FRC 2010 Kickoff

Intro to Java for Robotics

Overview for Teams Considering Java Development

Team 1279 ColdFusion

1 NetBeans & Java Development Environment
The NetBeans IDE is a great full featured development environment for Java. It is widely used and free, so if you have any interest in Java definitely take a few minutes to get it and take a look. The NetBeans site is http://www.netbeans.org, there are a wide variety of resources beyond just the downloads we need. Same for the official Sun Java site http://java.sun.com.
The installation and configuration for FRC use is described in the document Getting Started with Java document, available at http://first.wpi.edu/FRC/frcjava.html . Make sure you apply the latest updates, found on the same page as the Getting Started doc, after installing.
Documentation for the specific classes and methods that we will be discussing today are available from the same place, in the WPILibJ Users Guide. The Javadocs reference is also helpful and can be downloaded or generated from within NetBeans.

1.1 Advantages

The primary advantage of using Java is its general popularity. You are likely to have mentors or parents that have used it. Your school may give classes in Java for the AP exam. There are many books from introductory to very advanced available free in libraries and for sale online. You can get a very solid base in Java by using only free online resources. If you go into a career in Computer Science or Engineering they are likely still going to be using Java widely when you graduate college. Finally Java can be developed on low end hardware running Linux, making it relatively cheap to have multiple development machines.
· Widely Used

· Many Resources

· Economical

· Early in its life

1.2 Disadvantages

No system comes without a downside, and the main issue with Java is that it is brand new to FIRST Robotics. That means no team will have had more than a few months to work with the robotic specific areas of this Java implementation, and most will have only a few weeks. It also means that there will be more bugs and rough edges. WPI has done a great job, and is quick to react to problems, but there are bound to be some hiccups. Further this is Java based on Java ME for embedded use, and it has some limitations compared to SE that people who know Java may find annoying.
· Brand new to FIRST

· Fewer Robotics resources

· Not 100% standard Java

2 Project Creation
The examples we will look at today are built upon the project created from the SimpleRobotTemplate project as described in the Users Guide. If you want to duplicate the examples below, the easiest way is to begin from that point.
2.1 The Basic Sample Project
The sample project provides the basic ability to drive the robot, if you are new, understaffed, or pressed for time it is all you need to drive the robot around. There are a couple of typos in the version of the "Getting Started Guide" when this was written, changes to fix the problems are in bold. This is how the basic program is laid out:
(from Java example 7 in the Getting Started with Java Guide)

package edu.wpi.first.wpilibj.templates;
import edu.wpi.first.wpilibj.RobotDrive;
import edu.wpi.first.wpilibj.SimpleRobot;
import edu.wpi.first.wpilibj.Timer;
import edu.wpi.first.wpilibj.Joystick;
public class Team1279Robot extends SimpleRobot
{

private RobotDrive drivetrain;

private Joystick leftStick;

private Joystick rightStick;

public RobotDemo() {

drivetrain = new RobotDrive(1, 2); // create RobotDrive
leftStick = new Joystick(1); // and joysticks

rightStick = new Joystick(2);

}

public void autonomous() { 
   for (int i = 0; i < 4; i++) {

      drivetrain.drive(0.5, 0.0); // drive 50% forward with 0% turn

      Timer.delay(2.0); // wait 2 seconds

      drivetrain.drive(0.25, 0.75); // drive 25% forward and 75% turn
      Timer.delay(1.0); // wait 1 second

   }

   drivetrain.drive(0.0, 0.0); // drive 0% forward, 0% turn (stop)

}

public void OperatorControl() {

   while (true && isOperatorControl() && isEnabled()) {
      drivetrain.tankDrive(leftStick, rightStick);// drive w/joysticks

      Timer.delay(0.005);

   }

}
}
Lets go over each section briefly:
package edu.wpi.first.wpilibj.templates;
import edu.wpi.first.wpilibj.RobotDrive;

import edu.wpi.first.wpilibj.SimpleRobot;

import edu.wpi.first.wpilibj.Timer;

import edu.wpi.first.wpilibj.Joystick;

These first few lines describe the environment your robot program is running in. It is part of the templates package, which means that this file and its contents are grouped with other files in that same package. It imports several specific classes from WPILibJ using their fully qualified names. If you tried to declare or use a Joystick object, for instance, without importing the Joystick class then NetBeans would warn you that the Joystick class hadn't been defined.

