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1. Overview

As technology advances people rely on machines to handle difficult task. One of the most
well-known difficult tasks that humanity has endured since the beginning of time, is exploring
the unknown. However, sending humans into outer space can be dangerous. Therefore, the goal
of the Color Rover project is to design a robot autonomously identify colored paths and react to
them based on instructions sent by the user.

2. Requirements

2.1 Rover Chassis

The first challenge was to find a frame that would be able to fit the required parts of the rover.
From the multiple chassis’ that were found, it came down to two kinds, one that had a round
almost circular shape and the other which was more rectangular but still had a rounded front
side. The almost circular chassis was chosen because the rover was planned to be compact. This
frame allowed for a small body, which allowed for a small turning radius, but had limited space
for the chosen microcontroller. The longer chassis, on the other hand, was chosen because of the
amount of space it provided. This extra space allowed for a larger battery bank to be used and
stored onto the frame without having to force components to be too tight.

2.2 The Microcontroller

Most rovers that were found, used the official Arduino boards, or Arduino clones. While these
boards could have also been used, the only ones able to be possibly used were the Arduino
Mega, Due, or Leonardo, memory and processor speed limits were the main reasons to look for
other microcontroller boards. While there are many different types of boards available, and even
custom made Arduino boards that have larger memory, the chosen board was the Teensy 3.6
from PJRC. Compared to the most popular Arduino boards, the Teensy 3.6 offered more
functionality. Some of the advantages to using the Teensy 3.6 were: all the analog pins can also
be used as digital pins, extra pins underneath the body, much higher processing speed/available
memory. After the rover was mostly finished, it was discovered that the Arduino Due would
have also been a suitable microcontroller board but due to budget constraints, the rover
continued with the Teensy 3.6.

2.3 Choosing the Color Sensor

Only three kinds of color sensors were found that were able to work with the constraints of the
rover: TCS3472, TCS3200 and the TCS230. While having the same functionality, they were all
slightly different from each other. The TCS3472 used 12C communication and had a full library
that could be used to program it easily. The other two sensors were the most similar because of
the chip they used and how they were designed. The TCS230 was essentially the same as the
TCS3200 except that it had no cover on the color sensing chip, which would have helped to
isolate the sensor from external light sources. With this difference, the TCS3200 had more
accurate readings and a faster response time. The two best sensors, TCS3472/TCS3200, were
chosen because of their accuracy. The TCS3472 was used to detect the edge of the colored path
while the TCS3200 was used to detect the actual color of the path.



2.4 Assembling the Rover

Two different designs were built to compare any differences in the rover’s response. The
circular chassis used the TCS3472/TCS3200 sensors for path detection, while the more
rectangular chassis used two TCS3200 sensors. The circular chassis had almost perfect mounting
areas for the three sensors while for the rectangular chassis, two sections had to be drilled off in
order to mount the two sensors.

Figure 2.1: Rectangular chassis with TCS3200 sensors on the bottom



Figure 2.2: Drilled off sections behind the red/brown wires and orange/yellow wires to mount the sensors



Figure 2.3: Circular chassis

2.5 Programming the Rover to Detect Color

Even though the rover performed the same task, follow a colored path, they were
programmed differently due to their sensors. The circular rover used the sensors premade library
to detect the colors. The rectangular rover had to programmed almost from scratch because the
sensors, since they were simpler to use and did not use 12C communication, were able to be
interfaced with easily.



4z 44 TCHE3Z00

453 #define 30 25

44 gdefine 31 Z6

45 #define 52 Z7

46 gdefine 33 Z8§

47 gdefine sensorbfutl 29

45

49 gdefine 300 37

B0 #define 311 36

51 #define 322 35

52 #define 533 34

53 #define sensorOutZ 33

54

5L int redFredquency = 0}

Lo int redFrecuency2 = 0;

57 int greenFredquency = 0;

58 int greenFredquency2 = 0;

5% int blueFrequency = 0;

ol int blueFrequencys = 0O;

6l

62 int redColor = 0O;

53 int redColorZ = 0O:

54 int greenColor = 0

55 int greenColor2 = 0;

g6 int blueColor = 0O;

67 int blueColarz = 0:

65

69 3tring currentColor = ° -
T0 Ztring leftiensorColor = "7}
71 String rightiensorColor = "7:
TE SRR AR S AR

Figure 2.5.1: Variables used in the rectangular chassis to detect color



302 woid detectColorz() {

303 readRedColor () ;

304 readGreenColor (1

305 readBlueColor () 2

306 /4 left color sensor

307 if (redColor < 0 s& greenColor < 0 && blueColor < 0O) {

308 leftiensorColor = "Elack™:

309 } else if (redColor >= 240 && greenColor > 240 && blueColor > 2407
310 leftiensorColor = "Thitce™:

311 V elze if (redColor > greenColor && redColor > blueColor) |
3lz leftSensorColor = "Red”:

313 } else if (greenColor > redColor s& greenColor > blueColor)

314 leftiensorColor = "Green';
315 Voelse |

3la leftiensorColor = "Elue™:
317 ]

318

319 /¢ right color sensor
320 if (redColorZ < 0 && greenColorZ < 0 s& blueColorz < 0) !

3zl rightiensorColor = "EBElack™;:

322 Vv oelse if (redColor2 >= 240 s¢ greenColor2 > 240 && blueColorz = 2400
323 rightiensorColor = "White™:

324 } else if (redColorZ > greenColori && redColord > blueColorz) |

325 rightSensorColor = "Red™;

326 Vv else if (greenColorZ > redColorZ &s greenColorZ > blueColorz) |

327 rightiensorColor = "Green':

328 Voelze |

329 rightiensorColor = "Blue™:

330 1

331 Af%erial . .print{leftienzorColor) ;
332 SfBerial.print(rightiensorColoxr) ;
333 setfurrentColor() 2

334}

335

336 wold setCurrentColor() {

337 if [left3enscorColor == "Elack"™ s& right3ensorColor == "Elack™)

338 currentColor = "Black'™:

339 elze if (leftiensorColor == "White” s& rightiensorColor == "White™)
340 currentColor = "WMhitce™;

341 else if [(leftfenscorColor == "Fed” && rightiensorColor == "Red™) {

342 currentColor = "Red”:

343 v else if (leftlensorColor == "Green”™ && right3ensorColor == "Green™) !
344 currentColor = "Gresn';

345 } else if (leftiensorColor == "Blue™ && rightSensorColor == "BElue™) {
Gdb currentColor = "BHlue™;

347 V oelse {

345 currentColor = "HNao Color™:

3459 H

3500}

e |

Figure 2.5.2: Method used to detect color and set the current color of both sensors



31 #define 30 &

32 #define 31 5

33 #define 32 Z

G4 #Fdefine 33 3

35 #define sensorlut 4

36

37 /F TCA9543h T2C multiplexier

38 #define TCAADDE 0x70

39

40 f/ Libraries

4l #include <hdafruit Sensor.h-

42 #include "ddafruit TCE34725.h"7

43 #include "Wire.h"™

44 extern "CT O

45 S from Wire library, so we can do bus scanning
46 #include "atility/twi b

47 1}

45

49 4/ 3tores fredquency read by the photodiodes

50 int redFrequency = 0

5l int greenFrequency = 0;

52 int blueFrequency = 0;

53

54 fY SGtores the red, green, and blue color wvalues
55 int redColor = 0

L6 int greenColor = 0;

57 int blueColor = 0;

55

59 4/ Left TCH347Z5 color sensor

ol Adafruic TCH34725 tos_lefr = Adafruit TC334725(TC534725 INTEGRATIONTIME YOOI, TCR34725 GAIN 1X):
Gl

62 // Right TC534725 color sensor

63 Adafruit TC534725 tos_right = Adafruit TC534725(TC334725_INTEGRATIONTIME_700MS, TC3534725_GATN 1X);
Ge

65 4/ 3tring wariable for the TC33Z00 color sensor
66 Atring centeriensor;

