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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 2023 to 2024,
known issues, and quick start guide for updating.

Changelog
Known Issues
Quick Start
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 and XRP Robots

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

View XRP articles

API Documentation

Java, C++, and Python class documentation.

Java

C++



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

Software Tools

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



https://robotpy.readthedocs.io/projects/robotpy/en/stable/
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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 2~2>] LabVIEW

1.1.4 Python

» List of various guides to learn Python

1.2 TRHLEA

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

4 Chapter 1. &4y


https://www.ni.com/getting-started/labview-basics/
http://docs.python-guide.org/en/latest/intro/learning/
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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 (PDH) / Power Distribution Panel (PDP)
roboRIO
Pneumatics Hub (PH) / Pneumatics Control Module (PCM)
Radio Power Module (RPM) / Voltage Regulator Module (VRM)
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2.1.

Introduction to FRC Robot Wiring
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- OpenMesh radio (with power cable and Ethernet cable)
- Robot Signal Light (RSL)

- 4x SPARK MAX or other motor controllers

- 2x PWM y-cables

- 120A Circuit breaker

- 4x 40A Circuit breaker

- 6 AWG (16 mm?2) Red wire

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

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

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

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

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

- Very small flat head screwdriver (eyeglass repair size)

Wire cutters, strippers, and crimpers

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

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

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

2.1.3 Create the Base for the Control System

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

8 Chapter 2. £ 1 %: BEEHEA
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2.1.4 Layout the Core Control System Components

REV

CTR

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

2.1. Introduction to FRC Robot Wiring 9
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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?), strip 20 mm (~3/4” )

» High current channel connectors: Accept 8 - 24 AWG (.25 - 10 mm?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.

. N

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

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

10 Chapter 2. £ 1 %: BEEHEA
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Lift the lever above the black main power input terminal on the PDH until it clicks into place.
Insert the wire. Pull the lever down to secure the wire.

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

CTR

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

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

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

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

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

REV

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

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

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

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

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

CTR

12 Chapter 2. £ 1 %: EENBA
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Requires: 6 AWG (16 mm?) red wire, 2x 6 AWG (16 mm?) terminal lugs, 5 mm Allen, 7/16” (11
mm) box end

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

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

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

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

2.1.8 Insulate power connections

REV

Requires: Electrical tape

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

2.1. Introduction to FRC Robot Wiring 13
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CTR

Requires: 1/16” Allen, Electrical tape

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

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

2.1.9 Motor Controller Power

14 Chapter 2. £ 1 #: BEHEA
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REV

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

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

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

For terminal motor controllers (bottom image):

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

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

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

)

2.1. Introduction to FRC Robot Wiring 15
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CTR

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

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

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

T % |5 e
o . g

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

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

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

For terminal motor controllers (bottom image):

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

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

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

16 Chapter 2. £ 1 %: BEEHEA
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2.1.10 Weidmuller Connectors

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

e 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 17
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Requires: 10A mini fuse, Wire stripper, very small flat screwdriver, 18 AWG (1 mm?)
Red and Black

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

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

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

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

4. Cut and strip the wire.

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

18 Chapter 2. £ 1 %: BEEHEA
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CTR

bl
Pl . 8

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

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

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

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

4. Cut and strip the wire.

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

2.1. Introduction to FRC Robot Wiring 19
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2.1.12 Radio Power

REV

=1

cod
=
m2°

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

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

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

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

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

20 Chapter 2. £ 1 %: EEHEBA
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CTR

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

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

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

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

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

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

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

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

1.

2.1.13 Pneumatics Power (Optional)

22 Chapter 2. £ 1 %: EENBA
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REV

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

#%7:: The Pneumatics Hub is an optional component used for controlling pneumatics on the
robot.

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

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

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

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

5. Connect the wire to the PH input terminals.

2.1. Introduction to FRC Robot Wiring 23
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CTR

:‘

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

%12 The PCM is an optional component used for controlling pneumatics on the robot.

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

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

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

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

24 Chapter 2. £ 1 #: BEHEA
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2.1.14 Ethernet Cables

REV

Requires: 2x Ethernet cables

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

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

2.1. Introduction to FRC Robot Wiring 25
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CTR

Requires: Ethernet cable

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

2.1.15 CAN Devices

roboRIO to Pneumatics CAN

26 Chapter 2. # 1 %: BEHNEA
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REV
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Requires: Wire stripper, small flat screwdriver (optional), yellow/green twisted CAN cable

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

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

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

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

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

2.1. Introduction to FRC Robot Wiring 27
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CTR
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Requires: Wire stripper, small flat screwdriver (optional), yellow/green twisted CAN cable

t#1:: The PCM is an optional component used for controlling pneumatics on the robot. If you
are not using the PCM, wire the CAN connection directly from the roboRIO (shown in this
step) to the PDP (shown in the next step).

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

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

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

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

28 Chapter 2. £ 1 %: EENBA
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Pneumatics to PD CAN

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

#%i1: The PH is an optional component used for controlling pneumatics on the
robot. If you are not using the PH, wire the CAN connection directly from the
roboRIO (shown in the above step) to the PDH (shown in this step).

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

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

4. Insert the wires into the appropriate color coded CAN terminals on the PDH.
You may use either of the Yellow/Green terminal pairs on the PDH, there is no
defined in or out.
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#%1k: See the CAN Wiring Basics if you need to terminate the CAN bus somewhere
other than the PDP.

CTR

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

t#1E: The PCM is an optional component used for controlling pneumatics on the robot. If
you are not using the PCM, wire the CAN connection directly from the roboRIO (shown in the
above step) to the PDP (shown in this step).

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

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

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

#%1k: See the CAN Wiring Basics if you need to terminate the CAN bus somewhere other
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than the PDP.

2.1.16 Motor Controller Signal Wires

2.1. Introduction to FRC Robot Wiring
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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.
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When chaining controllers together using the provided connectors, make sure to use the
provided retaining clip. If unavailable, secure the connection with a small ziptie, electrical
tape, or other similar method.

2.1.17 Robot Signal Light

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

1.
2.
3.

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

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

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

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

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

be closest to the outside of the roboRIO.

/MG 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

34
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constructed)

2.1.18 Circuit Breakers

REV

Requires: 4x 40A circuit breakers

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

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

CTR

Requires: 4x 40A circuit breakers

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

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

2.1.19 Motor Power

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

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

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

2. Connect the motor wires to the matching controller output wires (for controllers with
white/green, connect red to white and green to black). The images above show an 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 -)
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2.1.20 STOP

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

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

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

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

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

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

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

Requires: Zip ties

/NEY5: 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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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

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

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

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

Java / C ++ HPM

* Java/C++ WPILib Installer

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

WPILib 2024.1.1 Release @D 78

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

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

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

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

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

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

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

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

Downloads

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

« WPILib 2024.1.1 - Windows (2.0 GB)

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

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

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

#1k:  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.

3.1.3 E=HE/RK
FESE =7 R AR B W4 A WPILib 1wl 55 = B H 5k
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3.2 %% LabVIEW for FRC ({% LabVIEW)

#1::  This installation is for teams programming in LabVIEW or using NI Vision Assistant
only. C++4, Java, and Python teams not using these features do not need to install LabVIEW
and should proceed to Installing the FRC Game Tools.

TR ] & T AALA Internet SRR RITARAZE R, HREWER, Ry ROR S
AN BN, AT RE R DR A/ NN A BT

3.2.1 Requirements

* Windows 10 or higher (Windows 10, 11)

3.2.2 HFIBEE (EF)

i WRAEYE N cRIO #4748, WEEREE2423: LabVIEW forFRC®2014, LabVIEW for
FRC 2014 ¥r[{EE 53 . BIRX AR % 0] DAFE ST FEML E LT, (H2X A2 &)z ikn
Bl E .

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

>
he]

ps & features

9
R
B
3

| & Apps & features

3
:
z

£z

IS Default apps

@ Offiine maps Intelli) IDEA Community Edition 2020.3.2

) Apps for websites NI Package Manager

21202

D Video playback
NI Software

& Startup

Modify Uninstall

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

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

Visual Studio Communit y 2019

DEENR BEEERGE |
zx = T 2
58 ] H g
g0 H by
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EEEESNAN

TE BRI HE S, WA 4 H o SRR O E R U™ EHE, RIS “AART M
SEAE . B BR . S5 R EI AR PSS MO AR S R S

Bl XLEUIHIBOE AR TR NT B, 2R22%e 7 HAh NT o, WO e A B I B AR o

BROWSE PRODUCTS UPDATES

INSTALLED B

3.2.3 3%H LabVIEW Z&EF

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

from the drop-down.
NIV Online installer

File Size
537 MB

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

Installers Offline Installer

PRGNV Z A AT AL b, AR T8 58l B BNV T ", RIGRE R
PAR B5E BRI LA T

#1:: This is a large download (~10GB). It is recommended to use a fast internet connection
and to use the NI Downloader to allow the download to resume if interrupted.
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3.2.4 %% LabVIEW

NI LabVIEW F3FIE. A4S0 i iEfess —4ehg 1 A 31 A2 RPA%0 (B4 2020 450 T
7 2021 48 1 A 31 HE)Y)

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
HERRERF

BTN R exe SUFLAITIR A e AR B Windows “ZairR, Wil 27,

B4 REEF (Windows 10+)

Fegs N iso U, R . NE %% iso 217 install.exe., 4t H# Windows 2244
N, TS 2T

% 1k: 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.

v
Name Date modified Type Size

~ Today (2)
|€] ni-frc-2020-game-tools [~~~ — Disc Image File 870,910 KB
1 ni-frc-2020-game-tools | Mount Application 5503 KB

Burn disc image
|2 Share

Open with,

Give access to >

Restore previous versions

Send to )

Cut
Copy

Create shortcut
Delete

Rename

Properties
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NI Package Manager ¥Fo[iE

n NI Package Manager X

| Select Agree Review Finish

You must accept the license agreements below to proceed. \

“ NET4.8 % |

NATIONAL INSTRUMENTS SOFTWARE LICENSE |
AGREEMENT

CAREFULLY READ THIS SOFTWARE LICENSE AGREEMENT ("TAGREEMENT"). BY DOWNLOADING
THE SOFTWARE AND/OR CLICKING THE APPLICABLE BUTTON TO COMPLETE THE
INSTALLATION PROCESS, OR BY OTHERWISE EXECUTING THE APPLICABLE QUOTE (DEFINED
BELOW), YOU AGREE TO BE BOUND BY THE TERMS OF THIS AGREEMENT. IF YOU DO NOT WISH
TO BECOME A PARTY TO THIS AGREEMENT AND BE BOUND BY ITS TERMS AND CONDITIONS,
DO NOT INSTALL OR USE THE SOFTWARE, AND RETURN THE SOFTWARE (WITH ALL |
ACCOMPANYING WRITTEN MATERIALS AND THEIR CONTAINERS) WITHIN THIRTY (30) DAYS OF

RECEIPT. ALL RETURNS TO NI WILL BE SUBJECT TO NI'S THEN-CURRENT RETURN POLICY. IF |
YOU ARE_ACCEPTING THIS AGREEMENT ON BEHALF _OF AN _ENTITY. YOU AGREE AND

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

(O Ido not accept all the license agreements. (@ laccept the above 2 license agreements.

Next

WRF DA, Wl T2,

M Windows i#E Bz

n NI Package Manager X

| Select Agree Review Finish

WARNING - Please Disable Windows Fdst Startup '

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

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

Disable Windows fast startup Windows Fast Startup Information

Back Next

WRFE RIS, Wl N2,
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NI Package Manager {4

P— _—
n NI Package Manager

| Select Agree Review

Review the following summary before continuing.

¥ Install >

NI Package Manager

Back

Finish

2023Q3 |

WRF DA, Wl T2,

NI Package Manager 23

NI Package Manager x

Select Agree Review

Perform

Installing NI Package Manager Deployment Support

Installing NI Package Manager Deployment Support 19.0

Next

NI Package Manager {25 I EERFAE IL T 11 Hh R 2

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

n Installing LabVIEW Software for FRC

Select Agree

PROGRAMMING ENVIRONMENTS

Review

X

Finish

LabVIEW Software for FRC |

LabVIEW (32-bit) English 2023Q3
LabVIEW Software for FRC provides

ADD-ONS componentishat help FIRST Robotics

LabVIEW Real-Time Module (32-bit) English 2023Q1 Competition (FRC) participants

Vision Development Module 2023Q1 Program robots with LabVIE.W‘

LabVIEW Software for FRC is a software
DRIVERS suite that provides software |
NI CompactRIO 2023Q3 Ccomponents required to use the
. LabVIEW programming language for the

NHMAQdx 2023Q1  pe.This suite includes LabVIEW
Professional as well as software add-
ons such as the LabVIEW Real-Time
Module and the LabVIEW Vision
Development Module. LabVIEW
Software for FRC also includes
associated drivers.

Select All Deselect All Next
s T
-
I installing LabVIEW Software for FRC X
Select Agree Review Finish

JKIVI Package Manager

time series, and wavelet analysis.

database operations.

LabVIEW Desktop Execution Trace Toolkit

|

Back Select All Deselect All

LabVIEW Advanced Signal Processing Toolkit (32-bit)

The LabVIEW Advanced Signal Processing Toolkit is a set of software tools that you can use to perform time frequency,

LabVIEW Database Connectivity Toolkit (32-bit)

The LabVIEW Database Connectivity Toolkit helps you connect to local and remote databases and implement common

Additional items you may wish to install:

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

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

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

Next
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PRI

-
I Installing LabVIEW Software for FRC X

Select Agree Review Finish

You must accept the license agreements below to proceed.

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

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

bit), NI Distributed System Manager, NI LabVIEW Command Line Interface, JKI VI Package Manager, LabWindows/CVI
Shared Runtime, NI License Manager, JKI VI Package Manager Helper, LabVIEW (32-bit) English, LabVIEW DataFinder
(O Ido not accept all the license agreements. (@ laccept the above 6 license agreements.

Back Next

prigs L N (YL A

-
I Installing LabVIEW Software for FRC X

Select Agree Review Finish

Information about the products to be installed. [

¥ NI OpenVINO Model Optimizer Support for Python 3.6

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

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

4

NI-IMAQdx High-Performance GigE Vision Driver

Intel Pro 1000 Network Interface Devices

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

Back Next

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

-
I Installing LabVIEW Software for FRC X
Select Agree Review Finish
Review the following summary before continuing.
¥ Install
ASAM e.V. DataPlugin for AOP5 21.5.0
JKI VI Package Manager 2023Q3
LabVIEW (32-bit) English 2023Q3
LabVIEW Advanced Signal Processing Toolkit (32-bit) 2023 Q1
LabVIEW Database Connectivity Toolkit (32-bit) 2023 Q1
LabVIEW DataFinder Connectivity VIs (32-bit) 2023 Q1
LabVIEW Desktop Execution Trace Toolkit 2023
LabVIEW Digital Filter Design Toolkit (32-bit) 2023Q1
LabVIEW Project Dependency Support Software 2023Q3
LabVIEW Real-Time Module (32-bit) English 2023 Q1
LabVIEW Report Generation Toolkit (32-bit) 2023 Q1
Back Next
/I:I_:_l; T__EA N —F - ﬂ;‘
=]
Bi%iEiE
-
I Installing LabVIEW Software for FRC X
Select Agree Review Finish

Installing NI Security Update (KB 67LSLCQW)

| |

Next

AEBETT 1 PR B B AR 2t R

3.2.5 NI EHBRS

NI Update Service

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

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

Yes No

ARG R B2 AN NI RIS . 5n] PASEEA S SRl 55
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Bl Bk FRC i #ATHER {0 RE (FRC W%, BIAEHE i) 555, SRR
XLEHHT

NI BiERS

I Activate Software X

Create a user account
Let's get started Ly

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

Log in to Activate

No internet connection? Activate offline

Privacy Statement Cancel

Click the Log in to Activate button.

m NI User Account x

NI User Account

Log in to continue

Email

Password Forgot password?

LOG IN

Create account >

BRI ni.com PR, AIRBIE AR, 15 EEE: Create account QE— PN 2Rk .
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I Activate Software X
Log Out
19 licenses selected

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

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

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

Privacy Statement Extend Trial (13) Cancel

From the drop-down, select enter a serial number

I Activate Software X
Log Out
19 licenses selected

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

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

Privacy Statement Extend Trial (13) Cancel

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

I Activate Software X

Activation was successful.

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

13 ACTIVATED 6 REMAINING

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

LabVIEW 2023 Q3 Application Builder

LabVIEW 2023 Q1 LabVIEW Database Connectivity Toolkit

LabVIEW 2023 Q1 LabVIEW Digital Filter Design Toolkit

LabVIEW 2023 Q3 Professional Development System

/ LabVIEW 2023 Q1 Real-Time Module

AN N N NS

Register a product Activate Remaining Finish

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

Select Agree Review Finish

Reboot to complete operation.

Areboot is needed in order to complete the operation.

Reboot Now

KUAPFAFIITRE G, 2 “SZHEE.

3.3 %% FRC Game Tools

The FRC® Game Tools & A F 414
* 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.

#1: No components from the LabVIEW Software for FRC package are required for running
either the Driver Station or Imaging Tool.

3.3.1 &K

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

3.3. %% FRC Game Tools 51
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Online installer

File Size
537 MB

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

Installers Offline Installer

R A AL AR AT AL L, SRR R DU B RIERR 2 AT, Baly AL AR

3.3.2 HIFIBEEE (EEF)

#H%: LabVIEW FAE BT, E27)EE . LabVIEW AN 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 2024 only. Then click Start »
Add or Remove Programs. Locate the entry labeled “NI Software” , and select Uninstall.

1i: It is only necessary to uninstall previous versions when installing a new year’ s tools
(or when a beta is installed). For example, uninstall the 2021 tools before installing the 2022
tools. It is not necessary to uninstall before upgrading to a new update of the 2022 game
tools.

Apps & features

€300.C250 series Software Uninstall
V 12/3/2020
“3 CTRE Phoenix Framework
121272021

| & Apps & features
Europa Unis 128 M8
iS5 Default apps 10/22/2020

I O Intelli) IDEA Community Edition 2020.3.2
3 Apps for websites

D Video playback

& Startup

Realtek High Definition Audio Driv 481M8

Sni p&Sk(h 240K8
Mic 9/10/2020

Visual Studio Communi ity 2019

nN\Sﬂw

2/16
fox sl conn e
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EEEESNAN

TE BRI HE R, PEERATA 4 H o B SR R G E R AR SR, RS AR 2
WAL Sl “IMBRT. S5 RIS MO AR S R EH R 3l

3.3.3 &%

Hi%: Game Tools 237 ] BE S HU/R TR 2 W Bl %¢%% NET Framework 4.6.2., #% R4 AR5
AR, WIARIEECRER L. RE4ke4%E FRC Game Tools, H7Eb B H Rl L3R T

0]
%
AT N AT RAT SO AT IR e R . R 1 B Windows 24 4/R, W 7.

4% (Windows 10+)

HEERE N ET iso XM, KR “mount”. ML) iso 24T “install.exe’’. 14 ¥ Windows
PN, WHE 27,

v
Name Date modified Type Size
~ Today (2)
D ni-frc-2020-game-toals | Disc Image File 870,910 KB
ni-frc-2020-game-toals| Mount Application 5503 KB
Burn disc image
|2 Share
Open with...
Give access to >

Restore previous versions

Send to >

Cut
Copy

Create shortcut
Delete

Rename

Properties

3.3. %% FRC Game Tools 53



FIRST Robotics Competition

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

NI Package Manager #TJiE

n NI Package Manager X

Select Agree Review Finish

You must accept the license agreements below to proceed.

NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT

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

The terms of this Agreement apply to the computer software provided with this Agreement, all updates or
upgrades to the software that may be provided later by NI as part of any maintenance, technical support, or
This license agreement applies to the following packages: NI Package Manager

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

Next

WAREERSEH, Wad T2, RN ERE NI Package Manager ¥l 3.

#ZH Windows Ri#EEz)h

NI Package Manager X

Select Agree Review Finish

—_

WARNING - Please Disable Windows Fast Startup

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

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

Disable Windows fast startup Windows Fast Startup Information

Back Next

PR A, ) Windows /534 52813 roboRIO gy NI SRahe /v i Bl 4kak
R R 2
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NI Package Manager {4

| n NI Package Manager

Select Agree Review

_‘r

| Review the following summary before continuing.

¥ Install

NI Package Manager

Back

PUES CAe Sl 27 TS Pl s S

NI Package Manager %%

| n NI Package Manager

Select Agree Review

| -

Installing NI Package Manager

l

Installing NI Package Manager Core

< )
Finish
2023 Q2
|
Next
< )
Finish
|
|
Next

NI Package Manager /1445 i BERFAE I B 11 BRI

3.3. %% FRC Game Tools
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B 0%k 14

I Installing FRC Game Tools X

Select Agree Review Finish

Additional items you may wish to install:

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

[] NiLinuxRT System Image

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

Select All Deselect All Next

PUES CAe Sl 27 TS Pl s S

PRI

I Installing FRC Game Tools X

Select Agree Review Finish

You must accept the license agreements below to proceed.

“ FIRST Competition

NATIONAL INSTRUMENTS SOFTWARE LICENSE
AGREEMENT

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

This license agreement applies to the following packages: Vision Common Resources, LabVIEW Runtime (32-bit), FRC |

| CAREFULLY READ THIS SOFTWARE LICENSE AGREEMENT ("AGREEMENT"). BY DOWNLOADING

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

Vet PR, WERdr R
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b

¢

| M Installing FRC Game Tools X |
Select Agree Review Finish
Review the following summary before continuing.
¥ Install Ly
FRC Game Tools 2024
LabVIEW Runtime (32-bit) 2023Q1
Vision Common Resources 2023Q1
NI Certificates Installer 21.5.0
NI System Configuration Runtime 2023 Q2
1
Back Next
«“ 9
M R,
-,
Y R
| M Installing FRC Game Tools X |
Select Agree Review Finish

Installing NI Uninstaller

Decompressing .
+f91_windows_x6

../pool/ni-metauninstaller_23.3.0.49243-0
.nipkg from \\?\C:\ProgramData\National Instruments\NI

Package Manager\packages\ni-metauninstaller 23.3.0.49243-0

Next

R R TR, TEARSE, INSTESEIINE . Next.

3.3. %% FRC Game Tools
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3.3.4 EHEHUERLE

n Installing b4

Select Agree Review Finish

Reboot to complete operation.

Areboot is needed in order to complete the operation.

Reboot Now

IR BERR, WEERHPT A TTIF AR e e “SLRIES

3.4 WPILib Z3i5r

This guide is intended for Java and C++ teams. LabVIEW teams can skip to %% LabVIEW
for FRC (12 LabVIEW) . Python teams can skip to Python Installation Guide. Additionally, the
below tutorial shows Windows 10, but the steps are identical for all operating systems. Notes
differentiating operating systems will be shown.

3.4.1 £1TEE
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 for Java. C++ requires macOS 12 or higher
with Xcode 14.

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

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

WPILib Installer
WPILib 2024.3.2 Release - March 14, 2024 Downloads

Downloads for other platforms

Release Notes

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

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

WPILib 2024.1.1 Release @D 78

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

The documentation for WPILIb is located at https://docswpilib.org/ (if you have trouble accessing this location,

https://fredocs.wpi.edu/en/stable/ is an alternate location with the same content).

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

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

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

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

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

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

Downloads

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

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

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

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

3.4.3 ERRKEF

LT # WPILIb 222 P i), %1 T Windows, ‘B AR EBE S is0 73 % ; %1 Linux, g4 .tar.gz
Ak XF MacOS, EfEh DMG 4%,

Windows 10+

Windows 10+ users can right click on the downloaded disk image and select Mount to open
it. Then launch WPILibInstaller.exe.
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orrow (1)

WPILib Windows64-2020.3.2.is0

Burn disc image

Edit with Intelll) IDEA

Yester
T-Zip
CRC SHA
Scan with Microsoft Defender...
Share
Open with...
Give access to
PowerRename
Restore previous versions
Send to
Cut
Copy
Create shortcut
Delete
Rename

Properties

4 iE: 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.

Open archive
Open archive

Extract files...

Create shortcut
Del

name

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

$#i1l: 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.

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

macOS Al A TRy “DMG’ ", SRJ51e4% “WPILibInstaller’” PSS HFET .

B WPILibinstaller

w

WPILiblnstaller

Linux

Linux Ji PR RE4 F#A9.tar.gz, #F/ish WPILibInstaller. Ubuntu 433 b 200 7T #1077 S
WIS, BB R 2T E . LS T @4, MRS < <version>" Bl Ehy
Wi

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

3.4.4 ETRHER

FTHEER R, eI, k20174 Start,
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@ WrlLib Installer - [m} X

Welcome to the WPILib Installer!

Version: 2022.1.1-beta-4

@ WPILib Installer — m] e

Start

Select the install mode you would like.

Tools Only
(® Everything

Install for this User Install for all Users

Back

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

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

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

ATERE IR, OB 28T T NPT 2" o S P AR L2 2 i ik

HHEANFEEHBAER. SR, NIrE R P22 T H PR RGP A RS AR . A
K2 macOS Al Linux [y,

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

piivzE Stiye g\ iU NP A R SR VAN N N7 T
TP R N VS Code, A3ERYZ, mTHREKN, VS Code Joik 52 e PRI E—iE

62 Chapter 3. £ 2: =3t



FIRST Robotics Competition

@ WPILib Installer = [m} X |

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

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

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

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

Select existing VS Code archive for
offline install on this computer

Back

Download for this computer only
- XAUFHE4FEER VS Code, X2/ M T #.
Skip and don’ t use VS Code
- k2% VS Code. X T mg e s Bl ERA . WA AHER .
Select existing VS Code archive for offline install on this computer
- PRI SR, RV AR E AT E T ) VS Code i3, kA 2il
BAENLAS PO 23 VS RS EIA .
Create VS Code archives to share with other computers/OSes for offline install
- WIRWCH A -6 FEIFRAE VS Code WREIAS, XTI 2R r i ml AR A H .

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.

o

Installing documentation/cpp/drake__assert_8h.js

Extracting

Cancel Installation

TRESENUG PR SE U
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@ WrlLib Installer - [m} 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, BRITEAYLEHE 2% WPILIb JF ARSI TR #2258 B 2R -

3.4.5 £EF
F A R G B i AR R e 2%

macOS

A G, TP RFTH WPILIb VS Code {3, ¥ VS Code W HEEFHRIY S L. M AT H
WPILibInstaller w4,
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Linux

FEe ARy Linux (40 Ubuntu 20.04) Z5R G T st tbt Jr sUR 3 DiRe. A RmER, K5
SiRESINAD SR

. Open

FRC VS Code
2021.desktop

Open With Other Application

Cut

Copy

Rename...

Move ko Trash

Allow Launching

Properties

Show in Files

1z Installing desktop tools and rebooting will create a folder on the desktop called YYYY
WPILib Tools, where YYYY is the current year. Desktop tool shortcuts are not available on
Linux and macOS.

3.4.6 Additional C++ Installation for Simulation

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

Ensure the Desktop Development with C++ option is checked in the Visual Studio installer
for simulation support.
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3.4.7 RETHA?

HBIL 2B R Y 222 A 4L

** Visual Studio {5 **-%Z 7351y IDE, AT 2019 KHE S RAKPLE A & . RIEGAYTT
FHLLEZ%% T VS Code, Wil Ze3fE 40 WPILIb J &% B MY VS Code B4, Xt
e E Ay, e VS Code M THAIIH , M WPILIb 2257 i 1 H Y 3 265 B ] RE iR
A TAE AR .

*C ++ Hiikds ¥ M T~ roboRIO #y7 C ++ G T H4%

** Gradle - T &E/HE C ++ 1 Java iz AASH Gradle (e A

**Java JDK / JRE **-Java JDK / JRE Ry%55E A, HIFH#E Java Hlas MUE T2 BT Java
M TH (Dashboards <%). ES{EMILA RN JDK 2463477, - HAL L JAVA_ HOME At &

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

** WPILib &5 **-OpenCV %

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

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

3.4.8 HI#;

WPILib BAEAEA R AR 2 BRI SO, DAL 44 1) WPILiDb 2 BRS04 HIZ AT A . (5
&, WSRFFE, WPAGH LA #EIZK WPILib,

Windows %4

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’’ 7 5 i K bk

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

66
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3.4.9 #fEHRR

U0 22 R RR P R M, A B R R R AT T SO R L. ‘it Ab <hittps://github.com/wpilibsuite/
wpilibinstaller-avalonia>‘_ §2fitfE#z. 22 P AEAE DRI B S fE 35 7 AR 190 AL i W] v R 1A %
BRI AR B 1 o

3.5 Python Installation Guide

This guide is intended for Python teams. Java and C++ teams can skip to WPILib =% 35 &.
LabVIEW teams can skip to %3 LabVIEW for FRC ({2 LabVIEW) .

3.5.1 Prerequisites

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

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

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

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

* Python for Windows
* Python for macOS

3.5.2 Install RobotPy

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

Windows

#1:: If you previously installed a pre-2024 or 2024 beta version of RobotPy, you should first
uninstall RobotPy via py -m pip uninstall robotpy before upgrading.

% fe: On Windows, the Visual Studio 2019 redistributable package is required to be in-
stalled.

Run the following command from cmd or Powershell to install the core RobotPy packages:
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[py -3 -m pip install robotpy ]

To upgrade, you can run this:

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

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

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

macOS

#%1¥#: Ifyou previously installed a pre-2024 or 2024 beta version of RobotPy, you should first
uninstall RobotPy via python3 -m pip uninstall robotpy before upgrading.

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

[pythonB -m pip install robotpy ]

To upgrade, you can run this:

[pythonB -m pip install --upgrade robotpy ]

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

[python3 -m pip install --user robotpy ]

Linux

#iE: If you previously installed a pre-2024 or 2024 beta version of RobotPy, you should first
uninstall RobotPy via python3 -m pip uninstall robotpy before upgrading.

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

[python3 -m pip --version ]

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

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

[python3 -m pip install robotpy ]

To upgrade, you can run this:
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[python3 -m pip install --upgrade robotpy ]

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

O0SError: /usr/lib/x86 64-linux-gnu/libstdc++.s0.6: version "GLIBCXX 3.4.22' not found,
—(required by /usr/local/lib/python3.7/dist-packages/wpiutil/lib/libwpiutil.so)

Linux ARM Coprocessor

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

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

source install

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

e fe: It may take a very long time to install!

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

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

If you need to build with a specific compiler version, you can specify them using the CC and
CXX environment variables:

[expo rt CC=gcc-12 CXX=g++-12 ]

3.5.3 Download RobotPy for roboRIO

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

S
Documentation for robotpy subcommands

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

[py -3 -m robotpy init

macOS

[python3 -m robotpy init

Linux

[python3 -m robotpy init

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

2

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

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

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

#%i¥#: Ifyou aren’ tusing a virtualenv and don’ t have administrative privileges, the robotpy
sync command accepts a - -user argument to install to the user-specific site-packages direc-
tory.

