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Goal of Workshop

* Demonstrate a process to create a basic Robot using Eclipse and RobotBuilder

WPI (Worcester Polytechnic Institute) Robot Builder Resource: - /- WPILib
* https://wpilib.screenstepslive.com/s/4485/m/26402 =




Process to Build Robot Software - Overview

1. Design the Robot on Paper

2. Build Robot in RobotBuilder
* Create subsystems, commands and Operator Interface

3. Import RobotBuilder into Eclipse

4. Finish the Software in Eclipse
* Create methods within the subsystems to implement commands

5. Deploy, Test, Troubleshoot
6. Expand, Revise, Enhance



Development Environment
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RoboRio Practice Board




Step 1: Design the Robot

Understand the Game then Design the Robot

e Define the Requirements for the Robot
e Understand how to play the Game and scoring
e Decide how your Team will play the game
» Decide what your robot needs to do

* Create an initial design of the Robot
 Drive Train, Shooter/Manipulator, Drivers Station, automation

 Decompose the Robot into Subsystems
 |dentify Subsystems and the User Interface

» Software High Level Design
* Determine what functions/actions the subsystems must do
* Determine the best approach for the User Interface



Design the Robot

Given high level design of subsystems and functional requirements

e Software Detailed Design
* Document the functions to be performed

Document the User Interface

* Joystick / Gamepad / Buttons, Camera displays

* On-Robot indicators
Determine where automation can assist
Determine what sensors are needed
Create commands to drive the subsystems
Link in the User Interface

Create methods for the subsystems




Design the Robot — Drive Train

Drive Train Options:
e Tank drive vs. Mecanum vs. Swerve drive

ltems to consider for each option:
 Complexity, Robot agility, Time to build, Weight
e User Interface
 Tank Drive, Arcade Drive
 JoyStick, Gamepad
* Display of first person video
» Software
e Capabilities during Autonomous (Drive straight for an exact distance, turn precisely, ...)
* Sensors:
e Gyro, Accelerometer, Shaft Encoders




Design the Robot - Shooter/Manipulator Subsystem

Shooter/Manipulator Subsystem: \ |
* Ball Launcher, Arm/claw, Kicker, Climber |

Types of forces & movements:
 Linear movement —Motor/chain/track, pneumatics
* Rotational movement — Motors / gears

For every automated action/motion, a feedback sensor is required

* Types of Feedback Sensors:

* Limit /Position switch, Gyro, Accelerometer, potentiometer, shaft encoders,
Range finders, camera






Designh the Robot - Sensors

For every automated action/motion, a feedback sensor is required

For example, to have the robot turn 90 degrees, your can’t rely on turn
rate over for a fixed amount of time. Need to use a Gyro!

Why? (Battery voltage fades, wheels slip, ...)

For every automated action/motion, a feedback sensor is required




Design the Robot - Sensors for Feedback

Limit / position switches | End of travel for arm, elevator, kicker, ...

Gyro Heading to assist in autonomously driving a straight line
Accelerometer Tilt of robot

Potentiometer Rotational Angle

Shaft encoders Rotations of a shaft (translating into height elevator)
Range finders Distance to wall

Camera Target tracking, Assist driver with aligning

For every automated action/motion, a feedback sensor is required



Software Design
Think about what to include in the subsystems

Drivetrain should include the sensors to measure distance, heading and
range to target

This allows high level commands to be given to the subsystem
* For example, Move forward 2 feet, turn 90 degrees

Object Oriented Design:

Details of the Object implementation are kept within the subsystem



Software Design — Subsystem Requirements

DriveTrain:

* Requirements:
* Move forward, backward, and rotate
* Maximum forward speed: 2 feet/Second (Fast)
e Simple to build, light weight
* Drive in a straight line in autonomous mode
e Can stop at specified distance to wall
* Can turn 90 degrees on command
e Can move forward 4 feet on command
* Drive with single joystick

* Implementation:
e Tank Drive : 4 Motors
* Sensors: Shaft Encoder, Gyro and Range finder



Software Design — Subsystem Requirements

Manipulator / Arm:

* Requirements:
* Move left and right, slow and precise
* Move to any position with buttons
* Move to center position with button

* Implementation:
e Strong slow Motor
e CAN bus controller
* Sensor that provides feedback: Potentiometer




Software Design
Document each subsystem methods and commands

* Subsystems

* Drive Train — 4 motor

e Commands:
e Stop, manual drive with joystick
e Drive forward until 5 feet from wall
* Turn Right 90 degrees, Turn Left 90 degrees
* Move forward x feet

* Arm/Manipulator
e Commands:
e Stop, manual drive with left and right buttons
* Move to setpoint
e Operator Interface
* Single Joystick: X andY axis
e 3 Buttons: Move arm left, Move arm to Center, Move arm to right



Software Development
Setup



Software Development Setup
One Time Configuration of Eclipse

* |nitial Configurations (one Time)
e Set Team Number
* Eclipse => Windows => Preferences => WPI Lib Preferences = Team Number

e Configure Eclipse to sync with RobotBuilder
e Updates in RobotBuilder are automatically added to the Eclipse Project
* Eclipse => Windows => Preferences => General => Workspace = Enable Refresh using Native hooks or Polling

* Display Console Window
* Eclipse => Window => Show View => Other ... => General => Riolog
* Create Workspace in Eclipse to hold Robot Project

* Eclipse => File => New => Project... => WPILib Robot Java Development => Example Robot Java Project
=> Getting Started with Java => Getting Started => Finish

Resource:
https://wpilib.screenstepslive.com/s/4485

Detailed Process:
https://wpilib.screenstepslive.com/s/4485/m/13809/1/145307-creating-your-benchtop-test-program



Step 2: Build Robot in RobotBuilder

Start and Initialize RobotBuilder Project

e Eclipse => WIPLib => Run RobotBuilder (" Apackage is a namespace )
that organizes a set of related

classes and interfaces.

