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[bookmark: _Toc167823219]Introduction

This Assignment aims to cover the history and purpose of the Orangepip Arduino before showcasing how to build and test one. It then moves into creating a bill of materials (BOM) with all the components needed to design and build a car park functioning with the Arduino created previously. Then the assignment shows the code that was created for the car park with the comments to show what the different parts do. Finally, the report analyses the ways the car park could be improved and what could be added to it to make the improvements.


[bookmark: _Toc167823220]History of Arduino 
The Arduino is a microcontroller that released in 2005 when it emerged as a tool to help students understand how microcontrollers and coding worked. “Low cost was another consideration, as the Arduino was initially targeted at art and design college students.” (Circuit Digest, 2023). This low cost made the Arduino a budget friendly choice for students who wanted to learn about the structures of a microcontroller and how they worked. On top of having their own easy hardware Arduino decided to make it easier to use by creating their own IDE. This stands for Integrated Development Environment, this allowed users to create their own codes but also upload theirs to the shared library allowing others to use their codes. The codes were useful as they allowed users to put notes in with lines of code so that they could easily tell what each line of code was doing and would allow them to diagnose any faults if there were any issues. 
There are many companies that have started manufacturing Arduinos in their own brands but the most popular one for students has been the Orangepip. “This Segments328 kit is a ‘build your own Arduino kit’. It includes all the through-hole components required. Just follow the easy-to-understand instructions to produce your own fully programmable open-source prototyping platform.” (Orangepip, 2023) Using this DIY format allows students to learn how the components work together while they build their own board. Orangepip based their design on the Arduino UNO which makes it simple when using their IDE as it registers the board as one of its own thus making it a more enjoyable experience to use.


[bookmark: _Toc167823221]Building Orangepip 

Before beginning to build the Orangepip it is important to check that all needed components are available this can be done by labelling them and laying them out like shown in the image below.
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Figure 1. Image shows the components laid out and labelled.
The first step would be to solder in the 5 resistors, while it does not matter which order things get soldered in it just makes it easier to start with the smaller components. While resistors are not polarity sensitive, it does look better to have them all facing the same way. This is shown below.
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Figure 2, 3. The images above show the locations of the resistors on the board
Once the Resistors have been placed, the next component along would be the 16,000Hz crystal/timer and the 28 pin dual inline socket onto the PCB. This is soldered on instead of the ATmega328 microprocessor so that if there are any issues it would not need to be all unsoldered from the board.
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Figure 4. The picture above shows the placement of the crystal and the chip socket
Once those components have been placed the next one to place should be the diode this needs to be carefully placed according to the polarity stated by the board. If done incorrectly it is highly likely that the board will not work as intended. 
[image: An orange circuit board with black and white circles and holes

Description automatically generated]
Figure 5. The image above shows the placement of the diode on the board
After the diode has been placed the ceramic capacitors can be added, these are not polarity sensitive so the rotation they are placed at does not affect the performance. There are 5, 0.1uF capacitors to be added as shown in the first image below and 2, 22pF capacitors to be added each side of the crystal as shown in the second image.
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Figure 6, 7. The images above show the placements of the ceramic capacitors.
The next step is to add in the reset button, this is placed between the two resistors on the right side of the board. The positioning of the “legs” does not matter for this component.
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Figure 8. The image above shows the reset button soldered onto the board.
The next step is to add the electrolytic capacitors onto the left side of the board, they are polarity sensitive and will explode if placed incorrectly. The next component shown in the image below is the resettable fuse the positioning on this component does not matter. Once that has been added the transistor can be positioned at the bottom of the board. This needs to be placed correctly as the different terminals (legs) have different purposes.
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Figure 9. The image above shows the position of the Electrolytic capacitors
For the final step the power jack and USB- B type port can be added along with the IC chip which fits inside the chip holder that was soldered on earlier. This is show in the image below.
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Figure 10. The image above shows the completed board with all of the components in the correct places. 
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There is a simple way to check if the Arduino is working. On the Arduino IDE software there is a section for pre-set codes, there is an option for blink. This code programs the Arduino to flash the red light on and off.
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Figure 11. The image above shows how to find the blink test.
To find it you need to open file and press examples, then go into basics and find blink. This will bring up the code as shown below.
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(Newman, 2016)[image: ]
Figure 12, 13. The images above show the code for the blink test
The blink test can then be uploaded to the Arduino by connecting it to the PC and pressing the upload button on the computer. This transfers the blink test data over and will start it on the board.
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Figure 14. The image above shows the Orange-Pip with the blink test working.
As shown above when the blink test is working the red LED will flash on and off in second long intervals.
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	Part (Component)
	Identification (Value) 
	Function

	Arduino (Orange pip)
(Interface)
	75-1201
	The Orangepip microcontroller is the main component that executes the car parks code and controls the input/ output function of the pins.

