ENGR 171

Name: _____________________________

Chapter 4 Lab Activities

21 points (of 145 total)

In ENGR 170 we learned to use a microcontroller to produce a variety of outputs: lights from LEDs, motion from a servo, numbers from a 7-segment display, sound from a piezo buzzer, and so forth.  In ENGR 171 the only output of significance is the motion of the servos, which translates into robot motion.  This entire course will be about causing the robot to move in various ways.  Chapter 4 is devoted to robot motion.

If you have 4 AA batteries, now is the time to install them.  If you don’t, your robot will be on a tether caused by the power cord.  This is okay for Activity #1, but not for the later activities.  When using the power cord, be especially careful when the robot is turning as it may wrap the power cord around the robot.  Be careful when operating the robot on a table top.  It is easy for the robot to run off the edge.  Run all your tests on the floor whenever possible.  If it is not possible, keep careful watch over your robot.  The poor thing’s not smart enough not to drive off a cliff.

Activity #0 (1 pt, I.I. ________) Forward Motion and Mathematical Tools
1. Forward motion.  Run example program BoebotForwardThreeSeconds (p 125).  Note that the PULSOUT 12, 650 command causes the right wheel to rotate clockwise at top speed while PULSOUT 13, 850 causes the left wheel to rotate counterclockwise.  This combination (R-CW, L-CCW) is required for the robot to move forward.  If you think about it, this happens on your car too – half the wheels rotate clockwise, while the other half rotate counter-clockwise.  Bet you never thought about this before.

2. Linear Interpolation.  However much data you collect, it is never enough.  Consider the data you collected in Chapter 3 relating angular speed to pulse-width.  You have 21 data points per wheel, which seems like a lot, but inevitably you will need to drive your robot as a speed for which you do not have data.  For example, suppose you need to run your left wheel at 30% of the maximum speed counterclockwise. Suppose further that you have the data shown in the table below.  
	Pulse-width count
	RPM (+CCW/-CW)
	Pulse-width count
	RPM (+CCW/-CW)

	650
	-52
	750
	0

	660
	-51.5
	760
	13

	670
	-51
	770
	27

	680
	-50.5
	780
	38.5

	690
	-49.5
	790
	45

	700
	-47.5
	800
	48.5

	710
	-43
	810
	50

	720
	-34
	820
	51

	730
	-21
	830
	51.5

	740
	-8
	840
	52

	750
	0
	850
	52


30% of 52 rpm is 15.6 rpm, a speed not found in the table.  How can you determine what pulse-width to give the servo?  The answer is to find the two speeds that bracket the desired speed.  In our example, these would be 13 rpm and 27 rpm, which require pulse-widths of  760 and 770, respectively.  Linear interpolation assumes that the relationship between pulse-width and speed is locally a straight line, which means that if you know two points on the line, you can find any other point on the line.  The equation for linear interpolation is 
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 where x1, x2, y1, and y2 are the known x- and y-values bracketing the unknown value, and y is the y-value for which you want a corresponding x-value.  The equation can be rewritten as 
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.  In our example, a plot of speed vs. pulse-width places pulse-width on the x-axis, and angular speed on the y-axis, so that x1 = 760 , x2 = 770, y1 = 13, y2 = 27, and y = 15.6.  Plugging into the equation above, we get 
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Please use linear interpolation to compute the pulse-widths for both your left and right servos that will give a 50% forward speed.  Use your data from chapter 3, and recognize that the right wheel rotates clockwise and the left wheel counterclockiwise to achieve forward motion.
Pulse-width countright = _______________; Pulse-width countleft = _____________

3. The Bisection Method.  Suppose you have a device with one input x and one output y, where the value of y is some function of x, but you don’t know exactly what that function is (such a device is called a black box, as shown in the figure below).  Suppose that in reality the functional relationship is the one shown in the graph below.  How would you go about quickly determining what value of x will minimize the absolute value of y?  That is, for what value of x does y = 0 ?  
[image: image4.jpg])
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The bisection method is an easy and fairly efficient way to answer this question using only the input x and the sign of the output y.  The easiest way to show how it works is with an example using the function shown above:
a.  Start with two values of x (call them x1 and x2) such that their associated outputs y are opposite in sign.  For example choose x1 = 2, x2 = 8, so that y1 is positive and y2 is negative. 
b.  Then “split the difference” between x1 and x2.  This means computing the average:
(x1 + x2)/2 = (2 + 8)/2 = 5. 
c.  Now look at y(5).  It is negative.  Therefore replace x2 = 8 with x2 = 5 so that now you have 
x1 = 2, x2 = 5.  
d.  Repeat this process so that the two y values always have the opposite sign.  In the example we start with [2, 8] => 5, Replace the 8 with the 5.  Next, [2, 5] => 3.5, Replace the 2 with the 3.5. Then [3.5, 5] => 4.25, [4.25, 5] => 4.62, [4.25, 4.62] => 4.44, [4.44, 4.62] => 4.53, 
[4.44, 4.53] => 4.48, [4.48, 4.53] => 4.51, and so forth.  Notice how we gradually converges to the zero-crossing of 4.5?