* On Creation of new Robot Project, set: Conceptually you can think of
* Project Name: e.g.: RobotOne pac!<ages as being similar to
e Team Number: e.g.: 1895 different folders on your

. computer.
* In Robot Project, set: /

 Java Package: e.g.: “Team1895.RobotOne”
* Eclipse Workspace: e.g.: “C:\_Robotics\2016\Eclipse_Projects”
* See current workspace: Eclipse => File => Switch Workspace => Other
e Wiring File: e.g.: “C:\_Robotics\2016\Eclipse_Projects\RobotOneWires”

e Save the RobotBuilder Project file
» Select RobotBuilder => Save As => “C:\_Robotics\2016\Eclipse Projects\RobotOne”



EBFrC RobotBuilder

Actuators

Everything A OK.

=10f %]
File Edit View Export Help
New Save Open Undo Redo Verify Java Wiring Table C++ Getting Started
Subsystems =l . MNew Robot Property Yalue
d o 1 Subsystems MNamne New Robot
y y i Operator Interface Autonomous Command Autonomous Command
= |, Commands Team Number 0
# Autonomous Command Use Default Java Package Vv
i Controllers Java Package org.usfirst.frc0000
Eclipse Workspace Cii\Users
Export Subsystems 2
Export Commands v

Simulation World File

fusrfshare/frcsimfworlds)GearsBotDema. world

‘Wiring File

Click to Select

What is it?
can be used to generate skeleton code, wiring diagrams and more.

Properties

Name
The name of your robot.

4 ]..s_-. o e M e

Your Robot

Warning: Changing the name after the first export will have unexpected behaviours.

|»

This is the root of your robot tree. The robot tree is an organized representation of your robot that displays the key components and




Build Robot in RobotBuilder

MNew Robot
Subsystems
* Create Operator Interface
e Subsystems = Commands
e Commands for subsystems & Autonomous Command

* Operator Interface
e Add a JoyStick
* Add a Button on the JoyStick

e Associate Buttons with Commands




Software Design (Reminder from the design phase)
Document each subsystem methods and commands

* Subsystems

* Drive Train — 4 motor

e Commands:
e Stop, manual drive with joystick
* Drive forward until 5 feet from wall
* Turn Right 90 degrees, Turn Left 90 degrees
 Arm/Manipulator

e Commands:
e Stop, manual drive with left and right buttons
* Move to setpoint
e Operator Interface
* Single Joystick to drive the robot using the X and Y axis
* 3 Buttons: Move arm left, Move arm to Center, Move arm to right



Adding Subsystem and Commands to the
Robot in RobotBuilder

Two methods to add elements
* Drop and Drag
* Right-click and select



Add subsystems, Joysticks, and sensors by right clicking and selecting

RobotCOne

RDth':'I'IE! . _ e e g |I
= | Subsystems > .
: : ; LI EYETEM ontrollers ontroller
_ _ _ ' Add Subsyst ; Add Controllers »  Add PID Controll
E . DrriweTrain : Add PID Sul::ls.}rs.tem Add Sensors ! Add Robot Drive2
. @ LeftFronbwheel L % AddActustors ) Add Robot Drive 4
E.. TurretDne Add Pneurnatics ¥
: w- i Turret5ervo | Delete
(=] | . Dperator Interface :
- B Joystick 1 =}~ |, Operator Interface S )
% JB4_Servoleft = ioySheR Add Controllers  *
..... - JE‘S_SEEF"."FI:IF!.ight Add Joystick Button 4dd Sensors * Add Gyro
: P » JES_SEF"."EI':E!I'ItEF =" Add Actuators Add AnalogAccelerometer
i . |:| Delete Add Pneumatics | Add Quadrature Encoder
IEI ; arnmands i § Delet Add Gear Tooth Sensor
H H ElELE
i & Aubonornous Carmmand A etk Add Analog Potentiometer
: 3l Joys
o ServoFullLeft - : Button4ArmLeft Add Analog Input
- .‘. SEF"-"DCE”I:EF ----- # Button2ArmCenter Add Limit Switch
. . ----- # ButtonSArmRight Add Digital Input
- i ServoFullRight = _ - # Joystick Button 1 gratinpu
: =1 3. b Commands Add Ultrasonic

oo i LFW Forward Full
- # LWF_Forward_Half Add Command
@ LPW _3top Add Command Group

- # LWF_Backward_Half
- #® LPW_Backward_Ful Add PID Command

“ 4 AutononmousCammandsSet Add Setpoint Command



EFRC RobotBuilder -- C:\_Robotics', 2016 Eclipse_ProjectsRobotOne.yml

File Edt View Export Help 1 RobokOne
New Save Open Undo Redo Verify Java Wiring Table C++ Getting Started E | 5 L |:| I ':u" g t Eems
Subsys(ems =1y # RobotOne Property Value : E‘ D r i |III| E T r a i I-I
ol =y Subsystems Mame RobotOne : e
A . [ DriveTrain Autonomous Command wutononmousCommandSet :
{8 LeftFrontwheel Team Mumber 1895 dre '-' LEFtFantWhEEI
o B0 TurretOne Use Default Java Package v :
Controllers Q @ TurretServo Java Package Team1595.RobotOne E ] Turrebtone
- =1+ |, Operator Interface Eclipse Workspace C:\_Robotics\2016\Eclipse_Projects H '

