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Abstract

In this report | will be detailing the development of my rear quarter light cluster control unit this
unit uses i2c in master slave configuration to allow for multi light control without tying up the
master microprocessor with what the lights are doing.

Introduction

In this report | will describe the development process of my program and proteus circuit. | will
also describe the function of point to point systems, multi point systems and multi master
systems. | will also provide a basic overview of the chip used rules around vehicle lights in the
uk and 2s complement as these will be important to understand what the program is doing as
well as decisions around the chosen speed of the light flashing.

The scope of this project was to produce a rear light system of a car that functioned similarly to
a car as such it should mimic closely to the function of rear lights on a car such as indicators
meeting similar flash requirements as a road car. And light colours should match the real world




counterparts. The pic chips chosen are simply to make the code easily transferable across
pci18 models as they have a moderate level of memory and functionality.

Background research

quality management systems

quality management systems are critical to ensuring accountability and devices complying with
specification. This would assist in keeping the device uptodate and within regulatory
requirements.

ensuring standard
Quality management systems ensure standard by specifying sources of inputs. The inputs them
selves the usages the outputs and finally the receivers of outputs.[8]

quality management systems are part of the iso 9001 standard this standard specifies the
benefits of this stnadard such as helping devices meet regulatory requirements, enhancing
customer satisfaction and reducing and addressing risks in the development of a product.[8]

continuous improvements

The system has a “plan do check act cycle”[8] that allows it to make alterations to production or
the function of the system in response to external input. In the case of a car lights system if the
lights malfunction this will come back in and the system will take steps to rectify and remove the
malfunction in future systems.

Lighting rules of the road
Indicators

Indicators have a defined flash requirement in law and a colour in the uk the classification for
indicator lights is “60 to 120 flash a minute”[ 1] to make it distinct and noticeable. The frequency
is due to the old technology used in the vehicle bimetallic strip flashers; these allowed this to
provide a reasonable flash frequency area that could be obtained at a relatively low cost.[ 1]

Rear lights are required to be red to avoid confusion of front and back of a car. [ 1]

Fog Lights these should be a brighter red on the back to indicate its the rear of a car in low
visibility. Rear fog lights can be active at any time if the rear lights are automatic this means its
possible for a brief moment for the rear light to be off while the rear light get told the fog lights
are active. [ 1]

Brake lights should be red the same colour as the rear lights but only active when braking or
decelerating. [1]




Reverse lights this is the only light on the back of a car that is white and it is to show whats
behind the car to the person reversing it acts also as a way to tell the person behind im going to
reverse.[ 1]

12c

Is a two channel communication protocol that can be setup in point to point, point to multi-point
and multi point this allows for control of small scale and large multi board networks. It uses a
serial data line and a serial clock line these two wires allow for a network to communicate
without damaging data in transit it does this by having each device wait for its turn to transmit on
the line denoted by matching the clock line to any data on the data line if there is no data and
the clock line is in transmit peak the device is clear to transmit.[2]

In ccs i2c has three settings for reading data zero , one and two the default is one the zero
stops the i2c bus looking to an end of transmission acknowledgment and two indicates to the
slave to not release the clock at the end of the read.

Can bus

Is the standard for car communication allowing almost all parts in the car to communicate
almost at once as the can bus splits into many channels/cables and then it splits into a time
divided communication this is because in the can bus it will rarely see more than a few bits of
information sent from each device as such it needs more points to send data less bandwidth to
send data.

Uart

Uart is another two line communication standard that transmits via the alteration of voltages
down a cable it is two way it can send and receive. “universal asynchronous receiver /
transmitter™[] it can transmit at simplex,half duplex and full duplex speeds with 7bits and a
parity bit to ensure stability the most common use of this communication method is in rs232
where it is used regularly

Point to point

Point to point is a topology designed around sending data from one device to another in the
case of a micro controller it is where you have one microcontroller that my have a sensor for
heat and another that controls a fan the sensor will only send a command to the fan
microcontroller to turn it on when the sensor is over a specified temperature as such it does not
need to communicate with many other devices. As long as it is only two device communicating
one to one it is point to point.

Point to multipoint

Point to multipoint is where data can be sent from a single device to many other devices but the
other devices can only send back to the original device not each other this would be effective for




a central heating system where the sensors only have to report back to the main device to say
i'm too hot or too cold and the main device then make a decision. As long as the devices cant
talk to one another only the point device it is a point to multi point system.

