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[bookmark: _Toc1950002894][bookmark: _Toc909512659]Abstract 
This report covers the design, implementation and analysis of a token-based distributed intelligence system in a motor vehicle using PIC18F4550 microcontrollers. The goal is to use a slave and master to control LEDs which represent lights on one corner of the vehicle, including headlights, indicators and fog lights. The system will be simulated using proteus and CCS C Compiler. The master will send tokens to the slave allowing it to control the lights in the circuit when the user provides an input. The report highlights different methods of data transmission covering point to point, point to multipoint and a multimaster system.  
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[bookmark: _Toc1637604212][bookmark: _Toc553442919]I. Introduction 
The aim of this assignment is to construct a token-based distribution network for a motor vehicle application, using Proteus. The circuit will include one master device and a slave, during the construction of the circuit, different PICs (peripheral interface controller) will be considered outlining the reasoning for selecting some PICs over others, looking at factors such as I/O pins, communication interfaces such as UART, SPI and I2C, cost, availability and memory. Also exploring the connection between slave and master and how both devices communicate. The source code will be written and analyzed, giving a breakdown of operation to assist in the following of the code. Once this has been programed the PICs will communicate by sending tokens to carry out various tasks which simulate the front lights of a car. These lights will include headlights, fog lights, and indicator lights. 

[bookmark: _Toc564184950][bookmark: _Toc1629709160]II. Background information 
[bookmark: _Toc377103121][bookmark: _Toc2031202910]i. Point-to-point transmission system.
A point-to-point transition system refers to the connection between two devices used to transmit data. It is a simple method of transmitting data as it is a direct connection between two devices, avoiding any connections such as an intermediary device. This connection can be either wired or wireless. Wireless connection would include a method such as Bluetooth [1]. In embedded systems a common type of point-to-point transmission is UART (Universal Asynchronous Receiver/Transmitter) and RS232. 
[bookmark: _Toc1565879091][bookmark: _Toc52157253]ii. Point to multipoint transmission system.
In multipoint transmission systems there is a shared link between devices in which the data can be transmitted [3]. This method allows for a single transmitter to communicate with receivers on one shared link. The use of the shared link means that the transmitters can simultaneously transmit data to the receivers making it advantageous for a wide range of applications such as Wi-Fi or broadcasting [4]. This also makes them useful in embedded systems. An example of this would be a BUS system for a microcontroller communicating with other microcontrollers and peripherals. SPI (serial peripheral interface) is a common method of point to multipoint transmission.
[bookmark: _Toc976177774][bookmark: _Toc1695681855]iii. multi-master transmission system
A multi-master transmission system is one in which more than one master can transmit data. A method to achieve multi-master transmission on an embedded system is by using I2C (inter integrated circuit), although multiple masters can use the bus system, only one can use it at a given time [2]. 

[bookmark: _Toc767201020][bookmark: _Toc1284556605]III. Method 

[bookmark: _Int_a4yWIAmY]Before designing the circuit, it must be established what components are going to be used. Different PICs have different applications and features which make some better suited to certain projects. A PICs purpose is to communicate with other devices and control peripherals when given inputs. These PIC can communicate in various ways including point to point, point to multipoint and multi-master transmission. This means that it can use protocols such as I2C, UART and SPI [6]. They can come in 8-bit, 16 bit and 32-bits, this refers to the number of bits processed per clock cycle. The chips differ in aspects such as transmission and processing speeds with the 32 bits being faster than the 16 and 8-bit. Although it has faster speeds there is a trade-off in that they are less reliable. The 8-bit chip has fewer I/O pins and has less memory [7]. As this is a simple project with limited commands it is appropriate to use an 8-bit chip. 
Once it is established that an 8-bit chip is going to be used, a microcontroller must be selected. A wide range of microcontrollers were considered for the project looking at PIC12, PIC16, PIC18. Firstly, it is important to understand the differences between microcontrollers. PIC12 is a simple 8-bit microcontroller which is often used in simple devices such as remote controls and sensors. They are smaller and more power efficient than the other PICs but have less pins, resulting in fewer features [8]. The PIC16 is larger and offers more features than the PIC12. It also has 20MHz clock speed meaning that it can execute instructions faster than the PIC 12 with a clock speed of around 8MHz. It also has more program memory, meaning that you can include more lines of code. The PIC18 is more advanced than both PICs mentioned with more memory, faster clock speeds, larger pin count and more I/O pins. Due to this, it is better suited to select this PIC as it allows room for expansion once the project is complete. The most common PIC18 is the PIC18F4550. 
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Figure 1
Figure 1 shows the features of the device, this should be referred to when designing as it includes how the chip communicates, the PIC18F4550 uses USART which is (Universal Synchronous Asynchronous Receiver Transmitter). This means that it can support synchronous and asynchronous communication. This relates to how the devices communicate with synchronous communication relying on a shared clock between the slave and master. And asynchronous does not communicate using the clock, rather it uses baud rate which will be determined when designing. It also allows for MSSP (Master Synchronous Serial Port). This supports I2C and SPI. This allows for a broad range of communication protocols when designing. It also has a large programable memory which is beneficial if improvements and expansions need to be made as memory should not become an issue in that case. Theres also 5 I/0 port which allows further flexibility if additions need to be made. 
The Definitive Guide to PIC Microcontrollers for 2024 [6]
Difference Between 8 Bit and 16 Bit Microcontroller | GeeksforGeeks [7]
PIC12 Series: Microcontrollers for Compact Solutions [8]