Figure 2.5.3: Variables used in the circular chassis



A4 Checks to see if a color is detected
bool detectColori) {

hool result = false:

detectRed(] ;

detectGreen) ;

detectElue () ;

if [(redColor = 0 && greenColor < 0 && blueColor <2 01 {
Serial.println("CENTER 3EN30F: ELACE detected!™):
centeriensor = "BElack™:
result = true;

Voelse if (redColor > 1000 && greenColor > 1000 & blueColor > 10007
Serial.println("CENTER 3ENS0R: WHITE detected!™):
centeriensor = "White™;
result = true;

} else 1f [(redColor » greenColor && redColor > blueColor)
Serial.println("CENTEER 3EN3I0E: RED detected!™):
centerienzor = "Red™:
result = true;

} else if [greenColor > redColor && greenColor = blueColor) {
Serial.println("CENTER 3EN30R: GREEN detected!™);
centeriensor = "Greesn”;
result = true;

Voelse [

Serial.println("CENTEER 3ZENI0R: ELUE detected!™):
centeriensor = "BElue":
result = true;

'

return result;

Figure 2.5.4: Detecting the color with the center sensor of the circular chassis

2.6 Connecting the Motors

The differing chassis gave different positions for the motors to be mounted. In the circular
chassis, as seen in figure 2.3, the motors are very close to the center of the body. This allows for
a very small turning radius and the robot would be able to turn without drastically changing the
reading of the sensors. For the rectangular chassis, the motors are far from the center of the body,
as seen in figure 2.1. This distance creates a huge turning radius that the circular chassis does not
have. What this does to the reading of the sensors depends on how the motors are told to move.
If the motors are made to keep moving forward as it turns, one sensor will almost always be off
when the rover encounters a curve, or both sensors will almost always see the same color so
when encountering a curve, the robot will go straight instead of actually turning when it should.

Another difference that was created between the two rovers was the types of motors used. In
the circular chassis, DC motors were used, because they came with the chassis kit. The
rectangular chassis, continuous servo motors were used. This choice of motors caused the PCB
on the rectangular chassis to be designed to handle more voltage because the servos required a



minimum of 4.8V to run. The DC motors, on the other hand, required only 3V to run which
allowed the circular chassis’ PCB to be designed to use less batteries.

2.7 Circuit Board Design

The circular chassis created a size constraint in the size of the PCB. This led to a smaller
design, compared to the board on the rectangular chassis, and having to mount the designed PCB
in a different space compared to the microcontroller PCB.
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Figure 2.6.1: Circular chassis schematic



L L
ORR
JTA OMND

AY3llve

00"

HOLIMS

QL

T W,

-v—‘
LY ATAY AT

AT X TV

Figure 2.6.2: Circular chassis PCB

In comparison, the rectangular chassis allowed for a much bigger PCB to be designed. This extra
space also allowed for extra features to be added onto the PCB.
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Figure 2.6.3: Rectangular chassis schematic
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Figure 2.6.4: Rectangular chassis PCB

As can be seen from the size measurements in figures 2.6.4 and 2.6.2, the PCBs are not similar in
size. The PCB for the circular rover was designed to be small in width but not in length due to
the screw terminal connectors being used to have secure connections. In the PCB for the
rectangular chassis, the size is very different compared to the circular chassis’ PCB. This size
difference was due to the fact that extra features were added, such as a connection for a 16x2
LCD display, extra power rails, six extra motors, two extra servo motor pins and four extra DC
motor pins, and a connection to the unused pins on the Teensy 3.6. Both designs achieved the
same task even though the larger PCB added extra features.

2.8 Following a Colored Path

This is where the robots became one again, in that even though they were built differently,
they performed the same task. In the case of the circular rover, the rover was coded around the
library of the TCS3472 sensor. This library allowed for calibration of the sensors to be
performed before testing was done. This allowed for greater accuracy when searching for the
edge of the path. The center sensor was also used in order to be able to detect the color of the
path. While the edge sensors were the main sensors being used when the “follow” command was
given, the center sensor acted as a way to test if the rover is detecting a color.



colorRover

280 woid goLeft() !

281 S4 motor &

282 digitalWrite (Inl, HIGH);
283 digitalWrite (InZ, LOW):
254 44 wotor B

285 digitalWrite (In3, LOW):
285 digitalWrite (Ind, HIGH);
287 delaw(500) 2

288 1

289

290 woid goRight() {

291 S5 turn on motor 4

29z digitalWrite (Inl, LOW):
293 digitalWrite (InZ, HIGH)
204 44 turn on wmotor B

295 digitalWrite (In3, HIGH);
295 digitalWrite (Ind, LOW):
z97 delay (500 ;

2958 1

299

00 woid goStraighti) |

301 S/ motor A

30z digitalWrite (Inl, HIGH)
303 digitalWrite (InZ, LOW):
304 S4 motor B

305 digitalWrite (In3, HIGH);
306 digitalWrite (Ind, LOW):
307 0%

308

G309 woid UTarn() {

310 long randomTurn = random(l) 2
311 if [(randomTurn == 0} {

3lz /4 Left turn

313 f4 motor &

314 digitallrite (Inl, HIGH):
315 digitalWrite(In2, LOW):
316 /4 motor B

317 digitalWrite (In3, LOW):
318 digitallrite (Ind, HIGH):
319 delay(1000]) ;

320 Voelse |

3zl /4 Bight turn

3Z2 F4 turn on motor A

325 digitalWrite(Inl, LOW):
324 digitalWrite(In2, HIGH):
325 44 turn on wmotor B

326 digitalWrite (In3, HIGH) !
327 digitalWrite(Ind, LOW):
3285 delay(l000]

3200 1

330 0%

331

G332 wold goBackward()
333 S/ motor A

Figure 2.7.1: Code to turn rover in different directions and follow colored path



colorRover

351

5332 woid goBackward() {

333 A motor &

334 digitalWrite (Inl, LOW);

335 digitalWrite (InZ, HIGH):

336 /4 motor B

3357 digitalWrite (Ins, LOW);

355 digitalWrice (Ind, HIGH):

339 0%

340

4l woid follow(int i) {

342 Ff Wariables for the TC3347Z5 color sensor
343 uintlo_t red, green, blue, clear:

344

345 A/ Btring wariables for the left and right color sensor
346 String leftiensor:

347 String rightSensor:

345

349 Af Pin of the left color sensor in the I2C multiplexer
350 tcaselect(2);

351

352 A/ turn on LED

353 tos left.setInterrupti(false);

354

355 Ff takes 50ms to read

356 delay(e0);

357

358 tos_left.getRawlataisred, sgreen, shlue, sclear):
359

360 Ff turn off LED

36l tos_left.setInterruptitrue] ;

362

363 A¥S3erial .print("Cl: "):

364 Gerial.printiinticlear)):

365 Ferial.print("%tR1l: ");

366 Ferjal.printiintired]):

367 Gerjal.princi™\cil: ")

3685 Gerial.printiintigresn))

369 Gerial.princ(”\tEl: ") ;

370 Gerial.printiintiblue))

371 Ferial.printlni) %/

372

373 if jred > 1000 && green > 1000 &e& blue = 1000) §
374 Serial.println("LEFT 3ENZ0R: WHITE detected!™):
375 lefriensor = "White™}

376 1 else 1if (red < 300 &£& green < 300 && blue < 300) {
377 Serial.println("LEFT SEN30FR: BLACE detected!™):
375 leftiensor = "Elack™:

