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Introduction

The task has been given to create a traffic light system, with the use of a PIC controller, LED’s
and a 7-segment display to count from 0-40 seconds to set the traffic lights correctly to manage
the cars at a Tjunction. The software used to help design the circuit will be proteus along with
the use of Hexi decimal code through PCW software.

The requirement for the circuit is to configure the system to allow the traffic lights to change
every 10 seconds to give a smooth traffic flow. Then after 30 seconds all the traffi =1 need to
be set to red, this is to leave the last 10 seconds for the safe crossing of pedestrians.

Background Research

There are various components to be used in the development of thi TwillTwor
correctly and allow the safe use of the traffic hese will be researched and discussed

below:

Programmable Interface Controller (PIC)

PICs are widely used within industries to help control production lines or as timers, they are
electronic circuits that can be programmed to carry out a variety of tasks. This type of controller
is one of the most popular in the world and is made of specialised microchips.

The PIC controller chip is made up of a processor core, memory and input/output peripherals
for the interface. These are used to implement computing functions for specific tasks like
controls, sensors and counters etc.

There are two PIC devices being considered for this task these are and the characteristics being:
PIC16F877A — High performance 8-bit flash —1/0 pins upto 40 — 64KB flash, 3.8K RAM — UART,
SPI, 12C, ADC, Timers

&

PIC18F67K22 — 8-bit MCU with hardware Crypto Engine — upto 21 GPIO pins — 32KB Flash, 3.7K
RAM — Multiple UARTs, ADC, comparators etc.

(1]

Advantages

e They have a low time required for performing operations
e Easyto maintain and perform trouhleshooﬁng

¢ Multiple tasks able to be completed together

+ Small and compact

e Caninterface additional RAM and /0 ports




e Less expensive than other computer chips
s Can process information in real time and give rapid responses

Disadvantages

e Limited amount of executions

e Structure can be complex

e No analogue I/O

e Memoryis limited

e Are less powerful than other types of computer chips

e Can have limited function due to not be able to connect to external devices

e Programming can become challenging due to limited support compared to others
e Number of executions are limited

In conclusion a PIC microcontroller is an asset to a system being an embedded solution they are
small, cheap and carry out specific tasks. They are widely used in electronics, automotive and
automation industry. There are notable advantages to using a PIC controller such as previously
mentioned however there needs to be consideration to the specific application it is being used
for so the correct microcontroller can be chosen. For this project it has been determined that
the PIC16F877A this is due to it having all the capabilities needed with sufficient pins rather
than needing additional controllers, it allows for the user to look at issues and diagnose
program issues, this is a good addition to have when beginning to program. [2]

7 -Segment display/LEDs

When looking at Tsesplays they are made up of 7 Light Emitting Diodes (LED) the colour
of these is determinedy*the spectral wavelength which is a mix of impurities that the LED
relies on being added to the semiconductors during the manufacturing process, these colours
range from green to orange to red. There are varies advantages to these types of lights
compared to conventional lamps/lights, they are a lot smaller in size and last longer. As stated
earlier there are various colours available, they are also less expensive, this makes them ideal
for digital circuits and can be used with a magnitude of electronic modules. As mentioned, they
are known to be small this allows multiple to be placed together in a tight small bundle which
produces a 7-segment display.

All the LEDs have a section within the display and its pins are thread out of the package to allow
for connection they each have a label from a to g the other pins from the LED are all joined to
construct the pin that is common. This then allows each LEDs pins to be forward biased when
needed to be able to light some segments whilst the others are off. This means that the display
will generate a number from 0 to 9, you can add additional displays to be able to form 0-99.
There is 2 different types of 7-segment displays which is determined by the displays common




pin as each LED will have 2 pins, Anode & Cathode. These will allow for a common cathode
display or common anode display, the name tells you what each one is, the commaon cathode
has all the 7 LEDs cathodes connected and the common anode has all the 7 LEDs anodes
connected. These can then be lit up in the following way, common cathodes LED segments are
formed together to logic ‘0", and each LED is lit by providing a logic ‘1’ which has a forward bias
current limit resistor to each of the anodes. The common anode works in the opposite, all the
LEDs are joined together to logic “1’ and can lit up by applying logic ‘0’ through a current limit

resistor to the relevant cathode of an LED.

