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The basic steps to create a robot
program
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Overview of RobotBuilder

Creating a program with RobotBuilder is a very straight forward procedure by following a few
steps that are the same for any robot. This lesson describes the steps that you can follow. You can
find more details about each of these steps in subsequent sections of the document.

See How to write an easy to test robot program for more information about the basic steps in
creating a program to control your robot.

In addition to the text documentation provided here, a series of videos about Robot Builder are
also available.

Divide the robot into subsystems

An elevator with presst
stops for each goal
height that is controlled
with a PID loop

A gripper with a pair of
redlers that can collect

tubes and stop
automalically

Ta scare tha mini-bot at the
and of tha match there is an

alignment device 1o align the
robot with the tower base
and a ramp that engageas the
pole to act as a launch pad.

A camera for automated
scoring with a swilchable
LED illuminator thal sends
images back to the driver

gtation for processing

Your robot is naturally made up of a number of smaller systems like the drive trains, arms,
shooters, collectors, manipulators, wrist joints, etc. You should look at the design of your robot
and break it up into smaller, separately operated subsystems. In this particular example there is
an elevator, a minibot alignment device, a gripper, and a camera system. In addition one might
include the drive base. Each of these parts of the robot are separately controlled and make good
candidates for subsystems.

For more information see: Defining Robot Subsystems
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Add each subsystem to the RobotBuilder project

Fl

File Edit Wiew Export Help

Mew Save Open Unde Redo Verify Java Wiring Table C++ Getting Started

Subsystems . CPPTest
= . Subsystems Mame

= |, Drivetrain Button on SmartDasht

=t | Elevator
Controllers # pot

aul -

----- # motor
= 4y Wrist
----- # pot
o~ '=-_,_;-; = ) Operator Interface
| Joystick
(= Commands

----- # motor
EI... o ClEI'.I"-'

Each subsystem will be added to the "Subsystems" folder in the RobotBuilder and given a
meaningful name. For each of the subsystems there are several attributes that get filled in to
specify more information about the subsystems. In addition there are two types of subsystems
that you might want to create:

1. PIDSubsystems - often it is desirable to control a subsystems operation with a PID
controller. This is code in your program that makes the subsystem element, for example
arm angle, more quickly to a desired position then stop when reaching it.
PIDSubsystems have the PID Controller code built-in and are often more convenient
then adding it yourself. PIDSubsystems have a sensor that determines when the device
has reached the target position and an actuator (speed controller) that is driven to the
setpoint.

2. Regular subsystem - these subsystems don't have an integrated PID controller and are
used for subsystems without PID control for feedback or for subsystems requiring more
complex control than can be handled with the default imbedded PID controller.

As you look through more of this documentation the differences between the subsystem types will
become more apparent.

For more information see: Creating a subsystem, Writing Java code for a subsystem and Writing
C++ code for a subsystem
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Add components to each of the subsystems

Edit Wiew Expaort Help

w Save Open Undo Redo Verify Java Wiring Table C4++ Gett

Subsystems .. CPPTest

E} J Drivetrain

Controllers

Each subsystem consists of a number of actuators, sensors and controllers that it uses to perform
its operations. These sensors and actuators are added to the subsystem with which they are
associated. Each of the sensors and actuators comes from the RobotBuilder palette and is dragged
to the appropriate subsystem. For each, there are usually other properties that must be set such
as port numbers and other parameters specific to the component.

In this example there is an Elevator subsystem that uses a motor and a potentiometer (motor and
pot) that have been dragged to the Elevator subsystem.

Add commands to describe the goals for each subsystem

Commands

Az
&

{ . Commands

- # Autonomous Command
Close Claw
Lawer Wrist
Rasie Wrist
Lower Elevator
Raise Elevator
Prepare Pickup
Pickup

Place

Deliver Soda

sssssssnns
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Commands are distinct goals that the robot will perform. These commands are added by dragging
the command under the "Commands" folder. When creating a command, there are 3 primary
choices (shown on the palette on the left of the picture):

« Normal commands - these are the most flexible command, you have to write all of the code

to perform the desired actions necessary to accomplish the goal.
« Command groups - these commands are a combination of other commands running both
in a sequential order and in parallel. Use these to build up more complicated actions after

you have a number of basic commands implemented.
« Setpoint commands - setpoint commands move a PID Subsystem to a fixed setpoint, or the

desired location.

For more information see: Creating a command, Writing the code for a command in Java and
Writing the code for a command in C++

Test each command individually by starting it from the
SmartDashboard

[ (a NONS) | £/ SmartDashboard - 190 }

File  View

Autonomous Command Rasie Wrist

Close Claw Raise Elevator

Deliver Soda Prepare Pickup

Lower Elevator Place

Lower Wrist Pickup

Open Claw

Each command can be run from the SmartDashboard. This is useful for testing commands before
you add them to the operator interface or to a command group. As long as you leave the "Button
on SmartDashboard" property checked, a button will be created on the SmartDashboard. When
you press the start button, the command will run and you can check that it performs the desired

action.

RobotBuilder Last Updated: 12-01-2016 Page 8



RobotBuilder

By creating buttons, each command can be tested individually. If all the commands work
individually, you can be pretty sure that the robot will work as a whole.

For more information see: Adding a button to SmartDashboard to run a command

Add Operator Interface components

YeYe! | £,| FRC RobotBuilder
File Edit WView Export Help

Open Undo Redo Verify Jawa WiringTable C++ Getting Started

.. MyRobot Property Value

i-- || Subgystems Mame ShootButton
' = Joystick Joystick 1
Button 1
Command Shoot
e When to Run whenPressed

t- 4 Autonomous Command
L. s Chant

The operator interface consists of joysticks and devices connected through the extended 1/0
device (Cypress module). You can add operator interface components (joysticks, joystick buttons,
and analog and digital inputs) to your program in RobotBuilder. It will automatically generate code
that will initialize all of the components and allow them to be connected to commands.

The operator interface components are dragged from the palette to the "Operator Interface"
folder in the RobotBuilder program. First (1) add Joysticks to the program then put buttons under
the associated joysticks (2) and give them meaningful names, like ShootButton.

Connect the commands to the Operator Interface

Ly MyRobot
- | Subsystems ShootButton

=~ | Operator Interface Joystick Joystick 1
= . Joystick 1 Button 1 o
. shootButton Command choot =

‘oo CollectButton wWhen to Run whenPressed o
=l Commands

# Autonomous Command
i # Shoot
@ Collect
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Commands can be associated with buttons so that when a button is pressed the command is

scheduled. This should, for the most part, handle most of the tele-operated part of your robot

program.

This is simply done by (1) adding the command to the JoystickButton object in the RobotBuilder
program, then (2) setting the condition in which the command is scheduled.

For more information see: Connecting the operator interface to a command

Develop one or more Autonomous commands

e Open  Undg

iring Table C++ Getting Started

.. MyRobot o Froperty Value
P heyetem
-5 Operator Interface Autonomaous Command Shoot o
{2+ 1. Joystick 1 e’
----- # ShootButton Java Project Click to Select
4 CollectButton Use Default Java Package W
= B Commands Java Package org.usfirst, frc0000
# Autonomous Command C++ Windriver Workspace Click to Select
# Shoot Export Subsystems L
_ = 4 Collect Export Commands v
:ll \Wiring File Click to Select

Commands make it simple to develop autonomous programs. You simply specify which command
should run when the robot enters the autonomous period and it will automatically be scheduled. If
you have tested commands as discussed above, this should simply be a matter of choosing which
command should run.

Select the robot at the root of the RobotBuilder project, then edit the Autonomous Command
property to choose the command to run. It's that simple!

For more information see: Setting the default autonomous command
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Generating code for the program

KiYeYe _J FRC RobotBuilder

File Edit View Export Help

Mew Save Open Undo Redmmngﬁbleﬂ:etﬁng Started
; Property

Value
} = | Subsystems Mame MyRobot
- |, Operator Interface Autonomous Command Shoot
=8 | J Joystick 1 ; =
-~ # ShootButton Java Project KClick to Select
: i 4 CollectButton o
= - Commands Java Package .usfirst, frc0000 /
- # Autonomous Command !.EEEI:‘EE-
i Shoot
Lo ¢ Collect Expnrtl:c:mmands d
Wiring File Click to Select
-~ .
A
r
f ———Commands——

, - .= Your Robot

At any point in the process outlined above you can have RobotBuilder generate a C++ or Java
program that will represent the project you have created. This is done by specifying the location of

the project in the project properties (1), then clicking the appropriate toolbar button to generate
the code.

For more information see: Generating Netbeans project files and Generating C++ code for a
project.
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Starting RobotBuilder

RobotBuilder is a Java program and as such should be able to run on any platform that is
supported by Java. We have been running RobotBuilder on Mac OS X, Windows 7, and various
versions of Linux successfully.

Locating the RobotBuilder .jar file

BOOTCAMP (C:) » WindRiver » WPILib » A
Burn Mew folder EESI
;': Mame = Date modified Type Size

I:I cRIO Images 10/31/2012 %47 AM  File folder

|| BSD_License_for_WPILib_code. bt 10/24/201212:50 ...  Ted Document 2EB
& cRIOFRC w\Works 10/24/201212:50 ... File 409 KB
& cRIOFRCI_wxWorks 10/24/201212:50 ... File 4621 KB
i+ SmartDashboard.jar 10/22/2012 3:21 PM Executable Jar File 2243 KB
E SmartDashboard. javadoc.zip 10/22/2012 2:21 PM WinRAR ZIP archive 882 KB
i+ TableViewer-r314.jar 1072272012 3:20 PM Executable Jar File 77 KB
g WPILIbC++5Source20121030rev3487 zip 10/30/201210:20 ...  WinRAR ZIP archive 536 KB

RobotBuilder is shipped as a .jar file (Java archive). In most cases you can simply double-click on
the file in a graphical file browser for your operating system and it will start.

*+ For java users RobotBuilder is located in the sunspotfrcsdk/tools directory. This directory is
in your user home directory, usually something like /Users/<username>/sunspotfrcsdk.

* For C++ users RobotBuilder is located in the C;\WindRiver\WPILib folder (shown in the
example above).
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Starting RobotBuilder from the command line

Command Prom pt
CzslUserssbhradicd SWindRiversWPILib
C=xUWindRiver~UWPILib>dir

Uolume in drive C iz BOOTCAMP
Uolume Serial Humher iz B4?E-1A75

Directory of C:sUWindRiver~WPILih

18-31-20812 @9:47 <DIR> -
ag:47 <DIR> .
12:58 1. 558 BSD_Licensze_for_ WPILib_code.txt
12:58 4_.731,.198 cRIOFRCII_vxWorks
12:58 4,193,388 cRIOFRC_vxUorks
a9 :-47 <DIR> cRIO_Images
a5:52 2.854,.322 RobotBuilder—r554. jar
a3:21 2,296,118 SmartDaszhhoard. jar
a3:21 282 .561 SmartDashhoard.javadoc.zip
ai:2@8 78,637 Tableliewer—r3id. jar
18-38-2012 168:28 548,314 UPILibC++Source2@l21A3Arevid87 . zip
8 Fileds> 148086168 hytes
3 Dirdsd> 25 744 74 _B1l6 hutes free

s=xMindRiversUWPILibh*>java —jar RobotBuilder—»5Lh54. jar

In some cases Java and your file browser might not be properly configured to run the .jar file by
double-clicking. Simply type "java -jar RobotBuilder.jar" from the directory that contains
RobotBuilder. Be sure to append the correct version number to the RobotBuilder name as shown
in the example above.
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The RobotBuilder user interface

RobotBuilder User Interface

FRC RobotBuilder

File Edit View Export Help

New I Save I Open I Undo I Redo | Verify I Java | Wiring Table | CH++ | Getting Started |
m 3 53 MyRobot Property Value
¥ [ Subsystems MName Drive motor
Output Module (Digital 1
viE EILevato.r. Dutgut Channel((P‘z‘M}) 1
| Position pot
" Drive motor
3 Wrist
[ Drive base
[ Gripper
¥ [ Operator Interface
¥ [ Joystick

_“ Shoot button .
" Deliver soda butt Victor

¥ [ Commands
_" Autonomous Commal
“ Open gripper n
“ Close gripper

" Elevator to pickup
Actuators What is it?
A paragraph or so describi
un Properties

»~ Name
The name of this compenent.
J—L Property Name)
A brief description of the property.

