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Introduction
For this project assignment it was explained that the task would be to create a car park, it would be controlled via an Arduino microcontroller (orange pip). The Arduino code would be written using C++ programming language which is a variation that can be used by the Arduino. It was stated in the project brief there were eight specific tasks the car park would be required to achieve, they are:
1. Car park capacity needs to be between 10 to 255 spaces.
2. Cars are restricted entry by a barrier and Red LED is illuminated.
3. Driver can enter the car park via push button entry.
4. If the car park is full a blue light will illuminate to signify this.
5. If the car park is not full the barrier will raise. The Red LED will extinguish, and the Green LED will illuminate.
6. After the car has passed the barrier, it will be detected by sensor 1. The Green LED will extinguish, and the barrier will lower, this will then cause the Red LED to illuminate.
7. Cars can leave at any time (free flow car park) and will be detected by sensor 2. 
8. The operator has additional controls; a) They can view the quantity of cars in the car park at any time. b) Operator can view the green, red, and blue LEDs. c) Operator causes the barrier to raise and lower. Within in that process it causes the LEDs to switch on or off. e) The operator can prevent any cars from entering whether the car park is full or not.
It was then possible to create a bill of materials (B.O.M), this includes the materials and components required to construct the orange pip. All components came within a prepacked Arduino Uno kit (orange pip segments 328) and laid out to ensure no components were missing prior to assembling.
This was also conducted so the car park could be built. All components came in an ultimate starter kit. After each component had been selected, they were then attached via specific pins on the microcontroller interface.
The programming language was then written via Arduino IDE (Integrated Development Software), that is a free software which allows program languages such as C or C++ too be written and tested.


Arduino Microcontroller Background
The Arduino microcontroller is a basic open-source electronics platform used for basic hardware and software. It was created in 2003 in an Italian design institute by a group of lecturers who specialised in the field of microcontrollers and programming. The reason for the manufacture of the product was to make it more accessible to the public, for educational purposes and professional programmers. It is possible to instruct the Arduino board to send a specific set of instructions by using the Arduino programming language via wiring and Arduino software to the microcontroller embodied on the board.
The microcontroller was designed and utilised for fast prototyping by students who did not have a background into electronics and programming. Once the Arduino hit the wider community it was changed and adapted for multiple purposes, for products such as Internet of Things IOT (Amazon Echo or Google Home), 3D printing etc as well as using the simple 8-bit boards. Most of the Arduino boards operate on a power supply of 3.3V.
Arduino is a simple product for beginners and experienced users, it can be used for learning projects and many other applications. The software is also very simple and flexible as it can be run in programmes such as Microsoft Windows and Mac etc. It is mainly used for educational purposes to prove scientific principles or basic understanding into robotics and programming, as it is inexpensive. Additionally, the Arduino can be installed into many products e.g. musical instruments for experimental purposes or interactive prototypes created by engineering designers and architects. 
There are many advantages of why Arduino can be incorporated into basics of electronics. These include:
· Reduced cost in comparison to other platforms due to being constructed by hand. Additionally, even a preassembled Arduino can be purchased for less than £30. 
· Unlike most microcontrollers which are limited to windows, Arduino software can be run on a range of operating systems.
· As discussed previously Arduino software is accessible to beginners and personnel more advanced in the field of microcontroller processes. 
· The Arduino software is an open-source tool that uses a basic coding language called C++. By understanding the technical details of the language to code, advanced programmers can use languages such as AVR C. 
· The boards (hardware) are copyrighted by the creator to allow anyone worldwide like professional circuit designers to create their own version of the Arduino module under the creative commons license. (Arduino, 2024; Control Automation, 2022)


Arduino Microcontroller (Orange Pip) Build
There are various versions of Arduino controllers; The Classic, MKR and Nano. There have been multiple additions of controllers and accessories released over the years by the Arduino company as they are one of the main suppliers in the industry. For this project a version of the Arduino classic known as the Orange Pip Segment328 will be built and tested. This controller will control the car park system which will be later explained within the report. The controller has fourteen input and outputs as well as six analogue inputs. (Control Automation, 2022)
Prior to building the Arduino microcontroller all the contents were laid out to identify each individual component as shown below.
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Fig 1 - All key components laid out and identified to construct the Arduino (Orange Pip).
Tools and Equipment – In order to assemble the controller, there is a requirement for specific equipment and tools, they are as follows:
· Solder Station (solder, brass and wet sponge)
· Extractor
· Heat proof mat
· Solder wire
· Safety goggles
· Rapid electronics tool kit (Side cutters, Snipe nose pliers, Tweezers)
· De-soldering pump
· Multimeter
The solder station temperature was pre-set between 375-380⁰C. When ready, the solder is then applied to one side of a joint and solder wire to the other side of the joint ensuring good contact is made throughout for perfect heat transfer for the solder wire to attach to a component.
As shown previously there are three resistors (330R, 10K and 1K) required to be installed onto the board. Each resistor is colour coded and due to their size; it was hard to identify. Using the multimeter, each resistor was measured to prevent the possibility of incorrectly identifying the resistor colour bands.
Step 1 – After each resistor has been identified the legs were bent into a 90⁰C angle and inserted into their specified location and soldered into place as shown below. 
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Fig 2 - 330R x 1 and both 1K resistors (below) inserted on the left of the board. Whilst another 330R is inserted above the tactile switch and 10K below.


