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The aim of this assignment is to implement a simple token based distributed network setup for a motor vehicle application. The system is to use a single master which will supply all the signals to operate lights and ancillaries via tokens on a single part of the car. The front half of the car was chosen when designing the circuit and implementing the circuit solution via proteus. A circuit was created on proteus that included four push buttons as the inputs and four LEDs as the outputs. Each LED was labelled to specifically show what light it is. Then a specific PIC was identified to be used which was a PIC18F4550 and this was used for both the master and the slave. The final part of the circuit design was to connect an LCD so messages can be displayed for the user to allow them to know what LED was turned on. Once the circuit was designed, program was to be written in ‘c’ language to allow the master and slave pic to communicate with each other and apply the functions of turning on the specific LED when the corresponding button is pressed as well as displaying information on the LCD. To get the master and slave to communicate this was done by using UART in the code. The slave detects the button press and sends 0x0F via UART. The master then receives it via kbhit() and getch(). The master matches the 0x0F in the switch statement and calls LCD to display text and the corresponding LED to turn on. Finally, it will wait for the next command.

[bookmark: _Toc196389209]Introduction

A distributed system is made up of separate processes that exchange messages with one another. Stated differently, a system is referred to as distributed if the delay in message transmission is not insignificant in relation to the interval between occurrences in a single operation [1]. In this circumstance, a car dashboard was designed for the front half of the car, displaying both left and right indicators and both left and right headlights. The problem was to get the master and slave pic to communicate with one another. Code must be written in ‘c’ language and a communication method of UART was choosing to allow full operation for the front half of the car. 

One of the most widely used protocols for device-to-device communication is universal asynchronous receiver-transmitter, or UART. When properly set, UART can work with many different types of serial protocols that include delivering and receiving serial data. When it comes to arranging communication between devices, communication protocols are crucial. Depending on the needs of the system, it is developed in various ways. These protocols contain a set of rules that devices agree upon in order to successfully communicate [2]. Computers, microcontrollers, and embedded systems are the main devices that use UART as a hardware communication protocol. UART is one of the few communication protocols that uses just two wires for both the transmit and receive ends [2].

