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[bookmark: _Toc215744308]Introduction
This report outlines the design and development of a simple token-based network for use in a motor vehicle application, as well as additional research into communication topologies.
Report Planning
Before starting the report or task, the whole assignment was broken down into sub-sections and further into smaller tasks, as shown below:
[image: ]
This was then mapped onto a Gantt chart to map out the timescale and track progress, with weightings for each section, shown below:
[image: ]
[bookmark: _Toc215744309]Literature Review
[bookmark: _Toc215744310]Quality Management Systems
[1] [2]
[bookmark: _Toc215744311]What are Quality Management Systems?
Quality Management Systems (QMS) are an overarching framework designed to encompass the definition and documentation of an organisation's processes for achieving continual improvement in its processes and output.
Typically, the key components QMS aims to refine are the following:
· Policies, made by upper management
· Procedures, the way tasks are performed
· Responsibilities, what staff perform what roles
· Resources, training, and tools
· Documentation and records, evidence of 
· Analysis, taking results are measure performance
· Review, audits & actions taken
One of the standards that documents QMS is ISO 9000:2015, is acts as the standard for QMS which providing the formal definition:
QMS – “part of a management system”…“with regard to quality”
Management System – “set of interrelated or interacting elements of an organization”… “to establish policies”… “and objectives”… “and processes”… “to achieve those objectives”
Quality – “degree to which a set of inherent characteristics” … “of an object” … “ fulfils requirements”
[3]
[bookmark: _Toc215744312]What are the Benefits?
Using a QMS has numerous benefits both in the short and long term, some of which include:
· Higher Quality products & services, by taking results and feedback to alter processes
· Helps to streamline processes by identifying points for improvement, such as removing unnecessary steps, thus reducing wasted time.
· Continual improvement by reducing variance in process execution helps to remove inconsistency
[4]
[bookmark: _Toc215744313]How can it improve Safety standards?
By using the framework that QMS lays out, it provides a good basis for documentation for paperwork such as risk assessments and accident forms, as well as improvement to training.
The way in which this could be done is by standardising and refining operating procedures and reducing unsafe or potentially dangerous practices.
It can also be used to outline how Near misses, incidents or equipment failures are recorded and reported.
[5]
[bookmark: _Toc215744314]Point to Point 
Commonly known as P2P, it is a communication topology involving two devices arranged with a single sender and receiver without other intermediaries.
Some examples include:
[bookmark: _Toc215744315]UART
· Uses RX (Receive) & TX (Send) connections
· Asynchronous, meaning it uses no Clock Line; however, each side has a set baud rate, which ensures the correct timings for the transmission of data 
· Sends Data in ‘chunks’ with start and stop bits on either side of the data being transmitted
· Simple connection using a total of two transmission lines
[bookmark: _Toc215744316]RS232
RS232 is a communication standard that utilises UART, but with some slight differences, those being:
· Difference in voltage levels, +3V to +15V for logic 0, -3V to -15V for logic 1
· Additional Lines, such as a GND for voltage reference, as well as potentially using RTS, CTS, DTR or DSR for flow control or checking device statuses
[6]
[bookmark: _Toc215744317]SPI
Differing to the other communication methods, SPI can operate in both point-to-point and point-to-multipoint (discussed in the next section) and features:
· MOSI & MISO (Master Out, Slave In; Master in Slave Out respectively)
· Synchronous Serial communication, using a clock signal generated by the master, which synchronises and dictates when each bit of data is sent
Has an additional connection for SS/CS (Slave Select/Chip Select), which acts as a coordinator, allowing the master to select which slave to address, if operating in a point-to-multi-point mode 
[7]
[bookmark: _Toc215744318]Point to Multipoint
Point-to-Multipoint is a communication topology involving a single Master device that communicates with multiple slave devices. 
It does so by sending a single copy of a given piece of data, which is duplicated and distributed to multiple receivers or slave devices.
There are two typical types of Point to Multipoint communication: Unicast, where the sender transmits separate copies of data to each of the different receivers; and Multicast, where the data being transmitted is sent once and replicated by the network to the distributed to each of the receivers.
[8]
[image: A diagram of a multi point network
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[9]
[bookmark: _Toc215744319]Benefits 
· Efficient distribution, by using only one master device to address multiple receivers as well as using a single frequency or connection for each of them.
· Scales well; after the initial connections, additional slave controllers can be easily added without much alteration to the existing topology. 
· Cost-efficient; like both the efficiency of its distribution and the scalability, point-to-multipoint topologies require little modification to an existing network to add additional receivers.
· Broadcast capable, allows communication to multiple devices simultaneously, useful for large networks.
[bookmark: _Toc215744320]Downsides
· Requires scheduling or control – more nodes
· Interference, due to each device sharing the same network or connection, there is a greater chance for interference with one another.
· Cost, the initial setup can often be greater than simpler communication methods, such as point-to-point
· Security, with multiple devices sharing the same communication method, issues with maintaining privacy can arise
[bookmark: _Toc215744321]Examples
· Wireless internet
· Cellular Network
· Radio Networks
[bookmark: _Toc215744322]Multi Master
Multi Master is a communication topology involving multiple master devices that have equal ‘authority’ requiring bus control or a form of arbitration.
A common example using multi master is I2C
· Uses two lines SDA (Data) and SCL (Clock)
· Each controller in the arrangement has its own address
 “Two problems arise in multi-master systems:
· An algorithm must be implemented, allowing only one of the masters to complete the transmission. All other masters should cease transmission when they discover that they have lost the selection process. This selection process is called arbitration. When a contending master discovers that it has lost the arbitration process, it should immediately switch to Slave mode to check whether it is being addressed by the winning master. The fact that multiple masters have started transmission at the same time should not be detectable to the slaves, i.e. the data being transferred on the bus must not be corrupted.
· Different masters may use different SCL frequencies. A scheme must be devised to synchronise the serial clocks from all masters, in order to let the transmission proceed in a lockstep fashion. This will facilitate the arbitration process.”
[10]
Some examples of how this is overcome include:
· I2C Bus Arbitration works by each microcontroller checking if the bus they wish to transmit to is free, and then they proceed to send the data. Should two microcontrollers attempt to transmit simultaneously, both continue to transmit until one of the controllers pulls the bus low, which then relays to the other controller that the bus is no longer free, preventing further transmission.
[image: A diagram of a graph
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[11]
Essentially, acting as the first to pull the line low ‘calls dibs’ and has priority over the other microcontrollers. 
[12]

