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1. Introduction                                                                                                                               
The aim of this project is to design and create a token based distributed network for a rear car light system via a Proteus simulation. The system will model a UART automotive subsystem where a central control such as the master will communicate with a secondary remote node, the slave, to control the cars light indication system.
The system, will use two microcontrollers:
· A master node will read input signals
· A slave node will control the output to device
Communication for this design will be achieved by using UART serial communication, this entail data to be transmitted in the form of tokens which represent system states.

2. Background research                                                                                                 
This project will be using UART to communicate the slave and master nodes, UART is a hardware communication that converts parallel data into a serial form, meaning one bit at a time, for transmission and receiving, which enables simple asynchronous communication between digital devices [1] Essentially UART acts like a translator and messenger between two devices. 
The main pins UART communication uses are:
· TX (Transmit pin): this sends the data
· RX (Receive pin): this receives the sent data [2]
The use of the master pic (U1) is to read the button inputs and convert them into 8-bit value, which is then sent as a serial byte.
The slave pic (U2) is used to receive the serial data and is then reconstructed from the byte, which in this instance for this project is outputted on to the LEDs.
The justification for the chosen communication method of UART is that it is simple to implement and requires fewer wires than I2C. UART due to its practicality is also built into most microcontrollers which results in better compatibility with other pics. UART connects two devices directly whereas I2C connects many devices to one node, this is unnecessary and impractical for this project as this project only requires the data to be displayed on to the LEDs [3]
Within real world applications UART is commonly used in embedded and automotive system which makes it a realistic choice for this project. 

2.1 Light system        
As the Proteus design will replicate a real rear end car indication system, the design will implement a system for features such as: [4]
· brake lights
· indicating light (right or left) 
· reverse light 
· hazard light
[bookmark: _Int_5TbthlcW]Rear lights are critical for safety on the road as brake lights warn other drivers of the reducing car speed, also helping prevent rear end collisions by allowing enough time for the driver behind to react. Indicator lights are used to signal your intention to turn, which alert others of your next move and help traffic flow smoothly at junctions and roundabouts. Reverse lights are used when the car is moving back and warns pedestrians and other drivers that you are reversing, again helping avoid collisions. Hazard light's purpose is to signal danger or warn others of a breakdown or accidents, this makes your vehicle more visible in emergencies and poor conditions.
Overall, these rear lights are essential as the y allow communication between vehicles without talking, preventing traffic, accidents and helps other drivers to predict road intentions.

Point to point transmission
[bookmark: _Int_ZA43BH39]In a point-to-point transmission system data is sent directly from one sender to one receiver, also known as nodes, over a dedicated channel, preventing other devices from sharing the dedicated channel [5] There are multiple types of point to point connections such as: Physical wired connections which are direct connections using cable. Another type are VPNs which are connected tunnels in order to create a secure point to point link. [6] As point to point performs at high speed it is commonly used in real world scenarios where performance is necessary such as telecommunication curriers. Another example can be Wide Area Networks where leased lines and VPNs are used to establish point to point connections, enabling secure and reliable data transfer [7] 
Advantages/Disadvantages
With point-to-point systems the advantages are their high speed, as the connection is a dedicated line data is not competing with other devices, therefore the data transfer is faster. Furthermore, security with point to point is more secure as it's only a connection between two devices therefore being harder for third party devices to intercept data. On the contrary some disadvantages consist of, that it is not scalable meaning establishing a large number of devices can be expensive. Point to point also has limited flexibility as removing and adding devices would require a full reconfiguration which is time consuming and would require further funding 
In conclusion point to point system is a simple yet very efficient method of communication between two devices with high performance links dedicated for two devices.