Step 2 – The crystal is then inserted onto the board and clamped in place and each leg bent to keep the crystal flush to the PCB and soldered in place. It produces stable and precise clock signals; the signals allow coordinated instructions for the microcontroller to function more reliable and competently.
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Fig 3: Crystal

Step 3 – The Dual in line socket (DIL) was the next component to be attached, the chip carrier socket is not polarity sensitive. This means it will allow current flow in either direction, despite the current being negative or positive. The DIL socket, although a passive component, does have an identification pin and notch mark which is replicated on the PCB and microcontroller to assist correct placement. The reasoning for correct placement is due to the microcontroller being polarity sensitive, this means direct current flows in only one direction.
Due to the size and multiple legs on the DIL it was secured in place with a clamp during the solder process.
The ATmega328 microcontroller was inserted into the DIL socket. When fitting the microcontroller, even pressure needs to be applied ensuring pins are aligned or there could be risk of distorting / damage. Also having to remember the notch on the controller to face the outer edge of the board as it is polarity sensitive. (PiEmbSysTech, 2024)
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Fig 4: DIL – Dual inline Socket

[image: An orange circuit board with black and orange components

Description automatically generated]Step 4 – The 1N4007 diode is the first polarity sensitive component to be inserted to the board so a one fixed direction current can flow. The diode has a silver band around the body which denotes as the cathode and opposite is the anode. This matched the marking on the PCB to aid placement of the diode during installation. The legs were manipulated to 90⁰C to ease soldering process.











Fig 6 – Installation of 1N4007 Diode.

Step 5 – There are two different capacitors to be installed on the PCB, 0.1uF marked with 104 and 22pF. PCB has marked areas for each individual capacitor. Both 22pF capacitors were placed and soldered either side of the crystal and the process is repeated for each of the of the 0.1uF (104) capacitors due to multiple locations. Capacitors are fitted in different locations as they hold a pool of current which will keep the voltage stable and allows AC signal to pass and block DC.
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Fig 7 – Capacitors (0.1uF & 22Pf) inserted on PCB
[image: An orange circuit board with black and orange components

Description automatically generated]Step 7 – Just like the fitment of the diode the 7805-voltage regulator was fitted flush with the board for a lower profile, as the pinout layout should be output (top), GND and Input (bottom). To do this a pair of snipe nose pliers were used by applying pressure and then clamped in place using tweezers and soldered. During soldering each leg, it was difficult to manipulate in position and stay aligned.











Fig 8: 7805 Voltage regulator (L7805CV)
Step 8 – The tactile switch is next to be inserted between the 330R and 10K resistor but does not require to be fitted in a precise way as it is not polarity sensitive. The legs are slightly distorted to aid solder process.
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Description automatically generated]The tactile switch needs applied pressure to function which allows current to flow and when released the current flow is cut which is indicated by an audible click.











Fig 9 -Tactile Switch
Step 9 – 7133 Regulator which is polarity sensitive was next to be inserted onto the PCB. The PCB had a shape mark mimicking the regulator, so it is aligned correctly during installation. Component legs were then manipulated using pliers and soldered in place.
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Description automatically generated]The regulator regulates the voltage by measuring output so if the voltage output is low, an internal transistor will switch on allowing voltage to increase. If it is too high the transistor will switch off reducing the voltage output.











Fig 10: 7113 Regulator
[image: An orange circuit board with black and orange components

Description automatically generated]Step 10 – Power temperature coefficient (PTC) resettable fuse was next to be inserted and soldered. The main function for the component is to protect the Arduino against overcurrent faults on the board, it is highly reliable and long lasting.











Fig 11: PTC resettable fuse.
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Description automatically generated]Step 11 – The two 47uF electrolytic capacitors were the next to be inserted into the board. Both components have two indicators to assist the correct alignment as they are polarity sensitive. Firstly, the legs of the capacitors are different lengths, the longer leg is denoted as positive (anode) and shorter leg as the negative (cathode). Secondly there is a distinctive silver line on one side with a negative symbol to aid alignment.