This type of display is used generally for count operations or timers and is considered a good
component to include in the project as there is a need to count from 0-40 seconds which is
determined using a logic principle. The use of the common anode display will be usee-forthe
project as it is seen that the logic circuit can sink more current.
(3]

Traffic light system

Traffic light systems are used across the world and in various circumstances however not many
people understand how they work or the technology they use. They will need to be
programmed generally from historical data and data analysis of traffic flow, the time lights
spend on green and red can determine if there is going to be traffic build up. They must be
controlled to be able to maintain a safe road and pathways for vehicles bicycles and pedestrians.

The traffic light display consists of three different colours green, amber/yellow and red; these
can be made up of LEDs in each specific colour which can be costly or could be white LED with a
protective cover that is a specific colour. There are two types of systems that are mainly used
these are dynamic control and fixed time.

Dynamic control systems are very complicated and use multiple components to be able to adapt
to traffic flow in certain times, this is done using detectors which communicate with the control
system to change the control times to help the flow of traffic. This type of system allows the
lights form each section talk to each other to provide Tnformaprevent accidents this is all
done through the main controller that passes signals across the system. These systems can be

costly so would not really be considered in the project being carried out.

The second system is a fixed time system that allows the lights to change in turn once a timer
has got to a specified count in the sequence which will power the next step of light set up. It can
hold lights for a specified time or allow them to flash. This is set by the programme written
within the microcontroller and allows the lights to display a preset sequence to be observed,
once a pedestrian presses the button to cross then it would activate a timer to turn all traffic
lights red to allow them to cross.




This fixed time method of traffic light system is ideal for the project as the task is to have the
lights change in a sequence for 30 seconds before stopping to allow pedestrians to cross for the
remaining 10 seconds.

(4]
Proteus

Proteus software has been designed to be used for preparing schematic diagrams and circuit
boards, it is able to allow for an easy use of PCB design this is due to the tools in Proteus being
ideal for design and schematic capture.

This software will enable the user to look at the behaviour of a circuit before actually producing
it for real as it is able to simulate the designed circuit. This allows for virtual testing to be carried
out to find any faults that may in the design or improve the design before manufacture starts.
Protes also allows for simulation of microcontroller-based circuits so you can visually see what is
happening within the circuit and how all the components interact with one another. This will
allow the user to save money and time as a lot of the testing can be conducted prior to build.
Making the whole method low risk when it comes to embedding it into a system. Some of the
components that can be used within the software are microcontrollers and various electronic

components which will cover all that is required in the project.

When it comes to proving the system then proteus allows the circuit to live simulate so that
each one of the components behaviours can be witnessed and understand the operation of the
components together. Not only the components but the microcontrollers capability can be
tested, this is done by compiling a program in PCW compiler and importing it into proteus. This
is done externally to proteus, but it still saves time and is a more cost-effective way of

progressing a product/system without building it first.

The discussion above proves that Proteus software is ideal system to be used for the design and
testing of the project by being able to simulate the traffic lights to ensure safety.

[5]
PCW compiler (CCS)

The compiler used is code composer studio (CCS) which is an integrated development
environment (IDE) this compiler is generally used on microcontrollers and processors. It uses
various tools for developing and can debug the system. As the programme is being built and
compiled the software will outline any anomalies before it is able to be compiled and used in
the system for simulation. This allows for time saving as everything needed to test the system
can be done through simulation it will also save money for the user.

It does allow the user to find the errors within the system it will just give an idea of what




formatting issues there is. It will raise an error against each line that has an issue. To make full
use of its capabilities the user will need more experience of program writing and understanding
of the workings to change the program to get full functionality.

The software being used is a good fit for the project as it works well with proteus allows for a
small amount of indication of error, where the user can learn how to correct any issues which
allows for their own intuition.

