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	Introduction 

In this assignment, you will see the design, code and function of a carpark that will allow a range of 10 – 255 cars entry into a carpark while counting via LDR sensors, and count the exit of 10 – 255 cars. I have decided to use 10 car spaces. The carpark will be operated via a push button for entry and a barrier firfor access. I have used the Arduino software for coding of the programme, the ultimate starter kit to build the physical aspect of the carpark supplied by Gower College Swansea. I decided to use the Arduino software because of its nature of use.  
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Orange pip/ Raspberry Pi
To build the Raspberry Pi you must first understand each component you will use. Here are call the components that will be used and soldered correctly into the PCB. As you can see, the components are labelled to the corresponding components.







[image: ]Resistors 
Starting with the resistors, there are many different values of resistors and you tell them apart by the colour coded banding. As you can see from the chart it is easy to follow. To insert the resistors into the raspberry Pi or a breadboard you will need to bend the legs of the resistor and carefully place without damaging the legs. With the raspberry Pi you will need to solder the legs in their designated place.  As you can see a 10kΩ and a 1kΩ resistor has been used. 


16 MHz Crystal
The crystal generates a stable frequency of 16MHz. These crystals are used to act as a clock signal. This is used for timing applications. 


Dual In Line socket
[image: C:\Users\ca211502\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\36028294.tmp]The DIL socket is polarity sensitive, however on the PCB you will see an outline of the component to guide you in the right direction to solder in place, there is a notch on one end of the component and the same on the PCB. 


1N4007 diode
Unlike the DIL socket this is polarity sensitive, this means a polarised component must be soldered to the PCB the correct way round, as diodes only allow for current to flow in on direction, from the anode to the cathode. The anode and cathode are easily told apart by the silver band found on the side of the cathode. Like the DIL socket, the PCB is marked correspondingly. 
 
Ceramic capacitor
In the raspberry Pi you will find ceramic capacitors of the values 0.1uF they are marked with a 104 and also a 22pF they are marked with 22, however there are many different values. The ceramic capacitor uses the ceramic material as a dielectric. These capacitors are also marked on the PCB as to where they are placed. 


7805 voltage regulator (L7805CV)
[image: ]The voltage regulator like the diodes are polarity sensitive. They need to be placed into the PCB the correct way. When looking at the finished product of the raspberry Pi you will notice that the component is at a laid flat angle against the PCB, this is done just to keep the board neat and tidy, this does not need to be done it is purely preference. There is no negative effect if the component is laid flat or upright. 

Tactile switch 
This switch is not polarity sensitive and can therefore be placed into the PCB either way it fits. This acts purely as a switch and you will find the legs of the switch have small kinks in them to keep in place onto the PCB this makes it much more effective when soldering. 

7133 Voltage Regulator
This component again is polarity sensitive, the marking on the PCB is corresponding to the component will therefore make it easier to place correctly. The flat side of the regulator will face the outside of the PCB. The 7133 voltage regulator maintains a constant 3.3v output regardless of variable input voltage or load. They will also provide a specific maximum current often around 1A – 1.5A. 



PTC resettable fuse
The Positive Temperature Coefficient resettable fuse is not a polarity sensitive component. It acts as a protective device that protects the circuit from overcurrent by temporarily increasing the resistance when the set point is exceeded. 

Electrolytic capacitor
The 47uF electrolytic capacitor is polarity sensitive. It is easy to locate the anode and cathode, the anode (positive) leg is longer than the cathode (negative). The capacitor also has a silver strip and a negative symbol to locate the cathode. Therefore, the leg marked + will corresponded with the marking on the PCB. 

I/O socket
There are x2 6 pin single row sockets and x2 8-pin single row sockets. The 6-way sockets will be placed in the ‘POWER’ and ‘ANALOG IN’ slots. The 8-way sockets will be placed in the ‘DIGITAL’ and ‘PWM’ slots. 


6-pin dual row header 
Again, this component is not polarity sensitive, however the legs on either side of the component are of different lengths. The shorter legs will be placed into the PCB to be soldered and the longer legs will be accessible from above.  





LED’s
LED’s are of course polarity sensitive, and therefore will need to be placed the correct way into the PCB. Alike the electrolytic capacitor you can use the length of legs to determine the positive and negative. The positive is the longer leg and the cathode is the shorter leg with a flat at the base of the LED. The PCB is marked with a + symbol. As you can see there will be a green and red LED, it does not matter where you out either LED as long as the anode and cathode are the correct way round. 

