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Introduction
This report will cover a basic overview of quality management systems, why they are needed, how they can influence other standards, and how a more efficient working environment can create many positive benefits to an organisation. It will also give a brief description of a point to point transmission system, a point to multipoint, and a multi master system, listing their benefits and uses, and how they can use arbitration to avoid issues . It will then go on to the design, development, and analysis of a multi-processor system, that uses two PIC microcontrollers to simulate a cars lights, it will cover the code design and process flowchart, along with recommendations for future work.
To make sure that this report, and all the tasks with it, ran on time, a brief project flowchart has been included, see appendices 1. This made it possible to keep the project organised, and complete all the tasks within the set timeframe. 
Research tasks 
[bookmark: _Toc215488990]Quality management systems
A quality management system (QMS) is a set of policies, processes and procedures that enhance the quality of manufacturing and reduce the amount of quality control errors while allowing businesses to meet targets for deliverables. It is used to increase consistency of processes and manufacturing outputs. This increases efficiency, reducing costs and improves customer satisfaction levels [3].
A QMS can be described as a performance metric towards continuous improvement [4].This is because, as the standard is reviewed, it increases its expectations, meaning that organisations have to continually review their processes, and act on any emergent issues. This also means that as the standard gets harder to achieve, businesses must improve and continue to innovate to stay compliant, this drives a cycle of continuous improvement from organisations, and the standards bodies [5].
ISO 9001:2015  is an industry standard for quality management, it is awarded after the ISO body has confirmed that a company is using adequate quality management systems, as well as conforming to statutory and regulatory requirements [6]. It outlines the expectations for companies to have rigid risk management protocols, and good supply chain management, to allow the company to meet customer and stakeholder needs, while remaining within statutory and regulatory requirements. While ISO 9001, and other QMS’ do not directly cover health and safety, they do strongly emphasise risk management, as a direct consequence of this, health and safety is addressed. 
Multiple examples of this can be found, such as:
Clause 6.1 [7] – The requirement for organisations to identify and address risks. 
Clause 7.1.3 [7] – Requires infrastructure to be suitable for operations. 
Clause 7.1.4 [7]– Environment for the operation of processes. 
Even though these clauses do not expressly mention the health and safety of employees, poor safety is a direct risk which must be identified and addressed (clause 6.1), while suitable operating infrastructure and environment also directly relates to the safety of operators. This ties health and safety to a properly managed QMS and directly contributes to obtaining ISO 45001 certification [8].
Overall, QMS’ are seen as highly beneficial to companies that adopt them [1]. They increase efficiency, y increasing productivity and reducing costs associated with errors. They also improve customer satisfaction, increasing return orders/customers, as well as improving relationships with suppliers/authorities by implementing well defined procedures, making them easier to work with. Finally, they improve employee satisfaction, which in turn increases productivity.

[bookmark: _Toc215488991]Point to point transmission system
A point to point transmission system is a method of communication that has only two devices/endpoints. There are 3 different communication methods within this system. This transmission method is used in UART serial communications, some USB connections and RS-232.
Simplex – Where only one device can send data, and the receiver cannot send any data back. For example, a sensor sending data back to a microcontroller, but cannot receive any data back.
Half duplex – Where both devices can send or receive data, but not at the same time. One device can send data, and then the other can respond afterwards, for example a walkie-talkie radio system.
Full duplex – Where both devices can both send/receive data at the same time, for example RS232 protocol [9]. 
[bookmark: _Toc215488992]Point to multi point transmission system
A point to multipoint system is where one device (usually a master) communicates with multiple other devices (slave devices), they all share a bus, but only the master can decide on who is communicated with [10]. 
In the context of microcontrollers, this method of communication requires each device on the bus to have a unique address, and slave devices can only transmit when enabled by the master, this avoids data collision on the bus. Again, there are multiple different methods within this system. With one being, the master device sends data to all slaves on the bus. The next, where the master sends to a group of devices (across a range of addresses). The next, is where the master addresses and enables a single device at a time. The last, is when each slave device is assigned a certain time frame to deliver data to the master. 
The point to multipoint system is most commonly found in full duplex configuration, for example a radio base station for an internet provider. Another example of this would be a CCTV camera system, where the control station communicates with multiple CCTV cameras and can send and receive data from each of them when addressed.
[bookmark: _Toc215488993]Multi master transmission system
A multi master system is a topology that allows multiple devices to control/initiate data transferring, using a shared bus. In this system, all devices connect to the same bus, can talk to all other devices, and can decide when or if to communicate. However, this could lead to data collisions on the bus. To prevent this, a method called bus arbitration [2] is used, this ensures that, if multiple masters try to send data at the same time, the system can choose between them, usually with an assigned priority level, and no data is lost or corrupted [11].  Another issue that can occur is when masters have different clock speeds, the bus will set its clock to the speed of the slowest master [12]. 
This type of system is robust, as the failure of one master does not shut down the bus, as the other nodes can still communicate, it is also more flexible and scalable than other topologies, however does require more protocol logic as it is harder to manage. One example of this type system is a CAN bus.

