Lab 6 Notes

If, after reading these notes, you don’t know what to do, please ask me for help. If you plan out  your program (by following these recommendations) before you start writing code, it’ll save you tons of time! (
Overview

The goal of this lab is simple: create a program that moves a motor to a desired position that you pick. (This is similar to the part of the Air Hockey lab where you want the goalie to go to a desired position. Recall that in Question 5 you used a PID controller to get the job done.) Do this for both a simulated motor and for a real motor in the lab. Also, create a graphical user interface (GUI) for your program.

The Approach

There are several separate “tasks”/objects that you will need running in order to do this:

· PID Controller – Continually compares the current motor position to the desired position that you have specified (the difference between the two is the error). Also, looks at the integral and derivative of the error, with respect to time. Determines what strength of actuation that is necessary to move the motor to the desired position.

· PWM Actuator – Interprets the actuation signal from the PID controller as a duty cycle. Then, given this duty cycle, it turns the motor on and off and on and off and … (the duty cycle controls what percentage of the time the motor is on and thus, how fast it will move). Feel free to reuse the PWM code from Lab 2.
· User interface –Accepts commands from the user and sends these commands to the other tasks, as appropriate. (For example, allows the user to set the desired position.) Checks the position of the motor at regular time intervals and outputs (or saves) this data so you can see how well your controller is working!

Running Multiple Tasks – Method 1

A computer can only do one thing at a time, but that’s OK as long as it switches back and forth between the tasks very quickly. The simplest way to accomplish this is to create a while() loop that runs each of the tasks in succession, one after another, very quickly. 

You should have the ability to make each task run at a differerent frequency. For example, you want to your PWM generator to run very frequently to check if it’s time to turn the motor on or off yet. (I’m not referring to the PWM period here – I’m referring to how often the PWM should check to see if one PWM period worth of time has passed yet. This should be much more often than the PWM period.)  But you may want to run your user interface task less frequently because you don’t need to sample data very often.

The basic structure would look something like this:

double pwmTaskPeriod = 0.0005;

double lastPwmTaskTime = 0.0;

double dataRecorderTaskPeriod = 0.1;

double lastDataRecorderTaskTime = 0.0;

while (true) {

    currentTime = timer.getTimeNow();

    if (lastPwmTaskTime + pwmTaskPeriod > currentTime) {

        // 1. Request the current actuation signal from PID controller

        // 2. Set the PWM duty cycle to the value obtained above

        // 3. Run the PWM so it can turn the motor on or off, if needed

        lastPwmTaskTime = currentTime;

    }

    if (lastDataRecorderTime + dataRecorderTaskPeriod > currentTime) {

        // [Run the Data Recorder task here ...]

        lastDataRecorderTime = currentTime;

    }

}
Notice that the PID controller doesn’t need to be a separate “task” that we want to run simultaneously – instead, we just request the actuation value from the PID controller each time the PWM task is run. But, it would work just as well if we want it to be a separate “task.” Then we would give it a separate if() statement in the while() loop above, which would allow it to have its own PIDTaskPeriod. Either way is OK.

Running Multiple Tasks – Method 2

The other way to give the illusion of multiple tasks running simultaneously is to use Java’s built-in “threading” capability. It’s not much harder to implement than the method described above, but it’s more elegant. Each task is a separate Java class (for example, call it myPWMTask) that extends the class Thread. You write a method in that class called run() that contains everything your task should do (probably in a while loop so the task can run over and over again). When that thread is started (by calling myPWMTask.start()), the code that’s in the run() method will run. But the computer will switch back and forth between all the tasks you’ve start()ed, giving the illusion that multiple tasks are running simultaneously.

About the files you’re given

You can either create your own GUI from scratch (in this case, start with the files in the MotorBlank directory in javasamples.zip), or you can use the GUI provided (in this case, start with the files in the MotorTestGUI-NB directory in javasamples.zip).

In either case, you are given the following files:

· MotorDrive.java – A “user” class whose runMotor() method runs a simulated bluebox’s motor for a given amount of time.

· You can look at this class to see how things are done, but I recommend not using it in its entirety; start on your own user class from scratch. Of course, you will probably want to borrow large chunks of it.

· In particular, notice how MotorDrive creates a MechTimer object called timer. This timer is your friend! Calling timer.getTimeNow() returns the current time (in seconds, with t = 0 as the point where you call timer.start()).

· Have your “user” class create and start the timer. It can then pass this timer as an argument to any other classes that need a timer (for example, SimBluebox, PWM, etc.)

· SimBluebox.java – A simulated Bluebox, with one simulated motor working.

