Kapra noonepaninoHHOro KOHTPOJIS Ui YYaCTHUKOB U 3KIopH 110 mipoduiio «PoboToTexHuKa»

Ne Kputepun onieHuBaHUS Makc. 6amn | Kon-Bo 0amioB, BbI-

n/m CTaBJICHHBIX YJICHAMHU
KIOPU

1. Ob6miee ohopmiteHne 0,25

2. KauecTBO TeopeTnuecKkoro nccie10BaHus 0,75

3. Pa3paboTka TeXHOIOrHUeCcKoro mporecca 3

4. KauecTBO cxem u ueprexen 1

5. Oo6ocHoBaHMe BbIOOpa MIATPOPMBI 1

6. KpeatuBHOCTh M HOBH3HA 1

7. PobGoTorexunyeckast CJI0KHOCTD 7,5

8. PaborocrnocoOHOCTh 2,5

9. DCTETUYECKUN BUT 1

10. | TpynoemMKoCTh 1

11. | IlpakTHueckas 3HaUUMOCTb 1

12. | Ilpe3eHTanus npoaykra 5

Htoro

25
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ITo npakTHUECKOMY TYpYy MakCUMaJlbHasl OLIEHKA PE3YJIbTaTOB yYaCTHUKA BO3PACTHOM IpyIl-
bl (9-11 xnaccsl) onpenensercs apupMeTHUEeCKOH CyMMOI Bcex 0ajuioB, MOJYYEHHBIX 32 BBINOJI-

HEHHUE 33aJIaHUI U HE JJOJDKHA MIPEBBIIATh 25 0asioB.

3anaHue:

MaxkcuMmanbHast oreHka — 25 0ajuIoB.

[IponomkutenbHOCTh 3Tana — 180 MUHYT

* POBOT-COPTHUPOBIMK ILIBETHBIX KYBMKOB

%

* Anroputm:

* 1. Crapt ¢ 6a3bl

* 2. IlocnenoBatenbHblid cO0p 3 KyOUKOB (KpacHBIN, CUHUI, 3€7€HBbII)

* 3. TpancmopTHPOBKA KaXKJJOT0 KyOHUKa B COOTBETCTBYIOLIYIO IIBETOBYIO 30HY
* 4. Bo3Bpar Ha 6a3y

k

* Mcnionb3yemMble KOMITOHEHTBI:

* - Kontposep: Arduino Mega

* - latuuk usera: TCS3200 + Pixy2 s pe3epBUpOBaHUS

* - Jlsurarenn: 4x DC motor with encoders

* - Ilpaiiep motopos: TB6612FNG

* - 3axar: cepBomnpuBoag MG996R

* - lononaurensHo: YabTpassykosoi narunk HC-SR04, IMU MPU-6050
*/

#include <Servo.h>
#include <Wire.h>

#include <Pixy2.h>

// TIMHBI MOTOPOB

#define MOTOR L1 2
#define MOTOR L2 3
#define MOTOR R1 4
#define MOTOR R2 5



#define PWM_L 6
#define PWM_R 7

// TIMHBI 3HKOAEPOB

#define ENCODER L A 18
#define ENCODER L B 19
#define ENCODER R A 20
#define ENCODER R B 21

// TIMHBI CepBOIIPUBO/A 3aXBaTa

#define SERVO_PIN 9

// TInHBI TATYNKOB LIBETA

#define SO 22

#define S1 23

#define S2 24

#define S3 25

#define COLOR_SENSOR_OUT 26

// TInunbel Y3 maTauka
#define TRIG_PIN 28
#define ECHO_PIN 29

// lleneBble 11BeTa (KaTMOPOBOYHBIC 3HAUCHHUS )
struct RGB {

int red;

int green;

int blue;

¥

RGB RED CUBE = {120, 60, 60};
RGB BLUE CUBE = {60, 70, 120};
RGB GREEN CUBE = {70, 110, 70};
RGB RED ZONE = {130, 70, 70};
RGB BLUE ZONE = {70, 80, 130};



