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Microcontrollers and Embedded Systems

Lecture No. 7-8
Dr. Eng. Essa Alghannam
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#include <Wire.h>
#include <LiquidTWI2.h>

o o0 o »

#define LCD_I2CADDR 0x20  // Connect viai2c, default address 0x20  // Set A0, A1, A2 to ground of 1st

MCP23008

Liquid TWI2 lcd(LCD_I2CADDRY);

const int TEMP=0; //Temp Sensor is on pin AO
double valueTEMP=0;

// Motor Driver Pins
const int motorPin1=10; //Motor driver input 1 (for direction)
constint motorPin2=9; //Motor driver input 2 (for direction)

const int motorPWMPin =5; // Motor driver PWM enable pin (for speed)

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1

Page 2|14

Page 111



[

6jliall

const int encoderPinA=2; //Encoder output A (e.g., D2 on Arduino Uno for INTO)

const int encoderPinB=3; //Encoder output B (e.g., D3 on Arduino Uno for INT1) - Optional for

direction

int motorSpeed = 0;

volatile long encoderPulses = 0; // volatile for variables modified in ISRs

void readEncoderA() {
if (digitalRead(encoderPinB) == LOW) {

encoderPulses++; // Or decrement depending on wiring and desired direction

}else {
encoderPulses--;
}
}

void setup(){
Serial.begin(9600);
pinMode(motorPin1, OUTPUT);
pinMode(motorPin2, OUTPUT);
pinMode(motorPWMPin, OUTPUT);
pinMode(13, OUTPUT);

pinMode(encoderPinA,INPUT);
pinMode(encoderPinB,INPUT);
lcd.setMCPType(LTI_TYPE_MCP23008); // must be called before begin()

led.begin(20,2); // using 20 x 4 LCD display

Wire.begin();

lcd.home (); // go home
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Icd.setCursor(0,0);
led.print(F("Using LiquidTWI2"));
delay(2000); // 2 seconds warm-up time

Icd.clear(); // clears the LCD screen and positions the cursor in the upper-left corner.
attachinterrupt(digitalPinTolnterrupt(encoderPinA), readEncoderA, RISING);
digitalWrite(motorPin1, HIGH);
digitalWrite(motorPin2, LOW);
analogWrite(motorPWMPin, 0);

}

void loop(){
Icd.setCursor(0, 0); //to adjust one whitespace for operator
led.print(F("Using LiquidTWI2"));
valueTEMP=0.488*analogRead(TEMP);
Serial.print("valueTEMP:");
Serial.println(valueTEMP);
delay(200);
if (valueTEMP > 30) {
motorSpeed = map(valueTEMP, 30, 50, 0, 255);
motorSpeed = constrain(motorSpeed, 0, 255);
analogWrite(motorPWMPin, motorSpeed);
}
else {
analogWrite(motorPWMPin, 0);
}
Serial.print("motorSpeed:");
Serial.println(motorSpeed);

delay(20); }
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Arduino Code for Controlling the Speed of 2 DC Motors Using
PID Control and Encoders with Interrupts

Exercise 2:
The code is structured to control two DC motors with speed feedback from encoders. The PID
parameters are needed for each motor to achieve the desired performance and control

characteristics.

Circuit:
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:; Edit Component ? X
Part Reference: “ ‘ Hidden: [ ]
PartValue: | ‘ Hidden: [ ]
seree e —
LISA Mode! File: ENCMOTOR
Nominal Voliage: v (HideAl ]

Coil Resistance: |12 HHideAII V|

Coil Inductance: |1(}0mH HHideAII v|

Zero Load RPM |4'U‘U' HHideAII V|

Load/Max Torque % |1 HHideAII V|

Effeciive Mass: 001 (HideAl |

Pulses per Revolution: |350 HHideAII V|

//Arduino Code for Controlling the Speed of Two DC Motors Using PID Control//

-| Commented [EA1]: Motor and Encoder Variables:
Two sets of motor pins, PWM pins, and encoder pins (motorPin1A,
motorPin1B, motorPin2A, motorPin2B, etc.) are defined for the two
motors.
Separate variables for encoder pulses (encoderPulses1,
encoderPulses2) and RPM calculations are created to handle each
motor individually.

// Motorb Driver Pins

// Encoder Pins (must be interrupt capable

I/ //
//[PID PARAMETERS - Separate PID parameters :Commented [EA2]
// // (Kpl, Kil, Kd1 for motor 1 and Kp2, Ki2, Kd2 for motor 2) are

declared, allowing independent tuning for each motor.

