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Abstract

This report details the programming of two PIC16F876 8-bit microcontrollers using the Embedded C
programming language to produce a simple token based distributed network for an automotive application.
This network replicates the rear left corner of a motorcycle; simulating the control of rear driving, brake, fog
and left indicator lamps.

The networks design was programmed within the source code terminal of Proteus Design Suite Version 8.16.
[1] This tool has been applied with the use of CCS C Compiler Version 5.103, allowing for the source code to be
compiled and debugged. [2]

Research

In order to complete this assignment, a working knowledge and understanding was required of transmission
network topologies.

Point to Point Transmission Systems

Point to Point transmission systems are communication networks where there is a dedicated common channel
between two nodes. For instance, datais transmitted along a data bus from a master device to a receiving slave
device. [3] Figure 1 illustrates this system as a simple box diagram. A benefit of this type of communication
system is that it is considered more secure than point to multipoint and multi-master systems; as datais not
shared across multiple channels/lines, denying disclosure of data to other devices. [3] However, this presents
the drawback of the system being susceptible to poor resource allocation. As the entire networks bandwidth is
reserved for only the two devices, this can introduce inefficiency to the systems design as the bandwidth may
not be fully utilised. [3]

An example of this can be found in telecommunications and cellular architecture, where connections are made
between two locations. [4] Point to point communication is used to connect 4" generation Long-term Evolution
(LTE) telecommunications networks base stations ‘Evolved Node B’ (eNodeB) to servicing gateways (S-GW) in
the core network. [5]

The use of two PIC16F876 microcontrollers for this simple token based distributed network is an example of a
Point to Point Transmission system.

- Data Bus

Figure 1 - Point to Point Communication Diagram

Point to Multipoint Transmission Systems

Point to Multi-point transmission systems are where there is a channel shared between multiple device nodes,
with one master device controlling many slave devices, illustrated by Figure 2.

One benefit of this system is that network resources can be allocated more efficiently between multiple
devices, enabling the capacity to be fully utilised. These systems allow for ease of installation as there is one
master node, having room for expansion and connecting additional slave nodes. These networks also offer
increased reliability as all slave nodes share one communication channel, not requiring complicated
management processes to coordinate when nodes transmit data across the bus. [6] However, this carries the
disadvantage that the networks may be considered less private as data is transmitted from one master node
across multiple channels to all slave nodes. This can reduce network security as data is unnecessarily shared to
wider network devices. [3]

An example of the application of Point to Multipoint transmission systems is that in factory automation, where
one master Programmable Logic Controller (PLC) master node controls various slave sensors and mechanisms
along a manufacturing production line. [7]
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B I I

Figure 2 - Point to Multipoint Communication Diagram

Multi-Master Transmission Systems

Multi-Master transmission systems are where there are many nodes within the communication network that
can initiate communication with other devices. Figure 3 illustrates this system as a simple box diagram.

One benefit of Multi-Master transmissions systems is that having various master nodes allows for the
implementation of load balancing. This enables the distributed network to control traffic flow and improve
system performance. [8] However, if this is mismanaged the network can experience drawbacks in
performance such as network congestion and latency. As there are multiple nodes that can transceive in these
distributed networks, loss of data packets and latency can occur due to high volumes of traffic. This can reduce
system throughput, and therefore data flow control mechanisms are necessary to ensure the bus does not
become congested. This is vital for maintaining good quality of service. [9]

Due to the complexity of these transmission systems, maintaining communication data links can become more
complex and carry higher operating/maintenance costs; having reduced scalability in comparison to other
distributed communications systems. [9] An example of where Multi-Master transmission is used is that of
Controlled Area Network (CAN) systems found in vehicles for automotive and space flight applications. [10]

Figure 3 - Multi-Master Communications Diagram

Quality Management Systems

During the development of this simple token based distributed network, it was import to have awareness of
Quality Management Systems and the need for continuous improvement.