374 Y else if (red > green && red > blue)l |

380 Serial.println("LEFT 3ENZ0R: RED detected!™);
381 lefriensor = "Red™:

382 v elze if (green > red && green > blue)] {

383 Serial.println("LEFT 3ENS0R: GEEEN detected!™);
354 leftiensor = "Green';

SRR 1T rlar [

Figure 2.7.2: Code to turn rover in different directions and follow colored path



colorRover

385
386
387
388
383
390
39l
392
393
394
395
398
397
398
399
400
anl
a0z
403
404
4ns
406
407
403
409
410
411
a1z
413
414
415
416
417
413
413
4zn
421
4zz
423
4z4
425
426
427
423
4z3
430
431
43z
433
434
435
436
437
438
479

1 else [

Serial.println("LEFT 3ENI0OR: BLUE detected!™):

leftiensor = "BElue™;

A4 Pin of the right color sensor in the IEC mualtiplexer

tcaselect(3)

A/ turn on LED
tocs_right. setInterrupt(false);

44 takes S0ms to read
delay (0] ;

tos_right. getRawData(sred, sgreen, sblue,

A/ turn off LED
tocs_right. setInterrupt|true) ;

S*Eerial.princ("C2: ")
Serial.princ({inticlear)]:
Serial.print("\cRZ: "i;
SGerial.printi{intired]);
SGerial.princ("yci2: ")
Serial.printi{intigresn) ) ;
Serial.print("\cEZ: "i;
Serial.printi{intiblues)]
Serial.println():«/

sclear)

if (red > 1000 && green > 1000 && blue = 1000) §

Serial.println("RIGHT SENSCOR:
rightiensor = "White™;

T oelse if (red < 300 & green <
Serial.println("RIGHT 3ENSOR:
rightlensor = "Elack™:

1 else if (red > green &4 red -
Serial.println("RIGHT SENSOR:
rightfensor = "Red":

1 else if [green > red s& green
Serial.println("RIGHT SENSCOR:

rightliensor = "Green’™;

T oelse [
Serial.println("RIGHT SENSCOR:
rightiensor = "Blue™;

H

if (leftienscor ==
digitalWrite (Inl, LOW);
digitalWrite (InZ, HIGH)
A4 tarn on motor B
digitalllrite (In3, HIGH) :
digitallWrite (Ing, LOW);

1 else if [leftien=or
A4 motor &

Airritallrite{Tnl . HTREHY =

colors[i] && rightiensor

WHITE detected!™):

300 && blue < 20071 !
ELACKE detected!™):

blue) !
FED detected!™);

> blue) {

GEEEN detected!™):

BELUE detected!™);

'= gcolors[i]) {

!'= colors[1i] & rightSensor == colors[i]) |

Figure 2.7.3: Code to turn rover in different directions and follow colored path



colorRover

436 digitalWrite (Ind, LOW):
437 1 else 1f (leftlensor != colors[i] &« right3ensor == colors[i]) {
435 £ motor &

439 digitalWrite (Inl, HIGH):
440 digitalWrite (Inz, LOW):
441 /4 motor E

442 digitalWrite (In3d, LOW):
4475 digitalWrite (Ind, HIGH):
444 1 oelse {

445 goStraight();

445 )

447 |1

445

449 wroid slow() f

450 A4 set speed to 150 out 255
451 analogilrite (End, 1507

452 analaogirite (EnB, 1507 ;

453 |1

454

455 woid cruise() f

A56 A4 set speed to 150 out 255
457 analogiirite (End, 2007

455 analoglirite (EnE, 2007 ;

459 1

460

a5l woid fast() {

A2 A4 set speed to 150 out 255
463 analogilirite (End, 2507 ;

Afd analoglirite (EnE, 250) ;

465 |1

466

457 wolid stop() {

468 Asturn off motors

459 analogilrite (Inl, LOW);

470 analaglirite (InZ, LOW):

471 analogilrite (In3d, LOW);

a7z analoglirite (Ind, LOW):

475 |}

474

475 woid motionControl{int i) {

76 if (colors[1i] == centerlensor) {

477 directionControl (i) ;

475 3

479 |1

450

4531 woid directionControl{int i) {

452 if (directions[i] == "Go Left™) {

A53 goLeft():

484 speedControl (i)

455 1 else if (directions[i] == "o REight™) |
486 goRight()

457 speedControl (i) ;

458 1 else if (directions[i] == "Go Straight™) {
4A59 goidtraighti();

A4an ancredlnmtrnl 140

Figure 2.7.4: Code to turn rover in different directions and follow colored path



colorRover

459
azn
a7l
a7z
473 1
474

analogrite (Inl, LOW);
analoglrite (In2, LOW):
analoglrite (Ind, LOW):
analogrite (Ind, LOW):

475 woid motionControl (int i) !

476
a77
a7s
479 1
430

[colors[i] == centerlfensor)
directionControl (i)

451 wold directionControl (int i) {

48z
483
aga
ags
a6
as7
4ss
49
490
491
490z
493
494
495
495
497
493 )
499

{direction=[1i] == "o Left™) {
goLeft():
speedControl (i)
elze 1f [(directions[i] == "o Right™) {
goRighti):
speedControl (i) ;
elze 1f [(directions[i] == "Go Straight™) {
goStraighti) ;!
speedControl (i)
elze if (directions[i] == "UO Turn™) {
TTurni):
speedControl (i)
else {
fallowi(i):
speedControl (i)

S00 woid speedControl{int i) §

501
50z
503
504
505
506
507
508
50
510}
511

[speeds[i] == "Fast™)] {
fasti):
elze 1f [(speeds[i] == "Cruise™) {
cruise() :
elze 1if (speeds[i] == "Slow™) {
slow()
else {
stopi):

512 woid loop() {

513
514
515
516
517
518
51%
520
521
522 %

A4 put vour main code here, to run repeatedls:
receivelnstructions() ;

{detectlColor()] == trus)] {
int 1 = 0;
while (1 < M&X_3IZE) {
motionControl(i) ;
i++;

Figure 2.7.5: Code to turn rover in different directions and follow colored path



As can be seen from figures 2.7.2 and 2.7.3, the library is used to tell the Teensy when the sensor
detects the path edge. The motors are then moved accordingly.

For the rectangular rover, the functions used were more simplistic because of the lack of a
library. The functions of both rovers perform the same, only one is more accurate in its readings.



452 woid moveCar(inc i) §

453
LEE)
485
488
457
488
459
490
491
493z
493
494 |y
495

caripeed(i):
if [currentColor == "Elack™)

stopMovwing() ;

else if (colors[i] == "White™) /s && currentColor == "Thite™)

turnbirection(i):

else if (colors[i] == "Red”)// && currentColor == "Red™)

turnbirectionii) ;

else if (colors[i] == "Green™)// && currentColor

turnbirection(i):

else if (colors[i] == "Blue™)// && currentColor == "Elue™)

turnbirectionii)

498 woid tarnDirection(int i) {

437
435
493
s00
501
502
203
a04
505
508
507
208
208
510
511
512
213
sld
515
5l
517
218
519
520
521
Sza
SZ3
5z4
525
526}
227

if [(directions[i] == "Follow™) |

Serial.print ("FOLLOW™) ;
followi(i):

Voelse if [(directions[i] == "Go Left™) {
Serial.princ("LEFT™)
turnlkefti):
Serial.print{leftienzsorColor);
Serial.print({rightiensorColor) ;

Voelse if j(directions[i] == "Go Right'™) {
Serial.princ|("RIGHT™) :
turnBight() :
Serial.print({leftiensorColor);
Serial.print({rightiensorColor) ;

Voelse if [directions[i] == "Go Ztraight™)
Serial.print("3TRAIGHT™) ;
straight():
Serial.print({leftiensorColor);
Serial.print({rightiensorColor) ;

boelse if [(directions[i] == U Turn™)] {
Serial.print ("U-TURN') :
turndround() ;
Serial.print({leftiensorColor);
Serial.princ({rightiensorColor) :

v oelse if [directions[i] == "Stop'™) {
Serial.print ("3TOP™);
stopMowving() 2
Serial.print({leftiensorColor);
Serial.printc{rightiensorColor) !