RGB GREEN_ZONE = {80, 120, 80};

// KoopauHaThl 00bEKTOB (YCIOBHBIC €THHUIIBI)
struct Point {
float x;

float y;
}3

Point BASE = {0, 0};

Point RED CUBE POS = {100, 50};
Point BLUE CUBE POS = {150, 0};
Point GREEN_CUBE_POS = {100, -50};
Point RED ZONE POS = {200, 80};
Point BLUE ZONE POS = {200, 0};
Point GREEN ZONE POS = {200, -80};

Servo grabServo;

Pixy2 pixy;

// Texyias MO3UIUS U OPUEHTALIUS
Point currentPosition = {0, 0};

float currentAngle = 0;

// CocTOSIHHSI KOHEYHOTO aBTOMAaTa

enum RobotState {
START,
MOVE_TO _RED CUBE,
GRAB RED CUBE,
MOVE TO RED ZONE,
RELEASE RED CUBE,
MOVE_TO BLUE CUBE,
GRAB BLUE CUBE,
MOVE TO BLUE ZONE,
RELEASE BLUE CUBE,



MOVE TO GREEN CUBE,
GRAB_GREEN CUBE,
MOVE_TO_GREEN_ZONE,
RELEASE_GREEN CUBE,
RETURN_TO BASE,
MISSION COMPLETE

¥

RobotState currentState = START;

// TIN]] mapameTpsI
float Kp = 0.8, Ki=0.01, Kd =0.1;
float prevError = 0;

float integral = 0;

void setup();

void loop();

void stateMachine();

RGB readColorSensor();

float calculateColorDistance(RGB colorl, RGB color2);
void moveToPoint(Point target);

void rotateToAngle(float targetAngle);

void grabCube();

void releaseCube();

bool detectObstacle();

void updatePosition();

void motorControl(int leftSpeed, int rightSpeed);
int calculatePID(float setpoint, float currentValue);

void updateEncoders();

void setup() {
Serial.begin(9600);



// ITHMIManu3anms MOTOPOB
pinMode(MOTOR L1, OUTPUT);
pinMode(MOTOR L2, OUTPUT);
pinMode(MOTOR_R1, OUTPUT);
pinMode(MOTOR_R2, OUTPUT);
pinMode(PWM_L, OUTPUT);
pinMode(PWM_R, OUTPUT);

// ITHMLIManu3anms HKOAEpPOB

pinMode(ENCODER L A, INPUT);

pinMode(ENCODER L B, INPUT);

pinMode(ENCODER R A, INPUT);

pinMode(ENCODER R B, INPUT);
attachlnterrupt(digitalPinTolnterrupt(ENCODER _L_A), updateEncoders, CHANGE);
attachInterrupt(digitalPinTolnterrupt(ENCODER_R A), updateEncoders, CHANGE);

// IHMnmanu3anus cepBonpuBoaa
grabServo.attach(SERVO_PIN);

grabServo.write(0); // Ha4aIbHOE TTOJIOKEHHUE - pa3KaTO

// annpanu3anys JaTYMKOB

pinMode(S0, OUTPUT);

pinMode(S1, OUTPUT);

pinMode(S2, OUTPUT);

pinMode(S3, OUTPUT);
pinMode(COLOR_SENSOR_OUT, INPUT);
digitalWrite(SO, HIGH);

digitalWrite(S1, LOW);

pinMode(TRIG_PIN, OUTPUT);
pinMode(ECHO_PIN, INPUT);

// Mannmanu3zanus kamepsl Pixy?2

pixy.init();