. B ) Joystick 1 Export Subsystems v : . -.- Tur‘rEtSer".I.'D

: @ JB4_Servoleft Export Commands v

i @ JBS_ServroRight Simulation World File Just{shareFresimfworlds/GearsBotDema. world ...

| - & JB3_ServoCenter Wiring File C:\_Robotics\2016\Eclipse_ProjectsiRobotOnewiring. html E e I:ll:leral:clr Interl:al:e
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# ServoFullLeft : :
# ServoCenter """ '.' JEq'_SEFI'ﬂ'DLEFt

Sensors # ServoFullRight : : .
# LFW_Forward_Ful - i JBS_ServroRight
# LWF_Forward_Half
® LFW_Stop ~ 4 JBS SerwvolZenter
# LWF_Backward_Half H -
# LFW_Backward_Ful Your Robot = Commands
# AutononmousCommandSet . :
- 4 Aukonornous Cornmand
- 4 ServoFullleft

l Servol_enter
l ServoFullRight
What is it2 - # LFW_Forward_Ful

This is the root of your robot tree. The robot tree is an organized representation of your robot that displays the key co - & LWF Forward Half
and can be used to generate skeleton code, wiring diagrams and more. - -
- 4 LFW_Stop

— Actustors Properties # LWF_Backward_Half

” : Name o i LP'W _Backward Full
The name of your robot.
‘Warning: Changing the name after the first export will have unexpected behawiours. e '.' IﬁlUtDnDanUSCDmmandSEt

Everything A OK.



FRC RobotBuider - CA Robotics 201
File Edit View Export Help

cpse ProjeciRobotOneymi ==

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

L Property Value
S Subsystems

= |, DriveTrain
- |, RobotDrive4

Subsystems | ) RobotOne

Name Driveirain_Rangerindes
Input Channel (Analog) P

: i @ LeftFrontWheel
‘ RightFront\Wheel
.. @ LeftRearWheel

. '@ RightRearWheel

- 4 DriveTrain_Gyro

‘... 4 DriveTrain_RangeFinder

=, Arm
i g Arm_potentiometer

(= |, Operator Interface

=! |, Joystick1
‘@ Button4ArmLeft
-4 Button2ArmCenter
‘... 4 ButtonSArmRight

(=~ |, Commands

Autonomous Command

DriveTrain_Stop

Controllers

'

m

o0

DriveTrain_DrivewithJoystick
DriveTrain_DrivetoWall
DriveTrain_TurnLefta0 Analog Input
DriveTrain_TurnRightS0
Arm_Stop
Arm_Moveleft ./
Arm_MoveRight A
Arm_MovetoCenter

Quadrature

N

sescccee

What is it?
An analog input is a variable input that gets converted by an analog to digital converter. Each analog input is read from hardware as a
<l = b 12-bit number representing 0V to 5V. The raw value or the value converted to volts can be accessed using the analog input object.

>

m

Export succesful.

— . | [p— 1 — =l




N RobotOne

e[
-

=}

2

= . Subsystems

DriveTrain

, RobotDrive4

l LeftFrontWheel
.. # RightFrontWheel
l LeftRearWheel
S RightReariWheel
# DriveTrain_Gyro
# DriveTrain_RangeFinder

; Arm

& Arm_potentiometer

= |, Operator Interface

Joystick1

# Button4ArmLeft
# ButtonZArmCenter
# ButtonSArmRight

| Commands

ssssssssse

Autonomous Command
DriveTrain_Stop
DriveTrain_DrivewithJoystick
DriveTrain_DrivetoWall
DriveTrain_TurnLeftad
DriveTrain_TurnRight30
Arm_Stop

Arm_Moveleft
Arm_MoveRight
Arm_MovetoCenter

Wiring

PWNMs

#  Motor

0 DriveTrain LeftFrontWheel
1  DrveTrain RightFrontWheel
2 DriveTrain LeftRearWheel

3 DriveTrain RightRearWheel
Analog Inputs

#  Sensor

0  Arm Arm potentiometer

1  DrveTrain DriveTrain Gyro
2  DriveTrain DriveTrain RangeFinder




Step 3: Import RobotBuilder into Eclipse

e Save the RobotBuilder Project
e Select RobotBuilder => Save As => “C:\_Robotics\2016\Eclipse_Projects\RobotOne”

* Export the Java Code
e Select RobotBuilder => Export=>Java Or “Java” on the Menu

* Import the Java Project into Eclipse
* Select Eclipse => File => Import => General => Existing Projects into Workspace
* Browse to project folder: e.g.: “C:\_Robotics\2016\Eclipse_Projects\RobotOne”



RobotBuilder Project

, RobotOne

= | Subsystems —
=} J DriveTrain

- |, RobotDrive4

i LeftFrontiwhesl

i RightFrontiheel

‘.. # RightRearWheel
----- # DriveTrain_Gyro
----- # DriveTrain_RangeFinder
=].. 1 'ﬁ'rm

Lo Arm _potentiometer
—J-- || Operator Interface
= | Joystickl

- % ButtondArmLeft

----- # Button2ArmCenter

... # ButtonSArmRight
=~ |, Commands I
Autonomous Command
DriveTrain_Stop
DriveTrain_DrivewithJoystick
DriveTrain_DrivetoWall