Windows

[py -3 -m robotpy sync ]

macOS

[python3 -m robotpy sync
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Linux

[python3 -m robotpy sync

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

3.6 T—%

NER! BOATMTE 2 2, BENIZC LA DAVE S L5 RBFREMEE 3 26743 ey 58 5 i
1, PAEXT H T4, msE 4 B WJR/R T4 VS Code £ &5 (IDE) spxidlas NdfT4afe. A
*WL2{ER, el LiEEiref:'VS Code section <docs/software/vscode-overview/index:VS Code
Overview> ‘P& IDE.,

FEHSL P A R A SO 2

» Visual Studio Code # #)

» Visual Studio Code 4y WPILib 4%
BIEME AT

=
(N
g
-
tur
zmb
2

e SR T T BB ARG . 335 M 4 R T RE A 4R B SR .

s HEE =7 CAN HHLEE §l 2% 1 B BA3E 55 04 1 s:ref: 2 R % = % B <docs/software/vscode-
overview/3rd-party-libraries:3rd Party Libraries> — 3, [F A NiX &5 RE DR ER I NG S
K.
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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 Firmware

Select Image

J— f—— -
EBT rrah i b
B =

_ToDoRIU AU WS ST

FHC_mbuFlIGE_E'I]IEE_vE.E.zip
FRC_roboRIO2_2021_v3.0.zip

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

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

Writing the image with balenaEtcher

* Download and install balenaEtcher.

* Launch

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

e Press Flash
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Writing the image with Raspberry Pi Imager

* Download and install from Raspberry Pi Imager.

* 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

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

Setting the roboRIO Team Number

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

B8 FRC roboRIO Imaging Tool - Version 22,0614 - X

roboRIO Targets Team Number
P roboR[0-6391 FRC] ~ 6391

® Edit Startup Settings
O Format Target
he () Update Firmware

System Information Startup Settings
MAC Address 00:80:2F:17:E4:42 [] Enable Console Cut
CurrentIP 10.63.91.2 [[] Disable RT Startup App
Current Image FRC_roboRIO_2022_v2.3

Firmware Version 6.0.0f1

Rescan Apply Close

4.2 Imaging your roboRIO 1

% e, TE AR B roboRIO &i1t% 2 wi, , #r o2 52 ili:doc:'FRC Game Tools</docs/zero-to-
robot/step-2/frc-game-tools> ‘[ %2 3. Rt 414 roboRIO Hi i 1F A i % 432 1 it AR b B
roboRIO fyHLJFLER2EE, I H 1 2E FEHE 24 roboRIO I (LKA 4 AMZET ).

#%i¥#: The roboRIO 2 uses different imaging instructions. The imaging instructions for the NI
roboRIO 2.0 are here.
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4.2.1 fic& roboRIO

roboRIO Fitg THF-H T 7+ roboRIO fyE T

USB ZE#

INPUT
7-16V =

POWER
STATUS

SPI RADIO
<, COMM

NI roboRIO

NATIONAL f
"’,INSTRUMENTS 2l

ACCELEROMETER

— RELAY — —ANALOG IN o

+f USB #i4i )\ roboRIO USB i H 22 AU . X2 USB A U3k (Wi PC i) 2] B B2
3 OERIZ 2 AMAMIETTE) Bl % IWRATEINL USB Hig4%,

#ik: roboRIO W HfEEE USB HHEITHE G A NHUAEZE AR AR .

IRz ZIE

BRI Y A ST IR 25 . AREHERRA A T T B S A “Brides” e, S Rshfe i 2258
JEAkEE .
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4.2,

Imaging your roboRIO 1
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4.2.2 BEEFREEIR

FRGLIrver
station

_ [ 30104 Tn:: ol
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roboRIO MR T HANFFBECHE NI FRC | reg |2, ik TH . Dkt B pREETT 05 38
TH. aREAEX roboRIO PEATBUMR IHE R HXE, W AT REFR 2l i R AR, ARG PO B
fmizt.

%% #::  The roboRIO imaging tool is also located at C:\Program Files (x86)\National
Instruments\LabVIEW 2023\project\roboRI0 Tool

4.2.3 roboRIO & TH

I FRC roboRIO Imaging Tool - Version 22.0b8 - X
roboRIO Targets Team Number
P cborio-350 Frc) ~ =

O Edit Startup Settings
® Format Target
() Update Firmware

System Information Select Image

MAC Address 00:80:2F:17:FB:93 C
Current IP 172.22.11.2

Current Image FRC_roboRIO_2022 v2.2

Firmware Version 6.0.0f1

Rescan Reformat Close

A3, roboRIO §ifg TR A 1) roboRIO, FHAE/: I MfiE H 7 Br A7 21 roboRIO. AR
T FIHERS s 4 Fi ik roboRIO {5 BAIE . A MRS T M T8 roboRIO & A #5::

* Gk A BEE - I E: roboRIO fyHZhiE (H &% TP IYBCE) A roboRIO fHZ I,

o Mg

. Fﬁfzﬂsﬁﬁr%ﬁﬁﬁ roboRIO Enasif Mg (BB RIHT BUA PR ) I e 0. 3302 B LY
prioz

© WOFI - L U T 308y roboRIO [EfF. XY, BUR THAFFE 2 roboRIO FfFHAN 5.0
B A
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EHME

f . It is only necessary to update the firmware on a brand new roboRIO. It is not rec-
ommended to update the firmware unless it doesn’ t meet the conditions below.

s FRC roboRIO Imaging Toal - Version 22.008 - X
roboRIO Targets Team Number
ez @) O

(O Edit Startup Settings
() Format Target

v 9 ®) Update Firmware

System Information Select Firmware

MAC Address 00:80: 2F: 17:FB:93 o ~
Current IP 172.22.11.2

Current Image FRC_roboRIO_2022 v2.2

Firmware Version  6,0,0f1

(5)

Rescan mm Close

roboRIO [z E K v5.0 A REMIT 2019 BEERERARBUE . 112k roboRIO HyfAZE D 5.0 (41
WU TR T IR ), WITCHE R

t#i1: roboRIO firmware has had different version numbering schemes over the years. It isn’
t necessary to update the firmware if it has version 5, 6, 8, 22.5, 23.5 or variations of those
version numbers (e.g. 8.8.0f0 is a variation of 8). The firmware is only utilized in safe mode,
it is not used in normal operations.

LHHT roboRIO [# {4

L. B PRAEZE BT Bk P e T 575 2H) roboRIO,
Select Update Firmware in the top right pane
Enter a team number in the Team Number box
AN 7 B SO
Click the Update button

o s W

4.2.4 1% roboRIO

g is: The roboRIO image is different then the firmware, and must be updated yearly.
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! FRC roboRIO Imaging Tool - Version 22.0b8 — X
roboRIO Targets Team Number
ao - 9 EE

O Edit Startup Settings
@ Format Target

~ O Update Firmware
System Information Select Image
MAC Address 00:80:2F:17:FB:93 e [ e Ry ”
Current IP 172.22.11.2
Current Image FRC_roboRIO_2022 v2.2
Firmware Version 6.0.0f1 6 hd
Rescan Reformat Close

1. The available image versions will not show until you select Format Target per step 2
below.

- WHERAEZE 7 ks i T roboRIO

Select Format Target in the right pane

Enter a team number in the Team Number box
TEHE P PR T BRI .

Click Reformat to begin the imaging process.

o & W=

4.2.5 EARELE

I FRC roboRIO Imaging Tool - Version 22.0b8 - X
roboRIO Targets Team Number
P cbori0-350 Fic) ~ £

O Edit Startup Settings
@ Format Target

- O Update Firmware
System Information Select Image
MAC Address 00:80:2F:17:FB:93 i T T R ”
Current IP 172.22.11.2
Current Image FRC_roboRIO_2021 v3.0
Firmware Version 6.0.0f1 hd
Re-Imaging roboRIO target
Rescan Reformat Close

HABBREIBERAFE 3-10 b & 1A bR R I .
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4.2.6 EARIEKTR

= S|

The roboRI0 image was successfully
updated. TheIP address of the roboRIO
device 1s172.2211.2. The hostname is

reboRIO-1-FRC,
You must deploy code to use the robot.

b

When the imaging completes you should see the dialog above. Click Ok, then click the :guil-
abel’Close’ button at the bottom right to close the imaging tool. Reboot the roboRIO using
the Reset button to have the new team number take effect.

4.2.7 HPEHER
ISR ETCEAT TODORIO HEFTHER, MIMCREHEKRL TR

SHXVAE P 51 B 71247 roboRIO Hif TH, J5ikifr i st i BAR ARSI E -

ARG PGS VAR AE http://172.22.11.2/ 517 roboRIO R 5T, FFEik NI [ 2% 3E F 2 15 Hh B
AEAE T P 4B RO A1 R . AR AR B, i #EE 2% NI FRC Game Tools sliZz il I
fib PC.

cref: Z2H A L M % i€ B R <docs/networking/networking-introduction/roborio-
network-troubleshooting:Disabling Network Adapters>

T PRI K5 E P o

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

AL 2D 5 B, 22u0F roboRIO 5§ 2244,
Try a different USB Cable
Sl HA LR

If the status LED is constantly flashing, and imaging in safe mode failed, follow the
roboRIO recovery instructions

If the correct roboRIO image version isn’ t available:

Ensure you’ ve selected Format Target
If an older version is shown, ensure you’ ve installed the latest FRC Game Tools

If the wrong version still shown after installing Game Tools, Uninstall Game Tools and
then re-install.
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4.3 H{IRAIFEEHZEMmIE

AFE FE R ) &R anfe i i FRC®Radio Configuration Utility g le & ilgs N IoZiE$:, kAE
FRC [h#ez SMEH .

4.3.1 £1TEE

FRC b A e & T 275 228 B ORUR A RE G B AR i i 28 80 8. 1A & H Sl sk SR AL (2R
B AREH R PO SRS, AT RERR 2% 1) o REBEN M, i 0k iEtT.
MUAF B T #Hdsi FRC B g fic 1 22 Ay

FRC Radio Configuration 24.0.1

FRC Radio Configuration 24.0.1 Israel Version

ik ot 1L RASE T AGSIATA . S TR PFREE A @S ], A — A =2 R EER OMSPAC
WA o

AETFR A AR 2 i
1. 2R A e 2416 i

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.

i OMOSP-AN Al AC ] 5 D-Link DAP1522 #RyA IS, HEENE 12V flids. f5i
HidsEsE] VRM Ery 12V 2A g0 (b5 IERR) -

4.3.2 MR

BOANELL T, the Radio Configuration Utility £ 7060 % th de b4, DOGHE L Fo g 1 i Hh i i 4
i i Skt 4AMbps A7 SRR . TERBERCE (AP £X) F, ZEHEL MARE N RRE . XERE
REOUIRL A 4 2 22 P2 A Y

ZAEF AT Windows 7. 8 fl 10 Byt TNHA. B ATEHARIE RS LisfT, HpRZd .
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EiThiE

’ WiFi H Eth Link H power‘ ‘ WiFi HEth LinkHPower‘
N T S \ W

— = =

IBATIY, CElEICE TR Sl NERR R S AR ROE Bt . B T A BT %
ar (BIRTELLTRNT) o KLU E AT :

o RES IP I ESN “10.TE.AM.1

o TEATRIRUET AT TP, 192.168.1.17 D4

Wb ST, DA ]

« LER#5H T LED FiUR.

o ToLkHE O RO IERR I AMD /s (FTAESE I ABER BERT)

o REMATRER AL SER QoS U (5 PR Sk X HLpke 1 40 2R 0k 347 8 PR ) D) 2% e ib S il ) o X
e lIP=E

- Blgs AfEHALRS (UDP“1110°7, “1115°°, “11507)
- Hlgg N TCP & NetworkTables (TCP 1735, 1740)
- it (A HAb R ) . (CASREE A TR, L)
* DHCP server enabled. Serves out:
- Z4Mr “10.TE.AM.117° -“10.TE.AM.111"°
- T4y “10.TE.AM.138"’ -“10.TE.AM.237"’
- TS “255.255.255.07°
- JUHEHuE “10.TE.AM.255"°

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

MAEZ
* SSID AIfEfEMI A J fin—A> “BLas AR, AR ZANM4E .
o FTRAJS BT K e T LA A B KA (AT LAZEE e T Mk R B iy i 11 )

B AT UTE.

84 Chapter 4. £ 3 #: HEZRHOVBA



FIRST Robotics Competition

4.3.3 RRIHHF

e e s o v
1 FRC_Radio_Configuration 10 8 15.exe 10/8/20151:50PM  Application
& FRCicon_RGB_Border.bmp 2/20/2015127PM  Bitmap Image

Wi “FRC_Radio Configuration VERSION.exe’’ a2 LT . fFIBIRRSERZE%E .

PR A2 Npeap, W 238 n (43¢ Npcap. Npcap iy i 2 i T Bl E 2R R
A . SN IX LR I ER B BRI

4.3.4 BaHHE

. FRC FMS5 Robot Simulator
. FRC Radic Cenfiguration Utility
[m3] FRC Radic Configuration Utility

B “TTUR” e B PRy SRS .

20 WS E IR ERAE Y, W23 “C: Program Files (x86) FRC Radio Configuration
Utility’” . X+ 32 fiit8EHL, 4%k “C: Program Files FRC Radio Configuration Utility’’

4.3.5 IRLIHEEFRT, FRATEFHRARITENR
[ '&' User Account Control @1

.

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

Program name:  FRC Bridge Configuration Utility.exe

Publisher: Unknown
File origin: Hard drive on this computer
() Show details [ Ve QJ [ o

Change when these notifications appear

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

Please select a network interface using the drop down box below.
If no network interfaces are listed, connect the wireless bridge to the computer and dlick “Refresh™

I e Local Area Connection v Refresh o

| Local Area Connection

I Wireless Network Connection 2 e OK Cancel

(o P 6 7 ) R A PP T S5 B Al 5 B AR I 1. 7 Windows 1AL L, DKM F@ # ARk
CARHTERE” . AR TCIRN I I To AR R (Y e s AT A A

Lo ARARI AT AR R E 1T, 35 By “RlBr PAEOHr R T i3 A
2. WTHIBIR PR D
3. M HiE

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.

PUBEN 3 B T o 1 i S T SO R

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

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

44 FRC Radio Configuration Utility - - =
File Tools Help
Team Number: 0\ Robot Name:
WPA Key: Firewall: U

Radio:
Mode:

BW Limit: ©
| #% Load Firmware
ure

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

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

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

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

5) Press "Configure”, the process should take 15-860 seconds 4) Follow the on-screen prompts.

WERGEFEME FRC FfF (SREERhd:), WArPAREH FRC Radio Configuration Utility #2/7#E47m
=7

L. I8 A 2R, BB e e AR I 1
2. HRPRAE “TeZ” R T “Open Mesh radio”.
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3. Wi PR th el AR M ERE] PC.

4. Pk . (AR PoE Mg, WRPAKLAKRMM PC LIF, X ¥ E)
5. #& “IngEE”

6. BRI, SEARHA R KBRS A IR A S U R R

it WRE R K NPEF ZRRAOSE IR, 3525 AR T g R % i i 10 208 o e AS N ) BT AT i e o 40
RALFREN @RS, WX T RN SRR AXEZEL, WSREAMEEnRE .

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 EFFLx EMRERN

£ FRC Radio Configuration Utility - oo S
————
Team Number: f\ Robot Name:
WPAKey: - i | Firewall:
Radio: OpenMesh © BWLimit: v
Mode: |2.46Hz Access point @) 4% 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 prompis

2) Make sure to use the Ethernet port shown above. 1} If Radio Config Utility: Selact Openilesh

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

IS I R B S T e 2

2. WFEPCEAERIERE . TR RO, BOAESE 2.4GHz A GRS 1. AR AL
i, W SGHz AP #550, [RfEVF 25 SGHz A KA 5 -
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4.3.10 EFEIN

£ FRC Radio Configuration Utility - o o0 e S

File Tools Help

Team Number: 0\ Robot Name:
WPA Key: | Optional | Firewall: U
Radio: OpenMesh | BWLimitt ©
Mode: 24GHz Access Point * | 4% Load Firmware |
' _ _ _Configure

Lo-

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 Ethermet port shown above 1) If Radio Config Utility: Select Opaniesh

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” bulton

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

C BT BRI ELPE R R Z B R BT, (EU2, nT REA BRAT XA T 58 i SCiX L e -

IR 2 g S i Fﬁﬁﬂ%ﬂﬂ%ﬂa%ﬁ@ﬂ%éﬁ SSID. XA CAYIA 24> E A1 R BA g 5 14
W%, FHHAMRRER X ENT.

2. Bk A A, DR e S A A e oA i FRC B AP AR B K s i PR . A
KIVo A F12, wZ5 FRC i

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 jide. X 2Epemixt D-Link o2kt JEAL.

B BT BRTURE G AR BRI BT At . KRR B TS, R ICIA R E A
o XA FRY ELBE n] BEAFAE R 3 L TEARA
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4.3.11 FirEELE

.
£uy FRC Radio Configuration Utility

o | B

-

File Tools Help

WPA Key:

Team Number: Robot Name:

Firewall: O

Radio: |OpenMesh |
Mode: 2.4GHz Access Point |*

BW Limit:

&)

_ #% Load Firmware

_ __Configure

To program your wireless bridge:

1) Connect power and Ethernet to the wireless bridge.

2) Make sure to use the Ethernet port shown above

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

4) Enter your team number, and 3 WPA key (optional), above
5) Press "Configure”, the process should take 15-60 seconds

If asked to reset your wireless bridge:
1) If Event WPA Kiosk: Follow on-screen prompts
1) If Radio Config Utility. Select OpenMesh
2) Unplug power from the radio
3) Press the "Load Firmware” bulton.
4) Follow the on-screen prompts.

RS

2

IR DT A OB, B AP R BB, SRR TR I B R
BB, DAVERC T He it RN B A

YRR ST

4.3.12 FpEiZiE

File Tools
Checking for bridge at expected i&oaﬂdresses o
— had
Configuring computer IP address -
Checking for bridge at expected Ip_vuuss
| :
|
Radio: DAP1522 RevB Mode: 2.4GHz Access Point
DO NOT USE AT FRC EVENTS

TR EAS R T, % R
1. YRR TR
2. BeEARRR ST .

4.3.
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3. FIHBINIE, FracidTiR.

4.3.13 BIETRH

W B 58 s

File Tools
Verifying bridge settings
. . i
Configuring computer IP address ;-
Checking for bridge at expected IP addresses
Bridge found at default IP address
Resetting bridge
Checking for bridge at default IP address
Bridge found at default IP addresa
Configuring bridge =settings
Reconnecting to k —
Verifying bridge Comt “
Team 1995 bridge programmed successfully
.
v
Radio: DAP1522 RevB v Mode: 2.4GHz Access Point ~
DO NOT USE AT FRC EVENTS

L. AEXHEHERT H 30 E -
2. FEF7 1B OK #iE AR o] BB B -
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4.3.

i 4=
14 ELEHiR
Checking for bridge at expected IP addresses
. . )
Configuring computer IP address 3
Checking for bridge at expected IP addresses
g 5
Error g
Bridge programming failed: Could not locate bridge
Pleaze ensure that:
-WiFi connections are disabled on this computer
-the wireless bridge is the only device connected via ethernat
Ifthis error still oocurs after the above conditions are met,
Iry power cycling or manually resetting the bridge
.
v
OK.
Radio: DAP1522 RevB Mode: 2.4GHz Access Point
DO NOT USE AT FRC EVENTS

WARAERCE AR T A A A R, S T T B AT B SR

4.3.

15 #pEHERR

R PR AR 4 E B B
ORI, (ERIRFR R AT IR S 10 Fbh.

FROREHTA BRI M3 0, F B R R Ja 17— .

Make sure your firewall is turned off.

BT ENBATCL R, F0 ORI H A5 f il AR R 4 2 TR
DR DAIK I 2 47 A S e JC AT 1 2 PR VSR L ) 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.

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

Some users have reported success after installing npcap 1.60. If this doesn’ t resolve
the issue, it” s recommended to uninstall npcap and the radio tool and then reinstall the
radio tool in order to get back to a known configuration.

If all else fails, try a different computer.

4.3.
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5.1 Creating your Test Drivetrain Program (LabVIEW)

#7:: This document covers how to create, build and load a basic FRC® LabVIEW program
for a drivetrain onto a roboRIO. Before beginning, make sure that you have installed LabVIEW
for FRC and the FRC Game Tools and that you have configured and imaged your roboRIO as
described in the Zero-to-Robot tutorial.

5.1.1 Creating a Project

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

LabVIEW"

Qonlinue Last Session Utilities Resources
B 0boRIO Installation LabVIEW Training
Templates
balena Etcher SD Burner Installed Tutorials
T8 FRC roboRiO Project " CTRE Phoenix Tuner Online Tutorials
7o)
‘gy FRC Dashboard Project # Radio Configuration NI Support
£
BN & REV Hardware Client Installed Examples
&> Phoenix Tuner Online FRC Examples

Recent Projects LabVIEW Manual

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

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

FIRST
ROBOTICS
COMPETITION

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

93



FIRST Robotics Competition

5.1.2 Configuring Project

D Create New FRC Robot Project XK
Select project name, folder, and IP address [B) Project: Robot Projectivproj
Project name + My Computer

B

- ‘ RT roboRIO Target (172.22.11.2)
+ [ Support Code
=+ [J Team Code

2022 Robot Project o

Project folder

C:\Users\Joe\Documents\LabVIEW Data\2022 (= =l Autonomous.wvi
Robot Project -l Beginvi
y |l Disabled.vi
Team number -l Finish.vi
330 =l Periodic Tasks.vi
i- |, Robot Global Data.vi
@ Arcade Drive o g; Teleop.vi
L ml Test.
O Command & Control =1 ‘E‘ ! . )
|l Vision Processing.vi
O Learn LabVIEW: Mecanum Maze Simulation -/m) Robot Main.vi
O Learn LabVIEW: Ball Shooter Simulation + % Dependencies
O Learn LabVIEW: Romi Robot i Build Specifications
Back Next » 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 & W N

5.1.3 Running the Program

1 2022 Robot Praject.lvproj - Project B - O X ‘Df: ot Maini Front Panel on 2022 Ro - O X

File Edit View Project Operate Tools Window Help | File Edit View Project Operate Tools Window \:’

B HH @RS | & @ (O I [15pt Application For <, 9

| ltems  Files \ A
N/

=) Project: 2022 Robot Project.vproj
|| & B MyComputer

|| & MR, Target (roboRIO-330-FRClocal)
@ G Support Code

&) Team Code

. I ) Enable Vion

Dependencies

Build Specifications @

I| & FRe Driver station - Version 22.008

SR — @ Hepedime  0:00.0 | 'eem# 330 W

Autonomous 1211V
Practice - PCBattery ~

PCCPU% m Communic
— - Robot

e
Joysticks

Window
No Robot

‘ @ Team Station Red 1 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 VI.
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2. Click the Run button (White Arrow on the top ribbon) of the Robot Main VI to deploy
the VI to the roboRIO. LabVIEW deploys the VI, all items required by the VI, and the
target settings to memory on the roboRIO. If prompted to save any VIs, click Save on all
prompts.

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

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

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

5.1.4 Deploying the Program

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

o1=1-, X[|sk (B~ o ®

ltems  Files

(L

J. Project: 2022 Robot Project.lvproj

- B My Computer

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

. jml Robot Main.vi

" Dependencies

"% Build Specifications

[

-

=

1 Unset as startup
e Run as startup

Duplicate

Explore

Clean
Remove from Project

Help...
Properties

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

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

2. Right-click on FRC Robot Boot-up Deployment and select Build. Wait for the build to
complete.

5.1. Creating your Test Drivetrain Program (LabVIEW) 95
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3. Right-click again on FRC Robot Boot-Up Deployment and select Run as Startup. If you
receive a conflict dialog, click OK. This dialog simply indicates that there is currently a
program on the roboRIO which will be terminated/replaced.

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

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

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

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.

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

F¥: 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 (Java/C++)

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

>WPILib

: Create a new project

iLib Help

( 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 'nple or Template) @ @

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

_

Select a new project folder

Project Name

new folder? ¥/ @

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

Team Number

o |

Enable Desktop Support l

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

Generate Project

Binary Types linuxathena (release) ¢% WPILb & 0

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

1.
2.
3.

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

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

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

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

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

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

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

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

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

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

%% 1E: Any errors in project generation will appear in the bottom right-hand corner of the

5.2. Creating your Test Drivetrain Program (Java/C++/Python) 97
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screen.

5 A .
= K3

on OneDrive by default.

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

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) | Mo Cancel

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

Click Yes I trust the authors.

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

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

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

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

Once opened we will see the project hierarchy on the left. Double clicking on the file

open that file in the editor.

will

98
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5.2.3 C++ Configurations (C++ Only)

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

“Yes” to set up IntelliSense.

P No C++ configurations. Yes to refresh,

5.2.4 Creating a New WPILib Project (Python)

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

Windows

[py -3 -m robotpy init J
macOS

[python3 -m robotpy init ]

5.2. Creating your Test Drivetrain Program (Java/C++/Python) 99
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Linux

[python3 -m robotpy init

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

* The pyproject.toml file contains the requirements for your project, which are down-
loaded and installed via the robotpy sync command.

* The robot.py file is where you will put the your Robot class.
W
Download RobotPy for roboRIO

5.2.5 Basic Drivetrain example

First, here is what a simple code can look like for a Drivetrain with PWM controlled motors
(such as SparkMax).

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

JAVA

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

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

import edu.wpi.first.util.sendable.SendableRegistry;
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;

Vet

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

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

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

* directory.

=Y
public class Robot extends TimedRobot {

private final PWMSparkMax m_leftDrive = new PWMSparkMax(0);

private final PWMSparkMax m_rightDrive = new PWMSparkMax(1);

private final DifferentialDrive m robotDrive =

new DifferentialDrive(m leftDrive::set, m rightDrive::set);
private final XboxController m _controller = new XboxController(0);

(ZF30)
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(F E30)
private final Timer m_timer = new Timer();
public Robot() {
SendableRegistry.addChild(m_robotDrive, m_leftDrive);
SendableRegistry.addChild(m_robotDrive, m_rightDrive);
}
/**
* 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 is constructed, you might have to invert the left side instead.
m_rightDrive.setInverted(true);

}

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

m timer.restart();

}

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

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

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

@Override

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

}

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

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

5.2. Creating your Test Drivetrain Program (Java/C++/Python) 101
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C++

// Copyright (c) FIRST and other WPILib contributors.

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

#include <frc/TimedRobot. h>

#include <frc/Timer. h>

#include <frc/XboxController. h>

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

class Robot : public frc::TimedRobot {
public:
Robot () {
wpi::SendableRegistry::AddChild(&m_robotDrive, &m left);

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

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

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

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

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

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

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

void TeleopInit() override {}

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

void TestInit() override {}
void TestPeriodic() override {}

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

(8F00)
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(¥ £ 71)
[&] (double output) { m right.Set(output); }};

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

e

#1ifndef RUNNING FRC TESTS
int main() {
return frc::StartRobot<Robot>();

}
#endif

PYTHON

#!/usr/bin/env python3

#

# Copyright (c) FIRST and other WPILib contributors.

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

#

import wpilib
import wpilib.drive

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

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

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

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

def autonomousPeriodic(self):
"""This function is called periodically during autonomous."""
# Drive for two seconds
if self.timer.get() < 2.0:
# Drive forwards half speed, make sure to turn input squaring off

(8F00)
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self.robotDrive.arcadeDrive(0.5, 0, squareInputs=False)
else:
self.robotDrive.stopMotor() # Stop robot

def teleopInit(self):

(F E30)

"""This function is called once each time the robot enters teleoperated mode."

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

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

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

if name == " main ":
wpilib. run(MyRobot)

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

5.2.6 Imports/Includes
PWM

Java

import edu.wpi.first.util.sendable.SendableRegistry;
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;

C++

#include <frc/TimedRobot. h>

#include <frc/Timer. h>

#include <frc/XboxController.h>

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

CTRE

JAVA

import
import
import
import
import

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

C++

#include <frc/Joystick.h>

#include <frc/TimedRobot. h>

#include <frc/Timer. h>

#include <frc/drive/DifferentialDrive. h>

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

PYTHON

import
import
import

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

REV

JAVA

import
import

import
import
import
import

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

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

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

#include <rev/CANSparkMax. h>

PYTHON

import wpilib # Used to get the joysticks

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

Our code needs to reference the components of WPILib that are used. In C++ this is 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).

5.2.7 Defining the variables for our sample robot

PWM

Java

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

C++

public:
Robot() {

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

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

m_robotDrive.SetExpiration (100 ms);

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

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

i

Python

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

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

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

CTRE

Java

public class Robot extends TimedRobot {

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

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

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

private final Joystick m_stick = new Joystick(0);

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

public:
Robot () {

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

// gearbox 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
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;

Python

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

This function is called upon program startup and

should be used for any initialization code.

self.leftDrive = ctre.WPI TalonFX(1)

self.rightDrive = ctre.WPI TalonFX(2)

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

)

self.controller = wpilib.XboxController(0)

self.timer = wpilib.Timer()

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

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

REV

Java

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

(B:F 1)
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(F £50)
ivate final XboxController m controller = new XboxController(0);
ivate final Timer m timer = new Timer();

C++

pub
Ro

lic:
bot() {

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

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

m_robotDrive.SetExpiration (100 ms);

m_timer.Start();

}
private:
// Robot drive system
rev::CANSparkMax m left{1l, rev::CANSparkMax::MotorType: :kBrushless};
rev::CANSparkMax m_right{2, rev::CANSparkMax::MotorType: :kBrushless};
frc::DifferentialDrive m robotDrive{m left, m right};
frc::XboxController m _controller{0};
frc::Timer m_timer;
Python
class MyRobot(wpilib.TimedRobot):
def robotInit(self):
This function is called upon program startup and
should be used for any initialization code.
self.leftDrive = rev.CANSparkMax(1l, rev.CANSparkMax.MotorType.kBrushless)
self.rightDrive = rev.CANSparkMax(2, rev.CANSparkMax.MotorType.kBrushless)
self.robotDrive = wpilib.drive.DifferentialDrive(
self.leftDrive, self.rightDrive
)
self.controller = wpilib.XboxController(0)
self.timer = wpilib.Timer()
# We need to invert one side of the drivetrain so that positive voltages
# result in both sides moving forward. Depending on how your robot's
# gearbox 1is constructed, you might have to invert the left side instead.
self.rightDrive.setInverted(True)
The sample robot in our examples will have a joystick on USB port 0 for arcade drive and two

motors on PWM ports 0 and 1 (Vendor examples use CAN with IDs 1 and 2). Here we create

obje

cts 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.

5.2.
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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.

