ENGR 171

Name: _____________________________

Chapter 6 Part 2 Lab Activities

24 points (of 145 total)

Activity #4 (3 pt.  I.I. ________)  
1. In the Chapter 6 Part 1 lab activities we used a photoresistor as part of a voltage divider configuration to produce a voltage that the microcontroller interpreted as either a 0 or a 1 (that is, a binary input).  In this activity we will return to the approach used in ENGR 170, employing the photoresistor in a parallel RC circuit (Figure 6-8).  The advantage of the RC circuit over the voltage divider is that the amount of light striking the photoresistor can be measured as a continous number rather than a binary number.  Thus we will be able to measure gradations of light rather than a simple presence or absence of light.  
2. Remove the voltage divider circuits containing the photoresistors from your robot, and replace them with RC circuits using the photoresistors and 0.01 F capacitors (Figures 6-8 and 6-9).  You do not need to protect pins 3 and 6 with the 220 resistors.  

3. Test each of the RC circuits using example program TestP6Photoresistor (p210) Measure the RC decay time generated by the RCTIME command under the following 2 conditions: 1) Ambient (room) lighting, and 2) The shadow of a book held about 1 inch above the photoresistor.  
Left Sensor (pin 6)     RC time countambient = ________;      RC time count shadow = ________ 
Right Sensor (pin 3)     RC time countambient = ________;      RC time count shadow = ________ 

You will start your study of RC photoresistor robot control by duplicating the behavior of the voltage divider circuit in creating a robot that is confined by walls of shadow.  Recall that you wrote a program entitled RoamingWithPhotoresistorDividersVer5 to do this.  Copy that program and name the new version RoamingWithPhotoresistorRCTimeVer5.  You will be modifying the program to use subroutines to measure the RC times at pins 3 and 6, then using detection thresholds to determine whether or not the photosensors are in shadow.  A detection threshold is a way of using an analog measurement in a binary way.  If the measurement exceeds the threshold value, then a detection has been made.  Otherwise there is no detection.  In the present case the robot will be detecting shadows.  The detection threshold for each photosensor should lie somewhere between the measurement for ambient lighting and the measurement for shadow.  The easiest and most obvious detection threshold to use is the average of the ambient and shadow RC time counts.  Please compute the average of the two RC time counts for each sensor.  
Left Sensor: Average RC time count = __________; 
Right Sensor: Average RC time count = ________
As the robot roams around, if a sensor measures an RC time greater than the threshold, it is in the dark.  Otherwise it is in light.

Modify RoamingWithPhotoresistorRCTimeVer5so that it uses subroutines to measure the RC times at pins 3 and 6, then compares the measurements with the threshold values, treating large values as shadow, low values as light, then calling the appropriate subroutines to remain within lit areas.  Load it onto your robot and test it by running it in a square enclosure defined by shadows.  Note: The following are snippets from my version, which you are free to use or modify to suit yourself:  Also note: if your robot is not sufficiently sensitive to shadows, or is overly sensitive, you may adjust the sensitivity by adjusting the threshold values. 


