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Acronyms, abbreviations and units.

Q Ohms
% Percent
AC Alternating Current
DC Direct Current
Ms Milli-seconds
Hz Hertz
TON Timer ON delay
TOF Timer OFF delay
TP Time Period
Table 1 Acro




Introduction

For this program of a T-Junction, a PIC16F877A has been chosen. Other components include
LEDs (Red, Orange/Amber and Green) and seven segment displays have been chosen as
main components to the simulation. (Quantity of components unknown). A compiler called
PCW will also be used for the system to ensure the code works. The System will work as a T-
junction, lights will change every ten seconds in sequence to let cars through in the desired
direction following the standard light sequence change. Within the system there will also be a

stop of all cars so that there may be pedestrians crossing with lights indicating when the

pes.

Research
PIC16F877A

The PIC16F877A has been chosen because of its qualities. The PIC16F877A will be able to
run 20MHz frequency, which will be used to make decisions at a quick rate of speed
following the code, which has been created for the system. The PIC will be able to be read
and written using its Electrically Erasable Programmable Read Only Memory (EEPROM).
The EEPROM contains 256 bytes of data, which can be changed and configured. Another
reason as to why the PIC16877A was chosen is the number of [/O pins that it contains. 33 /O

pins is enough for the system. [1]

The PIC16F877A also contains 2 comparators which makes a decision based upon the

voltages that have been inputted to the device. [6]

With the PCW C, which is researched below, the PIC will also have a source code uploaded
as the HEX from the PCW C software. The PIC will then follow the code and allow the

system to work where needed such as pushing v s. [5]

The microcontroller that has been chosen is a mid-range controller, which has good
performance. Peripherals, which are utilised within the chosen PIC, are all essential and the

set is no more than needed.




Advantages
Some Advantages of the PIC are; due to the use of the controller and the ease of accessibility
the community is large which will help with trouble shooting as there will be other people

who can help with issues if they arise. [2]

Another advantage is that the controller has components which are already incorporated into
the PIC. Some of the components include timers and ADC converters. A third advantage to
the PIC is that the power that is used because of the pic is very low which helps the efficiency
of the system. The effectivity of the cost for a PIC is also very good. Due to the amount of

control and affordability that the PIC has the effectiveness is very high. [2]

Disadvantages

There are a few disadvantages to the PICI6F877A, which are; the PICI16F877A is an 8-bit
controller. This means that it is not as powerful as other controllers are, so the PIC cannot be

used for systems that are more complex. [2]

The PIC also has a memory which is smaller in comparison to other microcontrollers. Which
is another problem for more complex systems which need lots of memory for code. Another
disadvantage is that although there is lots of support for the controller, the technology is
obsolete now as there are new and more intricate controllers which can be used which are
more efficient. The microcontroller also only has 40 pins, this means that if the system has

more than 40 components a different controller will need to be used. [2]
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Figure 1 Picture of PIC16F877A diagram

PCW

With the PIC Controller the compiler, used will be the PCW C+ compiler. This compiler will
be able to convert the source code that has been created for the system into a HEX code,
which will be uploaded onto the PIC16F877A. PCW will ensure that there are no errors
within the code, if there are errors the compiler will show there are errors and the program

will need to be investigated. (Sheldon, 2022)

LEDs
The LEDs have been chosen to simulate the traffic lights within the system. The system will
contain three sets of red, yellow and green lights for the cars, red and green lights for the

pedestrians and then a timer for when the lights will change in sequence.

When the current passes through the LED the electrons and holes will move around in the N
and P type material. Photons will be released because of the energy from the movement of
holes and electrons. Between the P and N type materials there is a depletion region. The
depletion region gap size will change the frequency of the photon, the frequency of the
photon will change the colour of the light that is emitted. (Harris et al., 2002)




7 Segment Display

Seven segment displays are in essence a circuit with 7 or 8 LEDs. These LEDs will light up
depending on the number that is required to be shown. The seven segment display also has a
decimal point, within the system this is unneeded but the decimal point could be used for
other circuits which require milliseconds to be shown. The configuration that will be used for
the system will be an Anode configured seven-segment display. The seven segment display
will be able to show numbers from O to 9. The display segments will light up the sequences
on the PIC will have to be coded to make sure that the segment will bring up the correct

number for the sequence. [3]

Traffic Lights
The traffic lights are three separate coloured LEDs, red, yellow and green. These lights will

be used to indicate for the cars will do.




Circuit Design

B

Figure 2 Full Circuit Diagram
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Software Listings

Only Two types of software are used within the assignment.

The first is Proteus which was used to create the circuit with use of the PIC and the other

components which can be seen within the circuit diagram figure.

The second is PCW, which is used to write and compile the code.