5.2.8 Robot Initialization

Java

@Override

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

C++

[void RobotInit() {}

Python

[def robotInit(self):

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

#5iF: In C++, the drive inversion is handled in the Robot () constructor above.

5.2.9 Simple Autonomous Example

JAVA

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

m_timer.restart();

}

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

(BT )
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(B E70)
@Override
public void autonomousPeriodic() {
// Drive for 2 seconds
if (m_timer.get() < 2.0) {
// Drive forwards half speed, make sure to turn input squaring off
m_robotDrive.arcadeDrive(0.5, 0.0, false);
} else {
m_robotDrive.stopMotor(); // stop robot
}
}

C++

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

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

PYTHON

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

def autonomousPeriodic(self):
"""This function is called periodically during autonomous."""
# Drive for two seconds
if self.timer.get() < 2.0:
# Drive forwards half speed, make sure to turn input squaring off
self.robotDrive.arcadeDrive(0.5, 0, squarelInputs=False)
else:
self.robotDrive.stopMotor() # Stop robot

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

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

JAVA

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

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

}

C++

void TeleopInit() override {}

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

PYTHON

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

nn
—

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

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

5.2.11 Test Mode

JAVA

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

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

C++

void TestInit() override {}

void TestPeriodic() override {}

PYTHON

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

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

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

5.2.12 Deploying the Project to a Robot

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

5.3 Running your Test Program

5.3.1 Overview

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

5.3.2 Tethered Operation

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

The roboRIO should be powered on and connected to the PC over Ethernet or USB.
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5.3.3 Starting the FRC Driver Station

FRC Drier
Station

E FRC Dri'-.-'ir Station

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

5.3.4 Setting Up the Driver Station

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

¥ 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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K 2: Wireless

5.3.6 Operate the Robot

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

ARl o

5.3.7 Wireless Operation

Before attempting wireless operation, tethered operation should have been confirmed as 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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6.2 NI roboRIO
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:ref:"NI-roboRIO <docs/software/roborio-info/roborio-introduction:roboRIO Introduction> ‘2
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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%

5
=
——

information, see Programming your Radio.

Either the OpenMesh OM5P-AN or OpenMesh OM5P-AC wireless radio is used as the robot
configured as a bridge for use on the field. The robot radio should be powered by one of the

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
12V/2A outputs on the VRM and connected to the roboRIO controller over Ethernet. For more

OMOGP-AN“RNF-7] f§ T 3£ <https://www.firstinspires.org/robotics/frc/blog/radio-silence>‘
5 OMSP-AN #itt, OMSP-AC f§E, HAEZMLARE, I HEAHRE R Fm So .
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6.8 120A [iEg2E

120A FEWrps a8 TEPLAF AN B WNMER - LA B IR S F T T WAL % A2 20 A0 200 1) PR3 2
B 120A Wrigds O 2L MMM R ER. AXEZEL, WS ‘Cooper Bussmann
18X #5187 (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
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The Snap Action circuit breakers, MX5 series and VB3 Series, are used with the Power Dis-
tribution Panel to limit current to branch circuits. The ratings on these circuit breakers are
for continuous current, temporary peak values can be considerably higher.
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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>"
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6.11 #HlBAESHT

Allen-Bradley

i)

Allen-Bradl€Y

& 1: Allen-Bradley 855PB-B12ME522

AndyMark

The Robot Signal Light (RSL) is required to be either Allen-Bradley 855PB-B12ME522 or
AndyMark am-3583. It is directly controlled by the roboRIO and will flash when enabled and
stay solid while disabled.
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K 2: AndyMark am-3583
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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.
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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 RAF IR T T FRC, (HE ry O A %™

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

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

The Venom Motor Controller from Playing With Fusion is integrated into a motor based on the
original CIM. Speed, current, temperature, and position are all measured onboard, enabling
advanced control modes without complicated sensing and wiring schemes.
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6.14.12 #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 Hipl#5HI 26 PWM #5676 = Sl sciy, SD540C
ANFFATLARE ) CAN 42, BRI T DA B #e e de5] SD540, PARRHIHALE 2 Jr ) Eitrie. &
XWLZ{5H, &£ ‘Mindsensors FRC Tijf <http://www.mindsensors.com/68-frc>"

6.15 Spike H-Bridge 4fe3 3%
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He.
%y

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/>‘ |
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6.17 Microsoft Lifecam HD3000

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

6.18 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,
FEAEHERR AR I R AR5 ASSCRER ] SRR A N F LA g, 3R AL R AR BB R DA S A SR Y
o

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.

Many of the tools for C++/Java/Python programming are also supported and tested on macOS
and Linux. Teams programming in C++/Java/Python should be able to develop using these
systems, using a Windows system for the Windows-only operations such as the Driver Station,
Radio Configuration Utility, and roboRIO Imaging Tool.
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7.2 LabVIEW FRC ({%3%#% Windows)

|23 FRC 2023 Getting Started - X
File Operate Tools Help

LabVIEW"

COntinue Last Session Utilities Resources
& roboRIO Installation LabVIEW Training
Templates
balena Etcher SD Burner Installed Tutorials
= — ® ' CTRE Phoenix Tuner Online Tutorials
i LRC D bes Bpiect i Radio Configuration NI Support
&) BlankVi # ' REVHardware Client Installed Examples
& Phoenix Tuner Online FRC Examples
Recent Projects LabVIEW Manusl

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

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

FIRST
ROBOTICS
COMPETITION

T HE AR LabVIEW Professional &= 1 LabVIEW FRC &5, 2EIEHF X#HWHT FRC
Mg NmiEm =MMiEE 2 —. LabVIEW 2 —FfiEIEAL. BRI 15T . LabVIEW 27 ARy
VI W EIAREE A AL, X 2L bridadAE VI Z [ s B i e 43— . LabVIEW FRC 42328 77
Kickoff {5/ DVD 1, tiaJAMM 2. LabVIEW FRC {4 AT 1458, 53Ul affe:ref: it
At <docs/zero-to-robot/step-2/labview-setup:Installing LabVIEW for FRC (LabVIEW only)> ‘3
F,

7.3 Visual Studio Code

Visual Studio Code
Editir ved

Visual Studio Code is the supported development environment for C++, Java. A guide to
getting started with Java and C++ for FRC, including the installation and configuration of
Visual Studio Code can be found here.

148 Chapter 7. #H44HEHELHA



FIRST Robotics Competition

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

ISR ME— — A B8 oK TR R R AR R PL SR RS W R B AT O 45 R A IR A R O
EHEMALSE AN EXxEEFZ LR, KT8 B0 HLEF A E 84T 8 HE B, 7T DAiref: 7 I
<docs/software/driverstation/driver-station:FRC Driver Station Powered by NI LabVIEW> "}k

FIHRENEZER.

7.5 Dashboard i%In

7.5.1 LabVIEW Dashboard ({x%#F Windows)

2] FRC PC Dashboard sll=8] =

No Camera Selection

LabVIEW Dashboard #ki\ i FRC #l#% #: 4% & H 3l )5 3. Dashboard 1 H i /& {iff F 45 7 45
WEIRM T R 2R TIS ANEENRB. 52 XT FRC BRIAMUER KA EE
HPAE X ¥k #):ref:  ‘<docs/software/dashboards/labview-dashboard/driver-station-labview-
dashboard:FRC LabVIEW Dashboard>".
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7.5.2 EHHeUFE

|£)| SmartDashboard - =

File View

Distance 12.470

Speed

125

10.0
= 75
-]
8 5.0

2.5 '

0.0 !

0 100 200 300 400 500 600 700 800
Time (units)

SmartDashboard f i #& # i A Al &% AN kK % W & & B ¥ 8 s 6 & 77 &
M f b ok & B ML 4% AN % #li. SmartDashboard #y J fith 3¢ £ W] LA 4k F|:ref:here
<docs/software/dashboards/smartdashboard/index:SmartDashboard>.

7.5.3 RR{bURE

B b AL % #% M SmartDashboard A A #f [6] 19 Zh f6. & & @ o B 47 M A 3 A B it ik
BE TR HE 0 R B R AT Ak, H AR T OB OUR . B A SC 1 U AR Bk T pA 4k F):ref:here
<docs/software/dashboards/shuffleboard/index:Shuffleboard>.
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7.5.4 Glass

/A Glass - Connected (127.00.1) - o x

Glass j2—~ Dashboard, %#TRCAREF R TH . FEMSIG IR, LS b seitnfE
SR T,

7.6 LiveWindow

- .
| £| SmartDashboard - EEEEE

File View
Subsystem 1
r i |
Spike 1| Off |
Subsystem 2
f & |
| | Quadrature Encoder 1
‘| Speed 0.000
Distance 0.000
|
i Distance per Tick 1.000
| Reversed ] Zero Distance
|| Victor 1
[l Ty
| | \IJ | | 0.000 Zero
L -

LiveWindow 2 SmartDashboard #i Shuffleboard fj—4~3hfE, L APLEHERES WA M.
LiveWindow i F & Ik H ALEF MG s AR R AT A R, MIAHRMmE N R, nTAREIES
*7F LiveWindow [j{z B here.
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7.7 FRC roboRIO Imaging Tool ({¥3%# Windows)

roboRIO Targets
P roboRi0-330 7R

38 FRC roboRIO Imaging Tool - Version 22.0b8

>< ‘
Team Number
A 330

O Edit Startup Settings
(® FormatTarget
v () Update Firmware

System Information
MAC Address
Current IP

00:80:2F:17:FB:93
172,.22.11.2
Current Image FRC_roboRIO_2022 v2.2

Firmware Version 6.0.0f1

Select Image
FRC_roboRIO_2022_v2.2.2p)

Rescan Reformat Close

T BB TR R4k F15 E roboRIO PAYE FRC i . W] PATE:ref: .4t <docs/zero-to-robot/step-
2/frc-game-tools:Installing the FRC Game Tools> ‘3% 5| 222545 B . #37] PAYE:doc:“ ik ik </docs/zero-
to-robot/step-3/imaging-your-roborio>‘# #45 5 ffi F itk T H X} roboRIO #4752 iy HAd 156 .

7.8 FRC Radio Configuration Utility ({¥3%# Windows)

15 FRC Radio Configuration Uil =] (=B ]
File Tools
Team Number: 0 Robot Name:
WPA Key: Firewall: O
[ Radio: OpenMesh \ BW Limit: @

Mode: 2.4GHz Access Point 7|

| % Load Firmware

____Configure |

To program your wireless bridge:
1) Connect power and Ethernet to the wireless bridge.

3) Waitfor the Power light to turn and stay solid.

o -

2) Make sure to use the "802.3af" Ethernet port as shown above.

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

If asked to reset your wireless bridge: l
1) Event WPA Kiosk: Will reset automalically
2) Radio Config. Utility: Select OM5P-AN as the radio
3) Unplug power from the radio
4) Press the "Load Firmware” button
5) Follow the on-screen prompts

FRC Radio Configuration Utility /& ] Tt B b TR IERAER PR TR o % T HBCE @ 2 1Y M
ZAE, DM FRC IR . & ST 2225 f 2%, nlPAfE:ref:iX B <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)

Dats and Events vs Time. |mm Fiter Al Events, Alllnfo =

“Diatie Auto aTele Connect JRasios Radio: Discomnect

s 5y ¥ s w2 oy ook

GROPM G2APM  GZOPM  GZOPM  GZNPM  03400PM  032kITPM
[T 3 o3 oen omens  o2own
Time Sesle - 14000 seconde

E]

FRC Driver Station HiE#r&#47 J T2 %F FRC Driver Station Az H&. 38 H &M & EE,
ST ERELR S 5 FRC 8 a) & E i FeisJE# #1324 5¢ FRC Driver Station Log Viewer #1 7 fi# H &
WEZEE, HSIes

7.10 RobotBuilder ¥

) FRC RobotBuilder - | (5

Edit View Export Help
fiéi|save Open Undo Redo Verify Java Wiring Table G++ Getting Started
Subsystems  ~ | || MyRobot
Subs

\Pocument SVPRC Robot Bulder {TestRobot

ick to Select

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

Properties
Name
The name of your robot.

RobotBuilder is a tool designed to aid in setup and structuring of a Command Based robot
project for C++ or Java (Python not currently supported). RobotBuilder allows you to enter
in the various components of your robot subsystems and operator interface and define what
your commands are in a graphical tree structure. RobotBuilder will then generate structural
template code to get you started. More information about RobotBuilder can be found here.
More information about the Command Based programming architecture can be found here.
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7.11 Robot Simulation #4¥

Robot Simulation offers a way for Java, C++, and Python teams to verify their actual robot
code is working in a simulated environment. This simulation can be launched directly from
VS Code and includes a 2D field that users can visualize their robot’ s movement on. For
more information see the Robot Simulation section.

7.12 FRC LabVIEW Robot Simulator (X% Windows)

=

{3 FRC Simulation Viewer

Simulate Time Factor

Color  Driver Station 1P

View Follow/Zoom

FRC LabVIEW Robot Simulator 2 LabVIEW 4 #& 35 3% 10 40 8, 214 &5 76 B 5 35 55 o #
P 105 % 2 1 19 PL A8 N DA 4 A€ 19 /s driver station (1) ) . A X ffi il FRC LabVIEW
Robot Simulator {8, " X H <https://forums.ni.com/t5/FIRST-Robotics-Competition/
LabVIEW-Tutorial-10-Robot-Simulation/ta-p/3739702?profile.language=en> ‘43|, =7 Lab-
VIEW Jji H Wl %57 7F Robot Simulation Readme.html {4,
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7.13 PathWeaver 4

) =3
o

!:::
|

!:::
:

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 %75

This tool helps teams automatically calculate constants that can be used to describe the phys-
ical properties of your robot for use in features like robot simulation, trajectory following, and
PID control. For more information see the System Identification section.
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7.15 OutlineViewer

QutlineViewer - Connected (172.22.11.2) = (m] *

¥ Transitory Values

Name

OutlineViewer gAML LTH, HT&EE. BUREME NetworkTables A M2, AT,
LabVIEW H{BAATAGE ] LabVIEW {34k 1) Variables JEIi-REFEMGX P IIfE. ARELHEL, HSW
ref:Outline Viewer section <docs/software/wpilib-tools/outlineviewer/index:OutlineViewer>.

7.16 roboRIO Team Number Setter

roboRIO Team Number Setter = [m] X

The roboRIO Team Number Setter is a cross-platform utility that can be used to set the team
number on the roboRIO. It is an alternative to the roboRIO imaging tool for setting the team
number. For more information see the roboRIO Team Number Setter section.
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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 three versions of WPILib, one for each of the three officially-supported text-based
languages: WPILib] for Java, and WPILibC for C++, and RobotPy for Python. A considerable
effort is made to maintain feature-parity between these languages - library features are not
added unless they can be reasonably supported for both Java and C++ (with the C++ able to
be wrapped by pybind for Python), and when possible the class and method names are kept
identical or highly-similar. Java, C++, and Python were chosen for the officially-supported
languages due to their appropriate level-of-abstraction and ubiquity in both industry and high-
school computer science classes.

In general, C++ offers better high-end performance, at the cost of increased user effort (mem-
ory must be handled manually, and the C++ compiler does not do much to ensure user code
will not crash at runtime). Java and Python offer lesser performance, but much greater con-
venience. Python users should take care to test their program to ensure that typos and other
issues don’ t cause robot crashes, as Python is interpreted. New/inexperienced users are
encouraged to use Java.

8.2 RAHEFIAE

WPILib is an open-source library - the C++ and Java source code is in the allwpilib mono-repo
and python source code is in the mostrobotpy mono-repo. The Java and C++ source code can
be found in the WPILib] and WPILibC source directories:

A PATE WPILib] F1 WPILibC 5 H 5% H#k3 Java il C++ WA
* ‘Java JiftiS <https://github.com/wpilibsuite/allwpilib/tree/main/wpilibj/src/main/java/edu/wpi
o ‘C++ JEfLi% <https://github.com/wpilibsuite/allwpilib/tree/main/wpilibc/src/main/native/cpp>
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* Python source code

While users are strongly encouraged to read the source code to resolve detailed questions
about library functionality, more-concise documentation can be found on the official docu-

mentation pages for WPILib] and WPILibC and RobotPy:

e Java documentation
* C++ documentation

* Python documentation
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2024 Overview

9.1 EXlia)E

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

9.1.1 AFHyE)RE
AdvantageScope isn’ t updated by WPILib Installer on macOS

Issue: When running the WPILib Installer, a pop-up saying "WPILibInstaller" was
prevented from modifying apps on your Mac. and AdvantageScope remains version
3.0.1. This issue occurs when upgrading WPILib, when a beta version of WPIlib or WPILib
2024.1.1 was installed on macOS.

Workaround: Delete AdvantageScope from ~/wpilib/tools and re-run the WPILib Installer.

Driver Station randomly disabled

Issue: The Driver Station contains tighter safety mechanisms in 2024 to protect against
control issues. Some teams have seen this cause the robot to disable.

Workaround: There are multiple potential causes for tripping the safety mechanisms.

1. The new safety mechanisms will not disable the robot when connected to the FMS.

Driver Station 24.0.1 from Game Tools 2024 Patch 1 contains an update to the safety controls
that may resolve the issue in certain circumstances. If the issue is still seen with this version
installed, please continue with the troubleshooting steps below.

The Driver Station software has new tools for control packet delays that could cause this. The
control system team requests that teams that experience this issue post screenshots of the
Driver Station Timing window to https://github.com/wpilibsuite/allwpilib/issues/6174

Some teams have seen this happen only when the robot is operated wirelessly, but not when
operated via USB or ethernet tether. Some potential mitigations:
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1. Try relocating the robot radio to a better location (high in the robot and away from
motors or large amounts of metal).

2. Measure your robot’ s bandwidth and ensure you have margin to the 4 Mbps bandwidth
limit
3. See if the Wi-Fi environment is congested using a tool like WiFi Analyzer. As the 5

ghz WiFi spectrum has more channels and is less crowded, switching the robot radio to
operate at 5 ghz will likely improve WiFi communication.

4. Update the Wi-Fi drivers for the computer.

5. If you operate multiple robots in close proximity in access point mode, setting up a router
and operating the radios in bridge mode will reduce the number of wireless access points
and may improve communications

Some teams have seen this happen due to software that is running on the driver station (such
as Autodesk updater or Discord). Some potential mitigations:

1. Reboot the driver station computer
2. Close software that is running in the background
3. Follow the Driver Station Best Practices

While rare, this can be caused by robot code that oversaturates the roboRIO processor or
network connection. If all other troubleshooting steps fail, you can try running with one of
the WPILib example programs to see if the problem still occurs.

If you identify software that interferes with driver station, please post it to https://github.com/
wpilibsuite/allwpilib/issues/6174

Driver Station Reports Less Free RAM then is Available

Issue: The Driver Station diagnostic screen reports free RAM that is misleadingly low. This
is due to Linux’ s use of memory caches. Linux will cache data in memory, but then relinquish
when the robot programs requests more memory. The Driver Station only reports memory
that isn’ t used by caches.

Workaround: The true memory available to the robot program is available in the file /proc/
meminfo. Use ssh to connect to the robot, and run cat /proc/meminfo.

MemTotal: 250152 kB
MemFree: 46484 kB
MemAvailable: 126956 kB

The proper value to look is as MemAvailable, rather then MemFree (which is what the driver
station is reporting).
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Driver Station Reporting No Code

Issue: There is a rare occurrence in the roboRIO 2.0 that causes the roboRIO to not properly
start the robot program. This causes the Driver Station to report a successful connection but
no code, even though code is deployed on the roboRIO.

Workaround: We are currently investigating the root cause, but FIRST volunteers have been
made aware and the recommendation is to reboot the roboRIO when this occurs.

%% 1E: Pressing the physical User button on the roboRIO for 5 seconds can also
cause the robot code to not start, but a reboot will not start the robot code. If
the robot code does not start after rebooting, press the User button. Ensure that
nothing on the robot is in contact with the User button.

Radio Second Port Sometimes Fails to Communicate

Issue: There is a rare occurrence in the OMS5P 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 formerly available
from FIRST Choice or the brainboxes SW-005 and plug all ethernet devices into the network
switch and then plug the switch into the radio’ s first Ethernet port. This also allows easier
tethering while at competition.

Onboard 12C Causing System Lockups

Issue: Use of the onboard 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 I2C 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 I12C
port. A similar approach could be used for other I2C sensors.

* Use a Raspberry Pi Pico. Supports up to 2 REV color sensors, sends data to the roboRIO
via serial. The Pi Pico is low cost (less than $10) and readily available.

* Use a Raspberry Pi. Supports 1-4 color sensors, sends data to the roboRIO via Network-
Tables. Primarily useful for teams already using a Raspberry Pi as a coprocessor.
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Updating Properties on roboRIO 2.0 may be slow or hang
Issue: Updating the properties on a roboRIO 2.0 without reformatting using the Imaging
Tool (such as setting the team number) may be slow or hang.

Workaround: After a few minutes of the tool waiting the roboRIO should be able to be re-
booted and the new properties should be set.

Simulation crashes on Mac after updating WPILib

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

HFGR/> GradleRIO S5 T

[ld: JP) Gradle RSN, I A& WRRMIT DU WA R AR

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 Jy ik
m g 7 F  “~$USER HOME/.gradle” '+ # Gradle % 7%, Windows 171 f& %=

o O A B OB OB X W Bt B <https:/support.microsoft.com/en-us/windows/
view-hidden-files-and-folders-in-windows-10-97fbc472-c603- 9d90-91d0-1166d1d9f4b5>"

S0 H B ik, 0 O B ZE Windows b SR 7 LAl BR 1R R 25 1B 50 B, i
<https://github.com/wpilibsuite/frc-docs/issues/new=>"__ R&X a3 .

Driver Station By

R R MERL T, driver station H 72 IR SCFEAFM N 2 IS 1Y Windows &% h i
HPASMYHABIEF I, A 2 I ARG B .

Te

el e
Disabled

R P R N R
1. K SO IR RO S A ) R BRI SR
2. P Windows 155 EHChHGE,
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C ++ Intellisense- Sz T AT EEE &
R MRE C++ 1, 24 VS Code FZRFTFFSCARRF L “Intellisense” LjfER#, Wonk HYiiE
FATTHY A S I ) ST A S 2 30T, B A EIk 3. X2 VS Code Hii—4> bug.
fiet o i ik :

1. XM VS Code YA 3, HERFF VS Code A THTIRIRES

2. WRAELE, Mig.vscode 31 ¢ cpp properties.json ({4
3. Run the “Refresh C++ Intellisense” command in VS Code.
4

CAER T, BVIZASFEIEMUTFERAVE (linuxathna 5 windowsx86-64 45) . QA E
linuxastina, 8 &EIHFHHIXE S linuxastina(release).

5. ZFfFEIL /b
6. $TI7 3 cpp X (MiAZEK3CH:). Intellisense BAEV %A 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
* Smartdashbard will crash on start-up
* Robot Simulation will crash on start-up

AR gy g2 Rk BE i (R Th BE U <https://www.microsoft.com/en-us/software-download/
mediafeaturepack>‘__

9.1.2 Fixed in WPILib 2024.2.1

Visual Studio Code Reports Unresolved Dependency

Issue: Java programs will report Unresolved dependency: org.junit.platform
junit-platform-launcherJava(0) on build.gradle. Programs that use unit tests will
fail to build. This causes build.gradle to be highlighted red in the Visual Studio Code
explorer, and the plugins line in build.gradle to have a red squiggle.

Workaround: This can be safetly ignored if you aren’ t running unit tests. To fix it, do the
following:

On Windows execute the following in powershell:

Invoke-WebRequest -Uri https://repo.maven.apache.org/maven2/org/junit/jupiter/junit-
—jupiter/5.10.1/junit-jupiter-5.10.1.module -OutFile C:\Users\Public\wpilib\2024\
—maven\org\junit\jupiter\junit-jupiter\5.10.1\junit-jupiter-5.10.1.module
Invoke-WebRequest -Uri https://repo.maven.apache.org/maven2/org/junit/junit-bom/5.10.
—1/junit-bom-5.10.1.module -OutFile C:\Users\Public\wpilib\2024\maven\org\junit\
—junit-bom\5.10.1\junit-bom-5.10.1.module

On Linux/macOS execute the following:

9.1. EXialE 163


https://www.microsoft.com/en-us/software-download/mediafeaturepack
https://www.microsoft.com/en-us/software-download/mediafeaturepack

FIRST Robotics Competition

curl https://repo.maven.apache.org/maven2/org/junit/jupiter/junit-jupiter/5.10.1/
—junit-jupiter-5.10.1.module -0 ~/wpilib/2024/maven/org/junit/jupiter/junit-jupiter/
—5.10.1/junit-jupiter-5.10.1.module

curl https://repo.maven.apache.org/maven2/org/junit/junit-bom/5.10.1/junit-bom-5.10.1.
—module -o ~/wpilib/2024/maven/org/junit/junit-bom/5.10.1/junit-bom-5.10.1.module

After running those, you’ 1l need to refresh Java intellisense in VS Code for it to pick up the
new files. You can do so by running the Clean Java Language Server Workspace command
in VS Code.

9.1.3 Fixed in Game Tools 2024 Patch 1

Driver Station internal issue with print error and tags

Issue: The Driver Station will occasionally print internal issue with print error and
tags. The message is caused when the DS reports a message on its side intermixed with
messages from the robot; it is not caused by and does not affect robot code.

Workaround: This will be fixed in the next Game Tools release. There is no known
workaround.

9.2 New for 2024

A number of improvements have been made to FRC® Control System software for 2024. This
article will describe and provide a brief overview of the new changes and features as well as
a more complete changelog for Java/C++ WPILib changes. This document only includes the
most relevant changes for end users, the full list of changes can be viewed on the various
WPILib GitHub repositories.

It’ s recommended to also review the list of known issues.

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 2024, any 2023 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.

* Added support for XRP robots
* Projects now default to supporting Java 17 features

» Multiple NetworkTables networking improvements for improved reliability and robust-
ness and structured data support using protobuf

» Java now uses the Serial GC by default on the roboRIO; this should improve performance
and reduce memory usage for most robot programs
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* Performance improvements and reduced worst-case memory usage throughout libraries
* Added a typesafe unit system for Java (not used by the main part of WPILib yet)

» Disabled LiveWindow in Test Mode by default. See See Enabling LiveWindow in Test
Mode to enable it.

* Sysld has been rewritten to remove project generation; Replaced with data logging
within team robot program

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

* macOS 12 or later, Intel and Arm.

. The following OSes are no longer supported: macOS 11, Ubuntu 18.04 & 20.04,
Windows 7, Windows 8.1, and any 32-bit Windows.

9.2.3 WPILib

REE

e Commands:

Added proxy factory to Commands
- Added IdleCommand
- Fixed RepeatCommand calling end () twice
- Added onlyWhile() and onlyIf() decorators
- Implemented ConditionalCommand.getInterruptBehavior()
- Added interruptor parameter to onCommandInterrupt callbacks
- Added DeferredCommand, Commands.defer(), and Subsystem.defer()
- Add requirements parameter to Commands.idle()
- Fix Java CommandXboxController.leftTrigger() parameter order
- Make Java SelectCommand generic
- Add finallyDo with zero-arg lambda
* NetworkTables:

Networking improvements for improved reliability and robustness

Added subprotocol to improve web-based dashboard connection aliveness checking

Bugfixes and stability improvements (reduced worst case memory usage)

Improved update behavior for values continuously updated from robot code (im-
proves command button behavior)

* Data Logging:
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Improved handling of low free space conditions (now stops logging if less than 5 MB
free)

Added warning about logging to built-in storage on RoboRIO 1

Reduced worst case memory usage

Improved file rename functionality to only use system time after it is updated by DS
NT publishers created before the log is started are now captured

Add delete without download functionality to Datal.ogTool

Changed default log location to logs subdirectory for better organization

e Hardware interfaces:

Getting timestamps is now ~10x faster

Exposed power rail disable and CPU temperature functionality
Exposed CAN timestamp base clock

Fixed and documented addressable LED timings

Fixed DutyCycleEncoder reset behavior

Added function to read the RSL state

Raw PWM now uses microseconds units

Fixed REVPH faults bitfield

C++: Fix Counter default distance per pulse to match Java

¢ Math:

Refactored kinematics, odometry, and pose estimator internals to have less code
duplication; you can implement custom drivetrains via the Kinematics and Odometry
interfaces and the PoseEstimator class.

LTV controllers use a faster DARE solver for faster construction (from 2.33 ms per
solve on a roboRIO to 0.432 ms in Java and 0.188 ms in C++ on a roboRIO)

(Java) Rotation3d.rotateBy() got a 100x speed improvement by using doubles in
Quaternion instead of EJML vectors

(Java) Pose3d.exp() and Pose3d.log() got a speed improvement by calling the C++
version through JNI instead of using EJML matrices

Improved accuracy of Rotation3d Euler angle calculations (getX(), getY(), getZ(),
aka roll-pitch-yaw) near gimbal lock

Fixed CoordinateSystem.convert() Transform3d overload

Modified TrapezoidProfile API to not require creating new instances for
ProfiledPIDController-like use cases

Added Exponential motion profile support

Add constructor overloads for easier Transform2d and Transform3d creation from
X, Y, Z coordinates

Add ChassisSpeeds fromRobotRelativeSpeeds to convert from robot relative to
field relative

Add method to create a LinearSystem from kA and kV, for example from a charac-
terized mechanism
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- Add SimulatedAnnealing class

- Fixed MecanumDriveWheelSpeeds desaturate()
* Added RobotController function to get the assigned team number
e Updated GetMatchTime docs and units
* Added function to wait for DS connection
* Added reflection based cleanup helper
* Added Java class preloader (no preloading is actually performed yet)
* Deprecated Accelerometer and Gyro interfaces (no replacement is planned)
* Updated to OpenCV 4.8.0 and EJML 0.43.1 and C++ JSON to 3.11.2
* Add PS5Controller class
* Add accessors for AprilTagFieldLayout origin and field dimensions
* ArcadeDrive: Fix max output handling
* Add PWMSparkFlex Motor Controller
» ADIS16470: allow accessing all three axes

* Deprecated MotorControllerGroup. Use PWMMotorController addFollower() method
or if using CAN motor controllers use their method of following.