DriveTrain_TurnRight3a
Arm_Stop
Arm_Maoveleft
Arm_MowveRight
Arm_MovetoCenter

YY"

- @ LeftRearWheel —

DriveTrain_TurnLeftaa —

Resulting JAVA Project

L{™ Project Explorer i3 - ‘ﬁ” =~ =0

4 Lf‘:-lf RobotOne
4 i sre
4 [# org.usfirst.frcl895.RobotOne
. [J] OLjava

-+ [J] Robotjava Robot Overhead
- 1] RobotMap.java

_— a4 B org.usfirst.frc1895. RobotOne.commands
. [J] Arm_Movel eft.java
- [J] Arm_MoveRight.java
. [J] Arm_MovetoCenter.java
. [J] Arm_Stop.java

—_— : m AutonomeousCommand.java

. [J] DriveTrain_DrivetoWall java
. [J] DriveTrain_Drivewithloystick.java
. [J] DriveTrain_Stop.java
. [J] DriveTrain_TurnLeftd0.java
— . [J] DriveTrain_TurnRight90.java
4 [§ org.usfirst.frc1895.RobotOne.subsystems
. A1 Arm.java
. [J] DriveTrain.java




File Edit S5curce Refactor Mavigate Search  Project WPILIk Run  Window Help

Hrlee s~ A WEART @S- Eri 000 E® o v PE

AR PSRRI quiceaccess || 8 | (BT

[ Project Explorer &2 i=3 | o T = O [l Ball_Launcherjava [J] Ball_Launcher_Release.java [J] *OLjava 52 = O
F :{5 Src a8 J// END AUTOGENERATED CODE, SOURCE=ROBOTBUILDER ID=DECLARATIONS -
a B orgusfirst.frel835.RobotOne 61
+ [3] Oljava 622 public OI(} {
EIJGI 63 // BEGIN AUTOGEMERATED CODE, SOURCE=ROBOTBUILDER ID=COMSTRUCTORS
[+

a4

65 joystickl = new Joystick(@);

66

67 joystickButtonl = new JoystickButton(joystickl, 1);

68 joystickButtonl.whenPressed(new Ball Launcher_Release()}};
69

b [J] Robot.java
i if] RobotMap.java
a [8 orgusfirst.frcl895.RobotOne.commands
b [J] Arm_Moveleftjava
[J] Arm_MoveRight java

P _ 7a buttonsArmRight = new JoystickButton(joystickl, 5);
b [J] Arm_MovetoCenter java 71 buttonSArmRight.whileHeld(new Arm_MoveRight());
b [J] Arm_Stop.java 72
b @ AutonomousCommand.java 73 button2ArmCenter = new JoystickButton(joystickl, 2);
. 74 button2ArmCenter.whileHeld(new Arm_MovetoCenter());
b [J] Ball_Launcher Home.java = - -
b 4 EaII_Launcher_ReIease.jav.a 76 buttond4ArmLeft = new JoystickButton(joystickl, 4);
b [f] Command_Autonomous.java 77 buttondArmLeft.whileHeld(new Arm_Moveleft());
¢ [J] DriveTrain_DrivetoWall.java 78 =
b [J] DriveTrain_Drivewithloystick.java 79
p [B DriveTrain_Stopjava ga // SmartDashboard Buttchs
. T P ) 81 smartDashboard.putData(”Autonomous Command”, new AutcnomousCommand());

b [J] DriveTrain_TurnLeftd0,java 87 —
i [J] DriveTrain_TurnRight90.java 83 SmartDashboard.putData("DriveTrain_Stop", new DriveTrain Stop());
i [J] LEDstrip_Off java 84
b [§] LEDstrip_On.java 85 smartDashboard.putDatal"DriveTrain_DrivewithJoystick™, new DriveTrain_DrivewithJoystick());

. 86

| .usfirst.fre1895. RobotOne subsyst . . . " . . .
4 i orgu |r. ' ROt NEsUbsystems 87 SmartDashboard.putData("DriveTrain_Drivetolall”, new DriveTrain_DrivetoWall());
b [J] Armijava 28 - -
» 4] Ball_Launcher,java 89 SmartDashboard.putData( "DriveTrain_TurnLeft98", new DriveTrain_TurnLefto@());
b [J] DriveTrainjava S@ -
] 1] 3 4 L

| Writable Smart Incert 80:32

_ e e —
L 825PM
% MR g a0




Step 4: Finish the Software in Eclipse
Detailed Coding Begins ..........

At this point you have a lot of code that does nothing!
Need to tie inputs to outputs using methods

Need to create Methods() within the Subsystems
Commands call Methods ()
User Interface calls Commands

A “Command” object Tells a “Subsystem” object to do something by way of “Methods”




Enter the FRC IterativeRobot Class

RobotBuilder creates an framework or template based on the IterativeRobot

Supports:

* Robot software initialization

* Autonomous mode

* TeleOperate mode

During development, the operating mode is selected by the DriversStation
During Competition, the mode is controlled by the Field Management System

Team # 1895

B no7v
Communications

ime 0:00.0

Robot Code mm
Joysticks mm
Window =3 [
Teleoperated

m Station Redl W Disabled




High level structure of the IterativeRobot

N

00 O«

Power On
Runs robotlnit() method
Initializes all of the defined subsystems (Runs constructors)
Runs OI() method
Initializes the Operator Interface (Runs constructors)

Runs disabledInit() method once
Runs disabledPeriodic() method REPEATEDLY } Waiting for Go

Runs autonomouslinit() method once
autonomousPeriodic() method REPEATEDLY } 15 Seconds

teleoplnit() method once .
teleopPeriodic() method REPEATEDLY } 2 Minutes



teleopPeriodic() method

Checks for Operator Interface actions

* Links the commands to be run

* Calls the methods in the subsystem
and runs one time
* Gets input
* Processes
* Sets output

* Code run in continuous loop for
autonomousPeriodic() or teleopPeriodic()
* Loop is call 50 times per second (Wow!)