528 woid followiint i) |

529
530
531
532
533
534
535

followLeft():

1 else if (leftiensorColor == colors[i] && rightiensorColor

followRight();

Voelse !
straighti():
Serial.print(leftiensorColor);

if [leftiensorColor '= colors[i] && rightiensorColor == colors[i]) {

'= golors[i]) {

Figure 2.7.5: Code to move rover depending on instructions sent



ServoMotorTest

539

540 woid carSpeediint i) f

541 if [speeds[i] == "Slow™) {

542 prmSpeed = 50;

5435 1 else if ([speeds[i] == "Cruise™) {
b44 pumSpeed = 80

545 Y else if [(speeds[i] == "Fast')
545 pumipeed = 100;

547 elze

545 stopMowing () ;

549 %

550

551 /% Directions */

552 woid straighti) {

553 servolLl.write (80)
554 servolz.write (80)
555 servoRl.write (100) 7
556 servoRZ.write (100) 7
EET 1

L5558

559 woid rewersel)

560 servolLl . write(l00)
561 servolZ.write(l00)
5RZ gervoRl.write (0] ;
563 gervoRZ.write (80]) ;
5&d )

s565

S5 wold turnRighti()]
67 servoll.write (85)
L1t servolZ.write (85)
1] servoRl.write (100) 7
570 servoRZ.write (100) 7
5710}

572

5753 woid followLefe()
574 servoll.write (§5)
575 servolZ. write(85)
576 servoRl.write(l00)
577 gervoRZ.write (100] ;
578 )

5749

580 woid followRighti) |
53l servolLl.write (0] ;
L52 servolz.write (80)
583 servoRl.write (95)
LS54 servoRZ.write (95) 7
585 )

L86

557 woid turnLefci) §

L5585 servoll.write (S0)
559 servolZ.write (S0)
5an servoRl.write(95)
591 servoRZ.write (95)
5922 %

Figure 2.7.5: Code to move rover depending on instructions sent



560 servoLl.write (100)

S61 servolLZ.write(l00) ;

G2 servoRl.write (80)

563 servoRz2.write (80) ;

Led 1

565

Leg wold turnRight() {

567 servoll.write (85)

565 servold.write (85) 7

L5659 servoRl.write(l00) ;

570 servoRz2.write (100)

571 0%

57z

573 woid followlLefti) !

574 servoll.write (85)

575 servolz.write (85)

576 servoRl.write(l00) ;

577 servoRZ.write(l00) ;

578

579

5580 woid followRighti() |

581 servoLl.write (80)

L&z servolz.write (80)

583 servoRl.write (95)

LS54 servoRZ.write(95) ;

L85 1

Lag

557 woid turnLefc() {

LE8 servaolLl.write(80) ;

L& servol2.write (80)

5a0 servoRl.write (98]

591 servoRZ.write (95) ;

5az 1

Laz

504 woid speedUp() 4

595 servoll.write (85)

L5495 servolZ.write(85) ;

Lan servoRl.write (98]

503 servoR2.write (98]

599 1

&00

501 woid stopMowing() |

602 servoll.write (90) ;

603 servolz.write (90) ;

a0 servoRl.write (90 ;

&05 servoR2 . write (90)

gls |}

a07y

a05 woid turnbdroundi) |

&0 servolLl.write (80)

6lo servolz.write (80)

6ll servoRl.write (80)

61z servoRZ.write (80) ;

513
]

Figure 2.7.5: Code to move rover depending on instructions sent



3. Materials
3.1 Circular Rover

1. Teensy 3.6

Teensy 3.5/ 3.6 Breakout Due Revision A

Bluetooth Slave Module (HC-06)

Slide Switch

BONATECH Arduino 2 Wheels Smart Car Chassis

2 DC Electric Motor 3-6V Dual Shaft Geared TT Magnetic Gearbox Engine

Plastic Toy Car Tire Wheel (Outside: ®67mm/2.6" Width: 27mm/1.06")

Motor Drive Controller Board Module Dual H Bridge DC Stepper (L298N)

Color Recognition Sensor Detector Module (TCS3200)

2 Adafruit color sensors (TCS34725)

Adafruit 12C Multiplexer (TSA9548A)

Step-Down Linear Voltage Regulator Module (5V Out, 6V to 12V In AMS1117-5.0 5.0V)
4 AA Alkaline batteries (1.5V each)

4 AA Battery Holder with 9V | Type Snap Connector Plastic Housing (LAMPVPATH) (6V)
Capacitive Touch Switch Button Self-Lock Module (TTP223)

3.2 Rectangular Rover

Teensy 3.6

Bluetooth Master Module (HC-05)

EMOZNY Arduino 4 Wheel Smart Car Chassis

2 FSO0R Servo Motors

2 Color Recognition Sensor Detector Module (TCS3200)
LM338 Adjustable Voltage Regulator

10 AA Alkaline batteries (1.5V each)

1 - 4 AA Battery Holder

1 - 1AA Battery Holder

1 - 2AA Battery Holder

1 - 3 AA Battery Holder

Capacitive Touch Switch Button Self-Lock Module (TTP223)
1 RGB SMD LED CHANZON 5050

1 DC Jack

330Q Resistor

1KQ Resistor

4. Results & Conclusion

4.1 Color Tracking Accuracy

What was found was that the circular rover had better color tracking than the rectangular
rover. This is mainly due to the extra sensor that the circular rover has. Most line tracking robots,
that were found, had more than two IR sensors to detect the line it was following. The more
sensors that were added, the more accurate the reading was and the smoother the robot would
turn. The circular rover, along with its more advanced sensors, was able to track its path much
more smoothly and quickly than the rectangular rover.



The rectangular rover, while it was able to track its path, had repeated errors when turning.
Due to its huge frame, its turning radius was also huge so whenever it detected a color on both
sensors, and started to move straight ahead, both sensors would move off the edge of the path.
The floor would also have its own color so both sensors picked up this color and caused the rover
to continue moving straight. While it worked, the turning radius was what caused most of the
errors in the rover.

4.2 What can be Changed

The rectangular chassis could be switched out to an even smaller chassis or changed to the
circular chassis. This would allow for more accurate readings when following its path. The only
issue with that is that the motors and also the voltage regulator would have to be changed
because the DC motors would not need a high voltage to run, they would spin too quickly, and
the regulator could be replaced with another that does not have a relatively high voltage dropout.

5. Future Features

5.1 Adding Displays

One feature that can be added, or was not implemented correctly, are displays. In the
rectangular chassis, the PCB contains an SMD LED that shows what color has been detected by
the two sensors. This detection could be made easier to see if a display was added. As seen in
figure 2.6.4, there is a 16x1 female header that says LCD Pins. This was an attempt at adding in
a display to show what color has been detected. While it works, the LCD connections were not
designed correctly. The LCD tells what color has been detected but once the backlight is turned
on, it becomes difficult to see. This display could be added in a future version of the rover.
Another display that could also be added is an LED matrix. It would require more code to run,
but it could display the letters “R”, “G”, or “B” so that the user could see what color has been
detected.