Now you try it, starting with x1 = 1, x2 = 9.  Please fill in the blanks using the format suggested above:
[1, 9] => ________;
[     ,     ] => ____;
[     ,     ] => ____;
[     ,     ] => ____; 
[     ,     ] => ____; 
[     ,     ] => ____;

Things to notice about the bisection method:
a. It is possible that you will never converge fully to a solution.  However, the interval of uncertainty is cut in half at each iteration.  For example, if the interval in which the zero lies is 1 at the outset, it will be ½ after 1 iteration, ¼ after 2 iterations, and 1/2n after n iterations.  How small will the interval be after 10 iterations? _______
b. You will be using the bisection method in activity #2.
Activity #1 (3 pt.  I.I. ________)
1. Rerun example program BoebotForwardThreeSeconds (p 125).  With the robot on the floor, measure the distance the robot travels.  Note that the floor tiles in the lab are 12 inches on a side.
Distance traveled in 3 seconds __________

2. Now make your robot move forward 6 seconds at half speed.  Use the pulse-widths you computed in Activity #0.  Does the robot move the same distance as in part 1?  If not, then change the pulse-width until it does.  Write down the final pulse-width counts you use to achieve half-speed:
Right wheel (pin 12) _________; Left wheel (pin 13)_________
3. Now make your robot move backwards at top speed for 3 seconds.
4. If making one wheel rotate clockwise and the other counterclockwise makes the robot move forward or back, what will making both wheels rotate in the same direction do?  Try it and see.  Now make the wheels both go the other way.
5. Notice there are 2 ways to make the robot turn.  The first is to run both wheels either clockwise or counterclockwise at the same speed.  This causes the robot to rotate in place.  The other is to stop one wheel and turn the other.  This causes the robot to pivot about the stopped wheel.  Try this and see how a pivot differs from a rotate.
6. Run example program ForwardLeftRightBackward (pp 127 – 128).  This is the beginning of your getting complex motion out of your robot.  Demonstrate this to your instructor.
Activities #2 (2 pt.  I.I. ________)

1. Your robot may have a tendency to veer to the right or left when running a supposedly straight line.  This is because the two servos aren’t running at exactly the same speed.  For example, if the robot veers left, the left servo is running slower than the right.  To get straight-line operation you must therefore either speed up the left servo, or slow down the right servo.  If the robot is operating at top speed, it will be hard to further speed up the slower servo.  Your only option therefore is to slow down the fast one.  Modify example program BoebotForwardThreeSeconds (p 125) to run for 10 seconds instead of 3 seconds.  See example program BoebotForwardTenSeconds (p 130).  The extra distance the robot runs in 10 seconds will make it easier to detect slight veering.  Place the robot on the floor adjacent and parallel to the edge of a line of tiles and run the robot.  By using the tile edge as a reference, you will be able to measure how much and in which direction your robot veers.  Measure the distance your robot departs from the straight and narrow, and the direction, and write it down.  Then slow down the servo that is running too fast and rerun the program.  If you have overcompensated, the robot will veer in the opposite direction.  You may use the method of bisection or any other method to choose a new pulse-width.  When you finally have a robot that runs straight, write down the pulse-width values for the two servos:
Right wheel (pin 12) _________; Left wheel (pin 13)_________

2. Repeat the same operation as in part 1 for half-speed forward:
Right wheel (pin 12) _________; Left wheel (pin 13)_________

3. Repeat the same operation as in part 1 for full-speed reverse
Right wheel (pin 12) _________; Left wheel (pin 13)_________

4. According to the text, a 90º turn takes about 24 pulse commands (e.g. program ForwardLeftRightBackward).  Check to see if this is correct.  Write a program to rotate the robot to the right.  Then measure the angle of the right turn.  Adjust the number of pulses until the turn is as close as possible to 90º. 
Number of pulses = _________
 
5. Repeat part 4 for a left turn.
Number of pulses = _________

6. Repeat part 4 for a 30º right turn.  You may wish to use a protractor to measure the angle.  Adjust the number of pulses until the turn is as close as possible to 30º.
Number of pulses = _________

7. Repeat part 6 for a 30º left turn.
Number of pulses = _________


8. You may want to create a separate fact sheet at this point about your robot.  Include on the sheet all the information you have determined in parts 1 through 7 above.  These data will come in handy throughout the course.


Activities #3 and 4 (6 pt.  I.I. ________) Time, distance, speed, and dead reckoning
1. Rerun example program BoebotForwardTenSeconds (p 130) using the servo speeds computed in Activity #2 Part 1 for straight-line full speed operation.  Measure the distance in inches the robot travels during the 10 seconds.  Note: each floor tile is 12 inches on a side.  You can use these to determine distances greater than 12 inches very easily.  Just count the tiles and multiply by 12, then add any incremental final distance as measured with a 12 inch ruler.  Distance = _________
Compute the speed in inches per second.  Because this is full speed forward operation, we’ll call this the maximum forward speed.  Max forward speed = ____________

2. Knowing the maximum forward speed of your robot from part 1, compute the time it will take the robot to move 30 inches.  time30inches = ___________
Knowing also that each second of forward operation takes 40.65 pulses (see text p. 135 for the computation), how many pulses will it take to go 30 inches?  Substitute this value into the FOR-NEXT loop in program BoebotForwardTenSeconds and measure the distance.  Did the robot go exactly 30 inches?  If not, to what do you attribute the discrepancy?
3. Ramping up and ramping down.  Going from stop to full speed instantly is hard on batteries and also on the brushes in your DC motors (servos).  It is much kinder to both batteries and motors to “ramp up” to full speed in the same way you gradually press down on your car’s accelerator rather than tromping on it.  Run example program StartAndStopWithRamping (pp 138 – 139) to see the effects of gradual acceleration and deceleration. 