[bookmark: _Toc215488994]Proteus design
The task was to design a multi-processor/PIC system on proteus, to simulate the lights for one corner of a vehicle, using one master and one slave pic.
For this task, it was decided that the rear drivers side of the car would be chosen. 
The mandatory UK lights for the rear of the car are [13] [14]:
· Rear position lamps – A red lamp that must be on when head lights or side lights are on.
· Brake lights – A brighter red light that must turn on when brakes are pressed.
· Rear indicator lights/hazard lights – An amber light that must flash between 60 and 120 flashes per minute when active. [13]
· Rear fog lights – A bright red light.
A white rear reversing light is not mandatory, however is included on most modern cars, so will also be included in the design
To simulate the controls that would operate these lights, buttons were used, these can be pressed or latched, for example to simulate a press of the brakes, or enabling the running lights.
I2c was used to communicate between PIC’s, due to its simple implementation (only uses two pins on the PIC), as well as its scalability, as it supports multiple Master and Slave devices on the same bus.
[bookmark: _Toc215488995]Circuit diagram
As previously stated, the circuit needs 5 LED’s/lamps corresponding to the colours outlined previously, as well as separate buttons/switch to control each of them. The LED’s used were 2.2V forward voltage and run at 10mA, to calculate the current limiting resistor,  is used.


The system also needs a way to control the Indicators flashing rate. This could be done with software or hardware, It was decided that it would be controlled with hardware, to make the code more efficient, and allow inputs to update while the indicator was flashing. To do this, a 555 timer module was used in astable mode, it was used to generate a high/low signal at 1hz with an approximate 50% duty cycle, this allows the indicator LED to flash at approximately 60 flashes per minute. 
To calculate the appropriate values, the  following formulas were used [15] [16]:



The next thing to choose was the PIC microcontroller. It was decided that they should both be the same, as this makes it easier to setup the proteus and CCS environment. An 18 series PIC was chosen over a 16 series for a multitude of reasons. The PIC18 series can run faster and execute more instructions per second, as well as having a larger usable memory space. It can also have multiple i2c modules allowing for future expansion to the wider car network [17] [18]. The 2525 was chosen over other PIC18’s as it is in the middle of the PIC range, giving good performance, but also saving some money if this product was built physically.
The oscilloscope and virtual terminal were used for debugging, and to check what was being sent and received from each PIC, and on the i2c bus. The resistors on the i2c lines are used to pull the lines up to high, whenever a device is not using the bus, which would drive the lines low, this prevents floating, which ensures reliable transmissions. There are also pull down resistors on the button inputs of the master PIC to pull the input down to ground when it is not active, as well as pull down resistors on the output of the slave PIC for the same reason. These are needed to avoid floating states, as an unknown state can cause issues both in the simulation and in real life. The value for pull down resistors was chosen to be 10KΩ as this is high enough to not draw too much current and create waste heat, but also is low enough to still pull the line to ground.
[image: A computer circuit board with many different colored lines
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[bookmark: _Toc215488956]Figure 1: Circuit diagram
[bookmark: _Toc215488996]Code Flowchart
Before writing the code, a flowchart was created to get an initial understanding of how to program would run. As there are two separate microcontrollers, there are two separate programs. This flowchart was used as a framework to generate the code used to control the PIC’s.
[image: ]
[bookmark: _Toc215488957]Figure 2: Master and slave program flowcharts
[bookmark: _Toc215488997]Code analysis
[bookmark: _Toc215488998]PIC U1 – Master
[image: ]
[bookmark: _Toc215488958]Figure 3: Master PIC code
The first section of this code is setting up the pic, the clock, and its fuses. It is then setting up the i2c, defining this pic as the master, defining the SDA and SCL ports. The ‘slow’ parameter limits the i2c bus to a slower speed(from the ccs help manual) the slow parameter was used to help the simulation run in real time.
It the initialises two variables to store the input from the cars buttons (light controls), and another to store the old value from it.
Then, the first 6 ports are set to inputs, and the remaining bits are masked off. It then checks for any changes in the input, and sends this updates value via i2c to the slave pic, then updates the variable with the new input value.
[bookmark: _Toc215488999]PIC U2 – Slave
[image: ]
[bookmark: _Toc215488959]Figure 4: PIC U2 Slave code
The first section of the code is setting up the PIC, setting the clock value and fuses. It also sets the address of this slave PIC. There is also a line setting up the rs232 terminal for debugging.
It then creates two volatile variables, these are volatile as they are being used in interrupts, and thus can be changed unexpectedly.
Then, the interrupts on the serial port are set up, this sets an interrupt flag to 1, whenever it receives data on the i2c bus. 
The main section masks off bits, so only the needed bits are outputs, it then enables interrupts before going into the main loop. The main loop then checks for the interrupt flag, and if set, updates the lower 6 bits on port A. 
Code is also copied to appendices 2 – see the end of the document.
Screenshots of the system working can be found in appendices 3.
[bookmark: _Toc215489000]Recommendations 
There are a couple of recommendations for the development of this circuit. For one, it could be expanded to include both sides of the car, including the front and back. This would likely still be able to be completed using just one master and one slave. Another feature that could be added could be automatic dipped beam(assuming the front of the car is being controlled), this could be done using an LDR to check the intensity of the light and compare it to a threshold. A final suggested feature could be to add a momentary indicator, as in most modern cars, the indicator can be active in two ways, this first being on continuously, and the second flashing for a set number of times before turning off. To improve further, all of these recommendations could be added, along with adding another PIC to add a central control unit, that could be used to display various driving data to the driver, for example, speed, RPM, oil temperature, and status lights. This would involve turning this point to point system, into a point to multi point, or even a multi master system.
All of these features could be added in future to improve the system, while still remaining relatively simple.  