* Added functional inteface to DifferentialDrive and MecanumDrive. The
MotorController interface may be removed in the future to reduce coupling with
vendor libraries. Instead of passing MotorController objects, the following method
references or lambda expressions can be used:

- Java: DifferentialDrive drive = new DifferentialDrive(m leftMotor::set,
m_rightMotor::set);

- C++: frc::DifferentialDrive m drive{[&](double output) { m leftMotor.
Set(output); }, [&](double output) { m rightMotor.Set(output); }};

EXTM
* Changed DriverStation.getAllianceStation() to return optional value. See example
usage

* Merged CommandBase into Command (Command is now a base class instead of an in-
terface)

* Potentially breaking: made command scheduling order consistent
* Removed various deprecated command classes and functions:

- PerpetualCommand and Command. perpetually() (use
RepeatCommand/repeatedly() instead)

- CommandGroupBase, Command.IsGrouped() (C++ only), and Command.SetGrouped()
(C++ only); the static factories have been moved to Commands

- Command.withInterrupt()
- ProxyScheduleCommand

- Button (use Trigger instead)
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- Old-style Trigger functions: whenActive(), whileActiveOnce(),
whileActiveContinuous (), whenInactive(), toggleWhenActive(),
cancelWhenActive(). Each binding type has both True and False variants;
for brevity, only the True variants are listed here:

ES

onTrue() (replaces whenActive() and whenPressed()): schedule on rising
edge.

whileTrue() (replaceswhileActiveOnce()): schedule on rising edge, cancel
on falling edge.

toggleOnTrue() (replaces toggleWhenActive()): on rising edge, schedule
if unscheduled and cancel if scheduled.

cancelWhenActive(): thisis 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
behavior of scheduling an already-scheduled command. The more cor-
rect way to repeat the command if it ends before the falling edge is us-
ing Command. repeatedly()/RepeatCommand or a RunCommand -the only dif-
ference is if the command is interrupted, but that is more likely to result
in two commands perpetually canceling each other than achieve the de-
sired behavior. Manually implementing a blindly-scheduling binding like
whileActiveContinuously () is still possible, though might not be intuitive.

- CommandScheduler.clearButtons()

- CommandScheduler.addButtons() (Java only)

- Command supplier constructor of SelectCommand (use ProxyCommand instead)

* Removed Compressor.enabled() function (use isEnabled() instead)

Removed CameraServer.setSize() function (use setResolution() on the camera ob-
ject instead)

Removed deprecated and broken SPI methods

Removed 2-argument constructor to SlewRateLimiter

Removed frc2::PIDController alias (frc::PIDController already existed)

For ease of use, loadAprilTagFieldLayout() now throws an unchecked exception in-
stead of a checked exception

Add new parameter for ElevatorSim constructor for starting height

Report error on negative PID gains

4 182#)

Unified PWM simulation Speed, Position, and Raw values to be consistent with robot

behavior

Expanded DutyCycleEncoderSim API

Added ability to set starting state of mechanism sims

Added mechanism-specific SetState overloads to physics sims
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9.2.5 SmartDashboard

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

* Connection to the robot now always occurs after processing the save file. Fixes the
problem that Choosers don’t show up if connection to the robot happens before a chooser
in the save file is processed

* Added LiveWindow widgets to containing subsystem widget when creating them from
the save file

* Now properly handles putting the Scheduler on SmartDashboard with SmartDashboard.
putData()

9.2.6 Glass / OutlineViewer / Simulation GUI

* Include standard field images for Field2D background
* Enhanced array support in NetworkTables views

* Added background color selector to glass plots

* Added tooltips for NT settings

* Improved title bar message

» Fixed loading a maximized window on second monitor
* Fixed crash when clearing existing workspace

» Fixed file dialogs not closing after window closes

* add ProfiledPIDController support

9.2.7 GradleRIO

* Use Java Serial GC by default
* Remove AlwaysPreTouch from Java arguments (reduces startup memory usage)
* Added support for XRP

» Enforces that vendor dependencies set correct frcYear (prevents using prior year vendor
dependencies)

* Upgraded to Gradle 8.4

* Check that project isn’ t in OneDrive, as that causes issues
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9.2.8 WPILib All in One Installer

Update to VS Code 1.85.1
VS Code extension updates: cpptools 1.19.1, javaext 1.26.0

* Use separate zip files for VS Code download/install
Update to use .NET 8
AdvantageScope is now bundlled by the installer

9.2.9 Visual Studio Code #'&

» Java source code is now bundled into the deployed jar file. This makes it possible to
recover source code from a deployed robot program.
Added XRP support

Check that project isn’ t created in OneDrive, as that causes issues

9.2.10 RobotBuilder

Add POVButton

Fixed constants aliasing

Updated PCM references and wiring export for addition of REV PH

9.2.11 Syslid

* Removed project generation; Replaced with data logging within team robot program

9.3 Quick Start for Returning Teams

This section serves as a launching point for veteran teams that need to update to the current
year’ s software.

It is advised that all teams read through the changelog and known issues for the season.
1. Install LabVIEW (LabVIEW teams only)

Install Game Tools

Install WPILib (Java / C++ teams only)

Update third party libraries

Reimage roboRIO 1 or roboRIO 2

Import robot project (Java / C++ teams only)

N oo ks Wb

Update software based on the changes described in the changelog
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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 ¥ &

WPILib & (F{k 7 FRC® HFA9Hihe, @HFOInH AT H AL, %3 T 4E) roboRIO %. £
ATBALAE A T R r 22—/ WPILib fir4:

* RS HER T #EA “WPILIb”
* Bl K2 M A B WPILIb [Elbe. R TITHUER A “WPILIb” 9454 itk

ik FOR R J@HE FRC (1 VS Code |4¢3% Visual Studio IntelliCode <https://marketplace.
visualstudio.com/items?itemName=VisualStudioExptTeam.vscodeintellicode>‘_ ##{4:, Intel-
liSense &4 X248,

TS FUATE P AL SCROR T A K45 E WPILib ey SR 245 B

10.2 Visual Studio Code #1§ WPILib &

AR VS Code (1) WPILib § e iy iy & K A i 52 8651 3k
B X LE4E 4, etk Ctrl + Shift + P #79F g4k, REHEMm A (WHNFR) At
AR, Bt > AAPITE

* WPILib: Build Robot Code-fi fff GradleRIO ##+T g5 H

« WPILib: Create a new project-f|z&— 4~ #ils A3 H

« WPILib C ++: Refresh C ++ Intellisense-3i |53 C ++ Intellisense fyir & .

* 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**-{z - WPILib ¥ @ E4E2 111 TG {155
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« WPILib: Change Auto Save On Deploy Setting- & i/ 1748 B i 75 [ s FE . 2
IHE

* WPILib: Change Auto Start RioLog on Deploy Setting-¥ 1 RioLog 2 & 7E &N H3h
a3 BINKE

* WPILib: Change Desktop Support Enabled Setting-T /i 27 5 i 7E i ki b @ hles A
At o AEMEFEIET W] DAS F P . BRI K

¢ WPILib: Change Language Setting-¥ ¥ 4 EiiT 12 C ++ if42 Java TiH .

* WPILib: Change Run Commands Except Deploy/Debug in Offline Mode Setting-
H i GradleRIO & HFEFE LB NS TR ERE L AN A & CREZ AL AS B 2l B
). BRI (FEZAR) o

* WPILib: Change Run Deploy/Debug Command in Offline Mode Setting-f i{
GradleRIO & B AE & N HEATEE L (FF 22l AE LIRS B ZhFR U)o BRIAH 55
(B AR .

* WPILib: Change Select Default Simulate Extension Setting- %= #8A LT 2755 H
PR (“build.gradle”rr g S BTA BT RARFF 1S H )

« WPILib: Change Skip Tests on Delpoy Setting-i% & 754 B i} 2 & Wkt Mt . BRA 2R H
(TEFBE BB TIN)

* WPILib: Change Stop SImulation on Entry Setting 5 /W 7E T 48 @ T BHE = 1EAL
A BRIACHEEH 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-i@ ez AU, R HEE F] roboRIO, PAPH BT 46 1# 1t
* WPILib: Deploy Robot Code-#)ZH£5 AU -6 =55 3] roboRIO

* WPILib: Hardware Sim Robot Code - This builds the current robot code project on
your PC and starts it running in simulation using hardware attached to the comupter
rather then pure software simulation. Requires vendor support.

* WPILib: Import a WPILib 2020-2023 Gradle Project - Open a wizard to help you
create a new project from a existing VS Code Gradle project from 2020-2022. Further
documentation is at importing gradle project

¢ WPILib: Install tools from GradleRIO -%:%: WPILib Java T.H (f#l{1 SmartDashboard,
Shuffleboard % ). Wy, BRIAMEOL T, SRR BL2HER T2

* WPILib: Manage Vendor Libraries-7¢%% /5 356 =77
* WPILib: Open API Documentation-}J7F WPILib Javadocs 5 C ++ Doxygen 4
* WPILib: Open Project Information-f] {7 A1 HEH (WH A, §RIASE) 1 </NEFF”

« WPILib: Open WPILib Command Palette-it$54 i 7477 WPILib 54wt (%7 T 3%
Ctrl + Shift + P ## A” WPILib’ )

* WPILib: Open WPILib Help-ixX54] 77—~ 5] WPILib Sk (#tF%4) /5T

* WPILib: Reset Ask for WPILib Updates Flag-ixX(iE 24w H b, R EIeaTk
PREORTERT, X AT AKF I H B8 A R WPILIb A .
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e WPILib: Run a command in Gradle-%{fi#a] DA GradleRIO b HiafiE &g 4

* WPILib: Set Team Number- ] T2 550 H XERA A A G 5. R SAEQIETTH I w4
e DIilNEZE DE I

o **WPILib: Set VS Code Java Home to FRC Home*-i{%# VS Code Java Home 2% & PA3S |

FRC ¥ @& iy Java Home., QAN B2 iy, BT B ARfA {1 intellisense #&'& 5
WPILib ##i% &[H 2 .

* WPILib: Show Log Folder-{z/x WPILib 4" A7 Nl H A H SCPEJe . FER R 4
% WPILib JF R A G, XEFRA -

* 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-iX k58 H T &F WL APl & % 1Y RioLog 7R
« WPILib: Start Tool-ix{fi#m DA VS Code Pifj=zh WPILib T H (#i# SmartDashboard,
Shuffleboard 4).

* WPILib: Test Robot Code-ix {4 & 24 fi (U ALas ARSI H Iz 4 TR A B it X7 2okt
“Desktop Support” ¥ KA

10.3 SIEHBAERF

TASEA WA G, FATnT ARENLEs ARy 1. WPILIb B 7 2 MLas \RR PR, 3R 20 sOH i
MRt . B2, RN T LAH KT R SRS B 2 AIHLAS A .

10.3.1 E#FHE3E

2§ WPILib *R%&Aﬁzf?’f%ff}iz JRBIIE A e HbL s N . PRI e B T8
fepA)EH 32 Robot 2 REEHIPLAF AR 1 2R . B2 = FhiefF:

TimedRobot

Documentation: Java - C++
JE: 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++

i AT “TimedRobot Skeleton” #iflk, SHUMER 17288 R B s BORBl. e
Z#% ‘TimedRobot’, WAPAEHE. FEErixafFl2 “TimedRobot Skeleton”,
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JAVA

import edu.wpi.first.wpilibj.TimedRobot;

J Xk

* 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.
&7

/**

public class Robot extends TimedRobot {

* This function is run when the robot is first started up and should be used for,

—any

* jnitialization code.

&
@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

@Override
public void

robotInit() {}

robotPeriodic() {}

autonomousInit() {}

autonomousPeriodic() {}

teleopInit() {}

teleopPeriodic() {}

disabledInit() {}

disabledPeriodic() {}

testInit() {}

testPeriodic() {}

simulationInit() {}

simulationPeriodic() {}
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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() {}

#1ifndef RUNNING FRC TESTS

int main() {

return frc::StartRobot<Robot>();

}

#endif

BOATEOLE, A7k 20 R0 —k. X T DATE AL B T 37 4 FIr 5 SE i 5 T R 2 i e IOk BE

fa ke

Changing your robot rate can cause some unintended behavior (loop overruns).
Teams can also use Notifiers to schedule methods at a custom rate.

JAVA

public Robot() {
super(0.03); // Periodic methods will now be called every 30 ms.

}
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C++
[Robot() . frc::TimedRobot (30 ms) {}
RobotBase

Documentation: Java - C++
JE: Java - C++
RobotBase KR4l AR L, — AR HBEMM . BA N P ALBELEE A= dlafe . —UI#

A3 startCompetition() Jrik i BME T SRR TR RISIEECY (5
B

#1:: RobotBase Skeleton #itritfit T — S A ¥ 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.

fff i “Command Robot” /) P\ i 75 % ¥ FH:ref:Command-Based Programming Tutorial
<docs/software/commandbased/index:Command-Based Programming>.

Romi

i Romi AN “Romi-Timed” =% “Romi-Command Bot” .

Romi - Timed

Romi - Timed #ifg$i it T—4> RomiDrivetrain 3%, %2/ JF T — arcadeDrive(double xaxis-
Speed, double zaxisRotate) . f ) m PAKIL arcadeDrive sEERALSEL.

BRI TR R A S Romi M gmig s iTge.
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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) ¥k, Al DA% it arcadeDrive 42t £
e

ZF ARG AR A EE Romi Hudl i asnyhae .
AERES
AR, AP A, W R FHMH—fh main() HEAS HARFRIN, wii A # = AT AL

—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

C++ Properties

BRFTIT B e v
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W' WPILib Project Creator X

W

Welcome to WPILib New Project Creator

Select a project type 'nple or Template) @ @

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

_

Select a new project folder

Project Name

Create a new folder? ¥/ @

This cre: a new folder at Base Folder\Project Name. Highly recommended to be checked. Otherwise
the fold ill be placed at Base Fol and not utilize the Project Name

Team Number

o |

Enable Desktop Support ll

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

Generate Project

Binary Types linuxathena (release) ¢% WPILb & 0

BIESH I H 7 1R TTR BT -

1.

ZEEA A

WHR®R: ZNALEEWTHER, X L2065 H, a2 WPILb £
HE i B B 2 —. A HLER N AR K E A B M. Bt 4h, if firef:‘Command-based

<docs/software/commandbased/what-is-command-based:What is “command-based” pro-
gramming?> Ui H it , X sefiti i T TimedRobot Iy, (HALS VR 2 HAb D RE-18 ZUHL
AT X A2 R AL AT -

e XRBATRIENIES (C++ 8 Java).

JERSCAEIE: QPRI DU S R AR 2

WH L B s AT H FrEfy Sk

BiH #8R: HLEs AU i 5K ASRIER T “QUESHCIe” HE, SXabrF e 0 H SRR 44 95

GBI SCEIE: AR e BT, KFEIEE— SO, DARFIIH GRAFAESE TR E Y SCPFJe . i
R, T H R B AT eI SR RSP Je A s BRI, 55 | BB .

7. WIBAGE'S: TH BRI GS, R T H A AR 4 AR AR AR R E AL AR A o
8. Bt s o FoCI AL, AF WPILIb SCRput i, HAS =I5 8P nTREA SCRe. AR

PEA SRR, WA AR T RE YA g iR i it . B AR RE b T B e s B B R SO E
TJHIJFA’H‘/E\:{%#FL EF‘/]j(/LJ\

SEMVA LTI E S, Bl ERIH T, R RS AT .

ik

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

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

VPR P e IS s BIATR B s o

W' WPILib Project Creator X

W

Welcome to WPILib New Project Creator

Base Folder. Select a base folder to place the new project into. S
c\Users'\Joe\Documents\Robotics
Select a new project folder

Project Name

GettingStarted

Create a new folder? ¥

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

Team Number

254

Enable Desktop Support ll

This is needed for simulation and unit testing support, however there are some cases where this will do

some unexpected things during build. In addition, not all vendor libraries support desktop. This option
can be set with the command "WPILib: Set Desktop Support” at any time.

Generate Project

Binary Types linuxathena (release) % WPILib & [

10.3.3 THFMAE

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, FRATPRAEZE R 250 H 2R G5 . B U TR g s TP AT ITHZ T
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10.3.4 C ++ 8B (Y C ++)

XFC ++ WiH, 4 55—k E IntelliSense, &4 A1FTHF—ATH I, FRATEIZAESR T H
AN O, BOREG C ++ BB, ¥ <27 PAEHE IntelliSense.

¥ Mo C++ configurations. Yes to refresh.

10.4 E=FHkE

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.
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. 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
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
2023\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.
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How Does It Work? - Python

Third party libraries are packaged into Python wheels and uploaded to PyPI (if pure python)
and/or WPILib’ s artifactory. Users can enable them as dependencies either by adding the
component name to robotpy extras (recommended) or by adding an explicit dependency
for the PyPI package in requires. The dependencies are downloaded when robotpy syncis
executed, and installed on the roboRIO when robotpy deploy is executed.

Installing Libraries
Java/C++

VS Code

>WPILib m|

endor Libraries

L e O

Install new library (online)

YN o BB LEREA P e BRIV 1, i Ctrl + Shift + P f4i A WPILib/ 5§t 4 F iy WPILib
EltR, PAFTH WPILib fr4Hit. 45, %A “Manage Vendor Libraries”, #XJ5M FHSEA L.
&% “Install new libraries (offline)” A&,

|| }:he(k to install libraries OSelected  OK

B WPILib-New-Commands
B WPILib-Old-Commands

PR AN RHE, BEEEERN IR H R TR, KRR “BiE”. XFE, JSON SCRRFui R il 31 1
H 1) vendordeps SCOFEIeH, FF15FEGS R 3t H B85 o

In order to install a vendor library in online mode, press Ctrl+Shift+P and type WPILib or
click on the WPILib icon in the top right to open the WPILib Command Palette and begin
typing Manage Vendor Libraries and select it in the menu, and then click on Install new
libraries (online) instead and copy + paste the vendor JSON URL.

Checking for Updates (Offline)

Since dependencies are version managed on a per-project basis, even when installed offline,
you will need to Manage Vendor Libraries and select Check for updates (offline) for each
project you wish to update.

Checking for Updates (Online)

PE T AT AR FEIE 78— 87 JSON SCHFMAE L B, MR SR € TG Uiy E, Wiztr “Check for
updates (online)” ] AL TR (7 B2 1A 1T T HTBHT AR 4 126 o

Removing a Library Dependency

TN H P g EEAEYE | 35 M “Manage Vendor Libraries” 3% B 1% $% “Manage Current Libraries”,
Ve B BB R S IEHE, RIFHRT “BiE” . XLEEERE I E R

Command-Line
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A A gradle (145 it dy 47 M BER T URL WA R ry RO . FE30 H AR H S T HF— AT,
RIGHI A “gradlew vendordep —url = <url>", Hrr <url> 2455 JSON URL., %2 B4k i i
Wi JSON Scf-s 235 H i) vendordeps SCJerb. AR 2 AT DAIAH R 77 =U5E 5 .

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.

Python

All RobotPy project dependencies are specified in pyproject.toml. You can add additional
vendor-specific dependencies either by:

* Adding the component name to robotpy extras
* Adding the PyPI package name to requires

% UL:

pyproject.toml usage

10.4.3 E

WPILib Libraries

Command Library

The WPILib command library has been split into a vendor library. It is installed by the WPILib
installer for offline installation.

Java/C++

New Command Library

Python

* PyPI package: robotpy[commands2] or robotpy-commands-v2

* In pyproject.toml: robotpy extras = ["commands2"]

Romi Library

A Romi Library has been created to contain several helper classes that are used in the
RomiReference example.
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Java/C++

Romi Vendordep.

Python
* PyPI package: robotpy[romi] or robotpy-romi

* In pyproject.toml: robotpy extras = ["romi"]

XRP Library

An XRP Library has been created to contain several helper classes that are used in the
XRPReference example.

Java/C++

XRP Vendordep.

Python

* PyPI package: robotpy[xrp] or robotpy-xrp
* In pyproject.toml: robotpy extras = ["xrp"]

Vendor Libraries

Click these links to visit the vendor site to see whether they offer online installers, offline
installers, or both. URLs below are to plug in to the VS Code -> Install New Libraries (online)
feature.

CTRE Phoenix Framework - Contains CANcoder, CANifier, CANdle, Pigeon IMU, Pigeon 2.0,
Talon FX, Talon SRX, and Victor SPX Libraries and Phoenix Tuner program for configuring
CTRE CAN devices

Java/C++

Phoenix (v6): https://maven.ctr-electronics.com/release/com/ctre/phoenix6/
latest/Phoenix6-frc2024-1latest.json

Phoenix  (v5): https://maven.ctr-electronics.com/release/com/ctre/phoenix/

Phoenix5-frc2024-latest. json

#1k:  All users should use the Phoenix (v6) library. If you also need Phoenix v5 support,
additionally install the v5 vendor library.
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Python

Vendor’ s package:

* PyPI package: robotpy[phoenix6] or phoenix6

* In pyproject.toml: robotpy extras = ["phoenix6"]
Community packages:

» PyPI package: robotpy[phoenix5] or robotpy-ctre

* In pyproject.toml: robotpy extras = ["phoenix5"]

Redux Robotics ReduxLib - Library for all Redux devices including the Canandcoder and
Canandcolor

Java/C++

https://frcsdk.reduxrobotics.com/ReduxLib 2024.json

Python

Not yet available

Playing With Fusion Driver - fit Venom motor/controller £ N firs PWF %£00)4%
Java/C++

https://www.playingwithfusion.com/frc/playingwithfusion2024.json

Python

Community-supported packages:
* PyPI package: robotpy[playingwithfusion] or robotpy-playingwithfusion
* In pyproject.toml: robotpy extras = ["playingwithfusion"]

Kauai Labs - NavX-MXP, NavX-Micro, 5 Sensor Fusion %

Java/C++

https://dev.studica.com/releases/2024/NavX. json
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Python

Community-supported packages:
* PyPI package: robotpy[navx] or robotpy-navx
* In pyproject.toml: robotpy extras = ["navx"]

REV Robotics REVLib - Library for all REV devices including SPARK Flex, SPARK MAX, and
Color Sensor V3

Java/C++

https://software-metadata.revrobotics.com/REVLib-2024.json

Python

Community-supported packages:
» PyPI package: robotpy[rev] or robotpy-rev

» In pyproject.toml: robotpy extras = ["rev"]

#HEE

PhotonVision-PhotonVision CV %4 %

Java/C++

https://maven.photonvision.org/repository/internal/org/photonvision/
photonlib-json/1.0/photonlib-json-1.0.json

Python

* PyPI package: photonlibpy

* In pyproject.toml: requires = ["photonlibpy"]
PathPlanner - Library for PathPlanner

Java/C++

https://3015rangerrobotics.github.io/pathplannerlib/PathplannerLib.json
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Python

» PyPI package: pathplannerlib
* In pyproject.toml: requires = ["pathplannerlib"]
ChoreoLib - Library for reading and following trajectories generated by Choreo

Java/C++

https://sleipnirgroup.github.io/ChoreolLib/dep/ChoreolLib.json

Python

Not available

YAGSL - Library for Swerve Drives of any configuration
Java

https://broncbotz3481.github.io/YAGSL-Lib/yagsl/yagsl. json

Python

Not available

10.5 miFFHEBEV[IANRE

PLES AT b ife i (M) FIFE2 5 A HE7E roboRIO Fizf7. TR EAENL A Ta il gs o
g, XA RN AU

BBV ATE , AT A T — TR -
L AT AN, A)E% AL “Build Robot Code”
2. #79F VS Code % 147 BB e m iy ESR S, SR )5E#E “Build Robot Code”
3. HEEEIH 2k S e build.gradle Soff, 45 “Build Robot Code”
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o oeos

OPEN EDITORS

MYNEWROBOTPROJECT

PROBLEMS ~ OUTPU' £ TERMINAL | 2:Tash v o @

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

OUTLINE 4act , 2 up-to-date

TIMELINE

GRADLE TASKS

JAVA DEPENDENCIES

MAVEN PROJECTS
®O0A0 %1 (Q Gradie: Build Error Ln1,Col1 Spaces: 4 UTF-8 CRLF Gradle & WPILb

Terminal will be reused by tasks, press any key to close it.
0

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.

#:: 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).

™

o m
Sovi Log
5ot Team Nomoor

10.5. ZmiFHBEINBZANRE 189



FIRST Robotics Competition

10.6 EEFHI G

KT ERET IR S &4t , roboRIO L1k T—4 NetConsole. # 7% roboRIO [ Net-
Console #H AW A2 )k FRC Driver Station H11) Console Viewer fi1 VS Code ##) Riolog

.

#ik: 1t roboRIO I, NetConsole {{ M THe/Fiti. WIRESRGEHGHFTH, WKHLEMH SSH
s TR G

10.6.1 FHEEEHE

NHERIEEERE
| FTIFERIS AR |
TSR G &G, W14 561TIF FRC® Driver Station. )5, Ml EABRE O THERE (1),

IRIGHERE “View Console”,

EHSEERED

| TEHRSAREED |
Console Viewer #f 1ALk B/RFATHIPLES AR08 o A 07 AU 48 mT ATE R 1 10 9 308 s )3

JSE/TIR
10.6.2 Riolog VS Code #H¢

Riolog ##iff#&Z—4~ VS Code #iId, nHT# A VS Code 1) NetConsole #ijH (J5#f Eclipse A
#2#¢: Manuel Stoeckl, FRC1511),

117 RiolLog #1E

| 7JF Riolog #iF |

BAATE LT, 7E4R R roboRIO fit & 45}, RioLog #EIYF A 4TI . ZF5H3) RioLog MK, %
Ctrl+Shift+P $THF45 4% WMIE A “RioLog”, #RJ5## WPILib: “J3) RioLog” #¥i.
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Riolog & 0O

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

RioLog #LI& W H BAE TR A% o . Riolog Al &A% T e\l & ifa -
o PSR- RS R . S, R RER, HAE BRI F AN R

© LI ARG R . MBI R, SRR, e R R Bt
PeEF . PRRERAHZIL LRI B dm .-

* THBR-CRHE R R BTN A .

* AR/ BARFTEN N 2 - 2 s SRR N T IITE TR A5 B
o UNSREIEF 8-V B AR S AR H &30

AR R E - R SRR T R

* Wi/ R X Wl R B i S A

o S/ AN SR I ] - T 11 S s R S R ] A

o PRAFHG-RF HENAR B A S0Ed, G AP R %00, 8 UG FEEET RioLog A% 4+
97 (EZ 0BT OBl AR 4")

o REYT-BEERDIEH SR roboRIO WS, WIRIENF AL 53 RioLog, W H 3

10.7 HiAHBANERF

FEfP AR A SR IA T A RZAT . ARG, AL ESHE RS T AR T H T
MR, PARERRATT A AR E AT IR ZEATRY IR . XA EAMRRTFAT MR “BEe”, T REARA
“'U%J‘L:Lt” .

AR e T R P R e A e DA B IR R e ) TR ARtk anfrly FRC|reg| Blags ANEF i
BRI

Frilis T R R e (BN /5 I )2 > AT (R R A AT T P, ll i R R AR P IR SHT
ENEIPE ] 5 BT RARR  . (H2, SRAVEEC A A e e o) I s o

10.7. RAXNBAERF 191



FIRST Robotics Competition

10.7.1 E{TiAR 2R

>WPILib debug|

Robot Code

#iz Ctrl+Shift+P Jf# A WPILib =t WPILib Menu Item ¥T 454G Filti7c i) WPILib ()4 T #i
# A Debug ¥i%# Debug Robot Code menu HiLAF 1T, %ISR R3] roboRIO FF-iH 1.

10.7.2 B

Wik D, TR TE R AT T AL AT, DA P T DU AR IR S . e i f
FH, BT SV AT A P s R B R, AR R LE MR Iy (R 5 T BUMEOAT 2
SRS TE 85— N A 1 BB

REHR

TEPRAHE T L 220 Birp (TEAT S M 2eidy) B DA PR i — W 20 @/ NRI B 3R EAER A T
FE T

10.7.3 fER4TENED TR
PRI 5 — R 2 e RS A print i54], Jf# ] Visual Studio Code zf Driver Station Hf¥)

RioLog &FEAT. ITEHRMMNEEAM, FOVENRERAR, STHRBIERREME R WA e ik,
P EATAT RS ERFRE IR -

JAVA

{System.out.print(“example”);

C++

[wpi::outs() << "example\n";
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10.7.4 {ERAMSRHEITIHE

:doc:‘PM] 4% F  </docs/software/networktables/networktables-intro>‘w] | T 5 ## i it & #l
L =M AME B, 1T PAE B &=k i {8 3 He 5i:ref:‘OutlineViewer <docs/software/wpilib-
tools/outlineviewer/index:OutlineViewer>‘#&F & W % 3. W & £ W £ &S5 2 — & 1] DL f#
H:doc:‘Shuffleboard </docs/software/dashboards/shuffleboard/getting-started/shuffleboard-
tour>"Z KM T HRE AL . R)E, XM TR A SHIE 5 — A, PATELE ALK
AR PP AR D A .

10.7.5 THEZ

s BT XA VS Code TR EZFEE, 20 6 <htips://code.visualstudio.com/
docs/editor/debugging>‘_ .

* VS Code ' # <https://code.visualstudio.com/docs/editor/editingevolved>"_ i #L 5|
SO RERE A I A T AR W AU . PREIBAT (B EXTVE) D REXS AR S A N AHE Y 45 ) AR
A

o ERTHARZ R R ATTVAZ — R T BTl

o Iy GE B ML B AN B A/ W DL fE:doc: 4 4 </docs/software/wpilib-tools/robot-

simulation/introduction> W iz 17, )& & 4 7E L bR ALy N B AT & 2208 K 09 — Fh 45 oy

10.8 Importing Last Year’' s Robot Code

Due to changes in the project, it is necessary to update the build files for a previous years
Gradle project. It is also necessary to import vendor libraries again, since last year’ s vendor
libraries must be updated to be compatible with this year’ s projects.

10.8.1 Automatic Import

To make it easy for teams to import previous years gradle projects into the current year’ s
framework, WPILib includes a wizard for importing previous years projects into VS Code.
This will generate the necessary gradle components and load the project into VS Code. In
place upgrades are not supported.

#%¥: The import process copies your project source files from the current directory to a new
directory and completely regenerates the gradle files. Additionally, it updates the code for the
package changes made in 2023. If you made non-standard updates to the build.gradle, you
will need to make those changes again. For this reason, in place upgrades are not supported.
It is also necessary to import vendor libraries again, since last year’ s vendor libraries must
be updated to be compatible with this year’ s projects.
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Launching the Import Wizard

Visual Studio Code X

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

Yes No Mo, Don't ask again Cancel

When you open a previous year’ s project, you will be prompted to import that project. Click

yes.

Alternately, you can chose to import it from the menu. Press Ctrl+Shift+P and type “WPILib”
or click the WPILib icon to locate the WPILib commands. Begin typing “Import a WPILib
2020-2023 Gradle project” and select it from the dropdown as shown below.

>WPILib imporli

a WPILib 2020/2021/2022 Gradle project

) File Edit Selection View Go Run -  WPILib Gradle 2 Import - 2022betaCommandCPP ... ([] & (1) 03
W WPILib Gradle 2020-2022 Import X

Welcome to WPILib 2020/2021/2022 Project Importer

irectory and

Select a gradie project

Base Folder. S

c:\Users\Joe\Documents\Robotics

Select a new project folder

Project Name:

2022betaCommandCPP-Imported

Team Number
330

Enable Desktop Support Il

Import Romi
Check this if d imported is a romi project. This is not au . ed manually.

