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How to write an easy to test robot program

The command based programming model is designed to simplify creating very easy to write and
especially easy to test robot programs. All the pieces come together when it's time to see how your

program works so that pieces developed by multiple programmers can be integrated and tested
with the main robot program.

Break up the robot into subsystems
U

[ Subsystems

@ Claw.cpp S/ here. Call these from Commands.
@ Claw.h

@ Drivetrain. cpp
@ Drivetrain.h
@ Elevator.cpp
@ Elevator.h

Wrist,
@ rfs PP vold Claw: :Close() {
EI Wrist.h

void Claw: :Open () {
motor->Set (1) ;

. motor—->5et(-1);

[n OLh

% EDED’E.::ID void Claw::Stop() |
oDotT,

motor—->Set (0) ;
@ RobotMap.cpp

[hl RohatMan.h
The first step it to break the robot program into subsystems that each represent a separately

controlled mechanism on the robot. Each subsystem has methods that operate the mechanism in
some way.
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Create commands for each robot behavior

[h] ClaseClaw.h

@ DeliverSoda. cpp
@ DeliverSoda.h

[ LowerElevatar.cpp

@ LawerElevator.h void LowerWrist::Initialize() {
@ LowverWrist, cpp # y i i

[h] LowerWrist.h 4
@ OpenClaw. cpp

P =L 5 ] -
@ Place.h Robot::vrist-»SetSetpoint({2.5):

@ PreparePidwp.cpp
@ PreparePickup.h
[ RaiseElevator.cpp

¥ Sf Make this return true when this Command
" % S bool LowerWrist::IsFinished() {

R ID=REQUIRES

e LowerWrist: :LowerWrist () {
W Use :eq‘;;:es(]- here F.c declare subsystem dependencies
@ AutonomovsCommand.cpp f/ eg. requires(chassis):
@ AutonomousCommand.h 'y 3?;:—:?-1 I—-.'.T:C;:—E.‘-TERI—::ED CCDE, SOURCE=RCBOTBUILDE
@ CloseClaw.cop Reqgquires (Robot: :wrist);
f/ END AUTCGENERATED CCDE, SCURCE=ROBOTBUILDER ID=REQUIRES

Y Called just before this Command runs the first time

BOTEUILDER ID=EXECUTE

'/ Called repeatedly when this Command is scheduled to run
[h] OpenClaw.h . -
. vold LowerWrist: :Execmte() {
@ P“:kuplcpp QT-‘:_".]' ".'J'""‘-':T“.]’T‘"-"TD ""-"‘]:.T """'_T""T:‘
@ Pickup.h // BEGII AUTCGENERATED CODE, SCURCE=R
Robot::wrist->Enable () ;
@ Place.cpp

f/ END AUTOGENERATED CODE, SOURCE=ROBOTEUILDER

longer needs to run

Commands define the behaviors of the robot, that is the operation of the subsystems over time. A
command starts a subsystem doing something, then waits until it is finished. Upon completion, the
next command can be scheduled. It is the defining of commands for each behavior that is the key
to making it easy to test the code as you'll see in the next few sections of this lesson.

Add commands to the SmartDashboard

f SmartDashboard Buttons

SmartDashboard: : PutData ("Autonomous Command™, new AuntonomousCommand () ) 7

SmartDashboard: : PutData ("Cpen Claw"™, new OpenClaw()):
SmartDashboard: :PutData ("Cloze Claw", new CloseClaw()):

SmartDashboard: : PutData ("Lower Wrist", new LowerWrist()):
SmartDashboard: : PutData ("Rasie Wrist", new RasieWrist()):
SmartDashboard: : PutData ("Lower Elevator", new LowerElewvator()):
SmartDashboard: : PutData ("Raize Elevator", new RaiseElevator()):
SmartDashboard: : PutData ("Prepare Pickup", new PreparePickup()):

SmartDashboard: :PutData ("Pickup™, new Pickup()):
SmartDashboard: : PutData ("Place™, new Place()}):

SmartDashboard: : PutData ("Deliver Soda™, new DeliverSoda()):

Once one more commands are developed, they can be tested by adding them to the
SmartDashboard. It's easy to add commands, simply call SmartDashboard.PutData() with the

command name that should be displayed and the command object itself.

Debugging and testing robot programs Last Updated: 06-11-2016



Debugging and testing robot programs

Test commands indivudually using the SmartDashboard

[ o NN | £:| SmartDashboard - 190 ]
File View |
Autonomous Command Rasie Wrist

i
Close Claw Raise Elevator
Deliver Soda Prepare Fickup
Lower Elevator Place
Lower Wrist Pickup
Cpen Claw

When a command is added to the SmartDashboard a button is created on the screen that will,
when pressed, schedule the command to run. By doing this you can easily test each command
individually to make sure it works. This is a key principle in programming, that is unit test each part
of the larger program separately, then you'll have confidence that putting the units (commands)

together into a larger program will also work.

