


Contents
Introduction	2
Design	3
Car Park	3
Sensor	3
Barrier	3
Full Sign	3
ID Reader	4
Source	4
Testing	5
Screenshots	7
User Guide	8
Car entering	8
Car leaving	8
Update Printout	8
Video Guide	8
Appendix	9
Appendix A: Source Code	9
Bibliography	11



[bookmark: _Toc63182004]Introduction

Object Orientated Programming is a style of coding that revolves around data and objects. Objects are a representation of an entity running in real time that can have various attributes and functions assigned to it. C++ was initially designed to support Object Orientated Programming for C languages, although it is only known as a partial object orientated programming language. [1]
For this assignment, code for an automated car park system was created that could track and count the number of cars going in and out, and if the car park were full, a sign would turn on stating that, and the sign would turn off again if the park car dropped below maximum capacity.
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Below is a short description of each of the classes used in the project. Classes have been used to simplify and break down the code. [2]
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The Car Park class features 2 attributes and 3 methods. The 2 attributes are Capacity, which states the maximum occupancy of the car park, and freeSpaces, which tracks the number of available spaces in the car park. The 3 methods are decrementSpaces, incrementSpaces and update. DecrementSpaces and incrementSpaces both share a similar process, in which they decrease and increase the integer freeSpaces by 1 respectively, with decrement occurring when a vehicle enters the car park, and increment occurring when one leaves. The update method prints out a report giving the user information on the current situation of the car park, including the number of free spaces and also a list of the number plates of vehicles currently in the car park. This is done by use of Inheritance, it allows for one class to make use of the functions of another class, by borrowing from the IDReader class which manages the numberplates of the vehicles [3]. The update code is triggered when the user enters Y(es) when asked if they wish for a printed report of the system.
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The sensor class features 1 attribute and 1 method. The attribute is carOnSensor, which detects if a car is on either the entry sensor or the exit sensor, and the value of the attribute is used to decide what sequence of code is executed by use of a switch function. The method is carPresent, which is used to detect if a car it at either the entry or exit barrier (simulated by entering ‘i’ for a car at the entry and ‘o’ for a car at the exit). This is triggered from the source code at the beginning of each cycle within the source.
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The barrier class has 1 attribute and 2 methods. The attribute is Up and is a bool variable that determines whether the barrier is raised or not. The 2 methods are Raise and Lower and their purpose is to change the Boolean value of the Up attribute to raise and lower the barrier when a car is detected. Because of this, the methods will occur when a car is detected at either the entry or exit, to which the barrier will raise and then lower with the respective method. This class makes use of Encapsulation, as the code comprises all the barrier attributes to a private state as they will not in any way apply to other classes [3].
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The full sign class has 1 attribute and 2 methods. The attribute is lightOn and is a bool variable that determines whether the Light on the full sign is illuminated.  The 2 methods are switchOn and switchOff and their purpose is to switch the Full sign on when the car park fills and off when a space in the car park is emptied. The code of the switchOn method is called after a car has entered the car park in which an if statement checks if the freeSpaces variable is equal to 0 and triggers the method if so. The switchOff method also is based of an if statement checking for a zero value, however the if statement occurs first thing once a car is detected at the exit barrier, meaning if the car park was full and a car is now leaving, a space is freed up and the sign turns off.
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The ID Reader class has 5 attributes and 5 methods. The 5 attributes are uInput, which is a string variable that tracks user inputted data, memComplete which is a bool statement to cancel while loops when storing or deleting data from arrays, count which acts as a counting variable, and bcMemory and npMemory, which are 2 arrays that store the driver’s personal barcode and the vehicles numberplate, respectively. The 5 attributes are readBC, readNP, delBC, delNP and printRec. The attributes readBC and readNP will follow each other simulteanously as they are the code that reads the barcode and the numberplate and are the first thing to occur when a car is detected at the entry gate. Likewise, delBC and delNP are the codes that remove the stored details of a car from the database as it is leaving the car park and occurs when a car is detected at the exit barrier. The attribute printRec occurs when an update is requested. It is linked to the Car Park class as it is requested for listing the number plates of the vehicles in the car park.
[bookmark: _Toc63182011]Source
The source code is where the main code process runs. Within the while command that keeps the system running in a loop, the code is based around a switch statement, which executes different sections of code depending on the value of the variable being inputted into it. The loop starts by checking for a car at the entry of exit of the car park. If one is detected at the entry, the barcode and numberplate are taken, the barrier raises, the space count is decreased, the barrier lowers, then checks whether to turn the full sign on. If one is detected at the exit, the barcode and numberplate are taken and removed, then checks if the sign needs to be turned off, then the barrier raises, spaces increase and the barrier lowers. At the end of the loop, the code asks if a report wants to be printed before restarting the loop again.
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Below is a table documenting the testing process for the code, in which it specifies what is being tested, that the expected outcome is and what the actual outcome is.
	Test No.
	Description
	Expected Outcome
	Actual Outcome
	Working?

