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ДОДАТОК А  

Апробація результатів наукових досліджень 
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ДОДАТОК Б  

Вихідний код програми 
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Вихідний код прогами для Arduino: 

 

#include "ModbusRtu.h" 

#include <Wire.h> 

#include "MPU6050.h" 

#include "Kalman.h" 

 

MPU6050 mpu; 

#define ID   10 

#define TXEN  4  

 

#define EN 5 

#define DIR 3 

#define CLK 2 

 

uint16_t cur_step = 0; 

uint16_t target_step = 0;  

 

// data array for modbus network sharing 

//au16data[0] -> Start | Stop route 

//au16data[1] -> calc angle 

//au16data[2] -> calc dir  

//au16data[3] -> Step fo step motor 

//au16data[4] -> Kalman angle 

uint16_t au16data[5] = {1, 2, 3, 0, 0}; 

 

/** 

 *  Modbus object declaration 

 *  u8id : node id = 0 for master, = 1..247 for slave 

 *  port : serial port 
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 *  u8txenpin : 0 for RS-232 and USB-FTDI  

 *               or any pin number > 1 for RS-485 

 */ 

Modbus slave(ID, Serial, TXEN); // this is slave @10 and RS-485 

 

// Timers 

unsigned long timer = 0; 

float timeStep = 0.01; 

 

// Pitch, Roll and Yaw values 

float pitch = 0; 

float roll = 0; 

float yaw = 0; 

 

long time_zero = 0; 

long cur_time_zero = 0; 

int incomingByte = 0; 

bool isRotate = false; 

uint16_t angle = 0; 

float angle_start = 0; 

uint16_t dir = 0; 

 

int metallVal = 0; 

 

// Ініціалізація фільтрів Калмана для акселерометра та гіроскопа 

Kalman kalmanX; // Для осі X 

Kalman kalmanY; // Для осі Y 

int Kalman_angle; 

 

// Змінні для зберігання значень 
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float ax, ay, az;     // Прискорення з акселерометра 

float gx, gy, gz;     // Кутова швидкість з гіроскопа 

float angleX = 0;     // Кут по осі X 

float angleY = 0;     // Кут по осі Y 

 

void setup()  

{ 

  Serial.begin(115200); 

  slave.start(); 

 

  pinMode(EN, OUTPUT); 

  pinMode(DIR, OUTPUT); 

  pinMode(CLK, OUTPUT); 

 

  digitalWrite(EN, HIGH); 

  digitalWrite(DIR, HIGH); 

  digitalWrite(CLK, LOW); 

 

  // Initialize MPU6050 

  while(!mpu.begin(MPU6050_SCALE_2000DPS, 

MPU6050_RANGE_2G)) 

  { 

    Serial.println("Could not find a valid MPU6050 sensor, check wiring!"); 

    delay(500); 

  } 

   

  // Calibrate gyroscope. The calibration must be at rest. 

  // If you don't want calibrate, comment this line. 

  mpu.calibrateGyro(); 
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  // Set threshold sensivty. Default 3. 

  // If you don't want use threshold, comment this line or set 0. 

  mpu.setThreshold(0); 

  //mpu.setScale(MPU6050_SCALE_250DPS); 

 

  time_zero = millis(); 

  isRotate = false; 

  Serial.println("Start sensor!"); 

} 

 

void loop() 

{ 

  slave.poll( au16data, 4 ); 

  timer = millis(); 

 

  // Read normalized values 

  Vector norm_G = mpu.readNormalizeGyro(); 

  Vector norm_A = mpu.readNormalizeAccel(); 

 

  // Calculate Pitch, Roll and Yaw 

  pitch = pitch + norm_G.YAxis * timeStep; 

  roll = roll + norm_G.XAxis * timeStep; 

  yaw = yaw + norm_G.ZAxis * timeStep; 

 

  ax = norm_A.ZAxis * timeStep; 

 

  //Kalman filter 

  float kalAngleZ = kalmanX.getAngle(ax, yaw, millis());   

  Kalman_angle = (int)kalAngleZ; 
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  if (isRotate == true) 

  { 

    if (angle_start < yaw) { 

      angle = (int)(yaw - angle_start) + 1; 

      dir = 0; 

    } 

    else if (angle_start > yaw) { 

      angle = (int)(angle_start - yaw) + 1; 

      dir = 1; 

    } 

  } 

 

  //step 

   target_step = au16data[3]; 

  if (cur_step < target_step) 

  { 

    while (cur_step < target_step) 

    { 

      digitalWrite(EN, LOW); 

      digitalWrite(DIR, LOW); 

      digitalWrite(CLK, HIGH); 

      delayMicroseconds(550); 

      digitalWrite(CLK, LOW); 

      delayMicroseconds(550); 

      cur_step++; 

    } 

  } 

  else if (cur_step > target_step) 

  { 

    while (cur_step > target_step) 
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    { 

      digitalWrite(EN, LOW); 

      digitalWrite(DIR, HIGH); 

      digitalWrite(CLK, HIGH); 

      delayMicroseconds(550); 

      digitalWrite(CLK, LOW); 

      delayMicroseconds(550); 

      cur_step--; 

    } 

  } 

  else {digitalWrite(EN, HIGH);} 

 

 

  // Wait to full timeStep period 

  while (((timeStep*1000) - (millis() - timer)) > 0){ 

    io_poll(); 

  } 

} 

 

void io_poll() { 

 

  //1 - start route 

  //2 - stop route 

  if (au16data[0] == 1) 

  { 

    isRotate = true; 

    angle_start = yaw; 

    angle = 0; 

    dir = 0;  

    au16data[0] = 0;      
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  } 

  else if (au16data[0] == 2) 

  { 

    isRotate = false; 

    mpu.calibrateGyro(); 

    angle_start = yaw; 

    angle = 0; 

    dir = 0;  

    au16data[0] = 0; 

  } 

   

  au16data[1] = angle; 

  au16data[2] = dir; 

  au16data[4] = Kalman_angle; 

} 
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