Simple Example of a Control Flow

* JoyStick button initiates a command
e Command calls a subsystem method
e Subsystem method takes action



Simple Example — Operator Interface Calls the Command

publiC_01() {

/ BEGIN AUTOGEMERATED CODE, SOURCE=ROBOTBUILDER ID=CONSTRUCTORS
joystickl = new Joystick(@);

joystickButtonl = new JoystickButton(joystickl, 1);
joystickButtonl.whenPressed(new Ball Launcher Release());

buttonSArmRight = new JoystickButton(joystickl, 5);
buttenSArmRight.whileHeld({new Arm MoveRight());

utton2ArmCenter = new JoystickButton(joystickl, 2);
button2ArmCenter.whileHeld (new Arm MovetoCenter());

buttondArmLeft = new JoystickButton(joystickl, 4); .
buttondArmLeft.whileHeld(new Arm Moveleft()); When Button 2 is

pushed, the command
to Move the Arm is run

o /




Simple Example — Commands Calls the Subsystem Method

buhlic clasﬁ::EEzgﬁnuetntenter extends Cnm@EEE:I:>

puhllc Arm Hnwetntenter(j 1

Use requires() here to declare subsystem dependencies
'/ eg. requires(chassis);

// BEGIN AUTOGEMERATED CODE, SOURCE=ROBOTBUILDER ID=REQUIRES
requires(Robot.arm);

/ END AUTOGEMERATED CODE, SOURCE=ROBOTBUILDER ID=REQUIRES

'/ Called just before this Command runs the first time
protected void initialize() {
b

'/ Called repeatedly when this Command is scheduled to rU
protected void execute() {
Robot.arm.armToCenter();

'/ Make this return true when this Command no longer needs to run execute()
protected boolean isFinished() {

return false;
i

Commands call
Subsystem Methods

'/ Called once aftter isFinished returns true
protected void end() {

¥



Simple Example —Subsystem Method controls Hardware

[J] *Arm.java &3

puElic cl

Arm extends Subsystem
'/ BEGIN P Tesshearlls d—T E=ROBOTBUILDER ID=DECLARATIONS
AnalogPotentiometer arm _potentiometer = RobotMap.ormdrm potentiometer;
SpeedController armMotor = RobotMap.armdrmMotor;

'/ END AUTOGENERATED CODE, SOURCE=ROBOTBUILDER ID=DECLARATIONS Set(O 5) [M/d pOInl']

// Put methods for controlling this subsystem < ; %
i - 1] . wrErds .

= O N

[« I

Jold b bl L Rd R R Ra R ORI
O oA

= ld B3 =

public void armToCenter() { Set(0.0
RobotMap.armidrmMotor.set(@. ( ) SEt(lo)
S [Full Counter [Full clockwise]
38 :
39 public void armToLeft() { CIOCkWIse]
46 RobotMap.armArmMotor.set(@.8);
1 i
43 public void armToRight() { \
-- RobotMap.armdrmMotor.set(1.8); MethOdS contrOI
s } the hardware with
2247 public void initDefaultCommand() { D B
48 '/ BEGIN AUTOGENERATED CODE, SOURCE=ROBOTBUILDER ID=DEFAULT COMMAND prlmltlve
f_?l _ _SEtDE'FEIJ]_.t(EDmm?HdE:HE\f ﬁ.r‘rn_.'-'lm_-retutenterr\'jl; B N commands
15 '/ END AUTOGEMERATED CODE, S0URCE=ROBOTBUILDER ID=DEFAULT COMMAMND /




Another Example:
Add Methods — Release a ball held by a Trigger

* Pull the Trigger and release the Ball

* Create a method called ReleaseBall()
* When called:
e Start motor turning clockwise at 25% speed
* Stop the motor when switch 2 closes
e Reverse motor, turn counter-clockwise at 25%

* Stop the motor when switch 1 closes iy
Switch2 %

Switch 1
wor®




The Operator Interface
Calls Commands

- (] Arm_Moveleft.java

- |J] Arm_MoveRight.java

- (] Arm_MovetoCenter.java

- |J] Arm_5top.ava

- 4| AutonomeousCommand.java
Ball_Launcher_Home.java
Ball_Launcher_loop.java -
Ball_Launcher_Release,java \

4 B org.usfirst.frcl895.RobotOne —[ Operator Interface ]
- [4] Oljava .
- (4] Robot.java PUII d trlgger
. thntMap.jaN Robot Top file ]

4 B orgusfirst.frcl895.RobotOne.commands

Commands ]

Command_Autonomous,java

CommandGroupl,java Fire the Ba"
DriveTrain_DrivetoWall. java The Commands

DriveTrain_Drivewith)oystick.java ca I IS M EthOd S With i n

DriveTrain_Stop.java
DriveTrain_TurnLeft90,java the Su bsyStemS
DriveTrain_TurnRight90,java
LEDstrip_Off,java
LEDstrip_Cin.java
4 B orgusfirst.frcl895.RobotOnesubsystems
- |J] Arm.java
- |J] Ball_Launcher.java