The Engineering Council defines Quality Management Systems (QMS) to be the formalisation of systems of
work and procedures that are required to ensure the achievement of key organisational aims. [11] QMS aims to
provide consistency in standard operating procedures, meaning that that tailored processes are in place so that
value is provided to stakeholders. [11] QMS encourages management to utilise resources effectively, promoting
organisationally efficiency and consideration to be made regarding the consequences of decisions, both short
and long term. Risk-based thinking can be applied to mitigate/reduce unintended consequences. [12]

QMS emphasises the importance for engineering practices to be sustainable and geared towards long-term
success. This involves there being adequate processes in place to ensure organisations are in compliance with
international and industry standards; for instance following good engineering practices detailed in ‘BSEN 1SO
9001". [14] This helps organisations fulfil essential regulatory and legal requirements.

For continuous improvement to be achieved, organisations must be reactive, taking onboard feedback and
making data driven decisions. To ensure there is continuous improvement, QMS must foster a workplace
culture that encourages employee involvement across all levels of the organisation.
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A focus on continuous improvement may result in enhanced health and safety, through the development of
safer working practices. By conducting regular auditing and reviews, organisations can gain insightful data and
feedback, aiding fulfilment of QMS aims. An example of this is, the Occupational Health and Safety
Management standard 1S0 45001, that incorporates risk assessments and auditing into the quality
management process. [13]

Systems Design

Circuit Design

Figure 4 shows the Simple Token Based Distributed Network for a Motorcycle designed and simulated within
Proteus Design Suite.
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Figure 4 - Simulated Distributed Network for a Motorcycle using Proteus Design Suite v8.16

PIC Microcontroller Selection

Figure 4 shows that two PIC16F876 microcontrollers were chosen to act as the Master and Slave chips in this
network. A single Peripheral Interface Controller (PIC) master component ‘U1’ provides signals to the single
slave component ‘U2’ to operate the vehicles lamps.

The PIC16F876 microcontroller was selected for three main reasons. Firstly, the chip has a three Input/Output
(1/0) ports. This allows for PortA to be allocated for button/token inputs and PortC for communication between
‘U1" and ‘U2’ PICs and the 12C memory chip ‘U3". With both having PortB remaining unutilised for both the
master and slave PICs, available for future system expansion. The PIC16F876 microcontroller also has very low
power consumption, being less than 0.6mA at 3 Volts when operated at a clock speed of 4MHz. [15] The
PIC16F876 is also cheaper relative to many PIC18F alternatives, providing a cost saving to the manufacturerin
this large scale automotive application.

However, due to the PIC16F876 not having an internal oscillator. An external 4MHz quartz crystal oscillator has
been added to both the microcontroller chips to provide a system clock source for program timing. Due to this,
| had to write the header files master.h and slave.h such that they instruct the program that an external crystal
oscillator is being used. Therefore, modifying line 12 of the header files from “#use delay(internal=4MHz)’ to
become ‘#use delay(crystal=4MHz)". [16]

Operation of Motorcycle Lights

The vehicle chosen for this assessment is that of a motorcycle, simulating a simple tokenised distributed
network for the rear left corner of the lighting system. Therefore the program requires the implementation of
four lamps:

Rear Driving Light
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Consisting of the ‘D1’ red Light Emitting Diode (LED) connected to a 2200 resistor; fed by the output pin RAD of
the slave PIC. When the Single Pole Single Throw (SPST) button A is pressed, the switch is momentarily on; this
pulse is detected triggering switch case ‘A’. A second press of this button triggers switch case ‘a’

Rear Brake Light

Consisting of the ‘D2’ red LED connected to a 22002 resistor; fed by the output pin RA1 of the slave PIC. When
the SPST button B is pressed, the switch is momentarily on; this pulse is detected triggering switch case ‘B". A
second press of this button triggers switch case ‘b

Rear Left Indicator Light

Consisting of the ‘D3’ yellow LED connected to a 220Q resistor; fed by the output pin RA2 of the slave PIC.
When the SPST button Cis pressed, the switch is momentarily on; this pulse is detected triggering switch case
‘C’. A second press of this button triggers switch case ‘c’.

