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Abstract

This report details the design, development, and analysis of a multi-processor system
using PIC microcontrollers to manage the driver’s side rear lighting cluster of a
vehicle. The research section explores various transmission systems, including point-
to-point, point-to-multipoint, and multi-master configurations, establishing the
foundation for the system's design. The design phase details the simulation of the
system using Proteus software, selecting appropriate components and controllers, and
representing the lighting cluster output using an array of LEDs. The programming of
the function of the PICs is also detailed.




Introduction

The aim of this report is to design and implement a distributed intelligence system,
using a pair of PIC micro-controllers, with the micro-controllers modelling the control
of a single light cluster on a car. This involves constructing the circuits and simulating
the system in Proteus and programming the microcontrollers using a token-based
communication protocol over 12C.

The necessity of quality management systems, in accordance with ISO 9001:2015 is
discussed.

The report investigates point to point, point to multipoint and multi-master
transmission systems, analysing the functions of each and providing foundational
knowledge for selecting the most suitable configuration for the project.

The design and development of the multi-processor system is detailed, including the
construction of the circuit and function of individual circuit components, including a
pair of PIC18F2525 micro-controllers, communicating over the 12C transmission
protocol. The system uses a master-slave design, where one PIC operates as the
master controller, taking inputs from the operator and converting them into tokens to
be communicated to the slave PIC, which translates these tokens into actions for the
vehicle’s light cluster (namely illuminating or de-illuminating the corresponding
LEDs, depending on the vehicle’s state).

The design is intended to control the rear driver’s side light cluster of'a vehicle. This
includes the brake light, rear general light, reversing light, rear fog light and rear
indicator light. Whilst most of these lights function irrespective of each other, a caveat
was placed on the operation of the fog light, in which it can only be operated when the
rear general light (and front dipped beams, although not modelled in this instance) are
already illuminated, in accordance with standard practise of the majority of vehicle
manufacturers.

The function and layout of the embedded C scripts for each of the PICs is discussed in
detail, including the fog light caveat. This PICs communicate using a single letter
token-based protocol, reducing the required bitrate for effective communication,
driving a more efficient multi-controller system. This may be necessary in the context
of a vehicle multi-controller system, where it is envisioned that a master controller
may be communicating with a large number of slave controllers simultaneously.




Section 1 - Research

This section will provide some background research into the need for quality
management systems, along with brief descriptions of point to point, point to multi
point and multi-master transmission systems.

Quality Management Systems

Quality management systems are frameworks and business practices used across
industries to ensure standards and continuous improvement within the business,
developing operational efficiencies and safety standards, with the goal of meeting
customer requirements whilst adhering to industry standards, primarily ISO 9001 [1].

[SO 9001 is an internationally recognized standard for quality management. As
detailed, it assists businesses by providing a framework for business practices in order
to improve performance, meet customer requirements and demonstrate commitment to
quality and safety.

It is crucial for a business to adhere to safety standards, particularly in the automobile
industry which is heavily regulated for the safety of its customers. Adhering to ISO
9001 can help businesses identify the relevant safety requirements and regulations and
ensure they are compliant and in focus throughout the entire product development
cycle.

Point to Point Transmission Systems

On the physical layer, a point-to-point transmission system is a communication
system between two nodes or points, such as a single transmitter and single receiver.
In a point-to-point transmission system, only two devices are considered, and data can
only be sent or received between those two devices.

Point-to-point transmission can be conducted through a wired connection, using a
communication protocol such as RS5-232 or Ethernet, or wirelessly over a wireless




communication protocol like Bluetooth. Communications can alternate between
transmit and receive through a process called Time Division Multiple Access
(TDMA) or channelized, meaning the communications are divided into separate
transmit and receive lines for transmission of information in both directions
simultaneously.

Point-to-point transmission systems are relatively simple to implement due to their
nature of only having two devices to consider. This also makes them highly reliable
with minimal data loss. However, because only two devices are considered between
each link, it can often be unfeasible to scale a point-to-point system to include more
devices, as a separate transmission link needs to be established with each additional
device [2].

In the context of this report, because only two PICs are considered, the system acts as
a point-to-point transmission system on the physical layer. However, the PICs use
[2C, a communication protocol which was designed with multi-master communication
in mind. The benefit of I2C, even in point-to-point systems, is that it only requires two
standard Input/Output (1/O) pins on each device.