Annlications

RobotBuilder has a user interface designed for rapid development of robot programs. Almost all

operations are performed by drag and drop or selecting options from drop-down lists.
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Dragging items from the palette to the robot description

| File Edit View Export Help
|| Mew I Save I Open I Undo I Redo I Verify I_lava I Wiring Tahble | C

] [ MyRobot
¥ [ Subsystems
¥ [ Elevator
Quardrature ' Position pot
A0 AT A | Drive motor
. = il Wrist
3 Drive base
0 Gripper
¥ [ Operator Interface
¥ [ Joystick
Y Shoat button
" Deliver soda butt
¥ [ Commands

You can drag items from the palette to the robot description by starting the drag on the palette
item and ending on the container where you would like the item to be located. In this example,
dropping a potentiometer to the Elevator subsystem.
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Adding components using the right-click context menu

800 FRC RobotBuilder
File Edit View Export Help
| Mew I Save I Open I Undo I Redo I Werify I Java I Wiring Table I C++ I Getting Started |

Iﬁ MyR.obot Property Walue
¥ [ Subsystems Name Elevator
- i—- Default Command None

L

Add Controllers
Add Sensors
Add Actuators
Add Pneumatics

Quadrature

Add Cyro
Add Accelerometer

Add Quadrature Encoder
Add Indexed Encoder
Add Gear Tooth Sensor
Add Potentiometer
Add Analog Input
Add Limit Switch
Add Digital Input
Add Ultrasonic

Y YRAAY

' Shoot button

| Deliver soda butt

¥ [ Commands
| Autonomous Commal
' Open gripper »
Y Close gripper

9 Elevator to pickup
ST~ [ —— AR 2 2470

A shortcut method of adding items to the robot description is to right-click on the container object
(Elevator) and select the item that should be added (Potentiometer). This is identical to using drag
and drop but might be easier for some people.
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Editing properties of robot desciption items

File Edit View Export Help

FRC RobotBuilder

| New I Save I Open I Undo IMWiring Table I C++ I Getting Started |

=
¥ L Elevator
' Position pot
' Drive motor
[ Wrist
0l Drive base
Ll Cripper
¥ [ Operator Interface
¥ [ Joystick
' Shoot button
" Deliver soda butt
¥ [ Commands
5 Autonomous Commal
" Open gripper
" Close gripper

-

The properties for a selected item will appear in the properties viewer. The properties can be

rope

Name

Autonomous Command
Team Number

Java Project

Use Default Java Package
Java Package

C++ Windriver Workspace
Export Subsystems
Export Commands
Wiring File

dlle
MyRobot
Autonomous Command
0
Click to Select

org.usfirst.frc0000
Click to Select

o

Click to Select

edited by selecting the value in the right hand column.

Using the menu system

8 00

| Mew I Save I o
— =

Quadrature

File Edit View Help

il Ul Verify

Your Robot

FRC RobotBuilder

i etting Started |

[ Drive base
L Gripper

¥ [ Operator Interface

¥ Bl lnwstick

Bperty
Mame
Autonomous Command
Team Mumber

lava Project

Use Default Java Packag
lava Package

C++ Windriver Workspa
Export Subsystems
Export Commands
Wiring File

Operations for RobotBuilder can either be selected through the menu system or the equivalent

item (if it is available) from the toolbar.
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Setting up the robot project

The RobotBuilder program has some default properties that need to be set up so the generated
program and other generated files work properly. This setup information is stored in the
properties for robot description (the first line).

Using RobotBuilder with Eclipse

Preferences

type filter text Workspace v v |
¥General |
» Appearance See 'Startup and Shutdown' for workspace startup and shutdown preferences.
Compare/Patch
Content Types Buiild E—
W Editors
KE'{S Refresh on access
P Network Connections -
Perspectives |_| Save automatically before build
Search || Always close unrelated projects without prompt
P Security -

P Startup and Shutdown
‘Web Browser
¥Workspace
Build Order Workspace name (shown in window title):
Linked Resources
Local History
» ANt Open referenced projects when a project is opened
FC/CH+
P Code Recommenders
FHelp
P Install/Update
P Java Command for launching system explorer: | open -R “${selected_resource_loc}'
FMaven
P Mylyn
P Remote Systems Text file encoding New text file line delimiter
P Run/Debug
»Team (+) Default (UTF-8) (*) Default (Unix)
Walidation
FWindowBuilder
P WPILIb Preferences
XML

Workspace save interval (in minutes): |5

-;-Always -;-Never -E-Prompt

() Other: |UTF-8 v () Other: | Unix

| Restore Defaults | | Apply |

lf?} | Cancel | | OK

When using RobotBuilder files are saved inside the RobotBuilder interface and also from the
Eclipse interface. It is important to keep the files in sync. To get eclipse to automatically notice that
RobotBuilder has saved new versions of the project files and automatically load them check the
"Refresh using native hooks or polling" option in the Workspace preferences under General as
shown here. With this option checked, the source files open in the Eclipse editor will automatically
be refreshed when RobotBuilder generates new files.
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Robot project properties

[CNSN::] FRC RobotBuilder —- /Users/brad/Documents /workspace/Gearsbot.yml|
File Edit View Export Help

New | Save | Open | Undo | Redo | Verify | Java | Wiring Table | C++ | Getting Started

Subsystems |:|- Property Value
* NS ¥ [ Subsystems Name GearsBot
33 » [ Claw Autonomous Command Autonomous Command
‘: # > G Elevator Team Mumber 0
Use Default Java Package ™
Controllers > [ Wrist Java Package org.usfirst.frc0000
~ » | Chassis Eclipse Workspace JUsers /brad/workspace
& - @ Operator Interface Export Subsystems
o » {3 Commands Export Commands ™
Simulation World File fusr/share /frcsim/worlds/GearsBotDemo.world
= Wiring File Click to Select

The properties that describe the robot are:
Name - The name of the robot project that is created

Autnomous Command - the command that will run by default when the program is placed in
autonomous mode

Team Number - the team number is used for creating the package names
Java Project - The folder that the java project is generated into when Export to Java is selected

Use Default Java Package - If checked RobotBuilder will use the default package
(org.usfirst.frc####). Otherwise you can specify a custom package name to be used.

Java Package - The name of the generated Java package used when generating the project code
Eclipse Workspace - The location of the Eclipse workspace that your project should be saved to

Export Subsystems - Checked if RobotBuilder should export the Subsystem classes from your
project

Export Commands - Checked if RobotBuilder should export the Command classes from your
project

Simulation World File - The World File that is used for simulation of your robot project

Wiring File - the location of the html file that contains the wiring diagram for your robot
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Using source control with the RobotBuilder project

Choose folder to save project

Save As:

| % brad

MyRobot

() Use path relative to the RobotBuilder save fild Name Bl Date Modified
L] CTestProgram Wednesday, January 2, 201...
|5 Desktop Friday, March 7, 2014 3:21 ...
[&] Documents Saturday, March 15, 2014 1...
2] Downloads Tuesday, April 1, 2014 9:24...
& Dropbox Friday, March 7, 2014 3:21 ...
L irmhae1 7 A Eridaw Luhy 12 20132 275 DR
File Format: | All Files s |
| MNew Folder | | Cancel | | Save |

When using source control the project will typically be used on a number of computers and the
path to the project directory might be different from one users computer to another. If the
RobotBuilder project file is stored using an absolute path, it will typically contain the user name
and won't be usable across multiple computers. To make this work, select "relative path" and
specify the path as an directory offset from the project files. In the above example, the project file
is stored in the folder just above the project files in the file hierarchy. In this case, the user name is
not part of the path and it will be portable across all of your computers.
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Creating a subsystem

Subsystems are classes that encapsulate (or contain) all the data and code that make a subsystem
on your robot operate. The first step in creating a robot program with the RobotBuilder is to
identify and create all the subsystems on the robot. Examples of subsystems are grippers, ball
collectors, the drive base, elevators, arms, etc. Each subsystem contains all the sensors and
actuators that are used to make it work. For example, an elevator might have a Jaguar speed
controller and a potentiometer to provide feedback of the robot position.

Creating a subsystem by dragging from the palette

File Edit View Export Help
Mew | Save | Open | Undo | Redo | Verify | Java | Wiring Tahle | C++ | Getting

Subsystems ] MyRobot W

i Subsystems
‘ [ Operator Interface
¥ [ Commands

T Autonomous Commar
Controllers

Drag the subsystem icon from the palette to the Subsystems folder in the robot description to
create a subsystem class.
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Creating a subsystem by using the context menu on the
Subsystem folder

FRC
File Edit View Export Help

Mew | Save | Open | Undo | Redo | Verify | Java | Wiring Tahble

C++ | Getting 51

Subsystems 0 MyRobot Property
s ~ Subsystems| | [Name
Add Subsystem
¥ | Add PID Subsystem J
Controllers

~ A
Right-click on the Subsystem folder in the robot description to add a subsystem to that folder.

Name the subsystem

ew Export Help
I | Undo | Redo | Verify |j:nr::. Wiring Table | C++ |G¢uina Started

i MyRobot Property Value

¥ [l Subsystems Nﬁ;ﬁE [Cripper
. Default Command None
- uBsystEm

B Operator Interface
¥ o Commands
© Autonomous Commar

After creating the subsystem by either dragging or using the context menu as described above,
simply type the name you would like to give the subsystem. The name can be multiple words

separated by spaces, RobotBuilder will concatenate the words to make a proper Java or C++ class
name for you.
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Drag actuators and sensors into the subsystem

File Edit View Export Help
Mew | Save | Open | Undo | Redo | Verify | Java | Wiring Table | C++4 | Getting Started

1 () | MyRobaot Property Valee
i Subsystems fName Victor
: Output Module (Digital) 1

¥ @ Gripper
JActuators !

- wWOutput Channel (PWM) 1
e

I Operator Interface o
f —
There are two steps to adding components to a subsystem:

i Commands
Autonomous Command

|

1. Drag actuators or sensors from the palette into the subsystem as required.
2. Give the actuator or sensor a meaningful name
3. Edit the properties such as module numbers and channel numbers for each item in the

subsystem.

RobotBuilder will automatically use incrementing channel numbers for each module on the robot.
If you haven't yet wired the robot you can just let RobotBuilder assign unique channel numbers for
each sensor or actuator and wire the robot according to the generating wiring table.

This just creates the subsystem in RobotBuilder, and will subsequently generate skeleton code for
the subsystem. To make it actually operate your robot please refer to: Writing the code for a

subsystem in Java or Writing the code for a subsystem in C++.
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RobotBuilder

Creating a command

Commands are classes you create that provide behaviors or actions for your subsystems. The
subsystem class should set the operation of the subsystem, like ElevatorUp to start the elevator
moving up, or ElevatorToSetPoint to set the elevator's PID setpoint. The commands initiate the
subystem operation and keep track of when it is finished.

Drag a command to the robot description Commands folder

== "o,
- | MyRobot Property
[ Subsystems Name
Require:

¥ [ Gripper

" Victor
[ Operator Interface
[ Commands
© Autonomous Command

be

Simple commands can be dragged from the palette to the robot description. The command will be
created under the Commands folder.
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Creating commands using the context menu

Save | Open | Undo | Redo | Verify | Java | Wiring Table | C++ | Getting Started
[\ }; .4 MyRobot | Property Value

(53 Subsystems MName Command
v @ Gripper Requires None
“ Victor
B8 Operator Interface
i Commands

Add Command
Add Command Group
Add PID Command

You can also create commands using the right-click context menu on the Command folder in the
robot description.

Give the command a name and set the required subsystem

[ Redo | Verify | Java [ Wiring Table | C++ ] Cetting Started

| MyRobot
Il Subsystems 0
v (@@ Gripper
" Victor

i Operator Interface

] Commands
~ Autonomous Command
" Close gripper

-

Name the command with something meaningful that describes what the command will do. Then
set the subsystem that is used by this command. When this command is scheduled, it will
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automatically stop any command currently running that also requires this command. If a
command to open the gripper is currently running (requiring the gripper subsystem) and the close
gripper command is scheduled, it will immediately stop opening and start closing.

RobotBuilder Last Updated: 12-01-2016 Page 26



RobotBuilder

Setting the default command for a subsystem

Once you have some commands created, you can set one of them to be the default command for
a subsystem. Default commands run automatically when nothing else is running that requires that
subsystem. A good example is having a drive train subsystem with a default command that reads
joysticks. That way, whenever the robot program isn't running other commands to operate the
drive train under program control, it will operate with joysticks.

Create the command that should be the default for a subsystem

(XS NI

lo I Varify I Java I Wiring Table I C++ I Getting Started |

" Potentiometer
¥ L Wrist
| Potentiometer
| Motor
¥ [ Claw
" Motor
L Operator Interface
¥ [ Game Pad
| Joystick Button
| Joystick Button 2
L Commands
 Drive with joysticks
- Autonomous Command
" Close Claw
7 Open CLaw
| Stow Wrist
| Lower Wrist
" Elevator Delivery
" Elevator Pickup
" Prepare To Pickup
- Grab
" Pickup
" Deliver

Property Value

Name Drive with joysticks

Requires Drive Train
Command

What is it?