Rear Fog Light

Consisting of the ‘D4’ red LED connected to a 22002 resistor; fed by the output pin RA3 of the slave PIC. This LED
can only be turned by pressing button D, when the rear driving light is switched on. This is done by setting the
fog variable to equal 1, when the driving light output pin RAQ is set to a High state; and 0 when set to a Low
state. However, the rear fog light can be switched off by pressing SPST button D, regardless of state of the RAD
pin, the rear driving light output.

Master to Slave Communication

Inter-Integrated Communication Protocol (12C) has been selected to enable dataflow between the master and
slave PIC16F876 microcontrollers for the distributed network. This protocol is used to pass data between the
PIC16F876 microcontrollers and component U3, the ‘24C02C’° Serial Electrically Erasable Programmable Read-
Only Memory (EEPROM) integrated circuit. [17]

12Cis a synchronous protocol, therefore requiring a clock signal taken from the PIC16F876 microcontroller. This
is provisioned by the Serial Clock Line (SCL) connected to the RC3 pins, and connected to the Serial Clock (5CK)
port of the 12C serial EEPROM chip. The Serial Data Line (SDA) enables data transmission between the master
and slave PIC16F876's. [17]
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Embedded C Program Listing

master.c Listing

Figure 5 shows the Embedded C programs source code file ‘master.c’ for the master PIC16F876 component Ul
and comments explaining its structure and operation.

a7

89
90
a1
9z
a3
94
a5
96
a7 =@
98

a9
e

Student Number:

Namwe
Last Modified:
Deseription:

daveh £
2227999

87/11/2824

one acting

Thiz program iz o simple token bazed distributed network, con

master.c £ shave.c [

Alistair Lounds

ting of tws PICIGFE7S B-bit microcontrollers,
as the master PIC and the other as the slave. This circuit simulates the operation of Lights fo

the rear Left corner of @ motorcyle.

ginclude <master.hs

£

Afinclude master.h header file

global variable.

char buttans=;
char output;
char tabyte;

unsigned int

value=0x00;

char read_buttons(void);
void ep_write(char,char);

/Fintialise buttons voriable as character date type and set to equal @
//initialise output voriable as a character data type
Afinitialise txbyte variable as a character dota type

/finitialise volue variable as a wnsigned integer data type

/s/define subroutine read buttons
/fdefine subroutine ep_write

7

void main(void)

s x
char read_buttons(void)
={

¥

f/**%ep_write subroutine
void ep_write(char address,char

{

while(TRUE)

buttons=read_buttans();
switch(buttons)

case 1: if(output
i

output-=.
trhytes a3

else

outputs=1;
txbytest g

break;
case 2: if (output
{

output-=
txbytes'b';
b

else

cutput+=2;
txbyte= H

break;

case 4: if (output

break;

case 8: if (output

output
tubytes"d’;
}

default: break;

printf( Jtxbyte)
ep_write(s, txbyte);
}

//Loop forever

//set buttons varigble to be value returned by read_buttons subprocess
//switch statement for buttons
8 Ox01)  //switches rear drivng Light on and off

//sets bit position @ as off
//sets the txbyte token to be string 'a

//sets bit position @ as on
F/sets the trbyte token to be string ‘A’

//break enables the progrom to break out of switch block and stop execution - exiting Loop
& @wd2)

//ewitches rear brake Light on and off

//sets bit position 1 as off
J/sets the txbyte token to be strong ‘b’

f/sets bit position 1 as on
S/sats the txbyte token to be string 'S

//break enables the progrom to break out of switch block and stop execution - exiting Logp

2 owe4) witches reor Left indicator Light on and off

//sets bit position 2 as off
//sets the txbyte token to be string 'c

fisets bit position 3 as off
fisets the txbyte token to be st

_—
//break enables the program to break out of switch block and stop execution - exiting Loop
8 0xB8)  //switches rear fog light on and off