Point to Multipoint Transmission Systems

Point to multipoint transmission systems concern a single central node, often referred
to as a master controller, communicating with a number of separate devices. This
format is common in systems requiring a central controller to communicate with
multiple distributed receivers or slave controllers [3]. In the automotive context and
the context of this report, a single master controller can receive the input of the driver
when controlling the lights and distribute this command to multiple controllers for
each light cluster on the car.

Like point-to-point systems, point-to-multi point transmission systems can either
communicate over wired connections, using a communication protocol such as 12C, or
wirelessly using a protocol like Wi-Fi. Wi-Fi is a very common example of point-to-
multipoint, where a single central modem and router send and receive information to
and from a number of connected wireless devices.

Point-to-multipoint systems can be scaled far more easily than a simple point-to-point
system, with additional slave devices being added provided the master has the
necessary bandwidth to accommodate their data requirements. However, this does
make point-to-multipoint systems more complex.

Multi-Master Transmission Systems




A multi-master system, as the name suggests, consists of a distributed network of
devices in which there are multiple master devices and multiple slave devices. In these
formats, there are a number of different master devices (often devices will switch
between master and slave depending on what is necessary) which can each
independently initiate and control communication on a shared channel.

These systems act as a distributed network of devices without a single central node or
controller, meaning devices need to collaborate and require a robust communication
protocol like I2C to prevent collisions of data [4]. As mentioned, I2C was designed for
multi-master communication and includes mechanisms for managing data bus
congestion and collision detection.

Multi-master systems provide improved redundancy and fault tolerance because
communication does not rely on a single master controller, rather control is
decentralized in accordance to the communication protocol [5]. However, multi-
master systems are often more complex and require more advanced communication
protocols like 12C.




Section 2 — Circuit Design

This section will detail the design of the multi-controller circuit, including the
selection of the master and slave PICs, communication protocol and controller, and
periphery devices to model a vehicle’s lighting cluster and control panel.
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Figure 1: Circuit diagram in Proteus




Micro-controllers

Two PIC18F2525 controllers were selected as the master and slave controllers for the
lighting system. These controllers are labelled ‘U1’ for the master controller and ‘U2’
for the slave. Ul reads the inputs from the five buttons connected to five I/O pins,
simulating driver inputs like braking, reversing or toggling specific light switches on a
control panel within the vehicle. Ul is responsible for registering these inputs and
generating the tokens to be communicated to the slave PIC, U2. It is also responsible
for managing communication over the 12C bus, using its local crystal oscillator as an
input for the Serial Clock Line (SCL).

U2 acts as the slave controller, receiving tokens from Ul via the [2C communications
bus. This PIC then decodes these tokens, based on its script, and forms outputs for the
five LEDs that are connected to its I/O pins, illuminating the corresponding LEDs.

12C

The I2C communications protocol is employed to enable point-to-point
communication between the two PIC microcontrollers. This consists of two primary
signal lines, the SCL and Serial Data Line (SDL). The SCL uses Ul’s local crystal
oscillator to provide a clock reference for both controllers to ensure that any data
transmission is synchronised to the same clock pulse, preventing packet collisions.
The SDL is the line in which the core information is transmitted between the two
devices [6]. In this instance, U2 is a receive-only device, receiving and translating
token inputs from the master Ul.

EEPROM

The serial EEPROM (Electrically Erasable Programmable Read-Only Memory)
device is connected to the I2C bus. This is a non-volatile memory store which can
store critical information about the microcontrollers, preserving the information when
the devices are not receiving power.,

Periphery Devices

5 toggle buttons are used to represent possible driver inputs with respect to controlling
the vehicle’s lights. In this instance, button A represents the depressing of the brake




pedal, button B the activation of the dipped beams (not modelled in this example) and
rear general light, button C the right-hand indicator, button D the fog light and button
E the selection of reverse gear, which instigates the illumination of the reversing light
on the rear of the vehicle. These 5 buttons are connected to 5 input pins on the master
controller and will illuminate a voltage high when depressed, serving as inputs to the
controller.

An array of 5 LEDs is connected to five output pins on the slave controller and
correspond to the five input buttons. These LEDs represent the brake light, rear
general light, rear right-hand indicator, fog light and reverse light respectively.

Pull-up Resistor

R19 is a pull-up resistor connected to the SDL of the [2C communication system. The
resistor is then connected to a common voltage rail. This ensures that the data line is
returned to a high state when not actively being driven low by one of the devices,
preventing floating values on the data lines which prevents erroneous bits from being
received by either device.

Power Supply

A common voltage rail is used to power the 5 buttons, LEDs, microcontrollers and
EEPROM, as well as the pull-up resistor on the Serial Data Line.

