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Introduction

This lab report will cover the design and development of a distributed intelligence system,
demonstrated through the context of controlling the lights found on a car. All stages including
research, hardware design, software development, and post-development analysis will be covered
within the report.

Task 1 — Research

Quality Management Systems

Quality management systems are very important for a variety of reasons to the point where most
would consider them necessary. By reporting and recording all the different aspects of the work, a
business can analyse and determine the relevant improvements and updates that need to be made
from a business, technical, financial and safety perspective. Businesses with poor quality
management systems will often have frequent and/or repeat incidents, poor efficiency or other
issues with delivery of the business goals which can be shown ina number of ways [1]. Especially in
regulated businesses, a good quality management system is essential for ensuring that the business
performs properly and more importantly safely and to the required regulatory standards in order to
keep operating [2].

Point to Point Transmission System

At its core, a point to point transmission system is simply one node or endpoint communicating
directly with another node or endpoint. The two systems can communicate bi-directionally, sharing
data both ways whether it is symmetric or asymmetric. This form of transmission system is usually
fairly simple and is extremely good for applications that require uninterruptible and high-speed
transmission between them, as the transmission speed is only limited by the input/output speeds of
the sender and receiver, as well as the transmission speed of the cable itself [3].

However, whilst they do have its advantages, point to point transmission systems do not have any
redundancy should one of the nodes, endpoints or the cable itself fail. This means that the
infrastructure from both a hardware and software side must be incredibly robust in order to maintain
appropriate uptime. It is also not easily expandable, as any expansion to the transmission system
requires significantly more infrastructure and complex management per device added [4].

Point to Multipoint Transmission System

A point to multipoint transmission system always comprises of multiple nodes or endpoints, with one
set up as a transmitter or master node. The other devices on the network are then considered
receivers or slaves. The data is sent out from solely the master transmitter node which is the central
node within the system and the receiver slaves can then send the data back [5].

Point to multipoint transmission systems are popular in a variety of applications, particularly
telecoms as the quantity of users of cellular and Wi-Fi devices is extremely large and the use of a
single transmitter node (usually in the form of something like a cell tower or modem) which can
communicate with potentially thousands of devices or more means that relatively little infrastructure
is required compared to using something like point to point transmission systems [6].

Despite this, point to multipoint transmission systems are not perfect. Due to the reliance on a single
central node which has to have the capability to transmit to potentially a very large number of
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devices the upfront set up costs can be relatively quite high. Additionally, when one of the
receiver/slave nodes failing it will not affect any of the other nodes, but if the central node fails the
entire system will collapse. There are also further potential security and interference vulnerabilities
due to the interconnected nature of it [7].

Multi-Master Transmission System

A multi-master transmission system builds further upon the previous transmission systems but
instead of having only one master and one or multiple slaves, the system uses multiple masters to
control and transmit data. This allows any of the master nodes to control the transmission of data
across the network [8].

Multi-master transmission systems are popular for some applications as they are able to counteract
the single point of failure within point to multipoint transmission systems, as if one of the master
nodes fails in a multi-master, a different master node can take over. This is incredibly important for
mission critical applications such as in health and safety applications where failure may result in
severe consequences such as death [9].

The primary downside of multi-master transmission systems comes down to the complexity of the
system. In order for multiple masters to communicate on the same network, each device must poll
whether the transmission line is in use before any transmissions occur. This process can be
complicated to set up and errors may occur. Additionally, where multiple masters are used the clock
frequencies must all be the exact same in order to communicate on the same line. This process can
also be complex and require additional functionality [10].

Furthermore, due to the fact that there are multiple master devices this inherently increases the cost
as more equipment is required and more time required to set up all the infrastructure [11].
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Task 2 — Proteus Hardware Design

Overview
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Figure 1 Proteus Schematic

Dipped Seam
Full Beam
Right Indicator
Harn

Shown in Figure 1 is an image of the entire hardware schematic, designed and built within Proteus

simulation software. This software will allow testing and analysis of the fundamentals of the

software developed later.
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Buttons

A

Figure 2 Proteus schematic of buttons

In order to actually enable the lights on the car model, a number of buttons are required as inputs
for the user to press, just like in a real car. Within the schematic there are 4 buttons to correspond to
the number of lights that can be activated. Each button also has a 10k Ohm resistor attached in order
to pull the line low so that it will trigger appropriately.

Lights/Horn
e
HORN
o 1

Figure 3 Proteus schematic of LEDs and buzzer

The lights themselves then are connected to both a ground and to input markers which take the
output from the slave PIC and activate the lights when specified. Each light input marker is labelled
based on the function. For this assignment, the front right corner of a car was used. This includes 3
lights — dipped beams, full beams and the right indicator — as well as the horn which in this
assignment will be represented by a buzzer.
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PIC Microcontrollers
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Figure 4 Proteus schematic of PIC microprocessors

In order to control the components, two PIC microprocessors were used. Whilst any PIC
microprocessors could have been used, two PIC18F2525’s were used. This PIC has support for a
variety of communication methods such as 12C and R$232 which will be used for the communication
between the microprocessors [12].

The PIC on the left in Figure 4 above is the master PIC which the buttons are connected to on port B.
The RS5232 connection then go through port C to the second PIC which is the slave. This has the lights
connected to its own port B.

RS232 Connection
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Figure 5 Proteus schematic of RS232 connection

In this model, in order to fulfil the “distributed” part of distributed intelligence systems, an R5232
connection was used in order to transfer data between the two devices. 12C was also a potential
option for this functionality, using a flash memory chip as a central memory storage to maintain the
token state. This would have enabled more redundancy and also make the system more expandable
as further devices could be connected to the flash memory module to expand the number of
potential systems connected, or alternatively to enable larger amounts of data to be stored such as
sensor data.