Circuit Design

The project is asking for to design a traffic light system at a T-Junction this will require many
components to be able to display lights at each point of the road along with having a set at each
of the pedestrian crossing points. The microcontroller has 4 ports A-D to be used for output
signals these consist of 0-7 channels. The signals for the traffic lights connection are connected
to BO-5 for the first 6 signals then the last traffic light is connected to AD-2 this allowed for all
the signals to be used in any orientation needed and sequence. This set up allowed for all the
traffic lights to turn red during the pedestrian crossing stage.

For the pedestrian crossing lights they were connected to port B6&7. All the lights in the system
were energised when the programme was written for them to be on, there needed to be a
complete circuit for them to work so each LED had a path to ground connected.

Lastly there needed to be the 7-segment display which had a common anode, as there was 2
required to display number from 0-40. 14 outputs were required so they were connected to
port C&D, these displays counted from zero to nine on one and from 0-4 on the other to be able
to display all seconds needed. To allow for a clear design the wires have been replaced with

remote pins which work as long as the name correlates to where it is going.




Flow Chart

AN . 1Traffic
Light (Rec)
.
* >
-
1* Traffic
i >
Light (Amber)
4

Pedestrian
’ mtm:l | ’-

Start system

24 Traffic
" Light (Amber) "
., 2Trffic L ¥ Tmaffic
Light (Green) Light (Yellow)

. Taffic
Light (Green)

.- ’

Figure 1 - Flow Dnagra System Workings

, 1 7-Segment

Display ‘0"

, 1% 7-Segment

Display ‘1’

, 1 7-Segment

Display 2/

, 1% 7-Segment

Display ‘¥

mdry
Segment
Display ‘0-8'

7
Segment

Display ‘0-9'

rd7-
Segment
Display ‘0-9'

7.
Segment
Display ‘0-9'




Software Listings

There were 2 software listings used during the project these were Proteus and PCW.

Simulation pictures

The below images Figure 2, Figure 3 & Figure 4 shows the written programme to simulate the

system.
f -
1 #include <16FB77A.h>
2 | #fuses NOWDT, XT, NOPROTECT, NOLVP
3 #use delay(clock=20000000) // 26 MH:z clock
4 / Define LED pins
5 #define LED_1RED PIN_B@
6 | #define LED_2RED PIN_B1
7 #define LED_3RED PIN_B2
B 2define LED_1YELLOW PIN_B3
9 | #define LED_2YELLOW PIN_B4
18 #define LED_3YELLOW PIN_BS
11 #define LED_1GREEN PIN_B6
12 #define LED_2GREEN PIN_B7
13 #define LED_3GREEN PIN_A2
14 | sdefine P_RED PIN_A®
15 sdefine P_GREEN PIN_Al
16 / 7-segment display digit patterns (assuming common cathode
17 unsigned int display[10] = {exCe, exr9, ©xA4, OxBO, 0x99, 0x92, OxB82, OxFB, Ox80, @x90};
18 int i;
19 |C void main(){
20 set_tris_a(@xd0); // Se
21 output_a(0x00) ;
2 set_tris_b(@x0@);
23 output_b(0x00) ;
! 24 set_tris_c(@ndd0);
25 | | ocutput_c(oxe0);
26 set_tris_d(@xde); 2
27 | | output_d{exe0);
28 B while(1){
29 ] RED LED OM, Others off
3 (B for (1 =9; 1 < 10; i++)
31 {
32 output_d(exce); // '@
33 output_c(display[i]); // 7-segme
34 output_high(LED_1RED);
35 output_low(LED_2RED);
36 output_low(LED_3RED);
37 output_low(LED_1YELLOW);
38 output_High(LED_2YELLOW);
39 output_low(LED_3YELLOW);
40 output_low(LED_1GREEN);
41 output_low(LED_2GREEN);
42 output_high(LED_3GREEN);
43 output_high(P_RED);
44 / output_low(P_GREEN);
45 delay_ms(1000); /71 s
b }