A paragraph or so describing what it is

A command is a single action performed by the robot. Com
one subsystem which they act with. After being started, a cc
(S-SR S-) JT S G- [ e b bem b mm E S Semida

LSO IR [ S—

Here a command is created called "Drive with joysticks" that would read the joystick values and set
them in the Drive Train subsystem. This is what the Drive Train should be doing if it isn't being

asked to do anything else.
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Set the command as the default for the subsystem

sufRCRobolBullde ke IO

“xport Help

i | Redo I Verify | Java I Wiring Table | C++ I Getting Started |

0 MyRobot
¥ [ Subsystems
©  DriveTrain
¥ [ Robot Drive 2
5 Left Motor
Y Right Motor
5 Ulrasonic
¥ [ Elevator
' Motor
" Potentiometer
¥ [l Wrist
5 Potentiometer
Y Motor
¥ [ Claw

SR P

Property WValue

| Default Command Drive with joysticks

-

Subsystem

- #A

The "Drive with joysticks" command is set as the default command for the Drive Train subsystem.

You can also set the default Autonomous command, that is the command that runs when the

robot enters the Autonomous state.
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Setting the default autonomous command

Since a command is simply one or more actions (behaviors) that the robot performs, it makes
sense to describe the autonomous operation of a robot as a command. While it could be a single
command, it is more likely going to be a command group (a group of commands that happen
together).

View Export Help
en | Undo | Redo | Verify | Java | Wiring Tabhle | C++ | Getting Started

|_—,- 0 Property o Value
¥ [ Subsysterie Name 4 MyRaobaot
v @@ Elevator $utonomous Command Autonomous Command )
 Vict gam Number [i]
- i€ c-r. Java Project Click to Select
Fotentiometer Use Default Java Package 4
| ¥ [0 Operator Interface Java Package org.usfirst.frc0000

To designate a command that runs when the robot starts during the autonomous period of a
competition:

1. Select the robot in the robot program description
2. Fill in the Autonomous command field with the command that should run when the

robot is placed in autonomous mode. This is a drop-down field and will give you the
option to select any command that has been defined.

When the robot is put into autonomous mode, the defined Autonomous command will be
scheduled.

See: Creating a command and Setting the default command for a subsystem.
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RobotBuilder

Adding a button to SmartDashboard to test a
command

Commands are easily tested by adding a button to the SmartDashboard to trigger the command.
In this way, no integration with the rest of the robot program is necessary and commands can
easily be independently tested. This is the easiest way to verify commands since with a single line
of code in your program, a button can be created on the SmartDashboard that will run the
command. These buttons can then be left in place to verify subsystems and command operations
in the future.

This has the added benefit of accommodating multiple programmers, each writing commands. As
the code is checked into the main robot project, the commands can be individually tested.

Creating the button on the SmartDashboard

| £:| FRC RobotBuilder

rt  Help

ndo Redo Verify Java Wiring Table C++ Getting Started

I E MyRobot Property Value
""" . Subsystems Mame |5h|:n:ut

- | Operator Interface :
= Joystick 1 Button on SmartDashboard | v
i # ShootButton
|

‘.. CollectButton
) Commands
«I .ﬁ.ub:unnmcuus Command

\I Cu:ullect

The button is created on the SmartDashboard by putting an instance of the command from the
robot program to the dashboard. This is such a common operation that it has been added to
RobotBuilder as a checkbox. When writing your commands, be sure that the box is checked, and
buttons will be automatically generated for you.
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How to operate the buttons on the SmartDashboard

.YeYe

| £ SmartDashboard - 190

File Wiew

Autonomous Command

Close Claw

Deliver Soda

Lower Elevator

Lower Wrist

Open Claw

Rasie Wrist
Raise Elevator
Prepare Fickup

Place

Pickup

The buttons will be generated automatically and will appear on the dashboard screen. You can put
the SmartDashboard into edit mode, and the buttons can then be rearranged along with other
values that are being generated. In this example there are a number of commands, each with an
associated button for testing. The button is labeled "Start" and pressing it will run the command.
As soon as it is pressed, the label changes to "Cancel" and pressing it will interrupt the command
causing the Interrupted() method to be called.

Adding commands manually

SmartDashboard:
SmartDashboard:
SmartDashboard:
SmartDashboard:
SmartDashboard:
SmartDashboard:
SmartDashboard:

iPatData ("Close
:PotData ("Lower
:PotData ("REa=sie
:PotData ("Lower
:PotData ("Raizse

:PotData ("Auntonomous Command®, new AutonomousCommand () ) ;
:PotData ("Open Claw"™, new OpenClaw()):;

Claw"™, new ClozseClaw()):

Wrist", new LowerWrist()):
Wrist", new RasieWrist()):
Elevator™, new LowerElevator()):
Elevator™, new RaizeElevator()):

SmartDashboard:
SmartDashboard:
SmartDashboard:
SmartDashboard:

:PatData ("Prepare Pickup"™, new PreparePickup()):
:PotData ("Pickup", new Pickupi()):

:PotData ("Place", new Placel()):

iPaotData ("Deliver Soda"™, new DeliverSodal()) s

Commands can be added to the SmartDashboard manually by writing the code yourself. This is
done by passing instances of the command to the PutData method along with the name that
should be associated with the button on the SmartDashboard. These instances are scheduled
whenever the button is pressed. The result is exactly the same as RobotBuilder generated code,
although clicking the checkbox in RobotBuilder is much easier than writing all the code by hand.
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Connecting the operator interface to a command

Commands handle the behaviors for your robot. The command starts a subsystem to some

operating mode like raising and elevator and continues running until it reaches some setpoint or
timeout. The command then handles waiting for the subsystem to finish. That way commands can
run in sequence to develop more complex behaviors.

RobotBuilder will also generate code to schedule a command to run whenever a button on your
operator interface is pressed. You can also write code to run a command when a particular trigger

condition has happened.

Set up a command to be run by the button press

File Edit View Export Help
New | Save | Open | Undo | Redo | verify Jnval\'ﬂrmg'lablt|f4+ Getting Started

]
s

Commands

vﬁé@

In this example we want to schedule the "Elevator to top" command to run whenever joystick

button 1 is pressed.

B MyRobot Property
¥ [ Subsystems Mame
¥ [l Elevator
Victor
Patentiometer

B Operator Interface
¥ @ Commands

“ AUtonomaus Eammar
\..__..r”n

Value
Elevator to top

\.._.--’E

Command

A

1. The command to run is called "Elevator to top" and its function is to move the elevator
on the robot to the top position
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2. Notice that the command requires the Elevator subsystem. This will ensure that this
command starts running even if there was another operation happening at the same
time that used the elevator. In this case the previous command would be interrupted.

Adding the Joystick to the robot program

File Edit View Export Help
New | Save | Open | Undo | Redo | verify | Java Wiring Tahle | C++4 | Getting Started

E.: L B MyRobot Property Value
I ¥ i@ Subsystems Name Driver gamepad
T i Elevator Number 1
= Victor g
R = | i:h-" ‘ Potentiometer
4 ¥ & Operator Interface
 Drivergamepad|
Qi

Commands
k.._./n

- Autonomous Commar
Elevator to top

N )

Add the joystick to the robot program

1. Drag the joystick to the Operator Interface folder in the robot program
2. Name the joystick so that it reflects the use of the joystick and set the USB port number
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Add a button and link it to the Elevator to top command

File Edit View Export Help
Hew | Save | Open | Undo | Redo | Werify | Java | Wiring Table | C++ | Getting Started

C . i 3 MyRobot Property Value
“, ¥ [ Subsystems Name Elevaror top button
& El . ey ;
T - el',::tﬁ:r Button 1
g.ﬂ *\, nr Command Elevator to top
3 IR
al

Potentiomerer When to Run whenPressed

¥ @ Operator Interface
river gamepad o
h——
Add the button that should be pressed to the program

Elevator top butto
Commands
" Autonomous Commar
* Elevator 1o op

Torsrrmbsnle TPasddnes

1. Drag the joystick button to the Joystick (Driver gamepad) so that it's under the joystick
2. Set the properties for the button: the button number, the command to run when the
button is pressed, and the "When to run" property to "whenPressed" to indicate that the

command should run whenever the joystick button is pressed.

Note: Joystick buttons must be dragged to (under) a Joystick. You must have a joystick in the
Operator Interface folder before adding buttons.
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Producing a wiring diagram for your robot

Once all the subsystems are defined and filled with sensors and actuators you can produce a
wiring diagram that will help the team wiring the robot to make sure that the electrical
connections between the components and the cRIO robot controller are correct.

Filling in the wiring file location

File Edit Wiew Export

New | Save Open | Undo | Redagebetibe | Java

Freumatics

There are three steps to getting a wiring diagram for your robot.

Help

firing Table |JC++ | Getting Started

Property

0 m=
g ¥ i SUbsystEms M are
¥ i Drivetrain Autonomous Command
Team Mumber

¥ @ Robot Drive 2

Java Project
Left mator Use Default Java Package
Right mator Java Package

¥ @ Cripper

¥ i Elevator
Victor
Patentiomeater
¥ B Wrist

Wictor

MWiring File
I

C++ Windriver Workspace
Wictar _|Export Subsystems
ExpomiCommands

Valug
MyRobot
Autonomous Command
190
Click to Select
W

org.usfirst.fre0000

Click to Seleg
W
" e—

fUsers /brad/Delete me/.. 3

1. Select the top of the robot description to view the robot program properties
2. Click on the wiring file name (initially not filled in) to set where the wiring file should be

generated

3. Click on the Wiring Table toolbar item to create the wiring diagram

It is only necessary to do steps 1 and 2 the first time, the RobotBuilder will remember the location
of the wiring file once it is set for the project.
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View the wiring file your web browser

Adding Existing Le Wiring
file:/... s a P e

e # Cancun to Cozumel Coogle Apps Learn » || Other Bookmarks :
- -
Wiring [

PWM on Digital Sidecar 1

Motor

Drivetrain Right motor Output
Drivetrain Left motor Output
Wrist Victor Ourput

Elevator Victor Qutput
Gripper Victor Output

R = R R S

Analog Module 1 i

#  Sensor
2 Wrist Potentiometer Input
4 Elevator Potentiometer Input

The wiring file may be opened with the system web browser and printed to hand off to the robot
wiring team. You should keep the final version of the wiring diagram with the robot in case
connections are pulled out during a competition so that it can be quickly rewired.
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RobotBuilder generated code

The layout of a RobotBuilder generated project

Projects - Development | Services | Files |

F 5 java-table-viewer
¥ A MyRobot
v (8 sre
| ]
¥ || commands
@l@AulonomousCDmmand.java
m@CIoseCIaw.java
m@[}eliver.java
m&ElevalorDelivew.java
m&ElevalorPickup.java
g m&Grab.java
m&LoweMrist.java
éﬂﬁopenCLanava
EﬂaPmkupJava
EﬂaPreparETGMckupJava
m@Stowﬂhl'risl.java
¥ [ subsystems
@l@CIaw.java
@ﬂ@DHveTranava
m&'EIevator.java
5] WS j

A RobotBuilder generated project consists of a package (in Java) or a folder (in C++) for Commands
and another for Subsystems (1). Each command or subsystem object is stored under those
containers (2). At the top level of the project you'll find the robot main program (Robot.java), the
Operator Interface file (Ol.java) and the RobotMap that contains the code to create all the
subsystem components that were added to the robot description.

Autogenerated code

reguires (Robot.claw):

aptETimeotl 1)

When the robot description is modified and code is re-exported RobotBuilder is designed to not
modify any changes you made to the file, thus preserving your code. This makes RobotBuilder a
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full-lifecycle tool. To know what code is OK to be modified by RobotBuilder, it generates sections
that will potentially have to be rewritten delimited with some special comments. These comments
are shown in the example above. Don't add any code within these comment blocks, it will be
rewritten next time the project is exported from RobotBuilder.

If code inside one of these blocks must be modified, the comments can be removed, but this will
prevent further updates from happening later. In the above example, if the //BEGIN and //END
comments were removed, then later another required subsystem was added in RobotBuilder, it
would not be generated on that next export.

Main robot program

This is the main program generated by RobotBuilder. There are a number of parts to this program:

1.

U

This class extends IterativeRobot. IterativeRobot will call your autonomousPeriodic() and
teleopPeriodic() methods every 20ms (each time the driver station exchanges Joystick
and other data with the robot).