RS232 Virtual Terminals

The circuit also includes a pair of RS232 virtual terminals. Although RS232 is not
used for communication between the two controllers, code has been added to each
script to output the current token to its corresponding RS232 terminal to make it easier
to visualise what token is being sent and received by the master and slave
respectively.




Section 3 — Embedded C Code

This section will detail the embedded code, which was written as two separate scripts,
for the master (U1) and slave (U2) micro-controllers. The core function of these two
scripts, collaboratively, is to detect button inputs from the five buttons connected to
the input pins of Ul, translate these inputs into simple single-letter tokens,
communicate these tokens to U2, translate these tokens into actions, and illuminate the
output pins corresponding to the correct LED. This would simulate the response of the
vehicle’s light cluster to driver inputs with some processing in between.
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Figure 2: Microcontroller operation
flow chart
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The flowchart in Figure 2 details the basic interaction between the two
microcontrollers.

Master

void ep_w(char address, char data); // Write data to I2C memory at a specified address
char ep r(char address); // Read data from I2C memory at a specified address
char read_buttons(void); // Read the current state of the button inputs

// Global variables

char local output; // Stores the current state of the output
char txbyte; // Character to be transmitted over RS232
unsigned int lights = @; // Check if the rear general light is on (1) or off (8)

Figure 3: Master global variables

Figure 3 shows the global variables and named subroutines in the master script. This
includes subroutines for reading and writing to the I2C memory chip, reading the
current state of the buttons, storing a local output and token for transmit, and a binary
indicator for the status of the rear general lights which is used as a check for the fog
lights.
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void main() {
char buts = @; // Variable to hold the current button input value

while (TRUE) {

buts = read_buttons(); // Read the button input state
switch (buts) { // Decide action based on button press value
case 1: // Brake Lights
if (local output & @x@1) { // If brake Light is currently on
local_output -= 1; // Turn off brake Light by clearing bit
txbyte = - // Set token for brake Light off
} else {
local_output += 1; // Turn on brake light by setting bit
txbyte = . // Set token for brake Light on
}
break;
case 2: // Rear general Light (dipped beam)
if (local_output & @x82) { // If rear general Light is currently on
local_output -= 2; // Turn off rear light by clearing bit
txbyte = - // Set token for rear Light off
lights = @; // Update Lights status to off
} else {
local_output += 2; /f Turn on rear light by setting bit
txbyte = 'B'; /f Set token for rear Light on
lights = 1; /f Update Llights status to on
¥
break;
case 4: // Indicator/Hazards
if (local_output & @xed4) { // If indicator is currently on
local _output -= 4; // Turn off indicator by clearing bit
txbyte = - /f Set token for indicator off
} else {
local_output += 4; // Turn on indicator by setting bit
txbyte = "5 // Set token for indicator on
}
break;
case B: // Fog Light
if (local_output & @x@8) { // If fog light is currently on
local_output -= 8; // Turn off fog light by clearing bit
txbyte = 'd’; /f Set token for fog light off
} else {
if (lights == 1) /7 Only allow if rear general Lights (dipepd beam) are on
local_output += 8; // Turn on fog Light by setting bit
txbyte = % // Set token for fog Llight on
break;
¥

Figure 4: Master switch case

Figure 4 shows the main routine for the master script. It starts by defining a character
‘buts’, initially as 0. The main repeating while true loop is then started, with the first
command being to read the current button input state and store it in the character buts.
The main switch case is then written, detailing the actions based on the value of buts.
Each switch statement includes an ‘if else’ function which checks the current output
of each LED first to see if it is already on, stored in the variable ‘local_output’. This
allows a single button to control both the ON and OFF states of the same LED,
alternating between the two. A token is then defined for either the OFF or ON state of
the LED, to be sent to the slave controller.

Case 8 has a unique condition, using the ‘lights” variable to check if the rear general
lights are already illuminated. If it returns a value of 1, the master controller will send
the ON token (D) to the slave controller. However, it will not if the rear light is not

12




already illuminated. This is necessary in the context of a vehicle light cluster, which
does not allow the fog light to be illuminated if the dipped beams and rear light are not
illuminated.

case 16: // Reverse Light
if (local_output & @x10) { // If reverse light is currently on
local_output -= 0x18; // Turn off reverse Light by clearing bit

txbyte = % /f Set token for reverse light off
} else {
local_output += 8x18; // Turn on reverse Light by setting bit
txbyte = = // Set token for reverse light on
}
break;
default:
break;
}
printf( , txbyte); // Send the current token over RS5232 for reading
ep_w(8, txbyte); // Store the token in memory location 8 on EEPROM and send to slave
H
Figure 5: End of master main routine

