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Abstract

This report will detail the design and programming of a token-based distributed network system for
controlling vehicle lights, utilizing two PIC18F2525 microcontrollers. The system operates using 12C
communication to transfer control tokens between a master and slave microcontroller. The master
microcontroller receives input from switches simulating vehicle functions such as running lights,
brake lights, indicators, fog lights, and reversing lights. The slave then uses these tokens to execute
different commands turning the lights on. The project is built in proteus and uses 12C communication
and EEPROM storage to create a reliable lighting control system for a vehicle.

Introduction

In this assignment | will design and develop a token based distributed network that is used to control
a set of lights on a selected corner of a vehicle. This system will be designed using proteus by using
two of the PIC 18F2525. These PICs are used to communicate with each other using a token system,
one PIC takes some inputs from buttons and assigns different tokens depending on the button
pressed. This token is then transmitted to the second PIC where it is used to control the lights for the
rear left light cluster on a vehicle.

Quality management systems

ASQ states “A quality management system (QMS) is defined as a formalized system that documents
processes, procedures, and responsibilities for achieving quality policies and objectives” [1] this
shows that QMS’ are an essential structure ensuring that all work meets standards that help with
improvement and safety. It ensures that people are adhering to industry standards and regulations
to make sure that the work completed is compliant. QMS also ensures that customer and employee
feedback is taken into account to identify areas for improvement by using key performance
indicators. A good QMS has preventative measures that ensures issues are addressed quickly and
effectively whilst also providing documentation and accountability. QMS makes sure that
operational and safety standards are constantly being improved.[2].

Transmission Systems

Point to Point

A point-to-point transmission system is a system in which data is sent directly from a device/sensor
to a control unit like a PIC rather than going through a central hub. As Sanny telecom states point to
point “facilitates private and direct data exchange” [3] meaning that data is more secure and has
much less latency than if it were to pass through a central exchange hub. The system also has a
higher reliability than the others listed below as there is a dedicated data link between the control
device and the sensor meaning there will not be a problem with data traffic or interference. There
are a few downsides to this type of system, and these include scalability and flexibility as each new
device added onto the system requires a dedicated direct communication line to the PIC.

Multipoint

A multipoint transmission system is one in which multiple sensors/devices are connected to a single
communication channel that then connects to the control device. This is like a Bus network meaning
that there us a single transmission line, having this single line means that there is potential for traffic
build up if the bandwidth is limited making it slower than a point point, this system topology also
“does not provide security and privacy because communication channel is shared”[4] increasing the
chance of interception. Scalability is also much less of a problem with this system as you can just




easily add another device to the main transmission line, this also makes it more cost effective then

point to point.

Multi-Master

A multi-master transmission system (as seen in Figure 1 ) uses the same kind of bus system that the
multipoint uses however there are multiple masters connected to the main transmission line;
multiple masters can initiate the communication with other thigs such as sensors independently.
This communication method uses certain protocols to stop data conflicts when multiple devices are
communicating at the same time. Multi master is much more efficient than the multipoint since
there can be multiple asters on the system, however it is much more complex than the other

transmission systems and requires a larger bandwidth due to the simultaneous communication.
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Figure 1 Multimaster communication [5]
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My System Design

Proteus circuit diagram
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Figure 2 Proteus Circuit

Components
e 2 *PIC18F2525
e 241.C02B Module
* Resistors
e Switches
e LED's
e Oscilloscope
e |2C debugger
¢ Virtual Terminal

PIC18F2525

The PIC 18F2525 is an 8 bit microcontroller that can handle high speed processing and can also be
used for 12C communication methods. In this project | made use of two of the PIC's, on the first PIC |
used port B as input ports to take the inputs from the switches. On the second PIC | have also used
port B but this time | have used it to connect outputs to control and turn on the different LED's |
have set up. | have connected both PIC's SCL ( Serial Clock ), SDA ( Serial Data ) and also the SDO (
Serial Data Out ) ports together, this allows the PIC’s to successfully communicate with each other so
that the token method can be used.




241C02B Module

This module is an EEPROM module, EEPROM (Electrically Erasable Programmable Read Only
Memory) is used in this circuit to store and retrieve the data used such as the tokens created by the
first PIC that need to be retrieved by the second PIC. The WP Pin ( Write Protect ) has been
connected to ground so that the write feature is enabled in the EEPROM module.

12C debugger

The 12C debugger in the circuit is used to monitor and view the 12C communication line, this helps
with fault finding and allows you to see the values changing as the PIC’s communicate with each
other.

