.3. %% FRC Game Tools 75
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Settings - m} *
@ Home Apps & features
I T ——
| Find a setting pel |
T C300_C250 series Software Uninstall

(

L 12/3/2020

%8 CTRE Phoenix Framework

—
’i"
o
Fa
ra
=
ro

i Apps & features

E Europa Universalis 2 1.28 MB
iS  Default apps 10/22/2020
ML Offline maps Intelli) IDEA Community Edition 2020.3.2 .
3/14/2021
[l Apps for websites NI Package Manager
8/21/2021
N Video playback
n NI Software
12/5/2021
= Startup 51.0.0
Modify Uninstall
Realtek High Definition Audic Driver 481 MB
10/22/2019
snip & Sketch 24.0KB
Microsoft Corporation 9/10/2020
Visual Studio Community 2019
216/2021
Xbox Console Companion 104 KB
Microsoft Corporation 6/27/2021

EEEEHAA

TEH PR RHE T, SR A H o SRR AR ORI R e e, AR ARk 2l
MSZIRHE . S “MMBRT. SERREIARE P S MO AR R SR BT R 3 .
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4 NI Package Manager

BROWSE PRODUCTS UPDATES @ INSTALLED (@ ﬁ
Category v Maintainer v Clear Filters Products only 0 ‘
M | Name Maintainer Category Version
NI Certificates Installer National Instruments Utilities 200
NI Command Line Interface for LabVIEW National Instruments Utilities 1.0.0
NI CompactRIO - C Series Module Support 18.0 National Instruments ‘Other Software 18.00.49152
NI CompactRIO 18.0 National Instruments ‘Other Software 18.00.49152
NI CompactRIO 18.0 LabVIEW Support National Instruments Other Software 18.00.49152
NI Customer Experience Improvement Program (32-bit) National Instruments Utilities 311
NI Customer Experience Improvement Program (64-bit) National Instruments Utilities 3.1.0
NI Device Monitor 15.0 National Instruments Other Software 15.00.49153
NI FIRST Robotics Competition 2019 Driver Station National Instruments ‘Other Software 18.0.185
NI FIRST Robotics Competition Gamepad Tool National Instruments ‘Other Software 18.0.181
NI FIRST Robotics Competition LabVIEW Update National Instruments Other Software 18.0.181
NI FIRST Robotics Simulation National Instruments Other Software 18.0.60
NI FIRST Robotics Utilities National Instruments Other Software 18.0.182
NI I/O Trace National Instruments Utilities 18.0.0
NI LabVIEW 2015 Runtime National Instruments Programming Environments 15.5.0
NI LabVIEW 2016 Runtime National Instruments Programming Environments 16.5.0
NI LabVIEW 2017 Runtime National Instruments Programming Environments 17.5.1
NI LabVIEW 2018 National Instruments Programming Environments 18.0.0
NI LabVIEW 2018 Runtime National Instruments Programming Environments 18.0.2
NI Measurement & Automation Explorer National Instruments Utilities 18.0.0
v

VNATIONAL

INSTRUMENTS

3.3.3 &%

Hi%: Game Tools 237 i BE S HUR TR 2 W Bl %225 NET Framework 4.6.2., #% R4 AR5
WAEE, WIAREECSRER . REgkeic%E FRC Game Tools, H7EEHH T R L3RR T

0]

TEL
BAT M PTIAT SO AT IR 2 it fE . a3 Windows 24K, it <27,
B4k (Windows 10+)

RS T iso XM, KGR “mount”, ME L) iso 1247 “install.exe’’, 414 ¥ Windows
AR, Wil 27,
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Name Date modified Type Size
~ Today (2)
@l ni-frc-2020-game-tools_™™ =~ B Disc Image File 870,910 KB
ni-frc-2020-game-tools_| Mount Application 5,503 KB
Burn disc image
& Share
Open with...
Give access to >

Restore previous versions

Send to >

Cut
Copy

Create shortcut
Delete

Rename

Properties

#%7k: 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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NI Package Manager #TJiE

n NI Package Manager b4

Select Agree Review Finish

You must accept the license agreements below to proceed.

CAREFULLY READ THIS SOFTWARE LICENSE AGREEMENT ("TAGREEMENT"). 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.

NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT

The terms of this Agreement apply to the computer software provided with this Agreement, all updates or
upgrades to the software that may be provided later by NI as part of any maintenance, technical support, or

This license agreement ap[;lies to the following packages: NI Package Manager

@) 1do not accept the license agreement. () laccept the above license agreement.

Next

WERGEAER L, WS N7 RPEEIAER R NI Package Manager ¥l #jil.
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#ZH Windows & Bz

n NI Package Manager b4

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

W PRFFZ R A, o) Windows (/532 5288 roboRIO Jirdg i NI SKahe /vt Bl 4ksk
P FR s
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NI Package Manager iE{

n NI Package Manager X

Select Agree Review Finish

Review the following summary before continuing.

¥ |Install
NI Package Manager 2050
Back ........ Next _________

WAREHE R MR, ERd N2,
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NI Package Manager %%

n NI Package Manager x

Select Agree Review Finish

Installing NI Package Manager

Installing NI Package Manager 64-bit

Next

NI Package Manager {24 b ERFE LA 11 rHER
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B 0%k 14

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.

NI Vision Support for LabVIEW Real-Time

Provides support for deploying LabVIEW applications which use NI Vision image management functions, Image
Display controls, or image shared variables to a real-time target.

[ ] NILinux RT System Image

The NI Linux RT System Image is utility software that includes the system image required for formatting and
provisioning a supported NI Controller to run the NI Linux Real-Time OS. It is required to update the system image to
install the latest drivers to your NI Controller. The registered trademark Linux (R) is used pursuant to a sublicense from
LMI, the exclusive licensee of Linus Torvalds, owner of the mark on a worldwide basis.

Select All Deselect All Next

WAREE R M, Rd N2,

3.3. %% FRC Game Tools
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PRI

n Installing b4

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, YOU AGREE TO BE BOUND BY THE TERMS OF THIS AGREEMENT. IF ¥OU 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 provided later by NI as part of any maintenance, technical support, or
This license agreement applies to the following packages: NI License Manager, LabVIEW Runtime (32-bit), FRC Game Tools

() I'do not accept all the license agreements. (@) |accept the above 2 license agreements.

Back Next

Wk CEHEZ -, WERd 7.
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Installing LabVIEW Software for FRC

Select Agree Review Perform

You must accept the license agreements below to proceed.

Microsoft Silverlight 5 EULA Microsoft Silverlight 5.1 Privacy Statement

MICROSOFT SOFTWARE LICENSE TEEMS
MICROSOFT SILVERLIGHT 5

These license terms are an agreement between Microsoft Corporation (or based on where you live, one of
its affiliates) and you. Please read them. They apply to the software named above, which includes the
media on which you recerved it, if any. The terms also apply to any Microsoft

*  updates (including but not limited to bug fixes, patches, updates, upgrades, enhancements, new
versions, and successors to the software, collectively called “updates™),

o  supplements,
* Internet-based services, and

e  support services
This license agreement applies to the following packages: NI System Compaonents

-

Back Mext

(® | accept the above 2 license agreements.

(0 | do not accept all the license agreements.

WS B, SR T, BRI NIV

3.3. %% FRC Game Tools
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14

5

¢

&

n Installing FRC Game Tools

Select Agree

Review

Finish

Review the following summary before continuing.

¥ |nstall

FRC Game Tools

LabVIEW Runtime (32-bit)

NI License Manager

NI Linux RT System Image

Vision Common Resources

Vision Development Module Runtime

NI Certificates Installer

NI System Configuration Runtime

NI Vision Support for LabVIEW Real-Time
PX1 Platform Services Runtime

Back

midr R

2022
2020 5P1
21.0.0
21.0.0
2021
2021
21.0.0
21.0.0
21.0.0
21.0.0

Next

86
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VR

n Installing

Select Agree

Installing NI Uninstaller

Review Finish

Installing NI Uninstaller 20.0.0

BN TR, TR, SRISTESE IR . Next,

Next

3.3. %% FRC Game Tools
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NI BiERS
B3 niuser Account x
NI User Account
Log in to continue
Email
Password Forgot password?

LOGIN

Create account >

BRGAR) ‘ni.com <https://ni.com> Mk, WERGEAFMK, #EikPE:guilabel:’Create account ]
Bk
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NI Licensing Wizard
0

A valid license for the following software product(s) was not found for your acc

Enter serial numbers to activate Serial Number

Vision Development Module 2019 Runtime b O V0.0.9.0.0

WAV .

ik QRSO —IRAEZIK T BRSBTS R B KRB RO IR R .
AT LAZZE B o
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NI Licensing Wizard
0

Activation Results Result

Vision Development Module 2019 Runtime Activation Successful

R M EEE B, W& 2R guilabel: “SEEMEN” HE. ARG AL, BRFER—30R
e, GTAEE AR, AJEkdE CEmilT. WUR— YIS, Wl R
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NI Licensing Wizard

To register your products, visit and enter the info code 'register'.

By registering your products you will receive

» Convenient automatic updates

= Easier access to technical support

= Exclusive access to online training

/\\\—I:J—:l‘ « % [ﬂ 7

NI EHhR 5

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
[ chedk for updates periodically?

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

Yes No

ARG R R NI SRS . T DA B 5 B S5«

W AR FRC M HATEFAAERE (FRC 1%, BIEREOE TIRF) #3585, SN
s

e
XL T
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3.3.4 EHEHUERLE

n Installing »

Select Agree Review Finish

Reboot to complete operation.

Areboot is needed in order to complete the operation.

Reboot Now
WA IR, WA XA T AR Y R CSLRVES .

3.4 WPILib 2EIiEFRS

A45H3E T Java fl C ++ FPL. LabVIEW Hp\i] pLBk % %% LabVIEW for FRC ({¢ LabVIEW).
WA, PATHEREMEH T Windows 10, {HArG#HAERG LR . R iem K8 E R GRS,

3.4.1 kTS

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

e 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.

#xfe: 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.
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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 2023.4.3 Release - March 29, 2023 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 assets section at the bottom of the page.

Compare ~

This is the kickoff release of WPILib for the 2023 season.

The documentation for WPILib is located at ht J ilik (if you have trouble accessing this location, h f le/ is an alternate
location with the sam ntent).

If you're ne: FRC, start with

Minimum em requiremer 54-bit Wi 10 or 11, Ubuntu 2 E 1 i Newly supported this year

is Apple n (arm64)! We ha ing \ Ubuntu 20.04, and macOS 10 e uld note that Visual
Studio s now required for desktop builds. For this relea y

are working on removing this requirement in a future release. This can be done by running xcode-select --install in the Terminal.

If you're returning from a previou son, check out e to read through this, as a lot has changed from 2022! You will need a new RoboRIO
image fo this is available via the FR ools. Follow the b 0 to install WPILib.

If you're starting from a 2 robot proj you will need to i ur j to create a 2 project. The import process is important, as it will make a number of
automated corrections for some break: hanges that happened in t is also necessary to import vendor libraries ag year's vendor libraries must be
updated to be compatible with this ye:

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

'WPILib is d ) and the

3.4. WPILib 218/ 93


https://github.com/wpilibsuite/allwpilib/releases/tag/v2023.4.3
https://github.com/wpilibsuite/allwpilib/releases/tag/v2023.4.3
https://github.com/wpilibsuite/allwpilib/releases/latest/

FIRST Robotics Competition

3.4.3 BEREZRERF

YT # WPILID 3¢ P if, X1 Windows , ‘BAFMREEIE S is0 43 %5 X Linux, ‘E{fh.tar.gz
g% X MacOS, Efflh DMG 7%

Windows 10+

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

Tomaorrow (1)

WPILib Windows64-2020.3.2.is0

Burn disc image

Edit with Intelli) IDEA

T-Zip

CRC 5HA

Scan with Microsoft Defender...
* Share

Open with...

Give access to
PowerRename

Restore previous versions
Send to

Cut
Copy

Create shortcut
Delete

Rename

Properties

1. 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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Burn disc image

Edit with Intelli) IDEA
7-Zip

CRC SHA

Scan with Microsoft Defender...
* Share

Open with...

Give access to
PowerRename

Restore previous versions

2472020 1:49 AM Disc Image File 1,340,386 KB

Open archive

Open archive

Extract files...

Extract Here

Extract to "WPILib_Windowsb4-2020.3.2\"
lest archive

Add to archive...

Compress and email...

Add to "WPILib_Windows64-2020.3.2.is0.72"

Compress to "WPILib_Windows64-2020.3.2.is0.7z" and email
Cut Add to "WPILib_Windowsb4-2020.3.2.is0.zip"
Copy Compress to "WPILib_Windows64-2020.3.2.is0.zip" and email

Send to

Create shortcut
Delete

Rename

Properties

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

1. 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.

macOS i Faf A T E) “DMG, #R)5k#: “WPILibInstaller’’ PAR I HFERF .
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B wriLibinstaller

R

WPILib_Mac-2020.3.2- WPILiblInstaller
artifacts.tar.gz

Linux

Linux i P RRE4H F #09.tar.gz, 4 Ffish WPILibInstaller. Ubuntu 3¢ 3 Ay il 5 3
W, R R 2T E . ELRE T T @ s, MRS ©<version>” Bl Biahg
i

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

3.4.4 FIRHERR

FIOT LR IG , FFRRVA T ke, 4kgifik: Start.
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@ weiLib Installer — O X
Welcome to the WPILib Installer!
Version: 2022.1.1-beta-4
Start
@ weiLib Installer — O X
Select the install mode you would like.
Tools Only
(®) Everything
Install for this User Install for all Users
Back
3.4. WPILib %35 97
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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.

BRI, B P&2E” F Mg P 2sE” . I P2 R H 22 28 e 24w ik - L
I HARFEA T GRS, NPT P 2etdes TR g R0 PGS S8 T B . A FTa
LA macOS il Linux fy3E .

1 Ifyou select Install for all Users, Windows will prompt for administrator access through
UAC during installation.

VPRI A AT, ARJSRF SR AR 223 B
T A K N VS Code, ASERZ, mTHAEM, VS Code Joik 526 e PN E—i&

@ weiLib Installer — O 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.

VS Code already Installed. You can either download to reinstall, or click Next to skip

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

Create V5 Code zip to share with
other computers/OSes for offline
install

Select existing VS Code zip for
offline install on this computer

Back Next

* Download for this computer only
- AT EAEF-ER VS Code, X g/ T
» Skip and don’ t use VS Code
- Bhad 2 VS Code. Xt st BARA .l AR
* Select existing VS Code zip for offline install on this computer

- BERRIETUR R R, AR SRR P BRI C T i VS Code JEHTSCHE. kTN ZIE
BAENLES EVEE— T 2% VS SRR .
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* Create VS Code zip to share with other computers/OSes for offline install
- BT T PG NI ERAE VS Code [EIAS, SO L e i P al AR A .

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.

| @ WPILib Installer _ 0 >

Installing documentation/cpp/drake__assert_8h.js

Extracting

Cancel Installation

LESEMUR R R SE U S
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@ weiLib Installer — O X

Finished installing! Press finish to exit.

Open Known Issues

Open Changelog
Use the WPILib VS Code desktop icon to start VS Code.

Finish

F%: 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!

N, BRITEALEE 2% WPILIb JFAFREIM TR 258 MR 2R AR -

3.4.5 £EF
FE A R G WS i A B R e 2%

macOS

AT, LRFEFHFTIF WPILib VS Code ¢3¢, ¥+ VS Code W HFEFHEEIY g . M s
WPILibInstaller w4 .

Linux

Kool A fy Linux (fi40 Ubuntu 20.04) ZORGIK T RmRE 530088, A R miEbs, K5
VPR ALVFIE SN .
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Open
FRC VS Code

2021.desktop Open With Other Application

Cuk

Copy

Rename...

Move to Trash

Allow Launching

Properties

Show in Files

#%1: 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 (not VS Code), macOS requires Xcode 13 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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Installing — Visual Studio Community 2019 — 16.6.0

Workloads Individual components Language packs Installation locations

Editing, debugging, interactive development and source W Build sealable network applications using Node js, an Installation details

control for Python. asynchronsus event-driven JavaScript runtime.
v Visual Studio core editor

The Visual Studio core shell experience, including syntax-
X aware code editing, source code control and work item
Desktop & Mobile (5) management.

.NET desktop development Desktop development with C++
'J Build WPF, Windows Forms, and console applications using Build modern C++ apps for Windows using tools of your
C#, Visual Basic, and F# with NET Core and .NET... choice, including MSVC, Clang, CMake, or MSBuild.

with €2, V2, or optionally C++. Windows using Xamarin.

Universal Windows Platform development Mobile development with .NET
Create applications for the Universal Windows Platform Build cross-platform applications for 05, Android or

Mobile development with C++
Build cross-platform applications for 08, Android or
Windows using C++.

Gaming (2)

éﬂ Game development with Unity fﬂ”\ Game development with C++
Location System drive (C) 750 MB
C:\Program Files (x86)\Microsoft Visual Studic\2019\Community Change... Other drives 199 MB

Total space required 948 MB

By continuing, you agree to the license for the Visual Studio edition you selected. We also offer the ability to download other software with Visual Studio. This software

is licensed separately, as set aut in the 3rd Party Notices or in its accompanying license. By continuing, you also agree to those licenses. Install while downloading ~ Install

3.4.7 ZRTHA?

FHL 2R P 222 AR AL

* **Visual Studio {08 **-52 5719 IDE, @ HF 2019 K@ AR AUEIT &, RIERRIT
AL B2 %% T VS Code, BHLZEHAE ¥ty WPILID JF AR E Al VS Code B4, XA
o2, AR VS Code MIFHAWTIH , Wl WPILib 2R b A 1 2 L8 4 B n] g S iR
A 1 TAERAR

o FKC ++ GiiEds M TN roboRIO ## C ++ fUhS 1 T 2 4%
* ** Gradle **-J THy/#F C ++ o Java Pl MU Gradle [ A

* **Java JDK/JRE **.Java JDK/JRE [45E A, T Java Hlas MU LT ET Java
T.H (Dashboards %%). ES{LMBLAR JDK 248377, AL JAVA_ HOME Zght

e WPILib Tools - SmartDashboard, Shuffleboard, RobotBuilder, Outline Viewer, Path-
weaver, Glass, SysID

o * WPILib {5l **-OpenCV %
e *¥*VS Code Extensions **-fF VS Code Aty AMCHSFF &1 WPILib § &
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3.4.8 H§&

WPILib BAEFEAR AR 22 BRI SO, PRIATE e 44 1) WPILiD 2 B 2A HI2 AT A . (5
&, WERFGE, WLAGH LA #EIZK WPILib,

Windows &%;

1. Delete the appropriate wpilib folder (c:\Users\Public\wpilib\YYYY where YYYY is the

year to uninstall)

2. B “C: Users Public Public Desktop’’ ) & E AR

7|‘rEl

3. MBRERARIASG
- IR
- PR R (1),
- AEF AR

. JEH “frccode’”’

SREH, EAFREE, ARG

W (2),

1

2

3 g igmiE (3).
4. | “roborio bin“i#%&fFikie (4), SRJ5HF Delete
5 HeRepkiE, A5 Delete (5).
6.

“RGURE” BEEE S 3-6,

Computer Name Hardware Advanced System Protection Remote

Youmustbe logged on as an Administrator to make most of these changes.

Performance

Visual effects, processor scheduling, memory usage, and virtual memory

“OhE RGN AL

AR ELY

H

Settings.. User variables for Joe
User Profiles Variable Value
Desktop settings related to your sign-in OneDrive C\Users\Joe\OneDrive
OneDriveConsumer C\Users\Joe\OneDrive
Seftings.. 2 Path C\Users\Joe\AppData\Local\Programs\Python\Python37-32\...
TEMP Ch\Users\Joe\AppData\Local\Temp
Statup and Recovery TMP Ch\Users\Joe\AppData\Local\Temp
System startup, system failure, and debugging information
Settings..
New. |3 Edi. Delete
1 Environment Variables
0K =
C\Users\Joe\AppData'\Local\Programs\Python\Python37-32\5cri... New
»
Ch\Users\Joe\AppData\Local\Programs\Python\Python37-32 _\crnd.exe .
C\Users\Joe\AppData\Local\Microsoft\WindowsApps Edit Drlvers\prlverDaTa .
C\Users\Joe\AppData\Local\Microsoft\WindowsApps Ent?\Nanomal Instruments\model_opti...
C\Users\Joe\AppData\Local\Programs\Python\Python37-32 Browse. ¥ational Instruments\Shared\ExternalC...
Ch\Users\Joe\AppData\Local\Programs\MiKTeX 2.9\miktex\bin\x...
C\Program Files (x86)\Graphviz2.38\bin 5 Delete . .
CAProgram Files\LLVM\bin ents\National Instruments\intel_model... o
4 C:\Users\Public\wpilib\2020\roboric\bin
C\Users\Public\wpilib\2020\frccode New. Edit... Delete
. Move Up
ChUsers\Joe\AppData\Roaminginpm
Move Down
0K Cancel
Edit text...
= s
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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 #fEHRR

U0 22 AR P R M, A B R I B T AT T SO R L. ‘it Ab <hittps://github.com/wpilibsuite/
wpilibinstaller-avalonia>‘_ f2fitfE#z. 22 P TEAE DRI B S M, 5 7 SR 190 AL i W] v R 1A %
BRI AR B o

3.5 FT—4%

NER! BOATEWMTE 2 %, BENIZC LW AVE I L5 RBFEEEE 3 26743 afay 5855 i
1, PAEXS H T4, misE 4 BWJR/R 71 VS Code £ &5 (IDE) spxidlas N4t A
*W2{ER, fma]pliEEsref:'VS Code section <docs/software/vscode-overview/index:VS Code
Overview> ‘DA% IDE.,

FES P AR AE SO
* Visual Studio Code # #
* Visual Studio Code ¥ #9 WPILib 44~
* RIEMEALF
o MEARFZNEAND
s REF =T

BEAh, fEn] RETE BEUEATIE T AMILES AR BRANEC L o 315 0] 4R R R b B SO

ik GEAEE =0 CAN supLas il 25 1 1 BA3 55 o 1] e:ref: 2 % % =% B <docs/software/vscode-
overview/3rd-party-libraries:3rd Party Libraries> —3r, [ ki 65 45 47 5 ¢ 10 52 240 A0 25
.
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4.1 Imaging your roboRIO 2

t#i1:: 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.

#i%¥: 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.
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g e: 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
Distribution Panel or REV Power Distribution Hub. Make sure the power wires to the
roboRIO 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, some-
times 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 roboRI02 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 Firrnware

Select Image
FRC_roboRIO_2022 vZ.2.z1p
FRC_roboRIO2_2022 v2.2.zip
FRC_roboRIO2_2021_v3.0.zip

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

t#i1: 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.
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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

Writing the image with Raspberry Pi Imager

* Download and install from Raspberry Pi Imager.

* 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

gt 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.

4.2 Imaging your roboRIO 1

e YENARE) roboRIO 1% 2 i, , VR 5E :doc:'FRC Game Tools</docs/zero-to-
robot/step-2/frc-game-tools> ‘({2 5. R 0A %4 roboRIO Hi i IF fff M 1% 42 2 e B AR L. 47
roboRIO IR R E [, I HEz N G E & 4F roboRIO | (JLkudr 4 PMRET).

i The imaging instructions for the NI roboRIO 2.0 are here.
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& FRC roboRIO Imaging Tool - Version 22.0b14 — et
roboRIO Targets Team Number
I roboRIO-6391-FRC .A 0391

(@ Edit Startup Settings
O Format Target

W () Update Firmware
System Information Startup Settings
MAC Address 00:280:2F: 1T:E4:42 [ ] Enable Conscle Out
Current IP 10.63.91.2 [] Disable AT Startup App
Current Image FRC_roboRIO_2022_v2.3
Firmware Version &.0,0f1
Rescan Apply Close

4.2.1 fE roboRIO

roboRIO Fifg T HFHH T 719 roboRIO iyt
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USB #E#

INPUT
7-16V —
45 W MAX
CAN
M L(GRN) POWER

M H(YED STATUS

RADIO
COMM
MODE

12C

RSL

@ NI roboRIO

TXD

‘7 NATIONAL X
' INSTRUMENTS Z‘,.L_%
ACCELEROMETER

RELAY —/ ANAL IN
T o 1 RESET  USER ' T
S | =

(Y

+f USB #i4i M\ roboRIO USB i I #E 2 AU . X752 USB A U2k (Wi PC i) 2| B 342
S OERUIE 2 AMARIETE) Bdi. % ILAATEIPL USB g%k,

#ik: roboRIO W HAEEIE USB BHEITHE T A NHEUAEZE ARG PAK R £ .
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IRzhR IR

BRI Y. A ST IR 2 . AREHERRA A T T B S A “Brises” #e, S Rilshifer 258
JE kL .

4.2.2 BEHHREIR

L

NI AKX

magingylooi

roboRIO MR T HANFHBECHE NI FRC | reg | 22, itk TH . Xl ifi B HREET 05 shg
TH. aREAEX roboRIO BEAT UG B R HXE, W AT REFR sl i Rz AR, ARG DAE PO B

friats.

%2 The roboRIO imaging tool is also located at C:\Program Files (x86)\National
Instruments\LabVIEW 2020\project\roboRI0 Tool

110 Chapter 4. % 3 ¥ H£EZIREGHLEA



FIRST Robotics Competition

4.2.3 roboRIO & TH

u FRC roboRIO Imaging Tool - Version 22.0b8 — X
roboRIO Targets Team Number
P boR10-330-FRC A 330

() Edit Startup Settings
(®) Format Target

v (O Update Firmware
System Information Select Image
MAC Address 00:80:2F: 17:FB:93 FRC_roboRIO_2022_v2.2.zip "
Current IP 172,.22.11.2
Current Image FRC roboRIO 2022 v2.2
Firmware Version 6.,0,0f1 v
Rescan Reformat Close

A3l , roboRIO §ifg THIF# A 1) roboRIO, F4E/: B At H s Br 7 45 ) roboRIO. AR
J5 FIHERE 7R 24 Tzt roboRIO MyfE BB E . A MmE LS T TEE roboRIO BE A

* Gk e -2 I E roboRIO fyHZhi E (F &% P IYBCE) A roboRIO fBHZI,

o g e
. Fﬁfﬂ:ﬁﬁ-%@%ﬁ roboRIO bz g (SCEBHIHTBUA R ) I e i, 3302 B I iy
priicE N

© W PR R T T 308 roboRIO [ fF. XY, BUR TRAFFE 2 roboRIO FEfFHAN 5.0
B AR
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EHE
! FRC roboRIO Imaging Tool - Version 22.0b8 — *
roboRIO Targets Team Number
orz=xn @) SN 3 E=

(O Edit Startup Settings
() Format Target

v @ Update Firmware
System Information Select Firmware
MAC Address 00:80: 2F: 17:FB:93 o roboRIO_6.0.0.cfg A
Current IP 172.22.11.2
Current Image FRC_roboRIO_2022_v2.2

Firmware Version 6.0.0f1

Rescan Update Close

roboRIO [H{Fu625i %0 v5.0 A REMIH 2019 B S AR A A . 412R roboRIO KA 2/ 5.0 (4
WAR TR TITBR), MICHEEH .

FLH T roboRIO [#H /{4
1. R RAEZE E T ks hde s T 5T 20 roboRIO.
P vl 1L Eb v i T G
e “HIB\Gw'5 " HE i A G 131 A g =
AR 5 e B i [ SO
sile CERTT

o & Wb
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4.2.4 %1% roboRIO

u FRC roboRIO Imaging Tool - Version 22.0b8 — X
roboRIO Targets Team Number
er=nr () N

() Edit Startup Settings

9@ Format Target
W O Update Firmware

System Information Select Image

MAC Address 00:80:2F: 17:FB:93 FRC_roboR10_2022_v2.2.zip "
Current IP 172.22.11.2

Current Image FRC roboRIO 2022 v2.2

Firmware Version 6.0.0f1

©

Rescan Reformat Close

- WRPRAEZE B kg ik $E T roboRIO
- AEAT T AR PR “Rs L E AR

- TERE P A T B\ g 5

- TERE PR RORT I B AR AR o

R CERTE LT DAITFIRE A B

O s W N -
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4.2.5 BNEKRILE

n FRC roboRIO Imaging Tool - Version 22.0b8 — X
roboRIO Targets Team Number
P oboR10-330 FR( R e

() Edit Startup Settings
(®) Format Target

v (O Update Firmware
System Information Select Image
MAC Address 00:80:2F:17:FB:93 FRC_roboRIO_2022_v2.2.zip i
Current IP 172,22,11.2
Current Image FRC roboRIO 2021 v3.0
Firmware Version 6.0.0f1 v

Re-Imaging roboRIO target
I Rescan Reformat Close

BANBGE R AT 3-10 438 6 07RO B AR R 7R HERE .

