


Research
Quality management systems (QMS) play a crucial role in the design and implementation of automotive electronics, particularly in distributed control systems such as the lighting network developed in this project. In modern vehicle design, safety and reliability are paramount, and QMS ensures that these requirements are systematically addressed throughout the development cycle. By defining clear operational standards, QMS enables engineers to produce consistent results, minimizing the likelihood of faults in critical systems like indicators, headlights, or hazard lights [1]. Moreover, QMS supports continuous improvement, which allows iterative enhancement of software logic and hardware design. In this project, the application of QMS principles influenced the careful selection of components, the design of non-blocking blink logic, and the verification of correct operation through simulation, ensuring a reliable and predictable system.

Distributed networks in vehicles can adopt different transmission architectures, each with advantages and limitations. A point-to-point transmission system connects exactly two devices directly, enabling straightforward and reliable communication. Such systems are simple to implement and are highly deterministic, making them suitable for small-scale applications, such as a single master sending signals to a single slave microcontroller to control one corner of a vehicle’s lights. However, scalability is limited because additional devices require additional dedicated connections. In contrast, a point-to-multipoint transmission system allows one master device to communicate with multiple slave devices over a shared bus. This approach is efficient in larger systems, as a single communication line can control many nodes, though addressing schemes and timing control are required to prevent data collisions. Finally, a multi-master transmission system enables multiple devices to initiate communication independently, adding redundancy and flexibility. While this can improve fault tolerance, it necessitates complex arbitration protocols to prevent bus contention and ensure deterministic timing, such as those found in CAN bus networks widely used in modern vehicles [2].

In addition to the basic overview of QMS and transmission systems, it is valuable to discuss the importance of documentation and traceability within automotive electronics. A robust QMS mandates that all design decisions, test results, and software iterations are documented in a way that enables future engineers to reproduce or audit the system. In the context of the master-slave lighting network, this included recording the pin mappings, UART frame structure, and blink timing decisions. Proper documentation also supports fault analysis; if a light fails in a physical system, the logs and design notes allow engineers to trace the issue to either hardware miswiring or software logic errors.
Furthermore, safety-critical aspects of vehicle lighting extend beyond simple functionality. Indicators and hazard lights are legally required to signal intent to other road users, and failure to operate reliably can cause accidents. Therefore, QMS practices such as testing, verification, and design reviews are crucial. This project simulated these practices by systematically testing each signal combination in Proteus, ensuring that even simultaneous commands such as hazard + foglight behaved predictably. The use of non-blocking logic reflects best practices in real-time embedded systems, a critical aspect of automotive quality standards [3].