Adding commands to the SmartDashboard using RobotBuilder

aw  Export Help

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

- 0] TestCase Property
¥ [ Subsystems MName
¥ [ Bigsubsystem -
| Quadrature Encoder 1
| Ultrasonic 1
| Victor 1
- | Victor 2
[ Operator Interface
.| Commands

I-_

Button on SmartDashboard

Walue

Autonomous Comrmand

Wil

™

The idea of adding commands to testing pieces of your robot program individually is so useful that
a checkbox was added to RobotBuilder to automatically generate SmartDashboard buttons. Just
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check the box for any command and it will automatically appear as a button that, when pressed,
will run the command.

Test commands indivudually using a joystick button

View Export Help
I8 I Undo I Redo I Werify I_lava I Wiring Table I C++ I Getting Started |

Y ] TestCase Property WValue
| ¥ [ Subsystems MName TubeScoringButton
¥ [ BigSubsystem J':"I"':='t'[k Joystick 1
) 20

% Quadrature Encoder 1
' Ultrasonic 1
1 Wictor 1
% Victor 2
¥ [ Operator Interface

¥ [ Joystick 1
" TubeScoringButton

Omimand coreal Uube

ommands
" Autonomous Command

| ScoreATube

Joystick Button

In addition to testing commands using the SmartDashboard, you can also "wire" commands to
joystick buttons. This is another easy way to verify that commands work as you expect. And, in fact,
in your finished robot program, you will likely have a number of commands wired to many of the
joystick buttons as a way of controlling the robot.

In this example there is a command called ScoreATube that presumably places a scoring object
somewhere. Then there is a JoystickButton object called TubeScoringButton that has as its
command the ScoreATube command. When the button is pressed, the command will run.

Combine simple commands into Command Groups

DeliverSoda: :DeliverSoda() 4
AddSecmential (new PreparePickup()):
AddSecguonential (new Pickup ()}

AddSeqmential (new
AddSeqnential (new
AddSeqnential (new

Flace()):
RasieWrist()):
CloseClawi()):
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Once individual commands are working, they can be combined into Command Groups. Command
Groups are commands that each consist of a list of commands to run when scheduled. This is
where much of the power of the system comes into play. Suppose the robot needs to score an
inner tube by driving forward for some distance, spinning rollers to release the tube for 1 second,
moving a wrist joint, and backing up the robot. If there are commands for each of those
operations, the can be individually tested, then a command group just lists all the individual
commands, and the group is tied to a button. When the button is pressed, all the individual
commands in the group run sequentially. Commands can even be scheduled to run in parallel for
operations that can happen simultaneously.

Add robot status to the SmartDashboard

Often you want to see the status of the robot by displaying values on the driver station. In the past
this was handled with adding lots of print statements to the program and values poured out of the
program, usually so fast that it was hard to know what was going on. With the SmartDashboard,
you can create a display just by sending values, and they will automatically be displayed in the
graphical user interface. In fact, you can change the format of the fields to more appropriate
displays. For example, for a gyro, its heading can be displayed as a compass.

In addition display "widgets" or graphical elements can be created as standard Java code and

added to the dashboard to make custom dashboards easily by programmers. For more detail see
the section on the SmartDashboard.
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Using test mode

It is important to verify the operation of the robot before using it for a match, demonstration or
other task. So often wires can be pulled lose, circuit breakers are left out, or other issues that
might cause the robot to not operate as expected. There are a number of strategies for testing
your robot code. You might have a checklist where each subsystem is manually verified using the
operator controls. You can also test the autonomous operation this way when the robot is off the
ground can the operation can be observed.

Test mode is designed to enable programmers to have a place to put code to verify that all
systems on the robot are functioning. In each of the robot program templates there is a place to
add test code to the robot. If you use the IterativeRobot template, or use command-based
programming you can easily see the operation of all the motors and sensors through the
LiveWindow.

Enabling Test mode

FRC Driver Station

Team # 190 Operation

Volts  10.27 - Teleoperated Elapsed Time (:07.1

® Communications o Autonomous

®. Robot Code - Practice Kinect Status

*. Joysticks - =
U = PC Battery

Test Disabled Window Mode

Team Station

“

Test mode on the robot can be enabled from the Driver Station just like autonomous or teleop.
When in test mode, the test() methods run. To enable test mode in the Driver Station, select the
"Test" button and enable the robot. The test mode code will then run.
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Adding Test mode code to your SimpleRobot template

23 public class RobotTemplate extends SimpleRobot {

24

25 Jaguar leftMotor;

28 Jaguar rig

27 Jaguar wrist! tor;

28 AnalogChannel wristPotentiometer;

29

@r public void robotInit ()