USB-B socket
The two large pins will act as what is known to be “anchor points”. This is to ensure that the connector will stand up to repeated plug and play of the USB cable. They also are very useful when it comes to soldering the socket into its designated place as it clips to the PCB



Power supply jack socket
The 2.1mm DC socket is similar to the USB socket. The PCB is marked where the jack will be placed and can only fit the correct way. 

ATmega328 microcontroller 
[image: See the source image]The ATmega328 microcontroller will be placed into the dual in line socket that would have been soldered into place first.  This component is polarity sensitive, one end of the microcontroller will have a notch that will correspond with the notch in the DIL socket. This will need to be placed carefully into the DIL socket to ensure none of the legs are bent or damaged. 

Final product of the Raspberry Pi

With all the components in place, and the solder joints are of good use, a blink test can now be carried out to have an understanding of basic control of microcontrollers
[image: C:\Users\ric22869222\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\4CE4B521.tmp]


















Blink test
The objective of a blink test is a small experiment. After having built the raspberry PI correctly, you are now able to carry out a blink test by the use of the USB connector port. This is a small experiment plugged into the PC and write up a code into the Arduino software, and upload into the Raspberry PI. This experiment will determine if the PCB is correct, the LED will blink at regular intervals demonstrating basic control of a digital output and timing functions given by  a pre written code in the Arduino programme. 
To carry out the blink test you will need to have built the raspberry Pi with the correct components and values, a PC, Arduino software, and a USB type A-B (or printer cable) and correct code. 
The test is carried out by locating the code required by selecting the Basics (01) a d then select blink; this will then supply you the code required. When you have the corresponding code, you are now able to upload the code. Before uploading the code you will need to compile the code to ensure there are no mistakes, however because this is a prewritten code you will find it be clear, but for good practice it is always a good idea to compile the code regardless. You can do this by plugging the Arduino into the computer using the USB cable. When the Arduino is plugged in correctly you then select the tools tab, select whichever port of the PC you have chosen to use. Then select the upload option to transfer the code from the software to the PCB you can watch the code being uploaded to the Raspberry Pi, and when successfully done you are now able to carry out the blink test. 
The blink test successfully demonstrated the basic control of an LED using the Raspberry Pi. After having done this, it is a start of having the understanding to manipulate digital output and timing functions. This is a simple start in using coding and Arduino, building from this knowledge we can now proceed to build a carpark that does the following. 
[image: ][image: ]



Bill of materials B.O.M

Before making a practical start of the carpark, a Bill of materials was carried out to help decide on what would be incorporated into the code and build. See below for the component, value and function of each part that was deciding of being used in the build. Using the ultimate starter kit, this would decide what components and features would be used


	Part (Component)
	Identification (Value) 
	Function 

	Arduino Orange PIP 75-1201
	Rapid electronics. 75-055
	Microcontroller controls and sets al inputs and outputs and executes code for the defined functionality.

	Operator terminal 
	Printed Circuit Board (GCS manufactured) 
	Interfaces the operator terminal with the Arduino. This has potential to expand functionality for example reset or override functions for safety mode 

	Light Emitting Diodes (LED)
	Red/ Green
	Indicates entry and full

	LED Wiring Loom
	Colour coded wires from GCS stock or Ultimate starter kit Model No: MS32
	To interface to microcontroller  

	Power source 
	Potentially battery or standalone PSU
	To provide power wen not connected to PSU

	Stepper motor 
	Ultimate starter kit. Model No: MS32
	To activate barrier movement 

	Liquid crystal display (LCD)
	Ultimate starter kit. Model No: MS32
	To display messages for the Car park functionality 

	Push button for entry 
	Ultimate starter kit. Model No: MS32
	Push to make. This will pull in input low on the Arduino. Code will detect change, and activate an output from the Arduino to enable the stepper motor to raise the barrier. 

	Push button loom
	Colour coded wires from GCS stock or Ultimate starter kit. Model No: MS32
	Interconnections to the Arduino. Colour coded o help with the construction and reduce confusion when fault finding. 

	Sensor 1 entry infra-red beam break sensor
	Ultimate starter kit. Model No: MS32
	This will be an infra-red source and detect. Opto electronics reduces the need for a physical connection. However, you may need to included a filter to prevent spurious triggering of the sensor. Once again, the change of state of the break beam will need to be fed to the input of the Arduino. This is detected by the code and the output program will run with messages like car count and spaces.