[bookmark: _Toc1015127413][bookmark: _Toc1237979500]IV. Design 
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Figure 2
The PIC which has been chosen is PIC18F4550. The master being U1 and the slave being U2. They are communicating via the RX (receiev) and TX (transmit) pins. This is the UART communication protocol. This is a method of asynchronous communication meaning that it is not using an internal clock, so a baud rate will need to be determined. There is also an LCD included, this is so once the command is sent the user will be able to identify what light is active. There are 3 LEDs to represent the lights of the car whcih have been selected as “headlights, “foglights” and “indicator” and they will be controlled by the three buttons. 



[image: ]
Figure 3
U2 is a PIC18F4550 and is the slave. The input pins are connected to buttons which will control when each of the lights will come on, button A represents the head lights, button B represents the fog lights and button C represents the indicator, this will then be communicated to the slave via the RX and TX pins.  
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Figure 3

The LCD is connected to the digital output pins RD0-RD7. Allowing it to communicate with the PIC and display messages when prompted.  the LCD selected is a LM044L. It is also giving the signal to the LEDs.

[bookmark: _Toc816614608][bookmark: _Toc1451874954]V. Development 
[bookmark: _Toc1412616394][bookmark: _Toc1876727151]Master code
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This is the code for the master. It is looking for a signal from the slave which will give a command to turn on the LEDs based on the signal from its corresponding button. 
Button A, turns on LED A, displays “headlights” onto LCD. 
Button B, turns on LED B, displays “Foglight's” onto LCD.
Button C, flashes LED C, displays “indicator” onto LCD.
Each button checks for a 0 signal on the other output pins before coming on. 

[bookmark: _Toc1016475635][bookmark: _Toc1787735803]Slave code 



[image: ]
The slave PIC is looking to detect if a button is being pressed, it will then relay this information to the master via the TX and RX pins.
Head lights working 


[image: ]
Button A has been pressed, this is transmitted from the slave to master, which has sent a 1 to LED A and displayed “headlight” onto the LCD. 
Foglight working
[image: ]
Button B has been pressed, this is transmitted from the slave to master, which has sent a 1 to LED A and displayed “Foglight” onto the LCD. It has also sent a 0 to the headlight which has turned off the headlights. 

Indicator working

[image: ]
Button C has been pressed, this is transmitted from the slave to master, which has sent a 1 to LED C flashing three times and displayed “indicator” onto the LCD. This has sent a 0 to the other LEDs.

[bookmark: _Toc1425005293][bookmark: _Toc1666243007]VI. Analysis 

The slave is responsible for reading the user input, it is constantly checking to see if the buttons A/B/C are being used. Once this is pressed the signal is transmitted via UART to the master. 
The master is responsible for looking for a command from the slave, this is “kbhit()” once it is received “getch()” reads the byte. Once it has been received it sends a high or low signal to the LED. Depending on what button has been pressed, it sends a high signal to the corresponding LED and a low signal to the other LEDs. This causes the LED to come. It also sends the command to the LCD to display the message “headlight”, “Foglight” or “indicator”. The headlights and the Foglight's will remain on until another button is pressed, if the indicator button is pressed it will flash three times before going off. 
[image: ]
Figure #
Figure # is an operational flow chart which shows the interaction between the slave and master. It shows the slave starting, the decision of button A/B/C it then sends the command to the master. The master then reads the command and turns on the LED and LCD.
[bookmark: _Int_1LZImSmC]In projects such as this there is a need for QMS (quality management systems) this is to ensure that the product is reliable, safe and compliant. In the automotive industry safety standards must be met. This project looks at a vehicle lighting system and this is covered in ISO 26262. If applied to a real vehicle further addition must be made. An example of an addition would be a watch dog timer, it resets if the PIC fails or malfunctions.  It could also be made that at startup all LEDs come on to ensure that all the lights are working.

