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The objective of this report is to demonstrate the implementation of a token‑based distributed control network for managing the lighting functions located on the rear right-hand side of a vehicle. The system architecture will be modelled and validated using Proteus for hardware-level simulation, while all embedded firmware will be developed and compiled using the CCS C compiler.
To accurately design the rear lighting subsystem, the functional requirements must first be defined. The vehicle must support operation of the following lighting elements: tail lamps, indicator, rear fog lamp, brake lamp, hazard warning lamps, and reversing lamp  [1]. In the simulation environment, each lighting function is initiated via a dedicated push‑button input. Corresponding LED indicators within the Proteus schematic emulate the vehicle’s actual lighting hardware. Each LED is connected in series with a current‑limiting resistor referenced to ground to ensure correct voltage drop, protect the LED from overcurrent, and enable brightness scaling. Adjustable resistance is used to emulate variable‑intensity outputs, such as those required for daytime running-light modes.
Communication between the input interface and the output lighting actuators is facilitated by a distributed microcontroller architecture consisting of two PIC18F2525 devices. An I²C (Inter‑Integrated Circuit) bus is employed to provide synchronous serial communication between the microcontrollers. Within this configuration, one PIC18F2525 is configured as the I²C master, responsible for generating the clock signal and issuing token‑based control messages. The second PIC18F2525 operates as the I²C slave, receiving the token, decoding control instructions, and driving the appropriate LED outputs. This architecture enables deterministic message transfer, modularity, and efficient control of the distributed lighting nodes.
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i) [bookmark: _Toc228671161]Point-to-Point Transmission System 

In point-to-point systems a link between two devices typically with a device sending data across this data link. An example of this kind of protocol is UART and remains one of the most used device-to-device communication protocols [2].This point-to-point link can be seen in industry via RS232. This point-to-point link typically runs at a slower baud rate [3].
[image: A diagram of a computer hardware system

Description automatically generated with medium confidence]
Figure 1 – UART Architecture [4]

In the above image a basic illustration of a simple UART communication architecture can be seen. This form of connection is very typical of point-to-point links within industry, particularly with older legacy equipment [5].

ii) [bookmark: _Toc228671162]Point to Multi-point Transmission System

Point to multi-point transmission systems differ from point-to-point systems in that a multi-point system typically has a single device acting as a master, followed by several slave devices. These numerous slaves listen and respond to master instructions. With this being a shared bus with numerous devices, with this comes a necessity to follow installation rules to avoid signal reflections, noise and conflict. Termination resistances in fieldbuses like canbus and profibus are necessary to stop signal reflections. Ensuring no conflict can occur with repeated salve addresses is vital. Installation segregating these transmission systems away from noisy environments help to ensure signal integrity is not lost as well as preventing damage to the IC’s that are used in these networks.

[image: p4 rs485]
Figure 2 - RS485 multipoint system [6]


[image: p2 rs485]
Figure 3 - RS485, multipoint topology

[bookmark: _Toc228671163]SPI (Serial Peripheral Interface)

SPI is a good example of a point to multipoint transmission system. With a synchronous, full duplex serial interface that is used for fast short distance communication.
The signals seen in an SPI system are as follows:

· SCLCK - Clock
· MOSI – Master Out, Slave In
· MISO – Master In, Slave Out
· CS/SS – Chip Select

The advantages that come with SPI is a very high speed communication (10-50MHz). It is a simple and cheap protocol to utilize. It offers full duplex communication.
It does however come with limitations, for example this protocol requires one chip select pin per slave used. This means poor scalability for a large number of devices. It is typically seen in applications like ADCs, DACs and high speed sensors.

[bookmark: _Toc228671164]I2C (Inter-Integrated Circuit)

I2C is another example of such a communication. This is designed specifically for point to multipoint communications. I2C is a synchronous, half duplex type protocol.
The signals seen in an I2C system are as follows:

· SCL – Clock
· SDA – Data
I2C offers an advantage that SPI doesn’t. It uses slave addressing as opposed to a chip select setup. All devices use the same two channels to communicate and each device on this network has its own unique address. The master of I2C bus states the slave it is communicating with before any other messages. There are advantages to I2C, such as a simpler two wire arrangement. I2Cs built in addressing and simple wiring allows for easy scalability when using numerous slaves.
I2C does have its limitations, these include slower speeds than other protocols, half-duplex and necessary pull up resistors.
It is typically used in applications such as EEPROMs, temperature and voltage sensors.