// --- These MUST be tuned for your specific motor and setup! ---

double Kp = 3; // Proportional gain
double Ki = 1; // Integral gain
double Kd = 0.1; / Derivative gain
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1/ /!
//MOTOR & ENCODER SPECS
I //

const int pulsesPerRevolution = 360; / Adjust to your encoder's PPR
// (e.g., if encoder is 20 PPR and gearbox is 18:1, then 20*18=360)

1 /

// GLOBAL VARIABLES
1/ //
// Use volatile for variables modified in ISRs

unsigned long lastPIDTime = 0;

unsigned long lastSpeedCalcTime = 0;

const unsigned int pidInterval =20; // PID calculation interval (ms)

const unsigned int speedCalclnterval = 50; // Speed calculation interval (ms)

1/ //

//ENCODER INTERRUPT SERVICE ROUTINE

// //
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Interrupt Service R

(ISRs): :C

d [EA3] |

// Optional: If you want to use both encoder channels for more precision or direction
// void readEncoderB() {

/I I/ For quadrature encoding to get 4x resolution and direction

/I // This requires more complex logic based on states of A and B

/I'}

// //
//SETUP FUNCTION
// //
void setup() {

Serial.begin(9600);

Serial.println("PID DC Motor Speed Control");

// Motor Pins
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| Attach Interrupts
/I At p

// For Uno: Pin 2 is INTO, Pin 3 is INT1

attachInterruiti diiitalPinToInterruiti encoderaPinA i, readEncoderaA, RISING i;

// Initialize motor to stopped state

setMotorai 0, true i; /I Speed 0, forward (direction doesn't matter much at speed 0)

lastPIDTime = millis();
lastSpeedCalcTime = millis();

Serial.printIn("Enter target RPM via Serial Monitor (e.g., 'al00' or 'b100' for 100 RPM, 'p1.5'
for Kp=1.5):");

}

I /
//MAIN LOOP

I //

void loop() {
handleSeriallnput(); / Check for commands to change setpoint or PID gains

unsigned long currentTime = millis();

// Calculate Current Speed periodically
if (currentTime - lastSpeedCalcTime >= speedCalclnterval) {

loni currentPulsesa = encoderaPulses; / Make a copy for safe calculation

double deltaTimeSeconds = (currentTime - lastSpeedCalcTime) / 1000.0;

long pulsesDeltaa = currentPulsesa - prevEncoderPulsesa;

irevEncoderPulsesa = currentPulsesa;

//RPM = (Pulses / PulsesPerRevolution) / (TimeDelta in Minutes)
WRPM = (PulsesDelta / pulsesPerRevolution) * (60 / deltaTimeSeconds)

Commented [EA4]: Two ISRs are created for each encoder to
count pulses (readEncoder1A, readEncoder1B for motor 1 and
readEncoder2A, readEncoder2B for motor 2).

if (deltaTimeSeconds > 0) { // Avoid division by zero

currentRPMa = idouble ii ﬁulsesDeltaai / ﬁulsesPerRevolution * 60.0 / deltaTimeSeconds;

} else {
currentRPMa = 0;

}

lastSpeedCalcTime = currentTime;

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1

Page 9|14

Commented [EA5]: The loop contains logic to calculate the
RPM using encoder counts for both motors independently.

Page 111



¥

deol

nnnnnnnnnnnnnnn

// Optional: Moving average filter for RPM if it's too nois;

V/ Compute K’ID periodically | PID Control: Each motor has its own PID :Commented [EA6]
if ( currentTime - lastPIDTime >= pl dInterval) { control calculations, updating PWM outputs for each motor based on

the calculated PID outputs.

