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Introduction
             This assignment includes two tasks, the first one is about writing a programme in C language using Arduino controller to control a dc motor control module using a pulse width modulated signal, as the speed of the motor changes according to the change on the pulse width, where it runs in full speed in the clockwise direction when the pulse width is 1.5 mS, and runs on full speed in the anticlockwise direction when the pulse width is 0.5 mS, and stops when the pulse width is 1 mS.
         There will be two latching switches B and C, and one push button A which increases or decreases the pulse width by 0.01 mS. Switch, and that according to switch B state, if it is on, then switch A increases the pulse width but if it is off, switch A decreases the pulse width. While switch C is to put all the system on or off at any time.
          The second task is also about writing a programme in C language using Arduino controller, but this time to control the flow of traffic into a car park. The capacity of the car park is 20 cars at time. Also, the car park is provided with three sensors, and their usage as follows: to detect cars arriving at the entrance gate, to detect cars passed through the barrier and to detect cars exiting from the car park.
         Also, lights are provided to control and regulate the flow of the cars to the car park. The work of these lights is connected to state of the car park and the sensors, as when the barrie, which operates with stepper motor, is raised a green lamp is illuminated to allow the car in. and a red lamp will be illuminated after the car has passed the barrier, to prevent cars approaching the barrier. And when the car park reaches its full capacity, a sign says “car park full” will be illuminated to avoid more cars entering to the car park. 
          Task one 
           In order to achieve any programming task, it would be better before diving in to the code, to draw a flow chart illustrates how the programme expected to work, mentioning all the steps. This would be the road map for the code and makes the code writing much easier by following the flow chart which leads to much easier code debugging.
          Therefore, a flow chart for the programme has been created as it is clear in the figure below. The main points which the programme revolve on, are the sensors and the value of the speed variable which resembles the motor’s on delay time. Therefore, the programme will follow these stages:
1) The programme starts with speed 1 mS, at which the motor stops. 
2) Then the state of switch C will be checked, which acts as on / off switch to the motor and the whole system.
a) If switch C is LOW, the whole system will be put off which implies putting the power pin of the motor off and the enable pin of the motor off also switch B will be put off. The programme will be going on this loop until the user puts switch C on.
b) If switch C is on, then the programme will exit that loop moving to the next stage by checking weather switch B is on.
3) If switch B is on, the programme will keep moving to check weather the motor’s speed “on delay time” is less than the maximum clockwise speed.
a) As long as that condition is TRUE which means the motor’s speed “on delay time” is less than the maximum clockwise speed which is 1.5 mS, then the programme will keep checking switch A and each time it is on, the programme will add 0.01mS to the speed “on delay time”, which makes the on delay time longer and the motor moves faster. The programme will keep doing this until the condition is FALSE or the user puts switch B off by pressing it.
b) If the condition is FALSE meaning the speed reaches the maximum clockwise speed “1.5 mS”, then the programme will print on the serial monitor the following statement: “the speed is equal to the maximum clockwise speed, please press switch B”. the programme will stay in this loop printing that statement until the user presses switch B to put it off.
4) Once the user puts switch B off by pressing it, the programme will exit that loop moving forward to check weather the motor’s speed “on delay time” is equal to the minimum anticlockwise speed.
a) As long as this condition is FALSE which means the motor’s speed “on delay time” is NOT equal to the minimum anticlockwise speed “0.5 mS”, then the programme will keep checking switch A and each time it is on, the programme will subtract 0.01mS from the speed “on delay time”, which makes the on delay time shorter and the motor moves slower until it reaches the stop speed then stars to move faster. The programme will keep doing this until the condition is TRUE or the user puts switch B off by pressing it.
b) If the condition is TRUE meaning the speed reaches the minimum anticlockwise speed “0.5mS”, then the programme will print on the serial monitor the following statement: “the speed is equal to the minimum anticlockwise speed, please press switch B”. the programme will stay in this loop printing this statement until the user presses switch B to put it off, and the programme will return back to stage 3.