· Token-based system, by using a token that is distributed between each microcontroller, it determines which has priority. This helps to avoid conflict between the multiple master devices by passing the token around the network that is connected in a ring-like arrangement. This also helps but having consistency between controllers with equal and fair access to the network.
[13]
[bookmark: _Toc215744323]Token Network Task
As per the brief, this task is to design a distributed network for a vehicle using two microcontrollers to simulate the lights (i.e. indicators, headlights, etc).
For this task, a motorbike was chosen due to its relative simplicity and its familiarity. In addition to this, the whole bike was chosen to be recreated, as opposed to just 1 corner, due to a motorcycle having fewer lights compared to a conventional car.
[bookmark: _Toc215744324]Design
The task for designing the circuit was broken down into separate sections: Inputs, Outputs, Inter-microcontroller connection and the oscillator for the indicators. This was then made into a block diagram for better visualisation.
[image: A diagram of a motorcycle light
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By breaking down the task into more manageable chunks, each section is easier to work on and then integrate later.
[bookmark: _Toc215744325]Development
[bookmark: _Toc215744326]Input Switches
The Circuit was designed to feature buttons and switches to emulate those on a motorcycle, including the brakes, ignition switch, etc., as shown below:
[image: ]
[bookmark: _Toc215744327]LEDs
LEDs were used to emulate the lights present on a motorcycle; Two White for represent the headlight and high beam; Two pairs of yellow/orange LEDs to represent the rear and front Indicators; and a single Red LED to represent the brake light at the rear.
 Using the following equation, the ideal resistor values were calculated, and the nearest E24 Series values were selected.

Where:
 – Resistor Value (Ω)
 – Supply Voltage (V)
 – Forward Voltage Drop (V)
 – Current (A)
For White LEDs:


For Red LEDs:


For Yellow LEDs:


Once calculated, the E24 value was increased by one for additional reliability in the circuit. Resulting in the final values being:
· White LEDs – 200Ω 
· Red LEDs – 330Ω
· Yellow LEDs – 330Ω
This was then used to create the LED arrangement shown below:
[image: ]
[bookmark: _Toc215744328]LM555 IC
To ensure the indicators were flashing consistently and to reduce the firmware code required, the LM555 Timer IC was used.
The LM555 was connected in accordance with the datasheet’s astable configuration, which was then connected to an NPN transistor, which would switch and the driving voltage for the arrangement of AND gates.
This specific arrangement would allow for the pulsing output from the LM555 to also feed into an NPN transistor, which would drive an AND gate along with the input from the indicator switch, essentially allowing the astable output to control a single pair of the indicators, only when the switch input allows it to do so.
[image: A diagram of a circuit
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This setup also allows for less firmware for each of the microcontrollers, as well as less information travelling over I2C between them.
[image: A diagram of a circuit
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 [13]
To check that the resistor values were correct, the frequency of the astable would be calculated using the following formulas:

[14]

Where:
 – 1kΩ
 – 10kΩ
 – 47µF
 – Time
 – Frequency (Hz)




Comparing this to the frequency for motorcycle and car indicators, which are required to be between 60 – 120 Flashes a minute [14] [15]

Thus, the circuit for the LM555 is sufficient due to MOT requiring 1-2 flashes a second, and the circuit frequency lies between those parameters.
[bookmark: _Toc215744329]Analysis
[bookmark: _Toc215744330]Circuit
[image: A diagram of a computer
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As shown on the circuit above, each of the modules was built and tested separately, and then were combined using input, output and bidirectional connectors. This helped to keep the circuit layout clean and easy to see what is connected to what, without ending up like a ‘rats’ nest’. The modules were also labelled and isolated in boxes for a clearer view of each section.
Inputs
[image: A diagram of a car
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The Inputs were designed to emulate the switches and buttons of a motorcycle. Featuring:
· An ignition switch that would need to be enabled to allow the rest of the system to work
· 3 Pin indicator switch to replicate the left, right and dismiss the indicators
· Buttons for each of the brake levers, both front and back
· High beam and passing light arrangement identical to that of a bike
(Note there is no individual setting for headlight, due being daylight running and always on when the ignition is on)
These switch inputs are then connected to the first microcontroller, U1, into the port, allowing for a single port to be set as an input later and interpret the inputs from the switches.
Outputs
[image: A diagram of a motorcycle demonstration
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The LED outputs were arranged roughly in the silhouette of a motorcycle (front-facing left), with a relevant LED colour for each light. The resistor values calculated previously were implemented here.
555 Timer
[image: A diagram of a circuit board
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The LM555 Timer is configured in its astable configuration previously mentioned. This output then drives a simple NPN transistor, which acts as a switch for the two AND gates that are performing an AND function on the pulsing output from the 555 and the transistor with the inputs from the indicator switch.
This is then connected to the pairs of indicator LEDS.


PIC Connections
[image: A diagram of a computer
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The PIC connections are relatively simple, connecting the input from the switches to U1 via port B, transmitting the I2C command over its SCL & SDA pins to U2, which outputs to the LEDs for the brake light and high beam.
Debug & Test
[image: A diagram of a computer
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The debug section is a small module for checking the values and data for the U2 variable and I2C transmission, respectively. Helping to diagnose issues or check that the correct information is being sent.
[bookmark: _Toc215744331]Code breakdown
Shown below is a flow chart representing the basic working of the system.
[image: A diagram of a program
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U1 performs the checks for which inputs are active, then sends that data over I2C to U2, which then determines which Pins to activate based upon that data.

U1
[image: A white background with green text
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The code on U1 is simple, containing basic setup for I2C and transferring the value from the input from register B over the I2C line.
[image: A white background with green text
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The above snippet essentially sets up the Microcontroller and defines it as the Master in the I2C arrangement.
Line 6 defines a global integer variable named ‘Control’ and sets it to 0.
[image: A white background with green text
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Line 8 marks the start of the main body of code, with line 10 setting Port B as an input, allowing the logic from the switch inputs to be interpreted.
[image: ]
Line 12 loops the inner section of code indefinitely, with line 14 taking the input from Port B and assigning that value to the ‘Control’ variable that was previously defined.
[image: A white background with green text
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Lines 16 to 20 encompass the process for initialising, sending and closing the connection.
Line 16 initialises the process, ‘opening’ the connection to the I2C lines in preparation to send data.
Line 17 would be used to select the address on the I2C bus, should there be multiple Slave devices; however, in this application, it is not required due to the single slave device. 
An additional note. For a yet to be determined reason, the write command used for address selection instead sends the value of 0x50 (Decimal 80), which interferes with the operation of U2 and thus was omitted.
Line 18 sends the variable ‘Control’ over the I2C lines to U2, which changes depending on the inputs from the user via Port B.
Line 20 closes the connection to the I2C lines, allowing the data to be sent.