	1
	Car Present class getting called
	At start of loop, carPresent is called to detect a car
	carPresent is successfully called
	Yes

	2
	CarPresent detecting a car at entryway (+ relay info)
	When user inputs i, the code for a car at the entryway triggers and response is sent back to source
	A car is detected and triggers the appropriate code in source
	Yes

	3
	CarPresent detecting a car at exit (+ relay info)
	When user inputs o, the code for a car at the exit triggers and response is sent back to source
	A car is detected and triggers the appropriate code in source
	Yes

	4
	Barrier raises and lowers
	Up Boolean value changes and a message is outputted when requested
	When the methods are called, the message declaring the change is outputted
	Yes

	5
	System decreases space count
	When a car enters the car park, the number of spaces decreases by 1
	freeSpaces decreases by 1 when the code for a car entering is triggered
	Yes

	6
	System increases space count
	When a car exits the car park, the number of spaces increases by 1

	freeSpaces increases by 1 when the code for a car exiting is triggered
	Yes

	7
	Full sign turns on
	The full sign from the car park turns on when the car park is out of spaces
	When freeSpaces hits zero, the light turns on
	Yes



	8
	Full sign turns off
	The full sign from the car park turns off when the car park is no longer full
	Once the car park fills up, the light turns off when freeSpaces increases again
	Yes

	9
	System saves barcode and numberplate
	When user enters barcode and numberplate, they are saved to the respective arrays
	Both values are saved to the correct storages when entered
	Yes

	10
	System checks number of free spaces 
	When an update is requested, the code checks how many spaces are left
	Code checks and outputs number of free spaces in the update process
	Yes

	11
	System outputs numberplates
	System outputs the numberplates of all cars in the update process
	System does not output any numberplates
	No

	12
	Fix for above
	“ “
	System outputs all stored numberplates
	Yes

	13
	System removes barcode and numberplate
	When user enters barcode and numberplate, they are removed from the respective arrays
	Both values are removed from the correct storages when entered
	Yes

	14
	System flags an error if invalid values are entered
	When leaving, an error is flagged if the entered value is not in the array
	System flags an error and re-asks for the value to be entered.
	Yes
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Screenshots
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Code for when a car enters the car park
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Code for when a car entering fills capacity, also including a printout report
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Code for a car leaving, including an incorrect barcode entry, and also resulting in the car park no longer being at full capacity.
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Once the system is running, the system will track when a car has arrived at either the entrance or the exit of the building (which in this code is simulated by entering ‘i’ for a car driving in, or ‘o’ for a car driving out). The system will wait until a car is detected but can be pushed forward manually by typing in any key that is not an I or O.
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If a car is detected at the entrance to the car park, the driver will be prompted to enter a barcode (provided by the company) and the numberplate of the vehicle. These will then be saved to a database that can be displayed in the update process. After that, the barrier will raise, allowing the car to drive in, and then lowering behind it. While this happens, the code will decrease the number count of free spaces by 1. If the number hits zero, then a light indicating the car park is full will turn on.
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If a car is detected at the exit, the driver will be prompted to re-enter their barcode and numberplate, in which they will be removed from the databases (with an error popping up if the entered values do not match a database entry). Then the system checks if the car park was full at the time and if so, it turns the full sign off as the car leaves. As with the car entering, the barrier will raise and then lower when the car has passed, but with the number of free spaces increasing this time. 
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At the end of each rotation, a request for an update on the system can be made, in which the system will display the number of free spaces in the car park at that time, along with all the numberplates of the cars present in the car park.
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https://youtu.be/bYqAeaucXUo
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#include "CarPark.h"
#include <iostream>
#include <conio.h>
using namespace std;

int main(void)
{
	cCarPark carPark;
	cBarrier barrier;
	cFullSign fullSign;
	cSensor sensor;
	cIDReader idReader;

	float key = 0;
	int x = 0;
	carPark.capacity = 40;
	carPark.freeSpaces = carPark.capacity;
	unsigned char update;
	bool endProgram = false;
	
	while (!endProgram)
	{
		//loads the Sensor class to check for a car entering or leaving
		sensor.carPresent(key);
		//code responds to result returned from carPresent (1 if Car is detected at entry, 2 if car if detected at exit, and 0 if no car is detected)
		switch (sensor.carOnSensor)
		{
		case 1:
			//ID Readers activate
			idReader.readBC();
			idReader.readNP();

			//raises Barrier, allowing car to enter, before decreasing the space count and lowering the barrier
			barrier.raise();
			carPark.decrementSpaces(x);
			barrier.lower();

			//checks if there are spaces left in are there are none, turns the full sign on
			if (carPark.freeSpaces == 0)
			{
				fullSign.SwitchOn();
			}
			break;

		case 2:
			//ID Readers activate
			idReader.delBC();
			idReader.delNP();
			//checks if the car park is full, and if it is, it turns the sign on while the car is leaving
			if (carPark.freeSpaces == 0)
			{
				fullSign.SwitchOff();
			}

			//raises Barrier, allowing car to leave, before increasing the space count and lowering the barrier
			barrier.raise();
			carPark.freeSpaces = carPark.incrementSpaces(x);
			barrier.lower();
			break;

		default:
			cout << "No cars detected at barrier" << endl;
			break;
		}

		cout << "Print Update Report? (Y/N) > ";
		cin >> update;
		switch (update)
		{
		case 'Y':
			carPark.update();
			idReader.printRec();
			break;

		case 'y':
			carPark.update();
			idReader.printRec();
			break;

		default:
			break;
		}

		cout << endl << endl;
	}
}
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