iii) [bookmark: _Toc228671165]Multi-master Transmission system 

Multi-master transmission systems are similar in a lot of ways to point to multipoint systems. They cross over in that I2C can be considered a multi-master transmission system, as can CANBUS. Multi-master systems are very common in industrial processes that require greater complexity.
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The control of the rear left-hand side of the car has been met with the use of two 18F2525 PICs, with a necessary I2C circuit. Included in this I2C circuit is a debugger to observe traffic on the network. These PICs were selected as they hold the required number of inputs and outputs for the application. This can be said for numerous PICs; however this was also used for the familiarity held with this component. 
I2C is used to communicate between these PICs as it is a protocol easily capable of the demands required of it by this application as well its simplicity to implement, when compared to something like SPI that requires more signal connections. I2C offers slave addressing with simple two channel communication. It does have its limitations as previously discussed, however for an application such as this it seems more than adequate.
Push buttons are to be used as inputs to the master PIC. Each of these push buttons will require a suitable pull-down resistor to avoid floating voltages that could create unstable logic levels. By pulling down the voltage at this pin it can be ensured the state of that input channel is not logic one when the push button is not pressed.
When the appropriate push button is pressed, the appropriate LED should light up in an appropriate way. For example, a fog light would illuminate very simply. An indicator light would be expected to flash at regular intervals.
The push buttons to be used will be assigned as the table below with the corresponding binary value of the input byte when that push button is pressed, presenting logic one at the input.
	Push Buttons
	Binary Byte

	Rear Light
	00000001

	Indicator Light Left
	00000010

	Indicator Light Right
	00000100

	Fog Light
	00001000

	Brake Light
	00010000

	Hazard Light
	00100000

	Reversing Light
	01000000



Table 1 - Dedicated push buttons and their corresponding input byte value

Although the design brief is for that of only one corner of the vehicle the right indicator has been included. The indicator lamps and hazard lamps are the same typically on a car in the UK. To highlight the correct operation of this function, the right has been added as an input and as an output. However, it will be left unpinned to any LED to avoid confusion.


[image: The image shows a circuit diagram with various components such as resistors, capacitors, and integrated circuits. It includes different LED outputs, brake light outputs, and fog light outputs.]
Figure 4 - Proteus Schematic Hardware
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[image: The image depicts a flowchart illustrating a communication process between a master PIC (Programmable Interface Controller) and a slave PIC, detailing steps for initializing, inputting, and transferring data, with conditional loops and error checks.

AI-generated content may be incorrect.]
Figure 5 - C flow chart
.

[bookmark: _Toc228671168]Program Design & Analysis

[image: The image shows a snippet of C code for an infinite loop that sends a byte to an I2C device and reads the state of PORTB, with a delay between transmissions.

AI-generated content may be incorrect.]
Figure 6 - U1 Master PIC code

U1 holds very little code. It is there to simply establish I2C communications and transfer the byte status of Port B to slave PIC U2. At the end of the transmission there is a 100mS delay delaying the frequency that this loop is executed. Without this there would be unnecessary traffic on the bus which could increase the chance of bus errors.
[image: The image displays a segment of code, specifically a snippet from a C source file that includes definitions for various variables, an interrupt service routine (ISR) for I2C communication, and a conditional statement that checks for a specific I2C state and updates a data variable accordingly.

AI-generated content may be incorrect.]
Figure 7 - U2 Slave PIC code, lines 1 – 29
Within slave PIC U2, the vast majority of the code is carried out. After the header project file global variables are defined. The control byte of received data is then moved into the variable ‘Data’.
[image: The provided text appears to be a snippet of assembly code, specifically for an embedded system. The code includes a main loop that runs indefinitely, and within this loop, there are conditional statements that control the state of various LED lights (rear, fog, and brake) based on the bits set in a data register.

AI-generated content may be incorrect.]
Figure 8 - U2 Slave PIC code, lines 30 – 50

Void main(void) is the entry point of the program. Once the microcontroller has powered up and initialised the code is executed. The I2C interrupts from the SSP are enabled here. This allows the microcontroller to react when I2C master sends data to the slave. Global interrupt handling is enabled.
While (True) creates an infinite loop. This code will be executed repeatedly. This loop is in place to consider the current state of the data received from Master PIC U1 and deliver the corresponding updated outputs.
This logic is simple, when the corresponding input is at logic one on Master PIC U1, the output pin for that LED is at logic one also. This has been expressed as a binary byte to simply show the bit made in the output byte.
[image: The image depicts a segment of code with bitwise operations and conditional statements to control a hazard and left indicator system.

AI-generated content may be incorrect.]
Figure 9 - U2 Slave PIC code, lines 51 – 84
Here is where the code becomes slightly more complex. Hazards and indicator lights are generated here. If bit 5 = logic 1 a software counter increments each run of the loop. This is to measure time elapsed between flashes of the hazard lights. 10,000 loops were selected as the preset for this timer. This worked well when simulated at a reasonable time. Once 10,000 is reached the timer is set to 0 and hazard state is toggled. This part of the code sees the flashing of a right-hand indicator light generated at the same time as the left-hand indicator. This is typical operation of hazard light operation in a car in the UK.
After this the indicator code is written, it works in the same way as the hazard lights except for the fact only one light flashes in this mode. Bit 1 is the bit that operates this function in the ‘Data’ control byte.
[image: The provided text appears to be a snippet of code from a microcontroller program, specifically an Arduino sketch, that is used to control an indicator and a reverse light based on input data.