Fig 12: 47uF Electrolytic capacitors
[image: An orange circuit board with black and orange components

Description automatically generated]Step 12 –The next components to be fitted were the input and output sockets. 2x 6-way were installed in the power and analogue in slots shown at the bottom of the PCB and the 2x 8-way sockets installed into digital and PWM slots at the top. 











Fig 13: I/O Sockets

Step 13 – The In Circuit Serial Programming (ICSP) 6 pin header was next to be installed, it is not polarity sensitive, but it was important to remember the ICSP was to be inserted on the shorter ends into the underside of the board and longer pins facing upwards for accessibility. 
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Fig 14: ICSP 6 pin header
[image: An orange circuit board with black and orange components

Description automatically generated]Step 14 – Both green and red LEDs were next to be inserted, it had to be ensured that the LEDs are fitted correctly like the electrolytic capacitors as they also polarity sensitive. This was denoted with the anode being the longer leg and the cathode the shortest, the PCB also has a positive marker to aid installation.











Fig 15: Green and Red LED
Step 15 – The USB-B connector was held in place using the pins as an anchor to ease soldering process and to withstand insertion and removal of the USB cable.
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Fig 16: USB-B Connector
Step 16 – The 2,1mm DC socket is the last component to be inserted and soldered into the PCB as displayed below.
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Fig 17: DC socket
On completion, the orange pip was then examined to ensure all components were fitted correctly. Each component legs were trimmed using snips and excessive solder removed by utilising the electrical solder and de-solder pump to neaten the base of the Arduino. 

Arduino - Blink Test
The Arduino was connected to the computer via a USB cable to test the functionality and to illuminate the red LED, this is known as the blink test. The blink test is a prewritten software in the Arduino computer programme.  
First stage would be to navigate through Files, examples, basics (01) and blink to display the programme (Fig 18). Next would be to link the Arduino to the computer by selecting tools tab, port (COM 4). Select tools tab again, board, tools again and board (Arduino).
Last task would involve the software to be uploaded to the orange pip. It would normally involve the programme to be verified and compiled to check for errors, but this has already been compiled. The process to upload involves selecting upload function and upload to Arduino where the programme will run. 
[image: A screenshot of a computer
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Fig 18 – Prewritten software programme (Blink test)  for Arduino

Whilst the programme was running the red LED will illuminate and extinguish every second, which is written in the software script previously.
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Fig 19 – Image captured of the Arduino red LED illuminating during blink test.


Car Park B.O.M (Bill of Materials)  
A BOM better known as a bill of materials is a list of components and materials that would be required to build and complete the desired product. There are many variations of BOMs for different processes in engineering such as manufacturing BOMs used in assembly process or engineering BOMs which are utilised in engineering design process. For this report a manufacturing BOM will be used to explain the materials required to construct the car park. (Investopedia, 2024) 
	Part (Component)
	Identification (Value)
	Function

	Arduino (Orange Pip) 
	Rapid electronics P/No: 75-0550 
	Microcontroller- This will control/ set all input and outputs and executes code for the defined functionality 

	Operator Terminal 
	Printed Circuit Board (GCS Manufactured) 
	Interfaces the operator terminal (PCB) with the Arduino 

	Light Emitting Diodes (LED) X2 
	Red/ Green 
	Indicates Entry and stipulates when car park is full. 

	LED Wiring Loom 
	Colour Coded Wires (GCS Stock/ Ultimate Starter Kit MS32) 
	Interface to Microcontroller 

	Power Source 
	Potentially Battery or Standalone Power Supply Unit (PSU) 
	To provide power when PC is not connected 

	Stepper Motor 
	Ultimate Starter Kit (MS32) 
	Activates the barrier movement (Open/ Closed) 

	LCD – Liquid Crystal Display 
	Ultimate Starter Kit (MS32) 
	LCD will display multiple messages for functionality of car park 

	Push Button (Entry) 
	Ultimate Starter Kit 
	Pushing the button will produce a switch. It will then pull an input low on the Arduino (Orange Pip). 
The code will detect a change of state and activate an output from the Arduino and allowing the stepper motor to elevate the barrier. 

	Push Button Loom 
	Colour Coded Wires (GCS Stock/ Ultimate Starter Kit) 
	These are the interconnections to the orange pip. 
The looms are colour coded to assist with identifying the construction and reduce any confusion. 