5.2 Implementing Different Environment Sensors

As can be seen from Appendix B, the rectangular chassis’ code has a space for a motion
detector. This was in the original plan of the rover, to detect motion when it is not moving, but it
was pushed as an extra feature because the motion detector did not match with the rover’s
functionality. Due to the size of the chassis, the rover would be able to use extra sensors to be
able to detect motion in its surroundings. Its only extra sensor is a touch sensor in the front of the
rover, but that is only to move in a reverse direction when an object, with capacitive properties,
comes into range of the touch pad.
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Appendix A: Circular Rover Code
/* Teensy RX/TX Pins */

#define HWSERIAL Seriall

/I Constant variables

/I Capacity to store instructions
#define MAX_SIZE 10

/I Variables for receiving instructions
String data;

char array[MAX_SIZE * 10];
String strings[MAX_SIZE];
char *ptr = NULL;

String input;

int count =1;

inti=0;

/I Arrays that store the instruction variables
String colorsfMAX_SIZE];

String directions[ MAX_SIZE];

String speeds[MAX_SIZE];

/I DC Motor variables
#define In1 24
#define In2 25
#define In3 26
#define In4 27
#define EnB 29
#define EnA 30

/I TCS3200 pins wiring to Arduino
#define SO 6
#define S1 5
#define S2 2
#define S3 3

#define sensorOut 4



/I TCA9548A 12C multiplexier
#define TCAADDR 0x70

/I Libraries
#include <Adafruit_Sensor.h>
#include "Adafruit_TCS34725.h"
#include "Wire.h"
extern "C" {
// from Wire library, so we can do bus scanning

#include "utility/twi.h"

¥

/I Stores frequency read by the photodiodes
int redFrequency = 0;
int greenFrequency = 0;

int blueFrequency = 0;

/I Stores the red, green, and blue color values
int redColor = 0;
int greenColor = 0;

int blueColor = 0;

/I Left TCS34725 color sensor
Adafruit_TCS34725 tcs_left = Adafruit_TCS34725(TCS34725_INTEGRATIONTIME_700MS, TCS34725_GAIN_1X);

/I Right TCS34725 color sensor
Adafruit_TCS34725 tcs_right = Adafruit_TCS34725(TCS34725_INTEGRATIONTIME_700MS, TCS34725_GAIN_1X);

/I String variable for the TCS3200 color sensor

String centerSensor;

void setup() {
I put your setup code here, to run once:
//Sets RX/TX baud for reading from HC05
HWSERIAL.begin(9600, SERIAL_8N1);



/ISets the baud for serial data transmission

//Serial.begin(9600);

/I Outputs for DC motor controls
pinMode(EnA, OUTPUT);
pinMode(EnB, OUTPUT);
pinMode(In1, OUTPUT);
pinMode(In2, OUTPUT);
pinMode(In3, OUTPUT);
pinMode(In4, OUTPUT);

/I Outputs for TCS3200 color sensor
pinMode(S0, OUTPUT);
pinMode(S1, OUTPUT);
pinMode(S2, OUTPUT);
pinMode(S3, OUTPUT);

/I Setting the sensorOut as an input

pinMode(sensorOut, INPUT);

/I Setting frequency scaling to 20%
digitalWrite(S0, HIGH);
digitalWrite(S1, LOW);

while (IHWSERIAL);
delay(1000);

Wire.begin();

Serial.begin(9600);

Serial.printin("\nTCAScanner ready!");

for (Uint8_tt=0;t<8; t++) {
tcaselect(t);

Serial.print("TCA Port #"); Serial.printin(t);



for (uint8_t addr = 0; addr <= 127; addr++) {
if (addr == TCAADDR) continue;

uint8_t data;
if (! twi_writeTo(addr, &data, 0, 1, 1)) {
Serial.print("Found 12C 0x"); Serial.printin(addr, HEX);
}
}
}

Serial.printIin("\ndone");

/I Left color sensor 12C channel test

tcaselect(2);

if (tcs_left.begin()) {
Serial.printIn("Left Color Sensor Found!");

}else {
Serial.printin("No Left TCS34725 found ... check your connections");
while (1);

}

/I Right color sensor 12C channel test

tcaselect(3);

if (tcs_right.begin()) {
Serial.printIin("Right Color Sensor Found!");

}else {
Serial.printin("No Right TCS34725 found ... check your connections");
while (1);

}

}

/I TCA9548A 12C channel test

void tcaselect(uint16_t i)

{

if (i >7) return;



Wire.beginTransmission(TCAADDR);
Wire.write(1 <<i);
Wire.endTransmission();

}

/I receive and store instructions from bluetooth device
void receivelnstructions() {
while (HWSERIAL.available() > 0) {
data = HWSERIAL.readStringUntil(';");
data.toCharArray(array, MAX_SIZE * 10);
// takes a list of delimiters
ptr = strtok(array, ":");
intj=0;
while (ptr '= NULL) {

strings[j] = ptr;

/ISerial.printIn(strings[j]);

if (strings[j] == strings[0]) {
Serial.print("Color: ");
Serial.print(strings[j]);
colors[i] = strings[j];

Serial.print(" --> colors[");
Serial.print(i);
Serial.print("]: *);
Serial.printIn(colors[i]);

} else if (strings[j] == strings[1]) {
Serial.print("Direction: ");
Serial.print(strings[j]);
directions[i] = strings[j];
Serial.print(" --> directions[");
Serial.print(i);

Serial.print("]: );
Serial.printIn(directions[i]);
} else if (strings[j] == strings[2]) {

Serial.print("Speed: ");



Serial.print(strings[j]);
speeds][i] = strings][j];
Serial.print(" --> speeds[");
Serial.print(i);
Serial.print("]: ");
Serial.println(speeds[i]);

}

else {
break;

}

jH+;

/1 takes a list of delimiters

ptr = strtok(NULL, ":");

}

i++;

I

void detectRed() {
// Setting RED (R) filtered photodiodes to be read
digitalWrite(S2, LOW);
digitalWrite(S3, LOW);

/I Reading the output frequency

redFrequency = pulseln(sensorOut, LOW);

/I Remaping the value of the RED (R) frequency from 0 to 255
//'You must replace with your own values. Here's an example:
// redColor = map(redFrequency, 70, 120, 255,0);

redColor = map(redFrequency, 35, 142, 255, 0);

/I Printing the RED (R) value
Serial.print("R =");
Serial.print(redColor);
delay(60);



void detectGreen() {
/I Setting GREEN (G) filtered photodiodes to be read
digitalWrite(S2, HIGH);
digitalWrite(S3, HIGH);

/I Reading the output frequency

greenFrequency = pulseln(sensorOut, LOW);

/I Remaping the value of the GREEN (G) frequency from 0 to 255
/1 'You must replace with your own values. Here's an example:

/I greenColor = map(greenFrequency, 100, 199, 255, 0);
greenColor = map(greenFrequency, 65, 257, 255, 0);

/I Printing the GREEN (G) value
Serial.print(" G =");
Serial.print(greenColor);

delay(60);

void detectBlue() {
// Setting BLUE (B) filtered photodiodes to be read
digitalWrite(S2, LOW);
digitalWrite(S3, HIGH);

/I Reading the output frequency

blueFrequency = pulseln(sensorOut, LOW);

/I Remaping the value of the BLUE (B) frequency from 0 to 255
//'You must replace with your own values. Here's an example:

I/ blueColor = map(blueFrequency, 38, 84, 255, 0);

blueColor = map(blueFrequency, 43, 206, 255, 0);

/ Printing the BLUE (B) value
Serial.print(" B =");

Serial.printin(blueColor);



delay(60);
}

/I Checks to see if a color is detected
bool detectColor() {

bool result = false;

detectRed();

detectGreen();

detectBlue();

if (redColor < 0 && greenColor < 0 && blueColor < 0) {
Serial.printin("CENTER SENSOR: BLACK detected!");
centerSensor = "Black™;
result = true;

} else if (redColor > 1000 && greenColor > 1000 && blueColor > 1000) {
Serial.printin("CENTER SENSOR: WHITE detected!");
centerSensor = "White";
result = true;

} else if (redColor > greenColor && redColor > blueColor) {
Serial.printin("CENTER SENSOR: RED detected!");
centerSensor = "Red";
result = true;

} else if (greenColor > redColor && greenColor > blueColor) {
Serial.printin("CENTER SENSOR: GREEN detected!");
centerSensor = "Green";
result = true;

}else {

Serial.printin("CENTER SENSOR: BLUE detected!");
centerSensor = "Blue™;
result = true;

}

return result;