[image: ] 
Code writing obstacles 
          The code writing process was smooth because the flow chart had been followed strictly. But after testing the programme one problem showed on the horizon, as each time switch A is pressed, the motor’s speed “on delay time” increases more than 0.01mS whereas it is supposed to increase only 0.01mS a time. This was because when the switch is pressed, it does not go straight forward as expected because of the mechanical bouncing which the reaction or the response of the switch to the acting force which includes vibration, therefore, it takes the switch a few time to settle down after the acting force removed which is the user, but the microcontroller’s speed is extremely high measured is milliseconds, therefore for the controller the switch moves between on and off many times not only once.
          To debounce the latching switches B and C, only a delay will be used as the latching switch goes from LOW to HIGH then bounce between LOW and HIGH and at the end settles on HIGH or vice versa, the debouncing will start by taking a reading for the switch and if is HIGH the a delay will be used to give the switch time to settle down, then that reading will be the final reading.
           To debounce the push button A different technique will be used as the push button once pressed goes from LOW to HIGH then bounce between LOW and HIGH and at the end settles back on LOW. Therefore, the debouncing starts with taking a reading of the push button and if it is HIGH, this reading will be stored in another variable then delay the programme until the push button finishes bouncing, then the value of the variable will be used to execute the required code then put the variable to LOW.
The PWM programme code

/* This programme simulates the control process of dc motor module using pulse width modulator
Written by Samih Altigany */


const int sensor1 =2;                    // the number of switch A pin
const int sensor2 =3;                    // the number of switch B pin
const int sensor3 =4;                    // the number of switch C pin
const int pwpin=13;                        // the number of the power pin supplying power to the motor
const int enpin=11;                           // the number of the enable pin


int speedo1 = 1500;                        // the starting speed when the motor is at rest
int fullcw = 2000;                         // the full speed clockwise
int fullac = 1000;                        // the full speed anticlockwise

//DEBOUNCEING
           
int s1default = LOW;                      // the primary state of switch A
int s2default = LOW;                      // the primary state of switch B
int s3default = LOW;                      // the primary state of switch C

//int s3reading1;                           // the first reading of switch C
//int s3reading2;                           // the second reading of switch C
                      
int s2output = LOW;
int enpinstate = HIGH;                     // the default state for the enable pin

void setup() {
  // put your setup code here, to run once:
Serial.begin(9600);

pinMode(sensor1,INPUT);
pinMode(sensor2,INPUT);
pinMode(sensor3,INPUT);
pinMode(enpin,OUTPUT);
pinMode(pwpin,OUTPUT);


}

void loop() {
  // put your main code here, to run repeatedly:
 //debouncing sensor3
 //debouncing sensor3

 int s3reading1 = digitalRead(sensor3);                          // first reading to see if the switch been pressed
  if (s3reading1 != s3default) {                             // if the reading of the switch is HIGH
    delay(1000);}                                            // wait until the button settles down and finishes bouncing
    int s3reading2 = digitalRead(sensor3);                      // second reading to make sure the bouncing finished
    if (s3reading1 != s3reading2) {                         // if the second reading is LOW that means the bouncing finished
      s3reading2 = s3reading1;}                             // make the second reading equal to the first reading which is HIGH
 // end of debouncing s3                                                                     

      if(s3reading2==HIGH){                                 // if the second reading is HIGH
        enpinstate = !enpinstate;                           // change the enable pin state which is LOW to the opposite each time the switch is HIGH "flip-flop"
         Serial.print(" ENABLE PIN STATE IS ");
         Serial.println(enpinstate); 
         digitalWrite(enpin, enpinstate);}                  // put the enable pin HIGH or LOW according to the enable pin state
          //digitalWrite(enred,enpinstate);                   // put the red light connected to the enablr pin HIGH or LOW according to the enable pin state
     
