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[bookmark: _Toc197374095]Abstract:
This report outlines the design and implementation of a Distributed Intelligence System (DIS) for a vehicle lighting module. Using a master/slave architecture with PIC18F4550 microcontrollers and UART communication, the system simulates front vehicle lights including headlights, indicators, and hazard functions. A custom LCD interface provides real-time feedback. Designed and simulated in Proteus and programmed in CCS.
[bookmark: _Toc197374096]Introduction:
This project focuses on developing a basic distributed lighting control system for the front of a vehicle using two PIC18F4550 microcontrollers. The system controls four lighting functions — headlights, left and right indicators, and hazard lights — using a simple token-based communication model. One device (the slave) monitors button inputs and sends commands via UART to the other (the master), which then activates the appropriate lights and updates an LCD display.
UART was chosen for its simplicity and effectiveness in point-to-point serial communication, making it well-suited for a two-device system like this. The design offers a solid introduction to distributed microcontroller networks and reflects core concepts in embedded communication.
The full system is simulated using Proteus, with code written in CCS C. This approach allows for practical exploration of input handling, output timing, and modular code design within a distributed framework. The project also touches on key safety and quality considerations, which are increasingly relevant in automotive systems.
This report outlines the research, design, development, testing, and analysis involved in creating the system, while highlighting aspects of quality management and the potential for future improvement.
[bookmark: _Toc197374097]Background Research:

Distributed systems are widely used in the automotive, industrial, and aerospace sectors because they allow smaller subsystems to communicate and work together without needing one big controller to handle everything. In vehicles, for example, different modules (like lighting, wipers, or climate control) often use local microcontrollers that communicate over a shared network. This keeps the wiring simpler and makes maintenance easier.
In this project, we focused on a token-based communication setup between two PIC18F4550 microcontrollers, using UART as the method for sending simple commands. Below is a breakdown of key network types and communication protocols I looked at during the research and design phase.
[bookmark: _Toc197374098]Transmission System Types
Point-to-Point Transmission
A direct connection between two devices where data moves back and forth without any intermediary. It's simple and highly reliable for small systems with only two nodes.
Example: UART communication between a master and a slave microcontroller [1].
Point-to-Multipoint Transmission
One master device communicates with multiple slave devices. Each slave listens on the same bus but only responds when addressed [1].
Example: A master ECU sending different commands to multiple modules like headlights, wipers, and doors.
Multi-Master Transmission
More advanced systems where any node can initiate communication. Requires more complex arbitration to avoid collisions [1].
Example: CAN bus systems used in most modern vehicles.
[bookmark: _Toc197374099]Communication Protocols
Embedded systems use several serial communication protocols. The choice depends on the number of devices, speed requirements, and physical complexity.
UART (RS232)
UART (Universal Asynchronous Receiver Transmitter) is a straightforward communication system that sends data serially between two devices over TX and RX lines.
 It doesn’t need a clock line and is easy to set up, making it perfect for simple, small networks [2].
Advantages:
· Easy to use
· Requires only two lines (TX and RX)
· Supported by almost all microcontrollers
Disadvantages:
· No native device addressing
· Only suitable for one-to-one communication unless extra hardware is added
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[bookmark: _Toc197362556]Figure 1 UART Communication between two devices via data bus[10]

I²C (Inter-Integrated Circuit)
I²C allows multiple master and slave devices to communicate over just two wires (SCL for clock, SDA for data). Every device has an address [3].
Advantages:
· Very low pin usage
· Easy to expand to multiple devices
Disadvantages:
· Slower than UART or SPI
· Sensitive to interference over long cable runs

SPI (Serial Peripheral Interface)
SPI is another serial communication protocol, but it is faster and supports full-duplex communication. It uses four lines (MISO, MOSI, SCK, and SS) [4].
Advantages:
· High-speed communication
· Simple hardware logic
Disadvantages:
· Needs more wires
· No built-in device addressing