4.2.6 SNERTR

g - [ 23]

The reboRIC image was successfully
updated. TheIP address of the roboRIO
device is172.2211.2, The hostname is
roboRIO-1-FRC,

You must deploy code to use the robot.
e

FBREAZMG, BN ZSED ERXHIHE. REE, R5REA T AR AR A BB TH.
M CHEE? IR RSI roboRIO,  PAGEH AT B\ S 52 -
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4.2.7 HPEHERR

W FETEERT roboRIO HEATHEM, W HERR A BR (145 -
o SAPVE LG B 03217 roboRIO Fifg TH, Jyk@d i st EAr AUSEIE .

o XM PSS VAR AE http://172.22.11.2/ 7517 roboRIO R 5T, FFEik NI ¥ 2% 3E F e 15 Hh B
TEFEHITA I I 4B T PR . ARAR B, W22 E %% NI FRC Game Tools siZz i i 1] 4
fib PC.

e s ref: ZE AP H E N % i€ i B <docs/networking/networking-introduction/roborio-
network-troubleshooting:Disabling Network Adapters>

* BRI KEEE M.

o WAREMA AT AP R A AR AT (Y- ), LR B ] 7SRRI TR S Ay
AITEHL (S AL PC).

o FRASEAAE R 5 BB, 24 roboRIO 5|5 2R,
» Try a different USB Cable
o S A ik

3 ARBIERHBRRE

A5 w R 1) & s anfe i i FRC®Radio Configuration Utility {4k Bl B HLas AR CZiE i, RAE
FRC e /MEH o

4.3.1 &1TEE

FRC f h A HL T T FL 0 4E 0 SRR RTS8 T 22 11 SR B R (A
e AR PR DR PO AL, W AT RER SR ) - WREE L, Sl E K s tT.
MPAFHERE T #HscBy FRC & A3l B T2 AR -

FRC Radio Configuration 23.0.2

FRC Radio Configuration 23.0.2 Israel Version

#ii: b _IL RASE T A@SIAIEN . S TR REFE A @A G, Ht s — M 2R fFiER OMSPAC
AR o
TETF AR G ML AR PF 2 1 -

1. 2R A LR & iE L 3

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.

4.3. {IREIEHERE 115


http://172.22.11.2/
https://firstfrc.blob.core.windows.net/frc2023/Radio/FRC_Radio_Configuration_23_0_2.zip
https://firstfrc.blob.core.windows.net/frc2023/Radio/FRC_Radio_Configuration_23_0_2_IL.zip

FIRST Robotics Competition

H: OMOSP-AN Al AC i/ 5 D-Link DAP1522 #HRyA IS, HEENE 12V glids. f5i
HisiERES] VRM _Efg 12V 2A 30 (051 IER) .

4.3.2 A%

EINEOL T, the Radio Configuration Utility £ /7R X) it #8251 79m e, PAXT I A Jo 2642 10 B o B Hh 4%
By sLiti 4Mbps SRR Hl. FEFRERE (AP #i:0) T, XREE, MARENHPRRG . XERE
FEOUR AL B 2 H PR R

A rE e Windows 7. 8 F1 10 LT 7 illik. BW DAMEHAMEAERSE Bizdr, (HRLE I,

EiThiE

WiFi || Eth Link || Power WIFi [| Eth Link ]| Power
\ IS \ i\ ¢

= ..-P-.: = |;-

= —

—

.
R\

T ﬁ :: -

T ——

=
BATH, “BEHASECE TH” 2@ ) E i — SOl e B B s b . 2X0E H T A AR B % R
v (BIEFELLTERT) o X LLfLEfdE:
o Yz IP 5 “10.TE.AM.17
TEA LA TP, 192.168.1.17" DL # k4R
M im0, DAfS s 11 B4 A
gL T LED Bi#E.
oLk i M SERR I AMDb /s (AT fesE AR RE )

A TR AL SERH QoS KU (52 Py B G DX HL ok 1 4 2 2k )4 5 R o D) 25 iR L i ) o X
LERLI) 2 -

- Hlgs AgshlFeRs (UDP“111077, “1115°°, “1150°7)

- Hlgg N\ TCP & NetworkTables (TCP 1735, 1740)

- R (A HAb ) . (CASREE A SRR, L)
DHCP flegs#sCia . ffh:
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- B&MY “10.TE.AM.117 -“10.TE.AM.111"°
- kM “10.TE.AM.138°" -“10.TE.AM.237"’
- PR “255.255.255.07°

- sk “10.TE.AM.255""

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

MAEZ
* SSID "] RELEMIBAG T GBI I—A> “Plas A28, DA > 24 M %%
* FTRAJS BT A e T AT B 85 KA (AT RAEE 3 T Mk R B iy s 11 )

B AT ULE.

4.3.3 RRIBHF

e Creug et b Ew Vi o
! IlFRC_Radio_Conﬁ uration_10_8_15.exe 10/8/2015 1:50 PM Application

o g9 PP
#%' FRCicon_RGB_Border.bmp 2/20/2015 1:27 PM Bitmap Image

Mt “FRC_Radio Configuration VERSION.exe’’ JHzhZeEETF . f IR SEiZe%E .,

QSR A 2% Npeap, W 23 (1% 20%5¢ Npcap. Npcap 2Ryt 512 TRl B 2R R
TEAE . SR %FIX LE I OR B R (L

4.3.4 mEEBRe

. FRC FMS Robot Simulator
. FRC Radic Configuration Utility
83 FRC Radio Configuration Utility

(E TSI T N ® YIRS W = i e o

20 WS E IR ERAE Y, W23 “C: Program Files (x86) FRC Radio Configuration
Utility’” . ¥ 32 fiitEHL, 4%k “C: Program Files FRC Radio Configuration Utility’’
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4.3.5 MEHTMEER, BRFEFNRGHTEY
r'@:‘ User Account Control |1

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

Prograrm name:  FRC Bridge Configuration Utility.exe
Publisher: Unknown
File crigin: Hard drive on this computer

(v) Show details | Y D“J[ No |

Change when these notifications appear

b

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

4.3.6 EEMEKEDO

P lal
eros . ==

Please select a network interface using the drop down box below.
[fno nelwork interfaces are listed, connect the wireless bridge to the computer and click "Refresh”

| Refresh o
@. QK J [ Cancel J
=]

(o 560 7 ) R A P T 5 B A 5 B KIS 1. 72 Windows T8 L, DARKEE Fs # kR
CARHTERE” . AR TCIRN I I oA R (Y e s AT A A

Lo ARARI ALK B 1T, i By “RlBr PABCE R T % 0
2. WTHIBR PR R 1
3. FdE .

Wireless MNelwork Connection 2
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4.3.7 Open Mesh E i8R

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.

USRS s B, ik 2

i Radios used in 2019/2020/2021/2022 do not need to be updated before configuring,
the 2023 tool uses the same 2019 firmware.

4.3.8 J% FRC E#n#Z Open Mesh Radio

-

4 FRC Radio Configuration Utility =RECH X
File Tools Help
Team Number: 0 Robot Name:
WPA Key: Firewall: O
Radio: BW Limit: ¢
I -
Mode: |2.4GHz Access . % Load Firmware |
{l - |
iﬁ, -
Yo
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 Litility: Select OpenMesh
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™ buiton.
5) Press "Configure”, the process should take 15-60 seconds 4) Follow the on-screen prompts.

AR EFRZME FRC B0 (SREEHdi4), WATLA#E A FRC Radio Configuration Utility /7471
o

Lo 458 LA 2R, BB e B AR e 1

2. BRPRAE “R&H” TR TS T “Open Mesh radio”.

3. Wi PR vl AR MRS PC.

4. Yot hari . (AR PoE ML, WRILARFLAKIMAM PC E#CF, X EA)
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5. f& R ET A
6. PRI, AR AR R A AR R AR SE R R

it WRFEENA K NPEF ARG, 5288 B T i e % th 42 10 G O ASMR BT AT TE e - 4
RAREN—AVERCAS, W% THRM s . AREZEE, WEREAM%GERE .

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
setting to “en us” as described on this page.

4.3.9 EFFLkEMRERN

-

£ FRC Radio Configuration Utility O | B |-

File Tools Help

Team Number: 0 Robot Name:
WPA Key: Firewall: U
Radio: |OpenMesh © BWLmit: ©

Mode: (2.4GHz Acce;s point |€)) | » Load Firmware |
. __Configure

ﬁ:
A (e

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

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

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™ buiton.

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

IS I R ESiie A L e e 2

2. WEFEPCEA ARG TR RO, BOARESF 2.4GHz A Rl 208 1. AR T LR
Wi, W SGHz AP #550, [ROAEVF 2 ERliH SGHz KA 5 b -
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4.3.10 %IBFEIR

[ |

£y FRC Radio Configuration Utility = | O |
File Tools Help
Team Number: 0 Robot Name:
WPA Key: Firewall: U
Radio: OpenMesh o/  BWLimit: @
Mode: |2.4GHz Access Point v/ | & Load Firmware |
. __Configure |

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 Ethernet port shown above. 1) If Radio Config Utility: Select OpenMesh

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.

I ERME VR R 2 BRI , (H2, G0 BEA BEAT WP 7 38 H i SGX S 1 -
1. BLasa R X2 — DA, MOmEB a6 r SSID. X W] DAYHA 21~ HA HH R B4 51
BIZg, I HASRREIE I 43 B AT
2. Wi kHE: AP OHE , TIRRE TGk R B KR B 22 FRC P B FAFTERIB) KOBE Y D BELAG . A
KIFTo H S, 2R FRC Tt
3. BW Limit: Ifthis 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.

Friks B ORI SEIR G OGE M T Open Mesh ids. X 2epemixt D-Link o2kt FEAL.

Bt B IR RRTURE G AR e BRI BT Ak . KRR B TS, R ICIA R E A
o XA TFARY ELBE il BEAFAE Y 3 B AR ]
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4.3.11 FirEELE

-

w3 FRC Radio Configuration Utility - - =R X

File Tools Help

Team Number: 0 Robot Name:
WPA Key: Firewall: U
Radio: |OpenMesh v/ BWLimit:

Mode: |2.4§Hz Access Point 7| | * Load Firmware
. __Configure |

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 Liility: Select OpeniMesh

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™ buiton.

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

.

¥l

R BEAE ERO UL RS OIS, S AR BRI E IR, RRTT IR E R . XS frm Ui 2 oA T
SR, DAVERCHT Vet B R A A
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4.3.12 FiETE

File Tools
Checking for bridge at expected ihgaéldressas
—

Configuring computer IP address
Chacking for brid-gu at expected IP@FBzaes

Radio: DAP1522 RevB Mode: 2.4GHz Access Point -

DO NOT USE AT FRC EVENTS

TERABCE LR, %E R
L. YRTEAERA T IR
2. WCE AR SRR
3. FHACALL, FraEITrI K.
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4.3.13 BIETRH

File Toaols

Verifying bridge settings

Configuring computer IP address
Checking for bridge at expscted IP addresses
Bridge found at default IP address
Resetting bridge

Checking for bridge at default IP address
Bridge found at default IF address

Configuring bridge mettings
Beconnecting to k

Verifying bridge

Team 1995 bridge programmed successfully

Radio: DAP1522 RevB v Mode: 2.4GHz Access Point ~

DO NOT USE AT FRC EVENTS

He B 5 I -
L. FEXHEHERT i -
2. fEEE N B OK e DAIR ] 21135 & e o
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4.3.14 EIEEIR

File Tools

Checking for bridge at expected IP addresses

Configuring computer IF address

Checking for bridge at expected IP addresses

Error

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

o Bridge programming failed: Could not locate bridge

| If this error still occurs after the above conditions are met,
i try power cycling or manually resetting the bridge

Radio: DAP1522 RevB v Mode: 2.4GHz Access Point -

DO NOT USE AT FRC EVENTS

[

WARAERCE AR T A A AR TR, T IR RIS A AT I B
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4.3.15 #rEHRR

MR A A 4 E LR

BPRSER RAE RIS TR], SERRHE S IT PR R RS 10 B0,

TOREHA IERR M 23 10, FF B R R Ja e T — .

Make sure your firewall is turned off.

HEMTTENIEA TR, F ORI H AR #8  AK M 2R3 2 3R
PR DA I 2 48 A e i T Ay e 2 HL VR AL ) i 11

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.

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.

If all else fails, try a different computer.
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5.1 Creating your Test Drivetrain Program (LabVIEW)

41z 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.
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5.1.1 Creating a Project

2 FRC 2023 Getting Started - X
File Operate Tools Help

LabVIEW"

continue Last Session Utilities Resources
EE roboRIO Installation LabVIEW Training
Templates
balena Etcher SD Burner Installed Tutorials
ERIEE e " CTRE Phoenix Tuner Online Tutorials
N3 FRC Dashboard Project " Radio Configuration NI Support
- " REV Hardware Client Installed Examples
“.;,: Phoenix Tuner Online FRC Examples
Recent Projects Lab¥IEW Manual
&) Community Content
2023 Ball Shooter Simulation.lvproj
el Balena Etcher SD Burner

fe) ..abVIEW Mecanum Maze Simulation.lvproj

FIRST
MHOBO‘HCS
COMPETITION

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

WPILib LabVIEW Math
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5.1.2 Configuring Project

2 Create New FRC Robot Project x
Select project name, folder, and IP address IBQ- Project: Robot Project.ivproj
Project name 1 N My Computer
2022 Robot Project o =+ Jilly RT roboRIO Target (172.22.11.2)

4 [J Support Code

-r [J Team Code

Pl = Autonomous.i
Begin.vi

Disabled.vi

Finish.vi

Periodic Tasks.vi
Robot Global Data.vi

Project folder
C:\Users\Joe\Documents\LabVIEW Data\2022 (=

Robot Project 9

Team number

330 e

@® Arcade Drive e sﬂ. Teleop.vi
: Testvi

(0 Command & Control % P — A . :

' L |ml Vision Processing.vi
(O Learn LabVIEW: Mecanum Maze Simulation =l Robot Main.vi
(O Learn LabVIEW: Ball Shooter Simulation +. = Dependencies
O Lear LabVIEW: Romi Robot i # Build Specifications

< Back Mext > Finish Cancel Help

Fill in the Create New FRC Project Dialog:
1. Pick a name for your project
Select a folder to place the project in.
Enter your team number
Select a project type. If unsure, select Arcade Drive.
Click Finish

o & Wb
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5.1.3 Running the Program

File Edit View Project Operate Tools Window Help File Edit View Project Operate Tools Window %;
e k_—'}'a B ke | GRE~ & ( || |15ptApp|icationFnr1& 2 St

[l *5 D &
| ltems  Files g o

A Project: 2022 Robot Project.lvproj
B My Computer

- JEE, Target (roboRI0-330-FRC.local)
4 [J Support Code

i+ ) Team Code

= ExIm @) Enable Vision

i o | -
=" Dependencies

- ‘% Build Specifications @

ﬁ FRC Driver Station - Version 22.0b8

TeleOperated @ Elapsed Time 0:00.0

Autonomous 12.11V
oractice - PCBattery

-
Test PCCPU% W

||r--1--[!r

[ e B

Team # 330

Communications =
Robot Code
Joysticks
Window

No Robot

@ Team Station Red1 Code

1. 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 VL.

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 VlIs, 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.
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5.1.4 Deploying the Program

n 2022 Robot Project.Ilvproj - Project Expl... - O X
File Edit View Project Operate Tools Window Help

oX=1" ML IR X

ltems  Files

- &l Project: 2022 Robot Project.lvproj
i ] My Computer
= i, Target (roboRIO-330-FRC.local)
# [J Support Code
i [ Team Code
., Robot Main.vi
" Dependencies
&, Build Specifications

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.

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

Once everything is installed, we’ re ready to create a robot program. WPILib comes with
several 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.

#%¥: This guide includes code examples that involve vendor hardware for the convenience
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 similar
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

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

: Create a new project

- Upen WHELLID Relp

C++: Refresh Gradle C++ Properties

: Build Robot Code

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 0nple or Template) @ @

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

Select a new project falder

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

Enable Desktop Support Il

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 & Q)

The elements of the New Project Creator Window are explained below:
1. Project Type: The kind of project we wish to create. For this example, select Example
2. Language: This is the language (C++ or Java) that will be used for this project.

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

4. 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
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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.

P

Any errors in project generation will appear in the bottom right-hand corner of the

screen.

5.2.

2 Opening The New Project

Visual Studio Code X

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

Yes (New Window) MNo 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 Ctr1+K then Ctr1+0 (or just
Command+0 on macOS) and select the folder where we saved our project.
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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 files, we recommend to continue in
restricted mode as the files may be malicious. See to learn
maore.

C:\Users\Joe\Documents\Robotics\RobotBuilderTestProjectCpp-
Imported2822Alpha3

Trust the authors of all files in the parent folder 'Robotics'

Yes, | trust the authors Mo, | 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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File Edit Selection View Go Run Terminal Help [Extension Development Host] - Robotjava - GettingStarted - Visual Studio Code

@ EXPLORER W WPIL Robotjava X
> OPEN EDITORS 5 E (L R
' GETTINGSTARTED
> .gradle

> .wvscode

> wpilib
> build
> gradle

Vv src\ main

> vendordeps
.gitignore
build.gradle

= gradlew
gradlew.bat
settin:

WPILib-License.md

PX(@), new PWMVictorSPX(1));
w Joystick(e);
new Timer();

> OUTLINE . .
oid robotInit() {
> JAVA PROJECTS

®oA0 Ln1,Col1 Spacess2 UTF-8 CRLF Java ¢ JavaSE-11 WPILb & 0

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.

i No C++ configurations. Yes to refresh.

5.2.4 Imports/Iincludes

PWM

Java

import edu.wpi.first.wpilibj.TimedRobot;

import edu.wpi.first.wpilibj.Timer;

import edu.wpi.first.wpilibj.XboxController;

import edu.wpi.first.wpilibj.drive.DifferentialDrive;
import edu.wpi.first.wpilibj.motorcontrol.PWMSparkMax;
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C++

#include <frc/TimedRobot. h>

#include <frc/Timer. h>

#include <frc/XboxController.h>

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

CTRE

Java

import edu.wpi.first.wpilibj.Joystick;

import edu.wpi.first.wpilibj.TimedRobot;

import edu.wpi.first.wpilibj.Timer;

import edu.wpi.first.wpilibj.drive.DifferentialDrive;
import 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>

REV

Java

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

import edu.wpi.first.wpilibj.TimedRobot;

import edu.wpi.first.wpilibj.Timer;

import edu.wpi.first.wpilibj.XboxController;

import edu.wpi.first.wpilibj.drive.DifferentialDrive;

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>

Our code needs to reference the components of WPILib that are used. In C++ this is accom-
plished using #include statements; in Java it is done with import statements. The program
references 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).
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5.2.5 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, m_
—rightDrive);

private final XboxController m_controller = new XboxController(0);

private final Timer m_timer = new Timer();

/**
* 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);

}
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

frc::PWMSparkMax m_left{0};

frc::PWMSparkMax m_right{1};

frc::DifferentialDrive m robotDrive{m left, m right};

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

};

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);

(BT )
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(F £ 50

private final Joystick m_stick = new Joystick(0);
private final Timer m_timer = new Timer();

C++

public:

Robot() {
m_right.SetInverted(true);
m_robotDrive.SetExpiration(100 ms);
// 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_timer.Start();

private:
// Robot drive system
ctre::phoenix: :motorcontrol::can::WPI TalonFX m left{1};
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;

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);
private final XboxController m controller = new XboxController(0);
private final Timer m_timer = new Timer();

C++

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;

The sample robot in our examples will have a joystick on USB port 0 for arcade drive and two
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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.

2. Initializes the variables.

#1k: 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.

5.2.6 Robot Initialization

Java

@Override
public void robotInit() {}

C++

void RobotInit() {}

The RobotInit method is run when the robot program is starting up, but after the constructor.
The RobotInit for our sample program doesn’ t do anything. If we wanted to run something
here we could provide the code above to override the default).

5.2.7 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. */
@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++
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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);
}
}

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.

5.2.8 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());
}

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.
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5.2.9 Test Mode

Java

/** 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() {}

C++

void TestInit() override {}

void TestPeriodic() override {}

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

5.2.10 Deploying the Project to a Robot

Please see the instructions here for deploying the program onto a robot.

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
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.
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5.3.3 Starting the FRC Driver Station

FRC Driver Station Log Viewer
@ FRC Driver 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

{Z] FRC Driver Staticn - Version 18.0b1

Team Number Practice Timing (s)
Countdown 13.71V
Dashboard Type Autonomous Communications mm
Default Delay n
Teleoperated m
Game Data End Game No Robot

e Code

Team # 1 s

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

FEIFRC Driver Station - Version 15.003 e ]

40 \EE' Launch

00.00

Teleoperated
Disabled

K 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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[ FRC Driver Station - Version 15,066 =B | E

Team # 40

Launch

Teleoperated
Disabled

K 2: Wireless

5.3.6 Operate the Robot

FESIFRC Driver Station - Version 15063 o = |l

Elapsed Time Launch

[EFIEER actic P Datiey

Tast i

OO e

Team Station X Dizabled

Teleoperated

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 S

5.3.7 Wireless Operation

Before attempting wireless operation, tethered operation should have been confirmed as de-
scribed 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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Diagram courtesy of FRC® Team 3161 and Stefen Acepcion.
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Diagram courtesy of FRC® Team 3161 and Stefen Acepcion.

146

Chapter 6. {4 ik



FIRST Robotics Competition

6.2 NI roboRIO

I:»

T BATIOMAL
F©INSTRUMENTS

:ref:"NI-roboRIO <docs/software/roborio-info/roborio-introduction:roboRIO Introduction> ‘2
HT FRC By EZlas A= fil#s . roboRIO sE4#L#% iz A4 s AAAS g KM, i an & ir g /ﬁ\
g
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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 con-
tinuous 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
Pneumatics Control Module. It also includes a CAN interface for logging current, tempera-
ture, and battery voltage. For more detailed information, see the PDP User Manual.
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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.
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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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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 R]J45 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 &; OM5P-AC & i 2%

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.

OMSP-AN“ANF-A] | T W 3% <https://www.firstinspires.org/robotics/frc/blog/radio-silence>* .
5 OM5P-AN #{lt,, OM5P-AC fi§#, HAH MRk, Jf HHA MR S a.,
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6.8 120A [iEg2E

120A FWrg a8 fEplas N FREWAIER . L3 NHIEIF R T F i blds N B 2 A 1y fr 3 4
B. 120A Wi ds O 200G BRI B ER. AXELEL, 2 ) ‘Cooper Bussmann
18X 53 (PN: 185120F) <https://www.mouser.com/datasheet/2/87/BUS Tns DS 18X
CIRCUITBREAKER-515519.pdf>*
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6.9 F)HFTEESS

SXW
"CINSd SINALVA
Z60L0 VSN NI FAVIN

B W % g%, MX5 £ %] <http://www.snapaction.net/pdf/MX5%20Spec%20Sheet.pdf>_ Fi
‘VB3 %% <http://www.snapaction.net/pdf/vb3.pdf>" | SHEI s —EFEH, PARH4 3 g
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6.10 #l2EAHM

FRC #lgs ApyHEZ—4> 12V 18Ah &E4R (SLA) i, %2 FRC Hlés AR R K. A
KHEE(EHE, WS DA Tif. <docs/hardware/hardware-basics/robot-battery:Robot
Battery Basics>"

ik ZHMEME SRR GIAR, ARSI, 2% ‘FRC P <https://www.firstinspires.
org/resource-library/frc/competition-manual-qa-system=>‘_,
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6.11 #HlBAESHT

e

]}

Allen-Bradl€Y

PLEs A5 54T (RSL) @441/ Allen-Bradley 855PB-B12MES522. ‘& roboRIO H#%l, BG4
INKE, SRR S PR .
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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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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 =sflEHzE

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.

#ail: WPILib A 3035 =J5 CAN =i, AXELMEE, 2l docs / software / can-devices /
third-party-devices: %5 =77 CAN 4% ‘ FIHERS

6.14.1 Talon SRX

The Talon SRX Motor Controller is a “smart motor controller” from Cross The Road Elec-
tronics/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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6.14.2 Victor SPX

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 Ha#j|{z)sE

SPARK MAX HizhfliEfles <https://www.revrobotics.com/rev-11-2158/>‘ J& REV Robotics 2
LA = A i AUTC B R R s dilde . 24 CAN m4ksl USB =4, SPARK MAX {ifi Jfj FRAV T %,
Hat AL A% B (1045 REV NEO Johil B LS U RTinas ) ik Akt s gdzs il . SPARK MAX
AfpAE R PWM, CAN = USB #frfsl (U FRCE/ML) . A XELEE, S0 ‘SPARK MAX A
FFM <https://docs.revrobotics.com/sparkmax/>‘ .
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6.14.4 TalonFX B#i2H]2E

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.

162 Chapter 6. E{4H LR


https://store.ctr-electronics.com/falcon-500-powered-by-talon-fx/
https://store.ctr-electronics.com/content/user-manual/Falcon%20500%20User%20Guide.pdf

FIRST Robotics Competition

6.14.5 SPARK H#lizHlzE

i R RIER T FRC, (Hfi0E ry C s A %™ i -

The SPARK Motor Controller from REV Robotics is an inexpensive brushed DC motor con-
troller. 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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6.14.6 Victor SP

il RAF IR RIE TN T FRC, (HfE RO I 6%

The Victor SP Motor Controller is a PWM motor controller from Cross The Road Electron-
ics/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 =E#li=#2S

i R IR T FRC, (HfiE ry C A5 k%™

The Talon Motor Controller from Cross the Road Electronics is a PWM controlled brushed DC
motor controller with passive cooling.
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6.14.8 Victor 888 ##liz#l2§/ Victor 884 mfjli=iilzE

Bl A IR RISMITN T FRC, (B 6 Ry C AR 6% i

VEX Robotics 1] ‘Victor 884 <https://content.vexrobotics.com/docs/
ifi-v884-users-manual-9-25-06.pdf>‘_ fiI “Victor 888 <https://content.vexrobotics.com/
docs/217-2769-Victor888UserManual.pdf>‘  HzhHliEdles 2T FRC fZ3HE PWM HshHL5 H
#%, Victor888 & T tsE FRC i fif Victor884 .,
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6.14.9 Jaguar B #EEI5E

i R IRALERISR U T FRC, (HiE r O O %™ i

VEX Robotics (PARiH# Luminary Micro f1 Texas Instruments 4:7*) (¥ ‘Jaguar Motor Controller
<https://www.ti.com/lit/an/spma033a/spma033a.pdf?ts=1607574399581>‘ EfH T FRC K
AL H g . X FRC, Jaguar HAEMH] PWM $ DyEF T4 .
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6.14.10 DMC-60 1 DMC-60C =4/l izHl2E

/
f

B RAF IR RIS T FRC, (H 8 ry O %™

DMC-60 ¢ Digilent fj PWM itz il #. DMC-60 HA74ELMAY MBS RGN BE, 45 R ATz
AE AR IRl AR, AR Z (@ LED $5m i, Jr AR, MET . AXEZHEE, 20
‘DMC-60 % F Mt <https://reference.digilentinc.com/ media/dmc-60/dmc60 rm.pdf>‘

DMC-60C 7t DMC-60 il & 3 7 CAN B REf& il & Phfe. T Wl i g fs ik 2B =iz i, ik
DMC-60C {¢n]5 PWM —2ffifl. HXHL(EE, 55 ‘DMC-60C =i <https://reference.
digilentinc.com/dmc-60c/start/>‘
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6.14.11 Venom EH##EHI2E

Play With Fusion f) “Venom Hi#L45 #il#% <https://www.playingwithfusion.com/productview.
php?pdid=99>"  CEMENETFELG CIM ik, SE, WMy, WM &AL L&, M
SEHL T A IR, W TORE R A A I A R T % .
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6.14.12 #HiE§I2ERY Nidec Dynamo BLDC Hf]

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 F1 SD540C Ha#iz]se

Mindsensors ) SD540B 1 SD540C R HL# 124 fl PWM il o 762 H3E w0 ok, SD540C
AFA A CAN #:546. FRAIT v A E 2% H:5] SD540, PARRFIHBEAE— e e BT, A
XHELEE, W&, ‘Mindsensors FRC i <http://www.mindsensors.com/68-frc>‘
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He.
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s RAEZARAZRUI ] AT FRC, {H 3 i B 45 kB ™

VEX Robotics ) Spike H Hrakiiai e —f i T4 il - shHLsCHAl 5 2 SLge N T3 IR i de . 24
HERZEI BT, Spike W PATEIE A A EFRMEIT/ 5efi . Spike @ phsraiiln, e ton] DA
ThmZ 2 AEh R TR ft ). Spike H Hrdkrf 871 %42 3] roboRIO fyZkifasf it , HFtifcst

filkl . ARELFEE, H5)L'Spike M)y <https://content.vexrobotics.com/docs/spike-
blue-guide-sep05.pdf>‘__.