Multi-master

Multi master is where their are multiple master devices that can command a network these
networks require precise timing and for the masters to request access to the communication line
other wise they will cancel each other out

Proteus circuit

My circuit is designed to mimic the left rear quarter of a car with a brake,rear ,fog,indicator and
reversing light.

The two pics used are pic18f2525 keeping them the same limits my need to make individual
solutions to the process.

| chose the pic 18f2525 as they are capable of transmitting on both serial and i2¢ which i intend
to use both in this program. They also have more memory than i will specifically need as this will
allow me to develop code quickly and then later work on optimisation.

I have limited the current through the leds to ensure a longer life using resistors to limit current.
The lines running between the pics are broke into scl , sda and hand shake handshake is
intended to allow the pics to communicate their intent this is not a part of the i2c standard and
would not be used in final production as a true i2c system would take control of the hand shakes

and data transferred especially as the slave should only read when the master says so.

Scl is the serial clock line And sda is the serial data line described above in the i2c section.
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C program development

Overall function of the program

This program is separated into two sections master and slave which i will get into later.

The master sends data to memory the slave reads and writes back to it. In actual use this
program is running in master master mode as both pic 18 chips believe they are the master as
such this program works by telling the two chips to ignore the read acknowledgement wich in
ccs is handled by putting a 0 in the read to data function.

Assumptions

In this code | have assumed that hazards will be held by another device all together, that is as
these types of devices are less likely to fail when the car most needs them, it also makes it so
that the master can still be controlling brakes and all other lights while this is active.

| also assume that the lights are part of an automated system that will be mandated by an
external device that can detect light level this is why my fogs can be on when my rear lights are
not as the automated flights would respond to the fogs after they are activated.




Bugs and fixes

Incorrect light up of LED the code this is derived from is designed to control an entire car light
system as such for my requirements of a quarter of the car i needed to remove the excess lights
such as the additional indicator and the front lights as well as the included horn section to
enable my self to make the program as lightweight as possible for this section. During these
changes i moved the pin position of the indicator and fog, requiring me to identify what their
binary and number was to remove them from the lights if they were on while others were. | took
time to identify what the numbers being used meant in the case of brake it is 0x01 and 0xFF this
is because we add 1 to the port and it lights pin 1 we and OxFF wich is 255 in 3 digit but in 2s
complement itis -1 as such it adds -1 to 1 removing the pin

Improvements to be made in the future
Master slave function i will implement a true master slave function by indicating in the h file
which distributed intelligent systems .jpg

Test plan

test outcome Expected outcome fix

All lights on in All light illuminates All light illuminates n/a

sequence turn them and deluminate at the | and deluminate at the

off in the same appropriate time. appropriate time.

sequence

Set each light on with | All lights flash All lights flash but Brake flashes

button stuck down. brake should flash. implement tristate

functions to fix

Hold brake down Brake stops all other | Brake takes priority Move inputs to

select another light. buttons being but other lights can another port or move
selected. be selected brake to another port

All errors will be fixed as time permits

As long as they do not pose a significant safety concern currently the brake flashing while un
desired will still indicate the vehicle is slowing and grab attention. And the brake having
pertinence over other lights makes sense as its critical that a driver knows the car is breaking.
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Master function

The master takes button pushes from the 4 buttons and converts them to a value
A,a,B,b,C,c,D,d the capital values indicate on commands and the lower case values mean off
these values are written to memory via i2c the master script then waits for its next input as such
it can then respond to other communications if this was a full car system this might be traction
control or radio changes.

The master select between Capital and lower case by identifying if the button has been pressed
then it looks for if the master input and the number attached is the same as the the value used
to send the capital value to memory this means that as long as its ent the capital value it can
then send the lower case value after that it reset.




Slave function

General function

The slave reads the data stored in the memory into the slave in variable which then enters a
switch case that looks for the letter it has been sent. Once match is found using a hex addition i
add the light pin to the port once the lower case of the letter that was lit is sent then a & function
of the variable led out which houses the number that is lighting up the port and a number that is
the twos compliment of the number that was originally added to make the led light up is anded
to the led output removing the original number.

| made this more readable but putting the hex number used in a define statement in the h file is
a constant that ensures that the code never alters the number its going to add.