CAN (Controller Area Network)
CAN is a fault-tolerant, multi-master communication system designed for noisy environments like vehicles. It uses two wires and has built-in priority management [5].
Advantages:
· Extremely reliable
· Supports hundreds of devices
· Prioritized messaging
Disadvantages:
· Requires more complex transceivers
· Higher initial setup cost
Table 1 shows the advantages and disadvantages of typical applications. 
	Protocol
	Advantages
	Disadvantages
	Typical Application

	UART
	Simple, reliable, low-cost
	Only one-to-one communication, no addressing
	Small systems, basic master-slave control

	I²C
	Supports many devices, low pin count
	Slower, interference-prone
	Sensor networks, EEPROMs

	SPI
	Very fast, full duplex
	More wires, no addressing
	High-speed sensors, memory devices

	CAN
	Fault-tolerant, scalable, robust
	Complex setup, expensive
	Vehicle control networks, industrial auto


Table 1 Advantages & Disadvantages of different protocols
[bookmark: _Toc197374100]Protocol of Choice
After looking at different communication protocols, UART was chosen as the most suitable option for this distributed lighting control system. 
The main reasons for going with UART are:
Straightforward point-to-point setup – With only two devices in the system, UART allows direct communication between master and slave without needing extra addressing or complex logic.
Built-in hardware support – The PIC18F4550 includes EUSART modules, which meant UART could be implemented in just a few lines of code. This helped reduce bugs and improve overall reliability [6].
Low setup and debugging overhead – Unlike protocols like CAN or I²C, UART doesn't need external transceivers or address assignment. This made development faster and easier, especially during the simulation stage.
Full support in Proteus – UART signals are easy to monitor in Proteus, which allowed me to test the communication link virtually and confirm that commands were reaching the other device correctly [7].
While protocols like CAN would be better for a larger, multi-node vehicle system, for this two-device master-slave setup, UART offered the right balance of speed, simplicity, and simulation compatibility.
[bookmark: _Toc197374101]System Design
This project implements a simple distributed lighting control system for the front of a vehicle, based on a Master-Slave network using PIC18F4550 microcontrollers. The system uses UART to establish reliable point-to-point communication, where the slave monitors button inputs and the master controls outputs like LEDs and an LCD.
All development was carried out in the Proteus Design Suite, which allowed real-time simulation of both hardware and software without physical components. Code was written in CCS C Compiler, chosen for its strong integration with PIC devices and built-in UART and LCD support [6][7].
Microcontroller Selection: PIC18F4550
The PIC18F4550 was chosen due to several advantages [6]:
· Multiple I/O Ports: Sufficient to connect LEDs, buttons, and an LCD screen simultaneously.
· Hardware UART Module: Ensures smooth, stable serial communication between master and slave.
· USB and Timer Modules: Available for future system upgrades.
· Wide Simulation Support: Fully compatible with Proteus and CCS C Compiler, speeding up the development cycle [7].
This made the PIC18F4550 a strong match for building a robust distributed system prototype.
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[bookmark: _Toc197362557]Figure 2 Pinout of the PIC18F4550 Microcontroller [7]
Software Tools
Proteus Design Suite was selected for its ability to:
· Simulate embedded systems accurately.
· Allow real-time UART data flow testing between two microcontrollers.
· Enable rapid changes during the design phase, reducing development time and cost [7].
The CCS C Compiler was chosen because:
· It integrates efficiently with Proteus.
· It offers built-in drivers for UART communication and LCD control.
· It helps detect logical and syntax errors early in development [8].
Together, Proteus and CCS C provided an environment like real-world embedded systems engineering practice.
[bookmark: _Toc197374102]Schematic Design in Proteus
The full system schematic was built and tested virtually. Each PIC handled specific roles:
Master Node (PIC18F4550):
· Connected to four LED. 
· A 16x2 LCD display was used to show the system’s active status
· Listens for UART data from the slave, decodes commands, and activates the appropriate output
Slave Node (PIC18F4550):
· Connected to four pushbuttons representing:
 Headlights, Left Indicator, Right Indicator, and Hazard Lights
· Each button was connected through a 10kΩ pull-up resistor to ensure a clean logic-high when unpressed [9]
· Responsible for reading inputs and sending a command byte via UART when a button is pressed
UART Serial Link:
· TX (U2) → RX (U1)
· 9600 baud, 8 data bits, no parity, 1 stop bit (8N1 format)
Power Supply:
· Both microcontrollers were powered at 5V.
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[bookmark: _Toc197362558]Figure 3 Full Proteus Schematic of Distributed Lighting System
[bookmark: _Toc197374103]Component Selection
Each hardware component served a clear function within the distributed control system:
	Component
	Purpose