6.16 13HREBIFEIR

Rev Robotics 1l iz L JFAH BB G Rl i 2% 7] 19059 2 3] roboRIO £ HLEFT A HASRE J1 . fAlfik
FLYEALER AT T 6 M EE AR R O0OW [ 6V B, Fra s Hil(E 588 B roboRIO £i%. H XHL(F
B, S0 R EERM T <https://www.revrobotics.com/rev-11-1144/>‘ |

172 Chapter 6. E{4H LR


https://www.revrobotics.com/rev-11-1144/

FIRST Robotics Competition

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 BR#%

Image of roboRIO courtesy of National Instruments. Image of DMC-60 courtesy of Digi-
lent. 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 Pneu-
matic 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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FRC® Hff a4 M d e AT de a0 . EATE i B At I AR AR . B hIbLa A,
?;Eﬁlfﬁ%éfﬂ%ﬁff PRBEEIt . AR SORPRS (e SRR N R R, SR BEARIR G0 T A DA S HL A SO 9 6
.

7.1 REERGHRE M

The primary supported OS for FRC components is Windows. All required FRC software com-
ponents have been tested on Windows 10 & 11.

7t macOS #l Linux FW 3R T2 1T C ++ / Java gafei) TR . i) C ++ /Java 474 FERY
P BA B BERS B X 2 R GEUEA T %, FF HLAEA] Windows ZR4E58 LR Windows [##ff:, Bi4n Driver
Station, Radio Configuration Utility il roboRIO Imaging Tool.
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7.2 LabVIEW FRC ({23%#f Windows)

2 FRC 2023 Getting Started

File Operate Tools Help

continue Last Session

Templates

%&) FRC roboRIO Project

%), FRC Dashboard Project
"), Blank VI

Recent Projects

k. 2023 Ball Shooter Simulation.lvproj

LabVIEW"

Utilities

0
2

roboRIO Installation
balena Etcher SD Burner
CTRE Phoenix Tuner
Radio Configuration
REV Hardware Client

Phoenix Tuner

fe) ..abVIEW Mecanum Maze Simulation.lvproj

FIRST
MHOBOHCS
COMPETITION

Resources

LabVIEW Training
Installed Tutorials
Online Tutorials

NI Support

Installed Examples
Online FRC Examples
LabVIEW Manual
Community Content
Balena Etcher SD Burner
WPILib LabVIEW Math

HT &AL LabVIEW Professional &3 1 LabVIEW FRC 153, 2E3H XMW H T FRC
MlLgs N =M iE S 2 —. LabVIEW 2 —FfE AL, Bk ia . LabVIEW 25 ikl
VI W EIAREE G AR, X2 Ebrl e VI Z & B 5 S L iE#E . LabVIEW FRC 23887 HE
Kickoff {4 H iy DVD i, tHa] AMM I F#. LabVIEW FRC #{h A 1358, 52235800, e :ref: it
At <docs/zero-to-robot/step-2/labview-setup:Installing LabVIEW for FRC (LabVIEW only)>‘#%

7.
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7.3 Visual Studio Code

Visual Studio Code

ed

Customize

Tools and languages

Color theme

Visual Studio Code j& C ++ Fll Java (HABBFZ ZRAIET ) SCRAIITTF R EREE o W H R 1 [ X 52 11 B
TUAKGREIES . 1 AFEIAb $£ %) <docs/zero-to-robot/step-2/wpilib-setup:WPILib Installation
Guide> f#) C ++ &} Java for FRC A|]#4Fs, fu3% Visual Studio Code [yZes: It .

7.4 NI LabVIEW 3%#8J FRC Driver Station ({X3#F Windows)

FRC Driver Station - Version 15.0b3 . = | B

Team # 40
TeleOperated Elapsed Time

Autonomous E

Practice [FE i
Tect PC CPU %

Window 1 [

No Robot
Communication

Team Station Red1l 7

X2 ME A BB R AE BB 0D 18] 5 AL AR NGRS B BRPE. B Tl G A% B O B R R BT KR
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BEE PR, BRI S TR, TR B RE AL A% A ) 0 AT A B HE . T DAeref FE it
<docs/software/driverstation/driver-station:FRC Driver Station Powered by NI LabVIEW> "4
HHREMEZER.

7.5 Dashboard i%In

7.5.1 LabVIEW Dashboard ({x3%#f Windows)

22| FRC PC Dashboard =) =[] = ]
Drive  Camera Basic Custom s Commands Checklist Variables
Joysticks Gyro 0

1
360

No Camera Selection Drve Motors

Front

| = 180

Back

NT Connection Select Autonomous ... v
No Camera Selection W 320240 15fps 30% 0 Mbps LIS "ENl No Camera Selection W 3200200 15ps 30%

LabVIEW Dashboard #:iA fi FRC #Hl#f #9454 A 31 5 8. Dashboard % H 1 & H # & & Fh
WEIRWHET R 2R TIS ANRENRB. 52 XT FRC BRIAMUERKHEMEE
T PAAEIX L3k #):ref:  ‘<docs/software/dashboards/labview-dashboard/driver-station-labview-
dashboard:FRC LabVIEW Dashboard>".
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7.5.2 EHHeUFE

| £ SmartDashboard - = = P

File Wiew

Distance 12470

Speed
12,5
10.0
8 7.5
=]
o 5.0
2.5
0.0, - - . = = : : :
a 100 200 300 400 =00 200 700 200

Time {units)

b

SmartDashboard 7 ¥ % # o A Al #% N kK 2% 0 & & B B s 4 & v F
48 b ok & B/ ML 4% AN % #li. SmartDashboard #y J fth 3¢ #f W] DA & F|:ref:here
<docs/software/dashboards/smartdashboard/index:SmartDashboard>.
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7.5.3 RR{LURE

+ ' Shuffiebaard P [E=SFal ™

File  Recording Tab

Sources  Widgets SmartDashboard x  LiveWindow +

¥ Cameraserver =T

* NetworkTable 0 B

Hame Value

testStiing 58
exampleBool true

exampleNumber 58
exampleSting  testString

B« » B »D Loop

B0 e fk {4 % 4 A SmartDashboard F A7 #l [ h9 o . & i @ i B B kA9 AR B i
HE T ORCH A R R A, (LR IR TOVE IR BCR. A0S 1Y SC#F b IR 3R AT DL 4K Blirefihere

<docs/software/dashboards/shuffleboard/index:Shuffleboard>.
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7.5.4 Glass

s Glass - Connected (127.0.0.1) — O x

* limeliaht

¥ /SmartDashboard/Field

Glass j2—/> Dashboard, &HT MO AL TH . FECACEBIAIIE, EETHIHSEER(F
SHET R,
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7.6 LiveWindow

| £ SmartDashbeard - EIEI*J

File View

Subsystem 1

Spike 1| Off v
Subsystem 2
Quadrature Encoder 1
Speed 0.000
Distance 0.000
|| Distance perTick 1.000
Reversed D [ Zero Distance J
Victor 1

“ O |
| | ' | | 0.000 faero

L

LiveWindow /& SmartDashboard #i Shuffleboard ({j—/4~3hfg, L L8PS n MR T,
LiveWindow 72i4H & Ik H LA A& B s H A TR S8, N ET S i P, nTeAskEI £
*F LiveWindow {5 B here.
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7.7 FRC roboRIO Imaging Tool ({¥%#; Windows)

u FRC roboRIO Imaging Tool - Version 22.0b8

roboRIO Targets

¥ | roboRIO-330-FRC A

System Information

MAC Address 00:80:2F:17:FB:93
Current IP 172,.22.11.2
Current Image FRC roboRIO 2022 v2.2

Firmware Version 6.0.0f1

Team Number
330

() Edit Startup Settings
(®) Format Target

(O Update Firmware

Select Image

FRC_roboRIO_2022 v2.2.zip ~

Rescan Reformat Close

I T H T AL A% B roboRIO PAYE FRC w{fi fi]. AJ PAYE:ref: It 4k <docs/zero-to-robot/step-
2/frc-game-tools:Installing the FRC Game Tools> ‘#3222 5 B . %50] PATE :doc:“ k4t </docs/zero-
to-robot/step-3/imaging-your-roborio> ‘% F|45 ¢ i H i, T %} roboRIO #1755 i At B o
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7.8 FRC Radio Configuration Utility ({¥3%# Windows)

/> FRC Radio Configuration Utilit

File Tools

ES =)

Team Number:

0 Robot Name:

WPA Key:
Radio:

OpenMesh vl

Firewall: U
BW Limit: &

Mode: (2.4GHz Access Point v | #% Load Firmware

To program your wireless bridge:
1) Connect power and Ethernet to the wireless bridge.
2) Make sure to use the "802.3af" Ethernet port as shown above. 2) Radio Config. Utility: Select OM5P-AN as the radio.

3) Wait for the Power light to turn and stay solid. 3) Unplug power from the radio
4) Enter your team number, and a WPA key (optional), above 4) Press the "Load Firmware”™ buiton.
5) Press "Configure™, the process should take 15-60 seconds 5) Follow the on-screen prompts.

L,
__Configure |

If asked to reset your wireless bridge: |
1) Bvent WPA Kiosk: Will reset automatically

— -

FRC Radio Configuration Utility /& Tt &bl T IERAER H 4R TR . % T H B E Y 1Y M
&, DAY FRC S8 AL . B N AR 423, nlPATE: ref:iX §L <docs/zero-to-robot/step-
3/radio-programming:Programming your Radio> ‘4%
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7.9 FRC Driver Station Log Viewer ({3%Z# Windows)

o | 1

[E] Driver Station Log File Viewsr

- = =
Data and Events vs Time | m['ﬂl

Choose one log file Filter &l Events, All Info i
Name Seconds «Disable Auto sTele Connect jRadior Radio- Disconnect
2013 0206 14_36_07 Wed s0- 120- -
2013.02_06 14_46_13 Wed o= Toip Tine [
2013_02_06 14_52_06 Wed 110- Lost Packets [HE
2013_02_06 14_56_22 Wed S volage NG
201302 0615 001 125 qap- CcPU
s o an- ) L
2013 02 0615_30 75-  80- robot Disetle [
013 02 06 15_40_49 Wed 35_1*3- Robot Aute [
201302 08 09_47_8 Fri &

0208 09_47. Z m- Rovot Tele [l
2013 02 08 09_50_12 Fri S S
201302 08 09_56_33 Fri ﬁ Sel L |
2013 02 08 10_00_16 Fri Ens-® osave

a1 oo oo oo a0 E 25- 0- 05 Tele -
5-
o=
75 o
15-
125-  30-
" O Valtage Filter
Practice - 2, Field i AutoScale
Practice - 1, Field 5
Practice - 2, Field 10- M
Messages : 16 13- =
" " AT T T 0- . (0 | ] ] ' l " '
Dol AL AT 03:21:57 PM 032220PM 032240 PM  03Z300PM  03:2320PM  03ZZ40PM  0Z2400PM  03:2417PM
¢RI0 connected 1 times 02/06/13 02/06/13 02/06/13 02/06/13 02/06/13 02/06/13 02/06/13 02/06/13
cAI0 boot times - 3:01:58.845 PM Tierrs Scale = 14000 seconds
CRID disconnected at 3:22:44.030 PM 2/6/2013
TN Frnnactad 1 timee f__]

FRC Driver Station Hi&#rE 240 T2 % FRC Driver Station 2% Hik. X HEESEMEE,
X RRfEgR > u FRC Hegeim) & 4 i35 AR % . 4 % FRC Driver Station Log Viewer 1 [ fi#t H 2%
I ZEE, S Wi

7.10 RobotBuilder #

|£| FRC RobotBuilder

File Edit View Export Help
B Save Open Undo Redo Verify Java Wiring Table C++ Getting Started

Subsystems -

A

Controllers

a8

Sensors

MyRobot
- Subsystems
Subsystem 1
@ Spike 1
-4 Servo
Subsystem 2
- # Victor 1
-# Quadrature Encoder 1
Operator Interface
Commands
‘. # Autonomous Command

Property Value

Mame MyRobot

Autonomous Command utonomous Command

Team Number 0

Java Project C:\Wserskoconnor \Documents \FRC Robot Builder {TestRobot
Use Default Java Package ]

Java Package org.usfirst, frc0000

C++ Windriver Workspace C\WindRiver Wworkspace\SpikeTest
Export Subsystems ]

Export Commands ]

Wiring File Click to Select

What is it?

This is the root of your robot tree. The robot tree is an organized representation of vour robot that
displays the key components and can be used to generate skeleton code, wiring diagrams and more.

Properties

Name

The name of your robot.

m

M 3

RobotBuilder @&—# TH, BFEFHPEEMAENT C ++ =k Java T maatlds ABiH . Robot-

7.9. FRC Driver Station Log Viewer ({23z#% Windows)
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Builder i ANLER AT R G M #AE 03 B i 4 A, e LERTERIES i d. AR5,
RobotBuilder f & gt (b B LS, PARFBIERAT]. 4 X RobotBuilder ELZFE, ES 0 It
it <docs/software/wpilib-tools/robotbuilder/index:RobotBuilder>‘. ] PAYE AL 03] F % T35
L HRIR R ELZE L.

7.11 Robot Simulation 4

Robot Simulation 3 Java I C ++ M PS4t T — Fl 56 40k g 47 (49 BIL g% A ACRD 7E 0 B ER 5 v is 47
. ZAEALEEM VS Code 3, W& —A4 2D B, PAMEM P B WA S P A
Wizsh. AXEL{EH, i W:ref:Robot Simulation section <docs/software/wpilib-tools/robot-
simulation/introduction:Introduction to Robot Simulation>.
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7.12 FRC LabVIEW Robot Simulator (X% Windows)

3 FRC Simulation Viewer » . pra——

Simulate Time Factor WView Follow/Zoom Color  Driver Station IP

() (an) (iite) (o) (0] (o) () () 5]

FRC LabVIEW Robot Simulator & LabVIEW % f& 3 85 (9 20 48, o i %5 76 B 30 3 485 v 4
VE i 2% i 2 I 19 L 2% A DAt 4L S fi/ek driver station ) IhEE. & % i i FRC LabVIEW
Robot Simulator {8, "W ‘X H <https://forums.ni.com/t5/FIRST-Robotics-Competition/
LabVIEW-Tutorial-10-Robot-Simulation/ta-p/3739702?profile.language=en> ‘43|, = 7F Lab-
VIEW Jji H Wl % #5477 Robot Simulation Readme.html {4,
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7.13 PathWeaver 4

Name Locked Tangent [/

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 R4 5|

¥ Generator

Load Canfig Deploy
General Machanism

General Mechanfsm
Drivetrain

Rom

P

1% L BAS B BN H S35 0] AR R AL AR w4, A TALER A PR PID =%
k. H2{ERiESH:ref: System Identification section
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7.15 OutlineViewer

) OutlineViewer - Connected (127.0.0.1)

View Options Info

Mame
= FMSInfao
¥ LiveWindow
» .stabus

r Ungrouped

OutlineViewer & —MEHTH, HT&ER. BUchiFEms NetworkTables (T A 128, AT,
LabVIEW FIBA AT bAffi ] LabVIEW (¥ ith Variables #ii-R 5e ok e, A XE L, W50
ref:Outline Viewer section <docs/software/wpilib-tools/outlineviewer/index:OutlineViewer>.

7.15. OutlineViewer
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+4= WPILib ?

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 ZHHIES

There are two versions of WPILib, one for each of the two officially-supported text-based
languages: WPILib] for Java, and WPILibC for C++. A considerable effort is made to maintain
feature-parity between these two languages - library features are not added unless they can be
reasonably supported for both Java and C++, and when possible the class and method names
are kept identical or highly-similar. While unofficial community-built support is available for
some other languages, notably python, this documentation will only cover Java and C++.
Java and C++ 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.

BRI, C++ 4L T irpymumtEse, (A28 T H P TES (WHFLMFhabs, mH C++
IIFAER AR PRI AR SR TR B O T R /D) o Java L PERER 25, (B 8, SR & il
B/ 256 FH P i Java,

8.2 jFEMAELFIIH

WPILib 22— JFEE—E 2B A S # A AZE WPILib GitHub b F7EZ3k45:
* ‘B7J5 WPILib GitHub

A PATE WPILib] #1 WPILibC 5 H &bk 3| Java il C++ YA :
* ‘Java Jif{ti% <https://github.com/wpilibsuite/allwpilib/tree/main/wpilibj/src/main/java/edu/wpi
e ‘C++ JEft <https://github.com/wpilibsuite/allwpilib/tree/main/wpilibc/src/main/native/cpp>

SRR ZVEBUT PR AR R AR AT SC IR T BE R PR A, {Hk2 T PAYE WPILib] il WPILIbC 5 75 3C
(EDNITRss & E R E =F

* Java documentation
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¢ C++ documentation
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2023 Overview

9.1 EXlia)E

AN T FRC|reg| =6 RGEARM TR (RIS IE) -

9.1.1 AFHyE)RE
roboRIO 2.0 Ethernet Settings

Issue: On the roboRIO 2.0, the Ethernet port is configured to DHCP only. This will work in
normal networking setups where the radio acts as a DHCP server, but will not communicate
when tethered directly to the Driver Station via Ethernet.

Workaround: Use the roboRIO M %1 % # to change the Ethernet Adapter ethO Configure
IPv4 Address to DHCP or Link Local.

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.

#%1k: 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.
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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
second port. Alternately, utilize a network switch such as the tp-link switch 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 I2C 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 I12C 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.

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 re-
booted and the new properties should be set.
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Simulation crashes on Mac after updating WPILib

Issue: On macOS, after updating the project to use a newer version of WPILib, running
simulation 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.

HF it/ GradleRIO SF#ZE K
s e Gradle ZfERDSIR, I HESBRELIT AT WA R

Could not apply requested plugin [id: ‘edu.wpi.first.GradleRIO’ , version: ‘2020.3.
2’ ] as it does not provide a plugin with id ‘edu.wpi.first.GradleRIO’

firoe i i :
m B 7 F  “~$USER HOME/.gradle” T+ #y Gradle % 1F. Windows 1] f& %=

R A E F R OB MW OB N <https://support.microsoft.com/en-us/windows/
view-hidden-files-and-folders-in-windows-10-97fbc472-c603- 9d90-91d0-1166d1d9f4b5>" |

B H F bk, M0 RO B0 7E Windows b A1 B 7E S0 A R 0F R G5 b E) B A, i A
<https://github.com/wpilibsuite/frc-docs/issues/new=>"__ RE&X 685,

Driver Station BEdpgiX=s

R R MEDL T, driver station H &2 IR H SCERFMAN @ W SCCA . {024 Windows 3%k
TEPASMHARIE FH, A S B AL

@ FRC Driver Station - Version 20.0 = O x

Team# 1690 &

Communications C Versions & Info
Enet Link
Robot Radio
# Robot (172.22.11.2)
FMS
Enet 1
& Wifi
® UsB Reboot roboRIO Teleoperated
# Firewal
Restart Robot Code Disabled

Free Disk (MB): 221

TR PR R R T
L. R SCAAF IR I R HC A, o BRTESOUR
2. bk Windows 55 H ik hHiE .

C ++ Intellisense- Bt THH G EIES TE
¥EERT: *HE C++ , 24 VS Code j3ahif 4T C4RH B “Intellisense” ThRESFH, Wonk Howis
TR T A 1R I B B O ARG 2 e, s A RSL 3. X2 VS Code Hi)—4~ bug.
fide Jiidi:
1. XM VS Code Hifir g x4, HEREE VS Code 4 THTIFIRAS

2. WRAELE, MIg.vscode 31 ¢ cpp properties.json SC{f
3. Run the “Refresh C++ Intellisense” command in VS Code.
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4. LT, BN ZSFEIREMTFEMAT (linuxathna o windowsx86-64 45) . WA Z
linuxastina, WP HEHFFHK E N linuxastina(release).

5. FRFEIL S
6. 47773 cpp XA (AL fF) . Intellisense BUAER AT AT AE T

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
e Smartdashbard will crash on start-up
* Robot Simulation will crash on start-up

RO o gy 22 Bk B B fK 3 BB 8 <https://www.microsoft.com/en-us/software-download/
mediafeaturepack>"__

9.1.2 Fixed in Game Tools 2023.1.0

Driver Station does not detect joysticks at startup
Issue: The Driver Station application does not detect already connected joysticks when it
starts up. Connecting joysticks after it is already running works.

Workaround: Connect joysticks after starting the DS, or use the joystick rescan button or
the F1 shortcut to rescan for joysticks.

9.1.3 Fixed in WPILib 2023.2.1

Sysld - Robot program crash on startup when using CAN Spark Maxes

Issue: Sysld 2023.1.1° s deployed robot program crashes on startup if it was configured to
use CAN Spark Maxes.

Solution: Install WPILib 2023.2.1 or newer.

Manually flushing a client NetworkTablelnstance does not work

Issue: Calling flush() on a NetworkTableInstance does not cause the data to be flushed to
remote subscribers immediately. This issue will be fixed in an upcoming WPILib release.

Workaround: Set the periodic option on the NetworkTable publishers that need a faster
update rate:

Java

// Get a DoubleEntry for myTopic and update it with a 10ms period.
DoubleEntry myEntry = table.getDoubleTopic("myTopic").getEntry(0, PubSubOption.
—periodic(0.01));
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C++

// Get a DoubleEntry for myTopic and update it with a 10ms period.
nt::DoubleEntry entry = table.GetDoubleTopic("myTopic").GetEntry(0, { .periodic = 0.
01 });

9.2 New for 2023

A number of improvements have been made to FRC® Control System software for 2023. 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.

9.2.1 Importing Projects from Previous Years

Due to internal GradleRIO changes, it is necessary to update projects from previous years.
After Installing WPILib for 2023, any 2022 projects must be imported to be compatible.

9.2.2 Major Changes (Java/C++)

These changes contain some of the major changes to the library that it’ s important for the
user to recognize. This does not include all of the breaking changes, see the other sections
of this document for more changes.

* NetworkTables has been completely rewritten as version 4.0. This introduces pub/sub
semantics to NetworkTables and adds a number of new features, including timestamped
updates. Its wire protocol is also now WebSockets-based for easier use by browser ap-
plications. While most of the changes should be transparent to users who don’ t use the
new features, there are several breaking changes. NetworkTables V3 clients are still
compatible, but V2 support has been dropped.

* Added support for on-robot telemetry recording into data logs

* LiveWindow telemetry is now disabled by default. This has been observed as a consistent
source of loop overruns. Use LiveWindow.enableAllTelemetry to restore the previous
behavior

» AprilTag library has been added
* Bundled Java version has been bumped to 17 from 11

* GCC 12.1 with C++ 20 support. Visual Studio 2022 is required for running C++ Simu-
lation on Windows

* CameraServer now supports USB cameras on Mac operating systems
Supported Operating Systems and Architectures:
* Windows 10 & 11, 64 bit. 32 bit and Arm are not supported

e Ubuntu 22.04, 64 bit. Other Linux distributions with glibc >= 2.32 may work, but
are unsupported
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¢ macOS 11 or later, Intel and Arm.

.. 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.

9.2.3 WPILib

REE
» Deprecated PerpetualCommand/perpetually(), use RepeatCommand/repeatedly() in-
stead
* Renamed withInterrupt(BooleanSupplier) to until()
e Added InterpolatedTreeMap
* Added RepeatCommand and matching repeatedly decorator
* Added unless(BooleanSupplier) decorator

* Added ignoringDisable(boolean) decorator to set the runsWhenDisabled property of
a command

* Added finallyDo(BooleanConsumer) and handleInterrupt(Runnable) decorators
* Added static command factories in Commands
* Added ComputerVisionUtil

* Added EventLoop and BooleanEvent, an expansion of the existing Trigger framework
encompassing non-commandbased

* Added BooleanEvent-returning factory methods to the HID classes

e Added command-based versions of HID classes (CommandXboxController etc.) with
Trigger-returning factory methods

* Added LTV unicycle controllers

* Added Rotation2d factory method that uses rotations and radians; fromRotations()
and fromRadians ()

* HolonomicDriveController now uses continuous input on heading PID
* Added various 3d geometry classes

Pose3d

Quaternion

Rotation3d

Transform3d

Translation3d
Twist3d

CoordinateAxis

CoordinateSystem

* Added various pneumatic sim classes
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CTREPCMSim

DoubleSolenoidSim

REVPHSim

SolenoidSim

Added getAngle() to Translation2d

» Deprecated Compressor.enable(). Use isEnabled instead

* Add missing PS4Controller triangle methods

Add method to disable LW actuator control in test mode

* Enhanced Sendable representation of commands

Deprecated CommandGroupBase; the static factories have been moved to Commands

» Refactor SelectCommand’ s Supplier<Command> constructor and ProxyScheduleCom-
mand into ProxyCommand

e Remove isFinished check for default commands
¢ Add method to remove default commands

* Trigger and Button methods were renamed to be consistent and Button class depre-
cated.

- Trigger’ s bindings are changed to use True/False terminology, as it should be
unambiguous. 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 un-
scheduled and cancel if scheduled.

- Two binding types are completely deprecated:

* 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 com-
mand is interrupted, but that is more likely to result in two commands perpet-
ually canceling each other than achieve the desired behavior. Manually imple-
menting a blindly-scheduling binding like whileActiveContinuously is still pos-
sible, though might not be intuitive.

* Precompile common template instantiations to improve C++ compile times.
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EXTM

CiRAN

The 2023 release no longer includes the old command-based framework. Users must

refactor existing code to use the new command-based framework

f&ky: Updated DifferentialDrive and MecanumDrive classes to use North-West-Up axis
conventions to match the rest of WPILib. The Z-axis (i.e. turning) will need to be inverted
to restore the old behavior.

NetworkTables 4.0 (NT4) introduced several breaking changes. Shuffleboard classes
now return GenericEntry instead of NetworkTableEntry; as GenericEntry provides
nearly all the same methods, a simple textual replacement of the class name should
suffice. Also, the force setters have been removed. See the NT4 migration guide for
more information.

Removed deprecated MakeMatrix() from StateSpaceUtil
Removed deprecated KilloughDrive class

Removed Vector2d, which was an implementation detail of MecanumDrive and Killough-
Drive. In Java, use Vector<N2> (edu.wpi.first.math.Vector) or Translation2d (edu.
wpi.first.math.geometry.Translation2d) instead. In C++, use Eigen::Vector2d
from <Eigen/Core>or Translation2d from <frc/geometry/Translation2d.h> instead.

Removed deprecated SpeedController and SpeedControllerGroup classes. Use Mo-
torController and MotorControllerGroup instead

Removed deprecated MatrixUtils class
Removed various deprecated overloads that used above mentioned classes

Removed various deprecated getInstance() functions. Static functions are available
instead

Removed various deprecated functions in SimDevice

Refactored command interruptible to be an enum property
(getInterruptionBehavior()) of the command object rather than a boolean flag
when scheduling; the withInterruptBehavior(InterruptBehavior) decorator can be
used to set this property

Command lifecycle methods of command groups cannot be overridden

[C++ only] Command Decorators changed to return CommandPtr —-a new move-only value
type for holding commands

SwerveDriveOdometry and SwerveDrivePoseEstimator now use wheel distances in-
stead of wheel speeds; Use SwerveModulePosition to represent a swerve module’ s
angle and distance driven.

SwerveDriveOdometry and SwerveDrivePoseEstimator now take in the wheel distances
in an array rather than as a variadic parameter.

MecanumDriveOdometry and MecanumDrivePoseEstimator now use wheel distances in-
stead of wheel speeds; Use MecanumDriveWheelPositions to represent the wheel dis-
tances.
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* Constructors and resetPosition methods on all odometry and pose estimation classes
now have mandatory wheel distance parameters.

* Odometry and pose estimator constructor and function arguments have been rearranged
to be consistent between implementations. Users should consult the API documentation
for the particular class they’ re using and update the method calls accordingly.

* Removed wpi versions of C++20 methods
- Use std::numbers instead of wpi: :numbers (include <numbers>)
- Use std: :span instead of wpi: :span (include <span>)

* Removed template argument from ElevatorFeedforward in C++.

9.2.4 &)

* Added precision setting for NetworkTables decimal values

Added docking support for GUI elements

* Save secondary Y axis in plots

9.2.5 Shuffleboard

* Added vertical orientation option to number bar widget

Fixed Field2d widget not auto populating

Update PowerDistribution Widget to support 24 channels
Added 2023 Charged Up field image

Update PID widget to remove features no longer supported by PIDController (kF and
enable)

9.2.6 SmartDashboard

#%: SmartDashboard is not supported on Apple Silicon (Arm64) Macs.

