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Abstract

This report demonstrates the operation of a Master to slave electronic transmission system
via a demonstration produced within the simulation program Proteus8. The simulation
successfully demonstrates the use of tokens to turn on and off multiple LEDs that are
representative of lights on a vehicle. Each of the buttons represents a capital letter that is an
activation token for its respective light, once the button is pressed a second time a lowercase
token of the capital letter is sent back to the master device resulting in its connecting LED
tumning off.

The following sections in this report will explain the simulation construction, the code
construction, the overall simulation performance/code performance, and a brief explanation
of electronic transmission systems.
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Introduction

Distributed intelligent systems improved upon the centralised systems that lacked the
capabilities of large-scale integration, the ability to scale with development, and the ability to
handle high-complexity systems alongside their low robustness. Distributed intelligence
systems achieve the prevention of these issues due to their capability of splitting operations
between cooperating systems that specialise in a section of the overall task. It is due to this
capability of splitting tasks that allows the distributed intelligent system to achieve greater
feats of robustness, scalability and reliability [1]. These systems can be produced in
hardware, software or a combination of both, and can be prominently represented within
autonyms vehicles and lights [2].
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It is within this report that the master and slave transmission system variation of a distributed
intelligence system will be investigated. The system has been simulated/constructed within
Proteus8 with the accompanying code being written in C. This system will focus on the front
lights on a standard UK car, specifically focusing on those seen on the left-hand side to give
a visual example of the distributed intelligence system working. The construction of the
simulation will be explained within section 2.0 before a deep look into the operation of the
code driving the master and slave transmission system within section 3.0.

Headlight

Indicator/hazard

Fog light

Figure 1, Basic Front Car Lights [3]

(1:0) Quality Management Systems (QMS)

The purpose of having QMS in place throughout the development, production and sales of
engineering products is to allow for further innovation and to keep the product to a structured
standard. This is accomplished in many ways, aver by helping engineering organisations
structure their development procedure with the guide of regulations, all the way to
customeri/test feedback to aid in future improvements and developments.

Without a QMS in place, products will not be consistent in their quality with some being
dangerous to users due to a lack of safety standards being followed, and others performing
far above their required purpose resulting in over-engineering that proved detrimental to an
organisation. With regards to the absence of user/test feedback, development will stagnate
or progress slowly due to repeating mistakes and impractical operations.

Page 4 of 19




(2.0) Transmission Systems

In terms of distributed intelligence, an electronic transmission system is the method by which
the disfributed intelligence system communicates with all of its cooperating parts. These
transmission systems come in different varieties depending on the overall requirement/
setup of the system in which they operate.

The main content of this report demonstrates the operation of the Master and Slave
transmission system, but this section explores three more transmission variations.

(2.1) Point to Point Transmission

A point-to-point transmission system transfers and receives information to two designated
points by wireless or wired methods. Due to the direct connection between the two points,
the point-to-point transmission method is seen as one of the most secure methods of
communication between systems all thou limited to two points [4].

The wired point-to-point transmission method can be achieved by using fibre optic cables,
ethemet cables, wires and even copper tracks on printed circuit boards (PCB) attached
between systems. Due to their direct connection, wired transmission is the most secure
method of transmission but is only effective over short distances such as in-office
communication or neighbouring systems.

When it comes to long-distance point-to-point, wireless transmission is favoured. This
method of transmission can be achieved by many means like air fibre, laser, miller mitre
wave and microwave frequency. During the set-up of any of these transmission types, paired
antennas will be selected and placed at each point. This antenna will be installed up high to
allow for a line of sign between the two points and to prevent loss from obstacles. Each
antenna will be configured to its pair, resulting in frequency, power output, modulation and
other parameters being the same. Once this is done, a test transmission will be carried out
before the point-to-point system is operational [5].
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Figure 2, Wireless Point-to-Point Transmission [6]

(2.2) Point to Multipoint Transmission

In its basic form, point-to-multipoint transmission operates exactly like point-to-point with the
differentiating factor of multipoint being that there are multiple receivers linked to a single
transmission point. This allows a central transmission point, such as a telecom tower or a
home rooter, to transmit data to multiple different receivers simultaneously. An example of
this within the public will be that of television broadcasting and WiFi access points [7].