C is a general-purpose, procedural programming language that offers low-level system memory access [3]. To make an executable program that a computer can run, a C program needs to be run through a C compiler. The C language has unique features that make it one of the most popular languages ever. Applications and operating systems development are just two of the many real-world uses for C [3]. Other fields that employ C include integrated development environments and graphical user interface development [3].
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A point-to-point (P2P) transmission system establishes a direct communication link between two specific nodes or devices, typically referred to as the sender and the receiver [4]. This dedicated connection ensures that the entire bandwidth is exclusively utilized by these two endpoints, leading to consistent performance and low latency. Such systems are prevalent in scenarios requiring secure and reliable data transfer, including leased lines, microwave radio relays, and certain wireless links [5].
In networking contexts, point-to-point configurations are foundational in establishing backbone connections, such as those between routers in a wide area network (WAN) [6]. The simplicity of this setup minimizes potential points of failure and reduces latency, making it ideal for time-sensitive applications like financial transactions or real-time communications [6]. However, the dedicated nature of P2P systems can lead to inefficiencies, especially if the communication channel remains underutilized. Additionally, scalability becomes a concern, as establishing individual links for multiple devices can be resource intensive.
In point-to-multipoint (P2MP) transmission systems, several receiver nodes communicate with a single central node, often referred to as the base station or access point, at the same time. In wireless networks, where a central transmitter distributes data to multiple receivers within its coverage area, this architecture is frequently used [7]. The main benefit of P2MP systems is their effective use of bandwidth. These systems save resources by broadcasting data to several destinations simultaneously, doing away with the need to create unique links for every receiver. Applications such as IPTV services, video conferencing, and broadband internet delivery benefit greatly from this architecture [7]. P2MP systems aren't always excellent, though. Performance may be impacted by elements like line-of-sight constraints, signal interference, and bandwidth distribution among several receivers [7]. 
A multi-master transmission system allows multiple devices, referred to as "masters," to initiate communication over a shared medium [8]. Unlike traditional master-slave configurations, where a single master controls the communication, multi-master systems enable any master device to start data transmission, enhancing flexibility and redundancy.
This architecture is prevalent in industrial and embedded systems, such as the I2C (Inter-Integrated Circuit) and CAN (Controller Area Network) protocols [9]. In these systems, multiple controllers can communicate over the same bus, coordinating tasks and sharing data efficiently. The multi-master approach enhances fault tolerance; if one master fails, others can continue operations without disruption.
However, managing bus access in multi-master systems requires sophisticated arbitration mechanisms to prevent data collisions and ensure orderly communication [8]. Implementing priority schemes and collision detection protocols is essential to maintain system integrity and performance.
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The chosen circuit design is that of to implement a working front car dashboard that will turn on both the front right and left indicators as well as both the front right and left headlights. The circuit was designed on proteus and then coded using ‘c’ language on the program CCS.
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[bookmark: _Toc196386497]Figure 1 Car dashboard schematic capture
Figure 1 shows the circuit outlay of the car dashboard with four buttons on the left-hand side that control the four LEDs at the bottom whilst being connected to a master and slave pic as well as an LCD that will display necessary information. The aim of this circuit is that when ‘button a’ is pressed the corresponding LED ‘right indicator’ will flash three times and the LCD will display right indicator on, when ‘button b’ is pressed the corresponding LED ‘left indicator’ will flash three times and the LCD will display left indicator on, when ‘button c’ is pressed the corresponding LED ‘right headlight’ will turn on and the LCD will display right headlight on and finally when ‘button d’ is pressed the corresponding LED ‘left headlight’ will turn on and the LCD will display left headlight on. The circuit has two PIC18F4550 microcontrollers, PIC U2 being the master and PIC U1 being the slave.
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[bookmark: _Toc196386498]Figure 2 Close up schematic capture of the buttons
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[bookmark: _Toc196386499]Figure 3 Close up schematic capture of LEDs
Figures 2 and 3 take a closer look at the circuit design to show how all four buttons are connected to the four LEDs and to show in better depth what they are labelled. The four button outputs are connected to the master PIC labelled U2 and the four LED inputs are connected to the slave PIC labelled U1.