The Systems Programs

In this section of my report, | will be providing screenshots of my commented code for both the
Master and the Slave PIC and explaining what each line of code does and why | have programmed it
to do so.

Purpose of the Program

This program has been created to mimic the rear left light module from a vehicle. The first switch
(Switch A) activates the running lights on the car and is representative of the vehicle running after
being turned on. The second switch (Switch B) activates the brake lights. The third switch (Switch C)
activates the rear left indicators, this uses a flash control function so that the indicators flash like a
real vehicle rather than staying solid. The fourth switch (Switch D) is used to activate the fog lights.
The final switch (Switch E) is used to activate the reversing light, this would only be activated when
the vehicle is in the reverse gear. All the lights apart from the indicators will turn off when the first
switch is turned off as this simulates the vehicle having been turned off. The indicators will still be
able to flash if they are activated when the car is turned off as this happens in real life when the
hazard lights are turned on. The fog lights, reversing light and brake light will also reactivate if
previously turned on before the running lights are turned off (First switch).

Master PIC Code

Figure 3 shows the beginning of my code for the Master controller PIC. This section of code is used
to assign some variables and to define functions with different names. The functions are seen in
lines 4 and 5. The one that starts with char is a function where the result from running the function
is expected to be a character. The part in the brackets tells the code what is expected to be given to
the function, so when it has “char,char” this means it is expecting two characters to be inputted into
the function. local_output and txbyte both also have char in front of them, this is assigning a variable
that is also expected to be a character.

*main.c @ main.c

1 #include <main.h> // Include the main header file

2

3

4 void ep_w(char, char); // Write data to a specified Location

5 char read_buttons(void); // Read button states

6

7

8 char local_output; /¢ Tracks the current output status for toggling
9 char txbyte; // Byte to be transmitted depending on what button has been pressed
18

Figure 3 Defining functions and variables




Figure 4 Main program part oneFigure 4 and Figure 5 show the main program. Here a new variable is
defined labelled “buts”, below this in the infinite loop “buts” is given a value by calling the
“read_buttons” function (Figure 6) and using the output from that function as the new value for
buts. This function is used to determine which one of the five buttons has been pressed and works
by reading the inputs on port b of the first PIC. Once the input has been read it assignsittoa
variable called value and then has a short delay before returning that value to where the function
was called from in turn assigning the read value to “buts”. This value of “buts” is then used to
determine which case number to run.

Case 1 gets activated if the first button is pressed, this is used to activate the rear running lights. The
code on the first PIC simply transmits a character to the secand PIC using 12C where it is then used to
run another set of code, however, to decide which letter to send across different cases are used.
When the first button is pressed and case 1 is incidentally activated it first checks to see if the button
has already been previously activated. This is done with the use of the if statement. If the |east
significant bit (the first bit) is already set (button has been pressed before) then it runs “local_output
-= 1 and txbyte = ‘a’ ” this clears the least significant bit by decrementing the local output by one. It
then assigns the letter “a” to the txbyte and transmits it to the second PIC. If the least significant bit
is not set (the button hasn’t been pressed before) then it adds one to the local output and transmits
A

For case 2 two is either added or removed from the local output and “b” or ”B” is transmitted. For
case 4 four is either added or removed and “c” or “C” this convention is repeated for case 8 and case
16, with the upper-case letters being transmitted when the switch is supposed to be turned on and
lower case when it is being turned off. Once a cases code has been run the program breaks from the
switch loop and uses the printf function and the ep_w function shown at the bottom of Figure 5. The
printf function is used to print the txbyte to the virtual terminal so that viewing of the txbyte is
available for testing purposes. The ep_w function is then called and two values are given to the
function “(0,txbyte)” the “0” is used to tell the function where to write in the EEPROM and “txbyte”
is used to tell the function what to write.




main.c 0 main.c

13 // Main

14 veid main()

158({

16 char buts = 8; // Variable for button status

7

18 while (TRUE) //Loop

158

2@ buts = read_buttons(); // Read the current button state

21

23 A/ Switch case to handle actions based on which button is pressed
23 switch (buts)

248 {

5 case 1: // Cose 1: Rear running Lights

6 if (local_output & @x81) // Check if the Least significont bit is set (button is olready octivated)
7e

28 local_sutput 1; // Clear the bit by decrementing
29 txbyte = H /f Set transmit byte to ‘g’

38

31 else

328 {

33 local_output += 1; // Set the bit by incrementing
34 txbyte = H /# Set transmit byte to 'A’

35 ¥

36 break;

£

38 case 2! // Case 2: Rear brake Lights

39 if (local_output & @x82) // Check if the 2nd bit iz set (button is olready cctivated)
480 {

