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Name ____________________________________ 

 

Name ____________________________________ 

 

ME430 Mechatronic Systems:  

 

Lab 7 Creating the Line Following Robot 

 

 

The lab team has demonstrated the following tasks: 

 

 

____________  Part (A)  Break beam Sensor Inputs 

 

 

____________  Part (B)  Break beam Sensor Inputs with Adjustable Threshold Value 

 

 

____________  Part (C)  Robot with Eyes: Functional Tape Sensors 

 

 

____________  Part (D)  PWM Control: LED “Motor” 

 

 

____________  Part (E)  Fully Autonomous Line Following Robot 

 

 

____________  Part (F)  Return the Pieces 

 

 

____________  In-class Soldering Exercise 
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Part (A)  Break beam Sensor Inputs 

 

In this part of the lab, we will connect two IR break-beam sensors to the PIC, and display 

the values they are reading on the 7-segment displays.  (One of the break-beam 

sensors will connect to the left-hand display, and the other break-beam sensor will 

connect to the right-hand display.)  In Part C of this lab we will replace these sensors 

with the real sensors for the tape, but first we need to debug a few things with these 

sensors. 

 

First, we want you to move the output signals from your two potentiometer circuits 

from analog inputs 0 and 1 (pins AN0 and AN1, where they’re connected now) to analog 

inputs 2 and 3 (AN2, AN3).  Don’t mess them up when you move the output signal 

lines, though, because we will use them in Part B of this lab to adjust the light/dark 

threshold for the break-beam sensors. 

 

Next, we want you to create a break-beam circuit for the left side display with an IR 

(LED) emitter and an IR (phototransistor) detector.  We will connect the output signal 

from this circuit to analog input 0.  The circuit schematic looks like: 

 

                     unregulated                 regulated  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Physically, the circuit will look like the photo below.   
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Before you hook up the circuit, you will need to do some planning and choose 

appropriate resistor sizes for your circuit, as described in the video lecture on IR sensors. 

 

The resistor for the IR emitter is the easiest to choose.  We have attached the data 

sheet for the emitter to the end of this lab.  The IR emitter works just like an LED, and 

has a maximum current and a typical voltage drop.  This allows us to calculate an 

appropriate value for the resistor on the emitter side of the circuit: 

 

 For the IR emitter circuit, we will use a______________ ohm resistor. 

 

The calculation for the IR detector circuit resistor is a bit less exact.  Once again you 

should refer to the detector data sheet attached to this lab, and to your notes from the 

video lecture.  On the data sheet you will be able to see the dark current that gets 

passed as well as the light current.  You must choose a resistor value that allows you to 

drop 5V across the resistor when the “light” current is flowing.   

 

 For the IR detector circuit, we will use a______________ ohm resistor. 

 

 

Now that your planning is complete, go ahead and add this circuit to your breadboard.  

Note: 

• The IR emitter is clear, and the IR detector is black.  LAMPS (WITH FILAMENTS) 

LOOK VERY MUCH LIKE IR EMITTERS.  DON’T USE A LAMP FROM THE GREY 

CABINET.  THE IR EMITTERS ARE IN YOUR LAB KIT. 

• Make sure that the emitter and the detector are pointed directly at each other, 

as shown in the photo, or the circuit won’t work properly. 

• If the circuit is wired correctly, you should be able to run your code from the last 

part of Lab 6 and see the analog value from the break-beam sensor on the 

left-hand display. 

• If the resistors are sized correctly for your particular emitter/detector pair, you 

should be able to slide your student ID between the emitter and collector and 

see a significant change in the 7 segment display reading.  Ideally the reading 

on the display will jump from 0 to “c”, but it is more likely that it will jump from 

somewhere in the range of 0-3 to somewhere between 7 and 9. 

• If you don’t get a significant change in the display, you may need to adjust the 

resistors as described in the video lecture. 

 

Once you have the left-hand break-beam sensor/display working correctly, make a 

separate break-beam sensor and connect it to analog input 1, for output on the 

right-hand 7-segment display. 

 

When both sensor/displays are working, call your instructor over to check off this part 

of the lab. 
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Part (B)  Break beam Sensor Inputs with Adjustable Threshold Value 

 

Ultimately, we will want a way to adjust what our robot believes is “Line” (dark) and 

“Not Line” (light).  We don’t want to hard code these values in our program, because 

then we have to change the program and re-download it every time the light changes in 

the room.  In this part of the lab we are going to use one of our potentiometers to 

make an adjustable cut-off threshold for dark and light.  In addition, we will connect up 

some of the decimal points on the 7-segment displays to tell us whether the robot is 

“seeing” light or dark on that sensor. 