      
                              
 //debouncing sensor2

                                    
                                    int s2reading1 = digitalRead(sensor2);              // first reading to see if the switch just been pressed
                                   if (s2reading1 != s2default) {                        // if the reading of the switch is HIGH
                                   delay(1000);}                                         // wait until the button settles down and finishes bouncing
                                   int s2reading2 = digitalRead(sensor2);                // second reading to make sure the bouncing finished
                                   if (s2reading1 != s2reading2)                          // if the second reading is LOW that means the bouncing finished
                                   {s2reading2 = s2reading1;}                              // make the second reading equal to the first reading which is HIGH
                                    
                                  // end of debouncing s2  
                                   if(s2reading2==HIGH){                                    // if the second reading is HIGH                     
                                   s2output = !s2output;                                     // change the enable pin state which is LOW to the opposite each time the switch is HIGH "flip-flop"
                                   Serial.print("  S2 OUTPUT IS ");
                                    Serial.println(s2output);} 
                                    //digitalWrite(red,s2output); 

 
/*
 int s3reading2 = digitalRead(sensor3);                          // first reading to see if the switch been pressed
  if (s3reading2 == HIGH) {                             // if the reading of the switch is HIGH
    //delay(1000);                                            // wait until the button settles down and finishes bouncing
   // s3reading2 = digitalRead(sensor3);                      // second reading to make sure the bouncing finished
   // if (s3reading1 != s3reading2) {                         // if the second reading is LOW that means the bouncing finished
     // s3reading2 = s3reading1;                             // make the second reading equal to the first reading which is HIGH
      Serial.print(" SWITCH C IS ");
      Serial.println(s3reading2);
      enpinstate = !enpinstate;
      Serial.print("the enable pin is  ");
      Serial.println(enpinstate);
      digitalWrite(enpin,enpinstate);}                    // put the enable pin HIGH or LOW according to the enable pin state

       
 // end of debouncing s3                                                                     
         
                              
 //debouncing sensor2

                                    
                                    int s2reading2 = digitalRead(sensor2);              // first reading to see if the switch just been pressed
                                   if (s2reading2 == HIGH) {                             // if the reading of the switch is HIGH
                                   //delay(1000);                                          // wait until the button settles down and finishes bouncing
                                    Serial.print(" SWITCH B IS ");
                                    Serial.println(s2reading2);}
                                  // int s2reading2 = digitalRead(sensor2);                // second reading to make sure the bouncing finished
                                  // if (s2reading1 != s2reading2)                          // if the second reading is LOW that means the bouncing finished
                                  // {s2reading2 = s2reading1;}                              // make the second reading equal to the first reading which is HIGH

                                     // end of debouncing s2  */
                                     
                                            //debouncing sensor1
                                              
                                                int s1reading1 = digitalRead(sensor1);       // first reading to see if the switch just been pressed
                                             if (s1reading1 != s1default) {                   // if the reading of the switch is HIGH
                                               delay(1000);}                                   // wait until the button settles down and finishes bouncing    
                                              int s1reading2 = digitalRead(sensor1);            // second reading to make sure the bouncing finished
                                            if (s1reading1 != s1reading2){                       // if the second reading is LOW that means the bouncing finished
                                             s1reading2 = s1reading1;}                           // make the second reading equal to the first reading which is HIGH
                                                      
                  
                                           // end of debouncing s1 
                                           
                                          
                        if (enpinstate == LOW){                                                // if switch C "enable pin" is HIGH
                                 if (s2output == HIGH){                                         // if switch B is HIGH
                                          if (speedo1 < fullcw) {                               // if the speed is less than the full clockwise speed
                                                     if(s1reading2==HIGH) {                     // if switch A is HIGH          
                                             speedo1 = speedo1+10;}                            // increment the on delay time by 1000
                                             Serial.print("speedo1 is  ");
                                             Serial.println(speedo1);
                                             digitalWrite(pwpin,HIGH);                           // put the blue light on
                                             delayMicroseconds(speedo1);                                    // on delay time is speedo
                                             digitalWrite(pwpin,LOW);                           // put the blue led off
                                             delayMicroseconds(20000);                                    // off delay time is 20 mS