Indicator

The indicator is controlled by two functions the flash control and the timer function the main
void selects indicator witch sets right to 1 while right is 1 it meets the condition in flash control

If flash and right. This condition illuminates the light on pin b2. For the code to get to flash
control it goes through the timer function that counts to 40 and then sets flash to the opposite of
its last status and then enters flash control.

| cahnged the counter slowly untill i found one the sat between the 60-120 blinks a minute with
the understanding that as its a simulation not all blinks were accounted and it was moving
slower than the real circuit.

Read and write to the i2c

| have put the i2c into a single function that is specified when called if its read or write this
enables me to at a later data to reduce the code further to remove the two separate functions
that are tied together into a single function.

| set the read to zero this stopped the memory stop condition whilst transmitting an unreliable

warning. This enabled the program to run faster

In the h file i define the hex values of my lights this enables me to avoid miss typing and gives
me a single location to change if i need to update the port location.




Conclusion

This program produces a reasonable approximation of a rear light that it could effectively
function as a rear light cluster for a period of time. This program has no immediate flaws found
during testing but as the testing is limited to my test cases seen in ¢ program development if this
program was released to a general user it would likely fail due to scope changes.

In review i believe my code meets the basic requirements with some room for improvements in
the case of button function and memory management.

Issues i had
Proteus would warn about i2c memory read issues during the code; this was rectified by
deactivating acknowledgements that are performed using 0 in the read command.

Identifying numbers to be used | initially struggled to identify the numbers i need to add and
subtract from the port to change the output. | started by looking at 2s complement and the
physical port number in hex but later i broke the port down into binary and then changed the
binary out i needed into a hex number for the program to use.

The only remaining flaw with this program is that the brake lights will flash as the pic sends a
follow up command if the brake was depressed for long periods this will be fixed using tri state
functions in the future.

Improvements

Slave acknowledgements to ensure that the program will get data in completely rather than it
being corrupted during transmission. This will be performed by ensuring that both pics
understand what their function in the network is.

Condense the read write function to reduce code lines. | will perform this by moving the if
statement into the read side and combining any similarities.
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#include <18F2525h>

#device ADC=10

#FUSES FCMEN
#FUSES IESO
#FUSES PUT
#FUSES BROWNOUT
#FUSES BORV21
#FUSES NOPBADEN
#FUSES LPT105C
#FUSES NOMCLR
#FUSES STVREN
#FUSES NOLVP
#FUSES NOXINST
#FUSES NOPROTECT
#FUSES NOCFPB
#FUSES NOCPD
#FUSES NOWRT
#FUSES NOWRTC
#FUSES NOWRTB
#FUSES NOWRTD
#FUSES NOEBTR
#FUSES NOEBTRB

#use delay(internal=16MHz)

//Fail-safe clock monitor enabled

//Internal External Switch Over mode enabled
//Power Up Timer

//Reset when brownout detected

//Brownout reset at 2.1V

//PORTB pins are configured as digital I/O on RESET

//Timerl configured for low-power operation

//Master Clear pin used for I/O

//Stack full/underflow will cause reset

//No low voltage prgming, B3(PIC16) or B5(PIC18) used for I/O
//Extended set extension and Indexed Addressing mode disabled (Legacy mode)
//Code not protected from reading

//No Boot Block code protection

//No EE protection

//Program memory not write protected

//Configuration registers not write protected

//Boot block not write protected

//Data EEPROM not write protected

//Memory not protected from table reads

//Boot block not protected from table reads

#use rs232(baud=9600, parity=N,xmit=PIN_C6,rcv=PIN_C7,bits =8,stream=PORT L.errors)
#use i2c(Master.Fast,sda=PIN_C4,scl=PIN_C3,force_hw)

Zdefine LED PIN_AD
#define DELAY 500

#define hs pin_c5

#define brake 0x01

#define running_light 0x02

#define right_ind 0x04
#define fog_light 0x08
Zdefine reverse 0x10




WO~ AWM

=

11
128
13
14
15
165
17
18
19
205
21
2g
23
24
25
26
278
28
29
30
31
32
3
34
35
36
37
38
39
40
41
42
43
445

ginclude <masterh=

/f master

//this code is deigned to control the right rear of a mazda 3 2021
char read_buttons(void);

char mem_address=0xA0;//change if address is diffrent
char read_address=mem_address+1;;

char master_output;

char txbyte;

unsigned int value =0x00;

ep_wr(char where,char what.char read_write);

void main()

{

char master_input=0;

while(TRUE)

{
master_input=read_buttons();
switch (master_input)

case 1@ if(master_output & brake)
{

master_output-=1;
bebyte="a";

}

else

{
master_output+=1;
txbyte="2";