Serial.println("Po6ot nanmmanuzupoan. Haunnaem muccuto!");

void loop() {
stateMachine();
updatePosition();

delay(50); // ocHOBHO¥ LMK yrIpaBJIeHUS

void stateMachine() {
static unsigned long lastStateTime = 0;

unsigned long currentTime = millis();

switch(currentState) {
case START:
Serial.println("Cocrosiaue: START -> nBmkeHne kK KpacHOMY KyOuky");
currentState = MOVE_TO RED CUBE;
break;

case MOVE TO RED CUBE:
moveToPoint(RED_CUBE_POS);
if (calculateDistance(currentPosition, RED CUBE POS) <5) {
RGB detectedColor = readColorSensor();
if (calculateColorDistance(detectedColor, RED CUBE) < 50) {
Serial.println("KpacHsriit kybuk oOHapyxen!");
currentState = GRAB_RED CUBE;

lastStateTime = currentTime;

b

h
break;

case GRAB RED CUBE:
if (currentTime - lastStateTime > 1000) {



grabCube();
Serial.println("Kpachslii kyOuk 3axBauen!");
currentState = MOVE _TO RED ZONE;

}
break;

case MOVE TO RED ZONE:
moveToPoint(RED ZONE POS);
if (calculateDistance(currentPosition, RED ZONE POS) <5) {
RGB zoneColor = readColorSensor();
if (calculateColorDistance(zoneColor, RED ZONE) < 50) {
Serial.println("Kpacnas 301a gocturnyra!");
currentState = RELEASE RED CUBE;

lastStateTime = currentTime;

}

}
break;

case RELEASE RED CUBE:
if (currentTime - lastStateTime > 1000) {
releaseCube();
Serial.println("Kpacusriif kyouk pazmermen!");
currentState = MOVE _TO BLUE CUBE;

}
break;

// AHQJIOTHYHBIE COCTOSIHUSI JIJIsl CHHETO U 3€JICHOTO KyOHKOB...
case MOVE TO BLUE CUBE:
moveToPoint(BLUE CUBE POS);
// ... aHaJIOTUYHO KPACHOMY

break;

casc MOVE_TO BLUE_ZONE:
// ... aHaTIOTUYHO KPACHOMY

break;



case MOVE TO _GREEN CUBE:
moveToPoint(GREEN _CUBE_POS);
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// ... aHaJIOTUYHO KPAaCHOMY

break;

case MOVE TO_GREEN ZONE:
// ... aHaJIOTUYHO KPAaCHOMY

break;

case RETURN TO BASE:
moveToPoint(BASE);
if (calculateDistance(currentPosition, BASE) < 5) {
Serial.println("Muccus 3aBepuiena! Po6ot BepHyics Ha 6a3y.");
currentState = MISSION COMPLETE;

motorControl(0, 0); // monHast ocTaHOBKa

}
break;

case MISSION COMPLETE:
// Muranue CBETOAMOA0M MJIM CUTHAJ 3aBEPILICHUS
if (currentTime % 1000 < 500) {
digitalWrite(LED_BUILTIN, HIGH);

} else {
digitalWrite(LED BUILTIN, LOW);
b
break;
b
}
/| ========== OYHKUUU IBMKXEHUS =========—=

void moveToPoint(Point target) {
// BerauicieHue yria K Heiu
float targetAngle = atan2(target.y - currentPosition.y,

target.x - currentPosition.x) * 180 / PI;



// TIoBOPOT K 1e/H

rotateToAngle(targetAngle);

/I Aemxenue Buepen ¢ [TN]1-perynupoBanuem
float distance = calculateDistance(currentPosition, target);

float error = distance;

int baseSpeed = 150;

int correction = calculatePID(0, error);

motorControl(baseSpeed - correction, baseSpeed + correction);

// OOHapy>KeHHUE TIPETISITCTBHNA
if (detectObstacle()) {
motorControl(0, 0);

// O6X0oa MPEnsITCTBUSL. .

b
b

void rotateToAngle(float targetAngle) {

float angleError = targetAngle - currentAngle;

// Hopmanu3anus OnmoOKy yriia
while (angleError > 180) angleError -= 360;
while (angleError < -180) angleError += 360;

int rotationSpeed = calculatePID(0, angleError);

motorControl(-rotationSpeed, rotationSpeed);