Figure 5 shows the end of the master script’s main routine. Depending on the value of
the variable ‘txbyte’ decided in the switch routine, the token will be outputted via
RS232 to a virtual terminal, to show the user which token is being transmitted. The
controller will also call the ep_w subroutine to transmit the token over I12C to the slave

controller.
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// Function to write data to I2C memory chip
Jvoid ep_w(char where, char what) {

while (linput(hs)); // Wait until no input and memory chip is available

output_low(hs); // Set handshake Line low to indicate communication
i2c_start(); // Begin I2C communication

12c_write(@xAQ); // Send I2C device address (write mode)
i2¢_write(where); // Specify memory address to write to
i2c_write(what); // Write the data to the specified address

delay ms(20);
i2¢_stop();
delay ms(20);
input(hs);

1

// End I2C communication

// Release line

// Function to read data from I2C memory chip

ichar ep_r{char where) {

char data = @;

while (!input(hs));

output_low(hs);
12¢_start();

i2¢_write(0xAQ);
i2¢_write(where);

delay_ms(20);
i2¢c_start();
delay_ms(20);

i2c_write(@xAl);
data = i2c_read(@);

delay_ms(20);
i2c_stop();
delay_ms(20);
input(hs);
return data;

// Wait until no input and memory chip is available
// Set handshake Line low to indicate communication
// Begin I2C communication

// Send I2C device address (write mode)

// Specify memory address to read from

// Send I2C device address (read mode)

// Read the data from the specified address
// Wait to ensure data is properly received
// End I2C communication

// Release handshake Line
// Return the data read from memory

I
Figure 6.: 12C write read

Figure 6 shows the subroutines for writing and reading over [12C. The read subroutine
is not used by the master controller; it is included as a basis for possible modification
in the future.

In the ep_w (write) subroutine, two variables are called from the last line of the main
routine. Namely, the memory location for the transmit token and the token itself,
stored as ‘where’ and ‘what’.

The first line of the write subroutine waits until the memory chip is available. It then
opens [12C communication, specifies the memory address and sends the token to that
address. The line is then closed and released by the 12C controller,

Slave

14




// Global variables

char local_output = 8;

char control_byte = 0; // Control byte for output state management

unsigned int lights = @; // Status of the rear general light: @ (off) or 1 (on)
unsigned int counter = @; // Timer interrupt counter

unsigned int flash = 8; // Flash status for indicator

char buts = @; // Last received button state

char old_but = 9; // Previous button state for change detection

char ep_r(char); // Read from I2C memory at a specified address

void ep_w(char where, char what); // Write to I2C memory at a specified address
void flash_control(void); /7 Control flashing of indicators

// Current state of output

void payload(void); // Update lights based on received button data

Figure 7: Slave global variables

Figure 7 shows the global variables defined at the beginning of the slave embedded

script. This includes the same local_output variable, a control_byte, a status check for
the rear general lights, a counter variable, a flash variable for the indicator status, two
variables for button status and the same [2C read and write subroutines.

#INT_TIMER2
void TIMER2 isr(void) {

counter++;
if (counter == 40) {
counter = @;

flash = !flash;
flash_control();

Figure 8: Flash timer

// Increment counter

// Toggle flash every 40 counts
// Reset counter to @

// Toggle flash state

// Call flash control subroutine

Figure 8 details the subroutine for the indicator flash timer, incrementing a counter
and calling the flash_control subroutine every 40 counts.

void main() {

}

setup_timer_2(T2_DIV_BY 16, 249, 15);

enable_interrupts(INT_TIMER2);
enable_interrupts(GLOBAL);

while (true) {
buts = ep_r(exea);
if (old but = buts) {
printf("%c", buts);
ep_w(0x1@, buts);
delay_ms(20);
payload();

}
old_but = buts;

Figure 9: Slave main routine

// Enable Timer2 interrupts
// Enable global interrupts

// Continuous Loop

// Read button data from I2C memory address 0x00

// Check if button state has changed

// Output the new button character to RS$232 for reading
// Write new button state to memory at address 0x10

// Wait for 26ms

// Update lights based on new button state

// Store current button state

15




Figure 9 details the main routine for the slave script. This sets up the timer for the
indicator flash and then begins a repeating while true loop. It begins by reading the
received I12C token to assess the button state, then checking if the button state has
changed. If it has, it prints to RS232 and writes the new button state to the memory
address. It then calls the payload subroutine to decide what LEDs to illuminate and
stores the new button value in old_but.