}

break:

case 2: ifimaster_output & running_light)
{

master_output-=2;
tebyte="0";

}

else

master_output+=2;
bbyte="5"

}

break;

case 4: if{master_output & right_ind)
{

// button value

// get the value of buts as a character

// toggle the brake lights lights on and off

// set bit off
// set the token

// set bit on

// set the token

// toggle the lights on and off

// toggle the right indicator on and off




15 master_output-=4;

46 bbyte="c’;

47 }

48 else

9“H {

50 master_output+=4;

51 bbyte="C";

52 }

53 break;

54 case 8: if{master_output & fog_light) // toggle the fog lights
558

56 master_output-=8;

57 txbyte="d';

58 }

59 else

603 {

61 master_output+=8;

62 txbyte="0%;

63 }

64 break;

65 case 16: if{master_output & reverse) // toggle the reverse lights on and off
665 {

67 master_output-=0x10;

68 bebyte="e";

69 }

70 else

ng {

72 master_output+=0x10;

3 bebyte="t";

74 }

75 break:

76 default: break;

77

78 }

79

80 printf("%6c", byte); // print the token character to the rs232 output
81 ep_wr(0,txbyte, " W'); // store the data in mem location 0;
82

83 }

84

85 }

86

87 ep_wr(char where,char what.char read_write) //read and write function read_write specifys the state of the command
88 B{




89 while(linput(hs)); // wait for mem chip to be available
20 output_low(hs); // set hs line low
if(read_write=="\")

91
928
93
94
95
96
97
98
99
(]
101
L0z
L03
104 =
105
L06
107
Lo8
L9
L10
111
112
113
114
115
116
117
118
119
L20

{

else

{

I

i2c_start(); // Issue i2c start pulse
i2c_write(mem_address); // issue chip type and number
i2c_write(where);

i2c_write(what); // send the data to be written
delay_ms(20);

i2c_stop(): // issue an i2c stop pulse
delay_ms(20); // allow i2c chip to store data
input{hs); // release hs line

break:

char data=0; // stores the data of the read function

i2c_start(); // issue i2c start pulse
i2c_write(mem_address); // issue chip type and number
i2c_write(where);

delay_ms(20);

i2c_start();

delay_ms(20);

i2c_write(read_address);

data=i2c_read(0);// sets the i2c bus to read to data 0 make it ignore the acknolegments
delay_ms(20);

i2c_stop();

delay_ms(20);

input{hs);

return({data);

121 char read_buttons(void)

1229
123
124
125
126
127
128
129

Slave

char value=0; J/ setup a variable for the buttons
while(linput_b()): // wait for button press
value=input_b(): // get the value of port b
delay_ms(200); // time button release
return (value); // return the value of the buttons pressed




ginclude <18F2525h>
#device ADC=10

#FUSES FCMEN
#FUSES IESO
#FUSES PUT
#FUSES BROWNOUT
#FUSES BORV21
#FUSES NOPBADEN
#FUSES LPT105C
#FUSES NOMCLR
#FUSES STVREN
#FUSES NOLVP
#FUSES NOXINST
#FUSES NOPROTECT
#FUSES NOCFPB
#FUSES NOCPD
#FUSES NOWRT
#FUSES NOWRTC
#FUSES NOWRTB
#FUSES NOWRTD
#FUSES NOEBTR
#FUSES NOEBTRB

#use delay(internal=16MHz)

//Fail-safe clock monitor enabled

//Internal External Switch Over mode enabled
//Power Up Timer

//Reset when brownout detected

//Brownout reset at 2.1V

//PORTB pins are configured as digital I/O on RESET

//Timerl configured for low-power operation

//Master Clear pin used for I/O

//Stack full/underflow will cause reset

//No low voltage prgming, B3(PIC16) or B5(PIC18) used for I/O
//Extended set extension and Indexed Addressing mode disabled (Legacy mode)
//Code not protected from reading

//No Boot Block code protection

//No EE protection

//Program memory not write protected

//Configuration registers not write protected

//Boot block not write protected

//Data EEPROM not write protected

//Memory not protected from table reads

//Boot block not protected from table reads

#use rs232(baud=9600, parity=N,xmit=PIN_C6,rcv=PIN_C7,bits =8,stream=PORT L.errors)
#use i2c(Master.Fast,sda=PIN_C4,scl=PIN_C3,force_hw)