'--------- Variable Declarations ------------

LeftRCtime VAR Word

RightRCtime VAR Word

LeftRCThreshold CON 30

RightRCThreshold CON 30

'----- Main --------------

FREQOUT 4, 2000, 3000     'Warning buzzer at start

DO

  GOSUB CheckLeftPhotoresistor

  GOSUB CheckRightPhotoresistor

  IF (LeftRCtime > LeftRCThreshold) THEN

    GOSUB BackwardOneSecond

    GOSUB RightRandomAngle

  ELSEIF (RightRCtime > RightRCThreshold) THEN

    GOSUB BackwardOneSecond

    GOSUB LeftRandomAngle

  ELSE

    GOSUB FullForwardPulse

  ENDIF

LOOP

END

'----------Sensory Subroutines -------

CheckLeftPhotoresistor:    'checks left photoresistor

 HIGH 6

 PAUSE 2

 RCTIME 6, 1, LeftRCtime

 RETURN

CheckRightPhotoresistor:    'checks right photoresistor

 HIGH 3

 PAUSE 2

 RCTIME 3, 1, RightRCtime

 RETURN

4. You can easily modify the robot to operate in a variety of light conditions (dim lighting, or full daylight) simply by adjusting the detection thresholds in your program.  This is one big advantage of using an RC type detector instead of a voltage divider detector.  With the voltage divider, modification requires physically changing a resistor.
Activity #5 Flashlight following robot (3 pt.  I.I. ________)  
1. Aim the photoresistors to look down at the floor in front of the robot (Figure 6-11).  These photoresistors will be tracking a spot of light on the floor from a flashlight, so you need to measure the RC time count.  Put the robot on the floor.  Use TestP6Photoresistor (p210) that you already wrote, and test each sensor separately, or copy example program TestBothPhotoresistors (p212-213).  Measure the RC time count from each sensors when a flashlight illuminates the area where the photoresistors are looking, and when the flashlight does not illuminate the area (ambient lighting).  
Left Sensor:       RC time countambient = ________;      RC time count flashlight = ________ 
Right Sensor:     RC time countambient = ________;      RC time count flashlight = ________

2. Run example program FlashlightControlledBoeBot (pp215 – 216).  Play with it enough to confirm that the robot can track a bright spot on the floor produced by the flashlight.  If necessary, change the sensitivity of the robot to the bright spot by modifying the threshold values, upward to make it more sensitive to light, downward to reduce the sensitivity.  Also, if you find there is not enough contrast between the RC time counts with the flashlight on versus with it off, you can try one of several things.  1) Do your work in a dark room.  2) Find a shadowy part of the room, 3) aim the flashlight directly at the photosensors.

3. Modify RoamingWithPhotoresistorRCTimeVer5 to achieve the same purpose as FlashlightControlledBoeBot, but using the generic subroutines we have developed.   Save the program as FlashlightFollowingWithSubroutines.  Demonstrate operation, print the main program (not the subroutines) and include a schematic. 
Activity #6 Roaming towards a light (3 pt.  I.I. ________)  
1. In Activity #5 you modified your robot to follow a spot of light on the floor by comparing each photosensor’s output to a threshold value and responding accordingly.  This required that you determine a threshold value, which was based on ambient and flashlight lighting.  You may have been troubled by this – it appears to be a brittle design.  Why?  Because it won’t work in varying light conditions.  Suppose the room lighting is suddenly made as bright as the flashlight beam, and the flashlight beam is replaced by a high intensity searchlight, so that a spot of light is still visible.  Will the robot follow the spot of light?  No!  All the lighting is above the threshold values, and so the robot moves, and any direction is equally good.  

In this activity we will take a different approach, and compare the photosensors not to threshold values, but to each other, and so make the robot more robust.
2. Aim the photoresistors horizontally and at angles of about 45º from the front of the robot.  Read the text section entitled Programming the Roaming Toward the Light Behavior, pp220 – 222.  This gives a very good explanation of the philosophy of what we will be doing here.

3. Run example code RoamingTowardTheLight (pp 223 – 224).  Play with the robot enough to confirm that the robot heads towards the strongest light.  You may need to find a dark room and open a door to a lit area to confirm that the robot is doing this, or simply aim a flashlight at the robot and see if it homes in on the light beam.  
4. Make a copy of FlashlightFollowingWithSubroutines and rename it RoamingTowardLightWithSubroutines.  Modify it to operate the same as RoamingTowardTheLight, demonstrate operation, and print a copy of the main routine.
Additional Projects
1. (5 pt.  I.I. ________)  Modify RoamingTowardLightWithSubroutines to include input from the whiskers, so that if either whisker encounters a solid object, the robot escapes in the other direction.  Call the new program RoamingTowardLightWithWhiskers.  List the behaviors your robot exhibits now.  Make a sketch of the arbitration scheme on a separate page and show it to the instructor.  Test operation in an enclosure.  Then test operation in a covered maze provided by the instructor.