41 local_output -= 2; // Clear the bit

42 txbyte = 'b'; /¢ Set transwit byte to 'k’

43 }

44 else

458

a8 local_eutput += 2; // Ser the bit

47 txbyte = £'; f# Set transmit byte to 'B'

48 T

a9 break;

LL-]

51 case 4 // Case 3: Rear Left indicator

52 if (local_output & @x84) // Check if the 3rd bit iz set (button is already activated)

Figure 4 Main program part one

main.c B main.c

58

51 case 4: // Case 3: Rear Left indicotor

52 if (local_output & @x84) // Check if the 3rd bit is set (button is olready activated)
538 i

54 local_output -= 4; // Clear the bit

e txbyte = o' Af Set transmit byte to ‘c’

56 }

57 else

580

58 local_output += 4; // Set the bit

&8 txbyte = H // Set transmit byte to 'C’

&1 3

62 break;

63

64 case 8: // Case 4: Fog Lights

85 if (local_output & @x@8) // Check if the 4th bit is set (button is olready activated)
(-1-1=] {

67 local_output -= 8; // Clear the bit

68 txbyte = "d'; /¢ Set transmit byte to "d"

&8 }

7e else

718 {

72 local_output += 8; // Set the bit

73 txbyte = ‘D' // Set transmit byte to 'D'

74 ¥

75 break;

76

77 case 16: // Case 5: Reversing light

78 if (local_output & @x1@) // Check if the 5th bit is set (button is olready activated)
79E {

88 local_output -= 8x18; // Clear the bit

81 txbyte = ‘&'; // Set transmit byte to ‘e’

82 }

83 else

84 {

85 local_output += @x18; // Set the bit

86 txbyte = E'; // Set transmit byte te "E'

87 }

88 break;

89

EL] default: // No button pressed state

91 break;

92 }

93

@4 printf("%c", txbyte); // Print the current txbyte value to the virtual terminal
95 ep_w(@, txbyte); // Write txbyte to the EEPROM using the ep_w function defined below
96

97 }

Figure 5 Main program part two




// Function to read the button states
char read_buttons(void)

3

}

char value = 6;
while (!input_b());
value = input_b();
delay_ms(5080);
return (value);

Figure 6 Read_buttons function

// Variable to hold button state

// Wait until button input is available
// Read the button state

// Delay to avoid bouncing effect

// Return the button state

Figure 7 is the function used to write to the EEPROM. When the function is called two values are
given to it separated by a comma. These are then inputted into the where, and what. Inthe case of
this program the where is “0” and the what is “txbyte”. The program waits for the hs signal to be
high which means that the other PIC isn’t using the communication line at that time. It then starts
the 12C communication and writes the “txbyte” into the address that has been given, “0” in this case.
There are then a few delays making sure that there is enough time for it to be processed. After
stopping the 12C communication the hs line is then brought back high so the other PIC can begin
reading or writing without causing a collision of traffic.

98 // Function to write a byte 'what' to a given address 'where' via I2C
99 void ep_w(char where, char what)

100 51{

101 while (!input(hs));
162 output_low(hs);
1e3 i2c_start();

1e4 i2c_write(6xA8);
1es5 i2c_write(where);
106 i2¢_write(what);
107 delay_ms(20);

1e8 i2c_stop();

109 delay_ms(20);

118 input(hs);

LY

Figure 7 EEPROM write function

// Wait until the 'hs' signal 1is high

// Lower the 'hs' signal

// Start I2C communication

// Send the device address

// Send the specified address to write to
// Send the data to write

// Delay to ensure completion

// Stop I2C communication

// Delay for stability

// Restore 'hs' signal state




Slave PIC code

The Slave codes purpose is to take the transmitted byte (Letter) from the EEPROM and in turn use it
to activate different functions that turn different lights on. Figure 8 shows the start of the slave PICS
code where different functions and variables that are used later on in the code are declared.

main.c main.c @

#include <main.h> // Includes main header file

1
2
3 // variable declarations

4 char control_byte = @; // Stores control byte for external functions
5 unsigned int lights = @; // Status of lights (1 = ON, @ = OFF)

6 unsigned int counter = B8, // Counter for timing

7 unsigned int flash = 9; // Flash state (used for blinking effect)

8
9

unsigned int left = @; // Left indicator status
CHAR buts = @; // Holds current button state
1@ char old_but = ©; // Holds previous button state
11 int D_activated = @; // Status of 'D' activation
12
13 // Function declarations
14 char ep_r(char); // Reads a value from a specified address

15 void ep_w(char where, char what); // Writes a value to a specified address
16 void flash_control(veoid); // Controls flashing for indicator Lights
17 void payload(void); // Processes actions based on button presses

Figure & Variable and function declarations

Before beginning the main program, another function is declared and written. This function seen in
Figure 9 is used as a timer for the indicators. This makes use of a counter to toggle the flashing of the
indicator also using another function called “flash_control” this toggles the LED on and off every 160
ms by toggling the state of the variable called “flash”.