Multipoint transmissions can be set up in two different ways wired and wireless with the most
common set-up being that of wirelessly due to ease of installation and the transmitter not
requiring a direct line of sight to its receivers. Within these set-ups, multipoint can operate in
unicast and multicast configurations.

Unicast communication is when the transmission points send individual pieces to date to
each of its connected receivers. This requires the receivers to have the capability to receive
and process the data sent to it via the transmitter as an individual. This is like point-to-point
transmission due to its direct individual communication [7].

Multicast communication occurs when a single piece of data is sent from the transmission
point to multiple connected receivers. An example of this will be a live news broadcast [7].
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Figure 3, Example of Multipoint [7]
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(2.3) Multi-Master Transmission

The multi-master transmission system can be seen as the evolution of the slave and master
transmission system explored later in this report. This is due to multi-master utilising more
than one master device within its system to send information to the connected slave devices.
Due to this configuration, data can be sent to multiple master devices at the same time with
each master device capable of changing the data sent to them to its required need before
replicating that data and sending it to its required slave device [8].

For this transmission system to operate effectively the system utilises 12C, which is a
communications protocol, that utilises a dedicated serial data line (SDA) and a serial clock
line (SCL) when transferring data between devices. The data is sent in byte form with an
attached unique address so that the data is sent to the correct receiver. It is due to this
structure that the 12C protocol can handle multiple devices that can receive and send
commands within a system at the same time [9].

When two master devices transmit the same data to the same slave, all devices will stop
there for not transmitting or receiving the information. When multiple masters send data to
the same slave at the same time, the master sending a trigger high (1) will take priority with
the rest waiting for when the bus is clear to send a new transmission. If multiple masters are
sending multiple different data to different slaves at the same time, the first master to
transmit a low (0) will take the lead resulting in the remaining masters waiting on the bus to
become free once again [10].
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Figure 4, Block diagram of a Multi-Master transmission [10]
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(3.0) The Proteus System

To visually show a master and slave transmission system in operation, a simple car lights
system was made within Proteus 8. This system is made up of three operation areas the
input, the main operation and the output. It is within this section that each of these areas will
be explained.

(3.1) The Input

The input of the system consists of four push-to-make (PTM) buttons, four 10 killer ohms
(10k) resistors, four outputs, a VCC connection, and a ground. Each of the push-to-make
buttons is assigned to activate one of the LEDs used to represent the Headlights, Full Beas,
Fog lights or the indicator that would be typically seen on the front left-hand side of a car.
When the user presses one of the push-to-makes, a signal high-coursed by the connection
made to VCC is sent to the main operation section of the system. When the user presses the
same PTM a second time, the same process of linking VCC to the main operational system
occurs, but the related LED switches off.

Figure 5 shows the construction of the input section of the system alongside each push-to-
make button linked to its respective lights.
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Figure 5, System inputs

(3.2) The Main Operation

Consisting of two Pic18f2525s, three 10k resistors, an 12C controller in conjunction with a
24L.C02B chip, and two virtual terminals, make up the main operation section of the system.
These components, plus the ¢ code elaborated on in section 3.0, take inputs given to them
via both the input section and the output and produce the appropriate output to their given
commands.

The leading components within this operation are that of the two pics which have been split
into a slave and master configuration. The left-most pic, seen in Figure 6, is that of the
master within the code. This pic uses pins RBO to RB3 as its receiving pins from the input,
whereas pins RC3, 4 and 5 are being used as the pic’s communication bus to the second
pic, the slave. The slave utilises most of the same pins as its master counterpart except for
four additional inputs located at RAO to RA3 and a fifth output at RB4. These additional
inputs are that of the triggers to activate the fifth output.

Seen between the two pics are the 12C controller with chip and the two virtual terminals,
located at the top and bottom of Figure 6 respectively. The operation and purpose of the 12C
configuration is the same as what was mentioned in section 1.3, to prevent conflict of
information between the two pics. As for the two virtual terminals, these are operating as
visual aids for the operator so that they can see the tokens being sent between the two pics
when they receive inputs.

