ENGR 171

Name: _____________________________

Chapter 7 Lab Activities

20 points (of 145 total)


The final type of sensor we will encounter in this class is the infrared (IR) LED and phototransistor detector combination, which together we will call an IR pair.  The LED shines infrared “light,” which is invisible to humans, on objects which then reflect the light back to the phototransistor detector.  The phototransistor is sensitive to infrared at a wavelength of 980 nm (see table 7-1 in the text, page 235), but only if the 980 nm radiation is modulated by a 38.5 kHz signal.  38.5 kHz modulation is very commonly used by infrared remote controls for televisions and other electronic devices, making these detectors very common and affordable.  The modulation is done to keep the electronics from turning on and off in the presence of sunlight which, although a major source of IR, is unmodulated.

Activities #1 – 3 (3 pt.  I.I. ________)  

1. Start by clearing some space for the IR pairs to go.  Remove the whiskers, the photoresistors, and all associated components from the solderless breadboard, leaving only the piezoelectric speaker. 


2. Assemble the infrared LEDs into their shield enclosures as shown in Figure 7-3, and install them, along with the infrared detectors, on the solderless breadboard as shown in Figure 7-5.  Connect the LEDs and the detectors following the schematics in Figure 7-4.  Aim both the LEDs and the photoresistors at 30º angles from the front in the horizontal plane (Figure 7-5).
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3. Verify that each IR pair works by running example program TestLeftIRPair (pp 240 -241).  Try aiming the sensors at different objects: your hand, the table top, the floor.  How far away does the object have to be before the sensor does not detect it?  Notice that the IR sensors are active-low, just like the whiskers were, meaning that they yield a 0 output when an object is present, and a 1 when there is no object.


4. Next add a pair of red LEDs, connecting them in series with 220 resistors to pins 1 and 10 as shown in Figure 7-6.  Run example program TestIRPairsAndIndicators (244 – 245).  Satisfy yourself that when the left IR pair detects a target, the left red LED lights up, and the same with the right.  

One of the biggest sources of infrared radiation in the world is the sun.  However, the sun’s radiation is not modulated at 38.5 kHz, so hopefully your sensor pairs won’t detect it.  Take the robot outside and point the sensors at the sun to confirm that they are indeed immune.  Surprisingly, another source of IR radiation is fluorescent lights.  Fortunately these, like the sun, are not modulated at 38.5 kHz.  They are, however, modulated at 60 Hz, and sometimes if they are old or messy they have harmonics in the vicinity of 38.5 kHz.  You’ll know soon enough if this is the case.  Point your IR sensors at any of the fluorescent lights in the room to confirm that they won’t interfere.  Yet a third source of IR at Cuyamaca College is the motion detectors found in the classrooms, used to turn off lights in classrooms when no one is in the room.  Unfortunately for us these are modulated at 38.5 kHz.  If they turns out to be a problem we will have to tape over the infrared LEDs on the motion detectors.


5. You probably already noticed that the range at which the IR sensors detect an object depends on what that object is.  Your hand may be detectable at a different range from a piece of paper, for example.  Measure the detection range for the following different objects:


	
	Left Sensor
	Right Sensor

	Your hand
	
	

	White paper
	
	

	Black paper
	
	

	Wooden board
	
	




With the wooden board, try detecting it at various angles.  Does the angle have a strong effect on the detection range?


6. You may have guessed that the detection range depends on the amount of infrared light radiated by the LED, which in turn depends on the electric current flowing through it.  The current depends of course upon the series resistor.  In this next study, you will measure the detection range to a wooden board for several different series resistors.  You only need to test one IR sensor, not both.  Please complete the following table:


	Series Resistor
	Detection Distance

	4.7K (yellow – violet – red)
	

	2K (red – black – red)
	

	1K (brown – black – red)
	

	470 (yellow – violet – brown)
	

	220 (red – red – brown)
	


Activity #4 (3 pt.  I.I. ________) Object detection and avoidance

1. Hopefully you saved a copy of example program RoamingWithWhiskers from Chapter 5.  This was the original version of the program in the text (pp 179 – 180) that included the Escape Back, Escape Right, Escape Left, and Cruise behaviors, where Escape Right and Left were both 90º escapes.  Bring RoamingWithWhiskers into the Basic Stamp Editor, and make the changes shown in example program RoamingWithIR (pp 250 – 251).  Save the program under the new name, and test the robot in a wooden enclosure.  Hopefully you will observe the same behaviors you saw with RoamingWithWhiskers, (things like thrashing and so forth), except that now the robot is doing them at a distance from the wall.  You may find that the detection distance is too great, or possibly too close.  If so, change the series resistors so that the robot detects the wall from a distance of about 5 inches or so. 


2. Locate your copy of RoamingWithWhiskersVer5.  This is the version you wrote that uses basic subroutines, and featuring random direction escapes from walls.  Modify it to use the IR pairs instead of the whiskers, and demonstrate operation in a wooden enclosure.  Save the new program as RoamingWithIRVer5.  Test the robot both in the wooden enclosure and in a cluttered environment including your chair, your foot, and so forth.  Does the robot do a better or worse job of avoiding obstacles that it’s bewhiskered incarnation?

Activity #5 

1. In many ways the IR sensors perform the same task as the whiskers – they alert the robot to the presence of obstacles.  Their advantage over whiskers is that the robot never makes physical contact, and thus is much less likely to flip over or get physically hooked on the obstacle.  One consequence of this is that the robot doesn’t really need to back up to escape, but can turn in place until the sensors are no longer activated, and then proceed.