Design
The design of the multi-processor system was implemented using Proteus simulation software. Two PIC18F4550 microcontrollers were chosen, one configured as the master and the other as the slave. The master microcontroller reads the state of six input signals representing the left indicator, right indicator, headlight, sidelight, foglight, and hazard. These inputs are simulated using toggle switches in Proteus connected to the RB0–RB5 pins. The slave microcontroller receives these signals via UART and drives the corresponding LEDs on its RD0–RD5 pins. Each LED represents a specific light function, with blinkable outputs for the indicators and hazard lights and steady outputs for the headlight, sidelight and foglight.
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Figure 1 shows a schematic of the Proteus simulation, highlighting the master and slave PICs, switch inputs, LED outputs, and the UART connection between them.
A clear frame structure was established for UART communication between the master and the slave to ensure reliable transmission. The data frame begins with a start byte (0xAA), followed by six bytes representing the status of each light (0 for off, 1 for on), and concludes with an end byte (0xFF). This structured approach allows the slave to accurately parse the state of each input and update its outputs accordingly. 
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Figure 2 shows a diagram of the UART frame, including the start byte, the six signal bytes, and the end byte.
The slave outputs were carefully assigned to avoid pin conflicts. Unique pins were selected for each LED: RD0 for the left indicator, RD1 for the right indicator, RD2 for the headlights, RD3 for the sidelights, RD4 for the foglights, and RD5 for the hazards. The hazard light function is implemented to simultaneously blink RD0 and RD1, overriding individual left and right indicator commands. This pin mapping ensures that all signals can be controlled independently or in combination without hardware interference.
Beyond the initial hardware and frame design, the system also incorporates timing considerations for blink rates. This decision ensures a realistic blink rate that matches physical automotive standards while remaining compatible with Proteus simulation timing. The decision to use non-blocking counters rather than delay-based blinking allows the slave to continue parsing incoming UART frames without interruption, a critical design consideration to prevent missed commands or desynchronization.
Another design consideration involved error handling in UART communication. The slave microcontroller validates both the start byte (0xAA) and the end byte (0xFF) before accepting a frame. This prevents spurious LED activations in the event of noise or transmission errors. In a real-world vehicle network, additional error handling might include cyclic redundancy checks (CRC) or retransmission protocols, but for this single master-slave simulation, byte verification was sufficient. 
The design also accounted for simultaneous activation of multiple outputs, particularly the foglights, which must only operate if the headlight is on. To achieve this, the slave software contains conditional logic combining the headlight and foglight signals. This design ensures compliance with standard automotive practice, where foglights are prohibited from operating without headlights. 
Additionally, considerations were made for power management and current limits in the simulation. Each LED is connected with a 330Ω resistor to prevent overcurrent in Proteus, mimicking realistic automotive conditions. Though Proteus is a virtual environment, accounting for these factors prepares the design for potential real-world implementation, where microcontroller pins have strict current limits.


Development
The master program was developed in CCS C, configured to continuously read the state of its six input switches. Each switch corresponds to a specific light function, and their states are polled in the main loop. The program constructs an eight-byte frame consisting of the start byte, six data bytes, and the end byte, which is then transmitted via UART to the slave microcontroller. The use of a non-blocking loop ensures that switch states are sampled and transmitted continuously, enabling real-time responsiveness. The hazard switch, when active, sets both the left and right indicator bytes to 1, ensuring synchronized blinking on the slave side. 
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Figure 3 shows a flowchart of the master program, illustrating the sequence from reading inputs to sending the UART frame.
The slave program was also developed in CCS C and designed to continuously monitor the UART bus for incoming frames. Upon receiving a start byte (0xAA), it reads the six subsequent data bytes and verifies the end byte (0xFF). Each byte is used to update the internal state variables corresponding to the left indicator, right indicator, headlight, sidelight, foglight, and hazard signals. Non-blocking blink logic is implemented for the left and right indicators as well as the hazard function. This approach ensures a consistent blink rate while allowing the slave to process incoming frames continuously. 

[image: A diagram of a person operation

AI-generated content may be incorrect.]
Figure 4 shows a flowchart of the slave program’s logic, highlighting how frames are parsed and LED states are updated.
Several programming challenges were encountered during development. Initially, recursion errors occurred because the frame processing function inadvertently called itself, which is not supported in CCS C. This was resolved by separating frame parsing from the main loop and using persistent counters for non-blocking blink control. Pin conflicts were another issue, particularly with the headlight and foglight LEDs, which initially shared RD2. Timing of blinking also required careful adjustment; the 50ms loop delay combined with 500ms toggle intervals was chosen initially to achieve a realistic blink rate while keeping the system responsive, but after failing to get that set up, the rate at which data is sent was slowed down to 5 per seconds, and each time a packet was received, if the correct criteria were met, the light would blink.
During development, additional emphasis was placed on code modularity and maintainability. Both the master and slave code were structured into functions for frame construction, frame parsing, and LED update logic. This modular design allows easier debugging, future expansion, and potential reuse in other vehicle systems. For example, the “process_frame()” function in the slave code isolates UART parsing from LED control, enabling safe iteration on blink logic without risking frame integrity. Figure 9 could illustrate a software module diagram, showing how different functions in the slave program interact and depend on each other.
Advanced debugging strategies were also employed. Proteus allows step-by-step simulation, which was used to verify counter increments and LED toggling. Breakpoints were inserted in the slave loop to confirm that hazard logic correctly overrides indicators, even when multiple inputs are active. This approach mimics real embedded system debugging, where tools such as MPLAB X or Oscilloscopes might be used to trace microcontroller outputs. The project also demonstrates the importance of simulation before hardware implementation, reducing risks of electrical faults and pin conflicts.
The master code was further refined to allow simultaneous input handling. Initially, hazard activation would inadvertently overwrite individual indicator commands due to simple if-statements. A priority scheme was implemented: hazard signals have the highest precedence, followed by individual left/right indicators, and finally foglights dependent on headlights. This prioritization mimics real automotive systems, where certain signals take precedence to maintain clear communication with other drivers.
Finally, considerations were made for future scalability. While this project simulates a single vehicle corner, the modularity of the code and structured UART frame allow extension to multiple corners or even integration into a full vehicle network using a point-to-multipoint design. This foresight demonstrates the practical relevance of distributed control design principles in modern automotive engineering [4].