The configuration of the main input can be seen as a hole in Figure 6.
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Figure 6, Main Operation

(3.3) The Output

As the visual representation of the code, the output consists of five LEDs, four switches, and
five 240-ohm resistors. Each of the LEDs represents one of the following lights: headlights,
full-beam, fog lights, left indicator and a red waming light. These are all triggered on and off
once a signal high is sent from the input through the system, but this excludes that of the
warning light. This is only triggered by any of the four switches that act as errors within the
system.

The configuration of the output can be seen in Figure 7.

g
H

D2
LEDRED

Figure 7, System Output
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(4.0) The Code

The code behind the system's operation, previously examined in section 2.0, will be explored
in the following section. For ease of explanation, it has been broken down into its Master and
slave structure.

(4.1) Master

At the start of the master's program, five variables are defined. These variables are used
throughout the program and led into their own functions, which will be explored later. It
should also be noted that due to the positioning of the variable defining position, the five
variables seen in Figure 8 can be used anywhere within the following program.

void ep_w{char,cha The following Void and Char commands are defining later commands

3
4
[
6 char resd_buttos
7
8
9

char ep_r{char };
char local_cutput;
char txbyte;

Figure 8, Variables

Following from the previous section is the “main” function seen in Figure 9. Within this
function, the process of sending the correct token to the bus relating to its triggering input
takes place.

This function works by checking whether or not the buttons within the input have been
pressed via the command “buts=read_buttons();”. If a button press has been detected, one
of the four “if” statements will be activated depending on the Hex value that has been
triggered at the pin-high location. Once this has been identified a token defined by the
“txbyte” variable is sent via the connecting bus to the slave pic enacting the output function.

17 : buts=read_buttons();
18 switch (buts)
{

20 case 1: if(local_sutput

-~
k

22 local_output-=1;
3 txbytes

25 else

27 local_output+sl; set bit on
i txbyte= t L

38 break;
31 case 2: if(local ocutput & exe2) ictivates the tern on command for the fullbeaw

33 local_output-=2;
34 tubytes

36 else

E) local_output=2;
3 tabytes

41 break;
42 case 4: if(local_sutput & Bu04) / Activates the tern on command for the Fog Lights

a1 local_cutput-=4;
a5 txbyte=

47 else
49 local outputs=d;
58 txbytes
break;
53 case 3: if(local output & @x83) Activates the tern on commend for the indicator Left
55 local_cutput-=5;
56 txbyte=
57 1
58 else

8 local_outputt=i;
61 Tabytes

63 break;
654 default break;

Figure 9, Maine Function
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To allow for the transmission of the activated token to be sent via the 12C bus, the function
“ep_w” comes into effect alongside the “ep_r” function. The purpose of both of these
functions is to transfer data between the two pics and to present a conflict of data being sent
at the same time vier checking the bus to see if it is clear before transmitting. When sending
data the write function is active, seen first in Figure 10. When receiving data back from the
slave, the read function comes into effect.

76 vold ep_w{char where,char what)
=] i

82 cha- ep_r{char where)

ad char data=d;
5 while(!inputihs));

ir 3
108 return(data) )|

Figure 10, Writing and reading to the slave

Referring back to the “buts=read_buttons();” command seen within the “main” function. This
command calls to a function found later within the program. This function activates the pics B
pines as inputs for the system. When one of these pines receives a trigger high, the system
responds as the signal being a button press resulting in the program carrying out its function.

113
114  char read buttons(vold)
=] t

16 char walue=a;
17 while(!input_b(});
128 walueaing b
19 delay_ms
120 return {value)
121

e

Figure 11, Button reading

(4.2) Slave

Similar to that seen at the beginning of the master program, the slave starts with the defining
of seventeen variables used throughout the code. A point to note from this that differs from
that seen within the master is the use of “char” and “‘unsigned int”".