Point to multi point transmission (P2MP)
In contrast to Point to point transmission where there is one sender and one receiver. Point to multi point transmission has one sender but many receivers. It is a communication setup where a single central device sends data to multiple receiving devices.[8] 
A P2MP works by establishing a central node which sends data, the multiple endpoints are connected to the central node, which the data travels over a common channel. Some common applications this technology is used in, such as Wi-Fi where multiple devices link to a single hub to share the same internet connection. Furthermore, another application is satellite communication, as the central node can send signals to multiple other devices 
Advantages of P2MP is the cost-efficient infrastructure which reduces cost for scalability unlike Point to Point, moreover as it is a centralised control it is easier to manage and monitor. On the other hand, the disadvantage of this is that it comes with higher latency due to the number of extra devices, it also is more of a security risk, and more endpoint devices increases vulnerability.
Multi-master transmission system.
In a multi-master transmission system, multiple devices can act as master's and can initiate and control data transmission on the same communication network. Unlike other transmission, any authorized node can start communication making the system more flexible and distributed. In a multi-master system, no single device has control, all nodes have equal authority to initiate communication, send and receive data. 
Real world applications multi-master transmission is used are ECUs in cars, as they can send multiple messages when needed about the car's engine control, braking system and sensors.
Benefits of this design is that it is highly flexible as any device can communicate at any time, also fault tolerance allows the system to continue even if there is a failure with one of the master nodes. However, a disadvantage is the complex design which is time consuming and attentive. [9]
3. System Architecture:                                                                                                  
· U1 Master – PIC16F87, this reads the multiple push button input representing the vehicle control signal.
· U2 Slave – PIC16F87, Receives the transmitted and drives LEDs representing the vehicle lighting output.
· Communication link – (TX → RX) transfers data between the nodes.
· Inputs - Push buttons, RA0, RA1, RA2, RA3
· Outputs – LEDs RA0, RA1, RA2, RA3 connected to resistors
3.1 Chosen pic
The PIC16F87 was chosen for its simple and relevant port outlets as a microcontroller with more ports would be unwanted. The PIC16F87 also includes a hardware USART which enables efficient serial communication using its built-in features. The simplicity and compatibility of this pic allow for easy programming with ccs and is suitable for prototyping purposes. As the pic does not have any excess and unwanted ports, this makes it efficient and it requires minimal processing power and provides sufficient performance.
















4. Flowchart                                                                                                                              
[image: ]
Figure 1: shows the system flowchart



Flowchart explanation
The system begins its operation and establishes communication between master and slave devices. When a user presses a button within the system, the master detects the input and then sends information, referred to as a token, which contains the status of each button input. The token is the transmitted from the master to slave using serial communication [10] the slave then interprets the data and updates its output accordingly. Each led output corresponds to a specific button input, Such as one for reversing and one for indicating. The system operates in a continuous loop, constantly monitoring and changes in the input state. Whenever a new input is registered, a new token is generated and transmitted, ensuing all outputs are synchronized with the user's input.

5. System schematic                                                                                                       
Component List 
· PIC16F87 x2
· Push buttons x4
· LED x4
· 330-ohm resistors x4
· 220-ohm resistor x4

Proteus System Schematic
[image: ]
Figure 2: Full schematic build on Proteus 
Above shows the standardised system schematic for the project, which include the use of four simple buttons and LEDs

Screenshots of working system
[image: ]Figure 3: demonstrates working procedure of 1st LED
When the first button is pressed, the corresponding LED is activated representing the right indication light to alert others with a visual representation.
[image: ]Figure 4: demonstrates working procedure of 2nd LED
The second button represents the hazard lights. As RA1 is pressed the opposite microcontroller outputs the RA1 LED, again providing correct response to the applied input 
[image: ]Figure 5: shows the working procedure of 3rd LED
The final output is represented correctly via the UART communication as both corresponding input and outputs match.

6. System Code                                                                                                                   

(U1):
[image: ]Figue 6: code for master pic
Code explanation
The master code continuously reads the input state of PORTA, this can be seen in the code “input_a())”. Once the information is inputted it is then transmitted to the other microcontroller using UART. 
“While(TRUE)” allows the program to loop forever ensuring new inputs are registered and responded in real time. 
“printf(“%c”,input_a());” sends the value via UART communication, sending the data as a single byte, where each bit corresponds to one switch.
In summary the master continuously reads the input state connected to PORTA and transmits the information as a token which represents the system state, which in turn allows the other microcontroller to translate the information and execute the relevant information.