Analysis
The operation of the system is straightforward yet robust. The master continuously reads input switches and transmits the current light states to the slave microcontroller via UART. The slave receives each frame, validates the start and end bytes, and parses the individual signals. Indicators and hazard lights are controlled using non-blocking counters, allowing LEDs to blink at a regular rate without delaying the processing of incoming frames. The sidelights and headlights remain steadily on or off according to the master inputs. 
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Figures 5  and 6 show a simulation screenshot in Proteus, one with foglights selected (left) and one with hazard lights selected (right).
Verbal flowcharts can be described for clarity. The master flowchart begins with reading the switch inputs, followed by constructing a UART frame, transmitting the frame, and repeating this process continuously. The slave flowchart begins with waiting for the start byte, reading and parsing the frame, updating the LED states according to the parsed data, applying blink logic for indicators and hazard lights, and repeating indefinitely. This flow ensures that the system remains responsive to changing inputs and maintains proper operation of all lights. 
Testing in Proteus involved verifying each light function individually and in combination. Each indicator was tested to confirm it blinks at approximately 1Hz, hazard lights correctly override individual indicators, and foglights only illuminate when the headlight is on. Additionally, simultaneous testing of multiple signals ensured that the system handled concurrent commands correctly. The timing of the blink logic, based on non-blocking counters, was observed to maintain accurate ON/OFF periods without interfering with UART reception or LED control.

Code
Master code:
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Figure 7 shows the code for the master PIC

Slave code:
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Figures 8 and 9 show code for the slave PIC
Report
The project successfully implemented a master-slave distributed lighting system for a vehicle’s front corner using two PIC18F4550 microcontrollers and Proteus simulation software. All six light signals — left indicator, right indicator, headlight, sidelight, foglight, and hazard — were implemented and functioned according to specifications. Non-blocking blink logic for the indicators and hazard lights allowed continuous system responsiveness. The foglight function was correctly dependent on the headlight state, and hazard lights correctly overrode individual indicators when activated.
Several challenges were addressed during development. These included getting the lights to blink without interrupting the UART communication, resolving recursion errors in CCS C, correcting pin conflicts between LEDs, and implementing reliable non-blocking blink logic. The system was verified through simulation, demonstrating robust operation under various input combinations. Lessons learned include the importance of clear pin assignment, structured frame design for communication, and careful management of timing in non-blocking loops. Potential improvements for future work include expanding the system to control all vehicle corners, integrating with a multi-master CAN bus system for full-vehicle control, and using interrupts for precise timing and UART handling.
Overall, the project demonstrates the effectiveness of master-slave distributed networks in automotive applications. The careful application of quality management principles, structured communication protocols, and systematic testing ensures a reliable and safe system. This work provides a foundation for more complex distributed control networks in vehicles, highlighting the practical value of embedded system design, software development, and simulation tools in modern automotive engineering.
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1#include <18F4550.h>