1
2

3

"

5 char local output

6 -0;
7

]

Figure 12, Slaves variables
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The choice behind the use of these two commands is due to the variation of their function,
where “char”is only capable of producing one byte of data, making it perfect for a fixed
variable, “unsigned int” is capable of two to four bytes of dater making it perfect for varying
values within a variable.

Figure 13 shows a function within the main loop that processes data sent to the slave
program from the master and prints the token value to the virtual terminals found on the
system.

Figure 13, Writing to the Virtual Machine

Operating similarly to the main function within the master, the “payload” function is triggered
when a token is sent from the master device to the slave. It is within this function that the
output relating to the button press is activated with “case “B”:” and “case “C":"being
controlled by an ‘if’ statement that depends on the trigger of “case “A”:” before they can
carry out their operation.

All the lowercase token triggers excluding “case’a”:” are used to deactivate the output they
are relating to but in the case of “case’a””, the deactivation includes token A as well as
tokens B and C if they have been activated under their rules of there if statement
requirements.

52 woid paylosd(vaid)
a {

Figure 14, Maine function

Figure 15 operates the same as the transmission to the 12C data bus as that within the
master program with the only exception of the data being written to and received from the
master device.
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98 vold ep_wichar where,char what)
98 {

180
181
182
183

189 ingutlhs);
111 }

113 char ep_r(char where)

138 return(data);

Figure 15, Writing to the master

Figure 16 shows the activation of the pic’s timer function, which is built into the device. Once
the timer has been set to its required pulse settings, the function “flash_control”, which
follows, utilises this ability to operate the blinking of the indicator light once activated.

135 eINT_TIvERZ
13  void TIMERZ isr(void) This function is utolising the inbui timer within the Picl8F2525

136 counters+;
137 if(counterss 4)

Lash)cutput_highipin_B3);
Low{pin_B3];

Figure 16, Indicator function

At the end of the slave program, four functions operate as error responses in the case that
an error is detected at the activated LED can be found. Figure 17 shows the code used

to check the status of the activated LEDs and the commands that activate in response to an
error detection. These lines of code are located within the “main” function of the program.

a old_but=buts;

a5 hedTight_fail();
26 fullbean fail();
%7 foglight fail();
48 indicator_fail(};

Figure 17, Error watch

When an error is detected due to a break in the circuit, resulting in a trigger low on the
activated LEDs feedback line to the slave device pins A. The respective error function,
shown in Figures 18 and 19, will be triggered. These functions work of a basic if else
operation that depends on a trigger low being detected on the activated LEDs error feedback
line to the slave. When this is detected, the if else statement triggers the fifth output being
that of a red LED warning light. Once a triggered high is once again detected at pins A or the
faulty output receives an off command, the warning LED will be deactivated.
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152 void medlight_fail{void)
138 {

154 tf{cantrol_byte & @al)

156 1#{ ! 1npar

158 " output_high(Pin_Ba};

168 void

17 i {dnpat (PAn_AL}boutput_low(Pin B4);

Figure 18, Lights error functions

Figure 19, Indicator error function

Conclusion

In conclusion, this report has given an example of an operational master-to-slave
transmission system while using the visual aid of a car’s front left lights. The code, written in
the C language, has used tokens to transmit information via the 12C bus when
communicating between the master and slave devices further reinforcing the smooth
operation of the system and aiding in the distribution of information during the running of the
system.

All thou the system is fully operational, some minor errors within its operation are visible.
This error are mainly focused on the waming light activation. This has resulted in certain light
activations coursing the warning light to only activate when the last light to be triggered is
broken. In other cases, if the indicator is broken after all other lights are activated, the
warning light will blink like the indicator. All of these errors don't directly affect the operation
of the system and do not disprove the effectiveness of the transmission system as a whole,
they are matters that can be amended when further development time is given.
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Appendices

Master

#include <wain.h>
/f master

void ep_wichar,char); // The following Void and cChor commends are defining Loter commands
char read_buttons{void);

char ep_richar);

char local_output;

9 char tabyte;

11 woid main()

13 char buts=a; button connections to Low (8)

15 while(TRUE)
{

17 butseread_buttons(); #f Calls for the function that olowes button opperation (Lime 114)
18 switch (buts) /f Sets the correct button press to the following cases.

