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GLOSSARY 

 

 

 

PWM: Pulse Width Modulation 

ADC: Analog to Digital Converter 

ECU: Electronic Control Unit 

I2C:  Inter-Integrated Circuit 

USB: Universal Serial Bus 

VCU: Vehicle Control Unit 

RTC: Real-time Clock  

IDE: Integrated Development Environment  

BLDC: Brushless Direct Current Motor 

AC: Alternating Current 

DC: Direct Current 
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Appendix A Datasheet 
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Appendix B Program Codes 

 

Main Program: 

 

#include <DS3231.h> 

#include <SPI.h> 

#include <SD.h> 

#include<ADS1115_WE.h> 

#include <MPU6050_light.h> 

#include<Wire.h> 

 

 

#define I2C_ADDRESS 0x48 

#define slave_addr 5 

 

File Datalog_File; // name file 

RTClib myRTC; // name RTC 

 

MPU6050 mpu(Wire); 

float angle_avg; 

float angle_tot; 

float angle_y ; 

 

ADS1115_WE adc = ADS1115_WE(I2C_ADDRESS); //parameter ads 

float current_ratio = 20; 

float voltage_tot=0; 

float voltage = 0.0; 

 

//speed calc parameter 

 

int counter = 0; 

float pole_pairs = 26; 

double rpm,rps; 

 

// Output motor parameter 

int pwm_motor; 

int p_inc=0;//increment 

int p_dec=0; 

unsigned long timer = 0; 

int modeFlag; 

 

int ledRed = 2; 

int ledBlue= 4; 

int ledGreen=3; 
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void setup() { 

Wire.begin(); 

Serial.begin(115200); 

 

  byte status = mpu.begin(); 

  Serial.print(F("MPU6050 status: ")); 

  Serial.println(status); 

  while(status!=0){ }  

   

  Serial.println(F("Calculating offsets, do not move MPU6050")); 

  delay(1000); 

  mpu.calcOffsets();  

  Serial.println("Done!\n"); 

 

if (!adc.init()) { 

    Serial.println("ADS1115 not connected!"); 

  } 

  adc.setVoltageRange_mV(ADS1115_RANGE_6144);  

  adc.setMeasureMode(ADS1115_CONTINUOUS);  

 

//Initialation SD card 

  Serial.print("Initializing SD card...");  

  if (!SD.begin(10)) { 

  Serial.println("initialization failed!"); 

  while (1);      

  } 

  Serial.println("initialization done."); 

 

  //Hall sensor input 

pinMode (14,INPUT);  

 

pinMode(7,INPUT_PULLUP); 

pinMode(8,INPUT_PULLUP); 

pinMode(5,INPUT_PULLUP); 

pinMode(6,INPUT_PULLUP); 

 

pinMode(15,OUTPUT); 

pinMode(ledRed,OUTPUT); 

pinMode(ledGreen,OUTPUT); 

pinMode(ledBlue,OUTPUT); 

 

pwm_motor=0; 

//PWM Resolution 

analogWriteResolution(15);  

 

} 

 

void  loop() { 

  //Name pin 
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int s1 = digitalRead(7); 

int s2 = digitalRead(8); 

int s3 = digitalRead(5); 

int s4 = digitalRead(6);   

 

DateTime now = myRTC.now(); 

 

mpu.update(); 

 

for (int i=0; i<10; i++ ) 

{ 

angle_y = mpu.getAngleY(); 

angle_tot = angle_tot + angle_y; 

} 

 angle_avg= angle_tot/10; 

 

 

//Mode selector 

 

if (s1 !=1) 

{ 

modeFlag=0; 

} 

 

if (s2!=1) 

{ 

modeFlag=1; 

} 

 

if (s3!=1) 

{ 

modeFlag=2; 

} 

 

if (s4!=1) 

{ 

modeFlag=3; 

} 

 

switch(modeFlag) 

{ 

  case 0: 

  p_inc=500; 

  p_dec=1000; 

  digitalWrite(ledRed,LOW); 

  digitalWrite(ledGreen,HIGH); 

  digitalWrite(ledBlue,LOW);    