/fsets bit position 3 as off
//sets the txbyte token to be string 'd’

//sets bit position 3 as on
f/sets the txbyte token te be string 'D'

/fbreak enables the program to break out of switch block and stop exccution - exiting Loop

/fdefault is on optional stotement which specifies to break out of switch stotement loop is no case is motched

//print the token character to the rs232 virtual tersinal
S/writes the data in memory at oddress location @

*read_buttons subroutin

char value=2;
while(!dinput_a());
value=input_a();
delay_ms(500);
return(value);

/finitialises o value varicble for the buttons and sets it to equal @

Ffwhile there in not and input To PORTA wait for an input - button press event

//set value varible to egual input from Portd

//580ms delay time provided for button release

//when read buttons subroutine is called and executed this returns the value as a character

while(!input(pin_e5));
output_low(pin_c5):
d2c start(l:

data)

/fwaits for memory of chip to be ovailable
//set Serial Data Out(SDO) pin Low (memory busy)
/fsends i2c stort condition pulse




Distributed Intelligence Systems (ACDAS018) Alistair Lounds

181 i2¢_write(@nid);

182 i2¢_write(address):

103 iZc_write(data);

184 delay_ms(delay);

185 12c_stop();

106 delay_ms (delay): ctore dota to Al memory oddress
187 input{pin_c8);

188 }

Figure 5 - master.c Program Listing

master.h Listing

Figure 6 shows the Embedded C programs header file ‘master.h’ for the master PIC16F876 component Ul and
comments explaining its structure and operation.

mastech @ sl mestecc save

1 //**Smaster header Filcssissasssesas . T L LT T PRSP P e

N, it
in_cd, scl=pin_c3,

16 Adefine delay 38

Lay variable set to o value of 2Bms - therefore "deloy_ms(de

Figure & - master.h Program Listing
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slave.c Listing

Figure 7 shows the Embedded C programs source cade file ‘slave.c’ for the slave PIC16F876 component U2 and
comments explaining its structure and operation.