For this assignment however, an R5232 connection was used instead of an 12C connection due to the
relatively low complexity and lack of expansion needed. It is a common engineering principle to not
make systems more complicated than necessary so using a simpler but perhaps slightly less reliable
RS232 connection is suitable for this application [13].
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A pair of virtual terminals were then attached to the RS232 transmission lines as a debug measure to
monitor the data transferred between.

Task 3 — PIC Programming

Master

1 hinclude <main.h> ys
2
3 char read_buttons(void);
a
5 char local output; /7
6 char txbyte; //define 1
7
8 void main() //Loop for
9={
10 char buts=0;
11
12 while(TRUE) /s
136 {

a .

Figure 6 Embedded C code from master PIC

This beginning part of the code begins by defining a number of important variables, including line 1

which imports the main.h config file ensuring that the PIC has all of the relevant fuse configurations
etc. correctly set. The other variables defined are used to store data at various parts of the program
elsewhere. The main program loop is then initialised before an infinite while loop started in order to
keep the program constantly checking for button inputs.

15
16
178
18
198
20
21
22
23
24
25
26
27

28
29

buts=read_buttons(); //store the button state in the va

switch (buts)
{

case 1: if(local_output & ©x01)

{
local output-=1;
txbyte= ;
}
else
{
local output+=1;
txbyte= H
}
break;

Figure 7 Embedded C code from master PIC

The next section of the master code then uses the custom “read_buttons” function in order to read
the state of the buttons and store it in a variable so that the program knows what buttons have been
pressed and therefore can work out what token to send.
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The switch case statement then begins, having a different case dependent on what different buttons
were pressed. This enables the program to look at the button state and run the appropriate code
based on which button was pressed.

Within each case, the program first checks using a local variable whether the light has already been
activated, and from that will set the token variable to the correct token based on the existing light
state. This ensures that if the light is toggled on it will toggle it off and vice versa. This code for the
switch case then repeats for each of the relevant switch cases within the program.

67
68 printf( ,txbyte);
69

Figure 8 Embedded C code from master PIC

The final bit of the main code then simply prints the token stored in the token variable out via RS232.
This effectively sends it to the other device to be read, and this can be verified when viewing the
virtual terminal on Proteus.

Slave

1 #include <main.h>

2

3 char local output=0;
4 char control byte=0;
5

6 void main()

78{

8 CHAR buts=0;
9

10 while(TRUE)
115 {

Figure 9 Embedded C code from master PIC

Similar to the master code, the save begins with configuration and setup as well although the
variable set up is slightly different as the data needs to be stored differently. Once again, the program
is set to go into an infinite loop, however this time it is to enable the program to be constantly
waiting for a potential input from the other PIC microprocessor.

13 if(kbhit()) //wait for
145 {

15 buts=getc();

16 printf( ,buts);

Figure 10 Embedded C code from master PIC

The slave program then begins the main code section by using the “kbhit” function. This is normally
used to register when a keyboard press is detected, however in this scenario because the input to

10
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the console is via an RS232 line from the other PIC, it instead detects when the token is entered into
the RS232 stream.

Once a token entry is registered, the program then stores the token with a variable before echoing
the token into the virtual terminal to confirm receipt of the correct token. This could be used for a
variety of functions such as passing it along to a third microprocessor however in this specific
scenario it is used simply as a debug tool to ensure the correct data is being transmitted.

17 switch(buts) //begin switch case for light activation

18

19 case : local_output+=0x81;

20 control_byte=control_byte+=0x81;
21 break;

22 case : local_output=local_output & @xfe;

23 control_byte=control_byte & @xfe;
24 break;

25 case'B': local_output+=8x82;

26 control_byte=control_byte+=0x02;
27 break;

28 case : local_output=local_output & @xfd;

29 control_byte=control_byte & 8xfd;
30 break;

Ex | case : local_output+=0x84;

32 control_byte=control_byte+=0x84;
33 break;

34 case : local_output=local_output & @xfb;

35 control_byte=control_byte & exfb;
36 break;

37 case : local_output+=0x88;

38 control_byte=control_byte+=0x08;
39 break;

49 case : local_output=local_output & Ox08;

41 control_byte=control_byte+=0x08;
42 break;

43 ¥

Figure 11 Embedded C code from master PIC

Once again, the slave program uses a switch case method for determining the correct thing to do
based on the token selected. The switch case checks the token and runs the appropriate code based
on the token value. As lower-case letters are used to represent deactivating the lights and upper case
to activate the light, the program can differentiate between every single potential scenario and
respond appropriately. The value to be displayed is then stored in a variable in such a way that it
keeps the existing settings of other lights whilst also performing the change to the latest button
press.

43 }
a4 output b(control byte);
45 1

Figure 12 Embedded C code from master PIC

Last but not least, the program then outputs the value from the light state variable to port B which
will activate the corresponding lights (and horn).

Program Flow

The flowcharts below show the overall flow of the programs from an operational perspective. Figure
13 shows the program flow for the master whereas Figure 14 shows the program flow for the slave.
These illustrate how the two programs operate and interact with each other.

11
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‘Wait for button press [«

l

Record button press

l Transmit token via
RS5232
Check button press y
against token
Update token
variable

Figure 13 Embedded C code from master PIC

Waitfor token |
transmission

l

Record token
fransmitied

l ‘ Update lights

Check token against
light seftings

b

Update light state
variable

Figure 14 Embedded C code from master PIC

Conclusion

Analysis of Work

In conclusion, the program and schematic created throughout this report has successfully
demonstrated a token based distributed network using PIC microprocessors and RS232
communication. Upon running of the code, the system can transmit different tokens from one
microprocessor to another to enable the slave device to perform functions at the instruction of the

master.

12
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