Each of the subsystems is declared here These are public static variables so that they
can be referenced from throughout your robot program by writing Robot. <subsystem-
name>.method(), for example Robot.elevator.setSetpoint(4).

. The subsystems are instantiated in the robotlInit() method that is called after the

construtor runs for this class. It is important to be create the subsystems after the
constructor to avoid recursive loops. Also instance of the OI() class (for your operator
interface) and the autonomous command are created here.

In the autonomouslnit() method which is called every 20ms, make one scheduling pass.
That is call the isFinished() and execute() methods of every command that is currently
scheduled.

In the teleopPeriodic method which is called every 20ms, make one scheduling pass.

If there is an autonomous command provided in RobotBuilder robot properties, it is
scheduled at the start of autonomous in the autonomouslInit() method and canceled at
the end of the autonomous period in teleoplnit().
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RobotMap - generation of all the actuator and sensor objects

static Jaguar DRIVE TRAIN LEFT MOTOR;
public static Jaguar DRIVE TRAIN RIGHT MOTOR;
public static RobotDrive DRIVE TRAIN ROBOT DRIVE 2;
public static AnalogChannel DRIVE TRAIN ULTRASONIC;
public static Vietor ELEVATOR MOTOR; e
public static AnalogChannel ELEVATOR POTENTIOMETER; [N
public static AnaleogChannel WRIST POTENTIOMETER;
public static Vietor WRIST MOTOR;
publie statiec Vietor CLAW MOTOR:

=
public static void imit() {

DRIVE TRAIN LEFT MOTOR = new Jaguar(l, 2);

LiveWindow.addActuator (" "Drive Train ", ' Lc-;LQc-:" , DRIVE TRAIN LEFT MOTOR);
DRIVE TRAIN RIGHT MOTOR = new Jaguar(l, 1);
LiveWindow.addActuator{"Drive Train ", "Right Motor", DRIVE TRAIN RIGHT MOTOR);

DRIVE TRAIN ROBOT DRIVE 2 = new RobotDrive(DRIVE TRAIN LEFT MOTOR, DRIVE TRAIN RIGHT MOTOR);

DRIVE'_TRAI]‘.‘_RsBsT_DRIVE_2.setSafeEyﬂnabled[falsc);.
DRIVE TRAIN ROBOT DRIVE Z.setExpiration(0.1); e
DRIVE TRAIN ROBOT DRIVE 2.setSensitivity(0.5):

7 T 7 . ; .
DRIVE TRAIN ROBOT DR_IVE 2.setHaxouteuttl.D],

DRIVE TRAIN ULTRASONIC = new AnalogChannel(l, 3);

ELEVATOR MOTOR = new Victor(l, 6);

LiveWindow.addActuateor({ "Elevator ", "Motor"”, ELEVATOR MOTOR);

ELEVATOR POTENTIOMETER = new AnalogChannel(l, 4);
LiveWindow.addSensor{"Elevator ", "Potentiometer"”, ELEVATOR POTENTIOMETER);
WRIST POTENTIOMETER = new RAnalogChannel(l, 2);

LiveWindow.addSensor{"Wrist ", "Potenticmeter", WRIST POTENTIOMETER);

WRIST MOTOR = new Victor(l, 5)

LiveWindow.addActuator("Wrist ", "Motor", WRIST MOTOR);

CLAW _MOTOR = new Victor(l, 7);
LiveWindow.addActuator("Claw °, "Motor", CLAW MOTOR);

The RobotMap is a mapping from the ports sensors and actuators are wired into to a variable
name. This provides flexibility changing wiring, makes checking the wiring easier and significantly
reduces the number of magic numbers floating around. All the definitions of sensors and motors
from the robot description are generated here.

Notice that each sensor and actuator is added to the LiveWindow class (1) so that the can be
automatically displayed when the SmartDashboard is set to LiveWindow mode. Also any
properties for the particular sensor or actuator is set here to reflect the settings made in the robot
description. (2)

Each of the references for the objects are declared and instantiated here (3, 1), but they are copied
into every subsystem to make it easy and clean to write code that uses them.
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Ol class - the Operator Interface

public class O {
public JoystickButton joystickButton;

public JoystickButton joystickButton?:
public Joystick gamePad;

I public OI({) {

gamePad = new Joystick(l): \g

JjovatickButtond = new JoystickButton{gamePad
joystickButton.whenPressed(new OpenCLaw());

joystickButton = new JoystickButton({gamePad,
joystickButton.whenPressed{new CloseClaw()):

The code for all the operator interface components is generated here (1). In addition the code to

link the Ol buttons to commands that should run is also generated here (2).
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Writing C++ code for your robot
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Generating C++ code for a project

Adding code to create an actual working subsystem is very straightforward. For simple subsystems
that don't use feedback it turns out to be extremely simple. In this section we will look at an
example of a Claw subsystem that operates the motor for some amount of time to open or close a
claw on the robot arm.

Generate the code for the project

Unda Redo Verify Java WiringTabI' C++ }tﬁng Started
 RobotBuilderGearsbot o Property Value
e

=, Subsystems Mame RobotBuilderGearsbot
= Drive train Autonomous Command Autonomous Command
. = ’ Robot Drive 2 Team Mumber 0
# Left Motor lava Project Click to Select
“- # Right motor Use Default Java Package o v
- Ly Claw g :
-4 Victor C++ Windriver Workspace £ \WindRiver yworkspace
=+ | Elevator
----- # \Victor Export Commands v
i 4 Potentiometer Wiring File Click to Select
= L Wrist

Verity that the C++ WindRiver workspace location is set properly (1) and generate code for the C++
robot project (2).
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Import the project into WindRiver Workbench

W !
rf_ﬁ Project Explorer (el Debug Symbaol Browser
BS &~ 8
[ 2 IE-H MyRobot (Wind River VxWorks 6.3 Downloadable Kernel Module Project)
[ ID-H networktables (Wind River ViWaorks 6.3 Downloadable Kernel Module Project)

LT VisionSample2012
[ '[E-H WPILib (Wind River Vx\Works 6.3 Downloadable Kernel Module Project)

Mew k

Open
L Export...

Open Development Shell. ..
Build Options »
2 |Refresh

o5 ; 8 -0~ ¥

Right-click in the Project Explorer and import your project from the location set in RobotBuilder.

Ideally the project has been saved in your workspace.
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Viewing the imported project

S ™

Gle Edit Source Refactor MNawvigate Search Project Target Analyze Bunm FIRST  Window

Fi C9 - [H B oy ¥ g H$-0-@- ¥~ E
._\D (el Debug Symbol Browser
HE &y 2@
bm MyRobot (Wind River VxWorks 6.3 Downloadable Kernel Module Project)
'[E-H networktables (Wind River VxWaorks 6.3 Downloadable Kernel Module Project)

bm RobotBuilderGearsbat (Wind River ViWarks 6.3 Downloadable Kernel Module Project)
.E},’L Build Targets (PPCA03gnu - debug)
fF Wind River Launches
iiy.b Binaries
[l Indudes
= Commands
2 pPPCB03gNU

You can view the project in the project explorer by double-clicking on the project name in the
project explorer. From there you can see all the project files. Your subsystems are in the
Subsystems folder and the commands are in the Commands folder.
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Writing the C++ code for a subsystem

RobotBuilder representation of the Claw subsystem

FRC RobotBuilder

Export Help

:n Unde Redo Verify Java WiringTable C++ Getting Started

=8

=

- Left Motor
‘- # Right motor

..... ... '|||'i|:t|:|r

| Elevator

@ Victor

e # Potentiometer
| Wrist

----- # Potentiometer

Property
Mame

Claw

Value

Default Command

Mone

The claw at the end of a robot arm is a subsystem operated by a single Victor speed controller.
There are three things we want the claw to do, start opening, start closing, and stop moving. This is
the responsibility of the subsystem. The timing for opening and closing will be handled by a

command later in this tutorial.
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Adding capabilities to a simple subsystem
le]

#include "Claw.h™
finclude "../Robotmap.h"

Claw: :Clawi)

Subsystem ("Claw™) {

f/ BEGIN AUTOGENERATED CCODE, SOURCE=RCOBOTBUILDER ID=DECLARATICNS
victor = RobotMap::CLAF VICTOR:

'/ END AUTOGENERATED CODE, SOURCE=ROBOTBUILDER ID=DECLARATICNS

_void Claw: :InitDefaultCommand () {

/ BEGIN AUTCGENERATED CODE, SCURCE=E UILDER ID=DEFAULT COMMAND

void Claw: :Open() {
victor-»Zet (1),

vold Claw: :Close() |
wictor->Set(-1):

LDER ID=DEFAULT COMMAND

void Claw::Stop() {
victor-»Set (0);

The subsystem generated by RobotBuilder has the code to create the Claw class that corresponds
to the subsystem and the code to copy the reference to the generated Victor object into the class
to make it easily referenced. To add the capabilities to the subsystem to actually operate the

motor add 3 methods, Open(), Close(), and Stop() to start the motor moving in the open or close
direction or stop the motor.
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Adding the method declarations to the generated header file -
Claw.h

[]‘Ehmqm []

#ifndef CLAW H

#define CLAW H

#include "Commands/Subsyvstem.h™
#inclode "WPILik.h™

class Claw: public Subsvyvstem {
private:
public:

'/ BEGIN AUTCGENERATED CCODE, SCOURCE=RCOBCOTEUILDER ID=DECLARATICONS

Victor* wvictor:

'/ END AUTCGEMERATED CODE, SOURCE=RCBOTEUILDER ID=DECLARATICONS
Claw () :
vold InitDefanltCommand () ;

void Openi) :

vold Clo=el():
vold Stop();

#gendif

In addition to adding the methods to the class implementation file, Claw.cpp, the declarations for
the methods need to be added to the header file, Claw.h. Those declarations that must be added

are shown here.

To add the behavior to the claw subsystem to operate it to handle opening and closing you need
to define commands.
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Writing the code for a command in C++

Close claw command in RobotBuilder

unao  Heao  venTy  Java wiring raoe  L++  LEeIINng >Tarted

i E- g8 Wrist Property

- # Potentiometer Mame

Close daw

Value

o Vichor Fequires

Claw

=l | Operator Interface

d = ) Joystick

.. # Joystick Button
‘. Joystick Button 2
[=]~ |, Commands

# Autonomous Command
 Closedaw

l Open daw

. # Stow wrist

This is the definition of the Close claw command in RobotBuilder. Notice that it requires the Claw

subsystem. This is explained in the next step.
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Generated Closeclaw class generated in Closeclaw.cpp

L.l *Closedaw.h

" ginclude "Closeclaw.h"”
_Closeclaw: :Closeclaw () {
Regmires (Robot::claw) !

: // END AUTOGENERATZD CODE, SOURCE=ROBOTBUILDI
( SctTimeout(1); Jo
¥ —

wold Closeclaw::Initialize () f
Robot::claw->Close () !

Nl

_vold Closeclaw: :Execute () {
favaul I"'In:LE'!'I:-nml-T 3 373 o
return IsTimedOnt(): io
-

woid Closeclaw: :End
Robot::clav->5top() ! o

RobotBuilder will generate the class files (header and implementation) for the Closeclaw
command. The command represents the behavior of the claw, that is the operation over time. To
operate this very simple claw mechanism the motor needs to operate for 1 second in the close
direction. The Claw subsystem has methods to start the motor running in the right direction and to
stop it. The commands responsibility is to run the motor for the correct time. The lines of code that
are shown in the boxes are added to add this behavior.

1. Set the one second timeout for this command. When the command is scheduled, a
timer will be started so the one second operation can easily be tested.

2. Start the claw motor moving in the closing direction by calling the Close method that
was added to the Claw subsystem.

3. This command is finished when the timer runs out which happens after one second has
passed. This is the timer set in step 1.

4. The End() method is called when the command is finished and is a place to clean up. In
this case, the motor is stopped since the time has run out.

5. The Interrupted() method is called is this command is interrupted if another command
that also requires the Claw subsystem is scheduled before this finishes. For example, if
the Closeclaw command was scheduled and running, then the Openclaw command was
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scheduled it would interrupt the Openclaw command, call its Interrupted() method, and
the motor would stop.
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Writing the code for a PIDSubsystem in C++

PIDSubsystems use feedback to control the actuator and drive it to a particular position. In this
example we use an elevator with a 10-turn potentiometer connected to it to give feedback on the
height. The skeleton of the PIDSubsystem is generated by the RobotBuilder and we have to fill in
the rest of the code to provide the potentiometer value and drive the motor with the output of the
imbedded PIDController.