Alistair Lounds

masterh () saveh [ maserc ] slavec @
1 /7 Student Number: 2227998
z Nawe : Alistair Lounds
3 Last Modified: @7/11/2024
4 Description: This prograw is a simple token based distributed network, consisting of two PICIGFE7E B-bit microcontrollers,
5 one acting as the moster PIC ond the other os the slave. This circuit simulates the operation of Lights for
6 the reor Left cormer of o motorcyle.
n v
8
8 JS/¥**5lave
10 winclude cslave.h> J#include slave.h header file
11
12 //***global vorigbles
13 char buttons=2; #fintialise buttons vorieble as charecter data type and set to equal @
char old_buttons=a; Jfintialise old_buttons variable os choracter doto type and set to egual @
15  char output-g; /#intialise output varioble as charecter data type ond set to equal @
16 char g=i; #fintialise q variable os character doto type and set to cquol @
17
18 unsigned int counte Jfintialise counter verigble as unsigned integer dots type and set to eguol @
19 unsigned int flash=d J#intialise flash variable as unsigred {nteger doto type and set to equal 8
20 unsigned int lef-o; /fintialise left varicble as unsigned integer date type and set to equal @
21 unsigned int fog= ##intialise fog varioble as unsigned integer dote type and set to equal @
22
23 void ep_write(char address,char data); //define subroutine ep_write
24  char ep_read{char); Afdefine subroutine ep_read
25 void indicator_flash(void); #fdefine subroutine indicator_flash
26 vold motorcycle_lights(veld); /#/define subroutine motorcycle_Lights
27
28 //***timer subroutine
29 #INT_TIMERZ
30 vold TIMERZ isr(void)
B
32 counter+; Afinerement counter vorisble - increase counter by o value of 1
3 if(counter--1a) Afconditional statement, when counter is equal to 49 the statement is True - executes following code
340 i
35 counter=g; /Afresets counter value to @
36 if(flash) flash=a; J/sets flosh varigble to equal @
37 else flash=1; Afelse set flosh varioble to equal 1
38 indicator_flash(); /fcall and execute indicator_flash subroutine
39
4 }
a1
a2 /.
43 vold main(void)
44 E(
45 setup_timer_2(T2_DIV_BY 16,255,4); //timer - 255 is where the clock volue resets - 4 timer overflows before interrupt occurs
45 enable_interrupts{INT_TIMERZ); Afintlolises the INT_TIMERZ interrupt
47 enable_interrupts{GLOBAL) ; Sintiolises the global interrupts
48
49 while(true} //loop forever
sa i
51 buttons=ep_resd(@xin) ; //read data byte from kepboard
52 1(old_buttons!-buttons) F/conditional statement - if old_buttons does not equal buttons execute the following code within curly brackets
538 {
54 printf({ "<, buttons); //print the button token character to rs232 virtual terminal
55 ep_write(@x10, buttons);  J/write the recieved volue into memory of oddress Location Bx1@
56 delay_ms(delay); Flwait for 20ms
57 motorcycle lights(); #/call and execute motorcycle_Lights subroutine
58
59 old_buttons=buttons; J/sets old buttons varisble to equal previcus value - buttons
] 1
61}
&2
63 //**motorcycle subroutin
B4 void motorcycle lights{void)
65 B
3 switch(buttons) //switch statement for buttons
678
13 Jfrear driving Lamp
2] case'A': output+=axal; //odds 8x@1 to output to turn on bit @ (rear driving Light)
7o fog=1; F/sets fog variable to equol
71 break; /fbreak enobles the program to break owt of switch block and stop execution - exiting loop
72
73 case’'a': output=output & @xfe; //bitwise AND the owtput byte with xfe (11111118) to clear bit position @
74 fog=0; Sieats fog varicble to equol &
75 break; //break encbles the program to break out of switch block and stop execution - exiting loop
76 /frear brake Lomg
77 case’® ' outputedual; //odds Bx82 operand to output to turm on bit 1 (rear braoke lamp)
78 Break; //break enobles the progrom te break out of switeh block and stop executien - exiting loop
78
2] case'b 't outputoutput & @xid; //bitwise AND the output byte with Bxfd (11111101) to clear bit bit position I
Bl break; //break engbles the program to break out of switch block and stop execution - exiting loop
B2 //reor Left indicator Lomp
By case’C': output+adugd; //mdds 8x04 operand to output to turn on bit 2 (left indicator Lamp)
B4 left-1; /iset Left varicble to equol 1
BS break; //break engbles the program to break out of switch block and stop execution - exiting loop
B6
87 case output=output & @xfb;  //bitwise AND the local output byte with @xfb (11111811) to cleor bit position 2
B8 left-; //set Left variable to equal @
B9 break; //break encbles the program to break out of switch block and stop execution - exiting loop
-8 Ffrear fog Lamp
91E| caze 0 if(fog==1) //conditional stotement - only when fog equols 1 (rear driving Light on) - fog Light can be turned on
92
o3 output+=auii; //adds 8xB8 operand to output to turn on bit 3 (fog lomp) if reor driving Lights are on
a4
5 break; /fbreak enobles the program to break out of switch block and stop execution - exiting loop
96
97 case'd': output=output & @xf7;  /bitwise AND the cwtput byte with Bxf7 (11118111) to clear bit position 3
&8 break; //break encbles the program to break out of switch block and stop execution - exiting loop
k] default: break; /#default is an optional stotement which specifies to break out of switch statement Loop is no case is motched
160 1
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101 ocutput_a(output); //sends output varigble volue to PORTA of slove PICIEFE7S microcontroller
]2 )

183

104 //***ep write subroutin

185 void ep_write(char address,char data)

186 B {

187 whilef linput(pin_cS)); //woits for memory of chip to be guailob

102 output_low(pin_c5); Aiset Seriol Doto Out(500) pin low (memory busy)

