ENGR 173

Name: _____________________________

Chapters 5 and 6 Lab Activities

16 points extra credit (of 75 total)

Up to this point we have focused on getting our robots to walk.  Of course a robot that does nothing but walk isn’t a true robot – a robot must be able to take input from its environment and respond appropriately.  In this set of activities we will integrate photosensors and IR detectors into the robot.  To do this we will depend heavily on techniques we developed in ENGR 171 while extending them to the new situation of a walking robot.
Activity 1.  (3 pt.  Instructor’s initials ________) The sunflower
The term phototaxis refers to an organism (or in our case a robot) moving in response to light.  If the organism is attracted to light, it is positive phototaxis.  If it is repeled by light, the phototaxis is negative.

Sunflowers exhibit positive phototaxis – although they are plants and can’t run around like an animal, they can and do rotate to present themselves to the sun.  We will start by getting our walking robots to act like sunflowers, pivoting towards bright light, though not walking towards it.

1. Review the use of cadmium sulfide photoresistors in an RC circuit.  Use the circuit shown in the ENGR 171 text (Lindsay), Figure 6-8.  This circuit is a little different from the one in Wang and Gracey, and although both circuits yield the same results, the Lindsay design is more intuitive (to me anyway).  Regardless of which circuit you use, you will not need the 220 resistors.  Aim the photosensors 45° to each side of front, and 45° above horizontal.  Test the sensors using program TestBothPhotoresistors (Lindsay pp 212 – 213).  Note: Lindsay connects the sensors to pins 3 and 6, while Wang and Gracey use pins 10 and 15.  Measure the outputs of both left and right sensors for ambient (room) lighting, with your hand over each of the sensors, with lights off, and with lights off but shining a flashlight at the sensors.  Complete the table below:
	
	Left Sensor
	Right Sensor

	Ambient light
	
	

	Sensor shaded by hand
	
	

	Lights off (dark room)
	
	

	Lights off, but with flashlight
	
	


2. Now create program Sunflower.  Build upon the program you developed for walking using state transitions by using the code given below.  You will also need to define the following constants appropriately: LPhotoCircuit, RPhotoCircuit, DeadBand.  Start by setting DeadBand equal to 30.  Also you will need 2 word-length variables LPhotoVal and RPhotoVal.  Test the circuit in a dark room with a flashlight.  If all goes well, the robot should pivot to track the flashlight.
'----- Main --------------

Main:

  GOSUB InitialCenter        'center both servos

  GOSUB ReadPhotoSensors     'get light information from both photosensors

  IF ABS(LPhotoVal - RPhotoVal) < DeadBand THEN   'if difference is values from photosensors is small, do nothing

    GOTO main

  ELSEIF (LPhotoVal > RPhotoVal) THEN             'If right photo sensor sees more light

    BasicMoveEEPROM = PivotRight                  'then pivot right

    GOSUB MakeBasicMove

  ELSE

    BasicMoveEEPROM = PivotLeft                    'otherwise pivot left

    GOSUB MakeBasicMove

  ENDIF

  BasicMoveEEPROM = FinishWalk    'come to a stop with feet underneath

  GOSUB MakeBasicMove

  GOTO main

END

'------Subroutines

ReadPhotoSensors:

  HIGH LPhotoCircuit

  PAUSE 3

  RCTIME LPhotoCircuit, 1, LPhotoVal

  HIGH RPhotoCircuit

  PAUSE 3

  RCTIME RPhotoCircuit, 1, RPhotoVal

  RETURN

3. The sunflower robot is an example of a closed loop control system.  A closed loop control system features a setpoint and feedback from sensors to tell the system how close it is to the setpoint.  In our case, the setpoint is defined as the condition of the two photosensors being equal.  If, for example, the right sensor is getting more light, the robot turns right to give the left sensor more light, repeating this action until the two sensors are equal.  In an ideal world this will result in the system exactly tracking the setpoint.  In the real world, the system may overshoot the setpoint.  For example, as the robot pivots right, it is possible for the pivot to go too far, so that suddenly the left sensor is getting more light.  Then the robot will pivot left, which might result in the right sensor getting too much light, and so on, back and forth.  Such a control system is considered unstable.  The easiest way to stabilize it is for the robot to stop pivoting once the two sensors are “close enough.”  This is the purpose of the dead band.  Once the sensors are within a value of DeadBand = 30 of each other, they are considered approximately equal, and the robot stops pivoting.  

Another example of a closed loop control system featuring a setpoint and a dead band is the thermostat and furnace in your home.  During the winter when the furnace is on, you set the thermostat to a particular temperature, for example 68°.  If there is no dead band, the furnace will warm the house to exactly 68°, then turn off.  A few seconds later as the house loses heat and the temperature drops to 67.999°, the furnace kicks on again.  Obviously this will result in the furnace turning on and off at frequent intervals, which uses gas or electricity inefficiently.  A better design is one that lets the furnace heat the house to 69° before turning off.  Then the temperature of the house can drift down to 67.999° before the furnace turns on again.  The result will be fewer cycles of the furnace, therefore more efficiency.  In this example, the dead band is 1° wide.  Obviously the wider the dead band, the more stable the situation, at the cost of tracking the setpoint less precisely.