	Sensor 2 exit infra-red beam break sensor
	Ultimate starter kit. Model No: MS32
	This will be an infra-red source and detector. Opto electronics reduces the need for a physical connection. However, you may need to include a filter to prevent spurious triggering of the sensor. Once again, the change of state of the break beam will need to be fed to the input of the Arduino. This is detected by the code and the output program will run

	Licence plate recognition camera  
	Ultimate starter kit. Model No: MS32
	This will have to be positioned to focus on the plate. For the functionality test we could create a bespoke licence plate that the Arduino will either recognise as an analogue reading and convert to digital code using ADC on the Arduino. It may also be possible to use a RFID indicator to identify vehicles. This is dependant on budget and the complexity of the code developed.

	Board to mount on the equipment and sensors, Plywood. 
	B&Q
	

	3D printing material
	GCS
	To manufacture enclosures and any extra design requirements.

	
	
	

	
	
	

	
	
	


GCS - Gower College Swansea



Carpark

1. An operator sets the maximum available number of parking spaces ( in the range 10 to 255. 
2. Cars arriving at the entrance are initially prevented from entry by a barrier. 
A red light will also be illuminated 
3. The driver of the car may request entry by pressing a push button. 
4. If the car park is full then a full sign is illuminated and entry will be denied 
5. If the car park is not full then the barrier will raise. When it has risen the red light will extinguish and a green lamp will become illuminated. 
6. When the car has passed the barrier as detected by the car’s presence at sensor 1 then the green lamp will extinguish, the red lamp will be illuminated and the barrier will lower. (note there is an assumption that vehicles are clear of the barrier at this time). 
7. Cars may leave the car park at any time. In doing so they activate sensor 2. 
(Billing is handled by a separate number plate reading system) 
8. The operator has additional controls and indications namely :- 
a. The operator can view how many cars are parked at any time 
b. The operator can see the state of the barrier, red lamp, green lamp, Full lamp. 
c. The operator can cause the barrier to raise or lower 
d.  The operator can cause the indicators (Red lamp, Green lamp, Full Lamp) to be ON or OFF. 
e. The operator can prevent more cars from entering the car park regardless of how many cars are actually in the car park. 
(details of exactly how the operator will perform these actions is left to your design. You may wish to consider a Manual / Automatic mode of operation) 
 
 
The microcontroller interface towards the car park is as follows:- 
1. Red Lamp A digital output on Pin 6 Logic level 1 = Lamp ON 
2. Green Lamp A digital output on Pin 5 Logic level 1 = Lamp ON 
3. Full Lamp  A digital output on Pin 7 Logic level 1 = Full Lamp ON 
4. Barrier control An interface to a stepper motor connected on pins 8,9,10,11 The stepper has 200 steps per revolution. 90 deg clockwise raises the barrier,  
5. Sensor 1  A logic input on Pin 3 Logic level 1 = car present 
6. Sensor 2   A logic input on Pin 4 Logic level 1 = car present 
7. Push Button.   A logic input on  Pin 2  ( derived from a mechanical switch) Logic level 1 = pressed 


Following the brief given above, 
I have inserted a traffic light system into the carpark. The Blue LED suggest the carpark is full and no more room for any other cars until at least one car exits the free flow exit. Red suggests that the barrier is closed and so you cannot enter the carpark. Green suggest the barrier has lifted in order for the cars to drive through safely. When the barrier has lifted, it will only allow one car to pass through, however if the car has stopped over the sensor in place the barrier will not lower in case any damage to the vehicle is caused. I have inserted a push button system; therefore, when the driver approaches the carpark and the barrier has lowered, the driver will need to push the button in order to be allowed entry into the carpark, when entering the carpark, the sensors will count the number of cars crossing up to the maximum of 10 cars until carpark is fill. A stepper motor supplied by the ultimate starter kit will power the barrier. I have placed some pushbike spaces to encourage Eco friendliness; these spaces are not interpreted into the count of the carpark. I have also included an extra room parking space. When cars are leaving, the carpark from the free flow exit there is a sensor counting the cars exiting therefore the carpark will not hold on full when it reaches its maximum number of cars. I have also followed the given digital pinouts that the carpark requires to operate correctly and so it corresponds with the brief given. The carpark will be similar to the diagram below. Two LDR sensors will be placed, one at entry point of the carpark just over the barrier, and the second at he free flow exit point. 
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As you can see from the pictures below, you will see that the LDR sensors count the spaces entering the carpark and count the cars leaving; therefore, the spaces are always precise. A video of the carpark operating correctly will be attached separately. 
[image: C:\Users\ca211502\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\8DCE4F20.tmp]
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Carpark code
This code will help the raspberry Pi do, as the carpark requires. I have included some notes on the code to help for future faultfinding techniques. 