[bookmark: _Toc1505116929][bookmark: _Toc390595504]VII. Conclusions

· The goal of the project was to design and implement a token based distributed intelligence system that would allow the user to control lights on a vehicle based on the users input. First, it was important to understand how devices communicate looking at point to point communication, point to multipoint and multimaster communication. This included communication protocols such as I2C, SPI and UART. Considering the advantages and disadvantaged of using the different methods and understanding how they allow the PICs and peripherals to communicate with one another. 

· During the design process it was essential that an appropriate PIC was selected to carry out the task. Research was conducted to compare different PICs and analyse how it would be best suited to the project. The PICs considered were the PIC12, PIC16 AND PIC18. They are all 8 bit which was more appropriate dure to simplicity of the commands.  The factors considered were how many I/O pins the PIC had and how that related to the lights and buttons on the design. Having enough to execute the tasks that needed to be complete and allowing future additions if necessary. programmable memory and communication protocol was also a key factor. The PIC18F4550 had high programable memory which would allow for more complex commands. It also offered a wider range of communication protocols which allowed more flexibility as it allowed for synchronous or asynchronous communication.

·  Once the PIC was selected the actions that were required had to be determined and programmed. Three LEDs would represent the light on the front end of the vehicle with buttons to control them. It would also have an LCD to display what light is currently active. It was determined once button A was pressed that the LED representing the head lights would come on and display “headlights” on the LCD. When button B was pressed the LED representing the fog lights would come on and display “fog lights” on the LCD. Finally, once button C was pressed the light representing the indicators would flash and display “indicator” on the LCD. 

· A way to improve this would be to add more lights including brake lights high beam etc, this is possible due to the extra output pins. It could also be made that the indicators can be used whilst the headlights are on. 
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PIC18F2455/2550/4455/4550

TABLE1-1: _ DEVICE FEATURES
Features PIC18F2455. PIC18F2550 PIC18F4455. PIC18F4550
(Operating Frequency DC-48MHz | DC-48MHz | DC-48MHz | DC-48Mhz
[Program Memory (Bytes) 24576 32768 24576 32768
[Program Memory (Instructions) 12288 16384 12288 16384
Data Memory (Bytes) 2048 2048 2048 2048
[Data EEPROM Memory (Bytes) 256 256 256 256
Interrupt Sources. 19 19 20 20
10 Ports Pots A B,C.(E) | PortsA.B,C (E) [PoisA B.C,D,E | PortsA B C.D.E
Timers. 1 1 2 7
Capture/Compare/PWM Modules 2 2 1 1
[Enhanced Capture/ o o 1 1
| Compare/PWM Modules
Serial Communications. MSSP, MSSP. MSSP. MSSP.
Enhanced USART | Enhanced USART | Enhanced USART | Enhanced USART
Universal Serial Bus (USB) 1 1 1 1
Module
[Streaming Paralll Port (SPP) No No Yes Yes
1051t Analog-to-Digital Module_| 10 Input Channels | 10 Input Channels | 13 Input Channels | 13 Input Channels.
Comparators 2 2 2 2
Resets (and Delays) POR, BOR, POR, BOR, POR, BOR, POR BOR.
eseT Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow | Stack Underfiow | Stack Underfiow | Stack Underflow
(PWRT, OST). | (PWRT,OST), | (PWRT,OST), | _(PWRT, OST).
WICLR (optional), | WICLR (optional), | WICLR (optional), | MCLR (optional),
woT woT woT woT
Programmable Low-Voltage Yes Yes Yes Yes
Detect
[Programmable Brown-out Resel Yes Yes Yes Yes
Instruction Set 75 Instructions; | 75 Instructions; | 75 Instructions; | 75 Instructions;
83 with Extended | 83 with Extended | 83 with Extended | 83 with Extended
Instruction Set | Instruction Set | Instruction Set | - Instruction Set
enabled enabled enabled enabled
Packages 28Pin PDIP 28Pin PDIP 40-Pin PDIP
28-Pin SOIC 28-Pin SOIC 44-Pin OFN
44-Pin TQFP 44-Pin TQFP
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