case 1: if{lecal_output & @x@1) // Activates the tern on command for the headlights

of f

i set bit
the Letter

25 else

27 local_cutput+ Jf set Bit on

28 tubyte="0'; A set the Letter

38 break;
31 case 2: if(local_output & @xa2) J/ Activates the tern on command for the fullbeam

33 local output-=2;
34 tabytes'b }

36 else

38 local_output+=2;
39 tubytes'E';

41 break;
42 case 4: if{local output & Bx@4)
{

ivates the tern on command for the Fog Lights

a4 local_output-=4;

a5 Txbyte="c';
¥
a7 else

49 local_outputs=4;
58 Torbyte='C'3

5 ¥

52 break;

53 case 8: if(local_output & @x83) // Activates the tern on commar the indicator Left
{

55 local_output-

56 wxbybesd

58 else

] Lecal_outputs-i;
61 txhytes 03

] break;
64 default: break;

e printf( ", tubyta); charocter to the re232 cutput

2] ep_wi @, tabyte);

owe for brakes.

76 wold ep_wichar where,char what) to the siave adding pauses to o
e =] 1

78 while(!input(hs)}; for mem chip to be aveilabie
78 output_low(hs); hs Line Low

B i2c_start(); ssue 12c stort pulse

rite(Bnaa) ; /7 issue chip type and number

a2 i2c_write(where); i d the oddress to write to

B3 12¢_write(what); /7 send the data to be

m delay_ms(20);

85 i2e_stop();
B delay_ms(20);
87 input(hs);

92 char ep_r(char where) £
EERE] i

char datasi;
a5 while{fingut(hs)}; A1
96 output_low(hs) #
7 12c_start(); o
£ i2c_write(exaa);
9 12¢_write(where) ; ;
100 delay_ms
bl i2e_start();
182 delay ms(20);
183 i2c_write(Buil);
182 data=i2c_read(}; // read data
105 deley_ms(20);
1es i2¢_stop();
107 delay_ms(28)
106 inputihs);
189 return(data);

issue ch

rip ty

' to set its for read

84 her sta

wait for chip to be ready

issue chip type and number read comsond
rom the chip
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us
114 char resd_buttons{vold)
i

1usB

116 char value=o;

1z while( linput_b(});
18 value=input_B();
118 delay_us{308);
19 return (value);
121 ¥

122

sinclude ceadn.hs

cnar
cnar
cnar
cnar
char

Local_outputsa;
control_bytesd)

p_r{char};
woid ep_wichar where, char what);
Flash_control{veid);
payload(void);
hedlight_failivoid);
fullbesm_fail(veid);
waid foglight_fail{void);
wvaid indicator_fail{veid
void ind_fail{veid);

wnsigred int
wnsigred int
wnsigred int
wnsigred in

Lights=a;
counter
flash=a;
Left-a;

waid main()

=] {
char valuesgxff;
char qee;

enanle_interrupts(INT_TIMERZ)}
enable_interrupts(GLOBAL) ;

A R Y R R R SRR R BN S va v un

setup_timer_2(T2_DIV_BY_18,243,15);

printf(

e w{i1d buts);
delay_msi2h);
payloadi];

i

while(true)
B {
bt smep_r{faa);
if{old_butl=buts)
g {
1d_but=buts;
toedlight
Furl Ibases_
foglight_fall(}
tndicator_fail(
1
}
51 wvoid paylosd{vaid)
518 {

switchibuts)

L4

a8

1

LR - PR PR R R R R

case

case

case

case

output_bicontrol_byte);

/f This is the moine button opperation, this section Looks for the button being pressed

// setup a varioble for the buttens

/¢ This section is definin ond setting verisbles That ore used throught the code

£41.0 ms ow

rflow, 15.8 ms interrupt

sbutts

For o Fault sith
For a fault

#f carry out the poylood operations,

4F The following section is the hedlights
Uning Hex, odds the ouf

local_outputssinil;
contral_bytersdusl;
Lights:
break;
tocal outputslocal_sutput & Exf
contral_bytescontral_byte & o