Setting the PID constants

Export Help
do | Redo | Verify | Java | Wiring Table | C++ | Getting Started
] MyRobot Property WValue
¥ [ Subsystems Name Elevator
¥ [ Drive train Default Command None
- Ul i Input Elevator Potentiometer
rasonic Output - ‘
~ Left motor I 0
" Right motor D 0.0
¥ [ Claw F _ 0.0
- Continuous
Victor L
Limit Input
¥ [ Elevator Minimum Input 0.0
| Victor Maximum Input 5.0
" Potentiometer Limit Output
¥ [ Wrist Minimum Output -1.0
" Victor Maximum Qutput 1.0
" Potentiometer
¥ [ Operator Interface PID q“hEUE‘me

Make sure the Elevator PID subsystem has been created in the RobotBuiler. In the case of our
elevator we use a propertional constant of 6.0 and 0 for the | and D terms. Once it's all set,
generate C++ code for the project using the Export menu or the C++ toolbar menu.
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Add constants for the Elevator preset positions

@ Closedaw. cpp @ Closedaw.h @ Elevator.cpp @ Wrist.cpp @ Elevate

#ifndef ELEVATOR H
ffdefine ELEVATOR H

finclnde "Commands/PIDSubsystem.h"
finclude "WEILikb.h"

class Elevator: public PIDSubsystem {
public:
static const double
static const double

static const double

AnalogChannel®* potentiometer;
Victor* wvictor;

Elevator();

double RetuornPIDInput():

void UsePIDOutput (douobkle outpuat):
void InitDefanltCommandi() ;

¥:

fendif

oy

{ BEGIN AUTOGENERATED CODE, SOURCE=ROBOTIBUILDER ID=DECLARATICNS

{ END LAUTOGEMNERATED CCDE, SCURCE=RCEOTBUILDEE ID=DECLARATIONS

Elevator constants define potentiometer voltages that correspond to fixed positions on the
elevator. These values can be determined using the print statements, the LiveWindow or

SmartDashboard.
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Initialize the elevator position in the Elevator constructor

Closedaw.cpp @ Closedaw.h @ @ Wrist,cpp @ Elevator.h

#inclnde "Elevator.h"
#inclnde "../Robotmap.h"
#include "SmartDashboard/SmartDashboard.h”
S/ BEGIN AUTCGEMERATED CODE, SOURCE=ROBOTEUILDER ID=PID
Elevator: :Elevator() : PIDSubsystem|("Elevator™, 1.0, 0.0, 0.0} |
GetPIDController () —>SetContinmons (false) ;

/' END AUTCGENERATED CODE, SOURCE=RCBOTEUILDER ID=PID
Jf BEGIN AUTCGENERATED CCODE, SCURCE=ROBOTBUILDER ID=DECLARATICHS
potentiometer = RobotMap::ELEVATOR POTENTIOMETER:
victor = RobotMap::ELEVATCH VICTOR:

Set the elevator initial position so when the robot starts up it will move to that position. This will
get the robot to a known starting point. Then enable the PIDController that is part of the
PIDSubsystem. The elevator won't actually move until the robot itself is enabled because the
motor outputs are initially off, but when the robot is enabled, the PID controller will already be
running and the elevator will move to the "STOW" starting position.

The autogenerated code to return the PID input values

donble Elevator: :ReturnPIDInput
S BEGIN AUTOGENEREATET CUDE, LE=ED EUT IT=500ECE
return potentiometer->PIDGet ()

" END AUTCGENERATED CODE, SCOURCE=RCBOTEUILDER ID=S5CURC

If you look at the RobotBuilder generated code for ReturnPIDInput() you can see that there is a
//BEGIN and //END comment delimiting the return statement. \ In between //BEGIN and //END
comments is where RobotBuilder will rewrite code on subsequent exports. So in general you
should not change any code in that block. But, the function returns the value in raw analog units
(0-1023). The setpoints are in units of Volts, so this won't work.
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Set the ReturnPIDInput method to return voltage

donble Elevator: :BeturnPIDInpnt() {
retorn potentiometer->GetAverageVoltage () ;

The function must be changed to return voltage. If we change the code inside the //BEGIN and
//END block, it will just be overwritten next time RobotBuilder exports the file. The solution is to
remove the //BEGIN and //END comments, then make the change. This will prevent RobotBuilder
from changing the code back again later.

That's all that is required to create the Elevator PIDSubsystem in C++. To operate it with
commands to actually control the motion see: Operating a PIDSubsystem from a command in C++.
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Writing Java code for your robot
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Generating Netbeans project files

After you start getting a significant part of your robot designed in RobotBuilder you can generate a
Java project for use with Netbeans. The code that is generated includes project files that will let you
just open the project and start adding your robot specific code. In addition, if you later make
changes in RobotBuilder, you can regenerate the project again and it will not overwrite your
changes. This process is described in detail below.

Setting up the project properties for export

File Edit Wiew Export Help
Mew | Save | Open | Undo | Redo | Verify | Java | Wirino Table | C++ | Getting Started

1 S ® - [2) m
- Sl 2
¥ [ Drive train Autonomous Command OO and
e , Team NMumber &
¥ [ Robot Drive 2 Use Default Java Package - =
~ Left motor Java Package org.usfirst.frc0000
“ Right motor C++ Windriver Workspace Click to Select
v @@ Claw Export Subsystems ™
) Ly Export Commands ]
Ao ] Victor Wiring File Click to Select

1 ¥ [ Elevartor
u RT" " Victor
Here is the procedure for setting up the project for Java code generation (export).

1. Select the project name in the top of the robot description to see the project properties.

2. Set the project name to something meaningful for your teams robot.

3. Set the directory where the project should be saved. This might be inside your
NetbeansProjects directory or some other folder.
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Generate the project files

FRC RobotBuilder -- fUsers/brad/junk/GearsE

File Edit View Help

| Mew I Save I Open I Um VEI’if‘y’ Wiring Table I C++ I Getting Started |

gt | U Name
- " Java ! MName
0 G Autonomous Command

Team Number
Java Project

rain
ot Drive 2

-
Controllers - Lt.!ft_laguar’ Use Default Java Package
_| Right Jaguar Java Package
¥ [ Elevator C++ Windriver Workspace
| Victor Expan gubsvf.te;ns
" Potentiometer }fpfcm _amman §
_ Wiring File
¥ Ll Wrist
1 Victor
Y Potentiometer | -

Once the location of the exported project files is defined (previous step) either click on Java from
the Export menu or use the "Java" item in the toolbar to generate code to the correct location. This
will generate a full project the first time the button is pressed, or it will update the project with
changes on subsequent exports.
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Open the project in NetBeans

=¥ Ireelaplelest

: 36
‘-lﬁ-awml-lh] 37 public statiec wvec
¥ [Hgsrc 38 if {liveWind
» [ com 39 if (enak
v [ eduymmi fircr wniliki i Syst
|__||3|_E_ U. o Sche
» 3 1 Open Project Sche
» 0 d - " for
Ljunk v |6 68|
> e C
L == AN G earsBotProject Project Name: }
> E::E | MyRobot 31:;5:
> = fi for
==N Open Reguired Projects:
v ol

£ }

@ Sche
> L] A reWind
> [] 5 1tusTa
 EH
» H v e

@24 File: [Users (brad/junk /GearsBotProject . Open Project | |~
%8 . . - Jalues
BL File Format: | pygjact Folder =~ | Cancel |

[, S —
@I&Analughﬂudule.java I 65

In NetBeans, select "File" from the menu bar, then "Open project..." and select the location where
the file was saved from RobotBuilder. The project will be opened and you will see it in the
"Projects" tab on the left side of the NetBeans window. The project name will be the same as the
name of the top folder in RobotBuilder.
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Writing the code for a subsystem in Java

Adding code to create an actual working subsystem is very straightforward. For simple subsystems
that don't use feedback it turns out to be extremely simple. In this section we will look at an
example of a Claw subsystem that operates the motor for some amount of time to open or close a
claw on the robot arm.

Create the subsystem

¥ [ Subsystems Name Claw
¥ [ Drive train Default Command Mone
" Ultrasonic
¥ [ Robot Drive 2
" Left motor

tics

Be sure that the subsystem is defined in the RobotBuilder robot description. The Claw subsystem
has a single Victor and no sensors since the claw motor operates for one second in either direction
to open or close the claw.

Generate code for the project

View Export  Heshp—

Dpen | Undo | Redo VeIﬁr Java MMTable C++ | Getting Started

il =] GeaW Property Value
¥ [ Subsystems Name GearsBotRobot
¥ @ Drive train Autonom ommand Autonomous Command
. F | e i
UItrasomF Java Project JUsers /brad/CearsBotRobot/GearsBot
¥ [ Robot Drive 2 Use Default Java Package

~ Left motor - - : e e
“ Rinhr mntar C++ Windriver Workspace Click to Select

Verify that the java project location is set up (1) and generate code for the robot project (2).
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Open the project in Netbeans

AEES

Projects - Development Files

| <default conf...

Services

AgE=] GearsBotRobot|
v (3 src

b [ org.usfirst.fre0.GearsBotRobot

» [ org.usfirst.frc0.GearsBotRobot.commands

\&|“Elevator.java
@&Nrist.java
b build.xml

e I Mahwnark Tahlac 2 0

Mpot.subsystems

Open the generated project in Netbeans and notice the subystems package containing each of the

subsystem files. Open the Claw.java file to add code that will open and close the claw.
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Add methods to open, close, and stop the claw

import
T import
import

10 public

package org.usfirst.frel.CearsBotRobot.subsystems;

edu.wpi.first.wpilibj.*;
edu.wpl.first.wpilibj.command. Subsystem;
org.usfirst.freld.GearsBotRobot .RobotMap;

class Claw extends Subsystem {

13 Vietor wictor = RobotMap.CLAW VICTOR;
14

15

@ public void initDefaultCommand() {
17

18

19

20 }

21

22 public void openClaw() {
23 victor.set{1.0);

24 }

25

26 public void eloseClaw() {
27 victor.set({-1.0);

28 }

29

30 public void step() {

31 victor.set{0.0);

32 }

33 "

Add methods to the claw.java that will open, close, and stop the claw from moving. Those will be
used by commands that actually operate the claw. The comments have been removed from this
file to make it easier to see the changes for this document. Notice that a member variable called

"victor" is created by RobotBuilder so it can be used throughout the subsystem. Each of your
dragged-in palette items will have a member variable with the name given in RobotBuilder.

See: Writing the code for a command in Java to see how to get this Claw subsystem to operate

using commands. See: Writing the code for a PIDSubystem in Java to write the code for a more
complex subsystem with feedback (PIDSubsystem).
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Writing the code for a simple command in Java

Subsystem classes get the mechanisms on your robot moving, but to get it to stop at the right time
and sequence through more complex operations you write Commands. Previously in Writing the
code for a subsystem in Java we developed the code for the Claw subsystem on a robot to start the
claw opening, closing, or to stop moving. Now we will write the code for a command that will
actually run the Claw motor for the right time to get the claw to open and close. Our claw example
is a very simple mechanism where we run the motor for 1 second to open it or 0.9 seconds to
close it.

Adding a command

H "
!

¥ [ Commands
- Autonomous Commar | What 1t

- Close claw A paragra

.l - Open claw A comma
" Stow wrist subsystem

- Lower wrist either it i

command

" Elevator delivery
" Elevator pickup

N . What d

Prepare to pickup Commanc

| Grab requires a

-~ Deliver soda mmt_"mmd

“ Pickup require th
" Place soda

Proper

To create a command drag the command icon from the palette to the Commands folder in the
robot description. This will create a command with a default name, then rename the command to
be something meaningful, in this case "Open claw" or "Close claw".
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Setting the Requires property to the correct subsystem

ble | C++ | Getting Started

Property Valug
Name Clase rlaw
Requires ¥ Mone -
Drive train
[ Claw
Elevator

Wrist
n

Set the Requires propert to the subsystem that this command is controlling. In this case, the "Close
claw" command controls the Claw subsystem. If the "Close claw" command is scheduled while
another command that uses the Claw is also running, the "Close claw" command will preempt the
other command and start. For example, if the "Open claw" was running, then the robot operator
decided that they really wanted to close it, since they both require the Claw, the second command
(Close claw) would cancel the running open command.

Generate code for the project

iring Tahle | C++ | Getting Started

Property
¥ [ Subsyseees Nam:_a
¥ [ Drive train Requires

" Ultrasonic

w 8 Bnkhnt Dirive 2

Using either the Export menu (1) or the Java toolbar item (2), generate the code for the project.