	PIC18F4550 (Master & Slave)
	Main control units for sensing inputs, sending/receiving data, and controlling outputs.

	Pushbuttons (x4)
	Represent driver inputs for light controls.

	LEDs (White, Yellow, red)
	Visualize headlights and indicators.

	LCD 16x2 Display
	Provides visual driver feedback about system status.

	Pull-up Resistors (10kΩ)
	Ensure reliable, noise-free button inputs [9].

	Current-Limiting Resistors (330Ω)
	Protect LEDs and MCU outputs from overcurrent damage.


Table 2 Components used and their purpose
The inclusion of the LCD was an additional implementation to enhance the realism of the system by simulating a typical vehicle display. Additionally, each indicator function was programmed to operate for five seconds mimicking actual automotive behaviour or until a new input was received. These enhancements were integrated to align the project with real world distributed vehicle lighting systems.
[bookmark: _Toc197374104]Communication and System Operation
The system communicates using UART, a standard point-to-point serial protocol. The operational flow is as follows:
1. The Slave (U2) continuously checks button states.
2. On a valid press, it sends a command byte via UART.
3. The Master (U1) receives the byte, decodes it, and activates the corresponding lighting function.
4. The LCD updates immediately to show the active system.
5. Hazard mode enters a special loop, blinking both indicators until another command is received.
This architecture reflects a basic distributed intelligence system, where each node handles a subset of functions and coordination occurs via clear, reliable communication [11].
[bookmark: _Toc197374105]Flow Chart:
The flowchart below illustrates the expected functionality of the lighting control system. Each button press corresponds to a specific lighting function and LCD display update. This visual plan helped guide the logic behind the UART communication and system programming.
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[bookmark: _Toc197362559]Figure 4 Functional Flowchart for Lighting Control Logic
[bookmark: _Toc197374106]Development
The development stage involved writing two separate C programs using the CCS C Compiler — one for the Slave microcontroller (U2), and one for the Master (U1). The system was created and fully tested within Proteus Design Suite, which allowed for real-time UART simulation without needing physical hardware [6][7].
The system is based on a token-based communication model, where the slave monitors pushbutton inputs and sends a corresponding command byte to the master. The master receives and decodes this command, then activates the relevant LED and updates the LCD with a status message
[bookmark: _Toc197374107]Slave Program (U2)
The Slave microcontroller monitors four buttons (Headlights, Left Indicator, Right Indicator, Hazards), connected to PORTA. Each button is connected through a pull-up resistor to ensure a clean logic state. The program uses polling and a bitmask to detect input changes efficiently.
When a button is pressed:
· A single-byte token is sent via UART to the Master.
· The token map: 0x01 for Headlights, 0x02 for Right Indicator, 0x04 for Left Indicator, and 0x08 for Hazards.
· A simple debounce routine ensures only one token is sent per press.
Polling was used instead of interrupts for simplicity, making the logic predictable and easy to simulate.