public class Team1279Robot extends SimpleRobot
{

private RobotDrive drivetrain;

private Joystick leftStick;

private Joystick rightStick;

This section defines your teams robot class as deriving or inheriting from (extends) the SimpleRobot class and creates some private references to objects it will use. Deriving from another class gives you everything that class had and allows you to supplement or overwrite what was defined there. Variable or object references defined here will be available throughout the class.
public Team1279Robot() {

drivetrain = new RobotDrive(1, 2); // create RobotDrive

leftStick = new Joystick(1); // and joysticks

rightStick = new Joystick(2);

}

This is the classes' constructor. It is called whenever an object of the Team1279Robot class is created, in this case once at startup. You should put the code to create and initialize your objects here. As you see drivetrain is being assigned the object returned by the RobotDrive constructor. If you look in the javadocs you will see there are  several constructors fro RobotDrive, but only one takes two integers as arguments. If your robot uses 4 motors for the drivetrain you will need to use one of the contrsuctors that uses 4 motor values. If it doesn't turn properly using this constructor you may need to use a constructor that includes turn sensitivity and tweak the value until it turns properly. The important thing to know here is that you should read thoroughly through the class descriptions for each class you use. There may be helpful features that aren't shown in the examples, or things that other teams use that your team doesn't need. 
public void autonomous() { 

public void OperatorControl() {

Two methods of your robot class are called automatically by the field management system at the appropriate times: autonomous() and operator control. It is important to keep these two method signatures exactly as they are, otherwise the FMS won't know how to set your robot to the proper mode.
When you are practicing you may want to switch modes without restarting the robot. Make sure any important values are (re)initalized each time you enter the method, not just once when the class is instantiated.

   for (int i = 0; i < 4; i++) {

      drivetrain.drive(0.5, 0.0); // drive 50% forward with 0% turn

      Timer.delay(2.0); // wait 2 seconds

      drivetrain.drive(0.25, 0.75); // drive 25% forward and 75% turn
      Timer.delay(1.0); // wait 1 second
   }

   drivetrain.drive(0.0, 0.0); // drive 0% forward, 0% turn (stop)

The autonomous mode allows the robot to drive in a small square. It uses a common control construct, the 'for' loop. This for loop will execute 4 times, note carefully that it starts at 0 and stops before 'i' gets to 4.

Each time the loop interates the drive motors are set to 50% power and allowed to drive for 2 seconds. Be careful about using delays, while it is waiting the robot is out of your control, doing whatever it was last told to do. Use the watchdog to prevent runaways.
Note this code has a bug. There is no delay after the 75% turn line, and no speed is set.

After the loop is done the drive is turned off by setting power to 0. Always remember to leave controls in a specific known state when you are done, especially the drive wheels.

   while (true && isOperatorControl() && isEnabled()) {

      drivetrain.tankDrive(leftStick, rightStick);// drive w/joysticks

      Timer.delay(0.005);

   }

operatorControl also uses a common loop construct, the 'while' loop. It will continue to iterate as long as the statement in parentheses is true. The initial 'true &&' is not needed. The '&&' symbol means that both the isOperatorControl() and isEnabled() methods must return true.

The tankdrive method uses input from the left and right joysticks to control the motors. A short delay in the loop gives the operating system a fixed time during which it can execute. Note that this delay will read the joysticks and adjust the motors 200 times a second, this is far more than needed, a delay of 20-50 milliseconds is more appropriate.
2.2 Editing
The editor options, under Tools->Options, are many. Some very helpful, some a bit annoying, but most people will disagree which is which. In general it has syntax highlighting, autocompletion, the ability to jump to problems, and generally good suggestions when you run into trouble.