You may have found the dead band to be too narrow at 30 in a dark room, and too wide in a brightly lit room.  If so, tweak the value until you get the behavior you want out of your sunflower.  Then demonstrate operation to the instructor.

Activity 2.  (3 pt.  Instructor’s initials ________) Flashlight following

Modify the sunflower program so that instead of merely rotating, the robot walks towards the flashlight.  Add the feature that if the flashlight is off, the robot stops walking.  Demonstrate operation and print a copy of the main part of the program.  Please include a schematic of the circuit.
Activity 3.  (5 pt.  Instructor’s initials ________) Infrared detectors

1. Install left and right IR pairs as shown in Lindsay Figure 7-4.  You may omit the 220 resistors on the detectors.  Leave the photodetector circuits installed, but you may have to move them backwards on the breadboard to accommodate the IR pairs.  The IR LEDs and the detectors should be pointed about 30° left and right from forward, and aimed horizontally.  Plan on navigating mazes made with 6-inch boards as you did in ENGR 171. The boards will sit other their edges on coke cans so they are at eye-level for the robots.  This should help you aim the sensors.

Confirm that both IR pairs work using program TestLeftIRPair (Lindsay pp 240-241).  If the sensors are too sensitive or too insensitive, change the resistors on the IR LEDs.  The sensors should detect a board at a range of about 6 inches or so.  I wound up using 2K resistors.  

2. When you’re happy with the IR detectors, try running the following code, which tests both sensors simultaneously.

‘***********************************************

' {$STAMP BS2}

' {$PBASIC 2.5}

LIREmitter CON 8

RIREmitter CON 2

LIRReceiver VAR IN9

RIRReceiver VAR IN0

sensors VAR Nib

DO

  FREQOUT LIREmitter, 1, 38500

  sensors.BIT0 = LIRReceiver

  FREQOUT RIREmitter, 1, 38500

  sensors.BIT1 = RIRReceiver

  DEBUG HOME, DEC sensors

  PAUSE 100

LOOP

‘***************************************************
a. This program is interesting for two reasons

i. The inputs IN9 and IN0 are assigned to variables LIRReceiver and RIRReceiver at the beginning of the program and the variable names are used thereafter.  This is nice because it means you can change pin assignments easily without having to change them throughout the program.  This is our first exposure to this approach to pin assignments.
ii. sensors is a nib (2 bit) variable.  Notice how each bit has been assigned separately.  That is, sensors.BIT0 represents the 0th bit of sensors, and sensors.BIT1 represents the 1st bit.  Since each bit can be either 0 or 1, sensors can take any of the following 4 values: 002 (=010, both sensors detect an obstacle), 012 (=110, right sensor detects an obstacle),102 (=210, left sensor detects an obstacle), or 112 (=310, no obstacles detected).  
b. How does IR obstacle detection work?  That’s easy: FREQOUT LIREmitter, 1, 38500 tells the left infrared LED to transmit a 1 ms pulse at 38.5 kHz.  The next instruction: sensors.BIT0 = LIRReceiver measures the signal from the IR detector.  If a signal is detected, it must be that the IR pulse has reflected off an obstacle.  So far so good.  But think about this: Infrared is a form of light and travels at the speed of light, specifically 
3 x 108 m/s.  If a wall is detected at a range of 15 cm (6 inches), the round trip distance is 30 cm, which takes light 1 nanosecond to traverse.  Meanwhile the microcontroller may take up to a millisecond to execute the next instruction.  By that time the IR pulse is in the next county, and the detector should see nothing.  So how does it work?  The answer is that the IR detector responds slowly.  When an IR pulse is detected, the detector turns on slowly, and when the IR pulse is gone, it turns off slowly.  So even after a millisecond, the detector is still on.  However, you can’t wait too long between the two instructions, or else you’ll get nothing.
3. Now write a program that will allow the robot to walk around in an enclosure.  The robot should advance until it encounters a wall.  Then it should turn away from the wall and keep walking.  Perhaps the easiest way to get started is to modify your flashlight following program from Activity 2 to have a main routine similar to that shown on Wang and Gracey p124.  Don’t throw away the pin assignments and subroutines from the flashlight following routine, because you’ll need them iu the next activity.  Demonstrate operation and attach your program.  Include a schematic.
Additional Activity.  (5 pt.  Instructor’s initials ________) Wall following
Program your robot to follow a wall.  Demonstrate operation and attach a copy of your program.  You do not need to include a schematic.
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