Figure 2 - PCW program (1)
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/ Yellow LED ON, Others off
for (i =0; i < 10; i++)
{
output_d(@xF9); //'1’
output_c(display[i]); // 7-segment display with count 8-2
output_low(LED_1RED); /{ Turn off lred LED
output_high(LED_2RED); // Turn on 2red LED
output_low(LED_3RED); // Turn off 3red LED
output_low(LED_1YELLOW); // Turn off lyellow LEL
output_low(LED_2YELLOW); // Turn off 2yellow 1FN
output_high(LED_3YELLOW); // Turn on 3yellow LLD

output_high(LED_1GREEN); // Turn on 1grccn LED
output_low(LED_2GREEN);  // Turn off Ygreen LU
output_low(LED_3GREEN); / Turn off 3gresn | FD
output_high(P_RED); /i Turn pedeslrian red lighl un

// output_low(P_GREEN); // Turn pedestrian green light off
delay_ms(1000) ; // 1 second delay

/ Green LED ON, Others ull
for (1 = @; 1 < 10; i++)

output_d(@xAa); //'2'

output_c(display[1]); // Update 7-zagment dizplay with caunt
output_low(LED_1RED); f/ Turn off 1red LED

output_low(LED 2RED); // Turn off Zrcd LED

output_high(LED_3RED); // Turn on 3red LED
output_Righ(LED_LYELLOW); f/ Turn on lyellow LED

oulpul_luw(LED 2YELLOW); ff Turn ol 2yelluow LED
output_low(LED_3IYELLOW): // Turn off 3yellow LED
output_low(LED_1GREEN); / Turn ott 1green LED

output_high(LED_2GREEN); f/ Turn en 2green LED
output_low(LED_3GREEN); Turn off 3green LED
output_high(F_RCD); // Turn pedestrian red light on
// output low(P GREE
delay_ms(1600) ; f/ 1 second delay

Figure 3 - PCW program (2)

// Pedestrian Green _EEDIJ, Others off
for (1 = @; i < 18; i++)
{
output_d(exBe); // 3’
output_c(display[i]); // Update 7-segment display with count
output_high(LED_1RED); // Turn on red LED
output_high(LED_2RED); // Turn on 2red LED
output_high(LED_3RED); // Turn on 3red LED
output_low(LED_1YELLOW); // Turn off lyellow LED
output_low(LED_2YELLOW);  // Turn off 2yellow LED
output_low(LED_3YELLOW); // Turn off 3yellow LED
output_low(LED_1GREEN); // Turn off 1lgreen LED
output_low(LED_2GREEN); // Turn off 2green LED
output_low(LED_3GREEM); // Turn off 3green LED
/1 output RED); // Turn pedestrian red light off
output_high(P_GREEN); // Turn pedestrian green light on
delay_ms(1000); // 1 second delay
}

for (1 =@; 1 < 1; i++)

output_d(ex99); //'4’
output_c(display[i]);
delay_ms(1000)

sh

Figure 4 - PCW program (3)

M); // Turn pedestrian green light off



The below images Figure 5, Figure 6, Figure 7, Figure 8 & Figure 9 show the project working
through the simulation in different stages.
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e

i

FICTBFBTTA

LEDGREEN

Figure 7 — Simulation Part 3 20-30 Seconds

Figure 8 — Simulation pedestrian crossing 30-40 seconds
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Figure 9 - Simulation 40 seconds before resetting back to the start

Testing Details

When it came to testing the circuit and programme there were a few errors seen firstly when
drafting the code there were some semi colons missing along with wrong defining of pins for
some of the outputs. This was made easy to do by simulating and compiling the code before
implementing.

Once the compiled test was ready, it was transferred into proteus to allow for actual simulation
with components this thew up some more errors where some of the pins were connected in the
wrong ports or not assigned to the correct one in the program. This was also the case when it
came to changing the programme to include the use of all red traffic lights whilst the pedestrian
light is green. Also, there was the error of wrong sequencing when it came to the lights which
was a change required in the program to make sure they wee all set to ‘high’ or ‘low’.