Import Project

®0A0 Binary Types linuxathena (release) WPILib & Q

You’ 1l be presented with the WPILib Project Importer window. This is similar to the process of
creating a new project and the window and the steps are shown below. This window contains
the following elements:

1.

Gradle Project: Selects the project to be imported. Users should select the build.gradle
file in the root directory of the gradle project.

2. Project Location: This determines the folder in which the robot project will be located.

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

project folder will be given if the Create New Folder box is checked. This must be a
different directory from the original location.

. Create a New Folder: If this is checked, a new folder will be created to hold the project

within the previously-specified folder. If it is not checked, the project will be located
directly in the previously-specified folder. An error will be thrown if the folder is not
empty and this is not checked.

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

within the project and to locate the robot when deploying code.
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6. Enable Desktop Support: Ifthis is checked, simulation and unit test support is enabled.
However, there are some cases where this will do some unexpected things. In addition,

all vendor libraries need desktop support which not all libraries do.

7. Import Romi Project: If this is checked, the project is imported using the Romi gradle
template. This should only be checked for Romi projects.

on OneDrive by default.

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

Click Import Project to begin the upgrade.

The gradle project will be upgraded and copied into the new project directory. You can then
either open the new project immediately using the pop-up below or open it later using the
Ctr1+40 (or Command+0 for macOS) shortcut.

Visual Studio Code

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

Yes (New Window) Mo Cancel

X

Click Yes I trust the authors.

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

Code provides features that may automatically execute files in this folder.

If you don't trust the authors of these files, we recommend to continue in
restricted mode as the files may be malicious. See to learn
more.

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

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

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

C++ Configurations (C++ Only)

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

Yes to set up IntelliSense.

P No C++ configurations. Yes to refresh.

10.8. Importing Last Year’ s Robot Code
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3rd Party Libraries

It is necessary to update and re-import 3rd party libraries. See 3rd Party Libraries for details.
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Dashboards

11.1 Choosing a Dashboard

A dashboard is a program used to retrieve and display information about the operation of your
robot. There are two main types of dashboards that teams may need: driver and programmer
dashboards. Some dashboards will try to accommodate both purposes.

11.1.1 Driver Dashboard

During competition the drive team will use this dashboard to get information from the robot.
It should focus on conveying key information instantly. This is often best accomplished by
using large, colorful, and easy to understand visual elements. Most teams will also use this
dashboard to select their autonomous routine.

Take caution to carefully consider what needs to be on this dashboard and if there is another
better way of communicating that information. Any members of the drive team (especially
the driver) looking at the dashboard takes their focus away from the match. Using LEDs to
indicate the state of your robot is a good example of a way to communicate useful information
to the driver without having to take their eyes off the robot.

11.1.2 Programming Dashboard

This dashboard is designed for debugging code and analyzing data from the robot. It supports
the monitoring of a wide variety of information simultaneously, prioritizing function and utility
over simplicity or ease of use. This functionality often includes complex data visualization
and graphing across extended periods. In scenarios where there is an overwhelming amount
of data to review, real-time analysis becomes challenging. The capability to examine past
data and replay it proves to be extremely beneficial. While some dashboards may log data
transmitted to them, on-robot telemetry using the Datalog class simplifies the process.
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11.1.3 Specific Dashboards (oldest to newest)

1 SmartDashboard and Shuffleboard have a long history of aiding FRC teams. However,
they do not have a person to maintain them so are not receiving bug fixes or improvements.
Notably, Shuffleboard may experience performance issues on some machines under certain
scenarios. PRs from external contributors will be reviewed.

LabVIEW Dashboard (Driver / Programming) - easy to use and provides a lot of features
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.

SmartDashboard (Driver) - simple and efficient dashboard that uses relatively few computer
resources. It does not have the fancy look or some of the features Shuffleboard has, but it
displays network tables data with a variety of widgets without bogging down the driver station
computer.

Shuffleboard (Driver) - straightforward and easily customizable dashboard. It displays net-
work tables data using a variety of widgets that can be positioned and controlled with robot
code. It includes many extra features like: tabs, recording / playback, and advanced custom
widgets.

Glass (Programming) - robot data visualization tool. Its GUI is extremely similar to that of the
Simulation GUI. In its current state, it is meant to be used as a programmer’ s tool rather
than a proper dashboard in a competition environment, with a focus on high performance
real time plotting.

AdvantageScope (Programming) - robot diagnostics, log review/analysis, and data visualiza-
tion application. It reads the WPILib Data Log (.wpilog) and Driver Station Log (.dslog /
.dsevents) file formats, plus live robot data viewing.

11.1.4 Third Party Dashboards

FRC Web Components (Driver) - A web-based dashboard that can be installed as a standalone
application, or as a JavaScript package for custom dashboard solutions.

Elastic (Driver) - simple and modern Shuffleboard alternative made by Team 353. It is meant
to serve as a dashboard for competition but can also be used for testing. It features draggable
and resizable card widgets.

QFRCDashboard (Driver) - described as reliable, high-performance, low-footprint dashboard.
QFRCDashboard has been specifically designed to use as few resources as possible.
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11.2 SR URE

Shuffleboard is a straightforward and easily customizable driveteam focused dashboard. It
displays network tables data using a variety of widgets that can be positioned and controlled
with robot code. It includes many extra features like: tabs, recording / playback, and ad-
vanced custom widgets.

11.2.1 “Shuffleboard” -FFi4

#%E Shuffleboard

Shuffleboard is a dashboard for FRC® based on newer technologies such as JavaFX that are
available to Java programs. It is designed to be used for creating dashboards for C++, Java,
and Python programs. If you’ ve used SmartDashboard in the past then you are already
familiar with many of the features of Shuffleboard since they fundamentally work the same
way. But Shuffleboard has many features that aren’ t in SmartDashboard. Here are some of
the highlights:

* FIEET Java EIJEARME ** JavaFX **, SN HRERE — > R AEUER, RILA v s A Shuffle-
board i HIAFERE “RI” o “ T8, FRATEALERIA R AR G 81,

 Shuffleboard Z#F ** Z T EREdE **. SCPr b, @RI AR E—4S8 T/ER (7£ Shuffleboard

i R IR TR ), IR A SOV AR AEMR L | 3 I TR e . BRIARE LR, A A <P

PRI -RAT—A “RREAERMR” EIR, ENSERIERAR B aH . HARE- R AT g H T Hlas A

HKE5EY.

E#ibH display elements (widgets) are laid out on a grid, DA A & H 2 T HEE.

ST DATE UM A8 K/ INATER R TR RIS s 2 5D e, IF BLERAL T I SE $2 7 K35 Bl A ol FH Ha Ok 3

MR . B, BIEEREE T AT R, o mT ARSI A% 4%

o MEFRIzTT shuffleboard B, ERINEDL T R4 RFF LB e B .

* f—Ji record and playback Jifit, "iEEAENLAS ARS8 UG & H AR SR . 1XRe, a2k
P, R DA B RLEs AR .

* Graph widgets are available for numeric data, %0 DUKEIEHIZI2IEE L, PARINES
RN Z A K

* You can extend Shuffleboard by writing your own widgets that are specific to your team’
s requirements. Documentation on extending it can be found in Custom Widgets.

1. **Sources area: X @2, A A NetworkTables S k8, ik RHEHEIE
iRz — AR
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2. Tab panes:. X2 EMHLEE NSO IE B BRI . ARG, it Box7E LiveWindow
EI R R A T R . R XKIR T ARR AT B AR kR X 0, e N E e EAC
W JENELE , Bl AR I/ INATE B3 7.
3. *Record/playback controls:**—ZH A RUEAAR P41, RT DAFE A il i 2 135 PAEE & 7 s 5t
BahibImEk

No Robot

Communication

T LB PA R YA 2 — B3 Shuffleboard:

1.

] DU R I ERR A s Dashboard Type” i%'& & Shuffleboard 37¢ Driver Station 23}
BEZEE, W EETR.

. You can run it by double-clicking the Shuffleboard icon in the YEAR WPILib tools folder

on the Windows Desktop.

You can start from with Visual Studio Code by pressing Ctrl+Shift+P and type “WPILib”
or click the WPILib logo in the top right to launch the WPILib Command Palette. Select
Start Tool, then select Shuffleboard.

. el plaE ad SGEE) WPILDb / YYYY / tools /1 shuffleboard XXX 4 (Windows [ f#) XXX

/2.vbs, Linux 5 macOS Lf.py) HKizfre. © (i YYYY 244, 7t Windows L[ER “C:
Users Public’’). XX}T %24 Driver Station [#%7F & 24641 macOS 5% Linux Z45HEHH .

. 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.

A

.vbs (Windows) Fl.py (macOS / Linux) A Bh¥f fl E#n JDK Ezh T,

BB ABIER BT L

The

easiest way to get data displayed on the dashboard is simply to use methods in the

SmartDashboard class. For example to write a number to Shuffleboard write:

JAVA

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

200

Chapter 11. Dashboards



FIRST Robotics Competition

C++

[frc::SmartDashboard::PutNumber(”Joystick X value", joystickl.getX());

PYTHON

from wpilib import SmartDashboard

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

BEAIRE BRYAT XA MR X ERBR 7B BRI IATIUER, SR — R ERIT
{H%ix%| Shuffleboard. #ficfl: &4 BAFEHNER, AL E RPN E. FERRFITIRNRITI%T
—URFOAEPAT AR A T R — %A

Joystick X value

0.56

BRRKBHBE AR RIE

SRAAILE T DATE T8 0T D Be A 1 Sl Bt 2 2R R VR Bl , (EU bl AU <l
w7 B, GHET ARSI BT AL AT RS BOAEOLR, JH3h Shuffleboard I, i3
Wgﬁ%,ﬂﬁﬁ?ﬁwmﬁﬁlﬁﬂﬁﬁ,%ﬂﬁm?mﬁﬁﬁOWTE%Eﬁﬁﬁ,%mﬁ%%ﬁﬁf
GRS

W, BRSPS H LR ZBE S AR G, HFWEENIRRR. fH Shuffleboard, fn
PARFRED R BT R F sy GUT b B B(E R SORT, AR GUI JEE b & B E-Jo 22 1l gk
B R By

HEEFRERATERYE (BaBEEVHE)

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 30)
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- SmartDashboard X LiveWindow +

..d/PIDCommand ...hboard/Number
Running 420

P 1.0

I 20

D 3.0

F 0

Setpoint 0

Enabled |

(% L 50)

SmartDashboard.putNumber("Turret Pot Voltage", turret.getAverageVoltage());
SmartDashboard.putNumber("RPM", shooter.getRPM());

}

C++

frc::SmartDashboard: :PutBoolean("Bridge Limit", bridgeTipper.AtBridge());
frc::SmartDashboard: : PutNumber("Bridge Angle", bridgeTipper.GetPosition());
frc::SmartDashboard: : PutNumber ("Swerve Angle", drivetrain.GetSwerveAngle());
frc::SmartDashboard: : PutNumber("Left Drive Encoder", drivetrain.GetLeftEncoder());
frc::SmartDashboard: :PutNumber ("Right Drive Encoder", drivetrain.GetRightEncoder());
frc::SmartDashboard: : PutNumber("Turret Pot", turret.GetCurrentAngle());
frc::SmartDashboard: :PutNumber("Turret Pot Voltage", turret.GetAverageVoltage());
frc::SmartDashboard: : PutNumber ("RPM", shooter.GetRPM());

PYTHON

from wpilib import SmartDashboard

SmartDashboard.
SmartDashboard.
SmartDashboard.
SmartDashboard.
SmartDashboard.
SmartDashboard.

putBoolean("Bridge Limit", bridgeTipper.atBridge())
putNumber("Bridge Angle", bridgeTipper.getPosition())
putNumber("Swerve Angle", drivetrain.getSwerveAngle())
putNumber("Left Drive Encoder", drivetrain.getLeftEncoder())
putNumber (“Right Drive Encoder", drivetrain.getRightEncoder())
putNumber("Turret Pot", turret.getCurrentAngle())

(81 10)
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(F E30)
SmartDashboard.putNumber("Turret Pot Voltage", turret.getAverageVoltage())
SmartDashboard.putNumber("RPM", shooter.getRPM())

Bridge Angle Swerve Angle RPM Bridge Limit
4300.0
42 w 0 29 w
Left Drive Encoder Right Drive Encoder
5682.0 5400.0
Turret Pot Turret Pot Voltage
2.345
oV 125V 375V 5V

AT DA 2o 187 2R bb oA 2 B R A 0 Vs, AR BRI A FRAVE, R RME, BFEEHBFEFREEBSA
Shuffleboard, 1AM,

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

o FHFEREZEALH A SmartDashboard.putString (“dashboard-name”, value)

* fi/RZEAEF A SmartDashboard.putBoolean (“dashboard-name”, value)

B RN EREE

M %k #) Shuffleboard WEMEHEIEE, Bl % n] AUERCR A FERTIRIT R B, GnT AR 28T
(ES T UE Y, SRR A I R B AR S AL AT e R P . B R, A E R
BB, R Ry BT AR S B 51 2 p e R R

Bridge Angle Swerve Angle RF
Right-click here

— 4300.

Remove
¢ 3 100
Addto new layout... »

oW as... ¥ I
Lﬂﬁ‘ Show ) Graph ler
Edit Properties Number Bar
5682.u
Number Slider
v Simple Dial
Turret Pot Turret Pot V¢
Text View
2.345 i
OV 195V 3 Voltage View
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AR T R REE

AT PARH AU A IR AR o, AP ATEAL T “I” B R (e B AN TR (. B AAAEBL
Ui, HRAT AL B 5 P b AT e . X SeE iy AURS i RobotBuilder [ 3l 24z itk 320 i in 2 £ 72
Ferf, HAE T —SCR AT 4 AR SR UL N AL RES I PT S LR 1. Besh, BalwT
PAJITF A RLAE T SRR AR B B (L, PARAEAURS Hi e PID [ul

REN AR

A I A R SR AEN U BB R, L5 & s IR ShAT AT, Shuffleboard
RSN T ARG RBIRE P T 6 AR AT AT S AL AR RS

M Sources th3REREE

i NetworkTables ¥dasx B ah i BUFEH b —AN3ET R I, BT EHHES A6 %80 . AT geAd
B IR R 2 AN g fE 2% 5 R A JB T SmartDashboard / NetworkTables S [1(E . X Fix Lu
W, ATDAHEM B 11 2% Sources T NetworkTables # B %] gk o o5 5o i -1 Ho i 5
TR, B R R R BRI N R 5 SR

Sources view
including
NetworkTables

......

hasCommand  faise

ik AWZER) Sources ML N] W——n] DAEBIIEIN R B RS AL A 0 BRAT , X REJREA ] L T
WERBERXAE O, RO B 2 2, SHIABINY I IRATEs, )72 I L . AR
AIPTEK L, ARAT AR B S RGO L B, SERUE B B2 2 s
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Put the cursor
here and drag File Recording Tab
to the right to SmartDashboard x
open the Sources  Widgets
NetworkTahles 3 —
Basic Command: » CameraServer

New divider position

. =P NetworkTable
DefaultDrive

Name Value I

DefaultDrive .command  DefaultDrive
Defaul

.default DefaultDrive

BRI

Al PAfE Shuffleboard ik miF F&F K AMLEE AN ERIEHIR . AT AEBEYLE ANIIE S A VEHRAE 1,
RERAE RO A KD, B0F B P LEs s & P EALEOLES A L P RS S S g T A
e . PTATERIMLIL /N A ] CameraServer APT iz 47 AATA {5 B

AR DB

BB B, R “UR”, SA)57E Shuffleboard % WM £ F “CameraServer”
T, WREIETR. BEBYLRS RS ER, EXAETFH, WA —4fkh “Robot Front Camera” (¥
Bl RFEHHE V% SR BT~ b, i, WarPhBE AR R SRR, REkE Bk
BHEHIR, %R E L E L.

File__Recording__Tab

File Recording Tab
Sources Widgets

z
L) Rl Name Value
Robot Front Camera e

Show as: Camera Stream

Either click on the stream and drag it where it should be placed or
right-click on the source and select "Show as: Camera Stream”

WIS, BRI RAE Db B R AR R R NS 2 5 i 35 0 B

ks VR, DKM AR 0O 4 K % i 5 roboRIO RIAILAHLI 16 CPU fief
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Robot Front Camera

SN —ETE

7€ Shuffleboard Ji# FHAER AT IAL 2R FRh widgets, Widgets i@ % & hitl#s AfE)vil it Network-
Tables & #ify{H H 2h 2R

BahneRtF
[ &L

HFAER A2/ N e . e 2/ N0 L, sl AR AEsh 20 Or i Hashng, JRAGE
RRNERPECEAE MRS TR B, I BRI R/ NS SR BRI 20 B8 . HBh, 5 Bon2r @ olisx @R Er. 4%
TR RS 2T A A R 5 AY ZS (R R R/ NAR T, AL (438 5 2R B A BRI eV E . 18 P RYR

B, w /NP S B A G AL

Lb Folder/String
- Foldet/String
— asfajef

asfl;ajsf Soda
PlaceSoda

’
PlaceSoda asflajsf
thing

Everything
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TAE/MEB AR K/

A] AT BB B /NI B R B i Gl R T L INER R /N AR T IR R N RN
AR, BRI/ EhR. SREhE /NE R, R flak e @R e, RRE /N
PAVEIRE RN e IR BLSRAR T AN NP RSO SRR DX, S (0 38 B4 75 ol LB 27 1 /N B
.

Folder/String

asflajsf

ER/MB R R RSER

Shuffleboard B /R KRR F5, AP TG A KARESE . ErF A s AR R R, HRE R
] RETE SR W AR P AT . AT L/NERCE AT BE R RN, A B T LN, ARSIk
B IR, BRGNS SRR R B ITR R A NIRRT, AWANEERE, — AT, S
AR . ARAT DA )R S e A] AR 262 AR VA AN AT RER(E. (/45 ), AT AR R A
IRRE (LLa/st), SOR, PR si It ¢ . M. B EnT AR S ETE, s, Bedms, ZIEHE,
SRS, BRI FRAE R LR 30

ER/MB R HRRE

AR AT DA S0 /NS A A 5 LAl 4 A B (LR B S/ IR PR R Al SR AT JRy v A 5 7 /N
YU R B B /NPT e R T . MO BT DATE W SR B 7 11 /NP P

EX/MEB R

YRAT AR S/ NERPERISNOL, BN B 3R ROMEROTE I, B0 AR SE e 3R . FERTRERITE DL T, A7 BBl 2 1
¢?#,%EM%&%ﬁ*ﬁ%“ﬁ%ET”OETEE%%ﬁ%ﬁ¢%#¢,¢%ﬁﬁ@,ﬁ%@ﬂﬁ%
AT DAGR -
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List boolean value
Switch closed Edit properties
Show as... '« Boolean Box
4300.0 Remove from list Text View
- Move down Toggle Button
Send to bottom Toggle Switch
Remave
Add to mew layout... »
List
Switch closed
4300.0 numeric value
RPM

Edit properties
Show as...
Remove from list
Move up

Send to top

Remove

Add to new layout. ..

Graph
Mumber Bar
Number Slider

Simple Dial

v Text View

Voltage View

208

Chapter 11. Dashboards



FIRST Robotics Competition

List
Title Switch closed
Color when true #7cfc00

Switch closed
Color when false M Dark Red

4300.0 Close

RPM

fERFR

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.

List

Bridge Angle Swerve Angle RPM Bridge Limit
4300.0
[+] 42 100 0 29 100
o 42
Left Drive Encoder Right Drive Encoder
Bridge Angle
5682.0 5400.0
Turret Pat Turret Pot Voltage
Direct placement
2345
oV 125V 375V 5V 0 29
Swerve Angle
5682.0
Left Drive £ coder
Tiles placed directly Li
- ist layout
on the tab vs. tiles y 5400.0
in a list

Z..e Encoder

2345

Turret Pot

0V 125V 375V 5V
Turret Pot Voltage
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oo o
p~—

Remove e
Switch closed

Add to new layout... » it | ayout

©

Show as... * Subsystem Layout v,

o Edit Properties

et 5682

Switch closed

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.

Adding tiles to/removing tiles from a list

A tile can be added to an existing list as follows:
1. Identify the list and the tile to be added.
2. Drag the new tile onto the list.

3. The tile will be added to the list. If the current list size is too small to show it, the tile
will be added to the list off-screen and a vertical scrollbar will be added if not already

present.
A tile can be removed from a list by following the process in reverse:
1. Identify the list and the tile within it to be removed.
2. Drag the tile out of the list and place it anywhere with free space.
3. The tile will be removed from the list and placed at that location.

List List List

RPM Liiy RPM

4300.0 Switchcosed | _ 000 0.0

o 4300.0
RPM

N

©

()

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.

e Send to bottom moves the tile to the bottom of a list.
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u £4 rao

Swerve Angle

5682.0

Left Dr
Edit properties
2400 show as... b

Remove from list
Right [
Move up

2 24 Send to top

Move down

Turet  sand 1o bottom

oV 1.2

Tisrred Remove

Add to new layout... »
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e There are two buttons labeled Remove, and each button does:

- The top Remove button (above the pinline; section of dropdown with grayed-out tile
label) deletes the tile from the Shuffleboard layout.

- The bottom Remove button (below the pinline; section of dropdown with grayed-out
list label) deletes the list and all tiles inside it from the Shuffleboard layout.

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

ERBiRE

You can rename a list by double-clicking on the list label and changing the name. Click outside
the label to save changes.

0 42 100
Bridge Angle
0 29 100
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BIEFHR(EARE

Shuffleboard {f /] A5 A Jmynl 45 B PR AL ABE R AN ) “BRP” IR sEna . Taes —
AEIR, HAog T BRI AR PR RN, A — T R AT R . A 2 eI T R
AERTHE Ao LT DABE AR SO it R 1 9 SR e e Ik P2 i 4 1 10 R h i BRIk B NetworkTables 5
HCABA P R -

BIMRE

H AT Shuffleboard i, AP, 4-5ltRiclh SmartDashboard 1 LiveWindow., ixX 28X
7 SmartDashboard pyp-MRIE, HAAKRRTERIPLE A RTE A T/ RiE 7 iE 2 AN istr. 178
UPIRER A, X P B T

File Recording Tab

Sources  Widgets SmartDashboard x  LiveWindow +

¥ CameraServer .
Basic Commands Grouped Commands

Name Value

DefaultDrive PrepareToGrab

8

7£ SmartDashboard %5 I, ff/f] SmartDashboard.putType () 5:8E 5 ARFrE{E. 7F “LiveWin-
dow” Wi I, K&~ rA Aok sr e

HEIRE Z B3R

PRI DTSR AR AR S, W DATEAR S Z AU 76 EIAEOLT , A #if SmartDashboard & LiveWin-
dow B[ £ 581+ SRR (HE -
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AN INFORR R R

G A I Bt B e — NI R A RS () SRESIIHAREI R . USRI RS, A PAE 1 G e
R EH AT AR B AR . BT DU BT, sl IR S B e T e, AR5
FEI T H HR 2o 2 A A 7 BOR B4

Title CompetitionView

Auto populate (@
Source prefix SmartDashboard/Shooter
Tile size 32.0

Show grid (@
Horizontal spacing 16.0

Vertical spacing 16.0

Close

ol DL A Tk e R AR AEMB RS () REBM®ET R, B FEm K2R T Hx
):term:NetworkTable *E 1), FrPARN AT REAEA MR R AGIE 0L K AMEREA].

B Shuffleboard
File Recording Tab Help

SmartDashboard XL veWindow +
»
thnmm;!‘\\\ DriveSubsy

Distance

Speed

Crrndardil

BEREREHEHERE

PeI R Bl KA BE 2 — RiLEATRIEET - “p e s A T A shIE TR E. 75 B mR
Brp, “EHRI BIARN “UE” Wik “SmartDashboard / Shooter”, IfH “HIETE" LT IFRE.
fiiH} SmartDashboard 245 {45 & Shooter +Iipy{E# R A s BnfE izt Wk F. #HE: 52
A~ Source Hi4 VCECHY S SR ZE M TR b, B X st A SmartDashboard /93, I H/2BA
SmartDashboard %K1 Source w4k, K i L/ NER{IRE R B BRAE IS A% . 5 BAUE—
kb nE, IR PAE ] NetworkTables iS5 Hr%FIE, (4 fATE SmartDashboard ) HAb &% .
Fih, B PAEFTA 2R s 7E SmartDashboard #3i-Rr, fEHARARIEEL, H2 0T DURYETE 25
FREMRTR, DAGE S it A7 ad g
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fE nZH& F0iE) R

TN EIRETTAA H R Tile Ko ARG RANED . B, —SEmi-R T A R 0 P85,
PMEBER G IR, o —Leskmi -k il i — MRG0 % . Tab R Tile K& 7 Shuffleboard
Tl AR 2R B . AL, TR AT DASE /N PR rh 2 T /NS 2 TR IS . 2R S P B, 3
B6 SO PR K -FAIEE B E B (hgap, vgap ).

TR Z B8 3/ VR 1F

T, B R IA T AR AE AR 2 [ RS Bl N, i o RERF A AR o R B
MZEM IR R G HE SN ZHT v s b o FoN T BEAE DA i ST o BT 1% Eh BE

fERE SR

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.

LRI, i MUE, AR, i By, IR CEE”

o]\t
¥ Remove

Add to new layout... »

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

v Text View

Voltage View

PG NI S s BRI R I . R E BB LB, EURRE s i BRI (B ) A 30 #b. mT AYE
P BB A — i (IR T o

LiveWindow/TestSystem/Potentiometer/Value

20
S I T ErEk
}_10 - “\‘“” |‘
=20
13:29 13:44 13:59
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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
E .
TE 0 II—IIIJ-IIIH__}I_._-I _.n.l—_|
>
-50
-100
1411 14:26 14:41
Time

USRI AN B TR B, 80T DAZE BB R RN AR B IR B s 1 43w G g i A ok
P

Graph (3 sources)

100

80

0 - a0 Nl s = B e T o = = SW SN T )
=g = = =5 2=1] = = 1) — =

Value

-50

-100
15:09 15:24 15:3¢@

Time
O LiveWindow/TestSystem/Potentiometer/Value

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

REE KRR

fn] A L SR PG INER PR TR Y T DI TR R BCEAE MR P s R TR, AR e
Hik$: “Edit properties”.

R T AT LA TR A1, AR AT DA TR S P R PR B 1 BRI R NTEI R O, A SRR TN 5K AR
(R 30 .
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Graph (3 sources) )

Title Graph (3 sources)

0T RIS RS ] visible time 300

Time

LiveWindow/TestSystem/Ultrasonic/Value
© LiveWindow/Wrist/Potentiometer/Value

REFMER

Shuffleboard n] DAk &I FTA /NP . 25, AIDA “HRI HAGSCHE, AR HaRsig~)iz
A 2 A A DL o ARAE EE SR IR S LA VRS a7 B/ R A T4, XA . B4
IESRARESRAE MR

BIERE

VBRI BES, BEIFRICR A NetworkTables {f, I @it # Fidsgaf s ny G0g MR gk
SEEHZFIE, WU, R EHRC, FInEE N RSB MU RG], s k4 miiesk (a0
WIEAEIZAT), RIG 8 9037 . TR EATZ IR 45 b S i o PR b S o anSi4edl 2 AR (4
EAR), MG E GRS . WRZRHRIE T, WRRLEIEFE e, FspE e nr DA ks .

I L] I« > H » Loop

Record/stop

BRRE

AT SR 1] DAL AT 7 2L
1. e ol 8, MRS MBI .
2. MNEIRHYH SRR . A0SR HI A, SCPR4 D sk a), AR IR BIIE R R iC SR, S
FPEFEIERICR.

java -
ooe O == - i s
File ‘ Tab Brecems /i recorings

Rocents
B oo recerans. o [
% Aps

b Can Load playback... 03P

W NetworkTable
Name Value

¥ LiveWindow
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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

0060 O o O

4
. « n o= » © Loop | 0:06/ 0:07

FEfFR TAETT 2KaF
1. 2y S B I o 17 8] e J S 8) 2h
W BT AR A LA
J7 A A A L RO AL R M L A fE
A O A X S 1o Tk 1) — A S A A R
TR AV BB E S BT AT I [ i AR TSR A [ 3
DEERIT AT IHE AR, RIREHCRE i Sl FL 2 4 1
I ] S 705 D257 4 24 i B T ORI S 1 R ]

N o ks Wb

HIRAT R TR

@ Start recording Ctri+Shift+R
k3

Load playback...  Ctr+Shift+P

Convert recordings

PP IRERAGCR T B E L Bl PASR B R o i SR e 1 Jofd ik B2 A R 7 [l i, Shuffleboard
SRR FAR R R LR B AR BAR . X R A BERR — AT CSV ety , HIIIART LAZH S H &
SRR H A &5 7E Shuffleboard
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® Export Recording Files

Files to Convert
Convertto CSV

Include metadata

No files selected
/homey/sam/Shuffleboard/recordings

Change

Add Files Add Directory

ZACRAT A— U EA . RTLAGEI] “USInSCiE” St s soff, s DAl “UsnE &7 #d— ik
FEH SR T SR SO

et i) s i e Bl Shuffleboard / recordings” HsgrAzpl, HATAREH] “SEEC #H Tk,

ATDABEJ A E ) R R R A i ey . BOARFOLT , {0 CSV B8 T o o FHE Y 2 S
ArREE R 812 T S s I

#FEiEA

TEERF VRIS, EDER IR R, (R AR AR TR I mT AR I i, I EAT Ty
LA 6124707 35U

1%E Shuffleboard 2 BEHI%XIN

A%k E e Shuffleboard [AMEATT R, X2 E (T “Shuffleboard Preference” it
o ATRAM SO SRR

WEEM

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.
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IRERAERK/N
YA ISR NS H e, Shuffleboard SR EATHCEAERIAKR B BTN AR 2EI-R

BCEBAREMG R/, AR A OB B 5 o B B B A e R B BB KN RS R BEORG A ) 20 B
A PASE G Mg i BERG AT L. X T PAFE Shuffleboard ¥kt td 1 b AT e, W Fs.

Application NetworkTables

T Theme Material Light
Default tile size 320

| Automatically load last save file (,
Show confirmation dialog when exiting [ @)

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.

Save the current layout before closing? @

No Cancel Yes

REHBA RS

| Shuffleboard Preferences
|

App Settings
vy Plugins Connection settings
Hase Server localhost
MNetworkTables

| ¥ Tabs
‘ SmartDashboard

LiveWindow
|

b7 Shuffleboard geEWgAENLZE A 35| NetworkTables 4548, 57 “HikI” #H#&H “Network-
Tables ” iR 45 & WA\ d's . WAREHFENL #4545 & LizfT Shuffleboard , | Server “FE:ff 5zl
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WRIEFREE . WREERA VS8 ST BN iz T Shuffleboard , Wn] PATF-2h# A A B\ g5 5 5
robotRIO W&tk .