169 i2c_start(); #/sends i2c start condition pulse

110 12c_write(Bxsg); /sets device address to @xA@

m ilc_write(address f/send the device oddress to write to

112 i2c_write(data '/send the data to write to device address

113 delay_ms(delay); ffwait for Ziws

114 izc_stop(); ##sends i2c stop condition pulse

115 delay_nz(delay); wait for Jws - gives time to gllow i2c chip to store dato to @xi8 memory address
116 input(pin_c5); releases Serial Deto Out(5D0) pin RCS

17 )

118

118/ *vep_read subroutineteerresssses F— rrarsanans FE— PRPPRRp — R — — — rranasanes rrasaazens
1280 char ep_read(char address)

121 E{

122 char data=g; //sets dote to equol @ and be o character data type

123 while(!input{pin_c3)); //waits for memory of chip to be availoble

124 output_low(pin_c5); f/set seriol Data Out(S00) pin low (memory busy)

128 i2c_start(); J/sends i2c start condition pulse

126 L2e_write(Bxag); //sets device address to @xAB

127 ic_write(address); //sends the device eddress to be read from

128 delay_ms(delay); //wait for 2ems - provides time for chip to set its for reoding memory

129 i2c_start(); /isends second i2c start condition pulse

130 delay_ms(delay); Siwait for 2ems - provides time for chip to be reody

131 i2c_write(wal); F/sets device address to @xAl

132 data=i2c_resd(2); //reads data from the chip - volue '8' means do not acknowledge

133 delay_ns(delay); F/wait for 2oms

134 12¢_stop(); //sends i2c stop condition pulse

138 delay_ns(delay); Siwait for ows

136 input(pin_e5); L Data Out(SD0) pin RCS

137 return(data); //when ep_read subroutine is colled and executed this returns the data os o character
138 )

139

140 dicator Flash subrouting™ ¥ FrIEITI T T TR TR TR

141  veid indicator_flash(veid)

182 B){
if(left & flash)joutput_high(pin_al); fisets pin RAZ high - turning Rear Left Indicotor lamp on

144 else sutput_low(pin_a2); //else sets pin RAZ Low - turming Rear Left Indicator Lomp off

a5}

Figure 7 - slave.c Program Listing

slave.h Listing

Figure 8 shows the Embedded C programs header file ‘slave.h’ for the slave PIC16F876 component U2 and
comments explaining its structure and operation.

mastech [ dmah @ masmecc 0
1 //***slave header file
#include <16FE76.h fiheader file for PIC used in circuit 'PICIGFETE’
3 adevice ADC-19 /fsets reod_ode return sire to 18 bits
4
5 RFUSES NOPUT Afne power up timer
6 AFUSES BROWNOUT /freset when brownout detected
7 RFUSES LVP /flow voltage programwing on B3(PICIE)
8 #FUSES NOCPD /fno EE protection
9 #FUSES NOWRT //program memory not weite protected
10 #FUSES NOPROTECT /fcode not protected from reading
1
12 #use delay(crystal=aHHz) sternal oscillator - external clock speed set to dMHz

13 #use rs232(baud-9600, par

14 fuse i2c(Master,Fast, b} ffi2c commmication pins - pin RC3 is serisl clock Line (SCL) - pin RCA is serial data line (SD4)
15
16 Mdefine delay 20 Jfdelay vorioble set to o value of 20ms - therefore “delay_ms(delay);" would be 20ws

Figure 8 - slave.h Program Listing

,bits-8, strean-PORT1, errors) //rs232 communication pins - pin A6 is transwit(amit) - pin RC7 is receive
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Operation of Program

master.c Program Flowchart

Figure 9 shows a flowchart describing the operation and logic for the C program ‘'master.c’. [18]

Initialise Glabal
Wariahles.

e, output, value,
buttees

1

Define Functiens.
read_butonsvoid)
‘ep_wrine(char, thar)