 

First, we will add a single Darlington chip to the circuit board to control the two decimal 

points.  The decimal points on the 7-segment displays are just LEDs, so DON’T FORGET 

THE RESISTORS FOR THE DECIMAL POINT LEDS!  The Darlington’s COM line should be 

connected to unregulated power to drive the LEDs, but the input pins should run off 

regulated power.  Do a quick test of your Darlington/LED circuit by connecting the two 

Darlington input pins to ground.  Is it off?  Then connect the Darlington input pin 

directly to 5 volt reg with a wire.  Is it on?  Quick tests can save you time. ☺    

 

 _____ We can run the decimal points with the Darlington if we connect the two 

Darlington input signal lines to either regulated power or ground.  (Self check-off.) 

 

Now we would like to run the inputs for this Darlington from the PIC.  Connect the 

Darlington input for the left-hand display to pin RE0 on the PIC.  Connect the 

Darlington input for the right-hand display to RE1.  Test this by writing ones or zeros to 

the appropriate PORTEbits with the PIC.  (Don’t write to all of PORTE, just to the 

appropriate bits.) 

 

 _____ We can control the decimal points on the left-hand and right-hand 

7-segment displays with the PIC.  (Self check-off.) 

 

Finally, we want to read the value on one of the potentiometers and use this value as a 

threshold for controlling the decimal points.  (By the end of this lab this will also be 

used to control our drive motors!)  You will need to program the PIC to (continuously): 

• Read the analog value for the light threshold from the potentiometer connected 

to RA2 

• Read the analog values from the two break-beam sensors (connected to RA0 and 

RA1), and display the values on the 7-segment displays.  (This step is 

unchanged from what we did in Part A.) 

• If the value from RA0 is less than the value from RA2, turn on the decimal point 

for the left-hand 7-segment display.  Otherwise, turn the decimal point off. 

• If the value from RA1 is less than the value from RA2, turn on the decimal point 

for the right-hand 7-segment display.  Otherwise, turn the decimal point off. 
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The net result of this process is that the decimal points will be showing us if the 

break-beam sensors are sensing “light” or “darkness”.  When the decimal point is on 

the sensor sees “light”.  When the decimal point is off, the sensor sees “dark”.  (In the 

later parts of this lab, the motors will be on for “light” and off for “dark”.) 

 

Check the following, then call your instructor over to check you off on the front page: 

 

1. Each 7-segment display should say 3 or lower when its break-beam 

sensor is not blocked. 

2. Each 7-segment display should say 7 or higher when its break-beam 

sensor is blocked. 

3. The left-hand decimal point on the left-hand 7-segment display should be 

off when the left-hand break-beam sensor is blocked, and on when its 

break-beam sensor is not blocked. 

4. The right-hand decimal point on the right-hand 7-segment display should 

be off when the right-hand break-beam sensor is blocked, and on when 

its break-beam sensor is not blocked. 

5. If we set the potentiometer very high, the decimal points are always on. 

6. If we set the potentiometer very low, the decimal points are always off. 

 

Don’t forget to set the potentiometer back near the middle when you are done with the 

check-off. 
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Part (C) Robot with Eyes: Functional Tape Sensors 

 

In this part of the lab, we are going to partially assemble our robot, and replace our 

break-beam sensors with the real IR emitter/detector sensors.  

 

Now, get the following from your lab instructor: 

• a robot car base  

• a few rubber bands 

The robot car base is a vaguely triangular piece of acrylic with motors, wheels, and two 

IR emitter/detector assemblies.  We will call these IR emitter/detector assemblies 

“tape sensors” because it is easier to write and we are going to be using them to sense 

and follow a black “tape-like” line.  The main difference between these tape sensors 

and the emitter/detector pairs from Parts A and B is that, in the tape sensors, the IR 

beam is bouncing off the ground.  Instead of blocking the beam with your student ID 

your robot will point the beam at white —which reflects well—or at black “tape”, which 

does not reflect well and effectively “blocks” the beam. 

 

Use the rubber bands to strap the breadboards to the robot car base.  Set the tape 

sensors so that they are about 1/8” from the floor.  Notice the tiny writing on the 

Plexiglas near the emitters: it says E and C on one side (emitter and collector); and A and 

C on the other side (anode and cathode).  This identifies the wires.  (Why are all the 

wire colors random?  We don’t know.) 

