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ДОДАТОК А 

Програма керування позиціонуванням сонячних панелей на основі даних з 

датчиків освітленості 

 

 

#include <Servo.h> 

 

Servo horizontal; 

int servoh = 90; 

 

int servohLimitHigh = 180; 

int servohLimitLow = 0; 

 

Servo vertical; 

int servov = 45; 

 

int servovLimitHigh = 180; 

int servovLimitLow = 0; 

 

int ldrlt = A2; //LDR top left - BOTTOM LEFT 

int ldrrt = A3; //LDR top rigt - BOTTOM RIGHT 

int ldrld = A1; //LDR down left - TOP LEFT 

int ldrrd = A0; //ldr down rigt - TOP RIGHT 

 

int buzz_pin = 10; 

int buzz_tone = 20; 

 

int tol = 50; 

 

void setup() 

{ 

  Serial.begin(9600); 

  pinMode(buzz_pin, OUTPUT); 

  horizontal.attach(31); 

  vertical.attach(30); 

  horizontal.write(servoh); 

  vertical.write(servov); 

} 

 

void loop() 

{ 

  int lt = analogRead(ldrlt); // top left 
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  int rt = analogRead(ldrrt); // top right 

  int ld = analogRead(ldrld); // down left 

  int rd = analogRead(ldrrd); // down rigt 

 

  int avt = (lt + rt) / 2; // average value top 

  int avd = (ld + rd) / 2; // average value down 

  int avl = (lt + ld) / 2; // average value left 

  int avr = (rt + rd) / 2; // average value right 

 

  int dvert = abs(avt - avd); // check the diffirence of up and down 

  int dhoriz = abs(avl - avr);// check the diffirence of left and right 

 

  Serial.print("avt: "); 

  Serial.print(avt); 

  Serial.print(" "); 

  Serial.print("avd: "); 

  Serial.print(avd); 

  Serial.print(" "); 

  Serial.print("avl: "); 

  Serial.print(avl); 

  Serial.print(" "); 

  Serial.print("avr: "); 

  Serial.println(avr); 

 

  Serial.print("h: "); 

  Serial.print(servoh); 

  Serial.print(" "); 

  Serial.print("v: "); 

  Serial.print(servov); 

  Serial.print(" "); 

 

  if (dhoriz > tol) 

  { 

    if (avl > avr) 

    { 

      if (servoh - 1 >= servohLimitLow) servoh--; 

      else beep(150); 

    } 

    else if (avl < avr) 

    { 

      if (servoh + 1 <= servohLimitHigh) servoh++; 

      else beep(150); 

    } 

    horizontal.write(servoh); 
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  } 

 

  if (dvert > tol) 

  { 

    if (avt > avd) 

    { 

      if (servov + 1 <= servovLimitHigh) servov++; 

      else beep(100); 

    } 

    else if (avt < avd) 

    { 

      if (servov - 1 >= servovLimitLow) servov--; 

      else beep(100); 

    } 

    vertical.write(servov); 

  } 

} 

 

void beep(unsigned char delayms){ 

  analogWrite(buzz_pin, buzz_tone); 

  delay(delayms); 

  analogWrite(buzz_pin, 0); 

  delay(delayms);    

} 
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ДОДАТОК Б  

Програма керування позиціонуванням сонячних панелей на базі PID-

регулятора 

 

 

#include <Servo.h> 

 

Servo horizontal; 

Servo vertical; 

 

int ldrlt = A2; // LDR top left - BOTTOM LEFT 

int ldrrt = A3; // LDR top right - BOTTOM RIGHT 

int ldrld = A1; // LDR down left - TOP LEFT 

int ldrrd = A0; // LDR down right - TOP RIGHT 

 

// PID parameters 

double kp = 1.2;   // Proportional gain 

double ki = 1.0;   // Integral gain 

double kd = 0.8;   // Derivative gain 

 

int setpoint_horizontal = 90; // Horizontal setpoint (in degrees) 

int setpoint_vertical = 45;   // Vertical setpoint (in degrees) 

 

double previous_error_horizontal = 0; 

double integral_horizontal = 0; 

 

double previous_error_vertical = 0; 

double integral_vertical = 0; 

 

void setup() 

{ 

  Serial.begin(9600); 

  horizontal.attach(9); 

  vertical.attach(10); 

  horizontal.write(setpoint_horizontal); 

  vertical.write(setpoint_vertical); 

} 

 

void loop() 

{ 

  int lt = analogRead(ldrlt); // top left 

  int rt = analogRead(ldrrt); // top right 

  int ld = analogRead(ldrld); // down left 
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  int rd = analogRead(ldrrd); // down right 

 

  // Calculate average values 

  int avt = (lt + rt) / 2; // average value top 

  int avd = (ld + rd) / 2; // average value down 

  int avl = (lt + ld) / 2; // average value left 

  int avr = (rt + rd) / 2; // average value right 

 

  // Calculate errors 

  double error_horizontal = setpoint_horizontal - avt + avd; 

  double error_vertical = setpoint_vertical - avl + avr; 

 

  // Calculate PID terms 

  double p_term_horizontal = kp * error_horizontal; 

  double i_term_horizontal = ki * integral_horizontal; 

  double d_term_horizontal = kd * (error_horizontal - previous_error_horizontal); 

  double pid_output_horizontal = p_term_horizontal + i_term_horizontal + 

d_term_horizontal; 

 

  double p_term_vertical = kp * error_vertical; 

  double i_term_vertical = ki * integral_vertical; 

  double d_term_vertical = kd * (error_vertical - previous_error_vertical); 

  double pid_output_vertical = p_term_vertical + i_term_vertical + 

d_term_vertical; 

 

  // Update previous errors and integral terms 

  previous_error_horizontal = error_horizontal; 

  integral_horizontal += error_horizontal; 

  previous_error_vertical = error_vertical; 

  integral_vertical += error_vertical; 

 

  // Limit PID outputs to servo limits 

  int servo_horizontal_output = constrain(setpoint_horizontal + 

pid_output_horizontal, 0, 180); 

  int servo_vertical_output = constrain(setpoint_vertical + pid_output_vertical, 0, 

180); 

 

  // Move servos to the desired positions 

  horizontal.write(servo_horizontal_output); 

  vertical.write(servo_vertical_output); 

 

  // Print debug information 

  Serial.print("avt: "); Serial.print(avt); 

  Serial.print(" avd: "); Serial.print(avd); 



92 

 

  Serial.print(" avl: "); Serial.print(avl); 

  Serial.print(" avr: "); Serial.println(avr); 

  Serial.print("servo_horizontal_output: "); Serial.print(servo_horizontal_output); 

  Serial.print(" servo_vertical_output: "); Serial.println(servo_vertical_output); 

 

  // Add a delay to prevent rapid updates 

  delay(100); 

} 
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ДОДАТОК В 

Апробація результатів наукових досліджень 
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ДОДАТОК Г 

Демонстраційний матеріал 
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