Conclusion

When it comes to looking at this system and how it functioned overall it has been a positive
process. The micro controller is at its maximum working capacity so if the system was made
more complicated, then some of the components would need to be considered for change.

When it came to the build of the circuit, proteus was sufficient with having access to all the
correct components needed this allowed for the circuit to built sufficiently with all references to
ground and a suitable power supply to allow for a complete circuit. To programme the micro
controller there was a written programme completed on CCS PCW compiler which allowed for
the programme to be created before compiling it to be imported to the microcontroller on
proteus. When compiling the programme on CCS it shows errors in the format to adjust, this
means that transferring the file to proteus is easy so that it can be included into the simulation
on proteus.

While using both these programmes the project of traffic light system was demonstrated
successfully, where each of the traffic lights displayed a different LED every 10 seconds then
after the 30 seconds, all the traffic lights went and the pedestrian light went green to allow a
safe crossing for pedestrians for 10 seconds, so then a complete 40 seconds were complete
then it reset and started again and the pedestrian light went back to red.

To finalise this, it is shown that the traffic light system is proven to operate safe and efficiently
for all traffic and pedestrians. The system can be further improved to be safer by having a push
button to operate the pedestrian lights by letting the system know someone is waiting if it is not
pressed then it runs for 30 seconds and restarts and the 10 second pedestrian only happens if
pressed. The other option | thought of was to have the green pedestrian light flashing but that
would have just been for aesthetics.
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ENGAGEMENT WITH LITERATURE(10)

a. Identification on Concepts of Traffic Light Controller (4);its
significance (2) b. Background Research (3) c. Diversity of sources and
Referencing Skills(1)

y” a. Information related to the traffic Light 6 6
Controller is well identified and its significance .
were captured. 4.2
b. Engagement with a wide range of literature,
including sources retrieved independently. 1.8
c. Good use of referencing, with no/very few
inaccuracies or inconsistencies. 0.6

KNOWLEDGE & UNDERSTANDING (20)



a.  Knowledge on various products of traffic light controller and
Market Requirements and Specifications(10) b.  Reflect clearly the
underlying principles on analysing different traffic light controllers with
adequate and appropriate Justifications(10)

y‘ a.Limited knowledge on various products/parts of 1 1
traffic light Controller and critical understanding of
the well-established concepts and principles
within the subject area. Market Requirements and
Specifications are not Mentioned. 4
b. The concept behind different traffic Light
controllers are well captured. Principle of the
different Traffic Light controllers are explained. 7

COGNITIVE & INTELLECTUAL (20)

a.  Critical review on the selection of Microcontroller and its
supporting Modules, ICs, costs(7) b.  Innovative thinking in problem
solving and feature additions(7) c. Pseudocode showing the system
operation(6)

y” a.Evaluation on selection of Microcontroller and 1 3 93
its supporting Modules, ICs were made . 5.04 .
b.Examining the evidences of the design , its
accuracy, precision, relevance, completeness are
up to the satisfaction. 4.83
c.Pseudocode is relevant and produces the
expected outputs and results. 4.08

PRACTICAL APPLICATION SK(30)

a.  Circuit Design Layout(10). b. Testing and Debugging and
Simulated Output Results(20)

y" a. A reasonable circuit is designed for the Traffic 22 8
Light Controller was designed by considering the i
traffic light modules. 7.8
b.Very Good! Compilation and simulation tools are



used sufficiently. Results are clearly presented for
the Traffic Light Controller. 15

TRANSFERABLE SKILLS (20)

a. Logical order of ideas, Flow of ideas in the report from the beginning
to end with appropriate chapters, sub chapters and continuation(7)"

b.  Definitions, Acronyms and Abbreviations (6) c.

Professionalism, Spelling and Grammar, Complete Report, Proper
Presentation, Quality of the report(7)

y‘ a. Work is coherent, very fluent and is presented 1 4
proficiently. 5
b.Sufficient Definitions, Acronyms and
Abbreviations are captured. 4
c.Professionalism is maintained in the complete
report. Proper Presentation and the Quality of the
report is appreciable. 5