}

void goLeft() {

/I motor A



digitalWrite(In1, HIGH);
digitalWrite(In2, LOW);
/I motor B
digitalWrite(In3, LOW);
digitalWrite(In4, HIGH);
delay(500);

void goRight() {

// turn on motor A
digitalwrite(In1, LOW);
digitalWrite(In2, HIGH);
/ turn on motor B
digitalWrite(In3, HIGH);
digitalwrite(In4, LOW);
delay(500);

void goStraight() {
/I motor A
digitalWrite(In1, HIGH);
digitalWrite(In2, LOW);
// motor B
digitalWrite(In3, HIGH);
digitalWrite(In4, LOW);

void UTurn() {
long randomTurn = random(1);
if (randomTurn ==0) {
[l Left turn
/I motor A
digitalWrite(Inl1, HIGH);
digitalWrite(In2, LOW);

/I motor B



digitalWrite(In3, LOW);
digitalWrite(In4, HIGH);
delay(1000);
}else {

/I Right turn

/l turn on motor A
digitalWrite(In1, LOW);
digitalWrite(In2, HIGH);
/ turn on motor B
digitalWrite(In3, HIGH);
digitalWrite(In4, LOW);
delay(1000);

void goBackward() {
/l motor A
digitalwrite(In1, LOW);
digitalWrite(In2, HIGH);
// motor B
digitalWrite(In3, LOW);
digitalWrite(In4, HIGH);

void follow(int i) {
/I Variables for the TCS34725 color sensor

uint16_t red, green, blue, clear;

/I String variables for the left and right color sensor
String leftSensor;

String rightSensor;

/I Pin of the left color sensor in the 12C multiplexer

tcaselect(2);



/I turn on LED

tcs_left.setInterrupt(false);

/I takes 50ms to read

delay(60);

tcs_left.getRawData(&red, &green, &blue, &clear);

/I turn off LED

tes_left.setinterrupt(true);

[*Serial.print("C1: ");
Serial.print(int(clear));
Serial.print("\tR1: ");
Serial.print(int(red));
Serial.print("\tG1: ");
Serial.print(int(green));
Serial.print("\tB1: ");
Serial.print(int(blue));

Serial.printIn();*/

if (red > 1000 && green > 1000 && blue > 1000) {
Serial.printin("LEFT SENSOR: WHITE detected!");
leftSensor = "White";

} else if (red < 300 && green < 300 && blue < 300) {
Serial.printIn("LEFT SENSOR: BLACK detected!");
leftSensor = "Black”;

} else if (red > green && red > blue) {
Serial.printIn("LEFT SENSOR: RED detected!");
leftSensor = "Red";

} else if (green > red && green > blue) {
Serial.printin("LEFT SENSOR: GREEN detected!");
leftSensor = "Green";

}else {
Serial.printIn("LEFT SENSOR: BLUE detected!");



leftSensor = "Blue";

}

/I Pin of the right color sensor in the 12C multiplexer

tcaselect(3);

/I turn on LED

tcs_right.setinterrupt(false);

/I takes 50ms to read

delay(60);

tcs_right.getRawData(&red, &green, &blue, &clear);

/I turn off LED

tcs_right.setinterrupt(true);

[*Serial.print("C2: );
Serial.print(int(clear));
Serial.print("\tR2: *);
Serial.print(int(red));
Serial.print("\tG2: ");
Serial.print(int(green));
Serial.print("\tB2: );
Serial.print(int(blue));

Serial.printIn();*/

if (red > 1000 && green > 1000 && blue > 1000) {
Serial.printIn("RIGHT SENSOR: WHITE detected!");
rightSensor = "White";

} else if (red < 300 && green < 300 && blue < 300) {
Serial.printin("RIGHT SENSOR: BLACK detected!");
rightSensor = "Black";

} else if (red > green && red > blue) {
Serial.printIn("RIGHT SENSOR: RED detected!");



rightSensor = "Red";

} else if (green > red && green > blue) {
Serial.printIn("RIGHT SENSOR: GREEN detected!");
rightSensor = "Green";

}else {

Serial.printIn("RIGHT SENSOR: BLUE detected!");

rightSensor = "Blue";

}

if (leftSensor == colors[i] && rightSensor != colors[i]) {
digitalWrite(In1, LOW);
digitalWrite(In2, HIGH);
// turn on motor B
digitalWrite(In3, HIGH);
digitalWrite(In4, LOW);

} else if (leftSensor 1= colors[i] && rightSensor == colors[i]) {
// motor A
digitalWrite(In1, HIGH);
digitalWrite(In2, LOW);
// motor B
digitalWrite(In3, LOW);
digitalWrite(In4, HIGH);

}else {
goStraight();

}

}

void slow() {
// set speed to 150 out 255
analogWrite(EnA, 150);

analogWrite(EnB, 150);
}

void cruise() {

// set speed to 150 out 255



analogWrite(EnA, 200);
analogWrite(EnB, 200);
}

void fast() {
// set speed to 150 out 255
analogWrite(EnA, 250);
analogWrite(EnB, 250);

}

void stop() {
[lturn off motors
analogWrite(In1, LOW);
analogWrite(In2, LOW);
analogWrite(In3, LOW);
analogWrite(In4, LOW);

void motionControl(int i) {
if (colors[i] == centerSensor) {
directionControl(i);
}
}

void directionControl(int i) {

if (directions[i] == "Go Left") {
goLeft();
speedControl(i);

} else if (directions[i] == "Go Right™) {
goRight();
speedControl(i);

} else if (directions[i] == "Go Straight™) {
goStraight();
speedControl(i);

} else if (directions[i] == "U Turn") {



UTurn();
speedControl(i);
Yelse {
follow(i);
speedControl(i);
}
}

void speedControl(int i) {

if (speeds[i] == "Fast") {
fast();

} else if (speeds[i] == "Cruise") {
cruise();

} else if (speeds[i] == "Slow") {
slow();

}else {
stop();

}

}
void loop() {

// put your main code here, to run repeatedly:
receivelnstructions();
if (detectColor() == true) {

inti=0;

while (i < MAX_SIZE) {

motionControl(i);

Appendix B: Rectangular Rover Code

/I Pins Used (Temp/Perm) : 2,3,4,5,6,7,8,9,10,11,12,
I :13,16,17,18,19,20,21,

I 1 24,25,26,27,28,

1 :29,30,31



#include <Servo.h>

#include <LiquidCrystal.h>

Servo servolL1;
Servo servoR1;
Servo servolL2;
Servo servoR2;

LiquidCrystal Icd(21, 20, 19, 18, 17, 16);

const int ledPin = 13;

/lint laser = 23;

/*RGB LED */
int redPin = 30;
int greenPin = 32;

int bluePin = 31;

/* Teensy RX/TX Pins */
#define HWSERIAL Serial3

/* BT Vars */

#define MAX_SIZE 15

String array[MAX_SIZE];
String input;

String data; /IVariable for storing received data
char *token = NULL;

String stringsfMAX_SIZE];
char charsfMAX_SIZE * 90];
String colorsf]MAX_SIZE];
String directions[]MAX_SIZE];
String speeds[MAX_SIZE];
int count = 1;

inti=0;
i



/* Color Sensor Var */
/I TCS3200

#define SO 25

#define S1 26

#define S2 27

#define S3 28

#define sensorOutl 29

#define SO0 37
#define S11 36
#define S22 35
#define S33 34
#define sensorOut2 33

int redFrequency = 0;

int redFrequency?2 = 0;
int greenFrequency = 0;
int greenFrequency2 = 0;
int blueFrequency = 0;

int blueFrequency?2 = 0;

int redColor = 0;

int redColor2 = 0;
int greenColor = 0;
int greenColor2 = 0;
int blueColor = 0;

int blueColor2 = 0;

String currentColor ="
String leftSensorColor = "";
String rightSensorColor = "";
i

/* DC Motor Var */



/I ' Uncomment if no servo motors
/IintEN1 =2;

/l'intEN2 = 3;

/l'int EN3 = 12;

/l'int EN4 = 24;

/lint IN1 = 4;

/lint IN2 =5;