31 1 r = new Jaguar(l);

32 or = new Jaguar (2); o
33 1 = new Jaguar(3); -
34 wristPotentiometer = new AnalogChannel (1)

35 LiveWindow.addActuator ("Drive train", "left motor", leftMotor);
36 LiveWindow.addActuator ("Dxr fotor);
37 LiveWindow.addActuator ("Ar o

38 LiveWindow.addActuator ("Arm", "Wrist pot", wristPotentiometer);
38| - 7

40

@ pukblic void antonomons () {

42 T System.out.println("in autonomous");

43

44

@ pukblic void operatorControl() {

46 T System.out.println("In cperatorControl™);

47

48

@ public wvoid test() {

50 while (isTest() && isEnabled()) {

21 LiveWindow.run{();

52 Timer.delay (0.1): e

53 } —

54

S5

The SimpleRobot template is the easiest way to get started with robot programming, but it is
somewhat limited when you try to add more features to the program. To add test code to a
SimpleRobot based program add a method called test() (or Test() in C++). The test method will be
called by the SimpleRobot base class when the robot is put into test mode from the Driver Station.
Here you can add code to automatically test sensors and motors or send LiveWindow data to the
SmartDashboard. In this Java example, we are:

1. Adding all the sensors and actuators for the robot to the LiveWindow so that they can
be displayed or manipulated
2. Calling LiveWindow.run() periodically when in test mode to cause the values to update.

Additional robot test code can be added in the test method as well. For example, you might want

to run some motors and verify that encoders are operating. Code could be easily written to slowly
turn a motor and check the encoder values. This would verify that the motor and the encoder are
both working properly.
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Test mode in the SmartDashboard

| SmartDashboard - 19

U 0.000

Wrist pot 2.613

0] oo

G 0,000 Zero

0

left motor

The above sample code produces the following output when the Driver Station is put into Test

mode then enabled. YOu can operate the motors by moving the sliders and read the values of
sensors such as the wrist potentiometer.

Notice that the values are grouped by the subsystem names to group related actuators and
sensors for easy testing. The subsystem names are suppled in the AddActuator() and AddSensor()
method calls as shown in the code examples. This grouping, while not required, makes it much
easier to test one subsystem at a time and have all the values next to each other on the screen.
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Using Test mode with the IterativeRobot template

19 public class RobotTemplate extends IterativeRobot {
21 Command autonomousCommand;
public woid robotInit() {

autonomousCommand = new ExampleCommand();

27 LiveWindow.addActuator | N , new Jaguar(l)):
28 LiveWindow.addSensor ( N , new AnalogChannel(1));
29 LiveWindow.addActuator | N , new Jaguar(2)):
30 LiveWindow.addActuator | N , new Jaguar(3)):
3l ¥

public void autonomousInit() {
3 autonomousCommand.start();
3 }
3

public woid autonomousPeriodic() {

Scheduler.getInstance().run{};

}

]

public void teleocpInit() {
autonomousCommand.cancel();
}

o

public void teleopPeriodie() {
Scheduler.getInstance().run();
}

public void testInit() {
}

T

:gia@j2g@)mﬂm@).hwm@:.o\nm@:.mmh@.m

public void testPeriodic() {
LiveWindow.run{};

—n g @ —% @ —8 @—8% @ —& @ — [

r

e

The IterativeRobot template lends itself quite nicely to testing since it will periodically call the test()
method (or Test() in C++) in your robot program. The test() method will be called with each
DriverStation update, about every 20ms, and it is a good place to do whatever testing commands
or LiveWindow updates are desired for testing. The LiveWindow updating is built into the
IterativeRobot template so there is very little that is necessary to do in the program to get
LiveWindow updates. Note: this works even if you are using the IterativeRobot template and not
doing Command-based programming.

In this example the sensors are registered with the LiveWindow and during the testPeriodic
method, simply update all the values by calling the LiveWindow run() method. If you're program is
causing too much network traffic you can call the run method less frequently by, for example, only
calling it every 5 updates for a 100ms update rate.

Debugging and testing robot programs Last Updated: 06-11-2016 Page 12



Debugging and testing robot programs

PID Tuning in Test mode

P
I:
D

F:
Setpoint:
Enabled:

Secondsubsystem
Speed Controller 1

Potentiometer 1 2.458
PID Controller 1

1.000
0.000
0.000
0.000
0.000

(]

Tuning PID loops is often a challenging prospect with frequent recompiles of the program to get
the correct values. When using the command based programming model, writing PID subsystems

to the robot displays and allows adjustment of PID constants with immediate feedback of the

results. See more information about PID Tuning using the SmartDashboard in this section from

the SmartDashboard manual.
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