// Proiortional Term

// Integral Term (with anti-windu

// Derivative Term
// Constrain PID output to PWM range (0-255 for Arduino analogWrite)

// For bi-directional control, PID outiut miiht be -255 to 255

// Determine direction based on target RPM (or PID output sign if you map it differently)
// positive targetRPM is always for forward.
// For reverse, you might use negative targetRPM.
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lastPIDTime = currentTime;

/1 I/
J//MOTOR [CONTROL FUNCTION
//
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I/ /
//[HANDLE SERIAL INPUT FUNCTION
I/ /

void handleSeriallnput() {
if (Serial.available() > 0) {
String command = Serial.readStringUntil("\n');
command.trim();

else if (command.startsWith("p")) { // Set Kp, e.g., p2.5
Kp = command.substring(1).toFloat();
Serial.print("New Kp: "); Serial.println(Kp);
} else if (command.startsWith("i")) { // Set Ki, e.g., i5.0
Ki = command.substring(1).toFloat();
Serial.print("New Ki: "); Serial.println(Ki);
} else if (command.startsWith("d")) { // Set Kd, e.g., d0.1
Kd = command.substring(1).toFloat();
Serial.print("New Kd: "); Serial.println(Kd);
} else {
Serial.println("Unknown command. Use 's[RPM]', 'p[Kp]', 'i[Ki]', 'd[Kd]");
¥
}
}
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‘

PID DC Motor Speed Control

Enter target RPM via Serial Monitor (e.g., 'al00' or 'b100' for 100 RPM, 'p1.5' for Kp=1.5):

Target: 200.00 RPM, Current: 0.00 RPM, Error: 200.00, P: 600.00, I: 8.00, D: 2000.00, PWM: 255

Target2: 200.00 RPM, Current2: 0.00 RPM, Error2: 200.00, P2: 600.00, 12: 8.00, D2: 2000.00, PWM2: 255
Target: 200.00 RPM, Current: 12.40 RPM, Error: 187.60, P: 562.80, I: 15.50, D: -124.02, PWM: 255
Target2: 200.00 RPM, Current2: 12.40 RPM, Error2: 187.60, P2: 562.80, 12: 15.50, D2: -124.02, PWM2: 255
Target: 200.00 RPM, Current: 49.40 RPM, Error: 150.60, P: 451.81, I: 21.53, D: -369.95, PWM: 103
Target2: 200.00 RPM, Current2: 49.40 RPM, Error2: 150.60, P2: 451.81, 12: 21.53, D2: -369.95, PWM2: 103
Target: 200.00 RPM, Current: 78.41 RPM, Error: 121.59, P: 364.78, I: 26.39, D: -290.08, PWM: 101
Target2: 200.00 RPM, Current2: 72.32 RPM, Error2: 127.68, P2: 383.03, 12: 26.64, D2: -229.26, PWM2: 180
Target: 200.00 RPM, Current: 93.19 RPM, Error: 106.81, P: 320.43, I: 30.66, D: -147.85, PWM: 203
Target2: 200.00 RPM, Current2: 88.05 RPM, Error2: 111.95, P2: 335.86, 12: 31.11, D2: -157.25, PWM2: 209
Target: 200.00 RPM, Current: 108.13 RPM, Error: 91.87, P: 275.61, I: 34.34, D: -149.41, PWM: 160
Target2: 200.00 RPM, Current2: 117.65 RPM, Error2: 82.35, P2: 247.06, 12: 34.41, D2: -295.99, PWM2: 14
Target: 200.00 RPM, Current: 126.88 RPM, Error: 73.12, P: 219.35, I: 37.26, D: -187.53, PWM: 69
Target2: 200.00 RPM, Current2: 133.07 RPM, Error2: 66.93, P2: 200.78, 12: 37.08, D2: -154.25, PWM2: 83
Target: 200.00 RPM, Current: 136.31 RPM, Error: 63.69, P: 191.07, I: 39.81, D: -94.27, PWM: 136
Target2: 200.00 RPM, Current2: 125.89 RPM, Error2: 74.11, P2: 222.34, 12: 40.05, D2: 71.85, PWM2: 255
Target: 200.00 RPM, Current: 139.70 RPM, Error: 60.30, P: 180.91, I: 42.22, D: -33.86, PWM: 189
Target2: 200.00 RPM, Current2: 128.75 RPM, Error2: 71.25, P2: 213.74,12: 42.90, D2: -28.68, PWM2: 227
Target: 200.00 RPM, Current: 150.20 RPM, Error: 49.80, P: 149.39, I: 44.22, D: -105.06, PWM: 88
Target2: 200.00 RPM, Current2: 151.94 RPM, Error2: 48.06, P2: 144.17,12: 44.82, D2: -231.89, PWM2: 42
Target: 200.00 RPM, Current: 158.38 RPM, Error: 41.62, P: 124.87, I: 45.88, D: -81.76, PWM: 88