	Breadboard
	Ultimate starter kit (MS32)
	The breadboard is required to connect the components to the Arduino.

	Light Emitting Diodes (LEDs)
	Red/ Green/ Blue
	Indicates no entry, entry and full.

	LED extension wires 
	Colour coded wires (from GCS stock or Ultimate starter kit) (MS32)
	To extend the legs of the LEDs from the base onto the breadboard

	Power source
	Potentially Battery or separate PSU
	Can provide sufficient power to the car park when not connected to a PC.

	Stepper Motor
	Ultimate starter kit (MS32)
	The stepper motor controls the barriers movement

	Push button for entry
	Ultimate starter kit (MS32)
	To set off the code to activate the stepper motor to lift the barrier. Will temporarily set the pin to low. This will then trigger the LDRs to count down the number of available parking spaces.

	Push button loom
	Colour coded wires (from GCS stock or Ultimate starter kit) (MS32)
	Extends the legs of the push button from the base board to the breadboard

	Sensor 1 LDR
Light Dependent Resistor
	Ultimate starter kit (MS32)
	This will be a Light Dependant Resistor. This will need to be connected to one of the analog pins on the Arduino and will count up the number of cars when they enter the car park.

	Sensor 2 LDR
Light Dependent Resistor
	Ultimate starter kit (MS32)
	This will be a Light Dependant Resistor. This will need to be connected to one of the analog pins on the Arduino and will count down the number of cars when they leave the car park.

	Barrier
(Acrylic tubing)
	Sourced independently
	Acts as a physical barrier to prevent excess cars entering the car park.

	Model cars
	Sourced independently
	Acts as a scale reference for the size of the car park and allows for testing.

	Plywood board (main base)
	Sourced through Gower college stock.
	Allows the car park components to be positioned onto a solid base. Surface mounting for sensors etc


Identification values from rapid electronics (online)


[bookmark: _Toc167823224]Designing the car park to fit the briefing

Due to the parts that were available some amendments needed to be made to the brief.

1) The briefing states to use the sensors and to assign them to logic pins three and four. This would not have worked as the sensors chosen are LDR’s (Light Dependant Resistors). These sensors provide analog feedback as they measure the light levels at any given time. As of this they needed to be assigned to the analog pins located on the Orangepip. The sensor to count the cars entering the carpark was assigned to the analog pin A0 and the exit sensor to subtract one from the car count was assigned to A1.

2) The Briefing does not specify how to add in the service (reset) button into the car park, so my design uses the built-in reset button on the Arduino as it is on the surface of the board and was built by me prior to designing the car park.

Once these issues were out of the way it was time to start building the car park. It was built onto a 5mm thick square plywood board. 
[image: Media]
Figure 15. The above image shows the placement of the boards onto the base.
As shown in the image above the breadboard, Arduino and stepper motor driver are all stuck down to the base, so they are secure for the wiring connections. There are multiple 10mm holes that were drilled through the wood to pass the wires underneath and up to their components to give a clean finish to the functional side of the car park.

[image: Media]
Figure 16. The above image shows the placement of the push button on the base.
The button was secured using a scrap piece of polystyrene to secure soldered connections, so they did not get damaged. It was screwed into the board as the glue would not bond to the materials.

[image: Media]
Figure 17. The above photo shows the placement of the stepper motor onto the base.
As shown above the stepper motor was secured directly to the board using hot glue and was placed over a 10mm hole which allowed the wires to run directly underneath to the driver. The barrier was created using a scrap piece of acrylic which I drilled a hole into and covered it in black electrical tape. It was secured to the motor with superglue to ensure it stays in place.

[image: Media]
Figure 18. The above photo shows the placement of the LEDs on the board.
The three LEDs were hot glued onto the board with the wires soldered to the legs underneath allowing them to be hidden. The soldering connections were covered with heat shrink tubing so that they would not touch and short out the connections.

[image: Media]
Figure 19. The above photo shows how the LDRs were mounted to the base.
The LDRs were placed flush to the surface of the base so that they could detect the cars movements in and out of the car park.
[image: Media]
Figure 20. The picture above shows the labels added for any fault-finding purposes.
All the wires that were attached to the components were labelled when they got to the breadboard this allows for easy fault finding if any issue occurs as it is obvious which wires are for each component.