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[bookmark: _Toc196386500]Figure 4 Close up schematic capture of master and slave PIC
Figure 4 shows the two PIC18F4550 microcontrollers labelled U2 and U1. Pic U2 on the left side is the master pic as it has input controls (buttons) which generates commands or user inputs and U2 sends data to U1 via TX/RX. Pic U1 on the right side is the slave pic and this receives signals via RX and controls the output peripherals (LCD and LEDs). U1 has the role of executing instructions or displaying information received from U2.
The reason why two PIC18F4550 microcontrollers were selected is because among microchip technology's PIC18F family, the PIC18F4550 is highly regarded due to its unique capabilities, which include Universal Serial Bus (USB) connectivity and Analog-to-Digital Converters (ADC), which are extensively applicable in a wide range of applications [10]. It is available in packaging variants such QPF, QPN, and DIP and covers a variety of design needs. The PIC18F4550, which has 40 pins and an 8-bit architecture, has 32KB of program memory, 2048 bytes of RAM, and 256 bytes of EEPROM [10]. It effectively handles a variety of embedded system tasks and can reach rates of up to 12 MIPS. For those who prioritize performance in low-power applications, the microcontroller's superior flash technology and USB features boosted by nano-watt technology demonstrate its dependability [10].
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To develop the circuit further the next step was to get the two microcontrollers two communicate with each other which will allow the buttons to operate the LEDs and LCD. To overcome this code was written in ‘c’ language for both the master and slave pic.
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[bookmark: _Toc196386501]Figure 5 Master PIC code (first half)
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[bookmark: _Toc196386502]Figure 6 Master PIC code (second half)
Figures 5 and 6 is the code for the master pic U2, the code is 81 lines long so was split up into to images to allow a better view of the code. 
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[bookmark: _Toc196386503]Figure 7 Slave PIC code
Figure 7 displays the code used for the slave pic U1. With both pieces of code, the microcontrollers can carry out their job by communicating with one another and operating the LEDs using buttons.
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[bookmark: _Toc196386504]Figure 8 Right Indicator
Figure 8 shows the ‘Right Indicator’ LED flashing whilst the LCD is displaying ‘Right Indicator On’ once button A was pressed. The LED flashes three times before going off to replicate a real indicator.
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[bookmark: _Toc196386505]Figure 9 Left indicator
Figure 9 shows the ‘Left Indicator’ LED flashing whilst the LCD is displaying ‘Left Indicator On’ once button B was pressed. Again, this LED flashes three times before going off to replicate a real indicator.
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[bookmark: _Toc196386506]Figure 10 Right headlight
Figure 10 shows the ‘Right Headlight’ LED illuminated whilst the LCD is displaying ‘Right Headlight on’ after button C was pressed. The LED will stay on until turned off to replicate a real headlight.
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[bookmark: _Toc196386507]Figure 11 Left headlight
Figure 11 shows the ‘Left Headlight’ LED illuminated whilst the LCD is displaying ‘Left Headlight on’ after button D was pressed. Again, the LED will stay on until turned off to replicate a real headlight.
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[bookmark: _Toc196386508]Figure 12 Master PIC code (first half)
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[bookmark: _Toc196386509]Figure 13 Master PIC code (second half)
As previously mentioned, this is the working code for the master pic so this will be broken down in more depth to show why and explain the use of operation of designs in the programme.
[image: ]
[bookmark: _Toc196386510]Figure 14 Header and LCD pin definitions
Figure 14 is the configuration of the LCD to operate in a 4-bit mode, using specific digital pins on port D. The lcd.c library is included to simplify LCD initialisation and display commands.
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[bookmark: _Toc196386511]Figure 15 Global Variable
Figure 15 shows the line of code ‘unsigned int input_char;’ this stores the character received via serial from the slave PIC.
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[bookmark: _Toc196386512]Figure 16 Main functions
Figure 16 sets up the LCD screen so it’s ready to display messages as well as ensuring all LEDs are off at start up for a safe initial state.
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[bookmark: _Toc196386513]Figure 17 Main functions (continued)
The program will loop forever (while(TRUE)). Then the next line checks if there’s any character received on the serial port (UART). Finally if a character is available, its read using getch() and stores it in input_char.
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[bookmark: _Toc196386514]Figure 18 Main functions (continued)