/l'int IN3 = 6;

/lint IN4 =9;

const int buttonPin = 10;

const int buttonPinl = 11;

int buttonState = 0;

int buttonStatel = 0;

int pwmSpeed = 0;
/lint reversePWM = 100;
M

/* Line Edge Sensor */

// Back up Line Edge Detector
/I #define leftSide A9

I #define rightSide A8

//'int leftEdge = 0;

/l'int rightEdge = 0;
M

[* Extra Features */
/[Motion Sensor//

int motionState = LOW;

int motionBehind = 31;

int sensorOutput = 0;

bool motionChecker = false;

M



void setup() {
HWSERIAL.begin(9600, SERIAL_8NL1); //Sets RX/TX baud for reading from HC05
Serial.begin(9600); //Sets the baud for serial data transmission

pinMode(ledPin, OUTPUT); //Sets digital pin 13 as output pin

pinMode(S0, OUTPUT);
pinMode(S1, OUTPUT);
pinMode(S2, OUTPUT);
pinMode(S3, OUTPUT);
pinMode(S00, OUTPUT);
pinMode(S11, OUTPUT);
pinMode(S22, OUTPUT);
pinMode(S33, OUTPUT);
digitalWrite(S0, HIGH);
digitalWrite(S1, LOW);
digitalWrite(S00, HIGH);
digitalWrite(S11, LOW);
pinMode(sensorOutl, INPUT);
pinMode(sensorOut2, INPUT);

/' Uncomment if using dc motors
/I pinMode(EN1, OUTPUT);

/l pinMode(EN2, OUTPUT);

/I pinMode(IN1, OUTPUT);

// pinMode(IN2, OUTPUT);

/I pinMode(IN3, OUTPUT);

// pinMode(IN4, OUTPUT);
pinMode(buttonPin, INPUT);
pinMode(buttonPin1, INPUT);
I/l pinMode(buttonPin2, INPUT);
I/l pinMode(buttonPin3, INPUT);
pinMode(motionBehind, INPUT);
pinMode(leftSide, INPUT);
pinMode(rightSide, INPUT);



pinMode(redPin, OUTPUT);
pinMode(greenPin, OUTPUT);
pinMode(bluePin, OUTPUT);
/lpinMode(laser, OUTPUT);

servolL1.attach(EN1);
servoR1.attach(EN2);
servolL2.attach(EN3);
servoR2.attach(EN4);

Icd.begin(16, 2);
}

void loop() {

digitalWrite(laser, HIGH);

inti;

checkButton();

if (buttonState == HIGH) {
reverse();
delay(1000);

}else {
//stopMoving();
readAndStorelnstructions();
detectColor2();
lightUpLed();
displayColor();
for (i = 0; i < MAX_SIZE; i++) {

if (colors[i] =="")
break;
moveCar(i);

}

}

}

/* Reading from Bluetooth */



void readAndStorelnstructions() {
while (HWSERIAL.available() > 0) {

analogWrite(13, 255);
data = HWSERIAL.readStringUntil(';");
Serial.print("Instructions ");
Serial.print(count);
Serial.print(": ");
Serial.printIn(data);
array[i] = data;
Serial.print("Array position[");
Serial.print(i);
Serial.print("]: ");
Serial.printin(array[i]);
data.toCharArray(chars, MAX_SIZE * 100);
token = strtok(chars, ":");
intj=0;
while (token !'= NULL) {

strings[j] = token;

if (strings[j] == strings[0]) {
Serial.print("Color: ™);
Serial.print(strings[j]);
colors[i] = strings[j];
Serial.print(* --> colors[");
Serial.print(i);

Serial.print("]: );
Serial.printin(colorsli]);

} else if (strings[j] == strings[1]) {
Serial.print("Direction: ");
Serial.print(strings[j]);
directions[i] = strings[j];
Serial.print(" --> directions[");
Serial.print(i);

Serial.print("]: ");
Serial.printIn(directions[i]);

} else if (strings[j] == strings[2]) {



Serial.print("Speed: ");
Serial.print(strings[j]);
speeds[i] = strings[j];
Serial.print(" --> speeds[");
Serial.print(i);
Serial.print("]: ");
Serial.printIn(speeds[i]);
}
else {
break;
}
token = strtok(NULL, ":"); // takes a list of delimiters
jH+;
}
count++;
i++;
analogWrite(13, 0);
/ldelay(250);

/* Color Sensor */
void readRedColor() {
// Setting RED (R) filtered photodiodes to be read
digitalWrite(S2, LOW);
digitalWrite(S3, LOW);
digitalWrite(S22, LOW);
digitalWrite(S33, LOW);

redFrequency = pulseln(sensorOutl, LOW);
redFrequency2 = pulseln(sensorOut2, LOW);
redColor = map(redFrequency, 91, 194, 255, 0);
redColor2 = map(redFrequency2, 80, 197, 255, 0);
/lredColor = map(redFrequency, 132, 194, 255, 0);



/lredColor2 = map(redFrequency?2, 83, 164, 255, 0);

Serial.print("R =");
Serial.print(redColor);
Serial.print(" R =");

Serial.print(redColor2);

void readGreenColor() {
/I Setting GREEN (G) filtered photodiodes to be read
digitalWrite(S2, HIGH);
digitalWrite(S3, HIGH);
digitalWrite(S22, HIGH);
digitalWrite(S33, HIGH);

greenFrequency = pulseln(sensorOutl, LOW);
greenFrequency?2 = pulseln(sensorOut2, LOW);
greenColor = map(greenFrequency, 166, 335, 255, 0);
greenColor2 = map(greenFrequency2, 143, 316, 255, 0);
/lgreenColor = map(greenFrequency, 177, 335, 255, 0);
/lgreenColor2 = map(greenFrequency?, 154, 316, 255, 0);

/I Printing the GREEN (G) value
Serial.print(* G =");
Serial.print(greenColor);
Serial.print(* G =");

Serial.print(greenColor2);

void readBlueColor() {
digitalWrite(S2, LOW);
digitalWrite(S3, HIGH);
digitalWrite(S22, LOW);
digitalWrite(S33, HIGH);



blueFrequency = pulseln(sensorOutl, LOW);
blueFrequency2 = pulseln(sensorOut2, LOW);
blueColor = map(blueFrequency, 122, 250, 255, 0);
blueColor2 = map(blueFrequency?2, 105, 220, 255, 0);
/IblueColor = map(blueFrequency, 129, 240, 255, 0);
//blueColor2 = map(blueFrequency2, 114 , 233, 255, 0);

/I Printing the BLUE (B) value
Serial.print(" B =");
Serial.printin(blueColor);
Serial.print(" B =");

Serial.printin(blueColor2);

void detectColor2() {

readRedColor();

readGreenColor();

readBlueColor();

/I left color sensor

if (redColor < 0 && greenColor < 0 && blueColor < 0) {
leftSensorColor = "Black";

} else if (redColor >= 240 && greenColor > 240 && blueColor > 240) {
leftSensorColor = "White";

} else if (redColor > greenColor && redColor > blueColor) {
leftSensorColor = "Red";

} else if (greenColor > redColor && greenColor > blueColor) {
leftSensorColor = "Green";

}else {

leftSensorColor = "Blue";

}

/I right color sensor
if (redColor2 < 0 && greenColor2 < 0 && blueColor2 < 0) {
rightSensorColor = "Black";

} else if (redColor2 >= 240 && greenColor2 > 240 && blueColor2 > 240) {



rightSensorColor = "White";

} else if (redColor2 > greenColor2 && redColor2 > blueColor2) {
rightSensorColor = "Red";

} else if (greenColor2 > redColor2 && greenColor2 > blueColor2) {
rightSensorColor = "Green";

}else {

rightSensorColor = "Blue";
}
//Serial.print(leftSensorColor);
/ISerial.print(rightSensorColor);

setCurrentColor();