DY EE

Subsystems

ReleaseBali()

- |J] DriveTrain,java



Ol calls a command

public OI() {
/ BEGIN AUTOGEMERATED CODE, SOURCE=ROBOTBUILDER ID=CONSTRUCTORS

joystickl = new Joystick(@);

joystickButtonl = new JoystickButton(joystickl, 1);
joystickButtonl.whenPressed({new Ball Launcher Release());

buttonSArmRight = new JoystickButton(joystickl, 5);
button5ArmRight.whileHeld({new Arm_ MowveRight());

button2ArmCenter = new JoystickButton(joystickl, 2);
button2&rmCenter.whileHeld{new Arm MovetoCenter());

buttondArmLeft = new JoystickButton(joystickl, 4);

. Trigger calls the
buttondArmLeft.whileHeld(new Arm_Moveleft());

Command




public class Ball Launcher Release extends Command {

public Ball Launcher Release() {
// BEGIN AUTOGENERATED CODE, SOURCE=ROBOTBUILDER ID=REQUIRES
requires(Robot.ball Launcher);
// END AUTOGENERATED CODE, SOURCE=ROBOTBUILDER ID=REQUIRES

ethe first time

'y just before this Comman
protected void initialize() {

Robot.ball Launcher.LaunchBall();
System.out.println{"Ball Release Trigger"

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

¥

// Make this return true when this Command nc longer needs to run exe
protected boolean isFinished() {
return true; // Changed to only have command run One time

// Called once after isFinished returns true
protected void end() {

System.out.println{"Trace: Ball_Launcher_Release() - end{)");
¥

\_

Update Commands
with subsystem
Methods




Methods to Release a ball held by a Trigger

_

public void ReleaseﬁallSwitD s

{ Command call
switch (triggerState) { L Methods
case HOME : // Waiting at home

break;
case LEAVINGHOME -
System.out.println("Switch: LEAVINGHOME");
ball Launcher Motor.set(8.5);
triggerState = ball release trigger state.GOINGOUT;
System.out.println("Ball Release Going Qut");
break;
case GOINGOUT:
System.out.println("Switch: GOINGOUT");
if (limit Switch 1.get() == false) // Turning out cause switch 1 to trip
d
ball Launcher Motor.set(8.8);
triggerState = ball release trigger state.LlIMIT;
System.owt.println("Ball Release At Limit OQutGoing");
b
break;
case LIMIT
System.out.println("Switch: LIMIT");
ball Launcher_Motor.set(-8.5);
triggerState = ball release trigger state.GOINGIN;
System.out.println("Ball Release Going In");
break;
case GOINGIN :
System.out.println("Switch: GOINGIN");
if (limit Switch 2.get() == false) // Turning out cause switch 2 toc trip



Opt|ons for Commands 1 org.usfirst.frcl895.RobotOne.cormmands

- 4] Arm_Moveleft.java

- 4] Arm_MoveRight.java

- |J] Arm_MovetoCenter,java
- |J] Arm_5top.java

- 4J| AutonemousCommand.java

- |J] Ball_Launcher_ Home.java

The Command based approach provides a - [J] Ball_Launcher_Release.java
great deal of flexibility

When a command is called you can call methods:

* Call a subsystem method one time at the beginning

* Repeatedly

 Call a subsystem method one time at the end of a command



Options for Commands

public class Arm MovetoCenter extends Command {
public Arm MovetoCenter () {
requires (Robot.arm) ;

}

// Called just before this Command runs the first time
protected void initialize() {

}
// Called repeatedly when this Command is scheduled to run

protected void execute() {

}

// Make this return true when this Command no longer needs to run execute()
protected boolean isFinished() {
return false;

}

// Called once after isFinished returns true
protected void end () {
}

// Called when another command which requires one or more of the same
// subsystems is scheduled to run
protected void interrupted() {

}



Default Command

The command performed when no other commands are given to a subsystem

Each subsystem may, but is not required to, have a default command which is
scheduled whenever the subsystem is idle

The most common example of a default command is a command for the
drivetrain that implements the normal joystick control.



Default Command

., RobotOne -
(=~ | Subsystems

Property Value

ErquTrain_DrquWiﬂ'anysﬁdr.

FE public void driveforward() {

4 double forwardSpeed = 8.7;

5 robotDrived.arcadeDrive(forwardSpeed,@);
¥

public wvoid drivestop() {
robotDrived.arcadeDrive(@,8);
1

public wvoid driveTurnRight() {
robotDrived.arcadeDrive(@,1);
¥

MName
Default Command

., Arm
- Arm_potentiometer
. L ArmMotor
.. || LEDstrip
= | Ball_Launcher
..... # Ball_Launcher Maotor
- @ Limit_Switch_1
; - Limit_Switch_2
= | Operator Interface
. B | Joystickl
... ¢ Button4ArmLeft

public void driveTurnLeft() {
robotDrived.arcadeDrive(8,-1);

3 ¥

miblic void initDefaultCommand() {
// BEGIN AUTOGENERATED CODE, SOURCE=ROBOTBUILDER ID=DEFAULT_ COMMAN
setDefaultCommand(new DriveTrain Drivewithloystick());