#include <Stepper.h>
//initialize the library with the number of the interfaces pins



const int button = 2;
const int sensor1 = A0;
const int sensor2 = A1;
const int green = 5;
const int red = 6;
const int blue = 7;
int redOn = HIGH;
int greenOn = LOW;
int blueOn = LOW; //car park full
int change = 0;
const int stepsPerRevolution = 512; // change this to fit the number of steps per revolution for your motor
int barrier; 
unsigned int fullpark = 10; // max amount of cars
int cars = 0; // holds number of cars in car park
int z = 0;
int x = 0;

int outsense = 0;
int storedSensor2 = 1;

Stepper myStepper(stepsPerRevolution, 8, 10, 9, 11); // initialize the stepper library on pins 8 through 11:


void setup() {
Serial.begin (9600); // initialized the serial monitor  
myStepper.setSpeed(60); //set speed of motor to open barrier
pinMode(button, INPUT);
pinMode(red, OUTPUT);
pinMode(green, OUTPUT);
pinMode(blue, OUTPUT);
digitalWrite(red, redOn);
digitalRead(red);
pinMode(red, HIGH);
}

void loop() {

 if (cars < fullpark) 
 {
  if(digitalRead(button)==1)
  {
    myStepper.step(stepsPerRevolution);
    digitalWrite(red, LOW);
    digitalWrite(green, HIGH);

    do
    {
      delay(500); // wait for the sensor
      x = analogRead(sensor1); // checking sensor
      }
      while (x < 170);
      delay(1000);
      myStepper.step(-stepsPerRevolution);
      digitalWrite(green, LOW);
      digitalWrite(red, HIGH);
      delay(1000);
      cars ++; //counting the number of cars entering the carpark
      
      

    
    }
  }
{
outsense = analogRead(sensor2);

  if(outsense <=150 && cars >=1)
  {
    cars --; //countig the number of cars exiting the carpark
    delay(1500);

      digitalWrite (blue, LOW);
    }
  }
  {
    if (cars == fullpark){
      delay (300);
      digitalWrite(blue, HIGH); //carpark full no more spaces available
      digitalWrite(red, HIGH);
      delay(2000);

      delay(300);}
    }
    }
[image: ]  
[image: ]    
    
  
Sensor code

int ldr;
void setup() {
  // put your setup code here, to run once:
  pinMode(A1, INPUT);
  Serial.begin(9600);

}

void loop() {
  // put your main code here, to run repeatedly:
  ldr = analogRead(A1);
  Serial.println(ldr);
  delay(300);
}

[image: ]










Blink test code

*/

// the setup function runs once when you press reset or power the board
void setup() {
  // initialize digital pin LED_BUILTIN as an output.
  pinMode(LED_BUILTIN, OUTPUT);
}

// the loop function runs over and over again forever
void loop() {
  digitalWrite(LED_BUILTIN, HIGH);   // turn the LED on (HIGH is the voltage level)
  delay(1000);                       // wait for a second
  digitalWrite(LED_BUILTIN, LOW);    // turn the LED off by making the voltage LOW
  delay(1000);                       // wait for a second
}[image: ]





Final product
As you can see, I have inserted a picture of the final design of the carpark. A video of the car park functioning correctly will be supplied separately to the document. 

[image: C:\Users\ric22869222\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\5D48BE74.tmp]
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Conclusion

To conclude, the carpark is programmed to allow the use of 10-parked cars at any time, this can be altered in the code; however, a physical change will need to be carried out on the carpark also.
The traffic light system will guide understanding of the carpark use. Blue, suggesting carpark is at maximum capacity, will not allow any more vehicles to enter. Green suggests that the barrier has lifted and is OK to enter. Red< suggests that the barrier has lowered and that the vehicle will need to push the button for access. 
The carpark will operate by the use of a push button to control the barrier. 
The LDR sensors will count the number of cars that enter and exit the carpark to keep the constant flow of parked cars. These sensors are placed one at the entry point just over from the barrier and the other at the free flow exit point. 
The barrier is operated via a stepper motor and will allow access and deny access as the sensors report back. 
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