4. Ramping up and ramping down makes explicit something that actually happens whenever you start or stop your motor: your robot does not accelerate to full speed instantaneously, anymore than if you tromp on your car’s accelerator do you get to 60 mph right away.  It takes time.  That time is not factored into the computation of maximum forward speed in part 1.  That computation is actually an average that includes all accelerations and decelerations.  Not taking this into account is a source of error, and can be serious in some instances.

5. In the days of sailing ships, navigators used celestial navigation, employing the position of the sun and stars to measure the ship’s location on the sea.  On cloudy days and nights celestial navigation was worthless.  Then the navigator would estimate the ship’s location using the ship’s average speed and the time since the last known celestial measurement.  This method, called dead reckoning, did not take into account unknowns like currents and variations in ship’s speed, so it was inherently risky.  A ship depending solely upon dead reckoning could easily wind up on the rocks.  How good are your dead reckoning skills?  The instructor will give you a maze for your robot to run.  Demonstrate that robot can do it without hitting any walls.

Activity #5 Navigating with subroutines
Parts 1 – 3 (7 pt.  I.I. ________)
1. Run example program MovementWithSubroutines (pp 143 – 144).  This is an important moment in our study of robotics.  We will be using subroutines for the rest of the course to construct increasingly complex behavior.  At the base of this seemingly complex behavior will be simple subroutines like Forward: , Right:, Left: and Backward:.  
2. Look closely at the Forward: subroutine in MovementWithSubroutines.  The commands that actually cause this to be forward motion are the PULSOUT and PAUSE 20 commands inside the FOR-NEXT loop.  From this perspective, the most fundamental or primitive of all commands to move forward at top speed is encapsulated in the following subroutine:
FullForwardPulse:
    PULSOUT 13, 850
    PULSOUT 12, 650
    PAUSE 20
    RETURN
Rewrite MovementWithSubroutines (call it MovementWithPrimitiveSubroutines) so that the Forward: subroutine calls FullForwardPulse: 64 times.  Also create LeftPulse:, RightPulse:, and BackwardPulse:, and have the appropriate subroutines call them.  Use the appropriate pulse-widths for your servos, and have the Left: and Right: subroutines call LeftPulse: and RightPulse: the appropriate number of times to produce 90º turns.

3. Construct a program called AllMovementsWithSubroutines.  This program will include the following primitive subroutines: 
a. FullForwardPulse:

b. LeftPulse:

c. RightPulse:

d. BackwardPulse:

e. HalfForwardPulse:

In addition, the program should include the following subroutines that make use of the primitives.  Declare the variable pulsecounter at the beginning of your program, and use this variable as the counter in the FOR-NEXT loops of all the programs below.
f. FullForwardOneSecond – Runs forward at full speed for one second.
g. HalfForwardOneSecond - Runs forward at half speed for one second.

h. BackwardOneSecond - Runs backward at full speed for one second.

i. Right90 – Makes a 90° right turn.
j. Left90– Makes a 90° left turn.

k. Right30 – Makes a 30° right turn.

l. Left30 – Makes a 30° left turn.

Finally, please include these two subroutines.

m. RampUp – Ramps up from zero to full speed using the approach given in StartAndStopWithRamping, 

n. RampDown – Ramps down from full speed to zero using the approach given in StartAndStopWithRamping.

The main program will call the above subroutines in such a way as to produce the following sequence of motion: 
1.  Ramp up from zero to full speed
2.  Then move forward at full speed for 3 seconds
3.  Then turn right 90 degrees.
4.  Then move forward at half speed for 2 seconds

5.  Then turn left 30 degrees

6.  Then move forward at half speed for 1 second
7.  Then turn left 90 degrees
8.  Then move forward at half speed 1 second
9.  Then right 30 degrees.
10.  Then forward full speed for 1 second
11.  Then ramp down to a stop.  
12.  Then back up full speed for 1 second.  
 Demonstrate operation, print a copy of your program and add a schematic of your circuit.

Parts 4 – 5 (2 pt.  I.I. ________)
4. Wipe out all the commands in the main routine of AllMovementsWithSubroutines and save the result as BasicMovementSubroutines.  You will use this file as the starting point for many of your programs from now on.
5. Write a program based on BasicMovementSubroutines that causes your robot to follow a hexagonal path with 1-foot-long sides.  Keep all the movement subroutines in the program, even if you don’t use them.  You may also add any subroutines of your own (for example FullForwardOneFoot).  Demonstrate operation, print a copy of your program and add a schematic of your circuit.
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