* Update PowerDistribution Widget to support 24 channels
* Add option to clear all plots

» Update PID widget to remove features no longer supported by PIDController (kF and
enable)
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9.2.7 Glass

Added precision setting for NetworkTables decimal values

Added docking support for GUI elements

Save secondary Y axis in plots

9.2.8 PathWeaver

Added 2023 Charged Up field image

9.2.9 GradleRIO

Upgrade to Gradle 7.5.1

* Fixed issue where start-up scripts could get damaged if roboRIO powered off during

deploy

9.2.10 cscore

Update to opencv 4.6.0
Added ArUco module

9.2.11 OutlineViewer

Added precision setting for NetworkTables decimal values

9.2.12 WPILib All in One Installer

Apple Silicon (Arm64) Macs are now supported
Update to VS Code 1.74
Update to use .NET 7

Add links to changelog and known issues

9.2.13 Visual Studio Code ¥'&

Update templates to JUnit 5.8.2

Add copy button from project versions dialog

Allow importing Romi projects

202 Chapter 9.

2023 Overview



FIRST Robotics Competition

9.2.14 RobotBuilder

H%:  With the removal of old command-based, the legacy RobotBuilder install has been
removed.

#it: Due to project file changes, Robotbuilder will not import yaml save files from 2022
or earlier.

* Add support for DoubleSupplier and std: : function<double> parameters

Add option to put commands tied to Joystick Buttons to SmartDashboard
Add PS4 Controller

Validate Team Number

9.2.15 SysID

Added Pigeon 2 support

* User can now specify a measurement delay of 0

Fixed Override Units option not overriding units per rotations

9.2.16 Romi

* No major changes
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VS Code #AR

10.1 VS Code EiiiLi% WPILib &

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 RN E

| el i |

MARH—IATIT Visual Studio Code, IREFE W—A> “Will” T FEIXSE LR AFRE]— 23 E VS
Code Ay, AR a] PAFRE— L8455 | 395 B SCREMALIA RO 42, X Bl vFa] AR B /R 31— 285X~ IDE
LRI ES ] o

%ﬂﬁ%%?%ﬁﬂﬁﬁiﬁ%ﬁﬁ%\% WPILIb ffriH. X n] ARFB RO L8 WPILIb i@ ki shag (T
SCRTER) -

10.1.2 FPRE

Xt AR R i i B B B B o A O T S TR A SORY o U SCRIA T P A (UT) i 22 Bl
FH, BTN FRC VS Code Z HifRFTHHIRZEUE B -

10.1.3 5L ER

BT TV a7 Visual Studio Code i) JLF- A IRE (f04F WPILib 4 iy Zhise) . Wl LA
WA B LA P Ctrl+Shift+P" (#£ mac0S E 4 :kbd: Cmd+Shift+P) sgijjijardMikk. 7544
QTR AP SEA ARG/ ME R A R o 2 8l U R R TE TS

Fean, $EE AR R RIE A “wpilib”, S Ry a4/ WPILID A0l
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10.1.4 WPILib J'&

Visual €
Editing ev

Find and run all cammands

o]

GO0 A0

WPILib f#{#{tT FRC® $APhRE, W52 H M H 44, 4miFiSIf F 3] roboRIO %, 4
AT DA AR R 22— WPILib 54

o {EFEA MM i A “WPILib”
o M KRZHE A i) WPILib EbR. RISk A “WPILib” fg+g4 itk

ik PR R HYE FRC ) VS Code %73 Visual Studio IntelliCode <https://marketplace.
visualstudio.com/items?itemName=VisualStudioExptTeam.vscodeintellicode>‘_## {4, Intel-
liSense &5 X 24,

THZ YA P AL SCER TR SR E WPILID § R rE 2 fE A
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10.2 Visual Studio Code $ij WPILib &

A VS Code () WPILib § iR iy ar & MHAEHR 5351 % .

TR R4, 55k Ctrl + Shift + P 797 “f8& i, REIFGMAGSAIR (MFFR) PAILUE
s, Hiliir A ARITE .

WPILib: Build Robot Code-{i/{j GradleRIO ¥j&+TH 15 H
WPILib: Create a new project-f|z:—/iHLee A3 H
WPILib C ++: Refresh C ++ Intellisense-3i % %; C ++ Intellisense [yt .

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 ¥ B E{Eiaf T TG 4%
WPILib: Change Auto Save On Deploy Setting- 5 (/e T3 B0 2 75 B ZhRAE SC1. B,
INHE .

WPILib: Change Auto Start RioLog on Deploy Setting-5 7 RioLog 27 B it H 3h
JEs. BRIAHE .

WPILib: Change Desktop Support Enabled Setting- ot /2 75 5 1 7E BN _E 4 @ dlgs A
RS . FEMHAFIBALL S R DA e . BRIk P .

WPILib: Change Language Setting-# 4 HiFT 12 C ++ £ Java TiH .

WPILib: Change Run Commands Except Deploy/Debug in Offline Mode Setting-

Hek GradleRIO @ RTETE LA N TR AR E K ASMY fr 2 (Rl W BRHUIRZS B 242 B
i) o BAAKEN (FELE) .

WPILib: Change Run Deploy/Debug Command in Offline Mode Setting-# i
GradleRIO g B LA N HEATEZ /L CRF 22 M TE LR ES B S 3 BURBI) « BRI R EEH
(BEX).

WPILib: Change Select Default Simulate Extension Setting- 5 A BN T 25 B H
BYy g (“build.gradle” g BT A BAUY RS HUE 1)

WPILib: Change Skip Tests on Delpoy Setting-i% & 76 %52 i 2 A Pkt k. BRiA S 2s
(FEMRE B T I)

WPILib: Change Stop SImulation on Entry Setting — 5 /75 T 48 12 F T BHE A5 5 1R AL
e NS BRIAHEE ORI ) .«

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-ty#E#/l4F A, KHLE F] roboRIO, AT 451
WPILib: Deploy Robot Code-#y @45 AT H K 25 2% 2 roboRIO
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10.

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 2020/2021/2022 Gradle Project - Open a wizard to help
you create a new project from a existing VS Code Gradle project from 2020-2022. Fur-
ther documentation is at importing gradle project

WPILib: Install tools from GradleRIO -7 WPILib Java T.H (|41 SmartDashboard,
Shuffleboard %). R, BRIAMEL T, SEIER BLZER M

WPILib: Manage Vendor Libraries-2:%: /5 55 = 7 )
WPILib: Open API Documentation-#]J} WPILib Javadocs & C ++ Doxygen (4
WPILib: Open Project Information-{THFAWHEE (W H B4, ¥ BRALZE) 1 </ MET

WPILib: Open WPILib Command Palette- It {54 ] 7379 WPILib 54k (Z5[F T4
Ctrl + Shift + P If# A” WPILib’ ")

WPILib: Open WPILib Help-iX 47— 45| WPILib SCRY (SLMus) 1T

WPILib: Reset Ask for WPILib Updates Flag-iX (5% 4w B Eted, R &EeEmk
PR, XA DAY H Ao WPILIb A,

WPILib: Run a command in Gradle-ixf§i#:n] PLfE GradleRIO FfiE T &84
WPILib: Set Team Number-Jf| & 551 H XEAG A AR5 . R A Q)@ H i 5 MU vl 35
FE 119 1A BA 55 1

***WPILib: Set VS Code Java Home to FRC Home*-i% & VS Code Java Home & PA3E 1]

FRC §fe 3 Java Home. QISRAE A Zc2edefefy, T 2 HMIARG £ intellisense 5 4
WPILib #i& # [ 2

WPILib: Show Log Folder-{/x WPILib #J@A7fi# ] H i iy SO Je . 2E TR a4 i i)
45 WPILib JF & A i, Xl ila il

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-iXf/5 3l T&FYL& AR A% 6] 5 5 19 RioLog 7.

WPILib: Start Tool-ix =PI VS Code JWi#f=s WPILib T H (41 SmartDashboard,
Shuffleboard 4).

WPILib: Test Robot Code-ix {14 & 4 7y dlas A I H Iz AR a1 Z#rg sl X720
“Desktop Support” #E N EAH.

3 EIBNBAER

LRSEINA NG, AT ARTENIE AREY 1. WPILib Bpft T2 A8 AR IPAAR . SR E08 88 P
(X Rt . (Hg, RZUN T RAH KT IR 96 S 3 2 RHLEE AT .
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10.3.1 EFHE3E

i) WPILLb ALy NP —Bh B H 0 e Hlae N de. i PRp i S 28 128
LA 2 Robot 3¢, % LRIV AR P 1 20 . B2h —Fhitff

TimedRobot

Documentation: Java - C++
Jg: Java - C++

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++

#ik: $2ft T “TimedRobot Skeleton” #itiy, iR T —L84 HEERA B ShBrBonfil. iR EC
#ZA& ‘TimedRobot’, MuPAMEHE. FiaERFRGE “TimedRobot Skeleton”,

Java

import edu.wpi.first.wpilibj.TimedRobot;

/**
* 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 build.gradle,
—file in the
* project.
*/
public class Robot extends TimedRobot {
/**
* This function is run when the robot is first started up and should be used for,
—any
* initialization code.
*/
@Override
public void robotInit() {}

@Override
public void robotPeriodic() {}

@Override
public void autonomousInit() {}

@Override
public void autonomousPeriodic() {}

@Override
public void teleopInit() {}

(BT )
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(F £ 50

@Override
public void teleopPeriodic() {}

@Override
public void disabledInit() {}

@Override
public void disabledPeriodic() {}

@Override
public void testInit() {}

@Override
public void testPeriodic() {}

@Override
public void simulationInit() {}

@Override
public void simulationPeriodic() {}

}

C++

#include "Robot.h"

void Robot::RobotInit() {}
void Robot::RobotPeriodic() {}

void Robot::AutonomousInit() {}
void Robot::AutonomousPeriodic() {}

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

BOANNOLTY, IR 20 R0 IR — k. T DA 2 (8 T 14 Ji 5 S 4R 3 ) 8 A0 i R ROk TR

f&l%: Changing your robot rate can cause some unintended behavior (loop overruns).
Teams can also use Notifiers to schedule methods at a custom rate.
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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++
Ji: Java - C++

RobotBase /@b EANE, — NG ERM T . A M PACERNLEE A H A . — DI
M%ﬂ?izﬁ%/’({ startCompetition() JrikWil. BOAEILT, BBURR T AT TR A #1800 (R,
HEh5%) .

4517E: RobotBase Skeleton #ARIEM T — 2 HMY ¥ startCompetition().

Command Robot

The Command Robot framework adds to the basic functionality of a Timed Robot by automat-
ically 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 additional
up-front time investment from a programmer in order to understand how the Command Robot
framework works.

ff i “Command Robot” /Y A i 75 % T FH:ref:Command-Based Programming Tutorial
<docs/software/commandbased/index:Command-Based Programming>.

Romi

i Romi (BN “Romi-Timed” # “Romi-Command Bot” #itg.

Romi - Timed

Romi - Timed #itg$&ft T—4> RomiDrivetrain 3%, %2/ JF T — arcadeDrive(double xaxis-
Speed, double zaxisRotate) Jy¥:. f ) PAKIL arcadeDrive BEERALSEL.

BRI TR R A S Romi M gnig i Tge.
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Romi - Command Bot

Romi - Command Bot ##g#2fit 7—4 RomiDrivetrain + &%, iZ &% A JF T —> arcad-
eDrive(double xaxisSpeed, double zaxisRotate) J5y%k. J F' 0] PA%5 it arcadeDrive Rt

.
ZF ARG AR A EE Romi Hudl i asnyhae .

FEREX
WERTEE, PR PASE e ug i, A TE 0 —Fh main() J5ikgn S HARFRIAT, g b B A R 7

—Ff. XARFEAHERE- S ARSI, PR IZ O (R @ SRR B b TR R P Y 4
XA o

i WPARZEELE AR main() 77k, BRARATAN R E H AR 4.

10.3.2 @iEHFHay WPILIb 15H

Once we’ ve decided on a base class, we can create our new robot project. Bring up the Visual
Studio Code command palette with Ctrl1+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

eate a new project

: Open WPILID Help

C++: Refresh Gradle C++ Properties

: Build Robot Code

RRFTIT Bt e w1
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W' WPILib Project Creator X

W

Welcome to WPILib New Project Creator

Select a project type 0nple or Template) @ @

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

Select a new project falder

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

Enable Desktop Support Il

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 & Q)

BIESH I H 7 AT BT

1w HR®: RMNAEEmE 38, X A2 s flm H, da A2 WPILIb 42
e i B B 2 —. AL N A K E A B M. Bt 4h, if firef:‘Command-based

<docs/software/commandbased/what-is-command-based:What is “command-based” pro-
gramming?> Wil 5 A, XLl T TimedRobot B2y, (HALE 2 HABY)GE-18 2L il
BB A X AR BB g8 AR

2.5 ZREATIRZIENIES (C++ 5 Java).
3. FERBSCHRIE: ASRBORBARITH | MR BB R A
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4. WHACE: B LA AT ey Sk,
5. BiH #Fr: PLas NI H B4 FR. WRikrh 7 “QUESE IR Mg, Kb FFReE I H SO A AR
6. GUERSCIEE: USRI, KAV B Ie, PAKFI H GRAFAE SC Rl 1 i Y SO i

AR, NI KRR T JE i iSO e QRSO Ry HARE T, RF51 R A iR

7. WIBAGE'S: TH BRI, R T H A AR A4 MR AR I LR A
8. WM S BN EAICI AR . RS WPILIb S # b ahfil, (E45 = 8RR AT REAR S0k fnoR

PEAS SR, TS PO TT R TV sl . e Ty B 7 M ST ksl 7 OO ELITAT P S
MR LA RS

SEMPAERTATCE S, By “ERIH", FaELes AmH .

ik

T H A S AT AT B B B R TE BRI A R A

TR TS 78 BN B o
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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. 3
c\Users\Joe\Documents\Robotics
Select a new project falder

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 Il

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 & Q)
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10.3.3 THHFME

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 Ctr1+0 (or just
Command+0 on macOS) and select the folder where we saved our project.

Visual Studio Code X

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

| Yes (New Window) | Mo Cancel

FIOTIG, FATRHEZE MR 20 H 2R G5 o B SCU R AR g s AT %

File Edit Selection View Go Run Terminal Help [Extension Development Host] - Robot.java - GettingStarted - Visual Studio Code

@ ORER W' WPILib Help Robotjava X

> OPEN EDITORS src > main > java > frc > robot > Ro
v GETTINGSTARTED

> build

> gradle

v src\ main
> deploy

~ java\ frc\ robot

Robotjava

? vendordeps

> OUTLINE . .
robotInit() {
> JAVA PROJECTS

®oA0 In1,Col 1 Spaces:2 UTF-8 CRLF Java % JavaSE-11 WPILb & 0

10.3.4 C ++ 8 (R C ++)

X C++ WiH, 86 55—k E IntelliSense., & 4K ATFTH— 151 HiEF, FATEIZLEL A H
A a0, ZoREGE C +4 FlE. iy “2” PAXE IntelliSense.
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i No C++ configurations. Yes to refresh.

10.4 E=FH R

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?

A vendor 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.

. Ifinstalling 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.

#1:: 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
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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 (specifi-
cally, one in Actuators, one in Actuators -> Motor Control labeled CAN Motor, and one in Sen-
sors). These correspond to folders in C:\Program Files\National Instruments\LabVIEW
2020\vi.lib\Rock Robotics\WPI\Third Party

In order to install third party libraries for LabVIEW, download the VIs from the vendor (typ-
ically via some sort of installer). Then drag and drop the third party VIs into the respective
folder mentioned above just like any other VI.

Installing Libraries

VS Code

>WPILib m|

anage Vendor Libraries

B e s T o A e PR T NN el

}Z:EIE-::t an option

Manage current libraries
Check for updates (offline)
Check for updates (online)
Install new libranes (offling)

Install new library (onling)

TSI e AL A P 2 A BE I R 2, 4% Ctrl + Shift + P o4 A WPILib/8ilifr Ry WPILib
El#5k, PAFTHF WPILb fr4 i, S5, #iA “Manage Vendor Libraries”, #RJ5M N3 hksze.
% “Install new libraries (offline)” A&7 .

. theck to install libraries 0Selected  OK

B \WPILib-New-Commands 2020.0.0
B WPILib-Old-Commands 2020.0.0
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Verp A ESTIURORE , VEREBAS B H PR BT, SRR CBRE” . XkE, JSON SCPRRFRIAZ il 31) 1
H i vendordeps SCHEer, FRF PRI AT H A A .

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.

BEEN (8%)

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.

eEEH (#X)

PRy T AR BRI T —FR 7> JSON SO NAE B, WSR2 TaE My, Wizfr “Check for
updates (online)” n[#g A VLR EZ A 1] I BOH A Y 2 o

IR EE fae i

AT H RS s | 35 M “Manage Vendor Libraries” g Bpik £ “Manage Current Libraries”,
Ve BRI S IEHE, RS B . X SEERE I E R .

Command-Line

it AT gradle {F55 3@ i iy AT AL R URL SN AE Y i BEAE 0T . 7250 H AR H S T H— D247,
RIgk A “gradlew vendordep —url = <url>”, Hrh <url> 24t JSON URL, %2645 ik
M JSON ez 35 H i vendordeps SCfdert. A A vT DARAH R 0  =C3E08T

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
framework.

10.4.3 B

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.

2023 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
Phoenix (vb): https://maven.ctr-electronics.com/release/com/ctre/phoenix/
Phoenix5-frc2023-latest.json

Phoenix (Pro): https://maven.ctr-electronics.com/release/com/ctre/
phoenixpro/PhoenixPro-frc2023-latest. json
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Phoenix (Pro and vb): https://maven.ctr-electronics.com/release/com/ctre/
phoenixpro/PhoenixProAnd5-frc2023-latest.json

t&i1k: To get the 2023 version of the same Phoenix library as previous years, use the first
link above (Phoenix v5). Use one of the other json links if you’ re using Phoenix Pro.

#xfe: Only use ONE of the above Phoenix vendordep links within a project. If you
need both Phoenix v5 and Phoenix Pro in the same project, use the third option.

Playing With Fusion Driver - 4§ Venom motor/controller {45 PWF &£11)%
https://www.playingwithfusion.com/frc/playingwithfusion2023.json

Kauai Labs - NavX-MXP, NavX-Micro, 55 Sensor Fusion %%
https://dev.studica.com/releases/2023/NavX. json

REV Robotics REVLib - Library for all REV devices including SPARK MAX and Color

Sensor V3 ) ) )
https://software-metadata.revrobotics.com/REVLib-2023.json

#HEE

PhotonVision-PhotonVision CV #{}:)%
https://maven.photonvision.org/repository/internal/org/photonvision/
PhotonLib-json/1.0/PhotonLib-json-1.0.json

PathPlanner - Library for PathPlanner
https://3015rangerrobotics.github.io/pathplannerlib/PathplannerLib. json

WPILib &<EE

The WPILib new command library has been split into a vendor library. It is installed by the
WPILIib installer for offline installation. It may also be installed with the following online link:

New Command Library

ST R 2R ORI, i AN A PRV R A o SRR PR R AP iR R, e v LR AT A R Y
SEPEHE, SRJEERTT X B E R X BEPERE I H R

Romi Library

A Romi Library has been created to contain several helper classes that are a part of the
RomiReference example.

Romi Vendordep.
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10.5 miFHEIBEV IR

PLES AT H e g% (M) A8 2 J5 7 fEfE ToboRIO g7, AV ARAENLAE 35 dilas b gi
1, XARERAR N A G

BRI EE NG ANTE , AT AT — T4
1. 37T a4 mit, X5 Ak “Build Robot Code”
2. #7791 VS Code & A7 LAt Prag sy iEsR §, AR5k “Build Robot Code”
3. iR H Z kg5 R F 1) build.gradle ¢4, #AJE#%#: “Build Robot Code”

[ X build.gradle — MYNEWROBOTPROJECT

@ EXPLORER (& build.gradle X

» OPEN EDITORS

~ MYNEWROBOTPROJECT -
\I0" version "

N_11
N_11

s {
roboRIO(" roborio") {

team = frc.getTeamNumber()

ettings.gradle

PROBLEMS QUTPUT DEBUC S0LE  TERMINAL 2: Task - Java Build + M

> Executing task: ./gradlew build -Dorg.gradle.java.home="/Library/Java/JavaVirtualMachin
es/jdk-11.0.1. jdk/Contents/Home" <

> OUTLINE 4 actionable cuted, 2 up-to-date
» TIMELINE

» GRADLE TASKS

» JAVA DEPENDENCIES

Terminal will be reused by tasks, press any key to close it.

» MAVEN PROJECTS
@oM0 31 (O Gradle: Build Error Ln1,Col1 Spaces:4 UTF-8 CRLF Gradle ¢% WPILb & & 0O

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.

e Avoid powering off the robot while deploying robot code. Interrupting the deploy-
ment process can corrupt the roboRIO filesystem and prevent your code from working until
the roboRIO is re-imaged.

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).
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4 DPEN EDITORS
& RioLog
4 EXAMPLE

Pause Don't Shaw Warnings

Discard Disconnect
Clear Show Timestamps
Dan't Show Prints Save Log

Set Team Number

Terminal will be reused by tasks, press any key to close it.

&

Q0 A0 p WPLD Peskiop Debug IExample Robot) none WRILD @ A&

P MAVEN PROJECTS

10.6 EEFHI S

AT EERET SRR 6 &% 1, roboRIO sLfi4k T—4~ NetConsole. # % roboRIO [ Net-
Console #Hi A Hif T3 ¥ FRC Driver Station # ) Console Viewer 1 VS Code #fJ Riolog

GRS

#%1k: 7£ roboRIO I, NetConsole Y\ TR FHit . WIHRES RZG =6 G730 H, WFZMH SSH
SRR G

10.6.1 FHEEER
THEHaEEES
| IR A A2 |

TG &AL, W4T FRC® Driver Station, #XJ5, Ml a & B E O HEHHE (1),
R 5k “View Console”,
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EHaeEERE0

| #ERIGAARED |
Console Viewer #f 1A%k BoRFATHLEF ARR 0% . A 7 M e T DATE R 1 10 R 308 R )3
B

10.6.2 Riolog VS Code i#H#%

Riolog #iff#&—4~ VS Code #iId, Al T A VS Code 1) NetConsole #ijH (J51f Eclipse A
##¢: Manuel Stoeckl, FRC1511).,

#T7 RiolLog #1E

| ¥TJF Riolog #i14 |

BN LT, 7E43k roboRIO FLE L5, RioLog #LFEFF H 31T, %T81/55) RioLog #LA, %
Ctrl+Shift+P FJH 354wk f 4 A “RioLog”, #AJ5# WPILib: “®E3) RioLog” .

Riolog & 0O

FPause Don't Show Warnings
Discard
Clear Show Timestamps
Don't Show Prints Save Log
Switch to Viewer Set Team Mumber

RioLog #LI& W i BAE TR A% . Riolog Al &A% T\l & ifa st
o PRSI WX RS R . R, ORI RER, HAE BRI F AL R

© LI A-AFOIR AR . BRI R T, SRR, e s ARt
WEFT. AT HARHR I Bl o

* BRI R BTN .
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© AR BT - TR SRR T EE R fE R
* UMRBIA A 25- UM B AR AR DAGRAT H A8 S0

© AR/ R E - s s R S 1T R

o W/ H K W T e EE R B R 5 A

o SN S TR R T 11 v B s R R S 1 e T

o DRAF SR H AW S E A S0Ft, G MRFRIE R %30, 8 UG RioLog A% &+
97 (WZ 0L LR OB AR AS")

o REAS-BEERPIEH SR roboRIO WH Y, WIRTEME LA H3) RioLog, W H 3

10.7 HiAHBIANERF

FEFPAN AT RE A S RIAN PR APISFEIE T RAKPOUR,, A BTG %A A S AT Hr T
%%f,M@ﬁﬁﬂ%ﬁ?&ﬁﬁﬁﬁ%%ﬁ%ﬁﬁoﬁﬁ%%%%ﬁ?ﬁ%%%“%ﬁﬂT@M@&%%
L‘_U?ﬂi 99 N

P T R P R A e DA B PR e i TR . AR R 4l FRC|reg| MLk A7 ix
BRI

Friks 0T YRR (EANRTE A )2 o Ay R O AT T P, A S5 A RS AT
ENEIE S & BT RET . H2, SRAEA AR e Ry > T Il e

10.7.1 E{TiAiR 2R

> WPILib debug|

Robot Code

#i Ctr1+Shift+P 34 A WPILib =% #ii; WPILib Menu Item ¥ JF44 Hilt 75y WPILib it 64 16 #7 .
# A Debug 4 Debug Robot Code menu i AFF 4G TH. %54 T 22 roboRIO H-IF 451 .

10.7.2 Him

“Wra” AT, WG U T B ER P AT, AT ] MG AR RS . X AE T I AR
AL PEE SRV A i O s R ALY, DARRE R FrAE WLt 5 (i 75 1 FUYI AT o

PR REAE I B P 56— BT AL A B
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void autonomousPeriodic() {

if (m_timer.get() < 2.8) {
m_r*:uthDr*ix-'e. arcadeDrive(©.5, @.8);

| alga [

m_robotDrive.stopMotor();

E?ﬁﬁf%?nﬂ@ijiﬁﬁﬁ* (TEATSRYZE) Bt DAYE ] PR P PPl B — W s 20 (/MR S A AT
R T WA

10.7.3 {ERITENED#HITIARK

TR B — RO B R Fh ] print 15/4], F4# 7] Visual Studio Code &} Driver Station Hf)
RioLog & EA]. FTEHEMNEEGM, FAEMERE, THEEREMHHN . M EN LR,
FE R BT BE S EERHEEFR .

Java

System.out.print("example");

C++

wpi::outs() << "example\n";

10.7.4 fEFRMBFREITAIR

:doc:‘M %4 3 </docs/software/networktables/networktables-intro>‘1] fl F 5 i i i & #l
=M AME B, 7T RAE &= 9k i {8 3 M 5:ref:‘OutlineViewer <docs/software/wpilib-
tools/outlineviewer/index:OutlineViewer>‘#r & W %% £, ™ 2% £ W £ 5 2 — & 7 DA ff
ff:doc:‘Shuffleboard </docs/software/dashboards/shuffleboard/getting-started/shuffleboard-
tour>"Z B THR B IR . ARG, XL F TH T A S H R EdE— 6 H, AU MK
SRR LA 5 A

10.7.5 THREZ

s IWTMA XM VS Code #7 XM ELEFEE, H& W ‘48 <https://code.visualstudio.com/
docs/editor/debugging>‘_ .

* VS Code ¥ # <https://code.visualstudio.com/docs/editor/editingevolved>" i #EF| ) K
SECREFFHS B S T MRS W ARSI PREESE (B AATIE) DHREX AL S A I ASAE N I 45 1) R AR
A

* R IR S MBI R AL — 2 T B CI.
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—

o Iy IE M ML 2 N B A W OPL fE:doc: 42 4 </docs/software/wpilib-tools/robot-
simulation/introduction> iz 17, 52 &k % 7 56 br Wl g8 A b A7 52 2% K i — Fh 4F Oy
s

10.8 &\ Gradle InH

T H R, A Gradle I H A HT—4F AT B ABERIR R, PR R e A o
B R R RTE A BE 5 A4 R T H A

10.8.1 BHFHEA

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.

#i%¥: 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 2022. 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.

Yisual Studio Code pod

This project is not compatible with this version of the extension. Would you like to import this
project into 20217,

Yes Mo Mo, Don't ask again Cancel

BEITIF LM E R, RN ERAZIH . B,

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
2020/2021/2022 Gradle project” and select it from the dropdown as shown below.

>WPILib impord

a WPILib 2020/2021/2022 Gradle project
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) File FEdit Selection View Go Run +--  WPILib Gradle 2020-2022 Import - 2022betaCommandCPP ... ([] B [ 08

W WPILib Gradle 2020-2022 Import X

Welcome to WPILib 2020/2021/2022 Project Importer

The import process copies your project source files from the current directory to a new directory and completely regenerates the gradle
files. 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. See on fre-docs for more details.

Gradle Project. Select the build.gradle file of the gradle project to import.

c\Users\Jos'\Documents\Robotics\2022betaCommand CPP\build.gradle

Select a gradle project.

Base Folder. Select a base folder to place the new project into. The imported project must be placed into a new folder. Importing in place is
not supported.

c\Users\Joe\Documents\Robotics
Select a new project folder

Project Name

2022betaCommandCPP-Impaorted

When you select a gradle project above, it will insert the project name, however, it may be customized.

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

330

Enable Desktop Support Wl

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.

Import Romi Project
Check this if the project being imported is a romi project. This is not autodetected, and must be selected manually.