                                                         
                                                                     
                        }

else {                                                // if the speed is NOT less than the full clockwise speed
  Serial.println("speed equals maximum clockwise speed, please press switch B ");
  Serial.println("");}
  



                              
                     }

                                                                                         
                         
                        else{                                       // if switch B is off , LOW
                          if (speedo1 == fullac)                    // if speedo equals to full anticlockwise speed
                          {
                                             Serial.println("speed equals maximum anticlockwise, please press switch B   ");
                                             Serial.println("");}
                                          
                          
                          
                         else {                            // if the speed is NOT equals to the full anticlockwise speed
                                               if(s1reading2==HIGH){                     // if switch A is on       
                                             speedo1 = speedo1-10;}                       // decrement the on delay time by 1000
                                             Serial.print("speedo is  ");
                                             Serial.println(speedo1);
                                             digitalWrite(pwpin,HIGH);                       // put the white led on
                                             delayMicroseconds(speedo1);                    // on delay time by spedo
                                             digitalWrite(pwpin,LOW);                        // put the white led off
                                             delayMicroseconds(20000);                        // off delay time is 20 mS
                                          }
                        }
                                          

                        }

 else{                  // if switch C "enable pin" is off 
               
               digitalWrite(pwpin,LOW);             // put the white led off
               digitalWrite(enpin,HIGH);             // put the enable pin off
               Serial.println(" the motor is off please press switch C to start   ");
               Serial.println("");
               s2output=0;}                         // put switch B off  
              
               
             
              }

                     
 /*                      THE END OF THE PROGRAMME                */
 
                     
                     


Programme testing 
To test the programme, I created breadboard test circuit supported with many LEDs and three push buttons simulates switch A, B and C. this circuit connected to the motor modulate to test the programme, the programme works considerably well as shown in the photo below.
[image: ]
Task two
In order to write a programme controls the traffic flow in to a car park with the specifications mentioned previously, as usual started by drawing the appropriate flow chart as shown below.
[image: ] 
 
As it is clear on the flow chart above, the programme starts with an empty car park, then putting the red light on and the sign says “car park full” off, then it follows these stages:
1) Check weather the car park is full, and this by checking the number on the counter variable. 
a) As long as that condition is TRUE, the “car park full” sign will be illuminated, and the programme will be in a loop checking if there is a car exiting from car park. If it is TRUE, then programme will exit the loop and the “car park full” sign will be put off, and one car will be deducted from the total number of cars in the car park which makes the condition in step 1) FALSE “the car park is NOT full”.
2) As long as the condition is FALSE which means the car park is NOT full, the programme will proceed to check weather there is a car at the entrance gate. 
3) As long as its FALSE which means there is no car at the entrance gate, the programme will go in a loop executing point a) again and stay in this loop until the condition is TRUE.  
4) Once the condition is TRUE meaning there is a car at the entrance gate, the barrier will be opened and the green light will be illuminated and the red light will be put off ready for the car to get in the car park.
5) Then the programme will check weather that car has left the entrance gate, if TRUE, then the red light will be illuminated, the green light will be put off, the barrier will be closed and one car will be added to the total number of the cars in the car park which called the counter.
Code writing obstacles
          The main obstacle when testing this programme was solving the push buttons bouncing as without debouncing only one press on a push button at the entrance gate could lead to make the counter full or totally empty if the push button at the exit gate is pressed.
          As these push buttons are used as sensors which means they are normally LOW but once pressed by the user, they go bounce between LOW and HIGH then settle down back on LOW. But what is required from them to do is to go from LOW to HIGH then back to LOW, so, the same technique is used in these push buttons as in the push button in the PWM project.