Shuffleboard Ehliaed, EMFIHEIR

#%: Shuffleboard PAKRZHCH A I RG4LFE M Java 11 ITFAR), AafE Java 8 Mk, 1
W B A, W REIT RN T Java 11, IR HBEENENA Java Bk,

I iEl =R
#infa A Shuffleboard #H&HiaE, HIRHINEEFRK ?

There is no active maintainer of Shuffleboard, but we are accepting pull requests. Bugs,
issues, and feature requests can be added on the Shuffleboard GitHub page by creating an
issue. Please try to look at existing issues before creating new ones to make sure you aren’ t
duplicating something that has already been reported or work that is planned. You can find
the issues on the Shuffleboard GitHub page.

FinfTRmB S e/MER i by R E 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.

g MiEREE4iE Shuffleboard ?

YRATVAE GitHub Ru B8, o sl oy A PERARAHEU T . B JRAURS  # Az 4T Shuffleboard,
THHOR L BT H SRR RIS, H AT o2 —:

N 54 (3F Windows R4:iz1T gradlew.bat 32{4)
147 Shuffleboard ./gradlew :app:run

R E M apl FMISC AT /gradlew :api:shadow]ar

o R s i . AR P jar o ./gradlew :app:shadow]ar

11.2.2 fi/5KH

ERRE

VPRER, HER RIS — AR A BT N 2 i  H i T 2. BAME LR, Shuf-
fleboard B4 FFIHR SmartDashboard #I LiveWindow [3%&35 -~ -{H 2 IAE ] DA B MALEE AFR T
7£ Shuffleboard rhaIESH AL, PASCELEGFRGZHZ

A SHARAE
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JAVA

[ShufﬂeboardTab tab = Shuffleboard.getTab("Tab Title"); ]
C++

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

from wpilib.shuffleboard import Shuffleboard

tab = Shuffleboard.getTab("Tab Title")

g kiR i AE Shuffleboard 3¢ Ei I AN ¥k—FERI B, & F4E Shuffleboard E @I —~H7iY
ﬁizlﬂ? A ] —ASRERCE A I B e R A A A . 22 IR BA MR R 22 getTab KHaE R a4 [
AR AR o

EE—TRE

JAVA

[Shuffleboard.selectTab("Tab Title"); ]

C++

[Shuffleboard::SelectTab("Tab Title"); ]

PYTHON

from wpilib.shuffleboard import Shuffleboard

Shuffleboard.selectTab("Tab Title")

W SR VAR IR T . X2 K4 K /NS (so “Tab Title” and “Tab title” are two individual
tabs), F HAVSAE 1% 05 VE AR B A %A A R i AR, LA “selectTab (“Example”)
“{AESERIE X T 4 “Example” (LI R A 4.

BT s Shuffleboard Hg R, M AOUZ LA A7 R L .
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ABEW

Mg AR P R 10 5 AR AR P B i IR R 1 IR A LA T 2 DX -
* KrfEAE Shuffleboard fRA73C /4
* REFFHEHET
o P TREAE AL AFR T 4 bR 2 2
o ELAFRIRAE 0 DA BT bR

feixsist

5 SmartDashboard A[d], %A AEE %K i£F] Shuffleboard, AT 2 ¥ ot i K Wz icfE 4 ik
iR

KX E PR

BREFREE (07, FH, AREMEINAL) R ERsf LA “add” Rsemny. WRmR
AL, WO R BB, R S A A (1

JAVA

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

C++

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

PYTHON

from wpilib.shuffleboard import Shuffleboard |

Shuffleboard.getTab("Tab Title").add("Pi", 3.14)

R B E O (BN, FEPLAS A et B h) A EJSTRAY getEntry () ¢ ARJSTERE
I B FESIPE” BRIl B
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JAVA

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

public void calculate() {

double distance = ...;
distanceEntry.setDouble(distance);
}

}

PYTHON

from wpilib.shuffleboard import Shuffleboard

def robotInit(self):
tab = Shuffleboard.getTab("Vision")
self.distanceEntry = tab.add("Distance to target", 0).getEntry()

def teleopPeriodic(self):
distance = self.encoder.getDistance()
self.distanceEntry.setDouble(distance)

EFBzshZaiERNATE

AR BN, BT Ay AU BRI AR BB R s 2 [ PR BER ok, AS R LE SR B Ay
TEARRICRCZ BiicfE (B0R0) BB BeE.

fai b ] “addPersistent” ffijiAv2 “add” FHE(EHRIFAE roboRIO I, FAENLES AFRF Bz .

Frik: XNIEN T AN AGRI RS, Bl Reas sOon sl e .

JAVA

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

frc::Shuffleboard: :GetTab("Drive")
.AddPersistent("Max Speed", 1.0);

PYTHON

from wpilib.shuffleboard import Shuffleboard

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

RiEfEREE, BF

Ml T “SmartDashboard . putData”, {£{i] “Sendable” %% (KZHL R, ML H 2 Send-

ableChoosers ) & a] PAGSINE T A bR

JAVA

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

C++

frc::Shuffleboard: :GetTab("Tab Title")
.Add("Sendable Title", mySendable);

PYTHON

from wpilib.shuffleboard import Shuffleboard

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

ERRE

+5” SmartDashboard . getNumber “FIZ A[E, M Shuffleboard 2 E kb & @ A TER—

23 NetworkTableEntries 521

11.2. RHR{ELURE
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JAVA

class DriveBase extends Subsystem {
private ShuffleboardTab tab = Shuffleboard.getTab("Drive");
private GenericEntry maxSpeed =
tab.add("Max Speed", 1)
.getEntry();

private DifferentialDrive robotDrive = ...;

public void drive(double left, double right) {
// Retrieve the maximum speed from the dashboard
double max = maxSpeed.getDouble(1.0);
robotDrive.tankDrive(left * max, right * max);

}

PYTHON

import commands2
import wpilib.drive
from wpilib.shuffleboard import Shuffleboard

class DriveSubsystem(commands2.SubsystemBase) :
def init (self) -> None:
super(). init_ ()

tab = Shuffleboard.getTab("Drive")
self.maxSpeed = tab.add("Max Speed", 1).getEntry()

this.robotDrive = ...

def drive(self, left: float, right: float):
# Retrieve the maximum speed from the dashboard
max = self.maxSpeed.getDouble(1.0)
self.robotDrive.tankDrive(left * max, right * max)

XAFEATRGIA — DI RAYRIE : T DAECEE A R KR [0, 1] Z Shi{E-1X 0] B -5 25ckm AR A
(UG ARRHEE ), H B Smznie, A— o7k mT ABEGIL I R - T — s SCEERext AT /4 -
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BCE /MR

HLES AR AT AMER i E B T DR Bl i o /NP, AR S A e B o 1IN PR . T Ak 21 i Y

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

PYTHON

from wpilib.shuffleboard import Shuffleboard
from wpilib.shuffleboard import BuiltInWidgets

(Shuffleboard.getTab("Drive")
.add("Max Speed", 1)
.withWidget (BuiltInWidgets.kNumberSlider) # specify the widget here
.getEntry())

TEBRBI, AT R o DN P BCE N T SR A& A SO P BRI 2 (H
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b

File Recording Tab Help

SmartDashboard LiveWindow X Drive

Max Speed

RE/NR R

MTRAEZRATE 0 3] 1 (SfERel) W—MEAAEL, HtiRMEREEZAT, WAK-1 2] 1 /9
BeTRE G R ML, Sz, AT LA withProperties J5iA M 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)}
1)
.GetEntry();
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PYTHON

from wpilib.shuffleboard import Shuffleboard
from wpilib.shuffleboard import BuiltInWidgets

(Shuffleboard.getTab("Drive")
.add("Max Speed", 1)
.withWidget (BuiltInWidgets.kNumberSlider)
.withProperties(map("min", 0, "max", 1)) # specify widget properties here
.getEntry())

®

File Recording Tab Help

SmartDashboard LiveWindow X Drive

0 0.25 0.5 0.75 1

£ic

INERAERT OB A FRIE s (H2, AR R/NGHIZEHE (9 Number Slider” 5 “Number slider” #il
NumberSlider” A[F]). Mit, B ELE widget JEd i/ NRFFk48 w8 /INBIE, AR 8 R 644
Fro fBJ&, HBEE A FReGE Rz NS AE A e X “WidgetType’” SE48E H @ /N

7 H/NERCE IR A A ARE AR X 0 /NG AR X 7y 25t (“Max” #1 “max” #[]) . A %% E 1/ MBI R
aifi e, WA BuiltinWidgets JEH B F/NH SR

PRI
RE/MEBHFEY KNI E

P “withSize” F1 “withPosition” % & & /N AR DR W B /NI

“withSize” BCE/NEENA RIS SEAFT R A0ECE . Bilan, A © withSize (1, 1) A5/ NBIEAERMES
H AN BRI . TERE 2N B/ N RS ATRER T R, FEIRXFIE DL /NP1 6 1 doe N SEHF
Rt

withPosition B E & H/NBIF L EARFTRS. 7SR 0, Witek B 7280y 0, &l
FIIRECT 0o WRIEE T HEI R A AR DN A 08, AR5 1 /INER A {37 B8 A I 5 B Ay 6 7 1
AN
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JAVA

Shuffleboard.getTab("Pre-round")
.add("Auto Mode", autoModeChooser)
.withSize(2, 1) // make the widget 2x1
.withPosition(0, 0); // place it in the top-left corner

C++

frc::Shuffleboard: :GetTab("Pre-round")
.Add("Auto Mode", autoModeChooser)
WithSize(2, 1)
.WithPosition(0,0);

PYTHON

from wpilib.shuffleboard import Shuffleboard

(Shuffleboard.getTab("Pre-round")
.add("Auto Mode", autoModeChooser)
.withSize(2, 1) # make the widget 2x1
.withPosition(0, 0)) # place it in the top-left corner

BN RIS

PRI P A S A AR B INRIR 2, IR AR B AT EAE R N T2 rp A & HR e R h 2 AR
AW . #tBfff Shuffleboard.getTab #Z&EW-Kayaf—4+E, #JPAfE] ShuffleboardTab.getLayout
R RN R (B2 —MRT).

JAVA

ShuffleboardLayout elevatorCommands = Shuffleboard.getTab("Commands")
.getLayout("Elevator", BuiltInLayouts.kList)
.withSize(2, 2)
.withProperties(Map.of("Label position", "HIDDEN")); // hide labels for commands

elevatorCommands.add(new ElevatorDownCommand());
elevatorCommands.add(new ElevatorUpCommand());
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C++

wpi::StringMap<std::shared ptr<nt::Value>> properties{
std::make pair("Label position", nt::Value::MakeString("HIDDEN"))
T

frc::ShuffleboardLayout& elevatorCommands = frc::Shuffleboard::GetTab("Commands")
.GetLayout("Elevator", frc::BuiltInLayouts::kList)
WithSize(2, 2)
.WithProperties(properties);

ElevatorDownCommand* elevatorDown = new ElevatorDownCommand();
ElevatorUpCommand* elevatorUp = new ElevatorUpCommand();

elevatorCommands.Add("Elevator Down", elevatorDown);
elevatorCommands.Add("Elevator Up", elevatorUp);

PYTHON

from wpilib.shuffleboard import Shuffleboard
from wpilib.shuffleboard import BuiltInLayouts

(elevatorCommands = Shuffleboard.getTab("Commands")
.getLayout("Elevator", BuiltInLayouts.kList)
.withSize(2, 2)
.withProperties(map("Label position", "HIDDEN"))) # hide labels for commands

elevatorCommands.add (ElevatorDownCommand())
elevatorCommands.add(ElevatorUpCommand())

*x

File Recording Tab Help

SmartDashboard  LiveWindow xCommands  +

B

Elevator Claw
ElevatorDown CloseClaw
ElevatorUp OpenClaw
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11.2.3 “Shuffleboard’ -S% A

BT RS

fiif§ command-based %244/},” Shuffleboard” wJ DA 5L B} SR 45 Fl iy S F1 R G PR BIAAT
WAL T FENLAS ATEMUAT A

BRTRE

R BAEALAS A DA A S B0EE RGN AR LT RERRES (AEEOA G214, DAY RTIEAE 6 %
TRGMGS), W RS9 % i£F] Shuffleboard:

JAVA

[Sma rtDashboard.putData(subsystem-reference); ]
C++

[SmartDashboard::PutData(subsystem-pointer); ]
PYTHON

from wpilib import SmartDashboard

SmartDashboard.putData(subsystem-reference)

Shuffleboard ¥ B8 FR2EAFK, 5T RGN ERING D DAY B IEAEZB TS IR B,
Elevator F &% NG S A “AutonomousCommand’’, &2 Elevator &S24 Hi 4.
Elevator

Default command: AutonomousCommand

Current command: AutonomousCommand
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MAEXTHFRE

15 “WHL” FisX (driver station 1) “Test/Enabled”) w, 1RGNS T RGEHIEIEARFIHET 85—
SR e LiveWindow 35K b XA B T il i 25 7 12 J Al (] 1 (B R P A% s 2 0 IR TAE . 73 4h,

Al DA ] actuators. U,

AT DAE 1 e AR ok DA AR B 2R 1] X PID TR %, K

P10 DALE WRCA R AATRBOE RS A g X0 Tl W &, A S0 (R AR
PIDController i1k PIDSubsystems SRuiARA . X Fml ] PASE EALHIAY ML . wf DA AT BEARER
CEMSHE, BN, BEEHREI G SHEN L.

-5.0

D
F

Setpont 0

Erahled

FlDSubsysiem Controller

LV RT) 125 W 250W 375 ¥ 5y
pot
=1 -0.5 il 0.5 1
0 Zero
matar

A % PIDSubsystems #J £ {5 B 0] DAFEX %3] <shuffleboard-tuning-pid> {# Jfj RobotBuilder
BB A AR, PAELE Test B T RE/R RS, FEERTFREMARBU TR, Kb FR2Eaen

BT RRAR TR

{setName(subsystem-name) g
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BR&GL

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++

[SmartDashboard: :PutData("ElevatorMove: up", new ElevatorMove(2.7));

PYTHON

from wpilib import SmartDashboard

SmartDashboard.putData("ElevatorMove: up", ElevatorMove(2.7))

Shuffleboard f By A AR — A THRAT A AT . R, AT AREAA IR B i - R -2, 1M
TCFRAENAS AT AR A . £ R, Shuffleboard £ &L 4. — IR M
FHBATAS, PRI PR RS BRI IR, Plas AT i
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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.

3.

EHUR BEE AT E ALy A\ SOHUARCHE BEE PT a BOE (LAY B RS . 0 (-5 B A M X B2 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
{H.

CIRE (REGMES PR EL ) . SREMAFS IR O T B0 mUE—0. g, AfEnlfe

T FT DN 4 J P AR E DR T BT R A AR B o 1R 2E R TR/ N2 I A5 1) T i A B8 -5 5 B T g A 2 2 [ 1Y
PHES. WRRZENE, WA R S e A e VLl . Zs2en] IfE PID S A, PATHERZ)
PLEEE .

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 HA—4> PIDController 2, i%k5:# PID &y:if#:52 5 Kp, Ki 1 Kd AN % &, PID
YRR =AYy, IR B TR IR 22T A B B AL .

1.

P (Proportional) - X@—4~ARif, LEAMERAFE (Kp) R ERRSIPUER, AiniA BT
IR 7 ) R BEAS 2l Hhak

. 1 (Integral) - HAREFTHEE LA RIER . B RAAEI I B , B ST ioR . X Hg—

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

. D (Differential) - BA 2 IRFEEMLME . AR ARBIHUE R, AT AT FE i Zh DL . 34T

TS S B R ASE R R R 2R R R . AN AE R (kd) RGTHCE PAPTAC &
G H AR -

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 126V 2.50V 375V v

pot

(-

0.5 1

(~ B¢

Zero

P 1.6

S
e

F 0

Setpoint O

O
Enabled o
S’

PIDSubsystem Controller

OB T RGN B T RERA AR, DA A5 LR A AL
fre. B

- w b=

5.

HAWZ 5 PID 7RG TRE.
HUALT IR A B X R AR I e AL
—ANEBIARA O S LT T AT — D5 T R sl P ko IR S ELRE X T ) Bk R A% 30
wnbpridry PID %0 (F 20 TEZ PID [l g% it ()
NP WEE B BT (E Ry, X R HE R BOE E
JEH PID FEdfilge-tnRAEIER , #20LF 3.

AR PID S DAPRAT TR A L SR RE . nT AZEFR AR SO SRR RE I U B IR I _E 18 LA SRR IR
PABRTR BT T BORICR

#%: 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.
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1ZEEiiy PIDController S kL

PATR /RGBT T e AR BB, %3R4 R /45 PIDController.

JAVA

ShuffleboardTab tab = Shuffleboard.getTab("Shooter");
GenericEntry shooterEnable = tab.add("Shooter Enable", false).getEntry();

// Command Example assumed to be in a PIDSubsystem
new NetworkButton(shooterEnable).onTrue(new InstantCommand(m_shooter::enable));

// Timed Robot Example

if (shooterEnable.getBoolean()) {
// Calculates the output of the PID algorithm based on the sensor reading
// and sends it to a motor
motor.set(pid.calculate(encoder.getDistance(), setpoint));

}

C++

frc::ShuffleboardTab& tab = frc::Shuffleboard::GetTab("Shooter");
nt::GenericEntry& shooterEnable = *tab.Add("Shooter Enable", false).GetEntry();

// Command-based assumed to be in a PIDSubsystem
frc2: :NetworkButton(shooterEnable).OnTrue(frc2::InstantCommand([&] { m_shooter.
—~Enable(); }));

// Timed Robot Example

if (shooterEnable.GetBoolean()) {
// Calculates the output of the PID algorithm based on the sensor reading
// and sends it to a motor
motor.Set(pid.Calculate(encoder.GetDistance(), setpoint));

}

PYTHON

from wpilib.shuffleboard import Shuffleboard

tab = Shuffleboard.getTab("Shooter")
shooterEnable = tab.add("Shooter Enable", false).getEntry()

# Command Example assumed to be in a PIDSubsystem
NetworkButton(shooterEnable) .onTrue(InstantCommand(m_shooter.enable()))

# Timed Robot Example

if (shooterEnable.getBoolean()):
# Calculates the output of the PID algorithm based on the sensor reading
# and sends it to a motor
motor.set(pid.calculate(encoder.getDistance(), setpoint))
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EERERREN

R HAL S (2RSS TIERE) HighBIRRRGE R, 20T 20 NetworkTables .
VPR -
% SmartDashboard LiveWindow  +
Sources Widgets

» CameraServer

» MetworkTables

HiFd 4% NetworkTables #6525

x SmartDashboard  LiveWindow  +

Sources Widgets
» CameraServer
v NetworkTables
Name Value
¥ FMSInfa
EventName
FMSControlData 0.0
GameSpecificldessage
IsRedAlliance ’

‘SmartDashboard

Name Value

MatchNumber ¥ Auto choices

MatchType active Default Auto
ReplayMumbs
eplayhumber default Default Auto
options [Default Auto, M...

¥ SmartDashboard I

active Default Auto
default Default Auto
options [Default Auto, My Auto]

11.2.4 “Shuffleboard” -5E§/2p4

MEREfF

Shuffleboard 4t T2 N &I RAE FRC® 15 WAL . A, BIasEyLm. g/ hNsiefl Net-
workTables %%,

EAiEY

FA T LT FRC WM A A B2 8L, /NI s . B % AN * 8 SRR AL, slix se e Al
BT SR AR ] R SRR R w4 . ik 24 i NetworkTables Plugin 1 ‘CameraServer Plugin’ 4b#.
FE IR Ay B A BN 28 5 o FRC iy H i SRR H (Flan HTTP, ZeroMQ) Ailgdft:, it
£ NetworkTables %& Fi .
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CameraServer 4

Camera Server @2 TERA/N:, HT#AF “CameraServer” WPILib i 54 WA -
XA T NetworkTables Plugin > % 8ol 5B ALEdE A -

HiRRAN

Wi EE “/ CameraPublisher” NetworkTable Hzh % ¥l CameraServer JEHIRE .

/<camera name>

/CameraPublisher
streams=["urll", "url2", ...1]

fFlan, %4 “Camera” HRF#$ T “roborio-0000-frc.local” [HAHHLEFHA PAUT Fk&H M-

/CameraPublisher
/Camera
streams=["mjpeg:http://roborio-0000-frc.local:1181/?action=stream"]

I E R E ik WPILib iy CameraServer Hz % 3 roboRIO AL HY BT A SAG LI . A 827
Shuffle Board /s EEEALEIRF R A AF WPILib 1 H # A 5 B R PUIR 55 %Y Stream Entry.

NetworkTables &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.

%A A 3k 5 NetworkTables (M E 4z, shuffleboard 1 I E & SR 90 5 & 15 A
WL NetworkTables i 52 2t .

eI —MEH
e

R TR B SONEBIE. 1R B/ AUR 5 8 L3I RE ). Shuffleboard ${E AT :ref: i
% 4 <docs/software/dashboards/shuffleboard/custom-widgets/builtin-plugins:Built-in Plug-
ins>,

» NetworkTables Plugin: Jfj i35 i3 M 25 1% 5 i) 5 e
* Base Plugin: {7 &/x H & L) FRC® 78 H & SUNEAE LA 4326
» CameraServer Plugin: WM BEAH R 55 28 15 R 558

A E 2T Bl A & LB R AW R B B & X Shuffleboard 4 £ #1 1 T & 7n & 1Y 8 51 /N 7
0] PLIE X B 3% 3] <https://github.com/wpilibsuite/shuffleboard/tree/main/example-plugins/
custom-data-and-widget>‘_ .
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tIE— 1 BEEY

T OE XM, SR 2 ‘edu.wpifirst.shuffleboard.api.Plugin <https://github.com/
wpilibsuite/shuffleboard/blob/main/api/src/main/java/edu/wpi/first/shuffleboard/api/plugin/
Plugin.java>‘_ siH-FE2Z —, FHERKRHILT,

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 {

}

AR X w I (BIERAS) bR, W20 “lsk <https://semver.org/>" _

R, % @Description FRORE RN AR H € BRI EIE. VR EAEA i R
B, (AARRERE AR S

B

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"

FEVHE BT AR A, (B2, EATAHNER 51 maven 5 gradle ##SCFp, MK

BT SUAR P, JORFiE SRR RMOT, DABEAE K BT MR IR . X T DAf ) @Requires
HRSTA, R

@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 & vl iN#k A IFE A BAR SRR . B, R “minVersion” 4 1.4.5, Ff Hm#k 7 hicas
Sy VAT (@R, WK R, (B2, Wimak 74 1.2.4 fs@ek, e/ T “minVersion”,
BERFAS FRAVFIX A o
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AR E BV IMBK

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

1% ), Shuffleboard A7 Fi4E, PAME R Shuffleboard fngkimf nf LA B shimak. nREqR 2 Hdt
PR YRR ARG ECR I FoRT 2k 2] Shuffleboard .

FahiR iS4

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.

Loaded Plugins (]

Plugin Loaded Version
edu.wpi first.shuffleboard:Base 1.1.8
edu.wpi first.shuffleboard:NetworkTables 225
edu.wpi first.shuffleboard:CameraServer 3.0.0

Clear cache Load plugin

TEAEPEE Db, SRR N A OIMBEESCET ], RS EAY jar SCiF.

I EE LIERE

INEPEAE AT REAS 42 AN T AL A R LRl . 5 T AR BERCSOUURS FE L & Java X5, S se e
AR A — A RS /N R B AT QSR ET H/NERCR AL BRERASF BR 26 2 (BN, WURSRE
BEHETAFER) . NICTRAIE A CREdEk.

elfE 2§ e

ERR B, FATREA 2D R x ity ARbraE A e R AL, S T RlE B E XBIRRAE, B
PP 42 ‘ComplexData <https://github.com/wpilibsuite/shuffleboard/blob/main/api/src/
main/java/edu/wpi/first/shuffleboard /api/data/ComplexData.java>‘ . i) H & XEEISIA 5 5L
W asMap () K, BHEHIRBIRIEN R b ELR A, REng, i @Override #tyE:

import edu.wpi.first.shuffleboard.api.data.ComplexData;
import java.util.Map;
public class MyPoint2D extends ComplexData<MyPoint2D> {

private final double x;
private final double y;

(B:F 1)
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(F £50)

//Constructor should take all the different fields needed and assign them their,
-scorresponding instance variables.
public MyPoint2D(double x, double y) {

this.x = x;
this.y = y;
}
@Override

public Map<String, Object> asMap() {
return Map.of("x", x, "y", y);
}
}

A #ARY “equals” FiI “hashcode” Jyikthjd—FhARAFAMIIE, PABHORAN[R] (0 X0 G A HL o7 BOAH [+ i
BOA RS asMap () J7 3K %R ol DA B8 Map Xt G 32R 18l DR o &R i e S 318 xR 1Y
NetworkTables 75 H . fEXfiEoL T, AT AR R e X MY AsAR, FFaRal— M & ENTR “H
[gl??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 Y R A 2R o i 7 BRI SE B AL o, (ELR, D RV X LE 2R WAL PAB 1 B B s it v
G MR, ERIABIE—ASHREIAR G, A BRAIA XIS AN, WREENER y Aebs, AT PAE
SCPAR 7k

public MyPoint2D withY(double newY) {
return new MyPoint2D(this.x, newY);
}

BRI — B MyPoint2D %42, FFUABY y AAARIRIEIE . S0 X AAHRIE AT DAK AL
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BIELIERE
AR A B AP B (R CF BT R ) SRR, DARAA Z 8
WFE (2T, Z0807) MR,

AT E AR B R AL, R TR 2R ALY R “SimpleDataType<DataType>" 2%,
Il “getDefaultValue ()7 hik. FEMURBIH, FATEHEH double 1EAFRATH A BRI 28 5L

public final class MyDoubleDataType extends SimpleDataType<Double> {

private static final String NAME = "Double";

private MyDataType() {
super (NAME, Double.class);

}

@Override
public Double getDefaultValue() {
return 0.0;

}
}

RSN R BB FATE , VAR PR AR RS JE 2 B BN S8

N T AR BAR R, %y Jg “ComplexDataType” 2, - # i “fromMap () #il “getDe-
faultValue (" Jrik. FATHFLA MyPoint2D JE46, DA T IR B KA S -

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));
e
}

@Override

public MyPoint2D getDefaultValue() {
// use default values of O for X and Y coordinates
return new MyPoint2D(0, 0);

}
}

A UATR AR R R A :

fromMap () J7 ¥ H & 45 21 NetworkTables % H i {H ] & — 4~ #7 ) MyPoint2D. 4 ok
KWk HAE, getOrDefault JykffirE 0.0, A RNFAEVR, 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
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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) 8 ICRBAE—FIN, 2AEFHAHH.

1) FXML 52 UM EEATEIR T -

<?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>

AN E A58 T FXML U BIEE, AT AR — A/ INERIF2E T /NS A % — 4> @Descrip-
tion R, REREULI/ N SR BARZE BRIV AR WA AE @Description JEf#, W
WAL get () Ik AR /N

B E—1 @ParametrizedController {18, ZyERER a6 &/ NBLE m ) FXML Scff. dnsg
SR — B, Wiy € SimpleAnnotatedWidget 3. ARZISCFRRZ AN EARIR, MBI
yJ# ComplexAnnotatedWidget 2. X FEL{5H, 251 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, if 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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USRS (i 1 SCOE2ER, WITPAS | HAEAT Java %262 (B Double.class), s st/ MifEA
TERWESEE, WATpAfZ# NoneType.class.

RAERAMC 2008 T, LATTAMEN @FXML #tiA7E FXML SCf s g/ Mg el d 5B XT3
ITRPIANITEL, — 7Rl :

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;
}

N T AEBATHY EE S H/NEE B RR AT A%, BAVHEES getView () Jrikifi & AT 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;

@QFXML
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

[~/Shufﬂeboa rd/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 = "
(HII)
class MyPlugin extends Plugin {

private static final Theme myTheme = new Theme(MyPlugin.class, "My Theme Name", "/
—path/to/stylesheet", "/path/to/stylesheet", ...);

(81 10)
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(F E30)

@Override

public List<Theme> getThemes() {
return ImmutableList.of(myTheme);

}

&= ¥ ® Shuffleboard #9EKI\ £/

Shuffleboard ) Material Light 1 Material Dark 3= @43 %k & FR @ 3 SRt TR ZHER, DA
£%} Shuffleboard, ControlsFX il Medusa UI 44 L4 ekt DAIE N M RER 3T

REEB Mk 2 U R X SRR I “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"; /* CSS for the Midnight,,
—~theme */

R, base.css 45 A material.css #il light.css, dark.css #il midnight.css #{ %5 A base.
css”, HILF A “light.css” ¥R F A “base.css” 1 “material.css”,

CSS X #ryiRfiE

* material.css: https://github.com/wpilibsuite/shuffleboard/blob/main/api/src/main/
resources/edu/wpi/first/shuffleboard/api/material.css

* Dbase.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,

EEBREe

RIeREERe (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;

IR P 2B

B “Widget ” XFEDRUARREMW, (B2A LA A ISR PAREE UM AR A 5 -

ES ik

“Hhg/Napid” 2 “getProperties()” , “getSources()” , #1 “titleProperty()”

CE—RAUNIME USINR SCRE— R R B N R

CHPYERER N Zanif “@Description” YERR/ NI “getName()” 1 “getDataTypes()”
F BRI S E

CER—ERU/NERE T A AN TER N (BRAESL T, ANERE SRR ANE)

1“$~%E¥%H@/J\%B FIF CBR—RARUNEME, TR/ A BB N

AR ] AR B E X widget:
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AR Py
‘@ e EERgT v N FXML g i) JavaFX #E g FXML {5 i 8
‘@ k" AR AR SRS R R A S — A7
R /MBI

WS T “getProperties()”. “getSources()”.“addSource()” f1“titleProperty()”. Bif & L T —J
¥k exportProperties (Property<?>...) ¥k, B0 DARFAG N H & SN BT, si/NEB i
JavaFX H{rf@it. BRdEEh s ‘widgets <https://github.com/wpilibsuite/shuffleboard/
tree/main/plugins/base/src/main/java/edu/wpi/first/shuffleboard/plugin/base/widget> * i
XA

B —ZEH /MR IF

— AR SRR R IR N . XN DR SRR, B RE SGRBUSIE R Tk, PARREBUNER
() TR 53k

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 {

7Y oo

}

@Description(name = ..., dataTypes = ...)

public class CorrectImplementation implements AnnotatedWidget {
/] ...