[image: ]
Figure 5 Slave Code

[bookmark: _Toc197374108]Master Program (U1)
The master microcontroller (U1) continuously listens for incoming UART data using kbhit() and getch(). When a valid command token is received, a switch-case structure determines which function to execute.
Each function performs the following:
· Activates the correct LED(s): white for headlights, yellow for indicators, and both for hazard mode.
· Updates the 16×2 LCD to reflect the current lighting status.
· For hazard mode, enters a flashing loop which continues until a new command is received — allowing the system to respond to updated driver input.
The use of modular functions improves readability and makes future expansion easier. This structure reflects common design practices in distributed automotive systems, where code is separated into manageable tasks for reliability and ease of maintenance [8].
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Figure 6 Master Code Screen Shot 1
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Figure 7 Master Code Screen shot 2
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Figure 8 Master Code Screen Shot 3

[bookmark: _Toc197374109]Combined Communication Flow
To clearly demonstrate the interaction between the slave and master microcontrollers, the flowchart below outlines the full control logic. It shows how button inputs on the slave are translated into UART command tokens, which the master receives and decodes to activate the appropriate outputs and update the LCD.[image: ]
Figure 9 Combined Program Flowchart Showing Slave Input Handling and Master Output Activation via UART Communication
[bookmark: _Toc197374110]Development Process and Testing
The CCS C Compiler was used for all code development due to its helpful built-in functions, such as kbhit() for UART monitoring and lcd_putc() for LCD display control [6]. Proteus Design Suite allowed real-time simulation of UART communication, LED behaviour, and LCD output [7], making it possible to identify and correct issues before any physical implementation.
Key testing checks included:
· Debounce Handling: Ensured that each button press sent only one UART token.
· LED Flash Timing: Indicator lights flashed approximately six times in three seconds, consistent with real-world vehicle behaviour.
· LCD Status Feedback: The display updated correctly for each system mode.
· Hazard Override: Confirmed that hazard mode could be interrupted by a new command.
[bookmark: _Toc197374111]System Operation Overview
The system operates using a clearly separated, token-based communication model between two PIC18F4550 microcontrollers. The slave (U2) continuously monitors the state of four pushbuttons. When a valid input is detected, it transmits a corresponding token over UART to the master (U1).
On the master side, each token is interpreted using a switch-case structure that triggers the relevant LED output and updates the LCD display. Modular functions are used to manage each lighting mode, and hazard functionality includes a loop that can be interrupted by receiving a new token mimicking how real vehicle lighting systems handle mode overrides.
This approach reflects how modular ECUs in real vehicles maintain local logic but communicate state changes over simple data links, making the system both reactive and scalable.
[bookmark: _Toc197374112]Quality Management and Continuous Improvement
In real-world automotive systems, quality management is critical to ensuring the safety and reliability of distributed embedded networks.
One important standard in this area is ISO 26262, which defines functional safety requirements for automotive systems [12].
Although this project was a small-scale prototype, the general principles of ISO 26262 were considered during design and testing. For example:
· Input debouncing was implemented to avoid unreliable button detection.
· The system structure was kept modular, making it easier to verify and debug each part independently.
· Full simulation testing carried out before any physical build, reducing the risk of hardware faults.
Future improvements could include:
· Implementing UART error checksums or acknowledgements.
· Introducing watchdog timers to reset the system in case of software failure.
· Using fault-tolerant protocols like CAN if expanding to a larger network.
In a real automotive application, these additional safety layers would be essential to meet industry requirements and ensure long-term system stability [12].
[bookmark: _Toc197374113]Testing and Results
The final system was tested against all functional requirements. Table 3 summarises the commissioning test results for each key output. All outcomes matched the expected design behaviour.
	Output 
	Test Action
	Result
	P/F
	Comments

	Headlight
	Headlight Push Button Press
	LED On
	Pass
	Expectation Achieved

	
	Held
	LED Maintains On
	Pass
	Achieved

	
	Released
	LED Off
	Pass
	Achieved

	LCD Display
	Headlight Status Message
	Displays "HEADLIGHTS ON"
	Pass
	Expectation Achieved

	Left-Hand Indicator
	LHS Push Button Press
	LED Toggles for 5 Seconds
	Pass
	Expectation Achieved