2#fuses HSPLL, NOWDT, NOLVP, NOPROTECT, NOMCLR

3#use delay(internal=8MHz)

4

5// UART: TX = RC6, RX = RC7

6#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7, bits=8, parity=N, stop=1)
7

8// Input pins (Proteus switches)

9 #define LEFT_SWITCH PIN_Be
1@ #define RIGHT_SWITCH PIN_B1
11 #define HEAD_SWITCH PIN_B2
12 #define SIDE_SWITCH PIN_B3
13 #define FOG_SWITCH PIN_B4
14 #define HAZARD_SWITCH PIN_BS
15

16 // Function prototypes

17 void send_frame(int left,int right,int head,int side,int fog,int hazard);
18

19 void main() {

20 set_tris_b(@xFF); // all inputs

21

22 while(TRUE) {

23 int left = input(LEFT_SWITCH);

24 int right = input(RIGHT_SWITCH);

25 int head = input(HEAD_SWITCH);

26 int side = input(SIDE_SWITCH);

27 int fog = input(FOG_SWITCH);

28 int hazard = input(HAZARD_SWITCH);

29

30 send_frame(left, right,head, side, fog,hazard);
31 delay_ms(20@); // send 5 times per second
32 ¥

33}

34

35void send_frame(int left,int right,int head,int side,int fog,int hazard) {
36 putc(OxAA); // Start byte

37 putc(left);

38 putc(right);

39 putc(head);

40 putc(side);

41 putc(fog);

42 putc(hazard);

43 putc(OxFF); // End byte
44}

45
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1#include <18F4550.h>
2#fuses HSPLL, NOWDT, NOLVP, NOPROTECT, NOMCLR
3#use delay(internal=8MHz)

4

5// UART: TX = RC6, RX = RC7
6#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7, bi

7

8// Output pins

9 #define
10 #define
11 #define
12 #define
13 #define
14

LED_LEFT PIN_D®
LED_RIGHT PIN_D1
LED_HEADLIGHT = PIN_D2

LED_SIDELIGHT ~ PIN_D3
LED_FOG PIN_D4

15// Global states
16 int left=6,right=0,head=0,side=0,fog=0,hazard=0;

17

18 void process_frame();

19

20void main() {

21 set_tris_d(exee); // ALL output

22 output_low(LED_LEFT); output_low(LED_RIGHT);
23 output_low(LED_HEADLIGHT); output_low(LED_SID
24 output_low(LED_FOG) ;

25

26 while(TRUE) {

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57 3

process_frame(); // read Latest frame

// Headlight and sidelights
if(head) output_high(LED_HEADLIGHT); else
if(side) output_high(LED_SIDELIGHT); else

// Foglight (D2 & D4)
if(fog) { output_high(LED_FOG); output_hi
else { output_low(LED_FOG); output_low(LE

// Hazard overrides indicators
if(hazard) {
output_toggle(LED_LEFT);
output_toggle(LED_RIGHT);
} else {
// Left indicator blinking
if(left) {
output_toggle(LED_LEFT);
} else {
output_low(LED_LEFT);
}
// Right indicator blinking
if(right) {
output_toggle(LED_RIGHT);}
else {
output_low(LED_RIGHT);

delay_ms(1@@); // Loop delay
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61// READ FRAME: <@xAA><L><R><HEAD><SIDE><FOG><HAZARD><@xXFF>
62//=;
63 void process_frame() {

64 int start,end;

65

66 start=getc();

67 if(start!=0xAA) return;

68

69 left = gete();
70 right = gete();
71 head = getc();
72 side = gete();
73 fog = getc();
74 hazard = getc();
75

76 end = getc();

77 if(end!=6xFF) return;
78}

79
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putc(OxAA); // Start byte
putc(left);

putc(right);

putc(head);

putc(side);

putc(fog);

putc(hazard);

putc(OxFF); // End byte