Target2: 200.00 RPM, Current2: 162.25 RPM, Error2: 37.75, P2: 113.25,12: 46.33, D2: -103.06, PWM2: 56
Target: 200.00 RPM, Current: 159.13 RPM, Error: 40.87, P: 122.60, I: 47.51, D: -7.54, PWM: 162

Target2: 200.00 RPM, Current2: 151.88 RPM, Error2: 48.12, P2: 144.36, 12: 48.26, D2: 103.70, PWM2: 255
Target: 200.00 RPM, Current: 161.60 RPM, Error: 38.40, P: 115.19, I: 49.05, D: -24.70, PWM: 139
Target2: 200.00 RPM, Current2: 152.13 RPM, Error2: 47.87, P2: 143.60, 12: 50.17, D2: -2.54, PWM2: 191
Target: 200.00 RPM, Current: 169.09 RPM, Error: 30.91, P: 92.72, I: 50.29, D: -74.91, PWM: 68

Target2: 200.00 RPM, Current2: 172.45 RPM, Error2: 27.55, P2: 82.64, 12: 51.27, D2: -203.17, PWM2: 69
Target: 200.00 RPM, Current: 169.66 RPM, Error: 30.34, P: 91.02, I: 51.50, D: -5.67, PWM: 136

Target2: 200.00 RPM, Current2: 180.30 RPM, Error2: 19.70, P2: 59.11, 12: 52.06, D2: -78.44, PWM2: 32
Target: 200.00 RPM, Current: 168.70 RPM, Error: 31.30, P: 93.89, I: 52.75, D: 9.57, PWM: 156

Target2: 200.00 RPM, Current2: 167.91 RPM, Error2: 32.09, P2: 96.27, 12: 53.34, D2: 123.86, PWM2: 255
Target: 200.00 RPM, Current: 173.54 RPM, Error: 26.46, P: 79.39, I: 53.81, D: -48.35, PWM: 84

Target2: 200.00 RPM, Current2: 165.90 RPM, Error2: 34.10, P2: 102.30, 12: 54.71, D2: 20.08, PWM2: 177
Target: 200.00 RPM, Current: 174.93 RPM, Error: 25.07, P: 75.22, I: 54.81, D: -13.90, PWM: 116

Target2: 200.00 RPM, Current2: 183.35 RPM, Error2: 16.65, P2: 49.96, 12: 55.37, D2: -174.44, PWM2: 69
Target: 200.00 RPM, Current: 174.22 RPM, Error: 25.78, P: 77.35, I: 55.85, D: 7.10, PWM: 140

Target2: 200.00 RPM, Current2: 190.83 RPM, Error2: 9.17, P2: 27.50, 12: 55.74, D2: -74.88, PWM2: 8
Target: 200.00 RPM, Current: 176.48 RPM, Error: 23.52, P: 70.57, I: 56.79, D: -22.60, PWM: 104

Target2: 200.00 RPM, Current2: 177.40 RPM, Error2: 22.60, P2: 67.80, 12: 56.65, D2: 134.34, PWM2: 255

MU-EPP-FM-010 Issue date: 01November2025 Issue no.1 Page 13|14 Page 111



[

6jliall

Target: 200.00 RPM, Current: 177.50 RPM, Error: 22.50, P: 67.50, I: 57.69, D: -10.23, PWM: 114
Target2: 200.00 RPM, Current2: 174.96 RPM, Error2: 25.04, P2: 75.12, 12: 57.65, D2: 24.40, PWM2: 157
Target: 200.00 RPM, Current: 177.28 RPM, Error: 22.72, P: 68.16, I: 58.60, D: 2.21, PWM: 128

Target2: 200.00 RPM, Current2: 191.81 RPM, Error2: 8.19, P2: 24.58, 12: 57.97, D2: -168.49, PWM2: 85
Target: 200.00 RPM, Current: 177.86 RPM, Error: 22.14, P: 66.43, I: 59.48, D: -5.78, PWM: 120

Target2: 200.00 RPM, Current2: 197.66 RPM, Error2: 2.34, P2: 7.03, 12: 58.07, D2: -58.49, PWM2: 6
Target: 200.00 RPM, Current: 179.89 RPM, Error: 20.11, P: 60.33, I: 60.29, D: -20.34, PWM: 100

Target2: 200.00 RPM, Current2: 184.09 RPM, Error2: 15.91, P2: 47.73, 12: 58.70, D2: 135.67, PWM2: 242
Target: 200.00 RPM, Current: 179.09 RPM, Error: 20.91, P: 62.74, 1: 61.12, D: 8.03, PWM: 131