21 // Interrupt Service Routine for Timer2
22 #INT_TIMER2
23 void TIMER2_isr(void)

248

25 counter++; // Increment the counter

26 if (counter == 48) // Check if counter reached 4@ (timer threshold)
278 {

28 counter = 8; // Reset counter

29 flash = !flash; // Toggle flash state

30 flash_control(); // Update flash control

31 }

S}

Figure 9 Timing function




Figure 10 shows the main function for the slave PIC. First the timer is setup as this is used in the flash
function. There is then an infinite loop in which ep_r is used to assign a value to a variable “buts”.
Ep_ris a function used to read from the EEPROM. This reads that value in the EEPROM that has been
stored by the master PIC and uses it in the slave PIC’s code. This main function is used to constantly
read the txbyte stored in the EEPROM and uses the if statement to reprint the txbyte in the virtual
terminal if itr changes. It also then writes the new value of “buts” into a separate address in the
EEPROM for use later and begins running the “payload” function.

*main.c *main.c B

33 // Main function
34 void main()

358

36 setup_timer_2(T2_DIV_BY_16, 249, 15); // Setup Timer2

37 enable_interrupts(INT_TIMER2); // Enable Timer2 interrupt

38 enable_interrupts(GLOBAL); // Enable global interrupts

39

40 while (true) // Main Loop

a8 {

42 buts = ep_r(exee); // Read current button state from address éxee
43

a4 if (old_but != buts) // Check if button state has changed

45E {

46 printf( , buts); // Print the current button state

47 ep_w(ex10, buts); // Write the new button state to address @x1é
48 delay_ms(28); // Wait for debounce

49 payload(); // Process button actions

50 }

51

52 old_but = buts; // Update the previous button state

53 }

54 }

Figure 10 Main function code




The payload function shown below in Figure 11 works by taking the variable “buts” which now has a
character assigned to it and using the character to run different pieces of code. If the first button is
pressed the txbyte “A” will be transmitted to the slave PIC and case ‘A’ will be run. This case adds two
to the control_byte variable and changes the “lights” variable to be high. It then also checks to see if
“D_activated” is true. This is used so that if the fog lights have previously been turned on then they
will be reactivated when the running lights are also reactivated. It does this by adding one to the
control_byte. When case “a” is selected (Button A has been turned off) the code turns off all of the
lights (simulating engine shutdown) apart from the indicators as these can be used when the engine
is off for hazard lights. It does this by setting all bits apart from the indicators to 0.

The if statement in case ‘B’ makes it so that the brake lights can only be activated if the running lights
are also on (engine on). Finally, when case ‘C’ is activated or deactivated it sets a variable lights to
either a 1 or a 0, this is used later on in the flash function to flash the indicators.
void payload(void)
{

switch (buts) // Determine action based on button press

case // IIf txbyte "A" present

control_byte += ©x02;

lights = 1;

if (D_activated)
control_byte += exel;

break;
case H // If txbyte
control_byte &= exod;
lights = @;
break;

case // If txbyte

if (lights) // If Lights

control_byte += 0x84;

}
break;

case : // If txbyte
control_byte &= ©xFB;
break;

case // If txbyte
left = 1;
break;

case : // If txbyte
left = @;
break;

Figure 11 Payload function part one

// Update control_byte

// Turn on Llights

// If 'D' is activated

// Update control_byte for 'D’

a" present
// Clear bits in control_byte
// Turn off Llights

"B" present
are on

// Update control_byte

"b" present
// Clear bit in control_byte

"C" present
// Enable left indicator

c" present
// Disable Lleft indicator




Figure 12 has the last part of the payload. These cases are similar to the previous ones however

there is a variable that is set high if the foglights are turned on. This is used so that when the running
lights are turned back on after being turned off, if the fog lights where previously active=ated they

will then turn back on again. The final line of the payload is “output_b(control_byte)” this line
outputs the binary value stored in “control_byte” to port b of the slave PIC thus turning the correct

lights on.