The received character is matched against predefined hex codes (1,2,4,8) for each of the dashboard functions. Depending on the value, it calls the corresponding function to operate the relevant LED and LCD display.
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[bookmark: _Toc196386515]Figure 19 Indicator subroutine descriptions
For both the right and left indicator this is where it is set to display a message on the LCD, blink the indicator six times (on-off toggle every 300ms) and then finally turn the indicator LED off at the end.
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[bookmark: _Toc196386516]Figure 20 Headlight subroutine descriptions
For both the right and left headlight this is where it is set to display a message on the LCD, turn the headlight LED on (for 1 second) and then turn the LED off at the end.
In a real time, example, let’s say the user presses a button connected to the slave pic and that button corresponds to hex value 0x02 (left indicator). The slave detects the button press and sends 0x02 via UART. The master then receives it via kbhit() and getch(). The master matches 0x02 in the switch statement and calls LCD to display ‘left indicator on’ and LED on pin B1 to blink 6 times. Finally, it will wait for the next command.
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[bookmark: _Toc196386517]Figure 21Slave PIC function breakdown
Figure 21 shows the function read the current value on PORTA and applies a bitmask (0x0F) to isolate RA0-RA3. This is useful when only a subset of PORTA pins is connected to inputs. The slave pic reads button inputs from RA0 to RA3, masks the input to filter relevant bits and sends the detected key value over UART to the master pic. It uses a simple state flag to manage one time triggering per press and employs a basic software debounce technique. This setup is essential in distributed systems where one microcontroller handles the input sensing while the other manages processing and output.
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[bookmark: _Toc196386518]Figure 22 Master PIC operational flowchart
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[bookmark: _Toc196386519]Figure 23 Slave PIC operational flowchart
Figures 22 and 23 are both operational flowcharts for the master and slave pic which show the process of what the code is doing step by step to get the car dashboard to operate. This is a simpler way to understand what is going on rather than looking at line after line of code and is more user friendly to get understand.
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The development and implementation of a token-based distributed control system for a motor vehicle’s dashboard successfully demonstrated the integration of digital hardware design, embedded programming, and serial communication using UART. This project utilized two PIC18F4550 microcontrollers, one acting as the master and the other as the slave, to coordinate input detection and output control across different components of a car’s front dashboard, including indicators and headlights. Through clear architectural separation, robust design principles, and effective coding strategies, the project illustrates how distributed systems can be effectively applied in embedded automotive systems.
The system’s design incorporated a practical use of the UART communication protocol to facilitate data exchange between the master and slave microcontrollers. The slave PIC was tasked with monitoring four push-button inputs, corresponding to different lighting functions. Upon detecting a button press, the slave PIC masked and filtered the input using bitwise operations, then transmitted the corresponding token or command (e.g., 0x01, 0x02) to the master PIC. The master then parsed this data using UART interrupt functions such as kbhit() and getch() to decode the received character. Based on the decoded input, it executed the appropriate response—such as blinking indicator LEDs or turning on headlights—while updating an LCD to provide real-time feedback to the user.
The use of two PIC18F4550 microcontrollers was strategic and effective. This microcontroller is not only cost-effective and widely supported but also offers robust features including multiple I/O ports, UART modules, and sufficient memory for mid-size embedded applications. Its nanoWatt technology and 8-bit architecture make it well-suited for power-efficient systems where real-time response is crucial. By splitting the workload—input detection handled by the slave and output processing managed by the master—the design mimicked real-world distributed automotive systems where subsystems must work concurrently but independently.
Beyond just turning on LEDs or displaying messages, this system models the architecture seen in modern vehicles where multiple electronic control units (ECUs) interact over standardized communication channels. Although simplified, this project provides a solid foundation for more complex systems involving multiple nodes, additional sensors, or extended communication protocols like CAN or SPI.
From a developmental perspective, the flowcharts created for both the master and slave codes further reinforce a methodical approach to embedded system design. These diagrams help clarify logical decision paths, enhance understanding, and ensure maintainability. Moreover, the modular structure of the code—with separate functions for each light operation and clean UART handling—promotes scalability and ease of troubleshooting.
In conclusion, the assignment has successfully achieved its objective of demonstrating a distributed embedded system within a motor vehicle context. Through thoughtful circuit design, efficient use of UART communication, and structured C programming, the project illustrates key principles of real-time embedded development and distributed control. It provides a strong platform for future enhancements such as implementing feedback mechanisms, integrating sensors, or expanding the communication protocol for more sophisticated applications. The experience gained in this project is directly applicable to modern automotive and embedded system development.
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output_low(PIN_BE);
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* Ensures all LEDs are off at startup for a safe initial state.
< Gcopy v Edt

while(TRUE) {
1f(kbhit()) {
input_char = getch();

*  The program loops forever ( while(TRUE) ).
o kbhit() checks if there's any character received on the serial port (UART).

o Ifacharacter is available, it reads it using getch() and stores itin input_char .
B Scopy Dt

switch(input_char) {
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case 6x02: left_indicator(); break;
case xea: right_headlight(); break;
case xe8: left_headlight(); break;
default: break;
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