Import Project

®oAo Binary Types linuxathena (release) WPILib & 0

B FE WPILib B H S AL 1. R OUEHm H g, @ RS RIN TR @ 0T
JOE:

1. ** Gradle Project **: ¥WeFHFAWIIH . H N AE gradle T H (¥R H 5% 134 build.gradle ¢
Gan

2. BHALYE: #E ILas NI H BrEr) Sofe.

3. WiH#Fs: Hlas NTTH A PR WERpEH T RIS HE, bR hig @ I H SR 40k %
EBDVIES)ES VAT NEIR

4. GUESHTSCIEIE: QSR T B I, KA SR, PARIIE BRATAE S iR E I SO e . SR
ARVEH, I R B CL T e Rl T e i SO e rh o QR SCPIAR g 2s BRI, R A B R

5. WIBAGw'S: TIH WIS, R0 H AR 4 AR AR AR R LU aR A o
6. KNS MR AN A g T, WS A0 LA B el S0 R . (HU2, fERRENOL T, X245
REABIRFNT . Beoh, IR BT PR ST (R 128 A S 1 S5

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.

10.8. &\ Gradle 1H 227



FIRST Robotics Competition

iy “RATIH” AR THL

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+0 (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

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 files, we recommend to continue in
restricted mode as the files may be malicious. See to learn
maore.

C:\Users\Joe\Documents\Robotics\RobotBuilderTestProjectCpp-
Imported2022Alpha3

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

Yes, | trust the authors Mo, | don't trust the authors
Trust folder and enable all features Browse folder in restricted mode

Click Yes I trust the authors.

C++EE (R C++)

XF C ++ WiH, FEKE IntelliSense., &4 EFTH— MW HK, EHNIZEL FARE I HHE
H, ZREHE C +4+ B, #8d “2” PAkE IntelliSense.

i No C++ configurations. Yes to refresh.
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B=HE

HLEEHMERSABE =T, AXRENER, 30 % =% % <3rd-party-libraries>.
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Dashboards

Click on each dashboard below to get a description of its advantages and disadvantages.

11.1 R URE

Shuffleboard is a modern looking 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.

11.1.1 “Shuffleboard” -FFi4
FiE Shuffleboard

Shuffleboard /& FRC | reg |& 7T Java )7 ] Hry#rc ARGl JavaFX i FER. EEEHTH C ++
1 Java FEFAIEHMYFEM . R AT F8 2 Hlad SmartDashboard, A4 %2 £#7%& Shuffleboard (7
YL Ii6e, F TN TAE R EAHMF ., {H2 Shuffleboard B4 SmartDashboard A2
fiE. AL e B

© EEET Java EJEARHE ** JavaFX **, fpAER0E S Rk, A TRES Shuffle-
board A “BK” = “F. FATHRBEBAR B OGO T/

 Shuffleboard ¥} ** Z T g /REHE **. b b, EaARIE— 4 T1EFR (7F Shuffleboard %
SRR IR ), HAER 2T DAY AZAE R S e . BT, A4 Cig
PRI -RAT—A “BREQRMR TR, ENSESIER A BT, HAEm-Rrrse H THLes AR
REZ R,

* K ALH) display elements (widgets) are laid out on a grid, DARFFREIEIE S T L.
TEAT AT UM A K/ NAEAT SR ARAS B B BE O ELARAL T R v s e 5 Bl A A ok 3
Eﬁﬁ}% BCE, BVEELREE T AR R, AT DAESE M AR £

o MIEIKIE1T shuffleboard i}, BRIATEIL N SARAFAT R SE B SC BT AE R

* fi—Ji record and playback Tjfg, m[ibEAFENAR AR)T 58 MG & E H AR EDE . X, Wif
L, G DM AL A Bl .

* Graph widgets are available for numeric data, %0 DUESHEESIFIRIE L, PAEBER
HHER/NZA A
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* 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.

tabs

Home #nalag Potensometer | -12¥ 8%
Subsatam FID Gubgpsern | Y i
walue 0G4 N '(z' o o a
~THPE~ Anaig Ingt Digealinpu] He \‘---.__ I F Q
* FibSubsysiem Conir ,;3 Setpoint @
Nome FiliEchsystom Convoller — S —
Subwpten FID Subsysiem 1
d [E] -f
anabled falen \ J
i 00 —
[
[ 150 ] [
anpaing L5
~TVPE- FibConiroler
T Speed Conmreller |
Home Speed Controller 1

1. **Sources area:** i 25, &AM NetworkTables sl HiAth i e £E(8, Ty vk EHiF] %
iRz —HAER

2. Tab panes:. X2 EMLE A BSCHAOR IR R BRI HTr . EARGIF, ik R7R1E LiveWindow
PeIi R P M R  R e RIS A s R B ik R 0, S S N E A A C
R PSR, BIANRIAR /N A BIHE TS

3. **Record/playback controls:** MU, EinT A R4 B &35 AR D S8

Bahib ek

a FRC Driver Station - Version 18.0b14

Team Number

Dashboard Type

Sl

Practice Timing (s}

Countdown m
Autonomous
Delay
Teleoperated
End Game m

Team # 190 1

No Robot

Communication

fn A AR PRy X 2 — )53 Shuffleboard :
1. B PLUE IR B FoRe” Dashboard Type” &4 Shuffleboard 3#7¢ Driver Station 53l
RE3IEZE, W EETR.
2. You can run it by double-clicking the Shuffleboard icon in the YEAR WPILIib tools folder
on the Windows Desktop.

3. You can start from with Visual Studio Code by pressing Ctr1+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.
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4. fa] pAil X [E)/ WPILib / YYYY / tools /91 shuffleboard. XXX 3o (Windows | XXX
/2.vbs, Linux #{ macOS Li.py) Hizfre. © (i YYYY 24, 7t Windows L[ERE “C:
Users Public’’). %1 k%3 Driver Station fH & 24411 macOS & Linux £24:EH 4.

5. 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.

#41k: .vbs (Windows) #l1.py (macOS / Linux) 44 BT Eaif% JDK Esh T,

HH RN BIERE R L

ﬁﬁ%@ﬁ?&%ﬁt%%ﬁ%ﬁ%%%ﬁmSmmw%Mmmd%¢%ﬁ%o%w,%ﬁ?%ﬁSmﬁ
fleboard t:

Java

SmartDashboard.putNumber("Joystick X value", joystickl.getX());

BEAIRE CBRYAT XA MRIVT X ERZR 7B BRI AT, FSR R ERIIT
{H%i£%| Shuffleboard. #Hicfl: & 4EAF FHNER, HLHE ABEIITE. TERRF IR I TIZAT
— YR A EAT AT I R — YA

Joystick X value

0.56

BRRKBHLBE AR RIE

RRALAR A AT ATE T I B B B s Bl 2 R T B VR Bon Bl (H2 M4PLas A il
W7 B, GHEW DA RRESHBRIETAPLEs N T R 4L BUAKOUT, /530 Shuffleboard i, BAHE
PIARSE, — DT REWAEE B / A, 75— TR N R Bs, YRR ik
A TR

WA, TSRS RS R LR ZBE S AR G, FWEENRRm. [ Shuffleboard, fn
PARFRED R BT R F s iy GUT b B B(E R SORT, ARV GUI JUHR B & - Jo i 2 1l gk
= M N 2 iR G
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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 ( |

il
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HEFRERIXTRERYE (BxBEIEVHE)

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());

Bridge Angle Swerve Angle RPM Bridge Limit

Left Drive Encoder Right Drive Encoder
5682.0 5400.0
Turret Pot Turret Pot Voltage
2.345
OV 125V 375V 6V

AT DA Ao 7 PR Hb A 2 B B IR A 0 v, BER BRI A FRAVE, A RME, A ESFAEREESA
Shuffleboard, i L7 HABAH.

o 45 A, filfn char, int, long, float # double # i SmartDashboard.putNumber
(“dashboard-name”, value).

o FFFEZEAEH N SmartDashboard.putString (“dashboard-name”, value)
o fi/RZEHHH SmartDashboard.putBoolean (“dashboard-name”, value)
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E RN R R

Md %% 5] Shuffleboard HEMEEIA, Gl ] UESCR R FERTRIBR B, Gn AR B4y
(ES bR, BAFHIROR A R 2 BE S A S S A A LA . BRSNS, A E R b
TR, REEREE R 7 BT RAMLE SRR SR T B R R A

Bridge Angle Swerve Angle RF
Right-click here

H 4300.C

Remove
0 L 3 100
Add to new layout... »
Lot Graph
Edit Properties Number Bar
5682.u
Number Slider
v Simple Dial
Turret Pot Turret Pot V¢
Text View
2.345 :
av 195V 9 Voltage View

EMREX TR

AT PARHACRS A I AR 7 o, AEPLER AAEAL T I B R (e B AT AR e . L BbLas AATEBL
9, #ATAMMLER % & AT e . WosiX Lo fS th RobotBuilder F 4 il sl g5 i 1 Ay A
Ferb, HAE R — R P T 4 IHEABSN SRRl N AL ERES I T e i IER A . Besh, BalmT
PAIITF AL SRR i R 2 (L, PARAEACRS % PID [al
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REMHEX

[[@ FRE Deiver Station - Wersion 15,0636 o = ]

Team #

Elapsed Timse 0:06.0

[ 11.89v

Test Enabled

Team Station Redl %

A 7k Bt PR 2 R A U B 7 A LR & R I R 1A T e 4 /i), Shuffleboard
iR i1 ARG BIIAR T G AT AT e A AL R IR A

M Sources hIREEE

i NetworkTables ¥E<x B8 A — WK b, R FEHHESI A HzEdE. A EnTaee
LR T b SIS (B % 2 R S J& T SmartDashboard / NetworkTables £{f. X T-ix 46
B, ATDARHE A D 22 Sources T NetworkTables i E#E %] fit4 . PP E R /R ME IR HHEH]
A, TR AR A BRI N A B A

frik: AR/ Sources ML AT LRl DA S R A AN IR 2 18] 1 20 AT, X FREREAN T T
R AERXAE D, PRI £ %, FHITBEI/ DI IRADER, KRG ARG . e
MWK IE R, AT DA B RESh I 08, SEURRI-FIZ N 2 Frs.

BRI

A PAfE Shuffleboard F T F&EF R AVLE ABBEIR . XX TEEVLE A ZINATTRA H,
RERVE RO A B DA S, 250G B FLEs s & P EALELES A L P A RS S S g T AR
et . PTATERIMLIL /N A ] CameraServer APL iz 4T AATA {5 B

ZRDIABHLI

BB I BCR A, R “UR”, SA)57E Shuffleboard % 1WA £ F “CameraServer”
JE, WREIETR. BBYLRSERFSER, XA, WA —A#fkh “Robot Front Camera” (¥
Bl RFHHE V% SR ERETR b, i, WarPhBE AR R SRR, REkE BaRh:
WHEHIR, %R E L GER L.
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File FRaoding Tak

Sowrces  Widgeis

Sources view
including
NetworkTables

FE RCIA T

P ulsiyilers Conialh
FilCorarolier

on

fuine

oo

on

Arslaginpa
1. 430853918

o gy H D

[E T R

Dt Pl

Crel owemit

Onvelwory

Crsshany

DpenGnpeer
Lperrirgyei

ClassiGispar
Clartrpps

Flevm nrkliowe

BRI iaes i

Elevat ofhbave

Brlaiioes domn

Wrintlip
WrindUpe ap
Winsillp

TR BEE AT

Giouped Commands
PrepareToGreh
Proparmloilak
il

Tirai

Plezitoda

PleceSexis
Ewmrything
Ewidbing

Fusfonomousd-om

ez lorwnand

Defaull cemsand: Mose
Cusrin | cofmimind. Mo

S AADTOor

| = .

Put the cursor
here and drag
to the right to
open the
NetworkTahles

\ e e » CameraServer
. * ¥ NetworkTable
DefaultDrive
— Name
DefaultDrive .command
default

Recording Tab

Value
DefaultDrive

DefaultDrive

P

New divider position

File
SmartDashboard x
Sources Widgets

Defaul
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File  Recording File Recording Tab
S ——.

Sources Widgets SmartDashboard Sources Widgets

¥ CameraServer

ame Name Value

Robot Front Camera Robot Front Cam~~
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"

B EAIG , BRI RTERE Db R AR R NI S B B e 0 .

frlks L UK AP AT BWGER KA B3R 5 roboRIO RIEIC AR CPU (e

Robot Front Camera
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SN —ETIE

1 Shuffleboard J#¢ - #:AEH AT ¥LL i RFR ol widgets. Widgets jifi# 2 i Bl ARt Network-
Tables & rME H 2 B R .
Bah/Ep

R RT3l /N . AR 2/NROE b, By AR 22 B Hatish 2B G2 . tizh i, ﬁ”\/\ﬁﬁ
FRNERPECEAE MRS IR B, I LR R NSRRI HER . Hishinh, 5 Bon 2l @l sr e
2 2 O B RS ) 2 (R B N AL 3 5 s B A BRI ey . 7 TEE’J/T
Bk, # /NP S B A G AL

PrepareToGrab

ab Folder/String
Grab
Folder/String
Grab asfl;ajsf
asfl;ajsf b Soda
PlaceSoda
PlaceSoda asfl.ajsf ) asiiajel
thing
Everything
Euonuthing
TEHE/NER RN

A LA L BB 1 /NI BB i Gl AR 1 NSRRI RN AR LT IR NE RN
IEHALERS, EXRFACRRE RN EhR. SRS /NI, R flak sl @R, BRI/ NBeET
PAVEIRE RN IS BLSRAR T AN /NP RO SRR DX, 4 (0 38 B4 75 ol B ) 27 1 /NI
.

| Folder/String

asfl,ajsf
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ERU/MB R R AR

Shuffleboard fy /R 2BAER 5, BB HLE AN ZIEdE. EF B shik Bl R 8L, Hi2 R
] BB SR N AR P AT . A A /N BE R RN, A B A LN, ARSIk
B IR, SRR SRR R R ITR R AL A N EAR BT, AWAEERE, — AT, S
KA IRE ARPT A BIEERP SR e AT F AR R AL, A /R E R A A TRERIIE. ()&/45) , ATPAR /R ATl
IRRE (LLa/st), SOR, PHR eIt ¢ . M. B EnT AR e, B, Berms, ZIEHE,
SCABCE AL, BB TZER B

ER/MB MR R

AR AT PASE L Ui/ N F8 B RUA AR A T BRSSO/ N PR AR A SRA S P B 85 77 /N
DA B T /NIRRT e . AR HL AT DA R S s Y 7 /NP AL

BRI R

PRATASE S/ NER PR SMIL, BN Br s ARSI, BEBCHAIE TR .. ER RERIIEOL Y, A Hdis O
¢?#,%EM@&%ﬁ*ﬁﬁ“ﬁ%@¢”OETEE%%ﬁ%@¢%#¢,¢%@ﬁ@,ﬁ%@ﬁﬁ%
AT DAGR -

ERER

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.

#irifg

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.
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List boolean value
Switch closed Edit properties
Show as... ¥« Boolean Box
4300.0 Remove from list Text View
- Maove down Toggle Button
Send to bottom Toggle Switch
Remaove
Add to new layout...
List
Switch closed
4300.0 numeric value
RPM
Edit properties
Show as... Graph
Remove from list Number Bar

Maove up

Send to top

Remove

Add to new layout...

L]

Mumber Slider

Simple Dial

< Text View

Voltage View
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List
Title Switch closed
Color when true #7cfc00

Switch closed
Color when false M Dark Red

4300.0 Close

RPM

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.

EFHSIIRPRIER

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 1abel) deletes the list and all tiles inside it from the Shuffleboard layout.
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Bridge Angle Swerve Angle RPM Bridge Limit o
4300.0
o 42 100 o 29 100
0 472 1w
Left Drive Encoder Right Drive Encoder
Bridge Angle
5682.0 5400.0
Turret Pot Turret Pot Voltage
Direct placement
2.345
oW 125V 37EV eV 0 29 100
Swerve Angle
5682.0
Left Drive E coder
Tiles placed directly List layout
on the tab vs. tiles 5400.0
in a list
Tiemees meneet ENGOGET
2.345
Turret Pot
oV 128V 37av ay
Turret Pot Voltage
Swit (2]
N
R List
Switch closed emove .
Addto new layout... » |t Layout e
Show as... » Subsystem Layout 1y
Switch closed

o Edit Properties
ey

568z
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List List List
RPM RPM -

Switch closed 4300.0 T | 0.0 Switch closed

o 43000
= ©
\ 2/

RPM

o

a LY 1uuy

Swerve Angle

5682.0

Left Dr
Edit properties
2400 show as... N

Remove from list
Right [

Move up

234 Send to top

Move down

Turret  gand 1o bottom

owv 12
Tumet Remove

Add to new layout... »
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- If you want to take an entry out of a list without deleting it, see Adding tiles
to/removing tiles from a list.

EGBRE

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

IR (EIRE

Shuffleboard {f f] (5 A Jmy nl 45 B 7 FRAILAS A Bs i AR “BLP” IR sEieg . TR —
AEIR, Hp o T B LS AR PR EOR , A — T HO SRR AR . A7 2 R
AERESE A . LR DASE AR SO I R 19 1 BB T IR £ i 41 10 R i il Rk B NetworkTables 5
oAb PR B -
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BiMRE

HRFTIF Shuffleboard I, HWNET R, 4 5IFric >l SmartDashboard #i LiveWindow, X265 )
T SmartDashboard pyp-MRIE, HAARRGET SR NRTE A 3/mfRis 7 iE 2 el N iztr. 18
UIRERH XL Bl AT AT A

File Recording Tab

Sources Widgets SmartDashboard x  LiveWindow +

¥ CameraServer

Basic Commands Grouped Commands
Name Value
DefaultDrive PrepareToGrab
DriveFoward Grab

7£ SmartDashboard %3 I, ffi ] SmartDashboard.putType () 77:85 ARG {E. 7E “LiveWin-
dow” IR I, KR Ara Aok EiE.

EiRE 2 B

PR DTSRRI AR EARAE: , W DATEARZ: Z AU . 7E EIAEOLT , HFR #ifi SmartDashboard & LiveWin-
dow B[ £ 54 2R BRI -

AR INFORR R IE TR

AT AT B B 5 — R IR A R IS (4) SRESIIHABZES R . BB RIS, W] DATE S0 e 0
R T AR B AR . Bt n] DU R AR, sl e R S B e TR e, AR
A% T 11 P I G R BOR S A
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Title CompetitionView

Auto populate ‘J
Source prefix SmartDashboard/Shooter
Tile size 32.0

Show grid . @
Horizontal spacing 16.0

Vertical spacing 16.0

Close

WAl A R TR R A AN IS () RBMEN <., BT ®m 28T HEX
#y:term:NetworkTable i1y, Fr AT REAEAHER ZAYE 00 R K AMMEREAT.

B Shuffleboard
File Recording Tab Help

SmartDashboard vaeWinduw +
-]
'Unglwv\ DriveSubs)

Distance

Speed

Crimmdar1]
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HiREREHEHET

PET R B KT RE 2 — AL B TRIEETT R Rk kg h ORI A s T i E. £ LR
i, “EBEW ERER CUR” JigEkh “SmartDashboard / Shooter”, J-H “HZER LT IR,
fii ] SmartDashboard 2545 K45 & Shooter FIipy{E# R A sh B nfE izt R E. #R: 52
A~ Source FiZ VLD A B RFER LT R . X et A SmartDashboard /713, If H2ERIA
SmartDashboard i#&3i-K ) Source {iZk, [ M 28/ N0 [F i IAE A g As . A BAUE— AT
krp i nE, WA PAE ] NetworkTables 4G Hr2ZsFI(E, (8 HA7E SmartDashboard ) HAb K% .
FAk, BT PALETE WA~ 7E SmartDashboard 5K A, fiHAMSRIEAL, H2 0] DURIETR 2k &
FREMETR, DAESE G b 7 ad g8

fE 4R Z 4 F0iE) 2R

BAEIRHAT A HE M Tile K/ BBAKTRIBREADE). Fit, —LgeliRnlfEA SR HER,
PABESE 2 23 AT Jry, 5 —SE IRl BB — DRs AR kA% . Tab ity i) Tile A/h&E 35 T Shuffleboard
Pt AT 4 SRS B A, b ] DASR E /NIRRT SRS . BSR4 5 P LT, i
LSRGE YRR KA B AR (hgap, vgap ).

EEIR Z B3 3/ VR 1

HT, B AP IA AT AR AA AR AN IR Z [ R Sl NP, i o R A e v B R R B
MZEMR IR = IR G HEEN BN FT A b o FRN A BEAE A R S8 B %D BE

fERE &

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.

AREE, R, AR, W w7, RIS R
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. g
1 Remove

Add to new layout... b

Show as... 3 Graph
Mumber Bar
Mumber Slider
Simple Dial

v Text View

Voltage View

PG N S s ORI R IR . R E BB LB, BURRE s i BRI (B ) R4 30 #bo SmT ATE
P B BB R A — i (IR T o

LiveWindow/TestSystem/Potentiometer/Value

s " g B o i Lt
ot TIIFT™ " 1
_223‘.29 13:44 13:59

Time
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g EE

SFAAE, BEHETFEAER -FELEREZME. Ak, RFEM NetworkTables JEM K (Shuffleboard
M) Hsh HABE R B L, R R RIS I . S5n] DA HoAb(EHE 2 B L.

Graph (2 sources)
100
50
Lok
Tzﬂ 0 ||-||i-_|_llll—'—||' -:_._n_l—_l -__,-.
-
-50
-100
14:11 14:26 14:41
Time

AR E BIBA U R B, G0 PATE BB ETE B RN AR B Bl 1 1) S 1 166 7m0 B B o
i
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Graph (3 sources)

100
50
g K
E 0 —f':.'""'l‘lt'_l—.qj'_'—:l:'_—u"’:'la""‘q: =i :_'F a2 FJI_ T
=50
-100
15:08 15:24 15:39
Time

O LiveWindow/TestSystem/Potentiometer/Value
LiveWindow/TestSystem/Ultrasonic/Value
O LiveWindow/Wrist/Potentiometer/Value

wWEE KR
] A I ek B AR NER B ) CRTDLIHE]” SRk EAEEG T BRI EUinEN:, A EE
Ik “Edit properties”,

B 7 RCE AT IR 2 A, B AT A S T IR0 O P T PR 1 10 A S s A IR T 5C A7 Rt TR 5 PA
(W F30)-

Graph (3 sources)
200
g 100 Title Graph (3 sources)
@
> Lbanlk gl b | o L]
et Py i T Ao Lk Visible time 300
-100 Live window/ test system/ potentiometer/ value visible ( )
15:38 15:53 16:080  Live window/ test system/ ultrasonic/ value visible " @
Time Live window/ wrist/ potentiometer/ value visible . @
© LiveWindow/TestSystem/Potentiometer/Value =
ose

LiveWindow/TestSystem/Ultrasonic/Value
O LiveWindow/Wrist/Potentiometer/Value
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RETHER

Shuffleboard w] PAICSE LRI BTG/ NI 25, WA Wi HEsoi:, DAEF IR~z
A 2 A A DL o ARAE EE SR IR L AR VRS a7 BB R/ KA TR A, R . B4

IESRARILSRAE— MRS

SIERE

UIRERE B, BT AICRITA ) NetworkTables {, Jllid#% MCREEIF I “I0RMEIL” gk
SEEMEIL, WNPR. BURFEEGEENCS, GIAEAEIE ) AR B UM AR G, 35 1 e s (A
RIETEZAT), WREHRL GUR” . FRUCRTAZ AT 1L b 5 PSR SO R 2 IR (4
FFTR), WS EIGG . R EHRIE Y, WFRIR S HIEAEEATICs, B gl DA k5%l

mE »

Loop

Record/stop

BRRE

AR s Al DAL DA J5 i

Lo 5kl e, RSy sk .
2. WERETH SRR AR o UG B, SRR IDR I, DARS B R BIIER %, M

FHEFIEFATIC S
&€ java

soe @

@ Stop recording 1%R . m

» Can Loadplayback... 1%P

¥ NetworkTable
Name Value

¥ LiveWindow

| S W .

........

$ Setapp

3# Dropbox

#3% Applications

0 Downloads a5

1 Inbox fer
= ird

Shuffleboard Data Recording

Hide extension

plugins > 2017-12-30 > recording-11.04.05.sbr |

recordings [ 2017-12-31 g recording-11.22.03
2018-01-01 . recording-11.29.1 e
2018-01-02 L3 recording-11 .30.4\__/'
2018-01-03 > recording-11.46.50.sbr
2018-01-04 . recording-12.18.55.sbr
2018-01-05 > recording-12.18.57.sbr

recording-12.21.30.sbr
recording-12.24.47 shr
recording-12.30.03.sbr

Cancel
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= HIIER

PEFRUSR SR AR GRS o AESRICRE I, SE ARS8 TH A BTN E), DASAER 2R
ORI [HCR B, Atk 420 VR [l A Tl o
L")

0060 O o
] “ Il m »

| @ Loop ‘ 10:06/ 0:07
PP TAE S :

L. 2o S B 1 T 07 8] i J B A ) 20
BT AR A LA

T A IR A LR RO KA 2R i HLas A (E

A7 AU 3K il BT BRI R — AN S ek A Rl

T B SR B E (AT AR IS ) 5 AR R TSR AN [ S0
TEIRIF RATIHEAGER ,  RIEHORE— ik 33 B 2 5 1
P ] S 75 157 H 4 24 i B T ASORITC 57 4 e i)

No ok Wb

AT E TR

@ Start recording Ctri+Shift+R
B

Load playback...  Ctrl+Shift+P

Convert recordings

»
-

UPIBRSRAR R 7 LA AR R AR . B ML SRR 1M JC /5 il b 2 7 11, Shuffleboard
SRR HAR AR LR O AR BAR . X R A BER — MR R CSV ety , HIIART LAZHE H &
SCHE R H A 5 7E Shuffleboard i+
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x Export Recording Files

Files to Convert
Convertto CSV

Include metadata |

Mo files selected
/home/sam/Shuffleboard/recordings

Change

Add Files Add Directory

ZACRAT A— U . RTLAGEA] “USINSCHE” SR s soff, s DAl “UshnH &7 #d— ik
FEH S BT sk S

et i) s i e Bl Shuffleboard / recordings” HsgAzpl, HATAREH] “SEEC #H Fahvtfk.

A UABE A B AR T BRI ) Rt . BOATFOLR , (X CSV SRS nT o R FHE R H 2 S
A RHTE R 812 s s R I

#h3E iR

TR AR, EOERF IO IR B, E2 QR IEAERR 0 i ) d a8 T DA AR DR Iy s, B ATk
DA RIS T R .
®%E Shuffleboard £ BFBE %N

HirLi&Enli% e Shuffleboard 4N RAI TR . X8k B AT “Shuffleboard Preference” #itg
H, BTRAM SO SRR
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REE

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.

Theme

Default tile size i

Material Dark
Automatically load last save file —
Show confirmation dialog when exiting (

REERABERK /N

U E TR IR S e A5 A S sepg sy, Shuffleboard S EATHCEAE MM F. BT DAEAS LRI -
BCERCARENG K/, AR AT ASERSOERIABE B o Qi B e R B BB I KN RS Hh BORSA ) 70
A PASE G b BERG R L. X T PAFE Shuffleboard #Eiksitd O h b4 T, WF PR,

ERmRREXH

You can save your layout using the File / Save and File / Save as---menu options. The pref-
erences 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.
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Application NetworkTables

T Theme Material Light
Default tile size 32.0

| Automatically load last save file (:}
Show confirmation dialog when exiting @

dve layout

Save the current layout before closing?
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REHB\RS

|

| Application NetworkTables

Server 190

7 Shuffleboard fefgfENL#E A 5] NetworkTables R 4548, 57 “HiEW” M50 “Network-
Tables ” IR 35 & HI A\ i 's . WAREHFENL A5 & Liz4T Shuffleboard , M| Server “ZE:f 53l
HAEMHPNEE. WREERA VSRS AN Fiz1T Shuffleboard |, W] LTSl A A A %5 5%
robotRIO W %&bl .

Shuffleboard E Lo, B WF0EIR

#i%: Shuffleboard PAKRZHCH A HI R G ALFE M Java 11 JFAR), A&AE Java 8 Wik, 1
WS L, RN T Java 11, FRREHBCEENA Java $ibi.

i) E
FinfT A Shuffleboard IR, FHIRHKIHEEIFK ?

B, AL, AIDIRETE K AT PAMSINE] Shuffleboard GitHub w0 & — 4N A . 4 ENT#HEA RGN,
AR ﬁﬁﬁﬁﬂ% i1e FERIESHI S 1, EE A E WA MR, U\ﬁﬁ%“ﬁ&ﬁﬂﬂﬂE‘QX?EH:E’JW@T‘W%'J
i) TAE. %A PAZE" Shuffleboard GitHub W ¢ F# %\, <https://github.com/wpilibsuite/
shuffleboard>‘
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#HinaRmE ey MBS H by EE 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.

Finfa MiERTBIIE Shuffleboard ?