2.3 Adding Methods

To add small amounts of functionality it is often useful to create a method rather than coding everything in-line. For instance, if you want to be able to fire a relay under certain conditions in either autonomous or teleoperated modes, it is easier to write and call a method than to write the code separately in both sections. This also makes the code easier to follow and maintain. Here is how we would add a method that would fire a relay whenever the trigger of the joystick is pressed.

void fireRelay(Joystick fireStick, Relay shooter){
//assumes Joystick and Relay are defined at class level

if (fireStick.getTrigger()) shooter.set(kForward);

else shooter.set(kOff);

return;

}

2.3.1 Try and Catch

Early in the robot construction cycle there may be things that don't work or aren't installed. In cases where something fails often enough to be a concern you can use the try-catch pair of Java commands. For 1279 the cRIO and camera aren't always in the same place. If you try to do a getInstance() on your camera when it is not attached there is along time-out and then a cascade of errors. We have to live with the timeout, but there is an easy way to work without having to download different code to ignore the camera. 

In the constructor :

        try {

            ac = AxisCamera.getInstance();

        }

        catch(AxisCameraException e) {

            ac = null;

            System.out.println("Camera not found! e=" + e);

        }

        if (ac == null ) cameraPresent = true;

        else cameraPresent = false;

then in methods that depend on the camera:
public Targeted findTarget(double volts){

        if (!cameraPresent) return null;
In the latest update all calls to the Axis Camera and NI Vision library methods require a try-catch for the Exceptions they may throw.
2.4 Adding Classes
In Java classes (except internal classes within other classes) get their own files, so adding a class is done through the project pane. Right click on the project and select New->Java class. Name your class, and you will probably want it to be part of the same package.
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In working with other developers I found it easiest to create empty classes and copy their files into my workspace.

Classes make sense when the functionality you are adding represents an object with some complexity. For instance last year our robot had a ball handling mechanism that was controlled with two switches, two push buttons, a joystick trigger, and a 6 position selector switch on the driver station. These controlled two relays and two motor controllers on the robot. Coding this as a class allowed one developer to work on the BallHandler class independently of the work done on the drive train.

Here is how we could add a class that reads an accelerometer and triggers one servo if acceleration is forward and another if it is backward.

public class DirectionChecker {


Accelerometer accel;


Servo fwdServo, bkwdServo;


public DirectionChecker(){



accel = new Accelerometer(3); //plugged into analog ch 3



accel.setZero(2.5); //0 is 2.5, get from manuf. data sheet


accel.setSensitivity(0.5); //0.5 volt per G, from data sheet



fwdServo = new Servo(9);//PWM 9 don't forget jumper



bkwdServo = new Servo(10);//PWM 10 don't forget jumper


}


void reactToDirection(void) {



if (accel.getAcceleration() < 0.0){




fwdServo.set(0.0);




bkwdServo.set(1.0);


} else {




fwdServo.set(1.0);




bkwdServo.set(0.0);



}



return;


}

}
2.4.1 Constructors

Constructors create new instances of objects, Java provides a default constructor that simply 'zeros' everything, that is sufficient for simple classes, where zeroing is exactly the behavior you want. Often it is useful to create several constructors, for instance the standard constructors for cRIO channels that can use a slot argument when you have multiple modules of the same type or omit it when there is only one.
For instance in our BallHandler class:

    public BallHandler(){

        ds = DriverStation.getInstance();

        js = new Joystick(BALL_FIRE_STICK);

        initBallMechanism();

    }

    public BallHandler(Joystick joystick) {

        ds = DriverStation.getInstance();

        js = joystick;

        initBallMechanism();

    }

    public BallHandler(DriverStation driverStation) {

        ds = driverStation;

        js = new Joystick(BALL_FIRE_STICK);

        initBallMechanism();

    }

    public BallHandler(DriverStation driverStation, Joystick joystick) {

        ds = driverStation;

        js = joystick;

        initBallMechanism();

}
These multiple ways of instantiating an object from the class allow great flexibility to use the methods and variables of the class in many different contexts. At the opposite end of things you may want to force only one instance of a class to ever be created, and everyone to access the same one. The WPI classes that have a getInstance() method use this approach. We don't do this but making your constructor private and calling it only once from the getInstance method can accomplish this:

public class MySingletonClass{

private static MySingletonClass theOnlyInstance = null;

private MySingletonClass {


    //stuff everyone should refer to the same copy of


    //this can be used to provide the equivalent
    //of static variables across classes

}

public static MySingletonClass getInstance {

     if (theOnlyInstance == null) theOnlyInstance = new MySingletonClass;
    return theOnlyInstance;