RobotBuilder Last Updated: 12-01-2016 Page 63



RobotBuilder

Write the code to close the claw

7

a public class Closeclaw extends Command {
L]

10 public Closeclaw() {

11

12

13 }

14

15

@ ot ook o d praad dp3dbialienty J

17 setTimeout(0.9); °
18 Robot.claw.closeClaw();

19 N t J.r "'\-._.-!
20

21

@ protected void execute() {

23 }

@ s irtarrupted() {
] ' end(); i"
39 e

F

Add these 5 lines of code to the Closeclaw command to it can be used:

1. The claw needs to run in the close direction for 0.9 seconds to completely get closed.
Setting a timeout initializes the timer for this command. Each command can have a
single timer that can be used for timing operations or timeouts to make sure that
commands don't get stuck in the case of a broken sensor. Then start the claw closing.
Notice that we only need to start the claw closing once, so having it in the initialize
method is sufficient.

2. The claw should continue closing until the timer runs out. The command has an
isTimedOut() method that returns true if the timer that was set in the initialize() method
is done.

3. In the end() method stop the claw from moving. This is called when the isFinished()
method returns true (the timer runs out in this case).

4. The interrupted() method is called when this command is preempted by another
command using the Claw subsystem. In this case, we just call the end() method to stop
the claw from moving.

That's all that's required to get the claw to run when the command is run. Notice that you can refer
to any subsystem by using the class name Robot since subsystem references are automatically
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generated as static variables. For example, "Robot.claw.closeClaw()" gives you access to the claw
class and it's methods.

This command can be part of a more complex Command Group (see: Creating a command that
runs other commands) or run from an operator interface button such as a joystick button (see:
Connecting the operator interface to a command).
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Writing the code for a PIDSubystem in Java

PIDSubsystems use feedback to control the actuator and drive it to a particular position. In this
example we use an elevator with a 10-turn potentiometer connected to it to give feedback on the
height. The skeleton of the PIDSubsystem is generated by the RobotBuilder and we have to fill in
the rest of the code to provide the potentiometer value and drive the motor with the output of the
imbedded PIDController.

Setting the PID constants

Export Help
do | Redo | Verify | Java | Wiring Table | C++ | Getting Started
] MyRobot Property WValue
¥ [ Subsystems Name Elevator
¥ [ Drive train Default Command None
- Ul i Input Elevator Potentiometer
rasonic Output - ‘
~ Left motor I 0
" Right motor D 0.0
¥ [ Claw F _ 0.0
- Continuous
Victor L
Limit Input
¥ [ Elevator Minimum Input 0.0
| Victor Maximum Input 5.0
" Potentiometer Limit Output
¥ [ Wrist Minimum Output -1.0
" Victor Maximum Qutput 1.0
" Potentiometer
¥ [ Operator Interface PID q“hEUE‘me

Make sure the Elevator PID subsystem has been created in the RobotBuiler. In the case of our
elevator we use a propertional constant of 6.0 and 0 for the | and D terms. Once it's all set,
generate Java code for the project using the Export menu or the Java toolbar menu.
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Add constants for the Elevator preset positions and enable the
PID controller

11 |-

12 public class Elevator extends PIDSubsystem {
13

14 AnalogChannel potentiometer = RobotMap.ELEVATOR POTENTIOMETER;
15 Victor victor = RobotMap.ELEVATOR VICTOR;
16

17

18 public static final double BOTTOM = 4.6,
19 STOW = 1.65,

20 TABLE HEIGHT = 1.58; o
21

22 @ public Elevater(|) {

23

24 super ( , 1.0, 0.0, 0.0);

25 getPIDController().setContinuous(false);
26

27

28 setSetpoint ( STOW) ; e

29 enable();

30 L

31

@jT public void initDefaultCommand() {

33

To make it easier to drive the elevator to preset positions, we added preset positions for the
bottom, stow, and table height. Then the elevator is set to the STOW position by setting the PID
setpoint and the PID controller is enabled. This will cause the elevator to move to the stowed
position when the robot is enabled.

Look at the autogenerated code from RobotBuilder for
returnPIDInput

3s| L }

36

£y protected double returnPIDInput() {
39 return potentiometer.pidGet();

41 }

@= protected void usePIDOutput(double output) |

The returnPIDInput() method is used to set the value of the sensor that is providing the feedback
for the PID controller. In this case, the code is automatically generated and returns the
potentiometer raw analog input value (a number that ranges from 0-1023). In our case we would
like the PID controller to be based on the average voltage read by the analog input for the
potentiometer, not the raw value.
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If we just change the line:

return potentiometer.pidGet();

it will be overwritten by RobotBuilder next time we export to Java. You can tell which lines are
automatically generated by looking at the "//BEGIN AUTOGENERATED CODE" and "//END

AUTOGENERATED CODE" comments. Any code inbetween those markers will be overwritten next
time RobotBuilder is run. You're free to change anything outside of those blocks.

Use the avarage voltage for the PID input

35 ¥

36

() protected double returnPIDInput() {

38 return potentiometer.gethverageVoltage():
39 ¥

40

™ mrateacrtad radid neaBTiMimdEnnds fAomkhla ke sy

To get around the problem from the last step, the comment blocks can be removed. Then if the
line is changed as shown, it will no longer be overwritten by RobotBuilder.

Remember, if we just wanted to add code to a method it could be added safely outside of the
comment blocks.

That's all that is required to create the Elevator PIDSubsystem in Java. To operate it with
commands to actually control the motion see: Operating a PIDSubsystem from a command
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Operating a PIDSubsystem from a command in
Java

A PIDSubsystem will automatically control the operation of an actuator with sensor feedback. To
actually set the setpoints for the subsystem use a command since commands can be controlled
over time and put together to make more complex commands. In this example we move the
Elevator subsystem to the pickup (BOTTOM) position. To create the PIDSubsystem for the elevator
see: Making a subsystem with feedback from sensors and Writing the code for a PIDSubystem in

|ava

Create the Elevator pickup command

t View Export Help

Open | Undo | Redo | Werify | Java | Wiring Table | C++ | Getting Started
S'I'EH‘IS SLLIVY WIS L
" Lower wrist

" Elevator delivery
" Prepare to pickup
‘ollers 7 Grab

1 " Deliver soda
i " Pickup

The elevator pickup command moves the elevator to the pickup (BOTTOM) position. Notice that
the Command requires the Elevator subsystem. By requiring the elevator, the command scheduler

will automatically stop any "in progress" elevator commands when the Elevator pickup command
is scheduled.

U

MName Elevator pickup

Requires Elevator

Export to Java to generate code for the robot program including the new Elevator pickup
command.
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Add the methods to finish the command

1Q

11 |-

12 public class Elevatorpickup extends Command {
13

14 T public Elevatorpickup() {

protected void initialize() {
Robot.elevator.setSetpoint (Elevator.BOTTOM) ;

n protected void execute() {

{

return Math.abs(Robot.eslevator.getSetpoint() = Robot.elevator.getPosition{)) < 0.1;

(@ protected void end() {

a1 }

3z

@ protected void interrupted() {
34 }

s}

There are two changes that need to be made to make the Command work properly:

1. Set the setpoint on the Subsystem PID controller so that it starts the elevator moving to
the right position.

2. Add code to the isFinished() method so the command can finish when the elevator has
moved to its target position. This way, other commands that run after this command will
start when the elevator has reached its target position.
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Advanced techniques
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Creating a command that runs other commands

Often you will want to run multiple commands, one after another to enable more complex
behaviors in your program. Once each of the individual commands have been debugged, you can
create a CommandGroup. A CommandGroup is a named set of commands that may be executed

sequentially or in parallel.

Creating a Command Group
|

al

B MyRobot
i Subsystems
i Operator Interface
¥ i Commands
Autonomous Commar

(-]

To create a CommandGroup

Value
|Drive then hang tube

\-.._./E

Property
Mame

CommandGroup

A

At 2= d '}

1. Dragthe command group from the palette to Commands folder in the robot description
2. Name the command group so that is has a meaningful name
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Edit the the generated code in the command group (Java)

=

public class SodaDelivery
public SodaDelivery()
addSeguential (new
addSeguential ({new
addSeguential (new
addSeguential {new
addSequential (new
addSeguential (new

extends CommandGroup {
{

PrepareToGrab());
Grab{));
DriveToDistance|.11));
PlaceSoda());
DriveToDistance(.2));
Stow());

Add each command to command group that should be sequentially scheduled when the
command group is scheduled. This allows you to build up complex commands based on simpler
and tested commands. For each command that should run, call the addSequential() method with a
reference to the instance of the command.

Edit the generated code in the command group (C++)

AddSeqnential (new
AddSeqnential (new
AddSequnential (new
AddSequential (new
AddSequnential (new

|.c| FirstSubsystem.h |.c| OI.cpp |.c| Robot.cpp le] OL.h l.c] Ro
#include "SodalDelivery.h"”
#include "PrepareToGrak.h"”
finclude "Grab.h"
#include "DriveToDistance.h"
#include "FlaceSoda.nh"
#include "DriveToDistance.h"”
#include "Stow.h"
SodaDelivery: : SodaDelivery () {
AddSequnential (new PrepareToGrakb()):

Grab()):
DriveToDistance (.11)) !
FlaceSodal()):
DriveToDistance(.2))
Stow()):

Add each command to command group that should be sequentially scheduled when the
command group is scheduled. This allows you to build up complex commands based on simpler
and tested commands. For each command that should run, call the addSequential() method with a
reference to the instance of the command.
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Using PIDSubsystems to control actuators with
feedback from sensors

More advanced subsystems will use sensors for feedback to get guaranteed results for operations
like setting elevator heights or wrist angles. The PIDSubsystem has a built-in PIDController to
automatically set the correct setpoints for these types of mechanisms.

Create a PIDSubsystem

File Edit View Export Help

: Mew | Save | Open | Undo | Redo | Verify | Java | Wiring Table | C++ | Getting Started o
| Subsystems 5 MyRobot -
’ o SLlr‘s-,*str:ms | Name PID Subsystem
Input Mo Choices Available
3 @ i Operator Interlace Output Mo Choices Available
¥ [ Commands P 1.0
© Autonomous Commar || 0.0
D 0.0
F 0.0
| Continuous
| Limit Input
Minimum Input 0.0
Maximum Input 5.0
“|Limit Qutput

Adimirmmnames Muakemot 1M
*

Sanenra

Creating a subsystem that uses feedback to control the position or speed of a mechanism is very
easy.

1. Drag a PIDSubsystem from the palette to the Subsystems folder in the robot description
2. Rename the PID Subsystem to a more meaningful name for the subsystem

Notice that some of the parts of the robot description have turned red. This indicates that these

components (the PIDSubsystem) haven't been completed and need to be filled in. The properties
that are either missing or incorrect are shown in red.
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Adding sensors and actuators to the PID Subsystem

File Edit View Export Help
New | Save | Open | Undo | Redo | Verify | Java | Wiring Table | €+ + | Getting Started
Value

B MyRobot Froperty
¥ [ Subsystems Marme Potentiometer
o Input Module (Analog)h 1

i Elevato
i, Input Channel (Analog) 1

Victoms="

Operator Interface
B Commands
Autonomous Commar

Potentiometer

-

Add the missing components for the PIDSubsystem

Drag in the actuator (a speed controller) to the particular subsystem - in this case the

Elevator
Drag the sensor that will be used for feedback to the subsystem, in this case the sensor

is a potentiometer that might give elevator height feedback.

1.

2.
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Fill in the PIDSubsystem parameters to get the correct operation
of the mechanism

uuuuu LR=TNTE gL LR ITR TR I LS T AL L L

] MyRobot Property Value
¥ [ Subsystems Name Elevator
ﬂr o Elevator Potentiometer
St E j

" Potentiometer
[ Operator Interface
¥ [ Commands
© Autonomous Commar

ontinuous

Limit Input

Minimum Input 0.0

Maximum Input 5.0
“|Limit Qutput

Minimum Qutput -1.0

Maximum Output 1.0

There a number of parameters for the PIDSubsystem but only a few need to be filled in for most
cases

1. The Input and Output compents will have been filled in automatically from the previous
step when the actuator and sensor were dragged into the PIDSubsystem

2. The P, |, and D values need to be filled in to get the desired sensitivity and stability of the
component

See: Writing the code for a PIDSubystem in Java and Writing the code for a PIDSubsystem in C++
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Setpoint command

A common use case in robot programs is to drive an actuator to a particular angle or position that

is measured using a potentiometer or encoder. This happens so often that there is a shortcut in
RobotBuilder to do this task. It is called the Setpoint command and it's one of the choices on the
palette or the right-click context menu that can be inserted under "Commands".

