ENGR 173

Name: _____________________________

Chapters 3 and 4 Lab Activities

8 points (of 75 total)

You’re probably getting pretty bored making your robot walk forward and backward, and are ready to see it do something else.  In Chapters 3 and 4 we will satisfy that desire.

Activity 1.  (2 pt.  Instructor’s initials ________)  Turning
1. Turning the Toddler is done by twisting.  Imagine what will happen if the robot tries to move its left foot forward while keeping both feet planted squarely on the ground.  The body will twist left.  Conversely for a right twist.  Actually turning involves a step forward with the outside foot followed by a twist in the direction of the turn.  Try this in a left turn using your own body.  Stand up with both feet under you.  Lean left, move your right foot forward, then center your weight again.  Next, with your weight on both feet, try to push your left foot forward.  Your body will turn left.  The following are the primitive moves the robot will make to execute the same turn: 

TurnLeft DATA TL, SR, TC, SL, xx

Modify FirstStepsForwardUsingStateTransitions into a new program called TurningUsingStateTransitions to do nothing more than a simple left turn.  You may also want to end movement not with a FinishWalk, but a FinishTurn, defined by

FinishTurn DATA SC, TC, xx
2. You may not have found the left turn the robot just executed to be too impressive.  Obviously you’ll need more than one of these to make a 90° left turn.  Also you’ll need a corresponding right turn.  Modify TurningUsingStateTransitions to cause the robot to walk forward 3 steps, make a 90° left turn, walk forward 3 more steps, make a 90° right turn, and stop.  Demonstrate operation to the instructor. (Instructor’s initials ________)
Activity 2.  (3 pt.  Instructor’s initials ________) More turns
1. There are occasions when you would like the robot to make a wider turn than it did in Activity 1, and other occasions when you would like it to turn with a much smaller radius (basically pivot in place).  
Measure the radius of a 90° left turn executed in Activity 1.  Radius = ___________

2. Pivoting involves stepping forward with the outside foot, twisting toward the inside, then stepping backward with the inside foot, and twisting again toward the inside.  Try this using your own body to pivot left.  Stand up with both feet under you.  Lean left, move your right foot forward, then center your weight again.  Next, with your weight on both feet, try to push your left foot forward so that you rotate left.  Next lean right.  Move your left foot backward (or equally, your right foot forward).  Center your weight again, and push forward again with your left foot.  You should execute a pivot, pretty much in place.  The list of primitive movements to do this are:

PivotLeft DATA TL, SR, TC, SL, TR, SR, TC, SL, xx

Modify TurningUsingStateTransitions to walk forward 3 steps, pivot 90° left, walk backward 3 steps, pivot 90° right, and stop.  Convince yourself that when the robot pivots, it pivots in place.

3. The easiest way to execute a wide turn is to take a step forward in between normal turns.  Create a move called WideTurnLeft that combines a TurnLeft and a WalkForward.  Modify TurningUsingStateTransitions to cause the robot to walk forward 3 steps, make a wide 90° left turn, walk forward 3 more steps, make a wide 90° right turn, and stop.  Measure the radius of one of the wide 90° turns.  Radius = ___________
4. How would you get the robot to make an even wider left turn?  Do it, and measure the radius.
Radius = __________

5. Write a program that will cause your robot to execute a figure-8.  Each of the loops in the figure 8 should have a diameter of at least 2 feet.  Demonstrate operation, and attach a copy of the program.  You do not need to include a schematic.
Activity 3.  (3 pt.  Instructor’s initials ________)
At this point you should know how to use sequences of basic movements like WalkForward and TurnLeft to create a higher-level movement (e.g. a figure-8).  Now suppose that figure-8’s were a frequent part of the robot’s repertoire.  Obviously you wouldn’t want to fill up your main program with the individual steps needed to do multiple figure-8s.  Instead you would do one of two things: Either call a subroutine called Figure8, or use a DATA table called Figure8 filled with pointers to the basic movement data tables (e.g. WalkForward).  It should come as no surprise that Wang and Gracey prefer the latter approach.  Personally I find subroutines to be easier to be easier to work with at this level.  You may do it however you wish from now on.
1. Develop a program called BasicMoves which has the following basic moves defined in EEPROM: WalkForward, WalkBackward, TurnLeft, TurnRight, PivotLeft, PivotRight, FinishWalk, FinishTurn and any others you think you’ll use regularly.  Leave the main routine empty, other than a subroutine call to InitialCenter.  This will act as the basis for many future programs with the Parallax Toddler.

2. Starting with BasicMoves, write a program that causes the robot to: 1) execute a figure-8, 2) do a little dance of your own design, then 3) execute 2 more figure-8s.  Use subroutines for the figure-8 and the dance, or (if you prefer) use a DATA table approach.  You are welcome to define additional basic moves in EEPROM.  Wang and Gracey offer examples of the DATA table approach in Chapter 4 of the text.  Demonstrate operation, and attach a copy of the program.  You do not need to include a schematic.
We are done with the basic techniques for walking.  However the following activities may interest you.

Additional Activities (no points)

1. Experiment with having your robot walk up an incline.  How steep a hill can it climb when walking slowly?  How fast can it go before falling over?  Compare your results to walking on the horizontal.

2. Experiment with walking down an incline.

3. Try walking on surfaces like carpet.  How is this different from walking on smooth tile?
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