	Sensor 1: Entry - Light dependant resistor (LDR)
	Ultimate Starter Kit (MS32) 
	This is an analogue sensor and will act as a detector. 
It will require calibration to operate as the analogue sensor is light dependant. The code will detect, and the output of the program will run messages e.g. car count, space etc.  

	Sensor 2: (Exit) Light dependant resistor (LDR)
	Ultimate Starter Kit (MS32) 
	This is an analogue sensor and will act as a detector. 
It will require calibration to operate as the analogue sensor is light dependant. The code will detect, and the output of the program will run messages e.g. car count, space etc.  

	Board (plywood) for equipment and sensors to be mounted. 
	DIY Store (B&Q/ Wickes) 
	This will be it will be split between the car park design model and the components attached for the system to operate.





Constructing the Car Park
Prior to assembling the car park, the board was split to illustrate the area of the car park and main location of components. The first stage would involve the layout of the entrance, exit, spaces and certain components. After the layout was completed, the next step was to place and attach the component into the appointed areas as shown below.
The stepper motor was the first component to be attached. This attached to ULN2003 stepper motor driver board and wire looms were connect to pins 8,9,10 and 11. Wire looms were connected from driver board to bread board to receive power to the barrier.
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Fig 20: Image explains the stepper motor and component’s locations.

The push button was then installed, which is located by the barrier, this would connect to pin 2 via a wire loom from the bread board. It would also require extended wire looms due to its location, as well as a 1kΩ resistor and positive / ground wire looms for it function.
[image: A machine with wires and a wheel
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Fig 21: Location of the LEDs and where it is installed via bread board and Arduino.

The three LEDs (Red, Green and Blue) were then attached in the allocated area in the image shown. The red LED would connect to digital input 6, green LED would connect to pin 5 and blue LED to signify ‘full car park’ would connect to pin 7. Each LED also had a 330Ω resistor to ground and wire looms for positive feed.
[image: A device with wires and a wheelchair
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Fig 22: Location of LEDs and circuit via bread board and Arduino.
The LDRs (Light dependant resistors) were the last components installed. Sensor 1 (entry) would connect via pin A0 and sensor 2 (exit) would connect to pin A1. This was due to both LDRs being an analogue sensor and would have to connect to the Arduino analogue inputs.
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Fig 23: Image shows the location of both LDRs and setup via the bread board and analogue inputs (A0 & A1).

Prior to writing the code both LDRs were calibrated as they are light dependant. This was completed by using the serial monitor in Arduino IDE.
[image: ]
Fig 24: Sensor 1 (A0) Entry - serial monitor calibrating LDR for the car park code.
[image: ]
Fig 25: Sensor 2 (exit) – serial monitor calibrating LDR for the car park code.

The external power source will be a portable power bank to provide enough current to allow the microcontroller to carry out each individual operation. The bread board will be bridged so power is able to reach components on either side.
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Fig 26: External power source and bread board bridged.







Arduino Code
After constructing the car park, the code was then written using C++ program language. For each line of code there will be an explanation explaining the step-by-step process. This is to explain the process of the code instead of using a flowchart of how the carpark would operate.
The code was written in three sections:
Initial Inclusions – This section includes the library and definitions of each component linked to its specific pin.
Void Setup – This is a function that will activate only once at the start of the program.
Void Loop – This contains the lines of code which is repeated continuously for the stepper motor, sensors or LEDs. This allows the system to run continuously until the operator signifies to stop. 
Below is the complete code written, it was compiled to rectify any errors that arose prior to uploading it to the Arduino. 

#include <Stepper.h>
// Initialize the library with the numbers of the interface pins

String mag1 = "Enter a number between 10 and 255, to change max number of cars in the car park: \n";
String mag2 = "New number of cars in car park is:";
String mag3 = "Invalid input, please pick a number between 10 and 255\n";

const int push_button = 2; // Renaming pin 2
const int sensor1 = A0; // Renaming pin A0
const int sensor2 = A1; // Renaming pin A1
const int green_led = 5; // Renaming pin 5
const int red_led = 6; // Renaming pin 6
const int blue_led = 7; // Renaming pin 7
int redOn = HIGH; // Setting the state of a variable to call later
int greenOn = LOW; // Setting the state of a variable to call later
int blueOn = LOW; // Setting the state of a variable to call later
const int stepsPerRevolution = 512; // This is quarter of the steppers full rotation which allows the barrier to just raise and lower.
unsigned int fullcarpark = 10; // Max amount of cars allowed
int cars= 0; // The cars held in car park at any given time
int x = 0; // Variable for sensor 1