[bookmark: _Toc167823225]Coding needed for car park
Using the coding videos provided I was able to create the base code. I was then able to build on this to specify my desired functions for certain components which were not shown in the videos.
To get the stepper motor working the libraries needed to be installed to the IDE in order for the code to be understood.
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Figure 21. The above screenshot shows the code used from assigning the pin numbers down to the void setup stage.
[image: A screenshot of a computer code
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Figure 22. The screenshot above shows the code from the void loop down to the cars – step.

[image: A screenshot of a computer code
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Figure 23. The image above shows the final part of the code which initiates the blue LED when the car park is full.

[bookmark: _Toc167823226]Functions of the car park

The function of the car park is to raise a barrier when a car is detected and lower it when no vehicles are detected. It has different colour LED lights to indicate different functions. The operating sequence is explained below.
Step 1. The car drives up to the car park and covers the entry LDR (Light Dependant Resistor) this acts as the entry sensor. Before anything else happens, the red LED is active to show no entry for the car park.
[image: Selected photo]
Figure 24. The above image shows a car waiting to enter the car park.
Step 2. The user then presses the green button next to the barrier to raise the barrier to allow the car to pass through. This step keeps the red LED active while the barrier is opening and then illuminates the green LED when it has opened.
[image: Selected photo]
Figure 25. The image above shows the car park with the barrier open and green LED active.
Step 3. Once the car has been allowed entry the barrier then closes after a set time of three seconds, this is after the LDR stops detecting an object over it. The green LED then gets replaced by the red LED; the cycle then repeats itself until the car park reaches its maximum capacity of twelve spaces.
[image: Selected photo]
Figure 26. The image above shows the barrier still raised while the car has gone through to park.
Step 4. After the car park reaches capacity and the input sensor has counted the cars to the maximum value the blue and red LEDs will both become active, and the barrier will remain closed even when the button is pressed.
[image: Selected photo]
Figure 27. The image above shows the car park at max capacity where the blue LED is active and the barrier will not raise.
Step 5. If a car then leaves the car park, it will trigger then second sensor at the exit which will decrease the car count and will change the LED status. The blue one will go out and the red will stay on allowing the barrier to become functional to count another car. This cycle runs indefinitely.
[image: Selected photo]
Figure 28. The image above shows the car leaving the car park.
[image: Media]
Figure 29. This image shows the car park operating normally now that there is a free space.
Step 6. If for any reason, there are any errors with the car park the reset button can be used this is located on the Arduino itself and fits in the design brief as I built the Arduino myself. 

[image: Media]
Figure 30. The image above shows the service (reset) button soldered onto the Orangepip.
For testing purposes, the maximum number of cars allowed entry was set at three but the car park can hold a maximum of twelve cars.

[bookmark: _Toc167823227]Analysis

The car park works well by itself but there are a few different modifications that could be made which would make the car park more user friendly and would make it more efficient. The possible changes are listed below
1) The blue LED was selected to show when the car park was at its maximum capacity however, an LCD (Liquid Crystal Display could have been used to get the same results. It would have required a bit more complex code but would have been possible if there was more time available for it. This would have been able to visually count down the number of spaces available and could have displayed a message when the car park is full to say “sorry, no available spaces”.

2) The next amendment could have been to use a PCB instead of a breadboard. This would have made for a more solid connection between the components and the Arduino but would have been harder to fault find if there was a problem with one of the components. This would have been possible to use as the college has the correct software and machines to create a bespoke board that is unique to the car park. 

3) The final amendment that could have been made would be to add in an external power supply to power the board when it is not connected to a PC. I tried attaching a 9V square battery to the Arduino, but it was not providing enough power to the stepper motor. The lack of power was causing the motor to raise the barrier, but it would not step backwards and close it again.

[bookmark: _Toc167823228]Conclusion

In this assignment, I have explored the history and purpose of the Orangepip Arduino, laying a solid foundation before demonstrating the step-by-step process of building and testing one. I then created a comprehensive bill of materials (BOM), detailing all the necessary components required to design and construct a functional car park using the previously built Arduino. The assignment further explored the development of code for the car park, including thorough comments to explain the functionality of each segment. Finally, I analysed potential improvements for the car park system and suggested enhancements to optimize its performance and expand its capabilities.