[bookmark: _Toc215489001]Conclusion
To conclude, a QMS system is a set of procedures set out to improve the efficiency of a company, by improving quality control mechanisms, thus reducing the rates in errors, this is a beneficial system as it raises customer confidence, as well as provides a better working environment, where employees can work more effectively. This report also covered various digital communication topologies, a point to point system that enables direct communication between two devices, which can operate in a variety of modes(simplex, half-duplex, and full-duplex). A point to multipoint system, which is an extension of the previous system, and allows a master to communicate with multiple slave devices using a bus. A multi master system further builds on this and allows multiple devices to control communication, it also outlined how these methods use arbitration and synchronisation to avoid collisions. These scalable designs tie in with the QMS principles, by adding  structure to a system, improving control of the situation, and improving reliability.
The circuit designed in this report is a point to point system that is used to control one side of the rear of a cars lights. This system uses two PIC microcontrollers, and can be scalable to work on larger projects, as outlined in the recommendations segment.









[bookmark: _Toc215489002]Appendices
[bookmark: _Toc215489003]1 – Report flowchart:
[image: ]
[bookmark: _Toc215488960]Figure 5: Report Flowchart
[bookmark: _Toc215489004]2 – Code
[bookmark: _Toc215489005]	2.1 Master
// Chris
// code for pic1 (master), transfers buttons values to pic 2(slave) across the i2c bus

#include <main.h>
#fuses NOWDT, HS, NOPROTECT, NOLVP
#use delay(clock=8000000)
#use i2c(Master, SDA=PIN_C4, SCL=PIN_C3, slow)      // set up for i2c
#use rs232(baud=9600, xmit=pin_C6, rcv=pin_C7, bits=8)  // just for virtual terminal

unsigned int carIn = 0x00;              // set up input var
unsigned int LastCarIn = 0;             // set up input change checker var

void main() { 
   set_tris_a(0x3f);                    // set the first 6 ports to inputs
   while(TRUE) {     
      carIn = input_a() & 0x3f;             // masking bits
      if(carIn !=LastCarIn){                // check for changed value in input
     i2c_start();                   // start i2c coms
     i2c_write(0x10);                   // slave address 
     i2c_write(carIn);              // write inputs to the i2c bus
     i2c_stop();                    // close i2c coms
     //printf("%u",carIn);              // debug line
     LastCarIn = carIn;             // update value
      }
      delay_ms(50);                     // allow switch debounce
   }
}