// END AUTOGEMERATED CODE, SOURCE=ROBOTBUILDER ID=DEFAULT COMM

[




Autonomous Command

Create an Autonomous Command Group

e Tells the Robot what to do when in Autonomous Mode

* Consists of a sequence of other command

* Performed in series or parallel

Start of
Autonomous

Move Forward
4 feet

Turn Right 90
degrees

Move to

exactly 6 feet =9  Shoot Ball

from Target

Raise Arm

Notice how these actions
are performed in parallel

|




G O! Screen Capture of Eclipse

Start Dashboard
Enable Smartdashboard
Compile and Download
Enable and test

* Compile => Deploy => Execute

@ FRC Driver Station - Version 15.0

0:00.0 Team # 1895

TeleOperated Elapsed Time

Autonomous 12.05V
Communications
Robot Code mm
Joysticks mm

Practice % PC Battery
] Df
Test PCCPU%% N

Window = [

Teleoperated
Team Station Redl 97 Disabled




Compile and Deploy

File Edit Source Refactor MNavigate Search Project WPILib Run Window Help

NG AN EAY T B G %00 A e e E v e D R G quideacees [ 2 |(B
[ Project Explorer 52 BE%|® = 8 |[3 Robotjava 3 | (priennch sy = ml
4 {E} RobotOne -~ 1® // RobotBuilder| Run As 1 WPILib Java Deploy -~
4 (B src 11? Run Configurations.., WPILib Java Simulati
“ @ org.usf.lrst.frd895.Robot0ne 12 package org.usf Organize Favorites... I
b [J] Oljava 13
4 [J] Robotjava 14@ import edu.wpi.first.wpilibj.IterativeRobot;[] =
» @ Robot 20
> 48 Bdtiothihae 5;_ /“Th VM i fi dt t icall this cl dt 11 th
* e VM 1s conTigure o automatica Yy run 15 class, an o ca e
- B org.usﬁrst.frcl895.l?obot0ne.commands 23 * functions corresponding to each mode, as described in the IterativeRobot
> 3 Arm_MoveLsft.;a_va 24 * documentation. If you change the name of this class or the package after e
> [J] Arm_MoveRight.java 5 25 * creating this project, you must also update the manifest file in the resource
I+ [J] Arm_MovetoCenter.java 3 26 * directory.
b [J] Arm_Stop.java 27 =/
: 28 public class Robot extends IterativeRobot {
» 4] AutonomousCommand.java 59
» [3] Command_Autonomous java 38 Command autonomousCommand;
I [J] DriveTrain_DrivetoWall.java 31
i [J] DriveTrain_Drivewithloystick,java 32 public static OI oi;
b [B) DiiveTiain Stopjava 33 // BEGIN AUTOGENERATED CODE, SOURCE=ROBOTBUILDER ID=DECLARATIONS
. % 2 34 public static DriveTrain driveTrain;
» [J) DriveTrain_TurnLeft90.java ; :
X X 3 X 35 public static Arm arm;
v [1] DriveTrain_TumRight30 java 36 public static LEDstrip LEDstrip;
b [J] LEDstrip_Off.java - 37
P El LEDstrip_On.java 38 // END AUTOGENERATED CODE, SOURCE=ROBOTBUILDER ID=DECLARATIONS
4 [} org.usfirst.frc1895.RobotOne.subsystems 39
b [5] Armjava 408 "
o 3 J s 41 * This function is run when the robot is first started up and should be
b 4] DriveTrain.java 42 * used for any initialization code.
» M) LEDstripjava 43 */
b @@ wpilib - C:\Users\a\wpilib\java\current\lib\WPILibjai = |& 44% public void robotInit() { -
< | T | » ‘ < ’

Writable Smart Insert 1:1

6:36 PM
9/16/2015

IR )




Console Display of Successful Deployment

£ C O1FeCTory .

+

El Console 32

® %|

<terminated> build.xml (13} [Ant Build] C:\Program Files (x86)\Java'rel.8.0_25\bin\javaw.exe (Sep 16, 2015, 6:40:11 PM)

[sshexec]

deploy:
[echao]
[5cp]
[scp]
[scp]
[scp]
[ echo]
[55he;ec]
[sshexec]
[sshexec]

Total time:

cmd

S TR g - '__. e —

[cnnectlng tc 18, 13 95
done.
Connecting tc 1@.18.95.
dcne.

Ecnnectlng tc 1& 13 95
cmd

test -d fusrf/local/frc/IRE

m
(1]

122

122

P22
Jetc/profile.d/natinst-path.sh; fusr/leocal/frc/bin/frcKillRebot.sh -t -r;

stopped process in pidfile '/wvar/run/natinst/FRC_UserProgram.pid’ (pid 1419)
BUILD SUCCESSFUL

27 seconds



| £:| SmartDashboard - 1895

File View

DriveTrain_TurnRight30 start
Arm_Stop start
Arm_MoveRight | start
Autonomous Command start
Arm_MovetoCenter start
DriveTrain_TurnLefta0 | start

DriveTrain_Sb:up| start |

(MEWW’E" start

DriveTrain_DrivewithJoystick start

]

Smart Dashboard

Property Value

Mame DriveTrain_DrivetoWall
Requires— ——PBruelrain

Button on SmartDashboard D)

S —— ————

Arm_Moveleft start p

FRC Driver Station - Wersion 15.0

Team Mumber

= ]

Dashboard Type
Java v

"15... % FMS Protocol

Team # 1895

Practice Timing (s)

Countdown

Autonomous

Delay

Teleoperated

End Game
)