int outsense = 0; // Variable for sensor 2

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

void setup() {
Serial.begin (9600); // this initializes the serial monitor
myStepper.setSpeed(60); // Setting stepper motor speed
pinMode(push_button, INPUT); // push button, this is so data can be read into the arduino
pinMode(red_led, OUTPUT);// Setting the red LED pin as an output
pinMode(green_led, OUTPUT);// Setting the green LED pin as an output
pinMode(blue_led, OUTPUT); // Setting the blue LED pin as an output
digitalWrite(red_led, redOn);// Turning the red LED when the board initialises
}

void loop() {

if (cars < fullcarpark) // if the car park isnt full, code needs to do something
{ 
 if (digitalRead(push_button)==1) // If push button goes high
  {
    myStepper.step(stepsPerRevolution); // rotates the barrier to the vertical position
    digitalWrite(red_led, LOW); // red LED extinguishes 
    digitalWrite(green_led, HIGH); // gren LED illuminates

    do
     {
      delay(1000); // wait for the sensors to stabilise
      x = analogRead(sensor1); // checking sensor 1 that the car has passed and ensure barrier does not drop
      }
      while ( x < 280); // Sensor 1 reads car driving past barrier (analogue value set as per LDR)
      myStepper.step(-stepsPerRevolution); // stepper turns anti clockwise and barrier lowers
      digitalWrite(green_led, LOW); // green LED will extinguish when vehicle has entered and barrier lowers
      digitalWrite(red_led, HIGH); // red LED will illuminate when barrier has lowered
      cars ++; // Adds one to the car count variable
      delay(1000); // The one second delay will be to prevent push button being pressed causing the barrier operate
      Serial.println(cars); // This is to show via serial monitor the car count at any given time
    }
  }
{
 outsense = analogRead(sensor2); // The outsense variable is now used for sensor 2 value

  if(outsense <= 100 && cars >=1)// Sensor 2 is detecting car leaving of car park (analogue value as per LDR)
{
  delay(1000);// A 1 second delay prior to reading the next possible car leaving the car park.
      cars --; // subtracts one from the car count variable
      digitalWrite(blue_led, LOW);} // When a car vacates the LED will extinguish
}

  if (cars == fullcarpark){ // If the amount of cars equals the car park capacity the blue LED will illuminate
  delay(400); // Waiting for sensors to stabilise
  digitalWrite(blue_led, HIGH); // blue LED  will illuminate
  digitalWrite(red_led, HIGH); // red LED will illuminate
  delay(4000); // If a car leaves, the blue LED will change to red LED after 4 seconds

  delay(400); // Waiting for sensors to stabilise
  }
  
  }

Once the code was uploaded the control system was then tested to ensure all components were functioning as directed by the code. After inspection the system was reset, the program serial monitor was then opened to make sure each car entering or leaving were being acknowledged by the LDRs correctly.
Footage was captured to show the control system fully functional and would be attached separately to the design report.
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Fig 27: Serial Monitor displaying car count to the point the car park is full causing the blue and red LED to illuminate. This was successfully completed in reverse when cars vacated.

Conclusion
On reflection of the design there are three evaluations to look at. Firstly it was noticed that whilst assembling the orange pip that the socket carrier for the DIL was incorrectly installed however this did not affect the functionality as it is not polarity sensitive. It was also observed that one of the LEDs did not illuminate, the LED was removed and installed correctly to rectify problem. 
On build completion of the car park, it could be upgraded with a Liquid crystal device (LCD) this would display a value of spaces available or not in the car park so the operator can see prior to approaching the barrier. This would only consist of updating the program code and installing the components required for it to operate. 
The last evaluation would be to embody an isolator switch into the push button circuit. The switch could be activated during maintenance period, which would prevent the push button activating the barrier especially if the car park is not full.
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// 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, OUTEUT):
}

7/ the loop function runs over and over again forever
void loop() {
digitalirice (LED_BUILTIN, HIGH); // turn the LED on (HIGH is the voltage level)
delay(1000); // vait for a second
digitalirice (LED_BUILTIN, LOR);  // turn the LED off by making the voltage LOW

delay(1000); // vait for a second
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14-LDR_with_Serial_Wonitor

int ldr;
void secupl) {
// put your setup code here, to run once:
pinode (R0, INEUT):
Serial.begin(9600);

void loop()
7/ put your main code here, to run repeatedly:
1dr = analogRead (A0);
Serial.princin(lar)
delay(300);
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14-LDR_with_Serial_Wonitor

int ldr;
void secupl) {
// put your setup code here, to run once:

pindode (AL, TNEUT)
Serial.begin(9€00);

void loop() {
7/ put your main code here, to run repeatedly:
1dr = analogRead(Al);
Serial.println(ldr);
delay(300);
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