//  Serial.println("mode: ECO "); 

  break; 
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  case 1:  

  p_inc=1000; 

  p_dec=1000; 

  digitalWrite(ledRed,HIGH); 

  digitalWrite(ledGreen,HIGH); 

  digitalWrite(ledBlue,LOW);   

//  Serial.println("mode: Sport"); 

  break; 

 

   

  case 2: 

  Hill_Start();  

  digitalWrite(ledRed,LOW); 

  digitalWrite(ledGreen,LOW); 

  digitalWrite(ledBlue,HIGH);   

//  Serial.println("mode: hill start "); 

  break; 

   

  case 3: 

  p_inc=0; 

  pwm_motor=13500; 

  digitalWrite(ledRed,HIGH); 

  digitalWrite(ledGreen,LOW); 

  digitalWrite(ledBlue,LOW);     

//  Serial.println("mode: brake "); 

  break; 

} 

 

 

//motor output 

motor_control(); 

analogWrite(15,pwm_motor); 

 

 

for (int i=0; i<10; i++ ) 

{ 

  voltage = readChannel(ADS1115_COMP_3_GND); 

  voltage_tot = voltage_tot + voltage; 

} 

float current_avg= voltage_tot/10; 

float current = (voltage - current_avg) / current_ratio; 

 

 

//rpm_calculation; 

counter = read_counter(slave_addr); 

 rps = counter/pole_pairs; 

 rpm = rps * 60 *2; 
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//datalog 

Datalog_File = SD.open("Datalog_Measuement.txt", FILE_WRITE); 

 

if (Datalog_File) { 

   

  Datalog_File.print(now.hour(), DEC); 

  Datalog_File.print('/'); 

  Datalog_File.print(now.minute(), DEC); 

  Datalog_File.print('/'); 

  Datalog_File.print(now.second(), DEC); 

  Datalog_File.print(",");      

  Datalog_File.print(current); 

  Datalog_File.print(",");       

  Datalog_File.print(rpm); 

  Datalog_File.print(",");  

  Datalog_File.print(pwm_motor);  

  Datalog_File.print(",");   

  Datalog_File.println(mpu.getAngleY()); 

   

  Serial.print("time: ");       

  Serial.print(now.hour(), DEC); 

  Serial.print(';'); 

  Serial.print(now.minute(), DEC); 

  Serial.print(';'); 

  Serial.print(now.second(), DEC); 

  Serial.print(", ");  

  Serial.print("Current= "); 

  Serial.print(current); 

  Serial.print(" PWM= "); 

  Serial.print(pwm_motor); 

  Serial.print(" RPM= "); 

  Serial.print(rpm);   

  Serial.print(" angleY= ,"); 

  Serial.println(mpu.getAngleY()); 

   

  voltage_tot=0; 

  angle_tot=0; 

   

  Datalog_File.close(); 

   

//  Serial.println("  measurement done"); 

} 

} 

 

 

float readChannel(ADS1115_MUX channel) { 

  float voltage = 0.0; 
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  adc.setCompareChannels(channel); 

  voltage = adc.getResult_mV(); // alternative: getResult_mV for Millivolt 

  return voltage; 

} 

 

int read_counter(int address) { 

  int counter; 

  Wire.requestFrom(address,1 );  

 while(Wire.available() == 1 ) counter = Wire.read(); 

  return counter; 

} 

 

 

 

void Hill_Start()  

{ 

  if(angle_avg >= 10) 

  { 

   pwm_motor=16000; 

   p_inc=0; 

   p_dec=0; 

  } 

  else  

  { 

   modeFlag = 0; 

  } 

 

}  

 

void motor_control() 

{ 

float throttle = 0.0; 

//  Serial.print(" Input Throttle : "); 

  throttle = readChannel(ADS1115_COMP_1_GND); 

//  Serial.println(throttle); 

 int throttle_signal=map(throttle,855,3620,14000,32000); 

  

    if(throttle_signal>pwm_motor) 

  { 

  pwm_motor=pwm_motor+p_inc; 

//  Serial.println(" test+ "); 

  } 

  else if (throttle_signal<pwm_motor) 