Start with a PIDSubsystem

. RobotBuiderGearsbotTest Property Value
- J. Subsystems Mame Wrist
= . Drive train Default Command Mone
E‘ . Robot Drive 2 Input Wrist Potentiometer
# Left Motor Output Wrist Victor
i ie s Rightmotor ] 2.0
‘.. # Quadrature Encoder I 0.0
= | Claw D 0.0
‘@ Victor el
1 Blevator [|Tolerance 005 ]
----- & Victor oranuon
i Potentiometer Limit Input
= - - Minimum Input 0.0
----- # Potentiometer Maximum Input 5.0
o i Vichor Limit Output
=1 | Operator Interface Minimum Output -1.0
== Joystick ) Maximum Output Lo

Suppose in a robot there is a wrist joint with a potentiometer that measures the angle. First create
a PIDSubsystem that include the motor that moves the wrist joint and the potentiometer that
measures the angle. The PIDSubsystem should have all the PID constants filled in and working

properly.

It is important to set the Tolerance parameter. This controls how far off the current value can be

from the setpoint and be considered on target. This is the criteria that the SetpointCommand uses
to move onto the next command.
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Creating the Setpoint Command

L1 gy PSI AU LS iaus
Sensors . B ). Joystick

: - @ Joystick Button
-4 Joystick Button 2
e Joystick Button 3

Add Command
Add Command Group
Add Setpoint Command

i Elevab:r pln:kup
- # Prepare to pickup

. Ce=b

Right-click on the Commands folder in the palette and select "Add Setpoint command".

Setpoint Command parameters

sble C++ Getting Started

Value

. Mame
Requires
Setpoint

ader

Fill in the name of the new command. The Requires field is the PIDSubsystem that is being driven
to a setpoint and the Setpoint parameter is the setpoint value for the PIDSubsystem. There is no
need to fill in any code for this command, it is automatically created by RobotBuilder.

Whenever this command is scheduled, it will automatically drive the subsystem to the specified
setpoint. When the setpoint is reached within the tolerance specified in the PIDSubsystem, the
command ends and the next command starts. It is important to specify a tolerance in the
PIDSubsystem or this command might never end because the tolerance is not achieved.
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Driving the robot with tank drive and joysticks

A common use case is to have a joystick that should drive some actuators that are part of a
subsystem. The problem is that the joystick is created in the Ol class and the motors to be
controlled are in the subsystem. The idea is to create a command that, when scheduled, reads
input from the joystick and calls a method that is created on the subsystem that drives the motors.

In this example a drive base subsystem is shown that is operated in tank drive using a pair of
joysticks.

Create a Drive Train subsystem

w Export Help
Undo I Redo I Verify I_Ia'-.ra | Wiring Tahle | C++ | Cetting Started |

L3 MyRobot Property
am Mame
Default Command

¥ [ Robot Drive 2

| Left Motor
| Right Motor

Create a subsystem called Drive Train. Its responsibility will be to handle the driving for the robot
base. Inside the Drive Train is a Robot Drive object for a two motor drive robot (in this case). There
is a left motor and right motor as part of the Robot Drive 2 class.

Add the joysticks to the Operator Interface

¥ [ Operator Interface

¥ [l Joystick
i Bt 011

L0 Leftjoystick
e

Add two joysticks to the Operator Interface, one is the left stick and the other is the right stick. The
y-axis on the two joysticks are used to drive the robots left and right sides.

Note: be sure to export your program to C++ or Java before continuing to the next step.
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Create a method to write the motors on the subsystem

2 package org.usfirst.frcl90.MyRobot.subsystems;

3 import edu.wpi.first.wpilibj.*;

4 import edu.wpi.first.wpilibj.command.Subsystem;

5 import org.usfirst.freclf90.MyRobot.RobotMap;

]

7 public class DriveTrain extends Subsystem {

8

9 RobotDrive robotDrive2 = RobotMap.DRIVE TRAIN ROBOT DRIVE 2;
10 Jaguar rightMotor = RobotMap.DRIVE TRAIN RIGHT MOTOR;
11 Jaguar leftMotor = RobotMap.DRIVE TRAIN LEFT MOTOR;
12

13

@ public void initDefaultCommand() {

15

16

17

18

15

20

21

22 public void takeJoystickInputs(Joystick left, Joystick right) {
23 robotDriveZ.tankDrive(left, right);

24

25

26 public wvoid stop

27 robotDriveZ.drive(0, [{):

28 }

29 }

Create a method that takes the joystick inputs, in this case the the left and right driver joystick. The
values are passed to the RobotDrive object that in turn does tank steering using the joystick
values. Also create a method called stop() that stops the robot from driving, this might come in
handy later.

Note: the extra RobotBuilder comments have been removed to format the example for the
documentation.

Create a command that reads the joystick values and calls the
subsystem method

wdo | Redo | Verify | Java | Wiring Table | C++ | Getting Started |

—_— - - - ==

¥ L Joystick

L . [DriveWithjoysticks
= Deliver Soda Burton Requires Drive Train

L Leftjoystick

B lantlon

¥ [ Commands
Y DriveWithjoysticks
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Create a command, in this case called DriveWithjoysticks. Its purpose will be to read the joystick
values and send them to the Drive Base subsystem. Notice that this command Requires the Drive
Train subsystem. This will cause it to stop running whenever anything else tries to use the Drive
Train.

Note: be sure to export your program to C++ or Java before continuing to the next step.

Add the code for the command to do the actual driving

package org.usfirst.frcl90.MyRobot.commands;

2
4
5 import edu.wpl.first.wpilibj.command.Command;
6 import org.usfirst.frcld0.MyRobot.Robot:

7

8

public class DriveWithJoysticks extends Command {

10 public DriveWithJoysticks() {

11

12 requires (Robot.driveTrain);
13

14 }

15

@ protected void initialize() {

17 }

18

(&) protected voild execute(] {

20 Robot.driveTrain.takeJoystickInputs|Robot.oi.getLeftJoystick(),
21 Robot.oi.getRightJoystick());
22 1

23

@ protected boolean isFinished() {
25 return false;

26 }

27

@ protected void end(}) {

29 Robot.driveTrain.stop();

30 }

31

@ protected void interrupted{) {
33 end();

34

35 }

Add code to the execute method to do the actual driving. All that is needed is to get the Joystick
objects for the left and right drive joysticks and pass them to the Drive Train subsystem. The
subsystem just uses them for the tank steering method on its RobotDrive object. And we get tank
steering.

We also filled in the end() and interrupted methods so that when this command is interrupted or
stopped, the motors will be stopped as a safety precaution.
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Make the command the "default command" for the subsystem

FRC RobotBuilder
File Edit View Export Help

| Mew I Save | Open I Undo I Redo I Verify I_la\.ra I Wiring Table I C++ I Getting Started |

L MyRobaot Property Value
J_L ¥ [ Subsystems Mame Drive Train
¥ [ Drive Train Default Command DriveWithJoysticks

Pneumatics ¥ [ Robot Drive 2
5 © Left Motor
H Eig' " Right Motor
| ¥ 3 Flevator

The last step is to make the DriveWIth)joysticks command be the "Default Command" for the Drive
Train subsystem. This means that whenever no other command is using the Drive Train, the
Joysticks will be in control. This is probably the desirable behavior. When the autonomous code is
running, it will also require the drive train and interrupt the "DriveWithjoystick" command. When
the autonomous code is finished, the DriveWithjoysticks command will restart automatically
(because it is the default command), and the operators will be back in control. If you write any
code that does teleop automatic driving, those commands should also "require" the DriveTrain so
that they too will interrupt the DriveWithjoysticks command and have full control.

Note: be sure to export your program to C++ or Java before continuing.
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Driving a robot using Mecanum drive

Mecanum drive is a method of driving using specially designed wheels that allow the robot to drive
in any direction without changing the orientation of the robot. A robot with a conventional
drivetrain (4 or six wheels) must turn in the direction it needs to drive. A mecanum robot can move
in any direction without first turning and is called a holonomic drive.

Mecanum wheels

The wheels shown in this robot have rollers that cause the forces from driving to be applied at a 45
degree angle rather than straight forward as in the case of a conventional drive. You might guess
that varying the speed of the wheels results in travel in any direction. You can look up how
mecanum wheels work on various web sites on the internet.

Code for driving with mecanum wheels

#include "WPILib.h"
/**

RobotBuilder Last Updated: 12-01-2016 Page 83



RobotBuilder

* Simplest program to drive a robot with mecanum drive using a single Logitech

* Extreme 3D Pro joystick and 4 drive motors connected as follows:

* - Digital
A - PWM 1
S - PWM 2
A - PWM 3
S - PWM 4
v/

S

idecar 1:

Connected to front left drive motor
Connected to rear left drive motor
Connected to front right drive motor

Connected to rear right drive motor

class MecanumDefaultCode : public IterativeRobot

RobotDrive *m robotDrive; // RobotDrive object using PWM 1-4 for

drive motors

Joystick *m driveStick; // Joystick object on USB port 1

(mecanum drive)

public:
/*‘k

* Constructor for this "MecanumDefaultCode" Class.

*/

MecanumDefaultCode (void)

{

}
/*‘k

// Create a RobotDrive object using PWMS 1, 2, 3, and 4
m_robotDrive = new RobotDrive(l, 2, 3, 4);

// Define joystick being used at USB port #1 on the Drivers Station
m driveStick = new Joystick(l);

// Twist is on Axis 3 for the Extreme 3D Pro

m _driveStick->SetAxisChannel (Joystick::kTwistAxis, 3);

* Gets called once for each new packet from the DS.

*/

void TeleopPeriodic (void)

{

m_robotDrive->MecanumDrive Cartesian(m driveStick->GetX (), m driveStick-

>GetY (), m driveStick->GetTwist());

}
}i

START ROBOT CLASS (MecanumDefaultCode) ;

Here's a sample program that shows the minimum code to drive using a single joystick and
mecanum wheels. It uses the RobotDrive object that is available in both C++ and Java so even
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though this example is in C++ similar code will work in Java. The idea is to create the RobotDrive
object with 4 PWM ports for the 4 speed controllers on the robot. The joystick XY position
represents a direction vector that the robot should follow regardless of its orientation. The twist
axis on the joystick represents the rate of rotation for the robot while it's driving.

Thanks to FRC Team 2468 in Austin, TX for developing this example.

Updating the program for field-oriented driving

| would be remiss in not mentioning that is a 4th parameter to the MecanumDrive_Cartesian()
method that is the angle returned from a Gyro sensor. This will adjust the rotation value supplied,
in this case, from the twist axis of the joystick to be relative to the field rather than relative to the
robot. This is particularly useful with mecanum drive since, for the purposes of steering, the robot
really has no front, back or sides. It can go in any direction. Adding the angle in degrees from a
gyro object will cause the robot to move away from the drivers when the joystick is pushed
forwards, and towards the drivers when it is pulled towards them - regardless of what direction
the robot is facing!

The use of field-oriented driving makes often makes the robot much easier to drive, especially
compared to a "robot-oriented" drive system where the controls are reversed when the robot is
facing the drivers.

Just remember to get the gyro angle each time MecanumDrive_Caresian() is called.
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Sample Robot Walkthru
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Constructing the robot program

Sample program for driving a simple robot with a Mecanum drive, wrist and elevator both with
potentiometer feedback, and a gripper that operates open-loop by time. This is the sample that
was developed for the 2013 World Championship Conference session.

Wiring file
@00 Wiring P
€3 file:///Users/brad/Desktop/GearsBot.htm| [ zade | |§| »
- L]
Wiring

PWMs on Digital Sidecar 1

Motor

OO =1 O Lh L bdoe | 3

Elevator motor Output
Wrist motor Output

Claw motor Output
DriveBase leftFront Output
DriveBase rightFront Output
DriveBase leftRear Output
DriveBase rightRear Output

Analog Module 1

Sensor

[T R ey

DriveBase Gyro Input
Wrist pot Input
Elevator pot Input

The wiring file is automatically generated using the "Wiring Table" toolbar button based on the
actuators and sensors added to each subsystem.
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RobotDrive object

8 00

FRC RobotBuilder -~ fUsers/brad/NetBeansProjects/GearsBot/GearsBot.yml

File Edit View Export Help

| New | Save | Open | Undo | Redo | Verify |Java | Wiring Tahle | C++ | Getting Started |

Subsystems

Sensors

All the motors are inverted based on the gearing and mounting of the motors. Adding gears

~ _ RoBstBie

Right Front Motor

reverses the direction of the motor for each gear added.