(U2):
[image: ]Figure 7: shows the code for slave pic
Code explanation
The slave program is responsible receiving data sent and interpreting this data, then controlling which output LED to be displayed. This allows the slave to act as the execution node in the system.
Line 6 begins by declaring variables which can store positive values and hold numeric values. Moreover line 8 creates an infinite loop to continuously check whether a new button has been pressed. Without this loop the slave device would only check data once then stop operating.
“kbhit()” checks whether data has arrived via the UART communication.
Line 12 reads the incoming UART data and then stores and outputs this information on the corresponding LED




7. System Analysis                                                                                                            
The software clearly shows all criteria of the project to be met with a working communication between two microcontrollers to simulate a simple distributed vehicle signal system. The overall behaviour of the simulation was achieved by reading input states, transmitting them as a data token and reproducing the data output on the LEDs.
In working operation, the master node (U1) reads the logic from the input ports RA0-RA3, which are connected to push buttons, each button represents a control signal e.g. hazard light, indication light or reverse light. The master then transmits the 8-bit data token using UART communication. As the system runs in a continuous loop, the system repeatedly updates and sends the current state of input, this ensures that changes in the input quickly get transmitted and displayed on output.
The system which consists of two microcontrollers, master and slave. Relies on the master program to monitor input signals and distributing the information to the rest of system, this can be seen when the master continuously reads the state of multiple switches and transfers the token data.
The slave program is responsible for receiving the data and translating it to be acted on. The slave also continuously monitors the system for incoming data, which when received it is read and stored, in this example the received data is written directly to the output port controlling the corresponding LED. This creates a relationship between the master inputs and slave outputs.
The breakdown of communication between the devices can be summarised as follows:
1. The master reads the input states
2. A token with the information is generated 
3. The token is then transmitted via UART communication 
4. The slave receives token 
5. Slave device updates its output accordingly








8. Breadboard                                                                                                                      
[image: ]
Figure 8: shows the system built on breadboard
To further enhance beyond a Proteus simulation, a physical prototype was constructed using breadboards, microcontrollers, push buttons and LEDs. The physical build successfully replicates the structure of the simulated distributed network, while not fully function, it provides a strong practical initiative to implement a real hardware and understand how the software is implemented together. This reflects an important step towards a fully functional embedded system that can be replicated in real word applications.
The system is split up into two main sections. The left breadboard being the master node, which contains a microcontroller, PIC16F87, four buttons which act as switches and resistors to stabilise the input signals. The second section consists of the slave node, which contains the second microcontroller, multiple LEDs and current limiting resistors to protect the LEDs.


9. Quality Management systems                                                                              
In order to ensure the system meets required standard, quality management practices must be considered. For instance, the use of correct operation through testing and validation was achieved to verify the correct output responses and to confirm reliable UART communication. 
Future improvements for this system could include adding error detection to check parity bits and whether a button was accidently pressed twice in a rapid response. Another improvement could be expanding to multiple nodes for a more realistic and modern distributed system. These improvements would ensure the system becomes more efficient and scalable.

10. Conclusion                                                                                                         
The project achieved all aims and objectives with an extra implementation of the physical breadboard which allows for better understanding of the operation of the system. The program utilises the implementation of a simple distributed system, where the master gathers input data and slave execute the output actions. The use of IART enables for efficient communication, while the token-based system allows for the best utilisation of multiple signals to be transmitted in a compact form. The use of quality management principles also ensures the system is reliable and maintainable for its intended use and therefore applicable to real world applications.
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1#include <main.h>

2 #fuses XT,NOWDT,NOPROTECT,NOLVP.

3#use delay(clock=2000000)

4

5

6

7

8void main() //This is the main function for program, acting as the start
9{

@ while(TRUE) //Creates an infinite Loop

‘,input_a()); //Reads logic state of port a, Sends value via UART
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5

6Unsigned int yes=0;
7 void main(){
while(TRUE){

8

if(kbhit())

{

yes=getch();
output_a(yes);

//Used to hold numeric data
//Acts as the starting point for the slave program
//Creates infinite Loop

//checks whether the data has arrived through UART

//Reads information recieved from the incoming UART data
//Sends the value to be stored and outputed to PORTA LEDs
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