The car park traffic control programme code

/*
This programme simulates the control process of the traffic flow of a car park 
Written by Samih Altigany
*/

#include <Stepper.h>

const int stepsPerRevolution=200;  // change this to fit the number of steps per revolution
// for your motor

// initialize the stepper library on pins 8 through 11:
Stepper myStepper(stepsPerRevolution, 8, 11, 12, 13);

int motorspeed=60;
int times;
int newstep = 50;
const int enablepin1 =9;                       // the number of the first enable pin of the stepper motor
const int enablepin2 =10;                      // the number of the second enable pin of the stepper motor

const int sensor1 =2;                          // the number of sensor 1 pin
const int sensor2 =3;                          // the number of sensor 2 pin
const int sensor3 =4;                          // the number of sensor 3 pin
const int red =6;                              // the number of the red led pin
const int green =5;                            // the number of the green led pin
const int cpfull =7;                           // the number of the car park full sign pin

int counter = 0;                               // the counter for the number of the cars in the car park
int full = 5;                                  // the capacity of the car park

//DEBOUNCEING
           
int s1default = LOW;                            // the primary state of sensor 1
int s2default = LOW;                            // the primary state of sensor 2
int s3default = LOW;                            // the primary state of sensor 3
int s3reading1;                                 // the first reading of sensor 3
int s3reading2;                                 // the second reading of sensor 3

void setup() {
 
 
  // initialize the serial port:
  Serial.begin(9600);

pinMode(sensor1,INPUT);
pinMode(sensor2,INPUT);
pinMode(sensor3,INPUT);
pinMode(red,OUTPUT);
pinMode(green,OUTPUT);
pinMode(cpfull,OUTPUT);

 // set the speed at 60 rpm:
pinMode(enablepin1,OUTPUT);
pinMode(enablepin2,OUTPUT);
digitalWrite(enablepin1,HIGH);
digitalWrite(enablepin2,HIGH);

digitalWrite(red,HIGH);                       // put the red light on

}

void loop() {


if (counter== full)                             // if the car park is full
{
{Serial.println("the car park is full ");       // write on the serial moniter the car park is full
digitalWrite(red,HIGH);                         //put the red light on 
digitalWrite(cpfull,HIGH);                      // put the full sighn on
digitalWrite(green,LOW);}                       // put the green light off

       // check if a car on the exit s3
      Serial.println("test if car on the exit gate ");        // check if a car on the exit gate 

      //debouncing sensor3
 s3reading1 = digitalRead(sensor3);                           // first reading to see if the sensor been pressed
Serial.print("sensor3     ");             
Serial.println(s3reading1);
  if (s3reading1 != s3default) {                               // if the reading of the sensor is HIGH
    delay(1000);}                                              // wait until the button settles down and finishes bouncing
    s3reading2 = digitalRead(sensor3);                         // second reading to make sure the bouncing finished
    if (s3reading1 != s3reading2) {                            // if the second reading is LOW that means the bouncing finished
      s3reading2 = s3reading1;}                                // make the second reading equal to the first reading which is HIGH
 // end of debouncing s3                                                                     

      if(s3reading2==HIGH){                                    // if the second reading is HIGH
        Serial.print("sensor 3 state is  ");   
       Serial.println(s3reading2);
        counter--;                                             // subtract one car of the car park  
        digitalWrite(cpfull,LOW);                              // put the full sign off
         digitalWrite(green,LOW);                              // put the green light off
         digitalWrite(red,HIGH);}                              // put the red light on
        }
       
                    
                            
else {                                                        // if the car park is NOT full
                   
                   Serial.println("test if car on the entrance gate ");        // check if a car on the entrance gate s1
                   