References
Circuit Digest, 2023. The History of Arduino Part 1: Introducing Arduino. [Online] 
Available at: https://circuitdigest.com/article/history-of-arduino-part-1
[Accessed 24 February 2024].
Newman, C., 2016. Blink.IDE. s.l.:Arduino.IDE.
Orangepip, 2023. Orangepip home. [Online] 
Available at: https://www.orangepipboards.com/
[Accessed 24 February 2024].


2

image1.png
Coleg Gwyr Abertawe
Gower College Swansea




image2.jpeg




image3.png




image4.png




image5.png
¥

L CO)

eeﬁeeme%»@c@w QX

y




image6.png




image7.png
OO COCOC0)
§ 86
LR

8
S





image8.png




image9.png
fe—— m
4w ANALOG |
af i - JEMEE| ARALSOIN

~©'0 @) @ BEiAds: disdan,





image10.jpeg
ssssGe .....\.,.. .\.‘v




image11.png
nnnn|m,¢~w

@ nsownw L

v gzcsweubos 2
dida8uey Bc.."-:-:

o 2





image12.png
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Blink
Turns an LED on for one second, then off for one second, repeatedly.

Most Arduinos have an on-board LED you can control. On the UNO, MEGA and ZERO
it is attached to digital pin 13, on MKR1000 on pin €. LED_BUILTIN is set to
the correct LED pin independent of which board is used

If you want to know what pin the on-board LED is comnected to on your Arduino
model, check the Technical Specs of your board at

https://www.arduino.cc/en/Main/Products

modificd 8 May 2014
by Scott Fitzgerald
modified 2 Sep 2016
by Arturo Guadalupi
modificd 8 Sep 2016
by Colby Newman

This example code is in the public domain

https
-/

www.arduine.cc/en/Tutorial/BuiltInExamples/Blink

// 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);

// 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
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digitalWrite (LED_BUILTIN, LOW);  // turn the LED off by making the voltage LOW
delay (1000) ; // wait for a second
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Code_mk_2§

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

const int button = 2,
const int sensorl = AO,

const int semsor2 = AlL;

const int green = 5; // green LED
const int red = 6; // red LED

const int FULL_SIGN = 7; // blue LED
int redon = HIGH;
int greenon = LoW,
int blueOn = LOW;
int change:

const int stepsPerRevolution = 512; // This sets the motor to rotate 90 degrees

int barrier;

unsigned int fullpark = 12; // this value sets the maximum cars in car park to 12 cars before blue LED illuminates.
int cars = 0; // sets the initial number of cars at 0

it z=o
int x = 0;

int outsense = 0;

int storedsensor2

Stepper myStepper (stepsPerRevolution, 8, 10, 9, // assigns the stepper motor to pins 8 to 11

veid setup() (
Serial.begin(9600); // This code initialises the serial monitor
pinode (bucton, INEUT):

pinlode (red, OUTEUT)
pinliode (green, OUTEUT)
pinlode (FULL_SIGN, OUTEUT):
pinliode (sensorl, INPUT);
pinlode (sensor2, INPUT)
digitalirite(red, redon):
digitalRead (red) ;
myStepper . setSpeed (60
i
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void loop() {

if (cars < fullpark)
€

1f(digitalRead (button)
€
myStepper. step (stepsPerRevolution) ;
digitalWrite(red, LOW);
digitalWrite(green, HIGH):
analogRead (80) ;
serial.println(cars);
delay(300)
do
€
delay(s0); // wait for the sensor
analogRead (sensorl); // checking semsor for a change in light value

1)

i

while (x < 600);

delay(3000) ;

myStepper. step (-stepsPerRevolution) ;
digitalWrite(green, LOW)
digitalWrite(red, HIGH);
cars ++;

delay(1000) ;

outsense = analogRead (sensor2) ;

if(outsense <= 600 & cars >=1)

€

digitalWrite (FULL_SIGN, LOW);
i

outsense = analogRead (sensor2) ;
if (outsense<=600sscars>=1) // the second sensor counts the cars leaving the car park
{delay(1000); // a single second delay to read cars leaving car park before it tries to read again
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digitalWrite (FULL_SIGN, LOW);
i

outsense = analogRead (sensor2) ;
if (outsense<=600sscars>=1) // the second sensor counts the cars leaving the car park

{delay(1000); // a single second delay to read cars leaving car park before it tries to read again
digitalWrite (FULL_SIGN, LOW):}

i
if (cars == fullpark){ // if the amount of cars reaches capacity the blue light will show
delay(400)
digitalWrite (FULL_SIGN, HIGH);
digitalWrite(red, HIGH)
delay(3000); // if a car leaves the blue LED will change to red after 3 seconds

delay(400) ;)
i
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