YRATVAYE GitHub Wuh B3 ol sl oy SUE A PER RN . B JRACAD Az 4T Shuffleboard,
THHOR L HT H SR RIS, HEH AT Sz —

A 5% (3F Windows % %tiz1T gradlew.bat 3214)
=47 Shuffleboard .Jgradlew :app:run

IEARI M 2 apl MISEHAEFSE | /gradlew :api:shadow]ar

P g s R b R jar SCfF /gradlew :app:shadow]ar

11.1.2 HE5RB
EREE

UIRER, HER RIS — AR T BRI R/ NI (A 4 2 A SR TR L. BOAE LT, Shuf-
fleboard H HF |0 SmartDashboard 1 LiveWindow 3565 -{H 2 PULE 7] DA B4 MALSE AFL T
1£ Shuffleboard HEFEEHT LI, PASCEIEAFRYZHE .

A SEARAE

Java

ShuffleboardTab tab = Shuffleboard.getTab("Tab Title");

C++

ShuffleboardTab& tab = Shuffleboard: :GetTab("Tab Title");

BIES B Rt E Shuffleboard 2& B H AN 5 —FEf 5, B KF7E Shuffleboard 83 —1#h0
PO, FRaR [l — AR s A 2 TR A A AR . 2 0O B A AR 2 AR getTab KFag iR B4 ]
AT

EE—-MRE

Java

Shuffleboard.selectTab("Tab Title");

C++

Shuffleboard::SelectTab("Tab Title");

B AV AR R T R . XX /NERY (so “Tab Title” and “Tab title” are two individual
tabs), - HACSTE P % e B A R s i -R sk A2 B R, IR “selectTab (“Example”)
“UHESEHTE XL T 40 “Example” [R5 REA G2
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B3] s Shuffleboard HAEATIED R, AR LA AP BRI .

ABEW

ML AP R e -1 -5 AR B A IE 35 e IR A LA 2 X
* ROf71E Shuffleboard fRr7 30
© AIFFABNETE
o TR EAEMATHINLE AT R SRS N A
o BATRRRIBE A T A 2

330K

5 SmartDashboard ~[F], ##EAfE E# k%A% Shuffleboard, A2 g Sods & £ Az e 24318
i,

KX E PR

Sk s (7, AR, MKERENIREA) ek B “add” SRS, MR A
FAAE, WIBOT R %, AR ERIAE.

Java

Shuffleboard.getTab("Numbers")
.add("Pi", 3.14);

C++

Shuffleboard: :GetTab("Numbers")
LAdd("Pit, 3.14);

AR EG T EOR (B, fEpLas A B2 SRR i), e SUES TN getEntry () ¢ SRISTER 2
IS ETE” JSUIPE” BRI I SR

Java

class VisionCalculator {
private ShuffleboardTab tab = Shuffleboard.getTab("Vision");
private NetworkTableEntry distanceEntry =
tab.add("Distance to target", 0)
.getEntry();

public void calculate() {
double distance = ...;
distanceEntry.setDouble(distance);
}
}
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EfNBZEMERENAEE

MACEAAR T EAUMA RS, B8 ] B A UM SRS A i B sh Z PR B ROk, A2 LR AKEh 7
TERFICRCZ BHCHE (BUEE) FCEBEE .

fEitAHffiFl “addPersistent” 1AL “add” HH(E{EIFE1E roboRIO I, FAENLEE AFLE Bz .

ik AT T AR, Bl ARy SO S AR -

Java

Shuffleboard.getTab("Drive")
.addPersistent("Max Speed", 1.0);

RiXfEREE, BF

H( T “SmartDashboard . putData”, {£fi] “Sendable” %1% (KL HfL s, mpLEH$F Send-
ableChoosers ) # ] PAGSINEEATAR % H

Java

Shuffleboard.getTab("Tab Title")
.add("Sendable Title", mySendable);

BREE

5" SmartDashboard . getNumber “HMAA[E, M Shuffleboard g% th il id HM 7L R —
ScEEiF ) NetworkTableEntries 52 .

Java

class DriveBase extends Subsystem {
private ShuffleboardTab tab = Shuffleboard.getTab("Drive");
private NetworkTableEntry 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);
}
}

XAFEATRGIA — DI RAYBRIE : o DATEEER AR R 8 [0, 1] Z S {E-1X T eSS 20k A A
(URAPARCHRE ), LM Sz, ARy ¥A T DARE S UL - R — R SO X L HEA T/ 47 -
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BCE /MR

WL ARy ] CAMER i 2 2 T S Bl G i 37 LN, DA AT B Bk 7 /NPl Tt AR g i iy
INERPERZS , A P SO ARRIBCE AR £ L

8E /a1

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)
WithwWidget(frc::BuiltInWidgets: :kNumberSlider) // specify the widget here
.GetEntry();

TEBRBI, AT R 1N P RC N T SR A& A SO P BRI 2 (H

b4

File Recording Tab Help

SmartDashboard LiveWindow X Drive

Max Speed

9

-1 -0.5 0 0.5 1
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RE/NB R

MTHRACEERATE 0 8 1 (SfFEs|em) i MEAAEL, HIERERESZT, WA-1 3 1 19E
BeTRe T R M, Sz, FATT AR withProperties JiA 2 E

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)}
b
.GetEntry();

b 4

File Recording Tab Help

SmartDashboard LiveWindow X Drive

0 0.25 0.5 0.75 1
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i

INEREERT DB A FR TR s B, AR INEMZESKE (O Number Slider” 5 “Number slider” #il
NumberSlider” K[H). Ait, @ HAELE widget 2 f/IN R I8 @/ NR A, A2 IR IR 4
Fre (HJ2, HABM A AREGE S i/ MR H 2 L “WidgetType’” SK485E H & SUNEBHA: .

7 /NP R IEA AR K3 R/ NG A K 7234 (“Max” fl “max” ). A K% H/NTEE LR
AR, WK BuiltinWidgets JEh iy H/NEPF SO .

PR
RE/MBHRX/NIIE

P “withSize” M1 “withPosition” SBLE A M/ NRPFFEREIR - K/ E

“withSize” BE/NBIEY ARSI SEHATE R . B, J8H ° withSize (1, 1) “fEf3/NEAAER
ARG . R NI R NS TR R TR RT, FERXAR LR /NP (0 di /N S HF
RT"_‘O

withPosition ¢ E & L/ EARATRS. FTRSIEES N 0, Wit B 28y 0, s/l
ﬁﬂ’gﬁ%ﬁ? 0. ARAEE 7REIR AT o L /NSRRI /NI 90 o7 ot 7 Ay e G 7 1
INEE

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);

BN RIS

AT R A AL S A BRI NERE R 2, IR AR EANTECE AR/ N A R R A R R
HH. st Shuffleboard.getTab #Z& kI Ky /aiH—FE, ATPAEH ShuffleboardTab.getLayout
KRR N (B2 — MR .

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());
// Similarly for the claw commands

C++
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wpi::StringMap<std::shared ptr<nt::Value>> properties{
std::make pair("Label position", nt::Value::MakeString("HIDDEN"))

+

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);

x

File Recording Tab Help

SmartDashboard LiveWindow X Commands

Elevator Claw
ElevatorDown CloseClaw
ElevatorUp OpenClaw

11.1.3 “Shuffleboard” -5 H*x

ELHFRS

ffi i command-based 444}, ” Shuffleboard” 7] PAE T L R /R & Fh iy S HI T R A AR RTE B AAT]
HRRRAHL T ML AAEUT 4 .
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BRTRE

TR EAENLEE A DA A S BB E I E E H T RIS (RIHBUAG 24, ALY ETIELE %
TR ), T RGE5EH %45 Shuffleboard:

Java

SmartDashboard.putData(subsystem-reference);

C++

SmartDashboard: :PutData(subsystem-pointer);

Shuffleboard # B /R FRFEHLFK, SRS KBNS ALY HIEEZBITH Y. 7E R+,
Elevator &S EGA AR “AutonomousCommand’’, ‘B2 ] Elevator T &S 1 4 Hi652 .

Elevator

Default command: AutonomousCommand

Current command: AutonomousCommand

WARA T FRE

£ WL B (driver station Hif) “Test/Enabled”) ', T RE0 LS T RGE ML AR FPATHE—
A2 RAE LiveWindow &35 -R i, 33X A B 1 i A B 1% 8RR [m] (R W % a8 2 B B w TAE. 74,
A PAf# ] actuators. i, Tu\ﬁﬁ{%ﬁ%%ﬂ’ﬁ%ﬁu\mﬁ/ﬁﬁﬂﬂﬁf‘%ﬂﬁm X+ PID 7&%, ¥
P, I, D ALF #BOA MR 3 2 (E RS il SOl s s, A BDEE IS A AR
PIDController i PIDSubsystems iiifRA . XFEE T DOEL B Z AL H R . v DA BLIEER
(EMs8, BARAME), ERRIGHNSHENL.
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Elevator
P B0
| 0
8] 0
F 0
Setpoent 0
Enabled

FlDSubsysiern Controlles

oW 125 v 2.50W 375V 5

pot

0 Zero

matar

A % PIDSubsystems BT £ {5 B 0] DAfEix 423 <shuffleboard-tuning-pid> {# ffj RobotBuilder
Fr AR, PAEAE Test B TR RS FEERTFRENRBIT IR, Kb FREAFREH
T REAR T

setName(subsystem-name);

ERH<

Using commands and subsystems makes very modular robot programs that can easily be
tested and modified. Part of this is because commands can be written completely indepen-
dently 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++
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SmartDashboard: :PutData("ElevatorMove:

upll ,

new ElevatorMove(2.7));

Shuffleboard f B/ ey & AR — D THRAT A SHUFEH . RE, ATPARRAA I B i - T -2, 1M
TEFAEME AR p il Rk A RS . 78 R &, Shuffleboard 4| &H @ &1 2 g, — ¥ N
FHBATArS, PRI PRSI S. BRI ILIIEE, Plas AT it

Grouped Commands

PrepareToGrab

PrepareToGrab

Grab

Grab

PlaceSoda

PlaceSoda

Everything

Everything

AutonomousCom...

Autonomous Command
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MiAF0iEE PID &4

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. SR IR E AR L e A\ SOHUAHCRE B P o B0 FELAY B . B (B 5 ) I A M X 2 A S
BUAN, A Y BB I 1% BEAS AR 3 Do A% 3 21 15 A BT I AE (2 B B R IR A . H
BEVHR R AT R Y e P A A e, B R SR BB A, R Y R RABRASS A B IE EE f LT
fH-

2. TR (BEEHMES I EY 22) o SRMEMAT S 38R0 T AT BoE b —m . filan, SAqEnlge
7 TN R B S A KT s A B A B . IR ZE I RN B I A5 i £ 3 5 S B T i A 2 22 [R) A
B, iRz NE, WA SRR Slti. %Rz HE PID B3R A, PATTE )
B

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 A4/ PIDController 2, #%3¢5c8l PID # - #:%5 Kp, Ki fil Kd {EMX g # . PID
FHRRA =T, XA TR A Sl

1. P (Proportional) - Xit—A~ARify, LRAETRAFL (Kp) W™ AR RSPl , MinA BT
IR 7 ) R BEAS 2l Hhak

2. I (Integral) - HARIEFHER) R ESAT RIS S DAFAERY I RGBS, FRZ STRRHBOR . 32—
S 6] P BT B R INEA AT o AR T SRR SN I S B A RESE Gk BB a5, B TR 4R S
(RZEZAN) , ELEN B SIALE B 08 1 STk AGE RS 3 0 A AT S22 10 RIS DAY
%o (Ki), PAGRCARGERIR 10

3. D (Differential) - M{E@IRIERALIR . WRABIPUR R, WAL VAT FEE B Zh DL . F.fi]
?ggiéﬁgﬁ RIE(AFISERTIRZEEHZ MR ZRAFRI L E . FAVHHIRAR R (kd) SRATHCE PAVERL A
ﬁi /\/\FIB

A% PID {528

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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Wrist

OV 125V 2.50V 376V 5V

0
M

=1 =0.5 0 U.bs 1
0 g Zero
motor
P -1.6
| 0
0 @
e
F 0

Setpoint O

o
Enabled o
e’

PIDSubsystem Controller

RO T RGN B T ARG RA A AR, DA LR A AL
fro BEHAWZ S PID 7RG TRE.

1. AT AOBCU I A B MR . X R R I AE
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—MEBIARA O Sk TT AT — D7 T R B T ik . TR R S (ECRE X T )b sl A% 30
wn_Epriky PID #4L (F 2 1T @ PID [l B i Bi{E )

P WA B ey, R A B E

5. JE il PID f&iild-WsR AR, 35S W3

22145 PID M ARSI A e LI RE . LRI AR AR SO SR BE B A B s IR B F HAR BRI IR,
PABRAR I A5 IR «

Ll

Hi%: The enable option does not affect the PIDController introduced in 2020, as the con-
troller is updated every robot loop. See the example below on how to retain this functionality.

7fE3iy PIDController a2 fAThEE

PATR /R B T A A i B B — N5, %4 AR5 R /45 PIDController,

Java

ShuffleboardTab tab = Shuffleboard.getTab("Shooter");
NetworkTableEntry 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::NetworkTableEntry 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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EEHEEREN

FE— BN (RGP ERZ ) HishBIRPRE R, TN NetworkTables .

PUEES S EITHE

¥ SmartDashboard

LiveWindow +

Sources Widgets -
» CameraServer
¢ MetworkTables
9145 NetworkTables 4 5] vy 56 0K H .
¥ SmartDashboard LiveWindow +
Sources Widgets
» CameraServer
¥ MNetworkTables
Mame Value
¥ FMSInfo
EventMame
FiMSControlData 0.0 SmartDashboard
GameSpecificMessage
IsRedAlliance true Name Value
MatchMumber 0.0 ¥ Auto choices
MatchType 0.0 active Default Auto
ReplayMumber 0.0
Py default Default Auto
S — e e —
e — options [Default Auto, M...
T 11 (o ][]
active Default Auto
default Default Auto
options [Default Auto, My Auto]
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11.1.4 “Shuffleboard” -FE#l/MNEB4

MBI+

Shuffleboard 24t T2 N B RAE FRC® 15 WAL . A, GIasayLm. g/ hNsieefl Net-
workTables %,

EXiEmM
FASEM e LT FRC (A iR T A S8, AN R . B % AR % SURAEEAY, slix seiFend
BT SR AR AR R SRR R kN . ik 24 i NetworkTables Plugin 1 ‘CameraServer Plugin’ b3,

K B N2 5o FRC i B SO Y (Fan HTTP, ZeroMQ) @##df4d, Mk
£ NetworkTables %& Fi .

CameraServer fi4

Camera Server @2 TERA/NG:, HT#AF “CameraServer” WPILib A5G WA -
XA EK T NetworkTables Plugin 3k & 30T FH B AE LB -

HERAN

#il#EE “/ CameraPublisher” NetworkTable gz % ¥l CameraServer JEH5 .

/CameraPublisher
/<camera name>
streams=["urll", "url2", ...]

filan, 4k “Camera” HR45#3( T “roborio-0000-frc.local” ALK R A DA #4870 R

/CameraPublisher
/Camera
streams=["mjpeg:http://roborio-0000-frc.local:1181/?action=stream"]

MR E Rl o WPILib %) CameraServer H 3zl & ¥l roboRIO L4 T A S LA R . % BAE
Shuffle Board | ‘2B EHEFH T4 Ik WPILib 15 H #0045 15 B % HLUIR 4528 Stream Entry.

NetworkTables ##H{t

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.

AR 3PS NetworkTables (iR g4, shuffleboard 1 1 fl E & L9 G EHA
WL NetworkTables sl 52 2k .
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eI —MEH
e

CHRAE TR B2 SUNBOE. )R, AR/ B 2 LM RE S . Shuffleboard $24kPAR:ref: A
# 5% <docs/software/dashboards/shuffleboard/custom-widgets/builtin-plugins:Built-in Plug-
ins>,

e NetworkTables Plugin: H T %4558 i W 48 14 5 i 45
* Base Plugin: fI @/ H & X FRC® ¥E H & N B A Ec 4 2%
» CameraServer Plugin: f-F W5 M BEAH IR 5 2515 K 15

B AE HE B R R Bl B € X Shuffleboard i 15 F1 A T 2 8 B Y A LN FR
] PAFE X B 3k 3] <https://github.com/wpilibsuite/shuffleboard/tree/main/example-plugins/
custom-data-and-widget>‘_,

Sl BEUEH

T OE XM, EA o2 ‘edu.wpifirst.shuffleboard.api.Plugin <https://github.com/
wpilibsuite/shuffleboard/blob/main/api/src/main/java/edu/wpi/first/shuffleboard/api/plugin/
Plugin.java>‘_s(H K2 —. FEFRAREIDT.

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 {

}

A XA X B (ERAS) MG, W20 “Btak <https://semver.org/>” _

THER, %% @Description JEREK GRS N EAL T 0 2 SGEFRAEME. ARVFEFERA A K
W, HARRERZ AT SH.

BHEY

The easiest way to build plugins is to utlize the example-plugins folder in the shuffle-
bloard 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 your 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"
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FVHBRIEHOB T HASE AR, (2, ENTLHTER 578 maven 5 gradle ##3CfFd . 24— MEIFK
T ARSI, Sl SOX BRI, DA A B A I % s F . X T AR @Requires
RS, TR RR:

@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 {

}

minVersion &% 1l i Z A iE A AR LA . B, iR “minVersion” Sk 1.4.5, Ff Hm#k 7 A
Sy LAT fsECE, R RV, (HS2, WsmER 74 1.2.4 fsdek, d e/ T “minVersion”,
A F VIR REA

AR E BV IMBR

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

w5, Shuffleboard FFZfrdfFiuiAE, LAME R Shuffleboard Jinzisf nf PAH slilinzgk. W RER 2
PR AT ARG ECRHE(F FoFT 2k 2] Shuffleboard .

FahiZRiE

The other way to add a plugin to Shuffleboard is to compile it to a jar file and add it from Shuf-
fleboard. 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 X,

Plugin Loaded Version
edu.wpi first.shuffleboard:Base 1.1.8
edu.wpi first.shuffleboard:MetworkTables 225

edu.wpi first.shuffleboard:CameraServer 3.00

Clearcache | Load plugin

TERRCRET I Af, R T AR MBAEIE” ML, REERRERY jar ST

I EE L RIERE

ANEPEBEFRATT REAS 4 A ] DAL A R 2B A Rt . i 5 mT DA R BEBEOBUR L 2 Java X . ik se2e 7
AR O — AR BN R BT QR AT /NER R AL PRS- B 2 A (BN, WURSRE
PSP AE ), MITCHR e B CrBEE.

SRR

TEMR G, FRATR A 2D S x f1y ARbRelad B e AR R, A TOIE B LR AE, &
PP 426 ‘ComplexData <https://github.com/wpilibsuite/shuffleboard/blob/main/api/src/
main/java/edu/wpi/first/shuffleboard /api/data/ComplexData.java>‘ . 1 B & B Zb 5E
B asMap () ik, & ERFRREIEE N R ER R, RA, A @Override Hby::

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 vy;

//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;
}

(B )
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@Override

public Map<String, Object> asMap() {
return Map.of("x", x, "y", y);

}

}

AR “equals” FiI “hashcode” Jyikthjd—FhARAF MM, PABHORAN[R] (0 0 G o HL o7 BOR [+ i
BOA RS asMap () J7 3K %R ol DA B Map Xt G 3RR i 8l , DR B R e S 318 X R 1Y
NetworkTables 75 H . fEXFGEL T, AT AR R X MY AbAR, FFaR il — & ENTR “H
I?é—]??o

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);
}
}

A DA I At 7 VAR A 2R B i 7 B SE B AL o, (EL, O RAFYVA R X LE 2R WAL PAB 1 B B 5 it v
G MB, ERIABIE— B EIAR G, A BRNIA RGN, WREENE y Abbs, WIRTDAE
SCPAR 7k

public MyPoint2D withY(double newY) {
return new MyPoint2D(this.x, newY);
}

SOOI — AP MyPoint2D %4, FERABI y AhRIEIE . B x AsbRA LT DUSRERL.

BIERIERE
AR AR B R AL A — DB (RN ECFETARER) RSB REL, ARG Z A
7B (MZFRER, Z20807) iR A Ral.

N T AR, MU Prd R 268y 8 “SimpleDataType<DataType>" ¢,
A “getDefaultValue () Jrik. TEMURGIH, FATRGET double fE AT HY i ERECHR 2.

public final class MyDoubleDataType extends SimpleDataType<Double> {

(BT
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private static final String NAME = "Double";

private MyDataType() {
super (NAME, Double.class);

}

@Override
public Double getDefaultValue() {
return 0.0;

}
}

RSN T KRB B FATE , VAR PR A E R JE 2L B BN S 81

N T E LR BIRHAL, Kby g “ComplexDataType” 3¢, 4 “fromMap ()” 1 “getDe-
faultValue (" Jrik. FATHFLA MyPoint2D JE56, DA TR B KA S0 -

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);

}
}

TR ATR AU R AR :

fromMap () J7 ¥l H & 455 21" NetworkTables % H /{1 & — 4~ %7y MyPoint2D. 41 ok
KWk HAE, getOrDefault JykffikE 0.0. A RN{FEAEVR, getDefaultValue i [l —/ iy
“MyPoint2D“ {4 .
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HRIEEE S BES

4T ik Shuffleboard e BRI, HfFLAlEL B “getDataTypes” KyJ kR EA . HlN,

public class MyPlugin extends Plugin {

@Override
public List<DataType> getDataTypes() {
return List.of(PointDataType.Instance);

}

I — 1 /MERHF

IINTEIRAATTREAS A, o AORN 5 38 A R BRI & 7 B B #1722 .. CameraServer, NetworkTables
fil Base UL T H PSS EARIRR A (84 E T FRC fBdaa) /N . (B2, HESUMNB
PR AT e 5k Java X5 th A ) [ S SRR,

HAR “Widget” #0447 1 “Component” Fl “Sourced” #1. “4Hff” 27 Shuffleboard iz 7x
H AR R e . Sourced & FH - Ab #AT g s B IR S8 OB R IR K42 10 . A SCRREOER B e (A
BT SN AR Sourced #2101, 1 Component £z 11, &R Hil /E /NGB 1) 3 A4
P, I AdRMME R B R .

— AN N T AR P B S EU NP ATE R AT oK . — AN BT BB Fe Ve 4 il B v By
JEREL, BHE A IME S A B J5 ) o /NI RIL BSOS i FXML & . FXML J2—7fif
e XML WiE, W TE SONBOE (i, AREEFErE) SR .

A X FXML ) #E £{5 5, 2 Wk 4 https://openjfx.io/javadoc/11/javafx.fxml/javafx/fxml/
doc-files/introduction to fxml.html,

5E SL/MVA R FXML

TELLRBI, AR 3P E, DABS Bh 3R AT 19 e b —35 b8 i) Point2D £ida2Zy X MY Asbx.
F FXML 345 Java Class jitfe[F—t A H B

NTHIFAN N RR - EHE D, RAIFELAE 1 “Pane”. Pane @ik 2— AT A, H
AL T, 2EABI 2 . V2R RSB, R R

© LB
- WEAREAR A EIMICR . J35h, BOAROLT, MR a s EIA P 1 A
* KB
- 7 MR ClId AR AT RIS ARG AR B AR AR AR, AR T IOCRARR A .
* WLEHE

- WA T e e F . TR R AR RS (RZAEE AR R A AL ) 5ok
Fiish (RBAETHA A AL) .

i
- HE GRS ARVHEFOCEBAE E . N 22 A DR RS L

i

it
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i 5 5 ¥ 7E i HBox (https://openjfx.io/javadoc/11/javafx.graphics/javafx/scene/layout/HBox.
html) T ICEBAE—FT, 5 VBox (https://openjfx.io/javadoc/11/javafx.graphics/javafx/scene/
layout/VBox.html) f8-FIcgiltfE—5f, SAEEHAH.

i) FXML 5@ SCRTRS B B A TR IR AR -

<?import javafx.scene.layout.*?>
<StackPane xmlns:fx="http://javafx.com/fxml/1" fx:controller="/path/to/widget/class",
—fx:id="root">

</StackPane>

fx: controller &2 &/ NMUFHIZFA A FR. N2 FXML SCPRRE, FFQUEIRISEH] . Sk, “4Eihas”
B ITEAT S bn SR R 35 PR KK

eI — A M

MAERNTA T —A “ws”, TATAKEFIo BB IMEZE M. SR, FRATTT DA I w6 A4 i He it
5. OB IR LI “fx: id?, DUER DAFERATR G ZA 2 Java 25 . AT
“VBox” FiigHuil - BEAED LA T .

<?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>

BERAMEZ5e M T FXML SCrEm i, Sl AeId— A/ NleE2E 1. /NN AL & —4> @Descrip-
tion R, REREULI/ N SR BARZE BRIV AR WA AE @Description JEf#, W
WAL get () Ik AR /N

B S —1 @ParametrizedController ¥R, iZyFREE & /N ) FXML sCff. g
RO AE, Wiy g SimpleAnnotatedWidget 8. WAMZE R M EERE, B0
¥ ComplexAnnotatedWidget 35, fr*HEL{EH,, S .: 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,
—1n src/main/java and the

* FXML file is under src/main/resources or your code equivalent package, the,
—relative path will work

* However, 1if they are in different packages, an absolute path will be required.

*/

@Description(name = "MyPoint2D", dataTypes = MyPoint2D.class)

@ParametrizedController("Point2DWidget. fxml")
public final class Point2DWidget extends SimpleAnnotatedWidget<MyPoint2D> {

}
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AR EEA M A SCEBHREAL, Wn] DAS | FEM Java 2#i2é%d (H) Double.class), =& W/ MR
TERWESEE, WATpAfZ# NoneType.class.

MAEFRATE 2008 T2, BATTAMEN @FXML it h7E FXML SCOEh s B /NS R @ B XT3
TN, —ARBE:

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;
}

T AERATHY B E A H/NEE B ROR AT A, BATHEES getView () JrikitREIFATR Stack

Pane,

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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Gh%E TR FOARINIOTES

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.

TEXFPEIL T, /R BRFiE 7 53k xSlider #1 ySlider Y{EK 2 2D mify X 1Y B4R,

— PR EIA AT A @FXML Ity “initialize ()7 JrikicEI5E, WRIZITEARZ “public”, N
WA FXML 8 % T535 -

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.

U R IR O, BT R ) — R R . BN, FEERA DT 2 A -

xSlider.valueProperty().addListener((observable, oldValue, newValue) ->,
—,setData(getData().withX(newValue));

TEXFEILN . setData () 5k k/ NSRRI T i EBUE ) newValue.
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KEREENLAMH

AN FI AN 2 H B A AT /N SURE R B A RO o SR A5 35 AT ATE R —> JAR
TE X B

@Override
public List<ComponentType> getComponents() {

return List.of(WidgetType.forAnnotatedWidget(Point2DWidget.class));
}

RERGAMA IR R

R TR IR E R S SR IO, BT A SRR 1Y getDefaultComponents (), %2
FERR BT BN Map, 41 R s

@Override
public Map<DataType, ComponentType> getDefaultComponents() {

return Map.of(Point2DType.Instance, WidgetType.forAnnotatedWidget(Point2DWidget.
—class));

}

BENEH

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 BRiAiFA =4 T8 RO, FOMPR. KR FE—FRBOHHEER BB, T35,
BN H base.css FEF, ZAEAZE LT B E SCAMRRE, X LERETE VD IBRM T 6 Y 4 v e
3G BRI RO TR OGE N T JavaFX sy ERy U 4.

S S SRR BRI v KR FcfE “~/Shuffleboard/themes” B4 BRI ofs Hil, B
LI T R A

~/Shuffleboard/themes/Yellow/yellowtheme.css

FI SR i B A R 2R el R — 3B 20

ERUE ALY 2

FIE R T AR F5E o IXEENTHE S 15 [ SO /NP AIRGE, (e SGE AR ANR il A Y —
B0, RO GRS R P SCRZERIG T, DA kel nT AR E R L8 . AN SRA% i A4 A E 47
PEFTERY JAR HORAEAE, IR TCIR O % 32

@Description(group = "com.example", name = "My Plugin", version = "1.2.3", summary = "
(4)")
class MyPlugin extends Plugin {

private static final Theme myTheme = new Theme(MyPlugin.class, "My Theme Name", "/
—path/to/stylesheet", "/path/to/stylesheet", ...);

(Br )
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@Override
public List<Theme> getThemes() {
return ImmutablelList.of(myTheme);

}

&=y R Shuffleboard B2\ £/

Shuffleboard ) Material Light #1 Material Dark =543 32k 2 o FIVE (6 Rt TR 2 HEL, DAL
#%t Shuffleboard, ControlsFX #I Medusa Ul 24245 e fe, DAIE WA RHER 3T

RO ROX 28 R J2 G 2O X R RN N “import” i)

@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 */

R, base.css N4 A material.css fil light.css, dark.css 1 midnight.css ## 5 A base.
css”, HitS A “light.css” ¥\5 A “base.css” 1 “material.css”.