Run example program FastIRRoaming (pp252-253).  Test the robot in a wooden enclosure.  What emergent behavior do you notice?  Does the robot tend to follow walls?  What about thrashing?  What two ways can this robot get into a thrashing cycle?  Hints: 1) what does the robot do when both IR sensors are triggered simultaneously?  Then what does it do when the two sensors become untriggered?  2) Suppose the robot is approaching a corner on its right-front, but the left sensor is triggered first.  What will happen?

2. (3 pt.  I.I. ________)  In previous lab activities we have dealt with thrashing by randomizing the escape responses, so that any time the robot encountered a wall, it would escape in a random direction.  Although this approach is simple and effective, and is often the only way to break out of a thrashing cycle, it has the effect of randomizing the robot’s behavior even when we don’t want it randomized.  We may want a random escape only when it is clear the robot is truly stuck.  

A way to do this is to implement a cycle detection behavior.  An easy way to detect a cycle is to increment a counter (call it cyclecount) every time either of the two behaviors between which the robot is oscillating is triggered.  When the counter exceeds a threshold (call this constant maxcycles), the robot executes a random escape and resets the counter to zero.  When the robot is not in either of the two behaviors, the counter should be set to zero.  

In the present case, the two behaviors between which the robot can thrash are escape left and escape right.  Whenever the robot is in cruise mode, cyclecount is zero.  But when either IR sensor is triggered, cyclecount is incremented.  When cyclecount exceeds maxcycles the robot reacts with a random angle escape.  Use a CON directive for maxcycles, and start with 
maxcycles = 10.  Modify your program RoamingWithIRVer5 (calling the modified version RoamingWithIRVer6) so that 1) it behaves like FastIRRoaming by turning away from detections without backing up, and 2) it has a cycle detector for thrashing between right and left.  Demonstrate the cycle detector by pointing the robot into a corner of any enclosure, see it oscillate back and forth, and then escape.  Also test the robot in a square enclosure to confirm that in general, it tracks along the wall perimeter.  Print a copy of the main part of the program.  Also sketch a schematic of the electronics.

3. (3 pt.  I.I. ________)  In parts 1 and 2 we observed that a simple ability to follow walls emerges as a result of the robot turning away from the wall just enough that the IR sensor is no longer triggered.  The result is that the robot will turn and follow a wall around the inside of an enclosure.  Unfortunately, this cannot be called true wall following.  Why not?  Looking at the figure below, a robot running program FastIRRoaming will follow path 1 past an opening in the wall.  In contrast, a wall-following robot should follow path 2 to enter the opening.
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 To get true wall following, you will need to ask the robot to arc towards one wall, just as you did in Chapter 5.  Revisit the program you wrote to do that: WallFollowingWithWhiskers, rename it WallFollowingWithIR.  Modify the code to use IR sensors, and have the robot rotate in place when it encounters a wall rather than retreat and turn, a la FastIRRoaming or RoamingWithIRVer6.  Also include a cycle detector to permit the robot to break out of right-left thrashing cycles.  Test the program in a maze provided by the instructor, and print a copy of your main routine.

Activity #6 Cliff Detection (3 pt.  I.I. ________)  

1. The IR pairs can be used not only to detect the presence of objects, but also the absence of objects.  Specifically, a robot can use the IR pairs to detect a cliff and avoid it.  Point the IR LEDs and detectors down as shown in the text’s Figure 7-8.  Aim them so they point down and at angles of about 45º from the front.  The beams should hit the ground 2 or 3 inches in front of the wheels.  Put the robot on an elevated plank or equivalent, and run example program TestIRPairsAndIndicators (244 – 245).  Confirm that when the robot is looking at the ground you get a reading, but when it looks down into open space you don’t.  If necessary, you may need to change the resistors controlling the IR LED currenst to increase or decrease the intensity.


2. Modify RoamingWithIRVer6 to avoid cliffs.  Give the program a descriptive name like AvoidDropOff.  Test the robot on a low elevated plank.  When you are happy with it, modify WallFollowingWithIR to follow a cliff.  Call it CliffFollowingWithIR and test it on an elevated plank maze provided by the instructor.

Additional Project (5 pt.  I.I. ________) 

For this project, aim the IR pairs horizontally, as they were in Activities 1-5. 

Imagine an enclosure with one exit, as shown in the following figure.  There are at least 2 ways to exit such an enclosure.  The first is by randomly bouncing around the enclosure until finally you happen to pass through the exit.  This is the approach used by air molecules (or any gaseous material) diffusing out of a container.  Call this a random exit.  The other is to find a wall and follow it to the exit.  Call this a wall-following exit. 
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Which takes longer?  Measure both times to find out.  Use a square enclosure with a one-foot-wide exit.  For the random exit, start the robot in the center of the enclosure, aimed in any direction other than the exit.  Use program RoamingWithIRVer5.  For the wall-following exit, start the robot near the wall, but as far from the exit as possible, as shown in the figure above.  Use program WallFollowingWithIR for this measurement.  

Random time = __________        Wall-following time  = _____________

Now develop a program that permits the robot to randomly explore the two-enclosure space shown below.  The robot should move randomly in one room for one minute, then the next time it encounters a wall, it should turn left (assuming a right wall follower) until the sensors are not longer activated, then switch to a wall-following behavior for enough time to enter the other room, then switch again to a random exploration behavior for one minute, and so forth.  Hint: you may wish to use a state machine approach and/or a CASE-SELECT programming structure.  Demonstrate operation and print a copy of the main part of your program.  Include a schematic.
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