2. (5 pt.  I.I. ________)  Photovore #2.  Optimum foraging theory is a branch of theoretical ecology that attempts to define what an organism should do to maximize energy intake while minimizing energy expense.  We have already experimented with this concept with a previous photovore project.  Now let’s examine a photovorous organism that can’t stop moving.  Organisms that can’t or don’t stop moving are not that unusual – a shark, for example, will sink if it stops swimming.  According to optimum foraging theory, if food is found most abundantly in localized regions, called patches, an optimum strategy is to swim in a straight line when it is between patches, but once an organism finds itself inside a patch, to slow down and swim in a curved path as shown in the figure.  By doing this, the organism will tend to remain longer within the patch (try it yourself to see).  This foraging strategy is called area-restricted searching.
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  Design a photovorous robot that does area-restricted searching, turning to remain within a patch of light until the light disappears, then moving forward to find a new patch of light.  Ground rules: 1) Both wheels must rotate forward continuously, and 2) the robot must takes its light data from one photoresistor only.  You will do this work in a wooden enclosure, so also give the robot a whiskered escape response to walls (this is the one exception to the continuous forward movement rule).  Demonstrate operation print the main routine of your program.  Include a schematic.
3.  (5 pt.  I.I. ________)  Up to this point, we have been running the robots’ motors at full speed, turning them on and off in response to the photosensors being above or below a threshold value.  This is called a step response, and controlling a motor this way is called bang-bang control.
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An alternative to bang-bang control is to give the motors a graduated response to input, for example the linear response in the figure on the right.  In this response, motor speed varies with light level.  In bright light the motor runs quickly, while in dim light it runs slowly.  Having the two motors controlled this way can lead to a variety of interesting responses, two of which we will examine here.  

Under normal room conditions, the RC sensors produce a pulse count of approximately 10 - 20, while under very bright conditions (outdoors in the sun, or under a bright light), this number drops to 2 or 3.  We will map this range of light (0 to 20) into forward speeds ranging from stopped (pulse width = 750 sent to the motor) to half speed forward (about 730 for the left motor, about 770 for the right motor).  The mapping is shown in the figure below.  [image: image3.jpg]M (2] A i
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The two situations we will explore are: 1) the left photosensor controls the right motor, the right photosensor controls the left motor, and 2) the left photosensor controls the left motor, the right photosensor controls the right motor.  Think for a moment about what will happen in each case as the robot approaches an area of bright light (1) directly, and (2) tangentially.

Write this program from scratch.  That is, do not use the package of subroutines that you have so carefully assembled for other projects.  Demonstrate operation of the first situation (left sensor controlling right motor, etc.) and print a copy of the program.  Then demonstrate the second situation by modifying the program slightly.  Does the robot behave in each case as you predicted?

Notes: a) If you know two points (x1, y1) and (x2, y2) on a line, the linear function is given by
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 b) This kind of motor control is interesting in that it doesn’t actually require a microcontroller.  It is possible to build a robot where the signals from the photosensors are amplified by transistors and fed directly into the motors.  No computations are necessary!  There is an entire field of minimalist robotics (called BEAM robotics (Biology Electronics Aesthetics Mechanics)) that loves this stuff.  The biology part comes from the fact that single-celled organisms do not have central nervous systems, yet work admirably well.  An example is Euglena, a freshwater organism that can swim, has an eyespot, and has chloroplasts that store chlorophyll – in other words a swimming photovore! 
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Euglena.  1. Chloroplasts.  3. Eyespot.  4. Flagellum.
Terminology: Detection threshold, Optimum foraging theory, Area-restricted searching, Bang-bang controller, BEAM robotics
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