#f sets veriable of lighets to I (migh)

Using the Hex volue o ciear Hedlights, Fu

beam and Fog Lights mhen off

Lights=a; 47 Sets Lights veriotle to @ (off)
beeak;
if(Lights) #F This funcrion octivered the full besms aniey once the hedlights are acrive

Lo€nl_utgut bma
contral_bytescontrol_bytetsan2;

fSets the sutput te BI

brenk;
Local_output=local_sutput B Bxfd;
control_bytescontral_byte & oxfd;

the fullbeam Light when button pressed an secod time

This function activated

£F(1ights) Ley once the hedlights are ac
i

local_cutput+:
contral_byte-contrel_bytes=guid;

bresk;

local_output=-local_sutput & @xfb;

control_byte-contral_byte & @wfn; /f Clears onley the foglights
bresk;

Local_outputs=gios; AF Aetivates the Tndi
leftal, 4/ Sets the veriable

Clears the ator
Serts left verlable to Low

bresk;
local_sutput=local_sutput B G
left=d;

break)

nd the data to the b Port.
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a7
98  void ep_wichar where,char what)
EElE]

lea while(linput{hs});
181 output_lowihs):
102 12c_start():

103 13¢_write(Buag) ;
k4 iZe_weite(where);
108 iZc_write(what};
108 delay_ws(za)

107 i2c_stop(

18 delay_ms(z0};
109 inputins);

1

m 1

12

113 char ep_r{char where)

1uaE {

15 char data=d;

16 while(!inputihs));
17 output_lowihs);
118 iZe_start();

13 i2c_write (@)
128 12c_write (where);
n

122

123

124

123

s

17 -_sTo)

18 delay_ms(29);
1% input(hs);

130 returnidata);
m 1

1

32
133 SINT_TIMERZ

134 wold TIMERD fsr{void)
t=] {

counters:
157 if{counter=s 48)
1sE {

133 counter=a;

148 if(flash) flazh
141 else flash=l;
142 flash_contrel();

146 void flash_control{vodd)
w7 E {

if(1efe & flashioutput_high(pin 83);
148 else cutput_low(pin_B33;

158 ¥

151

153 vald hedlight_fall{vald)
1535 1
154 iF(control_byte &

y
1555

156 iF(|inputPin_aB)}

1578

158 sutput_high(Pin_Ba):

158 ¥

168

161 elze

1826

183 $#{input {Pin_AB) Joutput_lowiBin_Ba);
164

185 ¥
166 1

167

168

woid fullbesm fail(void)
=]
178 if{contral byte & Gx82)
{
172 Fi Himput {Pin_a1)}

178 surtput_high(Rin_B4);

i
179 A (Laput{Pin_AL)joutput_low(Pin_B4);

184 void Foglight_fadl(veid)
s 5 1
186 if (control_byte & 0u03)
188 £1( ! imput (Pin_A2)}
i

198 sutput_high(Pin_B4);

183 else

195 £F(dnput{Pin_a2) joutput_low(Pin_Ba);

208 void indicator_fall(veid)
1

ﬂ'k.l(l'l_uu‘nu( 2 odE)
208 i nputipin_s3))
26 EFCINPE & Flush) cutput_high(Pin_B4)
208 clse
1

218 L1 Heft)output_low(Pin_B4);
m else output_low(Fin B4
22 }

send the doto to be written

issue an d2c stop pulse
allow i2c chip to store data
reLease hs

e chip +
send cddress to be read from
walt for chip to cet its for read

is ype

- t
read dato from the chip

vates the indicotor so that is blinkes

/7 Functon sctivetes when a fault s detscted on the healights

# Functan a
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IF o input is mot detected on A once the Lights are on do following comsand

Activates cutput B4

tan activotes when o foult is detected on the §

ghts are on do fol o

g comeand

If @ input is mot detected on Al once the

tes when @ fault is detected an the Foglights

an AZ emce & are on do fol Lowl

d an the tndic

ates when a fault ts dete

# If @ dnput is not dete

on A3 once the Lights are an do following comsand

/7 Stops LED frow flossing with indicator once LED is sepost to be off
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