Elevator

800

| GearsBot Property Value
SV ¥ [ Subsystems Name Robot Drive
Left Front Motor DriveBase leftFront
v Claw
- " " Left Front Motor Inverted
— motor Left Rear Motor DriveBase leftRear
Controllers ¥ [ DriveBase Left Rear Motor Inverted

DriveBase rightFront

7 leftFront Right Front Motor Inverted
' rightFront R?ght Rear Motor DriveBase rightRear
Y Right Rear Motor Inverted )
leftRear L

- Sensitivity 0.5
_| rightRear Maximum Qutput 1.0

] Gyro Safety Enabled O

¥ [ Elevator Safety Expiration Time 0.1
| motor

FRC RobotBuilder —— /Users/brad/NetBeansProjects/GearsBot/GearsBot.yml

File Edit View Export Help

| New | Save I Open I Undo I Redo | Verify | Java I Wiring Table I C++ IGetting Started

Subsystems

] GearsBot Property Value
) ¥ [ Subsystems Mame Elevator
.
v 3 Claw Default Command None
S motor Input Elevator pot
— mo Output Elevator motor
Controllers ¥ [ DriveBase p -4.0
¥ | Robot Drive | -0.7
1 leftFront D 0.0
| rightFront F 0.0
S Tolerance 0.2
leftRear . —
~ Continuous []
| rightRear Limit Input O
1 Gyro Minimum Input 0.0
v E- Maximum Input 5.0
" motor Limit Output =
~ pot Minimum Output -1.0
— Maximum Output 1.0
¥ [ Wrist
| motor

The elevator is controlled by a potentiometer and driven with a motor connected with a Victor
speed controller. Since this is a PIDSubsystem, it has P, I, and D constants and a Tolerance value
that determines when the elevator has reached it's target. The target is used by commands to
know when they are finished for sequential operations.
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Wrist

@00

FRC RobotBuilder —- fUsers/brad/NetBeansProjects/GearsBot/GearsBot.yml|

File Edit

View Export Help

| New I Save I Open I Undo I Redo I Werify Ija\.ra I Wiring Table I C++ I Getting Started |

Subsystems

Controllers ——

%

] GearsBot
¥ [ ] Subsystems
¥ [ Claw
" motor
¥ [ DriveBase
¥ [ ] Robot Drive
 leftFront
| rightFront
1 leftRear
) rightRear
| Gyro
¥ | Elevator
" motor
7 pot
v o .
" motor
I pot

n B9 Fimaenrne aenefnen

Property Walue
Mame Wrist
Default Command Mone
Input Wrist pot
Qutput Wrist motor
P 1.0

I 0.0

D 0.0

F 0.0
Tolerance 0.2
Continuous ]
Limit Input O
Minimum Input 0.0
Maximum Input 5.0

Limit Qutput O
Minimum Qutput -1.0
Maximum Qutput 1.0

The wrist is a PIDSubsystem with a Victor speed controller motor and a potentiometer to measure
the wrist angle. The P, I, and D values are used with the built-in PID controller and the tolerance is
used to determine if the wrist has reached the desired angle.

Gripper

ane

FRC RobotBuilder -- fUsers/brad/MetBeansProjects/GearsBot/GearsBot.yml

File Edit

View Export Help

| New I Save I Open I Undo I Redo I Werify Ija\ra I Wiring Table I C++ I Getting Started |

Subsystems

Controllers ——

ad 24
23

|= GearsBot
¥ | Subsystems
v o .
| motor
¥ || DriveBase
¥ [ ] Robot Drive
1 leftFront
1 rightFront
1 leftRear
7 rightRear
Gyro

— e e im -
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Subsystems and commands

‘@0e©

PEES

Projects - GearsBotTesting "“| Files | Services

¥ 4 GearsBot
v (38 src
v [ org.usfirst.frcL90.GearsBot
v [ commands

[#®ClawClose.java
[#®ClawDoMNothing.java
@gclawOpen.java
@&DriveAwa\r.ja\ra
|| ®DriveFoward java
[ ®Drivewithjoystick.java
[ ®ElevatorDown.java
@&ElevatorUp.java
[#|®Everything.java
@DcetkeavaickUp.java
[£]®Grabsoda.java
[#®PlaceSoda.java
[ ®wristHorizontal.java
[ ®wristup java
¥ [ subsystems
[#®Claw.java
@Dﬂrivesase.java
[£]®Elevator.java
@B\Nrisl.java
[ElgoLjaval
[#]®Rrobot. java
@E’Robml\ﬂap.java
> & build.xml
» &4 GearsBotNI2
b Z;Teaml90Robot
> WP ihI

[ ®AutonomousCommand.java

There are a number of commands that are used to implement this robots operation, but each one

only requires writing a few lines of code to make them operate. In most cases the code sets a
timeout for timed commands, or sets a PID target for PID controlled commands.
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Claw commands

...javﬂ |€]* ClawClose.java & IE]‘” ClawOpen java " ||c]* ClawDoNothing.java " | |&]* Drivel

[Seiree] [wsory | [@ R-8- Q @ & &G £ &

20

21 // BEGIN AUTOGENERATED CODE, SOURCE=ROBOTBUILDER ID=RE
22 requires{Robot.claw);

23 | g BA el CODE, SOURCE=ROBOTBUILDER ID=REQUIRES
24 setTimeout (1)

25 L

26 - - i - s the first time
@ protected void initialize() {

28 Robot.claw.closeClaw();

29 ’

30 // Called repeatedly when this Command is scheduled to
@ protected void execute() {

32 }

33 L

@ protected boolean isFinished() {

35 return isTimedOut();

36 T

37 T | . i o E o

@ protected void end() {

39 Robot.claw.stopClaw();

48 ’

41 // Called when another command which requires one

42 ety

@ protected void interrupted() {

44 end();

45 7

46 F

There are commands that open and close the claw. It has no sensor and is operated for a fixed
time rather than from sensor feedback. It is generally better to have some sensor feedback to
control the subsystem rather than relying on time, but this is simply a Vex motor and running it for
a longer time than necessary won't hurt anything. For larger FRC motors, the motor could be easily
damaged if it runs open-loop like this.
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DriveForward

1

2 package org.usfirst.frcl9@.GearsBot.commands;

3 import edu.wpi.first.wpilibj.command.Command;

4 import org.usfirst.frcl9@.GearsBot.Robot;

5

6 public class DriveFoward extends Command {

7 public DriveFoward() {

8

9 // BEGIN AUTOGENERATED CODE, SOURCE=ROEBOTEUILDER ID=F
10 reguires(Robot.driveBase);

11 " JE, SOURCE=ROBOTBUILDER ID=REQUIRE
12 ' setTimeout(1.8); I

13

14 // Called just before this Command runs the first time
@

16 | Robot.driveBase.driveForward(8.5); I

17 7

18 S/ Called repeatedly when this Command is scheduled to r
@ protected void execute() {

20 ¥

21 -

@ protected boolean isFinished() {

23 return isTimedOut();

24 L

@ protected void end() {

27 Robot.driveBase.driveForward(@.0);
28 +

29 - uire
30 b tane ie cchadulad fo

@ protected void interrupted() {

32 end();

33 H

34 }

a5

This command has the robot driving forward for a fixed period of time, in this case about 0.5
seconds. The command starts the motors running, then uses a timeout to stop them after driving
for a while. The end() method stops the robot from driving and the interrupted() method simply
calls the end() method.

Operator Interface

Sensors -

| pot
¥ [ Wrist

| motor

| pot

© [peratorinteriace B

¥ [] gamePad

| ElevatorUpButton
| ElevatorDownButton
| GripperOpen
| GripperClose

» [ ] Commands
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The operator interface in this robot is fairly simple, just a logitech gamepad with a few buttons to
operate some commands.

DriveWith)oystick

...javd [€]® DriveWithjoystick.java () |E& Oljava |@& DriveBase java © |@& DriveFoward.java

fUsers/brad/NetBeansProjects /GearsBot/src/orgfusfirst/frc 190 /GearsBot/commands /ClawDoNothing java
ki ikt R S R B B i o — b L S R - R

1

2 package org.usfirst.frcl90.GearsBot.commands;

3 import edu.wpi.first.wpilibj.command.Command;

4 import org.usfirst.frcl9@.GearsBot.Robot;

5

6 public class DriveWithJoystick extends Command {

7 public DriveWithJoystick() {|

8

9 BEGI \UTOGENERATED CODE, SOURCE=ROEOTBUILDER ID=REQUIRES
10 requires(Robot.driveBase);

11 END AUTOGENERATED CODE, SOURCE=ROBOTEUILDER ID=REQUIRES
12 }

13 ( ed just before this Co irst ti

@ protected void initialize() {

15 ¥

16 . e L
@ protected void execute() {

18 Robot.driveBase.driveWithJoystick(Robot.oi.getgamePad());
19 }

20 77 Make TH1s return true wnen this

@ protected boolean isFinished() {

22 return false;

23 }

24 ( ed once te isFini

@ protected void end() {

26 ¥

27 i i

28 ] te i cheduled to

@ protected void interrupted() {

30 }

31 }

32

DriveWithjoystick calls the method on the drive base to drive the robot using the joystick that is
created as part of the operator interface. This command never finishes because it's the default
command for the drive base subsystem so the robot can drive using the joystick when it's not
doing anything else.
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Drive base code

for mecanum drive

public class DriveBase extends Subsystem {

BEGIN AUT
SpeedController
SpeedController
SpeedController
SpeedController
RobotDrive robo
Gyre gyro = Rob

END £ OGENERATEL

robotDrive.
}

}

public void initDefaultCommand() {

setDefaultCommand(new DriveWithl

GENERATE ( E, OURCE=F ITBUILDER ID=DE ARAT IONS

leftFront = RobotMap.driveBaseleftFront;
rightFront = RobotMap.driveBaserightFront;
leftRear = RobotMap.driveBaseleftRear;
rightRear = RobotMap.driveBaserightRear;
tDrive = RobotMap.driveBaseRobotDrive;
otMap.driveBaseGyro;
ATED CODE. SOURCE=ROBOTBUILDER ID=DECLARATION

RCE=ROBOTBUILDER I
oystick());

public void driveForward(double speed) {

mecanumDrive_Cartesian(@, -kpeed, e, 9);

public void driveWithJoystick(Joystick gamePad) {
robotDrive.mecanumDrive_Cartesian(gamePad.getX(), gamePad.getY(), gamePad.getTwist(), ©);

the DriveBase subsysem has a default command (DriveWithjoystick) that allows the user to drive

the robot when no other command is using the drive base. It drives using the mecanum drive

methods as part of the RobotDrive class. The speed is inverted for forward driving because the

joystick has positive (forward) values when the stick is pulled backwards.
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Elevator Commands

FRC RobotBuilder —- /Users/brad/NetBeansProjects/GearsBot/GearsBot.yml|

View Export Help
en I Undo I Redo IVerifv I}ava | Wiring Table |C++ | Getting Started |
E= (] GearsBot Property Value
D » [ Subsystems Name Elevatorup
Requires Elevator
> Operator Interface
@op Button on SmartDashboard
v W Commands Setpoint
= | Autonomous Command
| ClawOpen
| ClawClose
| ClawDoNothing
| DriveWithjoystick
| ElevatorDown
| WristHorizontal
: | Wristup
FRC RobotBuilder —- /Users/brad/NetBeansProjects/GearsBot/GearsBot.yml|
View Export Help
en I Undo I Redo IVerifv I}ava | Wiring Table |C++ | Getting Started |
E= (] GearsBot Property Value
D » [ Subsystems Name ElevatorDown
Requires Elevator
> Operator Interface
@op Button on SmartDashboard
v (5 Commands Setpoint C

7 Autonomous Command

| ClawOpen

| ClawClose

| ClawDoNothing
| DriveWithjoystick
| ElevatorUp

| WristHorizontal
| Wristup

Elevator commands the move the elevator from the upper (drop off) position to the lower (pickup)
positions. Both use the potentiometer for feedback.
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Wrist Commands

Wrist PIDSetpoint commands that cause the wrist to go to the horizontal and up (stowed)

positions.

- -

| I Undo I Redo IVerify Ijava I Wiring Table I C++ I Getting Started

] GearsBot Property Value
» [ Subsystems Name WristHorizontal
Requires Wrist
4 Operator Interface
v r:.ICIJ d Button on SmartDashboard
I -ommands Setpoint
_ Autonomous Command
| ClawOpen
| ClawClose
| ClawDoMothing
| DriveWithjoystick
" ElevatorUp
" ElevatorDown
T WristUp
o | ___'__Drn\reFmvard
| I Undo I Redo IVerify Ijava I Wiring Table I C++ I Getting Started
] GearsBot Property Value
» [ subsystems Name WristUp
Requires Wrist
4 Operator Interface
v r:.ICIJ d Button on SmartDashboard
I -ommands Setpoint 33 |

=~

ClawOpen
ClawClose
ClawDoNothing
DriveWith)oystick
ElevatorUp

7 ElevatorDown
WristHorizontal
.

° DriveFoward
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