}

}
When an object of MySingletonClass is needed it is simply assigned with getInstance rather than 'new'.
2.5 Downloading to the cRIO
If you are connected to the robot you need only 'Run' or 'Debug' to transfer the code. What you download will start next power cycle. Many teams using wireless reported a variety of problems. We always used a wired connection and had no serious issues. (Until static blew up our driver station at a fund raising event)
NetBeans can connect to the cRIO and show the progress of download and any errors that might occur. The most frequent coding error that gets past the compiler is a null reference error. That happens when you try to use an object that you forgot to instantiate with 'new'.
2.6 Looking at the WPILibJ

The WPILibJ source is very useful when trying to figure out just what was intended in particular classes. Be VERY careful if you modify anything and always make backups. Also, note any changes that you really like, they will disappear after updates, and if the bug is still open you will need to recreate your fix.

To get to the library go to File->Open Project
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You can then browse the source code for any class of interest. No matter how good the documentation there is no substitute for seeing the source code when questions or problems arise.
2.6.1 Generating Javadocs

Even if you have no intention of ever touching the library code the Javadocs are an invaluable resource. You can generate up-to-date documentation after each update by right clicking on the project and selecting 'Generate Javadoc'. It creates a searchable html reference that is convenient beyond words. Make a bookmark to the page,` you will go back often.
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3 Debugging Techniques
Under Java you can use 'Run' to download for normal purposes and you will be able to see the printlns you have put in the code in the output window. Or if not connected to NetBeans in the console. In order to connect the debugger you must choose debug, which downloads an image with hooks for the debugger.

3.1 println
The Java standard System.out.println() method is used almost exactly as you would use printf (except for the nice, if obtuse, format specifiers). There are a few downsides, the most important is that it is expensive. Write a 1000x loop that prints the time every loop. Then write one that prints the time before and after rather than during. You will not want leave any printlns active in your final code.
Also there were problems seeing the printlns in the NetBeans output pane during early construction of the SimpleRobot derived class. I was measuring about a 1.5 second delay before output was redirected from the console to the TCP/IP port.

3.2 Setting Breakpoints

3.3 Connecting the Debugger
Interactive debugging is very nice under NetBeans, the remote target can have conditional and non-conditional breakpoints, you can watch variables, step through and over method calls. In short, everything that you would expect from a host platform debugger you can do on the embedded target.

· Make sure your project is the Main Project, or set it by right clicking on the project name.

· Set at least one break point (that will definitely trigger if conditional)

· Right click the project and select Debug. It will take about a minute for the debug image to fully load.

· When you see "Waiting for Connection from Debugger..." select Attach Debugger from the menu or toolbar.
Once connected you will see new icons on the toolbar to the right of the debug icon. Hovering the mouse will show what each does.
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3.4 Watching a variable

When the debugger is attached you will see Variables and Breakpoints tabs have been added to the output pane. The bottom icon in the left hand column allows you to add watch expressions. These can be single variables or combinations or several. The value only updates in the display when a breakpoint is hit, but it is monitored constantly.
4 Q&A

5 Reference Material
Keep an eye on the various forums for comments and code by the various teams, some are doing very systematic examination of the environment, libraries, and JVM. We at 1279 are certainly indebted to all those whose comments and code helped us along the way.
FIRST/WPI Java info: http://first.wpi.edu/FRC/frcjava.html
The FIRST forum for Java: http://forums.usfirst.org/forumdisplay.php?f=1255
The Chief Delphi Java forum: http://www.chiefdelphi.com/forums/forumdisplay.php?f=184
Our website, Java Beta presentation: http://www.coldfusion1279.com/info_for_opponents.htm

5.1 Contact Info
You can contact us with programming questions at jamesomalley (-at-) comcast.net.  
5.2  Sample Code Redux
Here is the sample code re-written to be more useful. It adds watchdog and basic driverstation I/O functions.

/*----------------------------------------------------------------------------*/

/* Copyright (c) FIRST 2010. All Rights Reserved.                             */

/* Open Source Software - may be modified and shared by FRC teams. The code   */

/* must be accompanied by the FIRST BSD license file in the root directory of */

/* the project.                                                               */

/*----------------------------------------------------------------------------*/

package edu.wpi.first.wpilibj.templates;

import edu.wpi.first.wpilibj.SimpleRobot;

import edu.wpi.first.wpilibj.RobotDrive;

import edu.wpi.first.wpilibj.Timer;

import edu.wpi.first.wpilibj.Joystick;

import edu.wpi.first.wpilibj.Watchdog;

import edu.wpi.first.wpilibj.DriverStation;

import edu.wpi.first.wpilibj.DriverStationLCD;

/**

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

 * functions corresponding to each mode, as described in the SimpleRobot

 * documentation. If you change the name of this class or the package after

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

 * directory.