                    //debouncing sensor1

                  int s1reading1 = digitalRead(sensor1);                       // first reading to see if the sensor been pressed
                  if (s1reading1 != s1default) {                               // if the reading of the sensor is HIGH                     
                   delay(1000);}                                               // wait until the button settles down and finishes bouncing
                 int s1reading2 = digitalRead(sensor1);                         // second reading to make sure the bouncing finished        
               if (s1reading1 != s1reading2){                                   // if the second reading is LOW that means the bouncing finished
                  s1reading2 = s1reading1;}                                     // make the second reading equal to the first reading which is HIGH
                  
                  // end of debouncing s1 
                  

                    //debouncing sensor2

                                     
                                    int s2reading1 = digitalRead(sensor2);       // first reading to see if the sensor been pressed
                                   if (s2reading1 != s2default) {                // if the reading of the sensor is HIGH 
                                   delay(1000);}                                 // wait until the button settles down and finishes bouncing
                                   int s2reading2 = digitalRead(sensor2);        // second reading to make sure the bouncing finished 
                                   if (s2reading1 != s2reading2) {               // if the second reading is LOW that means the bouncing finished
                                   s2reading2 = s2reading1;}                     // make the second reading equal to the first reading which is HIGH
                                  // end of debouncing s2  

                   
                   if(s1reading2==HIGH)                                          // if there is a car on the entrance gate                                        
                      {Serial.println("COUNTER NOT FULL LOOP BEGINS");
                       Serial.print("sensor 1 state is  ");
                        Serial.println(s1reading2);
                        myStepper.step(newstep);                                 // open the gate 
                        digitalWrite(green,HIGH);                                // put the green light on
                        digitalWrite(red,LOW);}                                  // put the RED light oFF

                        else                                                     // if there is a car on the entrance gate                            
                 Serial.println("test if car on the exit gate ");                // check if a car on the exit gate s3

                 //debouncing sensor3

                 s3reading1 = digitalRead(sensor3);                              // first reading to see if the sensor been pressed
                 if (s3reading1 != s3default) {                                  // if the reading of the sensor is HIGH 
                delay(1000);}                                                    // wait until the button settles down and finishes bouncing
                s3reading2 = digitalRead(sensor3);                              // second reading to make sure the bouncing finished 
                if (s3reading1 != s3reading2) {                                 // if the second reading is LOW that means the bouncing finished
               s3reading2 = s3reading1;}                                        // make the second reading equal to the first reading which is HIGH
                
                // end of debouncing s3    
                                                                                 
                 if(s3reading2==HIGH){                                         // if there is a car on the entrance gate  
                 Serial.print("sensor 3 state is  ");
                 Serial.println(s3reading2);
                digitalWrite(cpfull,LOW);                                      // put the full sign off
                digitalWrite(green,LOW);                                       // put the green light off
                digitalWrite(red,HIGH);                                        // put the red light on
                counter--;}                                                    // substranct one from the number of the cars in the car park


                      
                        
                        if(s2reading2==HIGH)                                   // check if a car left the entrance gate s2
                        {counter++;                                            // add one car to the car park
                        myStepper.step(-newstep);                              // close the gate 
                        Serial.print("sensor 2 state is  ");
                        Serial.println(s2reading2);
                        digitalWrite(green,LOW);                              // put the green light off 
                        digitalWrite(red,HIGH);}                              // put the red light on
                        
                                 
                } 
}           
                   
/*                    THE END OF THE PROGRAMME                    */
  

Testing the programme 
To test the programme, I created breadboard test circuit supported with green and red LEDs simulate the green and the red lights and a yellow LED simulates the “car park full” sign as shown below, the programme works considerably well as shown in the photo below.
[image: ]
Modifying the programme
In order to make the programme more accurate, it might be better to check if a car left from the car park after making sure a car has passed the entrance gate not just when the car park is full or when there is no car at the entrance gate, as shown in the flow chart below.
[image: ]

Conclusion 
Writing a programme starts with understanding the task or the problem, then thinking of an appropriate solution written down in the form of a flow chart which is easy to follow and to detect any faults in it, then executing the code writing.
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