}

void setCurrentColor() {
if (leftSensorColor == "Black™ && rightSensorColor == "Black")
currentColor = "Black™;
else if (leftSensorColor == "White" && rightSensorColor == "White")
currentColor = "White";
else if (leftSensorColor == "Red" && rightSensorColor == "Red") {
currentColor = "Red";
} else if (leftSensorColor == "Green" && rightSensorColor == "Green") {
currentColor = "Green";
} else if (leftSensorColor == "Blue" && rightSensorColor == "Blue") {
currentColor = "Blue";
}else {
currentColor = "No Color";
}
}

/* void detectColor() {
readRedColor();
readGreenColor();
readBlueColor();
if (redColor < 0 && greenColor < 0 && blueColor < 0) {

leftSensorColor = "Black";



if (redColor2 < 0 && greenColor2 < 0 && blueColor2 < 0) {
rightSensorColor = "Black";
currentColor = "Black";
Serial.print(currentColor);
Serial.printIn(" detected!");
}
} else if (redColor >= 240 && greenColor > 240 && blueColor > 240) {
leftSensorColor = "White";
if (redColor2 >= 240 && greenColor2 > 240 && blueColor2 > 240) {
rightSensorColor = "White";
currentColor = "White";
Serial.print(currentColor);
Serial.printIn(" detected!");
}
} else if (redColor > greenColor && redColor > blueColor) {
leftSensorColor = "Red";
if (redColor2 > greenColor2 && redColor2 > blueColor2) {
rightSensorColor = "Red";
currentColor = "Red";
Serial.print(currentColor);
Serial.printin(" detected!");
}
} else if (greenColor > redColor && greenColor > blueColor) {
leftSensorColor = "Green";
if (greenColor2 > redColor2 && greenColor2 > blueColor2) {
rightSensorColor = "Green";
currentColor = "Green";
Serial.print(currentColor);
Serial.printIn(*" detected!");
}
} else if (blueColor > redColor && blueColor > greenColor) {
leftSensorColor = "Blue™;
if (blueColor2 > redColor2 && blueColor2 > greenColor2) {
rightSensorColor = "Blue";

currentColor = "Blue";



Serial.print(currentColor);
Serial.println(" detected!");
}
}

else {
currentColor =" ";
Serial.print("No Color");
Serial.printIn(*" detected!");

}

¥

/* Line Sensor - Exclude */

/I void checkForLineEdge() {

/I leftEdge = analogRead(leftSide);

/I rightEdge = analogRead(rightSide);
I}

/* Motion Sensor - Exclude */
/I void checkMotion() {

/I sensorOutput = digitalRead(motionBehind);

-~

[ if (sensorOutput == HIGH) {

/I motionState = HIGH;

/I digitalWrite(ledPin, HIGH);

/I Serial.printin("Motion detected");
Il }else {

/I motionState = LOW;

/I digitalWrite(ledPin, LOW);

/I Serial.printin("No motion detected");
I3}

/I delay(10);

I}

/* LCD -Possibly Exclude */
void displayColor() {
Icd.setCursor(0, 0);



lcd.print("Detected color:");
Icd.setCursor(0, 1);
Icd.print(currentColor);

}
T

void lightUpLed() {

/[Serial.printin(currentColor);

if (currentColor == "Black") {
digitalWrite(redPin, LOW);
digitalWrite(greenPin, LOW);
digitalWrite(bluePin, LOW);

} else if (currentColor == "White") {
digitalWrite(redPin, HIGH);
digitalWrite(greenPin, HIGH);
digitalWrite(bluePin, HIGH);

} else if (currentColor == "Red") {
digitalWrite(redPin, HIGH);

} else if (currentColor == "Green") {
digitalWrite(greenPin, HIGH);

} else if (currentColor == "Blue") {
digitalWrite(bluePin, HIGH);

}else {
digitalWrite(redPin, LOW);
digitalWrite(greenPin, LOW);
digitalWrite(bluePin, LOW);

}

3
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/* Controlling the Motors*/

void checkButton() {
buttonState = digitalRead(buttonPin);
Serial.printin(buttonState);

// buttonStatel = digitalRead(buttonPin1);



/I Serial.printIn(buttonState1);
// buttonState2 = digitalRead(buttonPin2);
/I Serial.printIn(buttonState?2);
// buttonState3 = digitalRead(buttonPin3);
/I Serial.printIn(buttonState3);

/I Serial.printin(" ");

if (buttonState == HIGH)// && buttonStatel == HIGH)
digitalWrite(ledPin, HIGH);

/lelse if (buttonStatel == HIGH)

/I digitalWrite(ledPin, HIGH);

I/ else if (buttonState2 == HIGH)

/I digitalWrite(ledPin, HIGH);

I/ else if (buttonState3 == HIGH)

/I digitalWrite(ledPin, HIGH);

else

digitalWrite(ledPin, LOW);

void moveCar(int i) {

carSpeed(i);

if (currentColor == "Black™)
stopMoving();

else if (colors[i] == "White")// && currentColor == "White™)
turnDirection(i);

else if (colors[i] == "Red")// && currentColor == "Red")
turnDirection(i);

else if (colors[i] == "Green")// && currentColor == "Green")
turnDirection(i);

else if (colors[i] == "Blue")// && currentColor == "Blue")

turnDirection(i);

void turnDirection(int i) {

if (directions[i] == "Follow") {



Serial.print("FOLLOW");
follow(i);

} else if (directions[i] == "Go Left") {
Serial.print("LEFT");
turnLeft();
Serial.print(leftSensorColor);
Serial.print(rightSensorColor);

} else if (directions[i] == "Go Right") {
Serial.print("RIGHT");
turnRight();
Serial.print(leftSensorColor);
Serial.print(rightSensorColor);

} else if (directions[i] == "Go Straight™) {
Serial.print("STRAIGHT");
straight();
Serial.print(leftSensorColor);
Serial.print(rightSensorColor);

} else if (directions[i] == "U Turn") {
Serial.print("U-TURN");
turnAround();
Serial.print(leftSensorColor);
Serial.print(rightSensorColor);

} else if (directions[i] == "Stop") {
Serial.print("STOP");
stopMoving();
Serial.print(leftSensorColor);

Serial.print(rightSensorColor);

void follow(int i) {
if (leftSensorColor != colors[i] && rightSensorColor == colors[i]) {
followLeft();
} else if (leftSensorColor == colors[i] && rightSensorColor != colors[i]) {

followRight();



}else {
straight();
Serial.print(leftSensorColor);
Serial.print(rightSensorColor);
}
}

void carSpeed(int i) {

if (speeds[i] == "Slow") {
pwmSpeed = 50;

} else if (speeds[i] == "Cruise") {
pwmSpeed = 80;

} else if (speeds[i] == "Fast")
pwmSpeed = 100;

else

stopMoving();

/* Directions */

void straight() {
servoL1.write(80);
servoL2.write(80);
servoR1.write(100);
servoR2.write(100);

}

void reverse() {
servoL1.write(100);
servoL2.write(100);
servoR1.write(80);

servoR2.write(80);

}

void turnRight() {

servoL1.write(85);



servoL.2.write(85);
servoR1.write(100);
servoR2.write(100);

}

void followLeft() {
servoL1.write(85);
servoL2.write(85);
servoR1.write(100);
servoR2.write(100);

void followRight() {
servoL1.write(80);
servoL.2.write(80);
servoR1.write(95);

servoR2.write(95);

void turnLeft() {
servoL1.write(80);
servoL2.write(80);
servoR1.write(95);

servoR2.write(95);

void speedUp() {
servoL1.write(85);
servoL2.write(85);
servoR1.write(95);

servoR2.write(95);

void stopMoving() {

servoL.1.write(90);



servoL2.write(90);
servoR1.write(90);

servoR2.write(90);
}

void turnAround() {
servoL1.write(80);
servoL2.write(80);
servoR1.write(80);

servoR2.write(80);