 */

public class KickoffRobot extends SimpleRobot {

    private RobotDrive drivetrain;

    private Joystick leftStick;

    private Joystick rightStick;

    private DriverStation ds;

    private DriverStationLCD dsLCD;

    private Watchdog wd;

    public KickoffRobot()

    {

        drivetrain = new RobotDrive(1, 2); // create RobotDrive

        leftStick = new Joystick(1); // and joysticks

        rightStick = new Joystick(2);

        ds = DriverStation.getInstance();

        dsLCD = DriverStationLCD.getInstance();

        wd = Watchdog.getInstance();

        wd.setEnabled(false);

        wd.setExpiration(0.5);

    }

    /**

     * This function is called once each time the robot enters autonomous mode.

     */

    public void autonomous() {

        wd.setEnabled(false);

        while (ds.isAutonomous() && ds.isEnabled()){

            for (int i = 0; i < 4; i++) {

                //note turning rate and size of square is different

                //for every robot, adjust delay, speed, and % turn for yours

                drivetrain.drive(0.5, 0.0); // drive 50% forward with 0% turn

                Timer.delay(2.0); // wait 2 seconds

                drivetrain.drive(0.25, 0.75); // drive 25% forward and 75% turn

                Timer.delay(1.0); // wait 1 seconds

            }

            drivetrain.drive(0.0, 0.0); // drive 0% forward, 0% turn (stop)

        }

        wd.setEnabled(true);

    }

    /**

     * This function is called once each time the robot enters operator control.

     */

    public void operatorControl() {

        wd.setEnabled(true);

        wd.setExpiration(0.250);

        boolean triggerPressed = false;

        boolean topPressed = false;

        boolean dsD1Pressed = false;

        boolean dsA1changed = false;

        int A1int, oldA1int = 0;

        double voltage;

        int eventCount = 0;

        while (ds.isOperatorControl() && ds.isEnabled()) {

            wd.feed();

            drivetrain.tankDrive(leftStick, rightStick);// drive w/joysticks

            //check for inputs

            if (leftStick.getTrigger() || rightStick.getTrigger()) triggerPressed = true;

            if (leftStick.getTop() || rightStick.getTop()) topPressed = true;

            if (ds.getDigitalIn(1)) dsD1Pressed = true;

            if (oldA1int != (A1int = ds.getAnalogIn(1))) dsA1changed = true;

            if (triggerPressed){

                eventCount++;

                System.out.println("TRIGGER PRESSED! " + eventCount);

                dsLCD.println(DriverStationLCD.Line.kUser2, 1, "TRIGGER PRESSED!_" + eventCount);

                triggerPressed = false;

            }

            if (topPressed){

                eventCount++;

                System.out.println("TOP PRESSED!" + eventCount);

                dsLCD.println(DriverStationLCD.Line.kUser3, 1, "TOP PRESSED!_____" + eventCount);

                topPressed = false;

            }

            if (dsD1Pressed){

                eventCount++;

                System.out.println("DIGITAL 1 PRESSED!" + eventCount);

                dsLCD.println(DriverStationLCD.Line.kUser4, 1, "D1 PRESSED!______" + eventCount);

                dsD1Pressed = false;

            }

            if (dsA1changed){

                eventCount++;

                //System.out.println("ANALOG 1 OVER 2 VOLTS!" + eventCount);

                //dsLCD.println(DriverStationLCD.Line.kUser5, 1, "A1 OVER 2 VOLTS!_" + eventCount);

                voltage = (A1int/1024.0)*5.0;

                System.out.println("A1 = " + voltage + " volts");

                dsLCD.println(DriverStationLCD.Line.kUser5, 1, "A1 = " + voltage + "volts");

                oldA1int = A1int;

                dsA1changed = false;

            }

            dsLCD.updateLCD();

            Timer.delay(0.02);

        }

        wd.setEnabled(false);

    }

}