// XKnem 3aBepIieHus moBOpOTa
while (abs(angleError) > 2) {
delay(10);

angleError = targetAngle - currentAngle;

}



void grabCube() {
for (int pos = 0; pos <= 90; pos +=2) {
grabServo.write(pos);
delay(15);

H
delay(500);

}

void releaseCube() {
for (int pos = 90; pos >= 0; pos -= 2) {
grabServo.write(pos);
delay(15);

H
delay(500);

RGB readColorSensor() {
RGB color;

// UTeHne KpaCHOM KOMIIOHEHTHI

digitalWrite(S2, LOW);

digitalWrite(S3, LOW);

color.red = pulseIn(COLOR_SENSOR OUT, LOW);

// UTeHune 3e1eHOiH KOMIOHEHTHI

digitalWrite(S2, HIGH);

digitalWrite(S3, HIGH);

color.green = pulseIn(COLOR_SENSOR OUT, LOW);

// UYreHue cuHeill KOMIIOHEHTHI

digitalWrite(S2, LOW);

10



digitalWrite(S3, HIGH);
color.blue = pulseIn(COLOR_SENSOR OUT, LOW);

return color;

}

float calculateColorDistance(RGB colorl, RGB color2) {
// EBknuioBo paccrosinue B RGB mpocTtpancTse
return sqrt(pow(colorl.red - color2.red, 2) +
pow(colorl.green - color2.green, 2) +

pow(colorl.blue - color2.blue, 2));

bool detectObstacle() {
digitalWrite(TRIG_PIN, LOW);
delayMicroseconds(2);
digitalWrite(TRIG_PIN, HIGH);
delayMicroseconds(10);
digitalWrite(TRIG_PIN, LOW);

long duration = pulseIn(ECHO_PIN, HIGH);
float distance = duration * 0.034 / 2;

return (distance < 15); // mpenstcTBHE Omke 15 cm

void updatePosition() {
static long lastLeftTicks = 0, lastRightTicks = 0;
static unsigned long lastUpdateTime = 0;

// 3neck nomkHa OBITh peai3alius 0JOMETPUU Ha OCHOBE SHKOICPOB

// v IMU nuist kKoppekuuu apeida

// TlceBHokox it OOHOBIIEHUS IIO3UIIAH:

11



//'1. Tloay49uTh TEKYLIHE THKU SHKOAECPOB
// 2. BBIYMCINUTD NPONEHHOE PACCTOSIHUE

// 3. O6HOBUTH currentPosition u currentAngle

}

float calculateDistance(Point p1, Point p2) {
return sqrt(pow(p2.x - pl.x, 2) + pow(p2.y - pl.y, 2));

int calculatePID(float setpoint, float currentValue) {
float error = setpoint - currentValue;
integral += error;
float derivative = error - prevError;

prevError = error;

int output = Kp * error + Ki * integral + Kd * derivative;

return constrain(output, -255, 255);

void motorControl(int leftSpeed, int rightSpeed) {
leftSpeed = constrain(leftSpeed, -255, 255);
rightSpeed = constrain(rightSpeed, -255, 255);

// JIeBbIit MOTOP
if (IeftSpeed > 0) {
digitalWrite(MOTOR L1, HIGH);
digital Write(MOTOR L2, LOW);
} else {
digitalWrite(MOTOR L1, LOW);
digitalWrite(MOTOR L2, HIGH);
}

// TlpaBblif MOTOD

12



if (rightSpeed > 0) {
digital Write(MOTOR_R1, HIGH);
digital Write(MOTOR_R2, LOW);
} else {
digital Writea(MOTOR_R1, LOW);
digital Writea(MOTOR_R2, HIGH);

}

analogWrite(PWM L, abs(leftSpeed));
analogWrite(PWM_R, abs(rightSpeed));

void updateEncoders() {
// Peasin3arusi mojicueTa THKOB SHKOJIEPOB

// O6HOBNIEHUE TTI00ANBHBIX IEPEMEHHBIX C TUKAMU

}