11.97V

Communications
Robot Code mm
Joysticks

Teleoperated
Disabled




Start the Smart Dashboard

[ £ SmartDashboard - 1895 = || B f]ER

File View

DriueTrain_TurnRigthEll start

m DriveTrain_TurnLefta0 | start |
Autonomous Command | start | _ AR,

- DriveTrain_Drivetowall | start |
Command_Autonomous | start | - -

DriveTrain_Drive'ﬁ.'iﬁﬂJnysﬁdc| start |

Dri'-rETrain_Sb:up| start |

LEDstrip_Off | start |

Arm_Moveleft start Arm_Mn:l'u'Eh:uCEnter| atart | Arm_MoveRight start

LEDstrip_On | start | - —
Arm_Stn:up| start |




. . T .
Initial Checkout! hlnksafetyl

* Lift Robot wheels off of ground to prevent sudden unplanned movement
» Keep hands, fingers and hair away from Robot

* Test one function at a time
 Observe and think
 Take Notes




Updating the Code to Solve Problems

Code update can be performed either in Eclipse or RobotBuilder
* In Eclipse, edit code directly. Always add comments

In RobotBuilder:
* Re-Open RobotBuilder, Make the required updates, then export
* |n Eclipse, Refresh the project by selecting “F5”

* The robotBuilder updates will be shown, User provided code remains

public void driveTurnLeft() {

robotDrived.arcadeDrive(@,-1);

It
]

Don’t edit code between the

RobotBuilder comments public ‘-.-’I:Ild 1n1t|.'.lefault[|:|rrrrand(:| 1

e P s -1 M= T =

o - ~irE L' =] B -
CIO1liN AW UAac "1-— CLs e _| S N R g L 1LLC R =LA mALL

setDE'Fault[cnrrrrand(ne DriveTrain_ Driwve hlth] oy stlcl-:( 13

— —_ _—r —— - =i — g el M —_
. [ = =L = -_

S L L ._""-_. N .y = ""-'__ s L L L L TN L NS (L




Step 5: Test, Troubleshoot, Resolve
Iterative Process...

f>Test %

Resolve Troubleshoot

N




Troubleshooting Methods:
1) Print statements to the System Console (Riolog)
System.out.printin("Ball Release Going Out");

2) Smart Dashboard

3) Many other approaches ...

= Show View o ([ (3]

type filter text

4 (= General
Il Bookmarks
" Classic Search
= Conzole
] Error Log
i@ Internal Web Browser
(2 Markers

. Mavigator

EE Cutline

(2! Problems
= Progress
"5 Project Explorer

" Search

] Properties
R Riolog Console

] | | Cancel
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Resources

Guidance

https://wpilib.screenstepslive.com/s/4485

WHPI Library

http://first.wpi.edu/FRC/roborio/stable/docs/java
http://first.wpi.edu/FRC/roborio/stable/docs/java/classedu 1 1wpi 1 1first 1 1wpilibj 1 1lcommand 1 1WaitCommand.html

Eclipse:

http://help.eclipse.org/luna/index.jsp?topic=%2Forg.eclipse.cdt.doc.user®%2Ftasks%2Fcdt t comment out.htm

FRC Roborio eclipse plugins zip file
http://first.wpi.edu/FRC/roborio/zipfile/

WPI ThinkTank

http://thinktank.wpi.edu/Portal



https://wpilib.screenstepslive.com/s/4485
http://first.wpi.edu/FRC/roborio/stable/docs/java/classedu_1_1wpi_1_1first_1_1wpilibj_1_1command_1_1WaitCommand.html
http://help.eclipse.org/luna/index.jsp?topic=/org.eclipse.cdt.doc.user/tasks/cdt_t_comment_out.htm
http://first.wpi.edu/FRC/roborio/zipfile/
http://thinktank.wpi.edu/Portal

Eclipse Issues

e Unable to find a javac compiler; com.sun.tools.javac.Main is not on
the classpath. Perhaps JAVA_ HOME does not point to the JDK.

For eclipse
* Right Click build.xml ---> Build path ---> configure buildpath ---> select libraries tab

» click "Add library" ---> double click on [jre system library ] ---> environments ---> installed jres ---> Add ---> standard
vm
* click on directory ---> Browse upto jdk [C:\Program Files\Java\jdk1.7.0_01]

e finish
* change the selection jre to jdk ---> click ok

* [mport Errors
* Eclipse => Source => Organize Imports

e Download errors due to Network Name Resolution
* Right Click “Build.xml”,



Set the "JAVA HOME" Environment Variable

Instructions
1. Click "start”

Right click "computer”
Click "properties”
Click "advanced system settings”
Click "environment variables”
If "JAVA_ HOME" is in the system variables then go to verify else click "new"

"variable name" = "JAVA_HOME"

"variable value" = the location of your Java JDK it is close to "C:\Program Files\Java\jdk1.8.0 25*
7. Click "ok"

S

Verify
1. Openacommand window and enter: set | find "JAVA HOME"
2. Should display something like "C:\Program Files\Java\jdk1.8.0_25“
3. Inthe command Window, enter: dir "C:\Program Files\Java\jdkl1.8.0 25"

4. Should display the contents of the JAVA folder



Eclipse Networking Issues

* Download errors due to Network Name Resolution
e Right Click “Build.xml”,



Terminology

Motor = Creates continuous rotational motion.
Speed of rotation controlled by a PWM interface
value of +1 to -1

Servo = Creates a limited rotational motion
Angle of output limited to +/- 100 degrees

Angle controlled by a PWM interface value of 0 to 1
LED = Light Emitting Diode — Lights up when voltage applied

Limit Switch = Provides an electrical connection when lever arm depressed.