void payload(void) {

switch (buts) {

case ": J//f Brake lLight ON
control_byte |= @x@1; // Set bit @ in control_byte
break;

case 'a': J// Brake light OFF
control_byte &= @xFE; // Clear bit @ in control_byte
break;

case 'B': // Rear general Llight ON
control_byte |= @x@6; // Set bits 1 and 2 in control_byte
lights = 1; // Set lights to ON
break;

case 'b': J// Rear general Llight OFF
control_byte &= @xFl; // Clear bits 1, 2, and 3 in control_byte
lights = 0; // Set lights to OFF
break;

case :  // Right indicator ON
local output |= @x20; // Set bit 5 in local output
right=1; // Set right indicator to ON
break;

case : [/ Right indicator OFF
local_output &= @xDF; // Clear bit 5 in local output
right = @; // Set right indicator to OFF
break;

case : [/ Fog light ON

if (lights == 1) { // Check rear general light is on
control byte |= @x08; // Set bit 3 in control byte

¥
break;
case ‘d': J// Fog light OFF
control_byte &= @xF7; // Clear bit 3 in control_byte
break;
case 'E': [// Reverse light ON
control_byte |= @x48; // Set bit 6 in control_byte
break;
case ‘e': J// Reverse light OFF
control_byte &= @xBF; // Clear bit 6 in control_byte
break;
}
output_b(control_byte); // Illuminate corresponding lights

Figure 10: Slave switch case

Similar to the master script, figure 10 outlines the slave script’s primary switch case.
This switch case updates the variable control_byte based on the received token. It then
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outputs the value of the control_byte variable to the output pins, illuminating the
necessary LED.

// Function to read data from I2C memory chip
char ep_r(char where) {

char data = 8;

while (!input(hs)); // Wait until no input and memory chip is available
output_low(hs); // Set handshake Line low to indicate communication
i2c¢_start(); // Begin I2C communication

12c_write(@xAB); // Send I2C device address (write mode)
i2c_write(where); // Specify memory address to read from

delay_ms(20);
12c_start();
delay_ms(20);

i2c¢_write(@xAl); // Send I2C device address (read mode)
data = 12c_read(@); // Read data from memory

delay ms(20); // Ensure data is received

i2c_stop(); // End I2C communication

delay ms(28);

input(hs); // Release Line

return data; // Return the data

Figure 11: Slave ep_r

Figure 11, as in the master script, details the ep_r (read) subroutine. This subroutine
requests the value corresponding to the token sent by the master controller in the
memory location. It sets up an I2C communication channel to receive this data, then
closes it once the data is received, leaving a brief pause in between to enable full data
transmission.

// Control indicator flashing based on counter in main
lvoid flash_control(void) {
] if (right & flash) {

output_high(pin_b5); // Turn on right indicator
} else {
output_low(pin_b5); // Turn off right indicator

}

Figure 12: Slave flash control subroutine

The final section of the slave script is a brief subroutine to flash the indicator LED ON
or OFF based on its current state. This is called every 40 counts as detailed previously,
and the frequency of the flashes therefore depend on the clock rate of the controller.
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Conclusion

This report has presented, in detail, the approach to designing a point-to-point
transmission system between two microcontrollers to simulate the control of a single
corner of a vehicle’s LED cluster. The system uses the [2C communication protocol to
communicate between the two controllers.

Some background information and detail on quality management systems and their
important in ensuring adherence to effective business practices and safety standards,
particularly in the automotive industry, was also given, as well as a brief summary of
the physical structure of point-to-point, point-to-multipoint and multi-master
transmission systems.
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to multipoint and multimaster are correctly. 65%

KNOWLEDGE AND UNDERSTANDING

( )
y‘ The design of your circuit is suitable for the task 1 9 25

77%
ANALYSIS
[ )
y‘ You have completed the programs for both 1 7 5
devices and the circuit works well, the only .

exception is that you had left the variable 'right'
undefined. 70%

PRACTICAL APPLICATION AND DEP.



[

y‘ Your explanation is good but does not 9 75
acknowledge that both pics speak to IC3 in .
multimaster mode and not directly to each other
65%

SKILLS FOR PROFESSIONAL PRAC.

[

y‘ The report is well presented with sections to 1 1 25
explain the code and include a reasonable .
number of references. 75%