}

B —FEiRNER1F

— U AN B N
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B — R MR

“SingleTypeWidgetl” , “AnnotatedWidget” , il “SingleSourceWidget” W& . KEEFEAT
PR/ INER RIS R T R . X FIdA —A> <2047 40 “dataOrDefault” w55, E7E/)
AR A FRE R R Cnull” B 2R A BT IR A BRI K

@ SHtiEHIE

BATERERT LA /MRS |, ik shuffleboard i e 2@ d FXML 7 X JavaFX L ) FXML
el de. WREZ A2, BRSHUE LT FXML 3CfF * 0T EER M ALE *. g, Hx

“src/main/java/com/acme” H i — /N, ‘B & “src/main/resources/com/acme” EPE{’J~/\ FXML

SCPRRY FXML 45688, AT LA AR AT — *FF

[@Pa rametrizedController("MyWidget.fxml") ]
[@Pa rametrizedController("/com/acme/MyWidget.fxml") ]
@ #iR

%5’ AnnotatedWidget ¢ R, XA/ I 4 FRAIZ SR B RAL H B RE E .

11.3 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.

11.3.1 SmartDashboard Introduction

|£:| SmartDashboard -

File View

Distance 12.470

-

Speed

@
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The SmartDashboard is a Java program that will display robot data in real time. The Smart-
Dashboard helps you with these things:

» Displays robot data of your choice while the program is running. It can be displayed as
simple text fields or more elaborately in many other display types like graphs, dials, etc.

* Displays the state of the robot program such as the currently executing commands and
the status of any subsystems

* Displays buttons that you can press to cause variables to be set on your robot

» Allows you to choose startup options on the dashboard that can be read by the robot
program

The displayed data is automatically formatted in real-time as the data is sent from the robot,
but you can change the format or the display widget types and then save the new screen
layouts to be used again later. And with all these options, it is still extremely simple to use.
To display some data on the dashboard, simply call one of the SmartDashboard methods with
the data and its name and the value will automatically appear on the dashboard screen.

Installing the SmartDashboard

[

1,:4
2}
o
i
4

)  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

9 £/ SmartDashboard - 40

File View

|| | £ Edit Preferences Ié

Property Value

ITeam Number 40

Use mDMS (supported on ra...

I Hide Menu

Automatically Show Widgets

Grid Cell Width(s) 16

Grid Cell Height{s) 15

Window X Position -1587

Window Y Position 458

Window Width 1362

'Window Height 455

Save File C:\Users\koconnor\Dow, .,
Log to CSV

CSV File C:\Users'koconnoriSma. ..

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!

[ JOX ) Edit Preferences
Property Value
Team Number [localhost
Hide Menu

Automatically Show Widgets

Grid Cell Width(s) 16

Grid Cell Height(s) 16
Window X Position 723
Window Y Position 432
Window Width 317
Window Height 200

Save File /example
Log to CSV

CSV File /example

Locating the Save File

| £| Edit Preferences l @
Property Value

[Team Number 3

Hide Menu [l

Automatically Show Widgets

Grid Cel Width(s) 16

Grid Cell Height(s) 16

Windaw X Position 186

Windaw ' Position 307

Window Width 640

Window Height 480

Save File s C: \Users koconnor\Smar tDashboard\save
Log to CSV [l

CSV File C:'WsersYkoconnor \SmartDashboard\csv. bet

Users may wish to customize the save location of the SmartDashboard. To do this click the box
next to Save File then browse to the folder where you would like to save the configuration.
Files saved in the installation directories for the WPILib components will likely be overwritten
on updates to the tools.

Adding a Connection Indicator

| £ SmartDashboard - 3 - = | B |t
File

. v Editable Ctrl+E

v Edit Subsystems  Ctrl+Shift+E
Reset LiveWindow Ctrl+R

Add... r Image
Reveal... [ Connection Indi(atn%
Remove Unused Label

Robot Preferences

-]

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
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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.

11.3.2 MILBAEFETRRIEX

s — AT LS NS, F52R— 2 AP & IS TR AL . ER BRI
MFEENT , AR AT DME SR AR I H 30 A s EEAL ] P 5T BEE SR ST, AR
2 ILIPTNIDEERER G &P 1S VNI N AV S S [ i sl e e

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());
SmartDashboard.putNumber("Turret Pot Voltage", turret.getAverageVoltage());
SmartDashboard.putNumber ("RPM", shooter.getRPM());

—~ e~ o~~~ —~

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());
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PYTHON

from wpilib import SmartDashboard

SmartDashboard.putBoolean("Bridge Limit", bridgeTipper.atBridge())
SmartDashboard.putNumber("Bridge Angle", bridgeTipper.getPosition())
SmartDashboard.putNumber("Swerve Angle", drivetrain.getSwerveAngle())
SmartDashboard.putNumber("Left Drive Encoder", drivetrain.getLeftEncoder())
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())

AR EREAT IR BE A7 B A N SRR AR BEOSCREL P Iy, VR AT DA B IR 6 B BB 07 YT S A S 8L
WA PRI SR BAR . IR E BT AR A0 . MR Pa A ESIR T T RS
AR EA LR — A~ ERAC R P A G F H e & 8O A B i pedt L. IEARBTARRIREE, X
R — PR IR 4

EERURELEENTA

i /NS B AR R R R GRS EMA TR R P REERENR, MR SERES RS
AR R TR LRy e b H B, AR e R ZE AR s e N sl & ff e D IR . MRS
MUNEF AN, S LR RN “HEr B JEPE” <changing-display-properties> #i
o A B I /N TR 2E7” <changing-display-widget-type>

SmartDashboard fii Jfj:term:NetworkTables FEH 258 N VL5 #3E G B0 A N 2 (8] /£ 2 {H. Net-
workTables 742 FRANEXS A 103 . WG A FRMEXT BRI 2N % o (B ICAHiG) sikss4s (Dlgs
N), TSR HAT 2] 55— WERAFRMEXT AL A ER, {2 SmartDashboard &f, OutlineViewer
AT, A2 4088 NSRS s, IRE5 1 27E SmartDashboard #1 OutlineViewer H1, [K5¥
TINKAE LB T RS T TR P AR E . ML NTEH R, X SEIFE A H B ALES A

FTfifE SmartDashboard #1 OutlineViewer g4 HifE, W40 [E R = S35 NetworkTables 7% i
ML N . XFE, — N AREE I 22 8 HAb 5 .

WERAE P BATEARWAEAL , Sl H A P, (R AR IEETT &, I HishF] NetworkTables f4#
PAEAWTAAL, R4 T RERR 2 HH R ST A R LA A 4 A2 AT 4

11.3.3 Changing the display properties of a value

Each value displayed with SmartDashboard has a set of properties that effect the way it’ s
displayed.
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Setting the SmartDashboard display into editing mode

SmartDashboard

File RGN
L| v Editable ~+E
dit Subsystems ~+O+E Arm anglew
Live Window Mode F12
Reset LiveWindow ~+R

Add... >

Remove Unused

The SmartDashboard has two modes it can operate in, display mode and edit mode. In edit
mode you can move around widgets on the screen and edit their properties. To put the Smart-
Dashboard into edit mode, click the “View” menu, then select “Editable” to turn on edit mode.

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-” .

Editing the properties on a field

Arm angle 34.500

rm angle
Property | Value I
Editable ]

Background

A dialog box will be shown in response to the “Properties---” menu item on the widgets right-
click context menu.
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Editing the widgets background color

Arm ancle ERSGONMN (el v Lo |
Property Value |
Editable s
Background | ' [
Click here
Me———

oK Cancel | | Reset | ‘

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

Arm angle
'Fropeﬁ ) |

Upper Limit 100.0
Lower Limit 0.0
Tick Interval 10.0

Different widget types have different sets of editable properties to change the appearance.
In this example, the upper and lower limits of the dial and the tick interval are changeable
parameters.

11.3.4 Changing the Display Widget Type for a Value

One can change the type of widget that displays values with the SmartDashboard. The allow-
able widgets depend on the type of the value being displayed.
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Setting Edit Mode

SmartDashboard -
File RUIA

. ~+E
ubsystems ~+{+E
Live Window Mode F12
Reset LiveWindow “+R
Add... »>

Remove Unused

(®) Default program
() Experimental auto

Tube collector switch true Arm angle 34.500

Make sure that the SmartDashboard is in edit mode. This is done by selecting Editable from
the View menu.

Choosing Widget Type

Arm angle 34.500

FormattedField
Properties... Compass
Send to Back LinePlot
LSl 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.

Showing New Widget Type

Arm angle
35
30
25
/=20

a

15
10
5
0

0.0000000

Time (units)
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The new widget type is displayed. In this case, a Line Plot, will show the values of the Arm
angle value over time. You can set the properties of the graph to make it better fit your data
by right-clicking and selecting Properties.... See: Changing the display properties of a
value.

11.3.5 i&E Bk EERF

T SE A i P s O AR s, ATBGE A 2> B3 B Rl Sl A e R, A
AR SRS S5 R AR AL . PR BLAA TR SR B VA H AT O, BT, e et sl B T RE R A

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.

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;
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Python

import wpilib

self.defaultAuto = "Default"
self.customAuto = "My Auto";
self.chooser = wpilib.SendableChooser()

Setting Up Options

The chooser allows you to pick from a list of defined elements, in this case the strings
we defined above. In robotInit, add your options created as strings above using
setDefaultOption oraddOption. 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);

}

Python

from wpilib import SmartDashboard

self.chooser.setDefaultOption("Default Auto", self.defaultAuto)
self.chooser.addOption("My Auto", self.customAuto)
SmartDashboard.putData("Auto choices", self.chooser)
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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;

*/

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
}
}

11.3. SmartDashboard
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Python

def autonomousInit(self):
self.autoSelected = self.chooser.getSelected()
print("Auto selected: " + self.autoSelected)

def autonomousPeriodic(self):
match self.autoSelected:
case self.customAuto:
# Put custom auto code here
case

# Put default auto code here

Command-Based

#%7k: The code snippets shown below are part of the HatchbotTraditional example project
(Java, C++, Python):

gl SendableChooser 3%

7£ “RobotContainer” w1, f]z— /48 AEfENT “SendableChooser” X4 i5| . DA Z W4
B Z i R H AR e R 2 s . EH “SendableChooser” , n] DAYEE A2 (B #4116+, MR Bl
i, “SimpleAuto” fI “ComplexAuto” &R Ak,

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<>();
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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;

Python

# A simple auto routine that drives forward a specified distance, and then,
—stops.

self.simpleAuto = DriveDistance(
constants.kAutoDriveDistanceInches, constants.kAutoDriveSpeed, self.drive
)

# A complex auto routine that drives forward, drops a hatch, and then drives,
—backward.

self.complexAuto = ComplexAuto(self.drive, self.hatch)

# Chooser
self.chooser = wpilib.SendableChooser()

i#E SendableChooser

IR (54T E1 S BB AT OGEH%, 11k e dii 4 “SimpleAuto” A1 “ComplexAuto” . &
BATY R TR

7 “RobotContainer” Hifijz#—4~ “SendableChooser” X%, I HAMp 51556 5215k
HIEA RS, I HEHAR NS4S (setDefaultOption) ¥uUhEAEREM@mS. R, BN EEM
41F “SendableChooser” 5:fj] I “setDefaultOption ()” = “addOption ()” J5yEREMH T .
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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());

Python

# Add commands to the autonomous command chooser
self.chooser.setDefaultOption("Simple Auto", self.simpleAuto)
self.chooser.addOption("Complex Auto", self.complexAuto)

Then, publish the chooser to the dashboard:

Java

// Put the chooser on the dashboard
SmartDashboard.putData(m_chooser);

C++

// Put the chooser on the dashboard
frc::SmartDashboard: :PutData(&m_chooser);

266 Chapter 11.

Dashboards



FIRST Robotics Competition

Python

from wpilib import SmartDashboard

# Put the chooser on the dashboard
SmartDashboard.putData(chooser)

BB EES

7t “Robot.java” wr, Y EHIIBEIFIEET, FFiEH “SendableChooser” 4 PASRHUIrdkds 4, F Hau
WL -

Java

public Command getAutonomousCommand() {
return m_chooser.getSelected();

}

public void autonomousInit() {
m_autonomousCommand = m_robotContainer.getAutonomousCommand();

// schedule the autonomous command (example)
if (m_autonomousCommand != null) {
m_autonomousCommand.schedule();

}

}

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();
}
}
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Python

def getAutonomousCommand(self) -> commands2.Command:
return self.chooser.getSelected()

def autonomousInit(self) -> None:
"""This autonomous runs the autonomous command selected by your,
—RobotContainer class."""
self.autonomousCommand = self.container.getAutonomousCommand /()

if self.autonomousCommand:
self.autonomousCommand.schedule()

EBIHERETRERF

In Robot. java, this will run the scheduler every driver station update period (about every
20ms) and cause the selected autonomous command to run. In Python the scheduler runs
automatically when TimedCommandRobot is used.

i B T AR P v PAE autonomousPeriodic () ##%(st robotPeriodic () H#kfT, WiETE H3IH
BERHIThRERIL-

Java
40 @Override
41 public void robotPeriodic() {
42 CommandScheduler.getInstance().run();
43 }

C++ (Source)

20 |void Robot::RobotPeriodic() {
30 frc2::CommandScheduler: :GetInstance().Run();

a1 |}

EHBAMEES

7t “Robot.java” X, Y@k BITIANS, HI3hBr Bihg o fFm& k.
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Java

@Override

public void teleopInit() {
// This makes sure that the autonomous stops running when
// teleop starts running. If you want the autonomous to
// continue until interrupted by another command, remove
// this line or comment it out.
if (m_autonomousCommand != null) {

m_autonomousCommand.cancel();

}

}

C++ (Source)

void Robot::TeleopInit() {
// This makes sure that the autonomous stops running when
// teleop starts running. If you want the autonomous to
// continue until interrupted by another command, remove
// this line or comment it out.
if (m_autonomousCommand != nullptr) {
m_autonomousCommand->Cancel() ;
m_autonomousCommand = nullptr;
}
}

Python

def teleopInit(self) -> None:
# This makes sure that the autonomous stops running when
# teleop starts running. If you want the autonomous to
# continue until interrupted by another command, remove
# this line or comment it out.
if self.autonomousCommand:
self.autonomousCommand.cancel()

SmartDashboard £/

[ BON } SmartDashboard | Connected: 127.0.0.1
File View

© simple Auto
Complex Auto

iz4T SmartDashboard i}, ¥ Hz1ERx “SendableChooser” ki, %30 DATE H S B 462 Bk

B, NV IE S RFiaTT.

11.3. SmartDashboard

269




FIRST Robotics Competition

11.3.6 Displaying the Status of Commands and Subsystems

If you are using the command-based programming features of WPILib, you will find that they
are very well integrated with SmartDashboard. It can help diagnose what the robot is doing
at any time and it gives you control and a view of what’ s currently running.

Overview of Command and Subsystem Displays

) File View
Scheduler with no - No commands running.
commands running

Subsystem with no

commands ‘Examplesnbsvslsm ---
= Data values written
A command that /' Adtonomous Copnas ) st 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

{Sma rtDashboard.putData(CommandScheduler.getInstance());

C++

[f rc::SmartDashboard: :PutData(frc2: :CommandScheduler: :GetInstance());
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PYTHON

from wpilib import SmartDashboard
from commands2 import CommandScheduler

SmartDashboard.putData(CommandScheduler.getInstance())

You can display the status of the Scheduler (the code that schedules your commands to run).
This is easily done by adding a single line to the RobotInit method in your RobotProgram as
shown here. In this example the Scheduler instance is written using the putData method to
SmartDashboard. This line of code produces the display in the previous image.

SmartDashboard - 190

ExampleCommand cancel

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

[Sma rtDashboard.putData(exampleSubsystem);

C++

[f rc::SmartDashboard: :PutData(&exampleSubsystem);

PYTHON

from wpilib import SmartDashboard

SmartDashboard.putData(exampleSubsystem)

In this example we are writing the command instance, exampleSubsystem and instance of the
ExampleSubsystem class to the SmartDashboard. This causes the display shown in the previ-
ous image. The text field will either contain a few dashes, - - - indicating that no command is
current using this subsystem, or the name of the command currently using this subsystem.
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SmartDashboard - 190

File View
cancel
ExampleCommand | | Rota
newCommand | cancel |

ExampleSubsystem | ExampleCommand

Autonomous Command start

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) ; J
C++

{frc: :SmartDashboard: :PutData("Autonomous Command", &exampleCommand); ]
PYTHON

from wpilib import SmartDashboard

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
cancel
ExampleCommand | | Rota
newCommand | cancel |

ExampleSubsystem | ExampleCommand

Autonomous Command | start |

In this example you can see a button labeled Autonomous Command. Pressing this button will
run the associated command and is an excellent way of testing commands one at a time
without having to add throw-away test code to your robot program. Adding buttons for each
command makes it simple to test the program, one command at a time.

11.3.7 Verifying SmartDashboard is working

Connection Indicator

SmartDashboard will automatically include the connection status and IP address of the Net-
workTables source in the title of the window.
@ @® SmartDashboard | Disconnected

File View

© simple Auto
Complex Auto
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@ @® SmartDashboard | Connected: 127.0.0.1
File View

© simple Auto
Complex Auto

Connection Indicator Widget

SmartDashboard includes a connection indicator widget which will turn red or green 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++);

}
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PYTHON

from wpilib import SmartDashboard
self.counter = 0.0

def teleopPeriodic(self) -> None:
SmartDashboard. putNumber("Counter", self.counter += 1)

This is a minimal robot program that writes a value to the SmartDashboard. It simply incre-
ments a counter 50 times per second to verify that the connection is working. However, to
minimize bandwidth usage, NetworkTables by default will throttle the updates to 10 times
per second.

SmartDashboard Output for the Sample Program

SmartDashboard - 190
File View
Counter 64.000

The SmartDashboard display should look like this after about 6 seconds of the robot being
enabled in Teleop mode. Ifit doesn’ t, then you need to check that the connection is correctly

set up.
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Verifying the IP address in SmartDashboard

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.

File View

SmartDashboard - 190

Counter | 64.000

8 .06 Edit Preferences

- |

& (deploy,run) & | RobotTem

Team Number

Automatically Show Wi...
Grid Cell width(s)

Grid Cell Height(s)
Window X Position
Window Y Position
Window Width

Window Height

Save File

Log to C5V

CSV File

Verifying Program using OutlineViewer

You can verify that the robot program is generating SmartDashboard values by using the

OutlineViewer program.

Expand the SmartDashboard row. The value Counter is the variable written to the Smart-
Dashboard via NetworkTables. As the program runs you should see the value increasing
(1398.0 in this case). If you don’ t see this variable in the OutlineViewer, look for something

272
JUsers/brad /SmartDas...
=]
JUsers/brad/SmartDas...

wrong with the robot program or the network configuration.

A OutlineViewer - Connected (172.22.11.2)
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11.3.8 SmartDashboard Namespace

SmartDashboard fiiJfj NetworkTables #e#les AFIEM (BR3h;) BN B &i%%dE. Network-
Tables PAZFR. (EXTHIER & EEHE, StEHLEs AFIHTENLZ F A E. Y—MErE— M EE
PO, B S AN E E B XL ER R AR () 2 Anfif#E SmartDashboard |2
INEHREY .

MERES AR AN EIR G, T4 M1 T%. SmartDashboard %z (v F SmartDashboard T
#rp, LiveWindow %¥¢#i{T LiveWindow T, I F=R.

AT HRAE R, WA %% SmartDashboard #[F i # 1) OutlineViewer [ i #2)¥ i7n 4 FR Al
fi. EXFEREHEWIE NetworkTables FI(EH .

EReMRARIER

e o

;Smar‘tDashbnardjAumnnmous Command}lsParented false o

;SmartDashboard;Autonomous Command /name AutonomousCommand
martDashboard [Autonomo gmmand /runn e

ring Doser
d efauItAuto
de

Mito, secondAuto thr‘

.

SmartDashboard {82 ] PA“SmartDashboard/* ‘JF 3k 4 & Al ). {# ] OutlineViewer #F 1 |
™ME 5 SmartDashboard FyEEAXTY , HA@ & DA N iE):

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) that is 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.
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BREMRERR

e 00 SmartDashboard - 190
File View

Autonomous Command | start | o
—————— WS

(») defaultAuto

O seconenuro @)
] secondAuto\ N
() thirdAuto

Arm position in degrees | 52.000

|Program Version V1.2 o
N

(-

E— B AU A AR B R B R A AT AR B R ) SmartDashboard 7. 13X 288y xh BT w22 5K 2

M NetworkTables 5,

LiveWindow Data Values

Unrasonke 0573 wist
Lett Mator

Bevator Fot 3.492

LiveWindow $t#i54% 7 &4 H g4y 4. 4L AAbF IR (R shah Bk &) B, W PAfE Smart-
Dashboard $ & &%, RENAREETIESWERT, R LLE TS E T RE 4 FRRHE A AT
WA PETF AR, £ LHEE R, @ 7E SmartDashboard |7 5|t 1 8 4 FRoR0 25 5 5
e IrAFAFEE LAY /LiveWindow’ “Ff3k, RFeTREA, RE&HTEBREGNTTERN—4E. £kt
LiveWindow /R RAS AR firs :

drivetrainLeft = new PWMVictorSPX(1);
drivetrainLeft.setName("Drive train", "Left");

drivetrainRight = new PWMVictorSPX(1);
drivetrainRight.setName("Drive train", "Right";

drivetrainRobotDrive = new DifferentialDrive(drivetrainLeft, drivetrainRight);

drivetrainRobotDrive.setSafetyEnabled(false);
drivetrainRobotDrive.setExpiration(0.1);

(B:F 1)
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(B E70)
drivetrainUltrasonic = new AnalogInput(3);
drivetrainUltrasonic.setName("Drive train", "Ultrasonic");

elevatorMotor = new PWMVictorSPX(6);
elevatorMotor.setName("Elevator", "Motor");

elevatorPot = new AnalogInput(4);
elevatorPot.setName("Elevator", "Pot");

wristPot = new AnalogInput(2);
wristPot.setName("Wrist", "Pot");

wristMotor = new PWMVictorSPX(3);
wristMotor.setName("Wrist", "Motor");

clawMotor = new PWMVictorSPX(5);
clawMotor.setName("Claw", "Motor");

AMUE RS PATERRT . AE, 87T PATE Test X~ fff SmartDashboard 6@ it ik & .

11.3.9 SmartDashboard: Test Mode and Live Window

Displaying LiveWindow Values

LiveWindow will automatically add your sensors and actuators for you. There is no need to
do it manually. LiveWindow values may also be displayed by writing the code yourself and
adding it to your robot program. This allows you to customize the names and group them
in subsystems. This is a convenient method of displaying whether they are actual command
based program subsystems or just a grouping that you decide to use in your program.

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");
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C++

frc::Ultrasonic ultrasonic{l, 2};
SendableRegistry::SetName(ultrasonic, "Arm", "Ultrasonic");

frc::Jaguar elbow{1l};
SendableRegistry: :SetName(elbow, "Arm", "Elbow");

frc::Victor wrist{2};
SendableRegistry::SetName(wrist, "Arm", "Wrist");

PYTHON

from wpilib import Jaguar, Ultrasonic, Victor
from wpiutil import SendableRegistry

ultrasonic = Ultrasonic(1l, 2)
SendableRegistry.setName(ultrasonic, "Arm", "Ultrasonic")

elbow = Jaguar(1l)
SendableRegistry.setName(elbow, "Arm", "Elbow")

wrist = Victor(2)
SendableRegistry.setName(wrist, "Arm", "Wrist")

If your objects are in a Subsystem, this can be simplified using the addChild method of
SubsystemBase

JAVA

Ultrasonic ultrasonic = new Ultrasonic(1l, 2);
addChild("Ultrasonic", ultrasonic);

Jaguar elbow = new Jaguar(1l);
addChild("Elbow", elbow);

Victor wrist = new Victor(2);
addChild("Wrist", wrist);

C++

frc::Ultrasonic ultrasonic{l, 2};
AddChild("Ultrasonic", ultrasonic);

frc::Jaguar elbow{l};
AddChild("Elbow", elbow);

frc::Victor wrist{2};
AddChild("Wrist", wrist);
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PYTHON

from wpilib import Jaguar, Ultrasonic, Victor
from commands2 import SubsystemBase

ultrasonic = Ultrasonic(1l, 2)
SubsystemBase.addChild("Ultrasonic", ultrasonic)

elbow = Jaguar(1l)
SubsystemBase.addChild("Elbow", elbow)

wrist = Victor(2)
SubsystemBase.addChild("Wrist", wrist)

Viewing the Display in SmartDashboard

SmartDashboard -

File View
Arm
Wrist

O
| | | | | 0.000 Zero
Elbow

O
| | | | | 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 (see Enabling Test Mode for details on how to do this). Test mode is designed
to verify the correct operation of the sensors and actuators on a robot. In addition it can be
used for obtaining setpoints from sensors such as potentiometers and for tuning PID loops in
your code. When the robot is enabled in Test mode, the SmartDashboard display will switch
to test mode (LiveWindow) and will display the status of any actuators and sensors used by

your program.

HH¥: Since 2024, LiveWindow is not enabled by default in Test mode!
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Enabling LiveWindow in Test Mode

To run LiveWindow in Test Mode, the following code is needed in the Robot class:

JAVA

@Override
public void robotInit() {
enableLiveWindowInTest (true);

}

C++

void Robot::RobotInit() {
EnableLiveWindowInTest(true);
}

PYTHON

def robotInit(self) -> None:
enableLiveWindowInTest (true)

Explicitly vs. implicit test mode display

JAVA

PWMSparkMax leftDrive;
PWMSparkMax rightDrive;
PWMVictorSPX arm;
BuiltInAccelerometer accel;

@Override
public void robotInit() {
leftDrive = new PWMSparkMax(0);
rightDrive = new PWMSparkMax(1);
arm = new PWMVictorSPX(2);
accel = new BuiltInAccelerometer();
SendableRegistry.setName(arm, "SomeSubsystem", "Arm");
SendableRegistry.setName(accel, "SomeSubsystem", "Accelerometer");
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C++

frc::PWMSparkMax leftDrive{0};
frc: :PWMSparkMax rigthDrive{l};
frc::BuiltInAccelerometer accel{};
frc: :PWMVictorSPX arm{3};

void Robot::RobotInit() {
wpi::SendableRegistry::SetName(&arm, "SomeSubsystem", "Arm");
wpi::SendableRegistry: :SetName(&accel, "SomeSubsystem", "Accelerometer");

}

PYTHON

from wpilib import BuiltInAccelerometer, PWMSparkMax, PWMVictorSPX
from wpiutil import SendableRegistry

def robotInit(self) -> None:
leftDrive = PWMSparkMax(0)
rightDrive = PWMSparkMax(1)
arm = PWMVictorSPX(2)
accel = BuiltInAccelerometer()
SendableRegistry.setName(arm, "SomeSubsystem", "Arm")
SendableRegistry.setName(accel, "SomeSubsystem", "Accelerometer")

All sensors and actuators will automatically be displayed on the SmartDashboard in test mode
and will be named using the object type (such as PWMSparkMax, 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.

Understanding what is displayed in Test mode

¥ SmartDashboard | Connected: 127.0.0.1 — O ped

File View
Ungrouped I

PWMSparkMax[0]

' 0.0000C] Zero o
PWMSparkMax[1]

0.0000C Zero

SomeSubsysterm
Arm
' 0.0000cC Zero
Accelerometer 9
X 0.000000
Y 0.000000
z 0.000000

11.3. SmartDashboard 283




FIRST Robotics Competition

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.
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Ji%i: 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.

A% PID =528

Wrist Elevator

e Pot 1.518

i : J I _I 0.000 Zero Motor

Pot2.526 | f J | | 0.000 Zero
PIDSubsystem Controller PID Subsystem Controller
[ 2.000 100,000
L 0.000 0.000
D:  0.000 0.000
F:  0.000 F: 0.000
Sefpaint: 2.500 Sefpoint: 1.500

Enabled: Enabled: v

Q=3

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#iE T P, TAI DY, sl ENSARFE . KA%E “RobotBuilder” f) “PIDSubsystem”
E M e S Y PID 7RG i sk Ah B e AT,

F (feedforward) Tigife PID # il #s Hhgs T4 il Hask .

WL AEH 0 PAE% 7 <docs/software/advanced-controls/controllers/pidcontroller:PID Control in
WPILib>”

11.4 Glass

Glass is a new dashboard and robot data visualization tool. Its GUI is extremely similar to
that of the Simulation GUI. In its current state, it is meant to be used as a programmer’ s
tool rather than a proper dashboard in a competition environment.

#51: Glass will not be available within the list of dashboards in the NI Driver Station.
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11.4.1 Introduction to Glass

Glass is a new dashboard and robot data visualization tool. It supports many of the same
widgets that the Simulation GUI supports, including robot pose visualization and advanced
plotting. In its current state, it is meant to be used as a programmer’ s tool for debugging
and not as a dashboard for competition use.

Opening Glass

Glass can be launched by selecting the ellipsis menu (---) in VS Code, clicking on Start Tool
and then choosing Glass.

Robot ava — Hour0fCode

£51: 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:

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” .

11.4.2 @EiIMEFRERE

Glass fii ij NetworkTablesP951 il 5E MBS NFEF @ . Bk T 5P N Z T8 % 5
IEE A

EENEA

BIR)E3 Glass B}, #R-FERPA/NERME: - “NetworkTables Settings” 1 “NetworkTables”, Zj%

BEIWLES A, 57 “NetworkTables Settings” /NA{EH ) “Mode” Fik#t “Client”, # A G114
2, REMdE “Apply”,
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AT AR B FE TR EARLETTPLEE A (1235 Romi robots) , kg fE “Team / IP 7 fEHHA
localhost.

P W RIEBRIRSIRZAE Glass | AP AR o] I

EEMERRE
W4/ NIRRT T AR I AR EN A A H o XK R TR, TRELRREH .
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'V NetworkTables
» Connections
V Values
Name Flags Changed
> FMSInfo
v LiveWindow
» .status

¥ Ungrouped

-type LW Subsystem string 42411866

> AnalogGyro[6]

> DifferentialDrive[1]

> DigitalInput[0]

» DigitalInput[1]

» DigitalInput[2]

> DigitalInput[3]

» Encoder[0]

» Encoder([2]

> PWMVictorSPX[0]

> PWMVictorSPX[1]

v PWMVictorSPX[2]
.actuator true ¥ boolean 42411866'

-name PWMVictorSPX[2] string 42411866'
-type Speed Controller string 42411866
Value 0.000000 double 42411866'

» PWMVictorSPX[3]
» Scheduler
» frc2::SubsystemBase

BEAh, BERTRATE/INERARRG 38" Bt T AR P A TR M 2% i

11.4.3 Glass Widgets

Specialized widgets are available for certain types that exist in robot code. These include
objects that are manually sent over NetworkTables such as SendableChooser instances, or
hardware that is automatically sent over LiveWindow.

% 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.

#%ik: A widget can be renamed by right-clicking on its header and specifying a new name.

Hardware Widgets

Widgets for specific hardware (such as motor controllers) are usually available via LiveWin-
dow. These can be accessed by selecting the NetworkTables menu option, clicking on
LiveWindow and choosing the desired widget.