Target2: 200.00 RPM, Current2: 180.35 RPM, Error2: 19.65, P2: 58.96, 12: 59.49, D2: 37.42, PWM2: 155
Target: 200.00 RPM, Current: 178.40 RPM, Error: 21.60, P: 64.80, I: 61.99, D: 6.88, PWM: 133

Target2: 200.00 RPM, Current2: 196.51 RPM, Error2: 3.49, P2: 10.48, 12: 59.63, D2: -161.59, PWM2: 91
Target: 200.00 RPM, Current: 181.05 RPM, Error: 18.95, P: 56.84, I: 62.74, D: -26.53, PWM: 93

Target2: 200.00 RPM, Current2: 201.93 RPM, Error2: -1.93, P2: -5.78, 12: 59.55, D2: -54.19, PWM2: 0
Target: 200.00 RPM, Current: 180.70 RPM, Error: 19.30, P: 57.89, I: 63.52, D: 3.48, PWM: 124

Target2: 200.00 RPM, Current2: 187.54 RPM, Error2: 12.46, P2: 37.38, 12: 60.05, D2: 143.87, PWM2: 241
Target: 200.00 RPM, Current: 180.60 RPM, Error: 19.40, P: 58.20, I: 64.29, D: 1.04, PWM: 123

Target2: 200.00 RPM, Current2: 183.79 RPM, Error2: 16.21, P2: 48.62, 12: 60.70, D2: 37.44, PWM2: 146
Target: 200.00 RPM, Current: 180.57 RPM, Error: 19.43, P: 58.29, I: 65.07, D: 0.31, PWM: 123

Target2: 200.00 RPM, Current2: 199.26 RPM, Error2: 0.74, P2: 2.23,12: 60.73, D2: -154.62, PWM2: 91
Target: 200.00 RPM, Current: 181.18 RPM, Error: 18.82, P: 56.45, I: 65.82, D: -6.13, PWM: 116

Target2: 200.00 RPM, Current2: 204.60 RPM, Error2: -4.60, P2: -13.81, 12: 60.55, D2: -53.48, PWM2: 6
Target: 200.00 RPM, Current: 181.78 RPM, Error: 18.22, P: 54.65, I: 66.55, D: -6.00, PWM: 115

Target2: 200.00 RPM, Current2: 188.81 RPM, Error2: 11.19, P2: 33.57, 12: 60.99, D2: 157.96, PWM2: 252
Target: 200.00 RPM, Current: 181.40 RPM, Error: 18.60, P: 55.81, I: 67.29, D: 3.86, PWM: 126

Target2: 200.00 RPM, Current2: 184.64 RPM, Error2: 15.36, P2: 46.09, 12: 61.61, D2: 41.72, PWM2: 149
Target: 200.00 RPM, Current: 183.15 RPM, Error: 16.85, P: 50.54, I: 67.97, D: -17.59, PWM: 100
Target2: 200.00 RPM, Current2: 201.94 RPM, Error2: -1.94, P2: -5.83, 12: 61.53, D2: -173.06, PWM2: 117
Target: 200.00 RPM, Current: 181.71 RPM, Error: 18.29, P: 54.87, I: 68.70, D: 14.45, PWM: 138

Target2: 200.00 RPM, Current2: 205.86 RPM, Error2: -5.86, P2: -17.57, 12: 61.30, D2: -39.13, PWM2: 4
Target: 200.00 RPM, Current: 181.99 RPM, Error: 18.01, P: 54.02, I: 69.42, D: -2.83, PWM: 120

Target2: 200.00 RPM, Current2: 189.81 RPM, Error2: 10.19, P2: 30.58, 12: 61.70, D2: 160.50, PWM2: 252
Target: 200.00 RPM, Current: 183.16 RPM, Error: 16.84, P: 50.53, I: 70.09, D: -11.65, PWM: 108
Target2: 200.00 RPM, Current2: 186.07 RPM, Error2: 13.93, P2: 41.80, 12: 62.26, D2: 37.38, PWM2: 141
Target: 200.00 RPM, Current: 183.51 RPM, Error: 16.49, P: 49.48, I: 70.75, D: -3.50, PWM: 116

Target2: 200.00 RPM, Current2: 201.37 RPM, Error2: -1.
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