Alistair Lounds

L "
arF on oFF on oFF an oFF
output-<1 Output=1 ovtput-=2 outputs=2 output -4 utpute-4 cunput--8 outpute-&
+ ' ' ¥ ] +
o be string "y’ e string ‘A" b b string 5 1@ be siring ¥’ o be string'c’ o b string 15 be string ' 0 b string T
1 1 i i i 3

Figure 9 - Flowchart for master.c Program
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slave.c Program Flowchart

Figure 10 shows a flowchart describing the operation and logic for the C program ‘slave.c’. [18]

o

Variables

buttons, lash, log. 0,

outmst, oid_buttone,
-

Duefine Funstians
ep_urhe, op_raad,
indbcaser_Aush,
maotoecycle_ights

L
+

TRz
count of S0uiggers
eaticaton flash]
ubeene

tishan Interupts

INT_TIMER aré

01 fog vavintie to ‘3ot fog varistie to Sechelk wrishiets et b veribiete Swtmremenioe SotonPoutiomite
oqunl el 0 1 " LT cutputeoutput & ed
t i ! ] 1 )
et ald_butions
wariasie e equsl
[——

Figure 10 - Flowchart for slave.c Program

Testing & Verification

The process of debugging the program used the VSM Studio terminal to observe the errors output by the CCS C
compiler. Figure 11 shows that after several iterations of software development, source code files ‘master.c’
and ‘slave.c’ built successfully returning zero error messages.

12
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VSM Studio Qutput u

ccsc exe -J +0F +ES P -Z +08 +CC +EXPORT +FM “"master.c”
ccsc.exe «J +0F +ES -P -Z +08 +CC +FM LINK="Debug. cof=master.o™

0Erors. 0 Wamings
Build Successiul

C\Wsers\ahst\AppDatailocalTemp\VSM Studio\ 2664805 1b42c454 1969183 19b262PIC16FETE_T\imaster o ===> 0 Emors, 0 Wamings
Build Successful

ympilad P
VSM Studio Output n

C5C.exe ~J 40F +ES -P - 408 +CC +EXPORT +FM “slave.c
csc exe -J +0F +ES -P -Z +08 +CC +FM LINK="Debug cof=slave o™

0 Emors. 0 Wainings
Successful

C:\Users'ahist\ppData'l ocal\TermpiVSM Studio\26648b51b42c45d193e691f8319b202\PIC16FBTE_2\slave.0 ===> 0 Emors. 0 Wamings
¢

Figure 11 - VSM Studio Output - Compiling master.c and slave.c

After this development, | observed the response of the simple token based distributed network during
simulation, to verify whether the program functions had been implement correctly:

Rear Driving Lamp Test

Figure 12 shows that red LED ‘D1’ illuminates when button A is pressed, displaying a upper case ‘A’ onthe
both R$232 virtual terminals. When button A is pressed a second time, we can observe a lower case ‘3’
character on the R5232 terminals and the LED turning off. This demonstrates that the rear driving lamp
functioning as intended.

ik

L Alistair_Loupds pds|
C_Alstair_Lopmsms
4 Yaar S aiigen

Toar
-
v THE D

" T o T T T . T T v T ) I W I 7 I 3

| 9 21 Message ANIMATING: 00:01:08 500000 (CPU load 43%) K +143000 y.  -2000.0

Figure 12 - Simple Token based Distributed Network - Rear Driving Lamp

Rear Brake Lamp Test

Figure 13 shows that red LED ‘D2’ illuminates when button B is pressed; displaying a upper case ‘B’ on the
both RS232 virtual terminals. When button B is pressed a second time, we can observe a lower case ‘b’
character on the terminals and the LED turning off. This demonstrates that the rear brake lamp is functioning as
intended.