AI-generated content may be incorrect.]
Figure 10 - U2 Slave PIC code, lines 85 – 107

The same operation of logic has been created for a right indicator. It is not however pinned to a corresponding LED. This has only been done to clarify the difference between the hazard light and indicator light operation.
Then the Reverse light corresponding data bit is stated as bit 6 . When bit 6 of the data byte is 1, it then energises pin B5 and the corresponding LED.
[image: RENMOLR/VPP.

AI-generated content may be incorrect.]
Figure 11 -  Rear Light LED Operation
[image: The image depicts a circuit diagram with various components and connections, including LEDs, resistors, capacitors, and ICs, all organized on a breadboard.

AI-generated content may be incorrect.]
Figure 12 - Indicator Light Left LED Operation
[image: The image displays a schematic or diagram with various symbols, labels, and connections, potentially representing a circuit or electronic layout.

AI-generated content may be incorrect.]
Figure 13 - Fog Light LED Operation
[image: The image shows a circuit diagram with various components and connections, including LEDs, resistors, and pins labeled with numbers and abbreviations.

AI-generated content may be incorrect.]
Figure 14 - Brake Light LED Operation
[image: The image depicts a circuit diagram with various components and connections, including resistors, transistors, and LEDs, likely illustrating an electronic circuit or project.

AI-generated content may be incorrect.]
Figure 15 - Hazard Light LED Operation
[image: The image appears to be a schematic diagram or a circuit diagram, likely from an electronic design or programming project. It includes various components such as LEDs, resistors, and other electronic parts, possibly indicating connections and functionalities.

AI-generated content may be incorrect.]
Figure 16 - Reversing Light LED Operation


[bookmark: _Toc228671169]QMS (Quality Management System)

A good Quality Management System affects very directly how all things are designed, reviewed, tested, implemented and improved. [7] Such systems in an application like this can ensure vigorous standards if used correctly. Clear bit masks with clear comments defining functions are just one example of where a QMS can ensure proper execution of such a project. Consistent standards in naming of variables, components and folder storage are all strong fundamentals when approaching software and electronic design and execution. All this adds up to easier peer review, easier fault diagnosis and future proofing, if required modification occurs.  

[bookmark: _Toc228671170]CI (Continuous Improvement)

Continuous improvement is a critical tool used by the vast majority of organisations. Continuous improvement is an instrument used to ensure standards don’t slip and all economical changes that can lead to improvement are considered. [8] Continuous improvement in application like this can be approached in numerous ways. No I2C timeout detection has been included in the software coded. This could be carried out with just a little more work, in the event of a watchdog timer expiring a fault could be represented by operating LED’s in a particular way. It could be that adding an LCD that could show the status of the incoming data word from the master PIC. With this change, fault finding input or output and on which PIC the fault is rooted in can help greatly.

Repeated analysis of a system like this helps to push towards removing weaknesses in the application. As time goes on and equipment becomes obsolete, the need to upgrade to newer supported equipment becomes very important. This is particularly important within a production environment where costs, earning and safety are all at the heart of Continuous Improvement.


[bookmark: _Toc228671171]Conclusion

With a new complete program, the considerations of what went well with this design and implementation can be assessed. 
The use of I2C proved an adequate protocol that delivered the necessary data easily within the time frame required. It was simple to set-up when it came to wiring the PICs in Proteus. A successful demonstration of the design, implementation and evaluation of this distributed intelligence system was achieved. The segregation of inputs and outputs via a master slave configuration means that clear modularity has been achieved. This should in theory improve reliability and ensure any engineer that needs to isolate the location of a fault is aided by a strong engineering design.
The master PIC samples the input data at a frequency of 100mS. This data is transmitted to a slave PIC to drive the appropriate LED’s in a deterministic way that ensure great safety in such an application.
The software combines vital embedded systems principles such as bit masking and software timers.
Quality Management Systems (QMS) and Continuous Improvement (CI) have both proven important tools in such a project. Through structured and methodical design, the following concluded software is something that works as hoped. CI should always be pushed and can in turn ensure that this design could be improved quite simply. This design leaves open a foundation that future improvements can be applied to.
Overall, the project delivers the functional scope desired. It displays industry relevant design and approaches that indicate how distributed intelligence systems and the utilization of strong tools such as QMS and CI can be applied on even a small design like this.
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