U2
[image: A white board with green and red text
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The First 3 Lines on U2 cover the setup of the microcontroller, its definition of being the Slave device in the I2C arrangement, as well as which pins are being used for I2C.
Line 4 defines the setup of the virtual terminal connected to U2, which is used later for testing and debugging.
Line 6 simply defines a global variable, nearly identical to what U1 had done previously.
[image: A white board with green and red text
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Line 8 initialises the main section of code, with line 10 using a moderate delay to allow U1 to be working ‘ahead’ of U2 in the sending of data.
Lines 11 & 12 set the output pins of U2 that are connected to the High beam and the brake light, to low just after initialising, to ensure the pins are in a known state at the beginning to avoid potential errors.
[image: A screenshot of a computer program
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Line 14 simply keeps the main body of code looping.
Line 16 assigns the value taken from the I2C line to the ‘OutVal’ variable.
Line 17 is used to check the value that ‘OutVal’ has been set to, by printing it to the virtual terminal connected to U2.
[image: A screenshot of a computer program
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Lines 18 to 33 encompass the if statements used to determine which set of lights should be high based on the value that saved in ‘OutVal’ from the I2C line.
The else statement on line 34 ensures that if none of the IF statements are fulfilled, the outputs to the LEDs are set low.
[bookmark: _Toc215744332]Conclusion
To conclude, the task and assignment were interesting, by applying theoretical knowledge of microcontroller communication methods to a simulation, to better understand I2C (in this example), which could easily be implemented into other physical hardware or systems.
[bookmark: _Toc215744333]Recommendations
[bookmark: _Toc215744334]Positive Points
Some of the more notable points of the assignment included:
· Learning to use a communication method not previously learned
· The system was functional and could be easily implemented in hardware and physically
[bookmark: _Toc215744335]Points for Improvement
Should this assignment be done again, some alterations could be made:
· Using a different software other than Proteus, due to its overall inconsistency. On some occasions, it would freeze or crash when attempting to run the simulation. On other occasions, it would refuse to open files and not recognise the licence key.
[bookmark: _Toc215744336]Alterations to the brief
· As an extension of the brief, to use multiple slave devices requiring the use of addresses to control which commands and data go to which device.
· Additional components operating as outputs (i.e. motors or displays)
· Building the physical circuits and loading firmware onto them to have it built and demonstrated.
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[bookmark: _Toc215744340]PIC18F2525_1 U1 (Master)
//-------------------------- U1 Master -------------------------
#include <main.h>               //Include Header file
#use i2c(Master, SCL=PIN_C3, SDA=PIN_C4)    // Define U1 as Master
//--------------------- Set Up ------------------------
unsigned int Control = 0;   // Define 'Control' Variable

//----------------------- Main ----------------------------
void main()
{
   set_tris_b(0xFF);    //Set Register B as Input
   
   while(TRUE)      //Loops the main section of code
   {
      Control = input_b();  // Assign the Input from RB to 'Control' Variable
      
      i2c_start(); //Initalises I2C Communication
      //i2c_write(0x50);// Would be used for writing to specific address, however not required in this set-up (also Breaks code when used, by sending '0x50' instead)
      i2c_write(Control);   //Sends the 'control' Variable
      
      i2c_stop();   //Ends the I2C Communication
      
      delay_ms(50); //Delay to not overwhelm the microcontroller

   }
}


[bookmark: _Toc215744341]PIC18F2525_2 U2 (Slave)
//-------------------------- U2 Slave -------------------------

#include <main.h>       //Include Header file
#use i2c(Slave, SDA=PIN_C4, SCL=PIN_C3, slow, Address = 0x50)       // Define U2 as Slave
#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7, bits=8, parity=N, stop=1, stream=UART1)  // setup for the virtual terminal used when checking value received from I2C
//--------------------- Set Up ----------------   
volatile unsigned int OutVal = 0;   // Define 'OutVal' Variable

//----------------------- Main ----------------------------
void main()
{
   delay_ms(300);   //Delay to not overwhelm the microcontroller
   output_low(PIN_B0);  //Brake light - Set Low - 
   output_low(PIN_B1);  //High Beam - Set Low
   
   while(TRUE)
   {    
      OutVal = i2c_read();      // Assign the Input from I2C to 'OutVal' Variable
      printf("Value = %d\r\n", OutVal);     //Print 'OutVal' on the virtual Terminal (Used in checking I2C working correctly)
      if(OutVal == 18)  // Brake light + Ignition IF Check 
     {
        output_high(PIN_B0);    //Brake light - Set High
        delay_ms(30);       //Delay to not overwhelm the microcontroller
     }
     if(OutVal == 34)   //High Beam + Ignition IF Check 
     {
        output_high(PIN_B1);    //High Beam - Set High
        delay_ms(30);       //Delay to not overwhelm the microcontroller
     }
     if(OutVal == 50)   //High Beam + Ignition IF Check 
     {
        output_high(PIN_B0);    //Brake light - Set High
        output_high(PIN_B1);    //High Beam - Set High
        delay_ms(30);       //Delay to not overwhelm the microcontroller
     }
      
      else          //When none of the IF checks are active, set the output pins low
     {
        output_low(PIN_B0);     //Brake light - Set Low
        output_low(PIN_B1);     //High Beam - Set Low
     }
   }
}
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7.4.2 Astable Operation