13
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Figure 13 - Simple Token based Distributed Network - Rear Brake Lamp

Flashing Rear Left Indication Lamp Test

Figure 14 shows that yellow LED ‘D3’ illuminates when button C is pressed; displaying a upper case ‘C’ on the
both R$232 virtual terminals. This lamp flashes on and off periodically, as determined by the TIMER2
subroutine in the slave.c program. When button C is pressed a second time, we can observe a lower case ‘c’
character on the RS232 terminals and the LED turning off. This demonstrates that the rear left indicator lamp is
functioning as intended.

oo "
e B Ral
- b o e (3

el
reansnan e o 4
b SRR

EEESIRLNERE

{_Alistair_Llounds.pds:

1 Adistair_llopmespts

Figure 14 - Simple Token based Distributed Network - Flashing Rear Left Indicator Lamp
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Rear Fog Lamp Test

Figure 15 shows that red LED ‘D4’ illuminates when button D is pressed; displaying a upper case ‘D’ on the
both RS$232 virtual terminals. When button D is pressed a second time, we can observe a lower case ‘d’
character on the terminals and the LED turning off. The rear fog light does not turn on unless the rear driving
lamp is also in an ‘On’ state. This demonstrates that the rear fog lamp is functioning as intended.

UZ R5232 TERMINAL

Virtual Terminal - U2 R5232 TERMINAL

ni_Alistair_Lpunds.pd

Figure 15 - Simple Token based Distributed Network - Rear Fog Lamp

Error Mitigation

Figure 16 shows the “[I2CMEM] Stop condition whilst memory is transmitting data is unreliable” error message
found during the development of this program. This error message relates to component U3, being the
‘24C02C' 12C Serial Electrically Erasable Programmable Read-Only Memory (EEPROM) integrated circuit.

This was caused due to the lack of an optional acknowledge (ack) parameter within the parenthesis of the
‘data = i2c_read();’ function. This instruction reads a byte of data from the integrated circuit using the 12C
interface and stores the byte as the ‘data’ variable. When using this syntax, if the parenthesis are left blank the
default value is set to 1. Awvalue of ‘1’ indicates to send an acknowledgement message when a byte of data has
been read. [16]

Simulation Log n

Message

ource Time

10:00:04. 9570
1002 1376

= w
(v}

(o]
(e )

[

AN .
is transmitting data is unreliable

Figure 16 - 12C Serial EEPROM Memaory Error

By inserting a value of ‘0" within the parenthesis on line 132 of the slave.c program, we are instructing the
program to ‘not acknowledge’ when a byte of data has been read. This stops the program from looking for a
stop condition response for the 12C memory, therefore preventing the serial EEPROM memory error message.
(16]

15




Distributed Intelligence Systems (ACDAS018) Alistair Lounds

Conclusion

In conclusion, it has been demonstrated that PIC16F876 microcontrollers can be programmed using the C
programming language to produce a simple token based distributed network to simulating the operation of
motorcycle lamps in an automotive application.

In hindsight the use of a PIC16F876 may not be the optimal solution for this automotive application as this PIC
does not have an internal oscillator. Due to this | had to add two 22pF capacitors and an external quartz crystal
oscillators to both the master and slave chips. This introduces increased cost of manufacture, as components
need to be incorporated into the circuit design, pick and placed during board assembly, and further quality
assurance to verify whether appropriate standards of manufacture have been met. This added complexity also
present more potential failure points for system design.

To further improve the distributed network, | could reduce complexity in system design by opting for a
PIC16/PIC18 microcontroller chip with an internal oscillator. For instance, a more suitable alternative may be to
use the ‘Microchip Technologies PIC16F887-I/P". Unlike the microcontroller selected for my simple token based
distributed network, this chip is delivered as a ‘commercial off the shelf’ (COTS) component containing two
internal oscillators, one being a high frequency oscillator with a default BMHz clock speed. [19]

This PIC16F887-1/P also may be more cost efficient in this automotive industry application; with lower unit cost
having significant cost savings should the vehicle be manufactured in large volumes. Comparatively the
PIC16F887-1/P costs £2.97 per unit, in comparison to PIC16F876-1/SP costing £5.81. [20][21]
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