	
	Toggle On/Off
	LEDs Blink
	Pass
	Expectation Achieved

	LCD Display
	Left Indicator Status Message
	Displays "LEFT INDICATOR"
	Pass
	Expectation Achieved

	Right-Hand Indicator
	RHS Push Button Press
	LED Toggles for 5 Seconds
	Pass
	Expectation Achieved

	
	Toggle On/Off
	LEDs Blink
	Pass
	Expectation Achieved

	LCD Display
	Right Indicator Status Message
	Displays "RIGHT INDICATOR"
	Pass
	Expectation Achieved

	Hazard 
	Hazard Button Press
	Both Indicators Flash
	Pass
	 Achieved

	LCD 
	Hazard 
	Displays "HAZARDS"
	Pass
	 Achieved


Table 3 Test Commissioning Results

[bookmark: _Toc197374114]Simulation Evidence
The system operation was verified visually in Proteus simulations.
 The following screenshots demonstrate successful activation of each lighting mode:
[image: ]
Figure 10 Simulation Showing Headlights ON
[image: ]
Figure 11  Master button pressed, Left Yellow LED flashing, LCD displaying "LEFT INDICATOR."
[image: ]
Figure 12 Master button pressed, Right Yellow LED flashing, LCD displaying "RIGHT INDICATOR
[image: ]
Figure 13 Hazard button pressed, both indicators flashing, LCD displaying "HAZARDS ACTIVE''
These results demonstrate that the distributed control system responded accurately to button inputs and correctly activated the associated outputs. Each function performed as designed, and all UART communications and display logic were verified through simulation.
[bookmark: _Toc197374115]Test Findings
The completed system met all functional requirements during simulation, with each lighting mode operating as intended. The addition of a 16×2 LCD display provided clear visual feedback, improving usability by simulating a dashboard-style status output.
Hazard mode successfully activated both indicators in sync, and each function responded promptly to button inputs. The project also included enhancements beyond the brief, such as real-time LCD messaging and accurate indicator timing, bringing the system closer to real-world vehicle behaviour.
Overall, the system demonstrated reliable distributed control using UART communication between two microcontrollers and achieved the project’s simulation and design goals.

[bookmark: _Toc197374116]Future work considerations
Although the distributed lighting control system performed successfully in simulation, several enhancements could be implemented in future versions. Introducing error detection mechanisms, such as checksums or cyclic redundancy checks (CRC), would improve data reliability during UART communication [10]. Switching from polling to interrupt-driven UART reception could also enhance responsiveness and reduce processing overhead.
For deployment in a real automotive context, replacing UART with a more robust protocol such as Controller Area Network (CAN) would be beneficial. CAN supports built-in fault tolerance, message prioritisation, and scalability — all essential for modern, safety-critical systems [11].
On the hardware side, using dedicated timers for precise LED blinking would help resolve minor timing inaccuracies. Incorporating watchdog timers would also increase system robustness by automatically recovering from potential software failures.
These improvements would bring the system closer to professional embedded standards and support future scalability across more complex vehicle lighting or control applications.
Incorporating these features would improve the system’s safety, reliability, and expandability, aligning it more closely with professional embedded automotive standards and practices.
[bookmark: _Toc197374117]Conclusion:
The project successfully demonstrated a token-based distributed lighting control system for a vehicle’s front corner, using two PIC18F4550 microcontrollers linked via UART. The slave device monitored button inputs and transmitted command tokens to the master, which responded by activating specific LEDs and updating a 16×2 LCD.
All development and testing were conducted within CCS C and Proteus, allowing efficient simulation and validation without requiring physical components. The use of UART provided a lightweight, effective communication method for the two-node setup, reflecting real-world distributed design principles.
The system incorporated further additions such as LCD feedback and accurate indicator timing, improving the system for information and realistic approach. The project offers a solid foundation for further development and exploration of distributed intelligence in embedded automotive systems. Future improvements, including error handling and protocol upgrades, would further increase its reliability and alignment with industry practices.
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Figure 2. UART with data bus.
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