CSS X HiRRE

* 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
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HERITE e &R

FETC CSS XL A ARG PEAAE . FTDAM F1E S CSS AR SAS iE, M TTI AT
) 15 X AL

“-swatch- <100|200|300[400|500>" " Ax& 5 SCAH R R 1) B AR K B . e f6 1580 F #F mate-
rial.css HiEIECAE OIS, RO FEHI 6P ES . “-swatch- <|light|dark> -gray’’ &
T ZAIKESES, AT e AR g,

ESRREe

RIERBES (X&)

@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%);

BIBBMIEE (RE)

@import "/edu/wpi/first/shuffleboard/app/dark.css"

.root {
-swatch-100: #BBDEFB;
-swatch-200: #90CAF9;
-swatch-300: #64BEF6;
-swatch-400: #42A5F5;
-swatch-500: #2196F3;

INER 1 26T

s “Widget ” X FHRUBEARFE A, (HRA LA RISEB T DARERE SN AR A 5 .

ES ik
“Hhig /NaR sl “getProperties()” , “getSources()” , il “titleProperty()”

SRR IRA/INE” | ISR SRR AR I ) N A

CHEERER /N | 4 “@Description” R /NN “getName()” #il “getDataTypes()”
A BRI S

BRI | R R AR N GRIATE DL T, N SCRR AN

{“i*%?ﬁ%ﬂ@d\%ﬁ HIF B RAUNEROEY, CHFERRR/NEROET A BB N
L—F??

AP R] AR B E X widget:
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BFR it
‘@ AUk | AR RO FXML 5 i) JavaFX fE g FXML 5 il 4%
‘@ ik IR RN S B R R A S — A7
SR /B

Hse T “getProperties()”. “getSources()”.“addSource()” f1“titleProperty()”. Bif & L T —J
¥4k exportProperties (Property<?>...) 77k, B F2n] DURFATS I E & SONRPEE M, s/l
JavaFX A{r@it. EmEEh G ‘widgets <https://github.com/wpilibsuite/shuffleboard/
tree/main/plugins/base/src/main/java/edu/wpi/first/shuffleboard/plugin/base/widget> * i
XA

B —ZEH /R IF

— AP SR AR R IR N . XN DR SRR, B RE SORBUSIE R Tk, PARREUNER
(G CE iy

HERERY /MR IF

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 {

/!

}

@Description(name = ..., dataTypes = ...)

public class CorrectImplementation implements AnnotatedWidget {
/!

}

B —BTiRNER1F

— U AN B N

B — R MR

“SingleTypeWidgetl” , “AnnotatedWidget” , il “SingleSourceWidget” Hj2H& . KEEFEATE
PRI XA B g T oK . X R IAA —A> “20/4P” 40 “dataOrDefault” #5FEr, BLE/D
PR A FRE R R “null” B2 A BT IR A BRI KR
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@ SRftiEHE

XAERE AT PUBCEE /NERF2E |, il shuffleboard H1IEE 2t FXML & X JavaFX #l &1 FXML
s, BREEZ NS, %S%0eE LT FXML S0 * X T e mrEm RS *. g, Hx
“src/main/java/com/acme” H—A/NERE:, B A2 “sre/main/resources/com/acme” FE— FXML

SCPERY FXML g5 gs, w] AR AR AT A —Fif

@ParametrizedController("MyWidget.fxml")

AN

@ParametrizedController("/com/acme/MyWidget.fxml")

@ fEiR

5’ AnnotatedWidget ©_ —E A, XA/ NIIER PRI SR BRI Aty BRAEREE S

11.2 SmartDashboard

SmartDashboard is a simple and efficient dashboard that uses relatively few computer re-
sources. 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 sta-
tion computer.
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11.2.1 SmartDashboard Introduction

F

(£ SmartDashboard - = = 2

File View

Distance | 12.470

Speed

Data

10.0 1
7.5 \
=0
2.5 1
0.0 -

0 10

"

200 300 400 500 600 700 800
Time {units)

L,

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.
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Installing the SmartDashboard

| @ e orver sttion

Team #

Practice Timing (s)

Countdown
Autonomous
R
Teleoperated
End Game E

Team Number
5190

Dashboard Type

SmartDashboard

Game Data

5190

Communications

No Robot
Communication

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.

Configuring the Team Number

P

(£ SmartDashboard - 40

File WView

(£ Edit Preferences

)

Property
Team Mumber

Hide Menu

Automatically Show Widgets
Grid Cell Width{s)

Grid Cell Height(s)

Window ¥ Position

Window ¥ Position

Window Width

Window Height

Save File

Log to CSY

CSVY File

IJse mDNS (supported on ro...

Value
40
[l

16

16

-1587

458

1362

486
C:WUserskoconnoriDaw. ..

]

C:YWsers'koconnor\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 dia-
log. Double-click the box to the right of Team Number and enter your FRC® Team Number,
then click outside the box to save.

#1: SmartDashboard will take a moment to configure itself for the team number, do not be
alarmed.
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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 pref-
erences 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!

O @ 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

Locating the Save File

(£ Edit Preferences l ﬁ
Froperty Value

Team Mumber 3

Hide Menu [

Automatically Show Widgets

Grid Cell width(s) 15

Grid Cell Height{s) 16

Window X Position 186

Window ¥ Position 307

Window Width 540

Window Height 430

Save File d C:\Userskoconnor \SmartDashboardisave., xml
Log to CSV [

SV File C:\Users'koconnor \SmartDashboardcsw. txt

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.
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Adding a Connection Indicator

| £| SmartDashboard - 3 - l = | =] Lih_J
File |‘u"iew|
v Editable Ctrl+E

v Edit Subsystems  Ctrl+Shift+E
Reset LiveWindow Ctrl+R

Add... , Irage
Reveal... ! Connection Indicatuh
Femove Unused Label

Robot Preferences

k. E____________1§ 4

It is often helpful to see if the SmartDashboard is connected to the robot. To add a connec-
tion 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 > Ed-
itable 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.

11.2.2 NHLBANEFETRFTIENX

ik — AT AL NFPIRAS I, F5 28k — e S5t A 45 & I ST AL . ER REAL A
WFEENT, AR DME SR AR 10 H 3 A s EEAL ] P 5T BEE SR ST, AR
U2 ILIPTWENIDEER RN SR 1 VNI N AV S S [ i el e A0

HEMAGREMRE

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());

(BT )
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SmartDashboard.putNumber("Turret Pot Voltage", turret.getAverageVoltage());
SmartDashboard.putNumber("RPM", shooter.getRPM());

}

C++

void Command::Execute() {
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());

}

AR LA IR BE A7 H A I SRR AR REOCREL PRy, VR AT DAL B 16 B 2RI B 7 YT A S 8L
WA PRI SR BAR . AR E AT HAR A0 . MARMIRRF PA AESIR T T RS
AATRBCEA R — AR P ARG R T R e B G BT A E IR B . IR AR AR, X
2 — PR IR 4

AERURELENMIR

7 F/INERE4 H SR e e R e AR AL BT EH il TREEEME, NP STERESE — RS
AR R T2k e b H B, AR AT e R Z AR s ah e N sl A ff e A AR . SR g
BUNTERAMIRET , S DU EENZS . “HUUMEM 2 R Bt <changing-display-properties> #il
CH SR B B W /N TR AL” <changing-display-widget-type>

HHEE

SmartDashboard fii fj:term:NetworkTables FE# 258 A VL5 T35 G B0 A BN 2 (8] £ £ {H. Net-
workTables 74 2 FRANEXS 1103 . ARG A FRMEXT BRI 2% o (B iCAHiG) siikssas (Dlgs
N, WIS H 2 5 —A . AR AFRMEXT ML ATk, {2 SmartDashboard = OutlineViewer
THEETT, W24 NEF S8, IRE5 1 27E SmartDashboard #1 OutlineViewer H1, [K5¥
TINKAE LB T R Ea T TR P AR E . ML N R RS, XS IHER B ALES A .

FifE SmartDashboard #1 OutlineViewer g4 HifE, W40 [E K B S35 NetworkTables 7% i
Mg N . XFE, — N AREE I 22 8 HAb 5 .

WERFEF A TEARWAEAL , Sl H A M, B ARBFIEETT &, I B F] NetworkTables 4
MAEAWTAAL, R4 T BERR 2 HH R ST A R LA AL 4 a2 AT 4
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11.2.3 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

File KUY,
L| v Editable " +E
dit Subsystems “+O0+E | Arm angle 34.500
Opet Live Window Mode F12
Resaet Livewindow “+R
Closd  Add... >
Revea >

Stow Eemove 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.

Getting the properties editor of a widget

Arm angle 34.500

Change to...

Once in edit mode, you can display and edit the properties for a widget. Right-click on the
widget and select “Properties-” .
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Editing the properties on a field

Arm angle 34.500

Property
Editable
Background

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

Color editor

Arm a"gle_ _Ig..ims HsE | RGE i
Arm angle
Froperty _‘u’alue ]
E:::HE N T O O O I )
ground 0 Recent:
| S
_I=.._.-.....-.l o T o
JORSESREEERRERRRL. il
T T T T TP T T T T T T HE NN
Click here )

o - B Sample Text Sample Text .
. L . sample Text Sample Text

OK | | Cancel | | Reser |
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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

Property

Upper Limit
Lower Limit
Tick Interval

e

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.

11.2.4 Changing the Display Widget Type for a Value

One can change the type of widget that displays values with the SmartDashboard. The allow-
able widgets depend on the type of the value being displayed.
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Setting Edit Mode

SmartDashboard -
File RYUELT,

M v Editable

~+E

LpDsystems “4+1r+E
Opef Live Window Mode F12
Reset LiveWindow “~4+R
'EI'DS'E Jﬁl.dd... h
Revea [

Stond 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.

Choosing Widget Type

Arm angle 34.500
m FormattedField
Properties... Compass
Send to Back LinePlot
Reset Size ProgressBar
Remove 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.
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Showing New Widget Type

Arm angle

351

30 1

251

20 1

Data

151

101

D.DDdDDDD
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.

11.2.5 @EEBHEHNERF

T FE 4 I N A A, BB IIA 24 A siPr B Bl Sl I R, AR
SRS SR AL . RO ATR RIS A T IR AETT ¢, BRI, s slOH BT RE R A o

With the SmartDashboard you can simply display a widget on the screen to choose the au-
tonomous 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

#1:: 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;

Setting Up Options

The chooser allows you to pick from a list of defined elements, in this case the strings
we defined 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 sta-
tion computer.

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);

}
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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;
1
}

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
}
}
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Command-Based

5 T & R m AL By & HatchbotTraditional 7= ] Wi H 19 — #8 4+ (Java <https:
//github.com/wpilibsuite/allwpilib/tree/main/wpilibjExamples/src/main/java/edu/wpi/first/
wpilibj/examples/hatchbottraditional>‘ , C++):

tJi# SendableChooser &

7t “RobotContainer” w1, @ — A& AMRAEXS “SendableChooser” X4y 5 | Hl. W PAGYE A~
B iy S HRFHAT A B S B . i “SendableChooser” , W PATEEAIZ M UEATHEE. FE 1R Bl
1, “SimpleAuto” f1 “ComplexAuto” &x hiET.

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: :kAutoDriveDistanceInches,
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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%E SendableChooser

BBARA A B S B R e rl e B, B gid e84 “SimpleAuto” I “ComplexAuto” . 7
BT TR

7£ “RobotContainer” Hfij7d—4> “SendableChooser” {4, IR 1850520, $82-%k
AR, HF HEGAR T84 (setDefaultOption) KN mAIEEN L. HE, MM
47F “SendableChooser” sZfil 11y “setDefaultOption ()7 # “addOption ()" Jy¥:iE/H 3.

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());

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);

BHEHBEES

7t “Robot.java” Ht, Y HFFBIFMGE, Fikll “SendableChooser” X4 PATRMUIrikHE S, F HAM
TEZAE2 .

Java

P

public Command getAutonomousCommand() {
return m_chooser.getSelected();

}

public void autonomousInit() {
m_autonomousCommand = m_robotContainer.getAutonomousCommand();

// schedule the autonomous command (example)
if (m_autonomousCommand != null) {

(BT )
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m_autonomousCommand.schedule();
}
}

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();
}
}

HEEIMERETRERF

£ “Robot.java” , SpUHLasiE G RIE (29 20ms —k), JHEERR - IFBeiA T IF BEARREE R A BB

Betg o frghiaty.

& AT AR P P PATE autonomousPeriodic () #%iEk robotPeriodic () Wiy, WETEHSIM
BRI REAHAL

Java

@Override
public void robotPeriodic() {
CommandScheduler.getInstance().run();

}

C++ (Source)

void Robot::RobotPeriodic() {
frc2::CommandScheduler: :GetInstance().Run();

}

RHEzkERES

1t “Robot.java” X, S@EEHBITANT, H3 g R 1k

Java

@Override

public void teleopInit() {
// This makes sure that the autonomous stops running when
// teleop starts running. If you want the autonomous to

T
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// 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;
}
}

SmartDashboard E7x

o @® SmartDashboard | Connected: 127.0.0.1
File View
© simple Auto

Complex Auto

iz17 SmartDashboard i}, ¥ HzE /R “SendableChooser” Wiiksi. %nlATE H 3hHr B Ih 2 Rk
Pe— AT, SRS R R T .

11.2.6 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.
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Overview of Command and Subsystem Displays

. File View
Scheduler with no s N0 commands running. _
commands running Rotations | 0.000

Ticks 0.000

Subsystem with no K
commands *ExampleSubsystem -

- = Data values written
A command that ) Autonomous Command start with putNumber{}
can be started -

With SmartDashboard you can display the status of the commands and subsystems in your
robot 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. Dis-
played 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’ 1l see what the screen would look like when there are com-
mands running, and the code that produces this display.

Displaying the Scheduler Status

Java

SmartDashboard.putData(CommandScheduler.getInstance());

C++

frc::SmartDashboard: :PutData(frc2: :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.
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SmartDashboard - 190

ExampleCommand | cancel

Rota

newCommand | cancel

ExampleSubsystem ExampleCommand

Autonomous Command | start |

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

SmartDashboard.putData(exampleSubsystem);

C++

frc::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.
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SmartDashboard - 190

File View
ExampleCommand cancel
P | | Rota
newCommand | cancel |

ExampleSubsystem | ExampleCommand

Autonomous Command

Running commands will “require” subsystems. That is the command is reserving the sub-
system for its exclusive use. If you display a subsystem on SmartDashboard, it will dis-
play which command is currently using it. In this example, ExampleSubsystem is in use by
ExampleCommand.

Activating Commands with a Button

Java

SmartDashboard.putData("Autonomous Command", exampleCommand);

C++

frc::SmartDashboard: :PutData("Autonomous Command", &exampleCommand);

This is the code required to create a button for the command on SmartDashboard. Press-
ing 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.
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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.

11.2.7 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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o @® 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 depend-
ing 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++);

}

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.
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SmartDashboard Output for the Sample Program

| —S—_—

SmartDashboard - IEBEI_

File View

\Counter 64.000

S T T |

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

OO  SmartDashboard-190
File View

Counter|64.000 L
.8 0 6 Edit Preferences

| Team Number 190

Automatically Show Wi... ™

Grid Cell Width(s) 16

Grid Cell Height(s) 16

Window X Position 1303

Window Y Position 355

Window Width 397

Window Height 272

Save File JUsers/brad/SmartDas...
Log to CSV (]

CSW File fUsers/brad/SmartDas...

2 (deploy,run) €

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
Preferences.

Verifying Program using OutlineViewer

You can verify that the robot program is generating SmartDashboard values by using the
OutlineViewer program. This is a Java program, OutlineViewer. jar, that is located in ~/
wpilib/YYYY/tools (where YYYY is the year and ~ is C:\Users\Public on Windows).

OutlineViewer is downloaded as part of the WPILib Offline Installer. For more information, see
the Windows/macOS/Linux installation guides. 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, and then select OutlineViewer.

In the “Server Location” box, enter your team number with no leading zeroes. Then, click
Start.

310 Chapter 11. Dashboards



FIRST Robotics Competition

Look at the second row in the table, the value SmartDashboard/Counter is the variable written
to the SmartDashboard via NetworkTables. As the program runs you should see the value
increasing (41.0 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.

43 OutlineViewer - Connected (127.0.0.1) — O >

Settings

Client

Get Address from DS

Apply Cancel

11.2.8 SmartDashboard Namespace

SmartDashboard ffifj NetworkTables 7e#l#s AR M (BRBh%E) &ML 8] & E5dE. Network-
Tables PAZFr. (EXTIIE R EBEWE, WGP AR ENLZ M G . 24— MEE ML EE
WU, B BEAE S M E H SR X R ZHARE A AR () 2 anffE SmartDashboard |12
TN .

MEReS AR AN EIREEN, T4 M1 T%. SmartDashboard % (T SmartDashboard F
Fh, LiveWindow ##ifii T- LiveWindow 132, IR,

AT HREHMEE, ATRAMHT A2 #E 5 SmartDashboard A5 # 1) OutlineViewer [ 27 2 7R 44 Fr A
. BB EHE TG NetworkTables B F1{H .
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EHe U RERIESE
1 /smartDashboard MArm position jn dedree Il
[d LId Dod Mo fALITONOMoL ommand /=1 YFE~ DT oor ]
JSmartDashboard fAutonomous Command fisParented false o
JSmartDashboard fAutonomous Command /name AutonomousCommand
marthlashbroar 5 GO CHTUT LA llll d £
martDashboard ooser/~T YPE~ tring Chooser
JsmartDashboard fChooser/default defaultiuto o
martDashboard /Chooser/ontion defayltauto, secondAuto thr"
martDashboard/Program Version V1. o
;"

SmartDashboard {g2 f PA“SmartDashboard/’ ‘Ff3. k4 618 . i OutlineViewer & &M L
MME 5 SmartDashboard AUEEAIRTY, Ho & DA NiE]:

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 written
with a putData("Autonomous Command"”, command) thatis not shown in the above code frag-
ment. The chooser is created as a SendableChooser object and the string value, Program
Version is created with the putString() call.

BREMRERR

800 SmartDashboard - 190
File View

Autonomous Command | start | o
——— hWu)

(») defaultAuto

dAut o
: secondAuto A\~ 4
() thirdAuto

Arm position in degrees |52.000

S’
|Program Version V1.2 o
S

R AR A AN TR I FAE AN AN R By SmartDashboard &k, 3 S6Ry st i T 7 1 45 B v 2

T~ NetworkTables 25 &,
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LiveWindow Data Values

Koy =
JLivewindow/ Drive train/Ultrasonic/ = T¥PE=
JLveWindow/Drive train/Ultrasonic/ Name
JLbveWindow/ Drive train/Ultrasonic/ Sub system
JLbveWindow/ Drive train/Ultrasonic/ Value

JUvewindow)/ Elevator/~TYPE~
Juvewindow/ Elevator [Motor [ ~TYPE~

fLiveWindow/ Elevator /Motar (Hame

fLiveWindow/ Eleviator IMotor [Subsystern

SLiveWindow/ Elevator /Mator [Value
[LiveWindow/Elevator (FID5ubsystem Comroller/~TYPE~
fLiveWindow/Elevator (PID5ub system Comrollerfd
[LiveWindow/Elevator (PIDSubsystem Conrollerjenabled
JLivewindow/ Elevator (PID5ub systerm Controlles
JLivewindow/ Elevator (PIDSub system Controller i
JLivewindow/ Elevator (PIDSub system ControllerfName
JLivewindow/ Elevator (PIDSubsystem Controller/p
JLiveWindow/ Elevator (PIDSubsystem Contreller)setpoint
fLiveWindow/Elevater/PIDSub system Comtroller/Subsystem
FLiveWindaw/ Elevator/Pot/~TYPE~

JLeWindow/ Elevater/Pot/Name

[LiveWindow/ Elevator/Pot/Subsystem

JLveWindow) Elevator /Pot/Value
SLiveWindow/Wrist/~TYPE~

JLveWindow fWrist [ Mator /~TYPE~

fLiveWindow, Wirist /Motor /Mame

fLiveWindow Wirist /Motor [Subsystem

SLiveWindow MWirist /kotor fValee

(LiveWindow Wrist/PIDSubsystem Controller (~TYPE-
SLveWindow Wrist/PIDSubsystemn Controller (d
[LiveWindew/Wrist/PIDSubsystem Contraller fenabled
SLiveWindow Wrist/PIDSubsystem Controllerf
JLpeeNWindow "Wrist/PIDSubsyitem Contraller fi
JLiveWindow Wrist/PIDSubsystem Controller/Name
FLEEVWiRd ow Wrist PIDSubsystem Contraller /p
JLiveWindow Wrist/PIDSubsystem Controller /setpoint
fLiveWindow "Wrist/PIDSubsystern Controller fSubsystem
fLiveWindow Wrist/Pot/~TYPE~

SLiveWindow Wrist/Pot/Name

fLivewindow Wrist(Potj Subsystem

JLivewindow "WiristPotyValue

Value
Analog Input
Ultrasonic

Drive train
0.572972471
LW Subsystem
Speed Controller
Mator

Elevator

0.0

PIDController

0.0

false

0.0

0.0
FIDSubsystem Controller
10

0.0

Elevator

Analog Input

Fat

Elevator
3.9334140710000005
LW Subsystem
Speed Controller
Mator

Wirist

LX)

PIDController

PIDSulsystem Contraller
1.0

0.0

Wirist

Analog Input

Pat

Wirlst
3.4917683650000004

2
2

[-NsXs] SmartDashboard - 190
File View
Drive train Claw
Right Miotor
—\ S o0 Zero = 0,000 Zero
Uttrasonic (.573 Wrist
Left Mator
| { g 0.000 Zero Vi 0.000 Zero
Elevator Fot 3.492
PIDSubsystem Controller PIDSubsystem Controller
P 1.000 P 1.000
k 0.000 I: 0.000
o 0.000 D: | 0.000
F 0.000 : 0.000
Setpoint:| 0.000 Serpoint:| 0.000
Enabled: Enabled:
Pot 3933
Mater
- L/ - 0,000 Zero

LiveWindow ¥#li#% TR G H a4, SPLes ATl (FEIkshvl Lk &) i, »JPAFE Smart-
Dashboard H& &5, RERAREETIESMET, PR LLE TS E T RE 4 FRRHE A AT
BN PME TS, £ LENER T, @ PLfE SmartDashboard |75 #5806 5 4 B 45 S i
o BT FEAFER LY /LiveWindow” “Ff3k, SRR T RESK, R/ TERE N TEN—41EH. At
LiveWindow RE/RpyfCH a0 N iR :

drivetrainLeft =

drivetrainRight =

drivetrainRobotDrive =

new PWMVictorSPX(1);
drivetrainLeft.setName("Drive train",

"Left");

new PWMVictorSPX(1);
drivetrainRight.setName("Drive train",

"Right";

new DifferentialDrive(drivetrainLeft, drivetrainRight);

drivetrainRobotDrive.setSafetyEnabled(false);
drivetrainRobotDrive.setExpiration(0.1);

drivetrainUltrasonic =

elevatorMotor =

new PWMVictorSPX(6);

elevatorMotor.setName("Elevator",

elevatorPot =

elevatorPot.setName("Elevator",

wristPot =

wristPot.setName("Wrist",

wristMotor =

clawMotor =

new AnalogInput(4);
new AnalogInput(2);
new PWMVictorSPX(3);

wristMotor.setName("Wrist",

new PWMVictorSPX(5);

new AnalogInput(3);
drivetrainUltrasonic.setName("Drive train",

"Ultrasonic");

"Motor");
"Pot");
"Pot");
"Motor");
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clawMotor.setName("Claw", "Motor");

AR SIATEN W HE, B rTPATE Test BR8] SmartDashboard w81 # r L F T E -

11.2.9 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.

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(1l, 2);
SendableRegistry.setName(ultrasonic, "Arm", "Ultrasonic");

Jaguar elbow = new Jaguar(1l);
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");

If your objects are in a Subsystem, this can be simplified using the addChild method of
SubsystemBase

Java

Ultrasonic ultrasonic = new Ultrasonic(l, 2);
addChild("Ultrasonic", ultrasonic);

Jaguar elbow = new Jaguar(1l);
addChild("Elbow", elbow);

(BT )
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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);

Viewing the Display in SmartDashboard

A AN

SmartDashboard -
File View
Arm
Wrist
¥
| | i | | 0.000 | Zero |
Elbow

¥
| | | | | 0.000 | Zero |

Ultrasonic 0.000

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. The code to display these values is automatically generated by RobotBuilder
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.

11.2. SmartDashboard 315




FIRST Robotics Competition

Setting Test mode with the Driver Station

[ FRC Criver Station - Yersion 15,0636 o (= i

Team # 40

Elapsed Tirme 0:06.0

=& PCBattery
PCCPUN m

Window = =
Test Enabled

Team Station Red1

Enable Test Mode in the Driver Station by clicking on the “Test” button and setting “En-
able” on the robot. When doing this, the SmartDashboard display will switch to test mode
(LiveWindow) and will display the status of any actuators and sensors used by your program.

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(1l);
arm = new PWMVictorSPX(2);
accel = new BuiltInAccelerometer();

SendableRegistry.setName(arm, "SomeSubsystem", "Arm");
SendableRegistry.setName(accel, "SomeSubsystem", "Accelerometer");
}
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");

}

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, PWMYVictorSPX, Builtl-
nAccelerometer, etc.) with channel number with which the object was created. In addi-
tion, 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
clearer. This example illustrates explicitly defining those sensors and actuators.
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Understanding what is displayed in Test mode

g SmartDashboard | Connected: 127.0.0.1 — O >

File View

Ungrouped
PWMSparkMax[0]

' 0.00000/  Zero o
PWMSparkMax[1]

0.0000c Zero

SomeSubsystermn
Arm
' 0.0000c Zero
Accelerometer 9
X 0.000000
¥ 0.000000
i 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.

EREREMRERT PID HE

PID (LB, Blor, flor) @R—Fhdak, RS (2 as RO E s L, DURBRA BN BOE (. il
A TR 2 2 B LB AL AR ] RESRIAZ S BRI, SRS ORI AN &7 A ad 22 (i 5 20
o fii PID a8 AX P 2as iAo R XARARZOT R MREME, RIRZEEZ VBT
MMEME S I (e R) [EZHZE. WNT T8, WTREA— A R B BEE, %R A S atry i
%ﬁz’gﬂ@%ﬁgﬁb%o SRR AT TR RLRS S B i 7 BT USSR E AL, T2 (R S X TR Ay 52 br
DA EENER T
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£/ “LiveWindow" ZEiXiRE(E

Wrist
o | Motor

| |
ol Pot 2.526

N BRGNS0 #— PID 724, PID TREMGHATa: (FBHL) FIRBe e (1
AL TR o ERTRAGEA] W BLURIR 7RG AR I T o (TS T Sl AT s I R
AT AR . RN RN G (2). X0 PID 28 BoE (.

a, 000 Jero
|

g —

# “LiveWindow"” th#&E PID #5488

Wrist Elevator
Motor | Pot 1.498
: . ( : : 0.000  Zero Motor I
Pot 2.526 | : K | | 0.000 Zero
PIDSubsystem Controller PID Subsystem Controller

P= 2.000 P 20,000
I: 0.000 I: 0,000
D: 0.000 D 0,000
F: 0.000 F: 0.000

Setpoint: 2.500 Setpoint: 1,500

Enabled: Enabled: v

FEMIEECTT, PID T ARG /RHAEIS & P, TR D 24 P, 11 D {190V T3 52
(P) HOBCHE, BEMHEARRZEZA (1) FAHRZERARAAE (D). XEEb R4 — AR ARCE, SAJ5ARm
FE— R R BIUE. PEFRAER P, T A1 D ETREARANE, I B BT R SR . HUMT
7 ARV UE, FLEHURES I i LR DL o

Hi%: The enable option does not affect the PIDController introduced in 2020, as the con-
troller is updated every robot loop. See the example here on how to retain this functionality.
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A% PID {528

Wrist Elevatar
Motor Pot 1.518
| I KI : : 0.000 Zero Motor
|
Pot 2.526 I i I) \ | 0.000 Zero
PIDSubsystem Controller PID Subsystem Controller
P 2.000 P 100,000
I: 0.000 I: 0.000
D 0.000 D 0.000
Fs 0.000 Fi 0.000
Setpeint: 2.500 Setpointz 1.500
Enabled: Enabled: w

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.

—H#fiE T P, TAID {H, Sl AFENS AT . /K] LAfE “RobotBuilder” [ “PIDSubsystem”
e e RS g PID ¥ RGUR R e B h H 2B A .

F (feedforward) Witte PID 42 il & i /1 42 il H L

25 B PAZ&% . <docs/software/advanced-controls/controllers/pidcontroller:PID Control in
WPILib>”

11.3 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.

#51:: Glass will not be available within the list of dashboards in the NI Driver Station.
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11.3.1 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.