  { 

  pwm_motor=pwm_motor-p_dec; 

//    Serial.println(" test- "); 

  } 

  else if (throttle_signal==pwm_motor) 

  { 
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    pwm_motor=pwm_motor; 

//      Serial.println(" test= "); 

  } 

  if(pwm_motor>=32000) 

  { 

    pwm_motor=32000; 

  } 

}
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Angular velocity Program: 

 

#include <Wire.h> 

 

// Define Slave I2C Address 

#define slave_addr 5 

 

#define interval_500ms 500 

 

int hall_sensor = 2; 

float pole_pairs = 26; 

 

int hall_counter = 0; 

int counter; 

unsigned long time_1 = 0; 

int hall_state = 0; 

int last_hall_state = 0; 

float rpm,rps; 

 

void setup() { 

  // put your setup code here, to run once: 

Serial.begin (115200); 

pinMode (hall_sensor,INPUT); 

Serial.begin (115200); 

pinMode (hall_sensor,INPUT); 

 

  // Initialize I2C communications as Slave 

  Wire.begin(slave_addr); 

  

   // Function to run when data requested from master 

  Wire.onRequest(requestEvent);  

   

} 

 

void requestEvent() { 

 

  // Define a byte to hold data 

  // Send response back to Master 

  Wire.write(counter); 

   

} 

 

void loop() { 

  // put your main code here, to run repeatedly: 

  hall_state = digitalRead(hall_sensor); 

 

  if (hall_state != last_hall_state) 

  { 



ELECTRONIC CONTROL UNIT FOR ELECTRIC MOTORCYCLE    Page 90 of 92 

 Jason Atmadja 
 

    if (hall_state == HIGH) 

    { 

      hall_counter++ ; 

      

    } 

  } 

  last_hall_state = hall_state; 

   

  delay(1); 

 

  if ( millis() >= time_1 + interval_500ms ) 

  { 

    time_1 += interval_500ms; 

    rpm_calculation(); 

  } 

   

} 

 

void rpm_calculation() 

{ 

  counter=hall_counter; 

 rps = hall_counter/pole_pairs; 

 rpm = rps * 60 * 2; 

// float Vel = rps 

//Serial.print (hall_counter); 

//Serial.print ("round , "); 

Serial.print (counter); 

Serial.print ("    "); 

Serial.println (rpm); 

 

//Serial.println (" rpm"); 

 

hall_counter = 0; 

 

} 
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Appendix C Bill of Materials 

 

No Component Quantity Price Total Price 

1 ADS1115 1 IDR 68,000.00 IDR 68,000.00 

2 Cable 22 AWG 6M 1 IDR 38,000.00 IDR 38,000.00 

3 RGB LED  2 IDR 1,400.00 IDR 2,800.00 

4 PCB 9x15cm 1 IDR 18,550.00 IDR 18,550.00 

5 DS3231 1 IDR 72,000.00 IDR 72,000.00 

6 Bi-directional Logic Converter 1 IDR 14,000.00 IDR 14,000.00 

7 Teensy 4.0 1 
IDR 

610,000.00 
IDR 610,000.00 

8 SD to SPI  1 IDR 6,000.00 IDR 6,000.00 

9 resistor 100 ohm 3 IDR 330.00 IDR 990.00 

10 resistor 220 ohm 3 IDR 200.00 IDR 600.00 

11 resistor 220 ohm 2 IDR 330.00 IDR 660.00 

12 LM2596 1 IDR 7,700.00 IDR 7,700.00 

13 AMS1117 1 IDR 3,000.00 IDR 3,000.00 

14 MPU6050 1 IDR 30,000.00 IDR 30,000.00 

15 KF connector 4 IDR 1,800.00 IDR 7,200.00 

16 JST connector 5 IDR 1,000.00 IDR 5,000.00 

17 ACS 758 1 
IDR 

160,000.00 
IDR 160,000.00 

18 Black box 1 IDR 14,000.00 IDR 14,000.00 

19 Bluno nano 1 
IDR 

300,000.00 
IDR 300,000.00 

Grand Total IDR 1,358,500.00 
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