£l
91
92
93d
24
95
96
97
98
99
lee
lel
182
le3
1e4
185
le6d
187
1es
1e9
11e
111
112
113
114
115
116
117 @

output_b(control_byte);

case : // If txbyte
if (lights) // If Lights
{

control_byte += @x@1;
D_activated = 1;
}

break;

case : // If txbyte
control_byte &= OxFE;
D_activated = 8;
break;

case : // If txbyte
if (lights) // If lights

control_byte += 6x18;

}
break;
case : // If txbyte
control_byte &= OxEF;
break;

Figure 12 Payload function part two

"D" present
are on

// Update control_byte
// Set D_activated to 1

"d" present
// Clear bit in control_byte
// set D_activated to @

"E" present
are on
// Update control_byte

"

e" present
// Clear bit in control_byte

// Output control_byte to hardware




Figure 13 shows the ep_w function that has already been explained and the ep_r function. The ep_r
function is very similar to the write function. It waits until the EEPROM is free and then reads the
data from the specified address. It then stores this data in a variable called “data” and returns this
data to where the function was called from, in this case a variable called “buts”

119 // Writes data to specified address over I2C
120 void ep_w(char where, char what)

12184
122
123
124
125
126
127
128
129
130
131
132 }
133

134 // Reads data from specified

while (!input(hs));
output_low(hs);
i2c_start();
i2c_write(0xAB);
i2¢c_write(where);
i2c_write(what);
delay_ms(20);
i2c_stop();
delay_ms(20);
input(hs)

3

135 char ep_r(char where)

136 5{
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153 }
154

char data = @;
while (!linput(hs));
output_low(hs);
i2c_start();
i2c_write(exae);
i2c_write(where);
delay_ms(20);
i2c_start();
delay_ms(2@);
i2c_write(@xAl);
data = i2c_read(@);
delay_ms(20);
i2c_stop();
delay_ms(20);
input(hs);

return data;

Figure 13 Ep_w and ep_r functions

// Wait until the Line is available

// Pull Line Low to initiate communication
// Start I2C communication

// Send write command

// Send address to write to

// Send data to write

// Delay for device processing

// End I2C communication

// Additional delay for safety

// Release the Line

address over I2C

// Data variable to hold read value
// Wait until the Lline is available
/7 PulLl Line Low to initiate communication
// Start I2C communication

// Send read command

// Send address to read from

// Delay for device processing

// Restart communication

// Delay

// Send read command again

// Read data

// Delay

// End communication

// Additional delay

// Release the Line

// Return the read data

Finally, in Figure 14 the flash control function is seen. This function uses an if statement so that both
the left variable and flash variable are set for it to output high onto the indicator pin. This allows for
the use of the timing interrupt to make the LED flash correctly.

155 // Controls flashing output for Lleft indicator based on flash state
156 void flash_control(void)

157 24
158
159
160
161
162 }

if (left & flash)

output_high(pin_b3);

else

output_low(pin_b3);

Figure 14 Flush_controf function

// If Left indicator is on and flash state is active
// Turn on pin for left indicator

// Turn off pin for left indicator




System Flowchart
Figure 15 shows the system flowchart.
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Figure 15 System flowchart

Conclusion

In this project, | successfully designed and implemented a token-based distributed network system
to control vehicle lights using two PIC18F2525 microcontrollers. The system operates through 12C
communication, where the master PIC reads inputs from switches to generate tokens, which are
then transmitted to the slave microcontroller to be used to control the corresponding lights. The use
of EEPROM in this design allows for storage and retrieval of token values, ensuring accurate
communication between the two devices. The system also supports multiple functions, such as
controlling the running lights, brake lights, indicators, fog lights, and reversing lights, whilst ensuring
that certain lights can only be activated when the running lights are on.

Overall, the project demonstrates the use of 12C communication, microcontroller programming, and
a distributed network design in a real-world scenario and the use of Proteus for the simulation and
testing made it easy to debug.
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GRADING FORM: SMU GENERIC_GJ

JACOB SMELT

68.7

RESEARCH-INFORMED LITERATURE

(

y“ You have explained what point to point and point
to multipoint and multimaster are correctly. 68%

KNOWLEDGE AND UNDERSTANDING

13.6

(

y‘ The design of your circuit is suitable for the task
72%

ANALYSIS

18

(

y‘ You have completed the programs for both
devices and the circuit works well. 70%

PRACTICAL APPLICATION AND DEP.

17.5

[

y‘ Your explanation is good but does not
acknowledge that both pics speak to memory IC in
multimaster mode and not directly to each other
62%
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SKILLS FOR PROFESSIONAL PRAC.
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y‘ The report is well presented with sections to

explain the code and include a limited number of 1 0°35

references, and some very good graphics and a
good flowchart. 69%