EXPLY
> OPEN EDITORS
~ HOUROFCODE
>
code
wpilib

gradle

.gitignore
build.gradle
gradlew
gradlew.bat

LICENSE.md
settings.gradle

> OUTLINE

> TIMELINE

> JAVA PROJECTS
Pmin & ®0AMN

P tool

SmartDashboard
shuffleboard
QutlineViewer
RobotBuilder
PathWeaver

Glass

Robot.java — HourOfCode

robotInit() {

. putNumber ("
i. putNumber("Kd

robotPeriodic()

« putNumber("
. putNumber ("

ve.periodic();

= new XboxController(@);

= new Drivetrain();

= new PIDController(10, @,

.getDistanceMete

Ln 24, Col 66 Spaces:2 UTF-8 LF Java % JavaSE-11 WPILb & 0

$#1: 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).
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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:

[ ] [ ] Glass - DISCONNECTED

View NetworkTables Plot

Style P Classic

Zoom P Dark v
Light

V NetworkTables Settings
Client V¥ Mode
Tocalhost Team/IP

Apply

V¥ NetworkTables
» Connections

V¥ Values

Name s Changed

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 %SAPPDATAS.
* 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” .
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11.3.2 BIIMERERE

Glass fifiJf] NetworkTablesP951 Py 5 & HLes AR 2 1R . B T 5P N2 R T 50 14
IEC A

EREHEA

HIR)EZ Glass i}, ZRFERPA/NRM: - “NetworkTables Settings” fil “NetworkTables”, Zij%
ZRPLAR N, e “NetworkTables Settings” /NAfHE) “Mode” Tikft “Client”, #iy AL A 9w
5, RIEHRE “Apply”.

[ XN Glass - DISCONNECTED

View NetworkTables Plot

¥ NetworkTables Settings
Client

5190

Apply

¥ NetworkTables

Flags Changed

IR DR BIFE T BN LA RLZFTRIPLAE A (4245 Romi robots) , i@ 7E “Team / IP 7 #EH A
localhost.
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[ XN ] Glass - Connected (127.0.0.1)

View NetworkTables Plot

V¥ NetworkTables Settings

Client V¥V Mode
localhost Team/IP

Apply

V¥ NetworkTables

» Connections

V¥ val

Name Value s Changed
» FMSInfo

> LiveWindow

» SmartDashboard

W MEERIEPIRSIRZAE Glass B P RIFRAEARE LRIl

EEMERRE
W22/ NIRRT T RS AR AR 26 H o XK R TR, TRFRERGMH .
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V¥ NetworkTables

» Connections

V¥ Values

Name Changed
» FMSInfo

v LiveWindow

» .status
¥ Ungrouped
-type LW Subsystem string 42411866

AnalogGyro[0]

DifferentialDrive[1]

DigitalInput[@]

DigitalInput[1]

DigitalInput[2]

DigitalInput[3]

Encoder[0]

Encoder[2]

PWMVictorSPX[0]

PWMVictorSPX[1]

PWMVictorSPX[2]
-actuator true ¥ boolean 42411866

>
>
»
S
>
>
»
'S
>
>
v

.hame PWMVictorSPX[2] string 42411866
-type Speed Controller string 42411866

Value 0.000000 double 42411866
» PWMVictorSPX[3]

» Scheduler

» frc2::SubsystemBase

BEAh, BERTRATE/INERARR 38" Bits T AR P A T A M 2% i

11.3.3 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.

% 1k: 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.

#&i1¥: A widget can be renamed by right-clicking on its header and specifying a new name.
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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
LiveWindow and choosing the desired widget.

o
View NetworkTables Plot

NetworkTables Settings
A NetworkTables View v

Cl FMSInfo ¥ Mode

1o 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_Gyro[ X

-60.9704 Gyro Angle (Deg)

B

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++

frc::SmartDashboard: :PutData("Auto Selector", &m selector);

#1¥#: For more information on creating a SendableChooser, please see this document.
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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.

Glass - Connected (127.0.0.1)
NetworkTables Plot
T ¥ NetworkTables Settings X
NetworkTables View v
FMSInfo
Shuffleboard
SmartDashboard P> Auto Selector + Apply

Client ¥ Mode

» localhost Team/IP

'V /SmartDashboard/Auto Selector X ¥ NetworkTables
Simple Auto ¥ GOOD » Connections
V¥ Values
Name e ] Changed
» FMSInfo
» LiveWindow
» 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);

This allows you to quickly tune P, I, and D values for various setpoints.
¥ /SmartDashboard/E1les
Elevator PID Controller

F_'l
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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.

o Glass - Connected (127.0.0.1)

View NetworkTables Plot

NetworkTables Settings «+
NetworkTables View
FMSInfo

Shuffleboard localhost Team/IP
SmartDashboard

¥ NetworkTables Settings

Client ¥ Mode

Apply

¥ /FMSInfo ¥ NetworkTables
Stopped:
Robot Enabled:

P Connections
¥ Values

tonomous Mode: Name Flags Changed

FMS Attached: > FMSInfo

DS Attached: g » LiveWindow
Alliance Station: Red 1 » SmartDashboard
Game Specific:

¥ /SmartDashboard/Auto Selector

Simple Auto ¥ GOOD

11.3.4 Widgets for the Command-Based Framework

Glass also has several widgets that are specific to the command-based framework. These
include widgets to schedule commands, view actively running commands on a specific sub-
system, 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);
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%% iE: 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.

¥ 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 scheduled
command on a specific subsystem. If you are using the SubsystemBase base class, your sub-
system 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

DriveSubsystem

Default Command: DefaultDriwve

Currenkt Command: DriveDistance
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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
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.

11.3.5 The Field2d Widget

Glass supports displaying your robot’ s position on the field using the Field2d widget. An
instance of the Field2d class should be created, sent over NetworkTables, and updated peri-
odically 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();
public Drivetrain() {

SmartDashboard.putData("Field", m_field);
}

public void periodic() {

m field.setRobotPose(m odometry.getPoseMeters());

}
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C++

#include <frc/smartdashboard/Field2d. h>
#include <frc/smartdashboard/SmartDashboard. h>

frc::Field2d m_field;
Drivetrain() {

frc::SmartDashboard: :PutData("Field", &m field);
}

void Periodic() {

m_field.SetRobotPose(m odometry.GetPose());
}

%% The Field2d instance can also be sent using a lower-level NetworkTables API or us-
ing the Shuffleboard API. In this case, the SmartDashboard API was used, meaning that the
Field2d widget will appear under the SmartDashboard table name.

Sending Trajectories to Field2d

Visualizing your trajectory is a great debugging step for verifying that your trajecto-
ries are created as intended. Trajectories can be easily visualized in Field2d using the
setTrajectory()/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(1l, 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();

(BT
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(F £ 50

// 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);

Viewing Trajectories with Glass

The sent trajectory can be viewed with Glass through the dropdown NetworkTables -> Smart-
Dashboard -> Field2d.

¥ Field {(SmartDashboard)

#1: The above example which uses the RamseteController (Java)/RamseteController (C++)
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.

9 Glass - Connected (127.0.0.1)

View NetworkTables Plokt

v
v

FMSInfo
LiveWindow | 2
SmartDashboard > Field

' NetworkTables

P Connect

¥ Values

Name Value
» FMSInfo

> LiveWindow

» SmartDashboard

¥ NetworkTables Settings
Clienk ¥ Mode
localhost Team/IP

Apply

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.

When 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.

#i1: 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.
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¥ Field View
Edit name:

é:ﬁs;“;(hoo:,e image. . .

.Ir-h‘/-lh:-su:-t image

A _<15.988 Field Width
S
8.218 Field Height
Y ¥ Robot

Choose image...
Rc-set image

L] = B8.686  Width
B8.8208 Length

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.
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¥ Field (SmartDashboard) e
Close
meters ¥ Units
- Field
> Robot
¥ Ltraj

B Image

Choose image. ..

Reset image
Width
Length
4.@888 Line Weight
Line Calo
Arrows
SE% Arrow 5ize
4.@88 Arrow Weight
Arrow Color

Selectable

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.

= Robokt

Now, uncheck the Arrows checkbox. This will cause our trajectory to look like a nice and fluid
line!
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¥ Field {SmartDashboard)

Edik name:

Close
meters ¥ Uniks
= Field

= Robaot

¥ traj

Line
4,088 Line Weight

Line Color

11.3.6 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 ex-
tend or retract, such as arms and elevators and they can be combined for more complicated
mechanisms. 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
code. It can also be used with the Physics Simulation to visualize and program your robot’ s
mechanisms before the robot is built.
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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);

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 RotationZ2d (counterclockwise-
positive). A ligament based on the root with an angle of zero will point right. Two optional
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++

// MechanismLigament2d 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 degq);
frc::MechanismLigament2d* m wrist =
m_elevator->Append<frc: :MechanismLigament2d>(
"wrist", 0.5, 90 deg, 6, frc::Color8Bit{frc::Color::kPurple});
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Then, publish the Mechanism2d object to NetworkTables:

Java

// post the mechanism to the dashboard
SmartDashboard.putData("Mech2d", mech);

C++

// publish to dashboard
frc::SmartDashboard: :PutData("Mech2d", &m_mech);

1 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
MechanismLigament2d object. When manipulating ligament length based off of sensor mea-
surements, 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.setLength(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()});

}

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.

Plot Window

SmartDashboard Mech2d

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

338 Chapter 11. Dashboards




FIRST Robotics Competition

the widget. As the wrist potentiometer and elevator encoder changes, the mechanism will
update in the widget.

¥ Mech2d (SmartDashboa X

3

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++)
and ElevatorSimulation (Java / C++) examples combine physics simulation and Mechanism2d
visualization so that you can practice programming a single jointed arm and elevator without
a robot.

11.3.7 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.
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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

P Connections

V¥ Values

Name Changed

» FMSInfo
» LiveWindow
¥ SmartDashboard

Current Position 0.000000 double 3575885

» Field
Kd 0.000000 double 3573874

Kp 10.000000 double 3573865

Setpoint 3.000000 double 3575568
V¥ Plot <0>

Pause

NT:/SmartDashboard/Setpoint

NT:/SmartDashboard/Current Position
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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.

V¥ Plot <0@> Edit name:

Pause

Close
NT:/SmartDashboard/Setpoint

NT:/SmartDashboard/Current Position Addplot

V¥ Plot ©

Move Up Move Down Delete
Edit plot name:

Visible
Show Pause Button
Show Legend
Primary Y-Axis
0.000 Min 1.000 Max Apply
Lock Axis Min Max
2nd Y-Axis
3rd Y-Axis
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:
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¥ Plot <0@=

Pause

NT:/SmartDashboard/Setpoint
NT:/SmartDashboard/Current Position

RO

- 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 <0>

Resume

)
NT:/SmartDashboard/Setpoint
NT:/SmartDashboard/Current Position
BNT: /SmartDashboard/Kp

Edit name:

Close
Add plot
V¥V Plot 0

Move Up Move Down Delete

Edit plot name:

Visible
Show Pause Button
Show Legend
Primary Y-Axis
0.000 Min 1.000 Max Apply
Lock Axis Min Max
2nd Y-Axis
9.000 Min 12.000 Max Apply
Lock Axis Min Max
3rd Y-Axis
10.0 - + View Time (s)
300 - + Height
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11.4 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 or C++
teams, they generally prefer SmartDashboard or Shuffleboard which can be customized in
their respective language.

11.4.1 FRC LabVIEW Dashboard

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 Dashboard

22| FRC PC Dashboard — m} X

Drive ' Camera Basic Custom Test Commands Checklist Variables
Joysticks Gyro 0

1
3€0

No Camera Selection Drive Motors

NT Connection Select Autonomous ... [ |
No Camera Selection W 320x240 15fps 30% No Camera Selection v 320x240 15fps 30%

The Dashboard is broken into two main sections. The left pane is for displaying a camera
image. The right pane contains:

* Drive tab that contains indicators for joystick and drive motor values (hooked up by
default when used with LabVIEW robot code), a gyro indicator, an Autonomous selection
text box, a connection indicator and some controls and indicators for the camera

» Basic tab that contains some default controls and indicators

* Camera tab that contains a secondary camera viewer, similar to the viewer in the left
pane

* Custom tab for customizing the dashboard using LabVIEW
» Test tab for use with Test Mode in the LabVIEW framework
e« Commands tab for use with the new LabVIEW C&C Framework

* Checklist tab that can be used to create task lists to complete before and/or between
matches
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* Variables tab that displays the raw NetworkTables variables in a tree view format

The LabVIEW Dashboard also includes Record/Playback functionality, located in the bottom
right. More detail about this feature is included below under Record/Playback.

Camera Image and Controls

2|

FRC PC Dashboard

® @O

IMAQdx:Webcam C170: v 320x240 30fps HW 30 fps :

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.
2.

Camera Image Display

Mode Selector - This drop-down allows you to select the type of camera display to use.
The choices are Camera Off, USB Camera SW (software compression), USB Camera HW
(hardware compression) and IP Camera (Axis camera). Note that the IP Camera setting
will not work when your PC is connected to the roboRIO over USB.

Camera Settings - This control allows you to change the resolution, framerate and com-
pression of the image stream to the dashboard, click the control to pop-up the configu-
ration.

Bandwidth Indicator - Indicates approximate bandwidth usage of the image stream. The
indicator will display green for “safe” bandwidth usage, yellow when teams should use
caution and red if the stream bandwidth is beyond levels that will work on the competi-
tion field.

Framerate - Indicates the approximate received framerate of the image stream.
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/My The bandwidth indicator indicates the combined bandwidth for all camera streams
open.

Drive

Drive Camera Basic Custom Test Commands Checklist Variables

Joysticks Gyro 0

Drive Motors

Front

Back

MT Connection @ Select Autonomous ...

No Camera Selection W 3200240 15fps 30%

The center pane contains a section that provides feedback on the joysticks and drive com-
mands when used with the LabVIEW framework and a section that displays the NetworkTa-
bles status and autonomous selector:

1. Displays X,Y and Throttle information and button values for up to 2 joysticks when using
the LabVIEW framework

Displays values being sent to motor controllers when using LabVIEW framework
Displays a connection indicator for the NetworkTables data from the robot

Displays a Gyro value

o & Wb

Displays a text box that can be used to select Autonomous modes. Each language’ s code
templates have examples of using this box to select from multiple autonomous programs.

These indicators (other than the Gyro) are hooked up to appropriate values by default when
using the LabVIEW framework. For information on using them with C++/Java code see Using
the LabVIEW Dashboard with C++/Java Code.
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Camera

/MEi15: The left pane can only display a single camera output, so use the camera tab on the
right pane to display a second camera output if needed.

Drive Camera Basic Custom Test Commands Checklist Variables

(D

USB Camera 0 W 640x480 30fps HW 8 fps 7fps USB Camera 0 W 320240 30fps HW

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. Camera Image Display

2. Mode Selector - This drop-down allows you to select the type of camera display to use.
The choices are Camera Off, USB Camera SW (software compression), USB Camera HW
(hardware compression) and IP Camera (Axis camera). Note that the IP Camera setting
will not work when your PC is connected to the roboRIO over USB.

3. Camera Settings - This control allows you to change the resolution, framerate and com-
pression of the image stream to the dashboard, click the control to pop-up the configu-
ration.

4. Bandwidth Indicator - Indicates approximate bandwidth usage of the image stream. The
indicator will display green for “safe” bandwidth usage, yellow when teams should use
caution and red if the stream bandwidth is beyond levels that will work on the competi-
tion field.

5. Framerate - Indicates the approximate received framerate of the image stream.

/MEiTy:  The bandwidth indicator indicates the combined bandwidth for all camera streams
open.
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Basic

Drive Camera Basic  Custom Test Commands Checklist Variables

DB/String 0 DB/String 5

New Name pe/ieoo W CI os/siicero

-
DB/Button 1 DB/LED 1 ' DB/Slider 1
L

DB/Button 2 DB/LED 2 ' _ DB/Slider 2

DB/Button 3 DB/slider 3

Mo Camera Selection h J

The Basic tab contains a variety of pre-populated bi-directional controls/indicators which can
be used to control the robot or display information from the robot. The SmartDashboard key
names associated with each item are labeled next to the indicator with the exception of the
Strings which follow the same naming pattern and increment from DB/String 0 to DB/String
4 on the left and DB/String 5 to DB/String 9 on the right. The LabVIEW framework contains
an example of reading from the Buttons and Sliders in Teleop. It also contains an example
of customizing the labels in Begin. For more detail on using this tab with C++Java code, see
Using the LabVIEW Dashboard with C++/Java Code.
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Custom

Drive Basic Custom Test Checklist Variables

This tab is a great place for autonemous settings and robot-specific values.
Place controls and indicators inside this tab and match name to
Dashboard Variables on robot. You can also delete this comment.

The Custom tab allows you to add additional controls/indicators to the dashboard using Lab-
VIEW without removing any existing functionality. To customize this tab you will need to
create a Dashboard project in LabVIEW.
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Test

Operation Test  Checklist

/0 Name Value
=l TestMode
Automatic
Camera
= Joystick
Joystick 1
Axes OO0, O.OOO000, O MHHH0, 0.00
Buttons False, False, False, False, False
= Motor
Left and Right Motor
Info PWM: Digital Module 1, Invalid
Output ** 0.0
Left and Right Motor
Info PWM: Digital Module 1, Invalid
Output == 0.000
My Motor RefNum
Info CAM: ID 1, Percent VBus
Output == 0.000

The Test tab is for use with Test mode for teams using LabVIEW (Java and C++ teams should
use SmartDashboard or Shuffleboard when using Test Mode). For many items in the libraries,
Input/Output info will be populated here automatically. All items which have ** next to them
are outputs that can be controlled by the dashboard. To control an output, click on it to select
it, drag the slider to set the value then press and hold the green button to enable the output.
As soon as the green button is released, the output will be disabled. This tab can also be used
to run and monitor tests on the robot. An example test is provided in the LabVIEW framework.
Selecting this test from the dropdown box will show the status of the test in place of the slider
and enable controls.
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Commands

Drive Basic Custom Test Commands Checklist Variables

Command Status |_
FRobor not in Test Mode

Mo Input Parameters

The Commands tab can be used with the Robot in Test mode to see which commands are
running and to manually run commands for test purposes.
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Checklist

Drive Basic Custom Test Checklist wariables

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

The Checklist tab can be used by teams to create a list of tasks to perform before or between
matches. Instructions for using the Checklist tab are pre-populated in the default checklist
file.
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Variables

Drive Basic Custom Test Checklist WVariables

Variable Name Value
=] SmartDashboard
= DB

Button O Bool
Button 1 Bool
Button 2 Bool
Button 3 Bool
Slider 0 L Mumeric
Slider 1 L Mumeric
Slider 2 L Mumeric
Slider 3 L Mumeric
String 0 String
String 1 String
String 2 String
String 3 String
String 4 3tring
String 5 String
String & string
String 7 String
String B String

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

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.
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Recording

Drive Basic Custom Test Checklist Variables

This tab is a great place for autonomous settings and robot-specific values,
Place controls and indicators inside this tab and match name to
Dashboard Variables on robot. You can also delete this comment.

Camera Off

To begin recording, click the red circular Record button. The background of the right pane
will turn red to indicate you are recording. To stop recording, press the red square Stop
button.
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Playback

25| FRC PC Dashboard b.- - 2 o —— — E=fRal x|

Drive Basic Custom  Test Checklist Variables

ific values.

0124010 O

Select a Log File

' Camera Off L 4

To play a recording back, click the green triangle Play button. The background of the right
pane will begin pulsing green and playback controls will appear at the bottom of the camera
pane.

1. File Selector - The dropdown allows you to select a log file to play back. The log files
are named using the date and time and the dropdown will also indicate the length of the
file. Selecting a logfile will immediately begin playing that file.

2. Play/Pause button - This button allows you to pause and resume playback of the log file.

3. Playback Speed - This dropdown allows you to adjust playback speed from 1/10 speed to
10x speed, the default is real-time (1x)

4. Time Control Slider - This slider allows you to fast-forward or rewind through the logfile
by clicking on the desired location or dragging the slider.

5. Settings - With a log file selected, this dropdown allows you to rename or delete a file or
open the folder containing the logs in Windows Explorer (Typically C:\Users\Public\
Documents\FRC\Log Files\Dashboard)
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11.4.2 Using the LabVIEW Dashboard with C++/Java Code

The default LabVIEW Dashboard utilizes NetworkTables to pass values and is therefore com-
patible with C++ and Java 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

0

[
36

Front

320u240 10fps 49%

0 Mbps

Camera Off

The Select Autonomous--- dropdown can be used so show the available autonomous routines
and choose one to run for the match.

Java

SmartDashboard.putStringArray("Auto List", {"Drive Forwards", "Drive Backwards",
—"Shoot"});

// At the beginning of auto

String autoName = SmartDashboard.getString("Auto Selector", "Drive Forwards") // This,
—would make "Drive Forwards the default auto

switch(autoName) {

(ZF )
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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,
~would make "Drive Forwards the default auto
switch(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.

Java

‘SmartDashboard.putNumber(”Gyro", drivetrain.getHeading());

C++

‘frc::SmartDashboard::PutNumber(”Gyro", 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

SmartDashboard.putNumberArray("RobotDrive Motors", {drivetrain.getLeftFront(),,
—drivetrain.getRightFront(), drivetrain.getlLeftBack(), drivetrain.getRightBack()});

C++

frc::SmartDashboard: :PutNumberArray("Gyro", {drivetrain.GetLeftFront(), drivetrain.
—.GetRightFront(), drivetrain.GetLeftBack(), drivetrain.GetRightBack()});
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Basic Tab

Drive Basic Custom Test Checklist Variables

OME DB/String 5

MNew Name DBfLED O ' DEB/Slider 0

| 1
DB/Button 1 DB/LED 1 ' DB/Slider 1
| 1

DB/Button 2 DB/LED 2 ' DB/Slider 2

DB/Button 3 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).
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Strings

DB/String 5

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:

Java

SmartDashboard.putString("DB/String 0", "My 21 Char TestString");

C++

frc::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");

Buttons and LEDs

P MNew Name DBfLED O
DB/Button 1 DB/LED 1

DB/Button 2 DB/LED 2

DB/Button 3 DB/LED 3
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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);

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);

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);

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++
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double dashData = frc::SmartDashboard: :GetNumber("DB/Slider 0", 0.0);

11.4.3 Troubleshooting Dashboard Connectivity

We have received a number of reports of Dashboard connectivity issues from events. 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.

LabVIEW Dashboard

This section discusses connectivity between the robot and LabVIEW dashboard

Recognizing LabVIEW Dashboard Connectivity

22| FRC PC Dashboard = __--L?.M

Drive  Basic Custom =

Variable Name
=] SmanDashboard

El

MNumeric
MNumeric
Mumeric
Mumeric
String
String
String
Swring
String
String
String
Swring
String

Camera Off v

If you have an indicator on your dashboard that you expect to be changing it may be fairly
trivial to recognize if the Dashboard is connected. If not, there is a way to check without
making any changes to your robot code. 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.

Troubleshooting LabVIEW Dashboard 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. Close the Driver Station and Dashboard, then re-open the Driver Station (which should
launch the Dashboard).

2. If that doesn’ t work, restart the Robot Code using the Restart Robot Code button on
the Diagnostics tab of the Driver Station
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Recognizing Connectivity

This section discusses connectivity between the robot and SmartDashboard

Recognizing SmartDashboard Connectivity

|£| SmartDashboard - 40 | £ SmartDashboard - 40
File |View File View
Editable Ctrl+E

v | Edit Subsysterns  Ctrl+Shift+E
Reset LiveWindow Ctrl+R
Add... r Image

Reveal... ' Connection Indicator

] || [ [ |

The typical way to recognize connectivity with the SmartDashboard is to add a Connection
Indicator widget and to make sure your code is writing at least one key during initialization
or disabled to trigger the connection indicator. 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.

Recognizing Glass Connectivity

i Glass - Connected (127.0.0.1)

Glass displays if it is connected or not in the bar across the top. See this page for more on
configuring the connection.

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

362 Chapter 11. Dashboards



12

Telemetry

12.1 Telemetry: Recording and Sending Real-Time Data

Recording and viewing telemetry data is a crucial part of the engineering process - accu-
rate 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
accurately timestamped. WPILib has integrated support for on-robot recording of telemetry
data via the DataLogManager and Datalog classes and provides a tool for downloading data
log files and converting them to CSV.

£#1:: 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 compat-
ible). NetworkTables (and thus WPILib all dashboards) currently support the following data

types:
e boolean
e 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 2023), 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
Sendable 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 WPILib 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++) 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

#1:: 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++

‘ frc::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 DatalLog 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.

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
DatalLogReader 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()).
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12.3.2 Standard Data Logging using DataLogManager

The DatalLogManager class (Java, C++) provides a centralized data log that provides auto-
matic 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 if one is attached, or to /home/
lvuser otherwise.

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 DataL.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.

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();

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 DatalLog can be accessed via DatalLogManager.getLog().

Logging Joystick Data

DatalogManager 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();

(BT
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// Record both DS control and joystick data
DriverStation.startDatalog(DataLogManager.getlLog());

// (alternatively) Record only DS control data
DriverStation.startDatalLog(DataLogManager.getLog(), false);

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::StartDatalog(DatalLogManager: :GetLog());

// (alternatively) Record only DS control data
DriverStation::StartDatalLog(DataLogManager: :GetLog(), false);

12.3.3 Custom Data Logging using Datalog

The Datalog class (Java, C++) and its associated LogEntry classes (e.g. BooleanLogEntry,
DoubleLogEntry, etc) provides low-level access for writing data logs.

The LogEntry classes can be used in conjunction with Datal.ogManager 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.DoubleLogEntry;
import edu.wpi.first.util.datalog.StringlLogEntry;
import edu.wpi.first.wpilibj.DataLogManager;

BooleanLogEntry myBooleanLog;
DoubleLogEntry myDoublelLog;
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 DoubleLogEntry(log, "/my/double");
myStringLog = new StringlLogEntry(log, "/my/string");

}

public void teleopPeriodic() {
if (...) {

// Only log when necessary

myBooleanLog.append(true);

(BT
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myDoublelLog.append(3.5);
myStringlLog.append("wow!");
}
}

C++

#include "frc/DatalLogManager.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::DatalLog& log = frc::DatalLogManager: :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);
myStringLog.Append("wow!");

12.3.4 Downloading Data Logs from the Robot

If data log files are being stored to the roboRIO integrated flash memory instead of a remov-
able USB flash drive, it’ s important to periodically download and delete data logs to avoid
the storage from filling up.

To facilitate this, the DatalLogTool desktop application integrates a SFTP client for download-
ing 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
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Connecting to RoboRIO

%12  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

lvuser Username
Password

Connect

Either a team number, IP address, or hostname can be entered into the Team Number / Ad-
dress 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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¥ Download

Disconnect Refresh

/home/1vuser Remote Dir

deploy
frc
frc_install
natinst
File i Download
FRC_20220205_235023.wpilog
323 .wpilog

03.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

File Size Download

FRC_20220226_085303.wpilog 1017 file

Download complete!

12.3.5 Converting Data Logs to CSV

As data logs are binary files, the DatalLogTool 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.

12.3.6 Data Log Visualization

AdvantageScope is a third-party tool allowing users to play back and visualize data stored
in WPILib data logs, with support for line graphs, field displays, video synchronization, etc.
More details are available in the AdvantageScope documentation. Note that WPILib offers
no support for third-party projects.
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12.3.7 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 DatalLogReader class for reading data logs in Java,
C++, or Python. 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.

12.4 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 1is the implementation of initSendable from WPILib’ s
BangBangController:

Java

@Override
public void initSendable(SendableBuilder builder) {

(BT
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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 (
"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.

12.4.1 The SendableBuilder Class

As seen above, the initSendable method takes a single parameter, builder, of type
SendableBuilder (Java, C++). 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, Sendable fields are ultimately transmitted over NetworkTa-
bles, and thus the databinding methods provided by SendableBuilder match the supported
NetworkTables data types:

* boolean: addBooleanProperty

* boolean[]: addBooleanArrayProperty
* double: addDoubleProperty

» double[]: addDoubleArrayProperty

* string: addStringProperty

e string[]: addStringArrayProperty
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* 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 ex-
poses a setSafeState method, which is called to place any Sendable mechanism that ac-
tuates based on dashboard input into a safe state. Any potentially hazardous user-written
Sendable implementation should call setSafeState with a suitable safe state implementa-
tion. For example, here is the implementation from the WPILib PWMMotorController class:

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(

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.

12.5 Third-Party Telemetry Libraries

/MY 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:

* AdvantageScope: Data visualization tool for NetworkTables, WPILib data logs, and
Driver Station logs.

» AdvantageKit (Java only): “Log everything” -based logging framework with hooks for
replaying logged data in simulation.

* Oblog (Java only): Minimalistic annotation-based API for Shuffleboard (or plain
NetworkTables) telemetry.
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