 

Next, remove the separate emitter/detectors we used in Parts A and B from the 

breadboard and replace their connections with the wires from the tape sensors. We 

have attached the datasheet for the tape sensors to this lab.  You will need to figure 

out which leads go to which connection, and you may need to resize your resistors.  

(Otherwise the basic circuit is the same.) 

 

Once you believe you have the values correct, use the black line on the last page of this 

lab, and run your program from Part B.  The program should work just as in Part B:  

white paper makes the decimal point light up, and black makes the decimal point shut 

off.  The 7-segment displays should indicate what values the tape sensors are reading.   

 

However, it is unlikely to work the first time! 

 

You will almost certainly need to play around with the resistor sizes and the distance 

between the tape sensors and the table.  Don’t mess with the distance between the 

tape sensors and the table too much—keep it around 1/8”. You should not need to 

adjust the resistor on the emitter side very much either, unless you have seriously 

miscalculated it.  For the resistor on the detector side of the circuit, as explained in the 

video lecture on IR sensors:  

o If the numbers are too low decrease the resistor size 

o If the numbers are too high increase the resistor size 
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Adjust the tape sensors and resistors until your robot does the following reliably: 

1. Each 7-segment display should say 3 or lower when its tape sensor is over 

the white table. 

2. Each 7-segment display should say 7 or higher when its tape sensor is 

over the black line. 

3. The left-hand decimal point on the left-hand 7-segment display should be 

off when the left-hand tape sensor is over the black line, and on when its 

tape sensor is over the white table. 

4. The right-hand decimal point on the right-hand 7-segment display should 

be off when the right-hand tape sensor is over the black line, and on 

when its tape sensor is over the white table. 

5. If we set the potentiometer very high, the decimal points are always on. 

6. If we set the potentiometer very low, the decimal points are always off. 

 

Call your instructor over to check off this part of the lab on the front page, when all of 

these work reliably. 

 

Don’t forget to set the potentiometer back near the middle when you are done with the 

check-off. 
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Part (D) PWM Control: LED “Motor” 

 

We are going to use Pulse Width Modulation (PWM) to drive two unidirectional DC 

motors (one for each side) for our robot.  The PWM output from the PIC will be used 

to switch N-channel MOSFETs which will then control the motors themselves.  We will 

set the frequency of the PWM in the programming code itself, because our motors are 

not particularly sensitive to the PWM frequency.  However, we will use our second 

potentiometer to set the duty cycle for the motors and hence control the power to the 

motors. 

 

In this part of the lab, we will get everything ready for the motors, but we will use LEDs 

as “fake motors”.  Once everything works with LEDs, then you can hook up the real 

motors in Part E ☺ 

 

First, we will connect the hardware for our “motor”.  Use the RC2/CCP1 pin on the PIC 

chip to drive the left-hand side “motor”, and the RC1/CCP2 pin to drive the right-hand 

side “motor”.  Connect these signal lines appropriately to two MOSFETs, and use the 

output from each MOSFET to drive an LED.  (Don’t forget the resistors for the LEDs, 

and remember to run the LED itself off of unregulated power.)   

 

Starting with the program you developed in Part C, add the code to drive RC2/CCP1 and 

RC1/CCP2 with PWM.  Use a frequency of 3 Hz for both PWM outputs.  (This will 

require you to use the slowest possible internal clock frequency on the PIC, and will also 

require a 1:16 prescaler on Timer2.)  Recall from the video lecture on PWM that you 

will need to set the number of TimerTicks when you open the PWM.  What value 

should you use for TimerTicks? 

 We used TimerTicks=_________________________ 

For the moment, set the duty cycle at 50% and run your code.  Check that both LEDs 

flash properly. 

________The LEDs are flashing when the program is running.  (Self check-off.) 

 

  



 

ME430 Lab 7  9 

Now, we would like to modify the code so that the LED “motors” only run when the tape 

sensors see “white”, and so that the duty cycle is controlled by the second potentiome-

ter.  The logic is similar to what we had in Part B, with the new features in italics: 

• Read the analog value for the light threshold from the potentiometer connected 

to RA2, and the analog value for the duty cycle from the potentiometer 

connected to RA3. 

• Read the analog values from the two break-beam sensors (connected to RA0 and 

RA1), and display the values on the 7-segment displays.   