[ ]
View NetworkTables Plot

NetworkTables Settings «

| NetworkTables View v X

Cl FMSInfo V¥ 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
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e DigitalOutput
* SpeedController
* Gyro

Here is an example of the widget for gyroscopes:

¥ /LiveWindow/Ungrouped/ADXRS458_Gyro

-66.9704 Gyro Angle (Deg)

Sendable Chooser Widget

The Sendable Chooser widget represents a SendableChooser instance from robot code. It
is often used to select autonomous modes. Like other dashboards, your SendableChooser
instance simply needs to be sent using a NetworkTables API. The simplest is to use something

like SmartDashboard:

JAVA

[SmartDashboard.putData("Auto Selector", m_selector); ]
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C++

[frc: :SmartDashboard: :PutData("Auto Selector", &m selector); ]

PYTHON

from wpilib import SmartDashboard

SmartDashboard.putData("Auto Selector", selector)

% 1: For more information on creating a SendableChooser, please see this document.

The Sendable Chooser widget will appear in the NetworkTables menu and underneath the
main table name that the instance was sent over. From the example above, the main table

name would be SmartDashboard.

PID Controller Widget
The PID Controller widget allows you to quickly tune PID values for a certain controller. A

PIDController instance must be sent using a NetworkTables API. The simplest is to use
something like SmartDashboard:

JAVA

[SmartDashboard.putData("Elevator PID Controller", m _elevatorPIDController); ]
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C++

[frc: :SmartDashboard: :PutData("Elevator PID Controller", &m elevatorPIDController); ]

PYTHON

from wpilib import SmartDashboard

SmartDashboard.putData("Elevator PID Controller", elevatorPIDController)

This allows you to quickly tune P, I, and D values for various setpoints.

¥ /SmartDashboard/Eleyx

Elevator PID Contr
3.0006
B.001
0.6856

B.806 Setpoint

FMSinfo Widget

The FMSInfo widget is created by default when Glass connects to a robot. This widget displays
basic information about the robot’ s enabled state, whether a Driver Station is connected,
whether an FMS is connected, the game-specific data, etc. It can be viewed by selecting the
NetworkTables menu item and clicking on FMSInfo.
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11.4.4 Widgets for the Command-Based Framework

Glass also has several widgets that are specific to the command-based framework. These
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);

PYTHON

from wpilib import SmartDashboard

command = MyCommand(...)
SmartDashboard.putData("My Command", command)

t#ik: The MyCommand instance can also be sent using a lower-level NetworkTables API or
using the Shuffleboard API. In this case, the SmartDashboard API was used, meaning that the
Command Selector widget will appear under the SmartDashboard table name.
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¥ My Command

MyCommand

Cancel Running...

The widget has two states. When the command is not running, a Run button will appear
—clicking it will schedule the command. When the command is running, a Cancel button,
accompanied by Running--- text, will appear (as shown above). This will cancel the command.

Subsystem Widget

The Subsystem widget can be used to see the default command and the currently 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
DriveSubs

Detault Command: DeftaulktDriwve

Current Command: DriveDistance

Command Scheduler Widget

The Command Scheduler widget allows you to see all currently scheduled commands. In
addition, any of these commands can be canceled from the GUI.

¥ /LiveWindow/Ungrouped/Scheduler
Scheduled Commands:
DriveDistance Cancel

MyCommand Cancel

The CommandScheduler instance is automatically sent to NetworkTables over LiveWindow. To
view this widget, look under the LiveWindow main table name in the NetworkTables menu.
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11.4.5 The Field2d Widget

Glass supports displaying your robot’ s position on the field using the Field2d widget. An
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();

// Do this in either robot or subsystem init
SmartDashboard.putData("Field", m_field);

// Do this in either robot periodic or subsystem periodic
m_field.setRobotPose(m odometry.getPoseMeters());

C++

#include <frc/smartdashboard/Field2d. h>
#include <frc/smartdashboard/SmartDashboard. h>

frc::Field2d m field;

// Do this in either robot or subsystem init
frc::SmartDashboard: :PutData("Field", &m_ field);

// Do this in either robot periodic or subsystem periodic
m_field.SetRobotPose(m_odometry.GetPose());

PYTHON

from wpilib import SmartDashboard, Field2d
self.field = Field2d()

# Do this in either robot or subsystem init
SmartDashboard.putData("Field", self.field)

# Do this in either robot periodic or subsystem periodic
self.field.setRobotPose(self.odometry.getPose())
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#1:: 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(1, 1), new Translation2d(2, -1)),
new Pose2d(3, 0, Rotation2d.fromDegrees(0)),
new TrajectoryConfig(Units.feetToMeters(3.0), Units.feetToMeters(3.0)));

// Create and push Field2d to SmartDashboard.
m field = new Field2d();
SmartDashboard.putData(m field);

// Push the trajectory to Field2d.
m_field.getObject("traj").setTrajectory(m_trajectory);

C++

void AutonomousInit() override {
// Start the timer.
m_timer.Start();

// Send Field2d to SmartDashboard.
frc::SmartDashboard: :PutData(&m_field);

// Reset the drivetrain's odometry to the starting pose of the trajectory.
m_drive.ResetOdometry(m trajectory.InitialPose());

// Send our generated trajectory to FieldZ2d.
m field.GetObject("traj")->SetTrajectory(m trajectory);
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PYTHON

def robotInit(self):

# An example trajectory to follow during the autonomous period.
self.trajectory = wpimath.trajectory.TrajectoryGenerator.generateTrajectory(
wpimath.geometry.Pose2d (0, 0, wpimath.geometry.Rotation2d.fromDegrees(0)),
[
wpimath.geometry.Translation2d(1, 1),
wpimath.geometry.Translation2d(2, -1),

1,
wpimath.geometry.Pose2d(3, 0, wpimath.geometry.Rotation2d.fromDegrees(0)),

wpimath.trajectory.TrajectoryConfig(
wpimath.units.feetToMeters(3.0), wpimath.units.feetToMeters(3.0)
),
)

# Create Field2d for robot and trajectory visualizations.
self.field = wpilib.Field2d()

# Create and push Field2d to SmartDashboard.
wpilib.SmartDashboard.putData(self.field)

# Push the trajectory to Field2d.
self.field.getObject("traj").setTrajectory(self.trajectory)

Viewing Trajectories with Glass

The sent trajectory can be viewed with Glass through the dropdown NetworkTables -> Smart-
Dashboard -> Field2d.

¥ Field {SmartDashboard)

% 1:: The above example which uses the RamseteController (Java / C++ / Python) will not
show the sent trajectory until autonomous is enabled at least once.
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Viewing the Robot Pose in Glass

After sending the Field2d instance over NetworkTables, the Field2d widget can be added to
Glass by selecting NetworkTables in the menu bar, choosing the table name that the instance
was sent over, and then clicking on the Field button.

Once the widget appears, you can resize and place it on the Glass workspace as you desire.
Right-clicking the top of the widget will allow you to customize the name of the widget, select
a custom field image, select a custom robot image, and choose the dimensions of the field and
robot.

You can choose from an existing field layout using the Image drop-down. Or you can select a
custom file by setting the Image to Custom and selecting Choose image---. You can choose to
either select an image file or a PathWeaver JSON file as long as the image file is in the same
directory. Choosing the JSON file will automatically import the correct location of the field in
the image and the correct size of the field.

#1¥#: You can retrieve the latest field image and JSON files from here. This is the same image
and JSON that are used when generating paths using PathWeaver.

¥ Field (SmartDashboard)
Edit name:
Close
meters ¥ Units
¥ Field
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Modifying Pose Style

Poses can be customized in a plethora of ways by right clicking on the Field2d menu bar.
Examples of customization are: line width, line weight, style, arrow width, arrow weight,

color, etc.

¥ Field (SmartDashboard)

One usage of customizing the pose style is converting the previously shown traj pose object
to a line, rather than a list of poses. Click on the Style dropdown box and select Line. You
should notice an immediate change in how the trajectory looks.

= Robot

0w a1l

Now, uncheck the Arrows checkbox. This will cause our trajectory to look like a nice and fluid
line!
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¥ Field {SmartDashboard)

Viewing Pose Data with AdvantageScope

AdvantageScope is an alternative option for viewing pose data from a Field2d object, includ-
ing data recorded to a log file using WPILib data logs. Both 2D and 3D visualizations are
supported. See the documentation for the odometry and 3D field tabs for more details.

® © ® Log_23-04-21_15-41-23_q116.wpilog — AdvantageScope

LU | “\ Line Graph | # Odometry | --/3D Field

> |

C

onfig
Field: (2023 Field v [blue origin +| Source

Robot: [Crab Bot

ctory Units: [meters ] and radians ~|
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11.4.6 The Mechanism2d Widget

Glass supports displaying stick-figure representations of your robot’ s mechanisms using the
Mechanism2d widget. It supports combinations of ligaments that can rotate and / or 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.

Creating and Configuring the Mechanism2d Instance

The Mechanism2d object is the “canvas” where the mechanism is drawn. The root node is
where the mechanism is anchored to Mechanism2d. For a single jointed arm this would the
pivot point. For an elevator, this would be where it’ s attached to the robot’ s base. To get
a root node (represented by a MechanismRoot2d object), call getRoot(name, x, y) on the
container Mechanism2d object. The name is used to name the root within NetworkTables, and
should be unique, but otherwise isn’ t important. The x / y coordinate system follows the
same orientation as Field2d - (0,0) is bottom left.

In the examples below, an elevator is drawn, with a rotational wrist on top of the elevator.
The full Mechanism2d example is available in Java / C++

JAVA

// the main mechanism object

Mechanism2d mech = new Mechanism2d(3, 3);

// the mechanism root node

MechanismRoot2d root = mech.getRoot("climber", 2, 0);

C++

// the main mechanism object

frc::Mechanism2d m_mech{3, 3};

// the mechanism root node

frc::MechanismRoot2d* m_root = m_mech.GetRoot("climber", 2, 0);

PYTHON

# the main mechanism object

self.mech = wpilib.Mechanism2d(3, 3)

# the mechanism root node

self.root = self.mech.getRoot("climber", 2, 0)

Each MechanismLigament2d object represents a stage of the mechanism. It has a three re-
quired parameters, a name, an initial length to draw (relative to the size of the Mechanism2d
object), and an initial angle to draw the ligament in degrees. Ligament angles are relative to
the parent ligament, and follow math notation - the same as Rotation2d (counterclockwise-
positive). A ligament based on the root with an angle of zero will point right. Two optional
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parameters let you change the width (also relative to the size of the Mechanism?2d object) and
the color. Call append()/Append() on a root node or ligament node to add another node to
the figure. In Java, pass a constructed MechanismLigament2d object to add it. In C++, pass
the construction parameters in order to construct and add a ligament.

JAVA

// MechanismLigament2d objects represent each "section"/"stage" of the mechanism, ,
—and are based

// off the root node or another ligament object

m_elevator = root.append(new MechanismLigament2d("elevator", ,
—kElevatorMinimumLength, 90));

m wrist =

m_elevator.append(
new MechanismLigament2d("wrist", 0.5, 90, 6, new Color8Bit(Color.

—kPurple)));

C++

// MechanismlLigament2d objects represent each "section"/"stage" of the
// mechanism, and are based off the root node or another ligament object
frc::MechanismLigament2d* m_elevator =
m_root->Append<frc: :MechanismLigament2d>("elevator", 1, 90 _deg);
frc::MechanismLigament2d* m wrist =
m_elevator->Append<frc: :MechanismLigament2d>(
"wrist", 0.5, 90 deg, 6, frc::Color8Bit{frc::Color::kPurple});

PYTHON

# MechanismLigament2d objects represent each "section"/"stage" of the,
—mechanism, and are based
# off the root node or another ligament object
self.elevator = self.root.appendLigament (
"elevator", self.kElevatorMinimumLength, 90
)
self.wrist = self.elevator.appendLigament (
"wrist", 0.5, 90, 6, wpilib.Color8Bit(wpilib.Color.kPurple)
)

Then, publish the Mechanism2d object to NetworkTables:
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JAVA

// post the mechanism to the dashboard
SmartDashboard.putData("Mech2d", mech);

C++

// publish to dashboard
frc::SmartDashboard: :PutData("Mech2d", &m_mech);

PYTHON

# post the mechanism to the dashboard
wpilib.SmartDashboard.putData("Mech2d", self.mech)

#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 setlLength() 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.setlLength(kElevatorMinimumLength + m_elevatorEncoder.getDistance());
m wrist.setAngle(m _wristPot.get());

}

C++

void RobotPeriodic() override {
// update the dashboard mechanism's state
m_elevator->SetLength(kElevatorMinimumLength +
m_elevatorEncoder.GetDistance());
m wrist->SetAngle(units::degree t{m wristPotentiometer.Get()});

}

11.4. Glass 303



50
51
52
53
54

FIRST Robotics Competition

PYTHON

def robotPeriodic(self):
# update the dashboard mechanism's state
self.elevator.setLength(
self.kElevatorMinimumLength + self.elevatorEncoder.getDistance()

)
self.wrist.setAngle(self.wristPot.get())

Viewing the Mechanism2d in Glass

After sending the Mechanism2d instance over NetworkTables, the Mechanism2d widget can
be added to Glass by selecting NetworkTables in the menu bar, choosing the table name that
the instance was sent over, and then clicking on the Field button.

NetworkTables DS Plob Window

NetworkTables View

LiveWindow [ 2
SmartDashboard [

Once the widget appears as shown below, you can resize and place it on the Glass workspace
as you desire. Right-clicking the top of the widget will allow you to customize the name of
the widget. As the wrist potentiometer and elevator encoder changes, the mechanism will
update in the widget.

¥ Mech2d (SmartDashboa X

3
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Viewing the Mechanism2d in AdvantageScope

AdvantageScope is an alternative option for viewing a Mechanism2d object, including data
recorded to a log file using WPILib data logs. Both 2D and 3D visualizations are supported.
See the documentation for the mechanism and 3D field tabs for more details.

000 Log_23-04-21_12-30-33_g101.wpilog — AdvantageScope P X +

[ v

3D Poses Config

Field: 2023 Field + blue origin +|Source

/RealOutputs/Odemetry/Robot

i 3 .
_Meuhamsm {Reba) v Robot: I—Krlﬂm 7 Shure

/RealOutputs/Mechanismac/A

<Drag Fere>

Mechansn Reoo) v s
Mechanism [Rebet) Units: [meiers v\and

/RealOutputs/Mechanismd/CubeIntake

Next Steps

As mentioned above, the Mechanism?2d visualization can be combined with Physics Simulation
to help you program mechanisms before your robot is built. The ArmSimulation (Java / C++ /
Python) and ElevatorSimulation (Java / C++ / Python) examples combine physics simulation
and Mechanism?2d visualization so that you can practice programming a single jointed arm
and elevator without a robot.
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11.4.7 Plots

Glass excels at high-performance, comprehensive plotting of data from NetworkTables. Some
features include resizable plots, plots with multiple y axes and the ability to pause, examine,
and resume plots.

Creating a Plot

A new plot widget can be created by selecting the Plot button on the main menu bar and then
clicking on New Plot Window. Several individual plots can be added to each plot window. To
add a plot within a plot window, click the Add plot button inside the widget. Then you can
drag various sources from the NetworkTables widget into the plot:

'V NetworkTables

» Connections

V¥ Values

Name 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
¥ 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.

¥ Plot <0> Edit name

Pause

Close
int

Add p1
nt Position dd plot

¥ Plot 0
Move Up Move Down Delete

Edit plot name:

Show Le
Primar
©.000 Min 1.000 Max Apply
Lock Axis Min Max
2nd Y-
3rd Y-
10.0 = |+ View Time (s)

300 - |+ Height

If you choose to make secondary and tertiary y axes available, you can drag data sources onto
those axes to make their lines correspond with your desired axis:

¥ Plot <0>

Pause

NT:/SmartDashboard/Setpoint
NT:/SmartDashboard/Current Position

|_. NT:/SmartDashboard/Kd

Then, you can lock certain axes so that their range always remains constant, regardless of
panning. In this example, the secondary axis range (with the /SmartDashboard/Kp entry) was
locked between 9 and 12.

¥V Plot <6> Edit name:
Resume
Close
Add plot
ard/Kp ¥ Plot 0
Move Up Move Down Delete

Edit plot name:

Visible

Button

©.000 Min 1.000 Max Apply
Lock s Min Max

2nd Y-Axis
9.000 Min 12.000 Max Apply
Lock s Min Max
3rd Y-Axis
10.0 [= [+ View Time (s)
360 |- |+ Height

11.4. Glass 307



FIRST Robotics Competition

Plotting with AdvantageScope

AdvantageScope is an alternative option for creating plots, including from data recorded to a
log file using WPILib data logs. See the documentation for the line graph tab for more details.

® © ® Log_23-04-21_15-41-23_q116.wpilog — AdvantageScope > & X > +

w | \'Line Graph | * Odometry | ++ 3D Field

ssssssssssssssssssssssssssssssssssssssssssssssssssssss

Left Axis Discrete Fields «+|  Right Axis [Locked, Converted] -

° X | @ /o X | @ [Real elntake/AngleRadians X
8 1339860653 B o

rue 0 87546
® .tputs/C Joysticks X | © X
3 92

11.5 AdvantageScope

AdvantageScope is a data visualization tool for NetworkTables, WPILib data logs, and Driver
Station logs. It is a programmer’ s tool (rather than a competition dashboard) and can be
used to debug real or simulated robot code from a log file or live over the network.

In Visual Studio Code, press Ctrl+Shift+P and type WPILib or click the WPILib logo in the top
right to launch the WPILib Command Palette. Select Start Tool, then select AdvantageScope.
You can also open any supported log file in AdvantageScope using a standard file browser.

% 1k: Detailed documentation for AdvantageScope can be found here. It is also available
offline by clicking the book icon in the tab bar.

The capabilities of AdvantageScope include:
* Display of numeric, textual, and boolean data in graphs and tables

* Visualization of pose and mechanism data in 2D and 3D, including custom 3D robot
models

» Automatic synchronization of data sources, including log files, match videos, and Zebra
MotionWorks tracking

* Specialized displays for joysticks, swerve module states, and console text
* Analysis of numeric fields using histograms and statistical measures

» Multiple export options, including CSV and WPILib data logs
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eoe Log_23-04-21_15-41-23_q116.wpilog — AdvantageScope P X +
DETnED w [FiReGraph]| -+ 30 Field | ul tatistics | #1 Odometry | @ Video | @ swerve | m Joysticks | @ M
— MatchNumber 116
— MatchTime 1 0501

~ MatchType
~ ReplayNumber
- Test

» PowerDistribution

v RealOutouts
» AprifTagVision
v Am

30204786705620494

~ ElbowFeedforwarc 0.782
~ ShoulderFeedback 0.047

11.6 LabVIEW Dashboard

The LabVIEW Dashboard is easy to use and provides a lot of features straight out of the box
like: camera streams, autonomous selection, and joystick feedback. It can be customized
using LabVIEW by creating a new Dashboard project. While it can be used by Java, C++,
or Python teams, they generally prefer SmartDashboard or Shuffleboard which can be cus-
tomized in their respective language.

11.6.1 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

£/ FRC PC Dashboard - o X

No Camera Selection

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

e Basic tab that contains some default controls and indicators
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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
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

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

® @G

IMAQdx:Webcam C170: W 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

Gyro 0]

I
360

Drive Motors

Front

[
|| |

Back @
NT Connection @ Select Autonomous ...

No Camera Selection W 320x240 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.

ok Wb

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

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, or Python Code.

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.
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The camera tab is used to display a video feed from a camera located on the robot. There are
also some controls and indicators related to the camera below the tab area:

1.
2.

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.

/PTG The bandwidth indicator indicates the combined bandwidth for all camera streams

open.
Basic
Drive Camera Basic Custom Test Commands Checklist Variables
DB/String 0 DB/String 5
New Name DB/LED 0 ' _ DB/Slider 0
1
DB/Button 1 DB/LED 1 ' _ DB/Slider 1
1
DB/Button 2 DB/LED 2 ' _ DB/slider 2
1
DB/Button 3 osnens W I os/siicer s
1 1
No Camera Selection W 3200240 15fps 30%
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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, or Python Code.

Custom

Drive Basic Custom | Test Checklist Variables

This tab is a great place fi
Place bl and ind
Dashboard Variables on re

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

Test

Operation

1/0 Name
= TestMode
Autamatic
Camera
= loystick
loystick 1
Axes
Buttons
Motor

. Checklist

0.000000, 0.000000, 0.000000, 0.00
False, False, False, False, False,

[=] Left and Right Motor

Info
Qutput **

PWM: Digital Module 1, Invalid

=] Left and Right Motor

Info
Qutput **

PWM: Digital Module 1, Invalid
0.000

[=] My Motor RefMum
Info
Qutput **=

CAN: ID 1, Percent WBus
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.

Commands

Drive Basic Custom Test Commands  Checklist Variables

Command
Robor not in Test Mode

Status

i

Parameter

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 | variables

1. Secure battery and connection
2. Ethernet cable from radio to robot controller
3. Radio switch position and LEDs

4. Remove safety pins

This list is read from a text file in
Public/Documents/FRC/Checklist. txt.

Modify the file to customize your list.

Double clicking checkmarks a list item.
Shift Double Click clears the checkmarks.

Camera Off

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.

Variables

Drive Basic Custom Test Checklist WVariables

Variable Name Value
=} SmartDashboard
=] DB

Button 0 Bool
Button 1 Bool
Button 2 Bool
Button 3 Bool
Slider 0 | Numeric
Slider 1 I Numeric
Slider 2 1 Numeric
Slider 3 I Numeric
String 0 String
String 1 String
String 2 String
String 3 5tring
String 4 string
String 5 String
String 6 String
String 7 5tring
String 8 5tring

Camera Off

The Variables tab of the left pane shows all NetworkTables variables in a tree display. The
Variable Name (Key), Value and data type are shown for each variable. Information about
the NetworkTables bandwidth usage is also displayed in this tab. Entries will be shown with
black diamonds if they are not currently synced with the robot.
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Record/Playback

The LabVIEW Dashboard includes a Record/Playback feature that allows you to record video

and NetworkTables data (such as the state of your Dashboard indicators) and play it back
later.

Recording

Drive Basic Custom  Test Checklist Wariables

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.

Playback

25| FRC PC Dashboard

p——-— o )
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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)

11.6.2 Using the LabVIEW Dashboard with C++, Java, or Python Code

The default LabVIEW Dashboard utilizes NetworkTables to pass values and is therefore com-
patible with C++, Java, and Python robot programs. This article covers the keys and value
ranges to use to work with the Dashboard.

Drive Tab

Drive  Basic Custom Test Checklist Variables

Gyro
I
360

Battery

320x240 10fps 49%

0 Mbps 0 fps

Camera Off L 4

The Select Autonomous--- dropdown can be used so show the available autonomous routines
and choose one to run for the match.
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JAVA

SmartDashboard.putStringArray("Auto List", {"Drive Forwards", "Drive Backwards",
—"Shoot"});

// At the beginning of auto
String autoName = SmartDashboard.getString("Auto Selector", "Drive Forwards") // This,
wwould make "Drive Forwards the default auto
switch(autoName) {
case "Drive Forwards":
// auto here
case "Drive Backwards":
// auto here
case "Shoot":
// auto here

C++

frc::SmartDashboard: :PutStringArray("Auto List", {"Drive Forwards", "Drive Backwards",
— "Shoot"});

// At the beginning of auto
String autoName = SmartDashboard.GetString("Auto Selector", "Drive Forwards") // This,
wwould make "Drive Forwards the default auto
switch(autoName) {
case "Drive Forwards":
// auto here
case "Drive Backwards":
// auto here
case "Shoot":
// auto here

PYTHON

from wpilib import SmartDashboard

SmartDashboard.putStringArray("Auto List", ["Drive Forwards", "Drive Backwards",
—"Shoot"])

# At the beginning of auto
autoName = SmartDashboard.getString("Auto Selector", "Drive Forwards") # This would,,
—make "Drive Forwards the default auto
match autoName:
case "Drive Forwards":
# auto here
case "Drive Backwards":
# auto here
case "Shoot":
# auto here

Sending to the “Gyro” NetworkTables entry will populate the gyro here.
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JAVA

[Sma rtDashboard.putNumber("Gyro", drivetrain.getHeading()); ]
C++

[frc::SmartDashboard::PutNumber(”Gyro", Drivetrain.GetHeading()); ]
PYTHON

from wpilib import SmartDashboard

SmartDashboard.putNumber("Gyro", self.drivetrain.getHeading())

There are four outputs that show the motor power to the drivetrain. This is configured for 2
motors per side and a tank style drivetrain. This is done by setting “RobotDrive Motors” like
the example below.

JAVA

—~drivetrain.getRightFront(), drivetrain.getlLeftBack(), drivetrain.getRightBack()});

SmartDashboard.putNumberArray("RobotDrive Motors", {drivetrain.getlLeftFront(),, ’

C++

frc::SmartDashboard: : PutNumberArray("Gyro", {drivetrain.GetLeftFront(), drivetrain.
—GetRightFront(), drivetrain.GetLeftBack(), drivetrain.GetRightBack()});

PYTHON

from wpilib import SmartDashboard

SmartDashboard.putNumberArray("“RobotDrive Motors", [self.drivetrain.getLeftFront(),,
—self.drivetrain.getRightFront(), self.drivetrain.getLeftBack(), self.drivetrain.
—.getRightBack()1])
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Basic Tab

.[lri\.'e Basic .l:::ustcum .Tes‘t .IZ:ZhEc:kliS‘t Variables

ONE DB/String 5

New Name DB/LED O ' DB/Slider 0
DB/Button 1 DB/LED 1 ' DB/Slider 1
DB/LED 2 ' DB/Slider 2
DB/LED 3 ' DB/slider 3

Camera Off

The Basic tab uses a number of keys in the a “DB” sub-table to send/receive Dashboard data.
The LED’ s are output only, the other fields are all bi-directional (send or receive).

Strings

My 21 Char TestString

The strings are labeled top-to-bottom, left-to-right from “DB/String 0”to “DB/String 9”. Each
String field can display at least 21 characters (exact number depends on what characters).
To write to these strings:
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JAVA

[SmartDashboard.putString("DB/String 0", "My 21 Char TestString"); ]
C++

[frc::SmartDashboard::PutString("DB/String 0", "My 21 Char TestString"); ]
PYTHON

from wpilib import SmartDashboard

SmartDashboard.putString("“DB/String 0", "My 21 Char TestString")

To read string data entered on the Dashboard:

JAVA

[String dashData = SmartDashboard.getString("DB/String 0", "myDefaultData"); ]

C++

[std: :string dashData = frc::SmartDashboard: :GetString("DB/String 0", "myDefaultData"); ]

PYTHON

from wpilib import SmartDashboard

dashData = SmartDashboard.getString("DB/String 0", "myDefaultData")

Buttons and LEDs

= MNew Name DB/LED O
DB/Button 1 DB/LED 1

DB/Button 2 DB/LED 2

DB/Button 3 DB/LED 3
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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);

PYTHON

from wpilib import SmartDashboard

SmartDashboard.putBoolean("DB/Button 0", true)

To read from the Buttons: (default value is false)

JAVA

[boolean buttonValue = SmartDashboard.getBoolean("DB/Button 0", false);

C++

[bool buttonValue = frc::SmartDashboard: :GetBoolean("DB/Button 0", false);

PYTHON

from wpilib import SmartDashboard

buttonValue = SmartDashboard.getBoolean("DB/Button 0", false)
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Sliders

DB/Slider O
DB/Slider 1

DB/Slider 2

DB/Slider 3

The Sliders are bi-directional analog (double) controls/indicators with a range from 0 to 5. To
write to these indicators:

JAVA

[SmartDashboard.putNumber(”DB/Slider 0", 2.58);

C++

[frc::SmartDashboard::PutNumber("DB/Slider 0", 2.58);

PYTHON

from wpilib import SmartDashboard

SmartDashboard.putNumber("DB/Slider 0", 2.58)

To read values from the Dashboard into the robot program: (default value of 0.0)

JAVA

[double dashData = SmartDashboard.getNumber("DB/Slider 0", 0.0);

C++

[double dashData frc::SmartDashboard: :GetNumber("DB/Slider 0", 0.0);
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PYTHON

from wpilib import SmartDashboard

dashData = SmartDashboard.getNumber("DB/Slider 0", 0.0)

11.6.3 Troubleshooting Dashboard Connectivity

This document will help explain how to recognize if the Dashboard is not connected to your
robot, steps to troubleshoot this condition and a code modification you can make.

Recognizing LabVIEW Dashboard Connectivity

22| FRC PC Dashboard - o X

No Camera Selection

On the Variables tab of the Dashboard, the variables are shown with a black diamond when
they are not synced with the robot. Once the Dashboard connects to the robot and these
variables are synced, the diamond will disappear.

Recognizing SmartDashboard Connectivity

gj SmartDashboard | Connected: 172.22.11.2

SmartDashboard indicates if it is connected or not in the title bar. It shows the IP address it
is connected to. See this page for more on configuring the connection.
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g¥ SmartDashboard | Connected: 172.22.11.2 s SmartDashboard |
File View File View

Editable Ctrl+E

~  Edit Subsystems  Ctrl+Shift+E

Clear All Plots Shift+P
Reset LiveWindow Ctrl+R
Add... > Image

Connection Indicator %

For more visibility, you can also add a Connection Indicator widget. The connection indicator
can be moved or re-sized if the Editable checkbox is checked.

Recognizing Shuffleboard Connectivity

MetworkTables: not connected

Shuffleboard indicates if it is connected or not in the bottom right corner of the application
as shown in the image above. See page for more on configuring the connection.

Recognizing Glass Connectivity

i Glass - Connected (127.0.0.1)

Glass indicates if it is connected or not in the title bar. It shows the IP address it is connected
to. See this page for more on configuring the connection.

Recognizing AdvantageScope Connectivity

Al 172.22.11.2 — AdvantageScope
AdvantageScope indicates if it is connected or not in the title bar. It shows the IP address it is

connected to, or else the IP address it is attempting to connect to. See the AdvantageScope
Documentation for more on configuring the connection.
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Troubleshooting Connectivity

If the Dashboard does not connect to the Robot (after the Driver Station has connected to the
robot) the recommended troubleshooting steps are:

1. Restart the Dashboard (there is no need to restart the Driver Station software)

2. If that doesn’ t work, restart the Robot Code using the Restart Robot Code button on
the Diagnostics tab of the Driver Station

3. If it still doesn’ t connect, verify that the Team Number / Server is set properly in the
Dashboard and that your Robot Code writes a value during initialization or disabled
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Telemetry

12.1 Telemetry: Recording and Sending Real-Time Data

Recording and viewing telemetry data is a crucial part of the engineering process - 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 2024), mutable types from user code can be easily extended to interface
directly with WPILib dashboards via the Sendable interface, whose usage is described in the
next article.

12.2 Robot Telemetry with Sendable

While the WPILib dashboard APIs allow users to easi