· This class is partially set up to handle multiple motors, but it’s not completely implemented. You should modify SimBluebox.java to handle multiple motors properly. In order to match a real bluebox (which can control 6 motors), I recommend that you make SimBluebox automatically have 6 motors.

· How to do this? As with the AirHockey multiple puck problem, you can either create arrays of the motor-related variables, or you can create a separate motor class (called simMotor) and create an array of these simMotor objects. Your choice. I highly recommend creating the simMotor class, moving all the motor-related variables and the code that computes the motor position from SimBluebox to simMotor. Ask me before you start if you don’t know what I mean.
· SimBluebox is intertwined with MotorDrive (the constructor takes a MotorDrive object as an argument and stores a copy of it in the variable pMotor. Why? To have access to the timer). I recommend removing all references to MotorDrive in SimBluebox. Instead, you should simply pass to SimBluebox a timer from the user class. 

· The method called pwmActuate() has nothing to do with a PWM – it should be called something like update(). Basically, whenever this method is called, it updates the position of the motor by running the simulation to “catch up” to the present time from where it was at last time it was called.

· I recommend creating a class called RealBluebox that is analogous to SimBluebox. Obviously, RealBluebox controls the actual bluebox in 2170 Etcheverry. You can essentially copy the contents of the Bluebox.java file (from MechControlandDLL). But your version won’t be in the MechControl directory– it’ll be in the same directory as all your other files (so remove the line at the top that says package MechControl).

Using Inheritance to Simplify the Transition from Simulation to Real

You want your code to work for both a real bluebox and for a simulated bluebox with minimal changes. This is where inheritance comes in handy. SimBluebox and RealBluebox are similar, right? They should both be able to take commands for turning on and off different motors, reading the encoder counts of different motors, etc. So use inheritance: Create a GenericBluebox interface that specifies all the methods that SimBluebox and RealBluebox have in common. Then make both SimBluebox and RealBluebox implement GenericBluebox.

[Aside: Why do you have to make GenericBluebox an interface instead of an abstract class? If you look at the Bluebox class, you’ll notice that it extends DIOCard. This allows Bluebox to control the hardware. (There are other ways to accomplish this, but whoever programmed Bluebox did it this way, so we have to live with it.) In Java, you can’t extend more than one class. ( But you can extend and implement at the same time! ( (Implementing an interface is analogous to extending a class. In an interface, you specify what methods need to be present in any class that implements that interface.)]

Now, everywhere in any of your code that you want to refer to a SimBluebox or a RealBluebox, refer to GenericBluebox instead. Then the only change you have to make when switching from a simulation to a real motor is the code where you instantiate the bluebox object: either

// use for a simulated bluebox & motor:
GenericBluebox bb = new SimBluebox(); 

or

// use for a real bluebox & motor:

GenericBluebox bb = RealBluebox.getBluebox();

// Note: you don’t say “= new Bluebox();” because of how

// RealBluebox is written (take a look at the code to see

// why). See me if you don’t understand.

Because all the other code you wrote didn’t refer specifically to SimBluebox or RealBluebox (but, rather, to GenericBluebox), no other changes in the code are necessary! Less work to do! Yay!

Multiple Motor Controllers

The code I’ve presented so far is for controlling one motor. To control, say, two motors at once, you could simply instantiate two different PID controllers, two PWM generators. When you instantiate them, pass as arguments which GenericBluebox they’re controlling and which channel number their motor is on within that GenericBluebox.


Alternatively, you could encapsulate the PID and PWM objects together in one MotorController class. Then to control multiple motors, you simply instantiate multiple MotorControllers.

My Solution

Below is the tree from the Javadoc for the code that I wrote for this lab. Of course, you don’t have to follow it exactly or use it at all– it’s just for your reference. Note that I decided to use threading (see the section titled “Running Multiple Tasks – Method 2” above), but you don’t need to.

Class Hierarchy 

· class java.lang.Object 

· class java.awt.Component (implements java.awt.image.ImageObserver, java.awt.MenuContainer, java.io.Serializable) 

· class java.awt.Container 

· class java.awt.Window (implements javax.accessibility.Accessible) 

· class java.awt.Frame (implements java.awt.MenuContainer) 

· class javax.swing.JFrame (implements javax.accessibility.Accessible, javax.swing.RootPaneContainer, javax.swing.WindowConstants) 

· class JJGUI
· class MechControl.DIOCard 

· class RealBluebox (implements GenericBluebox) 

· class PIDController 

· class SimBluebox (implements GenericBluebox) 

· class SimMotor 

· class java.lang.Thread (implements java.lang.Runnable) 

· class MotorDataRecorder 

· class PWMActuator
Interface Hierarchy 

· interface GenericBluebox