If the circuit is connected as shown in Figure 14 (pins 2 and 6 connected) it will trigger itself and free run as a
multivibrator. The external capacitor charges through Ra + Rg and discharges through Rg. Thus the duty cycle
may be precisely set by the ratio of these two resistors.
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1//=mmmmmm e Ul Master -------------——————————--
2#include <main.h> //Include Header file
3#use i2c(Master, SCL=PIN_C3, SDA=PIN_C4) // Define Ul as Master
A/)---mmmmmm - Set Up -----------c-mmmmmmmo -

Sunsigned int Control = ©; // Define 'Control' Variable

6

7//------mmmmmmm e Main ----------cmmmeee -

8void main()
9{
10 set_tris_b(OxFF);

12 while(TRUE)

//Set Register B as Input

//Loops the main section of code

;// Would be used for writing to specific address, however not required in this set-up (also Breaks code when used, by sending '@x56' instead)

13 {

14 Control = input_b(); // Assign the Input from RB to 'Control' Variable
15

16 i2c_start(); //Initalises I2C Communication

17 //12c_write(0x50);

18 i2c_write(Control); //Sends the ‘control' Variable

19

20 i2c_stop(); //Ends the I2C Communication

21

22 delay_ms(50); //Delay to not overwhelm the microcontroller
23

24 }
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1//+ U1 Master
2#include ceain.h> //Inctude Header file

3suse 12c(Master, SCLPIN_C3, SORSPIN_C4) 7/ Define U as Haster

a//- - set Up - h

Sunsigned int Control = o, 1/ Define “Control " Variable

s

7//- - atn - -

8votd main()

¢

10 set_tris b(oxFr); //Set Register B as Input

n

12 while(TRUE) /1o0ps the matn section of code

B

18 Control = input_b( 1/ Assign the Tnput from BB to “Control" Voriable
15

16 i2_start(); //Initalises 12C Communication

17 //i2c_wrice(8x50);// Hould be used for writing to specific address, however not required in this set-up (also Breaks code when used, by sending '6x59" instead)
18 i2c write(Control); //Sends the “control " Variable

1

2 2cstop); /€nds the 12¢ Comunication

2

22 deloyms(s0);  //Delay to not overmheln the microcontroller

5

2 )
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1//--------mmmmmmmm e U2 Slave --------------comeo -

2#include <main.h> //Include Header file

3#use i2c(Slave, SDA=PIN_C4, SCL=PIN_C3, slow, Address = @x50) // Define U2 as Slave

4i#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7, bits=8, parity=N, stop=1, stream=UART1) // setup for the virtual terminal used when checking value received from I2C

5//-----c-mmmmmmee - Set Up ----------------

6volatile unsigned int Outval = 0; // Define 'OutVal' Variable
/) -mmmmmm e MaAin ------mmmmm e

8void main()

9{

10 delay_ms(300); //Delay to not overwhelm the microcontroller

11 output_low(PIN_B®); //Brake light - Set Low -
12 output_low(PIN_B1); //High Beam - Set Low
13
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while(TRUE)

{
OutVal = i2c_read(); // Assign the Input from
printf("Value = %d\r\n", OutVal); //Print 'OutVal'
if(OutVal == 18) // Brake light + Ignition IF Check
{
output_high(PIN_BO); //Brake Light - Set High
delay_ms(30); //Delay to not overwhelm
}
if(Outval == 34) //High Beam + Ignition IF Check
{
output_high(PIN_B1); //High Beam - Set High
delay_ms(30); //Delay to not overwhelm
}
if(Outval == 50) //High Beam + Ignition IF Check
{
output_high(PIN_BO); //Brake Light - Set High
output_high(PIN_B1); //High Beam - Set High
delay_ms(30); //Delay to not overwhelm
}
else //When none of the IF checks are
{
output_low(PIN_B®); //Brake Llight - Set Low
output_low(PIN_B1); //High Beam - Set Low
}
}

I2C to 'OutVal' Variable
on the virtual Terminal (Used in checking I2C working correctly)
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