Zdefine LED PIN_AD
#define DELAY 500

#define hs Pin_c5

Zdefine brake 0x01
#define running 0x02
#define right_ind 0x04
#define fog 0x08
#define rev 0x10




ginclude <slave h>

1
2 //slave
3 //this code is deigned to control the right rear of a mazda 3 2021
4
5 char Led_output=0;
6 char mem_address=0xA0;//change if address is diffrent
7 char read_address=mem_address+1; //sets the read address to be 1 on from the address
8 unsigned int counter=0;
9 unsigned int flash=0;
10 unsigned int right=0;
11 char slave_input=0;
12 char salve_input_excisting=0;
13 ep_wr(char where,char what.char read_write);
14 woid flash_control(void);
15 woid payload(void);
16
17
18 ~ZINT_TIMER2
19 woid TIMERZ isr(void) //counter to controll the flashing of the indicator
20 H{//before the light goes off due to simulation software 10 sets it between the 60 and 120 blinks a minute required of the road laws
21 counter++; // adds to the counter
22 if(counter== 10)// sets the number the counter has to count too
PENE| {
24 counter=0;
25 if(flash) flash=0;
26 else flash=1;
7 flash_control();
28 }
29 }
30
31
32 void main()
33 8¢
34 setup_timer_2(T2_DIV_BY_16,249,15); //1.0 ms overfiow, 15.0 ms interrupt
35 enable_interrupts(INT_TIMER2);
36 enable_interrupts(GLOBAL);
37
38 while(true)
33 {
40 slave_input=ep_wr{0x00,0,'R"); // read data byte from memory
41 if(salve_input_excisting! =slave_input) A/ if salve_input_excisting <> slave_input
28 {
43 printf(“2.c”,slave_input); // print the character of slave_input
44 ep_wr(0x10,slave_input."W'); // write the value recieved into the memory @ address 16 (0x10)




L] payload(): // run the payload operations.
}

46

47 salve_input_excisting=slave_input; // copy the value of slave_input into salve_input_excisting (be.
48 }

= )

50

51 woid payload(void)

523 { // carry out the payload operations.

53 switch(slave_input)

545 {

55 case'A':  Led_output+=brake; // adds 0x01 to the led_output

56 break:

57 case'a: Led_output=Led_output & ~brake; // AND the Led_output byte with Oxfe to clear bit 0
58 break:

59 case'B:  Led_output+=running; //turn on running lights

60 break;

61 case'b': Led_output=Led_output & ~running; // AND the local output byte with 0x02 to remove bi
62 break;

63 case'C: Led_output+=right_ind; //turn on right indicator

b4 right=1; //sets right as true

65 break;

66 case'c’: Led_output=Led_output & ~right_ind; // AND the Led_output with OxFB to clear 0x04
67 right=0; //sets right as false

68 break;

69 case'D: Led_output+=fog; //turn on fog light

70 break;

71 case'd: Led_output=Led_output & ~fog; // AND the Led_output with Oxf7 to clear bit 0x08
72 break:

3 case'E: Led_output+=rev; // revlighton

74 break;

75 case's: Led_output=led_output & ~rev; //And the Led_output with OxEF to clear 0x10

76 break;

77 }

78

79 output_b(Led_output); // send the data to the b Port

80 1}

81

82 ep_wr(char where,char what,char read_write) //read and write function read_write specifys the state of the command
83 =g{

84 while(linput(hs)); // wait for mem chip to be available
85 output_low(hs); // set hs line low

86 if(read_write=="1")

7= I

88 i2c_start(); // issue i2c start pulse




89
20
91
92
a3
9
95
96
97
k]

993

L00
101
102
103
L04
105
106
07
Lo8
109
110
111
112
113
114
115
116
117

SEA=]

119
120
121

i2c_write(mem_address);
i2c_write(where);
i2c_write(what);
delay_ms(20);
i2c_stop();
delay_ms(20);
input{hs);
break:
}
else

{

// issue chip type and number
// send the data to be written
// issue an i2c stop pulse

// allow i2c chip to store data
/f release hs line

char data=0; // stores the dats of the read function

i2c_start();

i2c_write(mem_address);

i2c_write(where);
delay_ms(20);
i2c_start();
delay_ms(20);
i2c_write(read_address);

// Issue i2c start pulse
// issue chip type and number

data=i2c_read(0);// sets the i2c bus to read to data 0 make it ignore the acknolegments

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

}

void flash_control(void)
{

if(right & flashjoutput_high(pin_b2);

else output_low(pin_b2);
¥

=t
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