• If the value from RA0 is less than the value from RA2, turn on the decimal point 

for the left-hand 7-segment display and turn on the left-hand side motor at a 

duty cycle equal to the value from RA3.  Otherwise, turn the decimal point off 

and set the duty cycle for the left-hand side motor to 0. 

• If the value from RA1 is less than the value from RA2, turn on the decimal point 

for the right-hand 7-segment display and turn on the right-hand side motor at a 

duty cycle equal to the value from RA3.  Otherwise turn the decimal point off 

and set the duty cycle for the left-hand side motor to 0. 

 

Run your program and test your robot on your black line.  Make sure that the LED 

“motors” are on when their tape sensors see the white table, and off when their tape 

sensors see the black line.  Adjust the duty cycle potentiometer, and make sure that 

you see a difference in the LED “motors”.   

 

Once you believe this is working correctly, call your instructor over to check you off on 

the front page. 
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Part (E)  Fully Autonomous Line Following Robot 

 

This is it!  It is time to finish the FALFR.  We will speed up the PWM frequency and 

replace our LED motors with real DC motors.  

 

Adjust the PWM frequency to about 2 kHz by switching the internal clock to 4 MHz and 

the prescaler to 1:4.  Make sure that this runs.   

 

Next, we are going to program the PIC and disconnect the robot from the laptop 

computer.  For many weeks we have been downloading code to the PIC using “Debug 

Project”.  This is actually a debugging mode.  Now we want to “Make and Program 

Device” to load the program onto the robot.  (You may want to review the last section 

of the Intro to MPLABx video which describes this.)  After you do this, you can 

disconnect the red PICkit3 and the program will automatically begin to run—at least if it 

has power. 

 

Now remove your LED “motors” and hook up the real motors.  You should not need to 

change any other hardware and you should not need to change the code.  Check that 

things still seem to work correctly.   

 

Disconnect your almost-robot from its power and bring it to one of the “tracks” in C111.  

Get a 6V battery pack and hook it up to your robot in place of the plug-in power supply.  

You need to make one full lap around the track to get checked off.   

 

Some things to try if it doesn’t work correctly the first time: 

o Play with the light threshold potentiometer until you find a good value—this 

adjusts how soon your motors turn off as they hit the edge of the tape.  

o Move your breadboard toward the back wheels.  Because we have a slider 

on the front of the robot instead of a wheel, there is a large friction force 

opposing the forward motion of the robot.  That friction force is 

proportional to the normal force on the slider.  We can lower the force 

carried by the slider and increase the traction on the wheels by moving the 

center of gravity of the robot backwards. 

o The duty cycle potentiometer controls the speed (and torque) of the motors.  

In general it is best to run as slowly as you can—if the robot goes too fast it 

tends to cross the tape line too quickly and overshoot on the curves. Play 

with the duty cycle potentiometer until you get a good speed.   

 

When this works, have your instructor check you off on the front page! 
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Part (F) Return the Pieces 

 

 Sadly, after all your extremely hard work, you have to take your poor FALFR 

apart �  You could always take a picture or a video before you take it apart.  Perhaps 

your mom would enjoy seeing it.  

 Return the baseplates and rubber bands.  Get this part checked off by your 

instructor on the front page. 
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Reflective Optical Sensor with Transistor Output

TCRT5000, TCRT5000L
Vishay Semiconductors

 

DESCRIPTION
The TCRT5000 and TCRT5000L are reflective sensors
which include an infrared emitter and phototransistor in a
leaded package which blocks visible light. The package
includes two mounting clips. TCRT5000L is the long lead
version. 

FEATURES
• Package type: leaded

• Detector type: phototransistor

• Dimensions (L x W x H in mm): 10.2 x 5.8 x 7

• Peak operating distance: 2.5 mm

• Operating range within > 20 % relative collector
current: 0.2 mm to 15 mm

• Typical output current under test: IC = 1 mA

• Daylight blocking filter

• Emitter wavelength: 950 nm

• Lead (Pb)-free soldering released

• Compliant to RoHS directive 2002/95/EC and in
accordance to WEEE 2002/96/EC

APPLICATIONS
• Position sensor for shaft encoder

• Detection of reflective material such as paper, IBM cards,
magnetic tapes etc.