[bookmark: _Toc215489006]	2.2 Slave
// Chris
// reads the i2c bus and interrupts when the master sends a message, then outputs that to the ports, uses flag and interrupts to avoid constant polling of i2c_read
// leads to less errors and makes it faster

#include <18F2525.h>
#fuses NOWDT, INTRC_IO, NOPROTECT, NOLVP
#use delay(clock=8000000)
#use i2c(SDA=PIN_C4, SCL=PIN_C3, address=0x10, Slave)   // set up for i2c 
#use rs232(baud=9600, xmit=PIN_C6, rcv=PIN_C7)      // just for debugging

volatile unsigned int DataIn = 0;           // its used by interrupts so changes unexpectidly
volatile int Flag = 0;                  // volatile flag as it is used in main and interrupt

#int_SSP                        // interrupts on the serial port
void i2c_slave_read() {
    DataIn = i2c_read();                // read whats sent by master
    Flag = 1;                       // set flag
}

void main() {
    set_tris_a(0xC0);                   // A0–A5 = outputs, A6–A7 = inputs
    enable_interrupts(GLOBAL);              // enable global interrupts to allow ssp stuff
    enable_interrupts(INT_SSP);             // enable the ssp interupts
    
    while(TRUE) {
       if(Flag){
     output_a((input_a() & 0xC0) | (DataIn & 0x3F));    // update lower 6 bits a0–a5 ONLY     
     Flag = 0;                      // update flag to show its been actioned
      
       }
   }
}
[bookmark: _Toc215489007]3 – Screen shots of working code
[image: ]
[bookmark: _Toc215488961]Figure 6: All lights on
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[bookmark: _Toc215488962]Figure 7: All lights on, indicator off
[image: ]
[bookmark: _Toc215488963]Figure 8:Brakes, reversing, and hazard (blinking off)
[image: ]
[bookmark: _Toc215488964]Figure 9: Brakes, reversing, and hazards (blink on)
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1// Chris

2// code for picl (master), transfers buttons values to pic 2(slave) across the i2c bus
3

4#include <main.h>

S#fuses NOWDT, HS, NOPROTECT, NOLVP

6#use delay(clock=8000000)

7 #use i2c(Master, SDA=PIN_C4, SCL=PIN_C3, slow) // set up for i2c

8#use rs232(baud=9600, xmit=pin_C6, rcv=pin_C7, bits=8) // just for virtual terminal

9

10unsigned int carIn = 0x00; // set up input var

1lunsigned int LastCarIn = ©0; // set up input change checker var
12

13void main() {

14 set_tris_a(ox3f); // set the first 6 ports to inputs
15  while(TRUE) {

16 carIn = input_a() & ox3f; // masking bits

17 if(carIn !=LastCarIn){ // check for changed value in input
18 i2c_start(); // start i2c coms

19 i2c_write(0x10); // slave address

20 i2c_write(carIn); // write inputs to the i2c bus

21 i2c_stop(); // close i2c coms

22 //printf("%u”,carin); // debug line

23 LastCarIn = carln; // update value

24 }

25 delay_ms(50); // allow switch debounce

26}
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1// chris
2// reads the i2c bus and interrupts when the master sends a message, then outputs that to the ports, uses flag and interrupts to avoid constant polling of i2c_read
3// leads to less errors and makes it faster

4

S#include <18F2525.h>

6#fuses NOWDT, INTRC_IO, NOPROTECT, NOLVP

7#use delay(clock=8000000)

8#use 12c(SDA=PIN_C4, SCL=PIN_C3, address=ox10, Slave) // set up for izc

9#use rs232(baud=0600, xmit=PIN_C6, rcv=PIN_C7) // just for debugging
10

11volatile unsigned int Dataln = o; // its used by interrupts so changes unexpectidly
12volatile int Flag = 0; // volatile flag as it is used in main and interrupt
13

14#int_Ssp // interrupts on the serial port

15void i2c_slave_read() {

16  Dataln = i2c_read(); // read whats sent by master

17 Flag = // set flag

18}

19

20v0id main() {

21 set_tris_a(exco); // A0-AS = outputs, A6-A7 = inputs

22 enable_interrupts(GLOBAL); // enable global interrupts to allow ssp stuff
23 enable_interrupts(INT_SSP); // enable the ssp interupts

24

25 while(TRUE) {

2 if(Flag){

27 output_a((input_a() & 0xCo) | (Dataln & 0x3F)); // update Lower 6 bits a-as ONLY

28 Flag = 0; // update flag to show its been actioned
2

30 }

31}
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