• Limit switch for mechanical motions in VCR

• General purpose - wherever the space is limited

Notes
(1) CTR: current transfere ratio, Iout/Iin
(2) Conditions like in table basic charactristics/sensors

Note
(1) MOQ: minimum order quantity

19156_2

19156_1

C

C

A

E

Top view

PRODUCT SUMMARY

PART NUMBER
DISTANCE FOR 

MAXIMUM CTRrel (1)

(mm)

DISTANCE RANGE FOR
RELATIVE Iout > 20 %

(mm)

TYPICAL OUTPUT 
CURRENT UNDER TEST (2)

(mA)

DAYLIGHT 
BLOCKING FILTER 

INTEGRATED

TCRT5000 2.5 0.2 to 15 1 Yes

TCRT5000L 2.5 0.2 to 15 1 Yes

ORDERING INFORMATION
ORDERING CODE PACKAGING VOLUME (1) REMARKS

TCRT5000 Tube MOQ: 4500 pcs, 50 pcs/tube 3.5 mm lead length

TCRT5000L Tube MOQ: 2400 pcs, 48 pcs/tube 15 mm lead length

ABSOLUTE MAXIMUM RATINGS (1)

PARAMETER TEST CONDITION SYMBOL VALUE UNIT

INPUT (EMITTER)

Reverse voltage VR 5 V

Forward current IF 60 mA

Forward surge current tp ≤ 10 µs IFSM 3 A

Power dissipation Tamb ≤ 25 °C PV 100 mW

Junction temperature Tj 100 °C
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TCRT5000, TCRT5000L
Vishay Semiconductors Reflective Optical Sensor with 

Transistor Output

 

Note
(1) Tamb = 25 °C, unless otherwise specified

ABSOLUTE MAXIMUM RATINGS

Fig. 1 - Power Dissipation Limit vs. Ambient Temperature

Note
(1) Tamb = 25 °C, unless otherwise specified
(2) See figure 3
(3) Test surface: mirror (Mfr. Spindler a. Hoyer, Part No. 340005)

OUTPUT (DETECTOR)

Collector emitter voltage VCEO 70 V

Emitter collector voltage VECO 5 V

Collector current IC 100 mA

Power dissipation Tamb ≤ 55 °C PV 100 mW

Junction temperature Tj 100 °C

SENSOR

Total power dissipation Tamb ≤ 25 °C Ptot 200 mW

Ambient temperature range Tamb - 25 to + 85 °C

Storage temperature range Tstg - 25 to + 100 °C

Soldering temperature 2 mm from case, t ≤ 10 s Tsd 260 °C

ABSOLUTE MAXIMUM RATINGS (1)

PARAMETER TEST CONDITION SYMBOL VALUE UNIT
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Tamb - Ambient Temperature (°C)

IR - diode

Coupled device 

Phototransistor 

25 50 75 100

BASIC CHARACTERISTICS (1)

PARAMETER TEST CONDITION SYMBOL MIN. TYP. MAX. UNIT

INPUT (EMITTER)

Forward voltage IF = 60 mA VF 1.25 1.5 V

Junction capacitance VR = 0 V, f = 1 MHz Cj 17 pF

Radiant intensity IF = 60 mA, tp = 20 ms Ie 21 mW/sr

Peak wavelength IF = 100 mA λP 940 nm

Virtual source diameter Method: 63 % encircled energy d 2.1 mm

OUTPUT (DETECTOR)

Collector emitter voltage IC = 1 mA VCEO 70 V

Emitter collector voltage Ie = 100 µA VECO 7 V

Collector dark current VCE = 20 V, IF = 0 A, E = 0 lx ICEO 10 200 nA

SENSOR

Collector current VCE = 5 V, IF = 10 mA,
D = 12 mm IC (2) (3) 0.5 1 2.1 mA

Collector emitter saturation 
voltage

IF = 10 mA, IC = 0.1 mA,
D = 12 mm VCEsat (2) (3) 0.4 V
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TCRT5000, TCRT5000L
Reflective Optical Sensor with 

Transistor Output
Vishay Semiconductors

 

Fig. 2 - Test Circuit Fig. 3 - Test Circuit

BASIC CHARACTERISTICS
Tamb = 25 °C, unless otherwise specified

Fig. 4 - Forward Current vs. Forward Voltage

Fig. 5 - Relative Current Transfer Ratio vs. Ambient Temperature

Fig. 6 - Collector Current vs. Forward Current

Fig. 7 - Collector Emitter Saturation Voltage vs. Collector Current
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TCRT5000, TCRT5000L
Vishay Semiconductors Reflective Optical Sensor with 

Transistor Output

 

Fig. 8 - Current Transfer Ratio vs. Forward Current Fig. 9 - Relative Collector Current vs. Distance

PACKAGE DIMENSIONS in millimeters, TCRT5000
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