Simulation Pictures & code explanation

#include <16F877A h> this means to insert the file into the code.
#tuses XT, NOWDT, NOPROTECT, NOLVP this is to protect the system, XT means that

ffuse delay(clock=20000000)- this means that the frequency of the PIC will work at 20MHz

#define LED_RED_1 PIN_BO
#define LED_YELLOW_1 PIN_B1
#define LED_GREEN_1 PIN_B2

This section of the program is used to define the types of LED to the pins connected to the

PIC16F877A. All of the lights will be used in the A and B outputs of the PICI6F877A

/I Tsegment display patterns

unsigned int display[10] = {0xCO, 0xF9, 0xA4, 0xB0, 0x99, 0x92, 0x82, 0xF8, 0x80, 0x90};

This section of the code is to display the patters within the 7 segment display using

hexadecimal numbers.
void main()

This is to indicate the main section of the code with void being the key word, this piece of

code means that once the code is complete there will be no value after the code has finished.
int i,

set_tris_b(0x00); //Set PORTB as output
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output_b(0x00); //initialize PORTB to 0

The above section of the code is setting the ports as outputs and to make the ports have a

value of 0 at the start of the code. All ports will be shown in the code figures.

while (1) — this will mean that when the code is started the code will loop all of the code

shown in the figures.

The next section of the code shows, which lights should be on, and which should be off for

the first 10 seconds.

The next section shows again, which lights should be on and which should be off for the time

of 10-20 seconds.

The next section of the code shows the lights that are on for the time between 20 seconds and

30 seconds.
Els
The section of the code with “int n” shows that all of the red lights will be on from 30-40

seconds with the green pedestrian light flashing. The next section of the code shows the lights

are on for 1 second and then the code will restart.

All sections of the code can be seen in the figures below.
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v Header Fies ; fdefine LED Pi
//define ins
) 16FETTAR 6 #define LED_RED_1 PIN_B@
7 #define LED_YE
B #define LED_GR
9 #define P_R |
18 #define P_GREEN PIN_B7
11 #define LED_RED_2 PIN_AR
12 #define LED_Y¥E 2 PIN_AL
13 #define LED_GREEN_2 PIN_AZ
14 #define LED_RED_3 PIN_A3
15 #define LED_YE 3 PIN_B3
16 #define LED_GREEN_3 PIN_B2
17 // 7segment display patterns
18
19 unsigned int display[18] = {8xCO, @xFO, @xAd4, BxBO, @x90, Ox92, 6x82, OuxFE, Ox850, 8x08};
28
21  void main()
235
23
24 int i;
25 set_tris_b(@x88); //Set PORTB as output
26 output_b{exee); /Sinitialize PORTE to @
27 set_tris_c(@x@8); //Set PortC as output for 7 segement
28 output_c(@xe8); //initialize PORTC
29 set_tris_d(exe@); // Set Port D as output for additional display
38 output_d(0x88); //Initialise port D
31 set_tris_a(exe@); // Set Port A as Output
32 output_a(@x@@); // port A
33
34 while (1)
358 {
38
37
38 for (i =8; 1 < 18; i++)
Qg
48 output_d{8xCa);
41 cutput_c(display[i]);
42 output_high(LED_RED_1);
43 output_low(LED_RED_2);
44 output_low(LED_RED_3);
45 output_low(LED_YELLOW_1);
46 output_high(LED YELLOW 2);
47 output_low(LED_YELLOW 3);
48 output_low(LED_GREEN_1);
49 output_low(LED _GREEN_2);
58 output_high(LED_GREEN_3);
51 output_high(P_RED):
52 delay_ms(leaa);
53 }
54
55 for (i = @8; i < 18; i++)
56 = {
57 output_d(@xFd);
= ISP PSR S
<

Figure 4 PCW/Proteus Code
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66 output_low(LED_GREEN_2);
67 output_low(LED_GREEN_3);
68 output_high(P_RED);
69 // output_Low(P_GREEN);
70 delay ms(1000);
71
72
73 for (1 = @; i < 108; i++)
74 H {
75 output_d(@xA4);
76 output_c(display[i]);
77 output_low(LED_RED_1);
78 output_low(LED_RED_2);
79 output_high(LED_RED_3);
a0 output_high(LED_YELLOW_1);
81 output_low(LED_YELLOW_2);
82 output_low(LED_YELLOW_3);
83 output_low(LED_GREEN_1);
84 output_high(LED_GREEN_2);
85 output_low(LED_GREEN_3);
86 output_high(P_RED);
87 // output_Llow(P_GREEN);
88 delay ms(1000);
89
EL] //For Pedestrian
91 for (i = @; i < 18; i++)
928 {
a3 output_d(@xBa);
94 output_c(display[i]);
as output_high(LED_RED_1);
96 output_high(LED_RED_2);
97 output_high(LED_RED_3);
98 output_low(LED_YELLOW_1);
99 output_low(LED_YELLOW_2);
100 output_low(LED_YELLOW 3);
101 output_low(LED_GREEN_1);
182 output_low(LED_GREEN_2);
103 output_low(LED_GREEN_3);
104 //output_Low(P_RED);
105 output_high(P_GREEN);
106 delay _ms(1200);
187 int n;
108 for (n = 1; n <= 1; n++)
109 & {
110 output_high(PIN_B7);
111 delay_ms(25);
112 OUTPUT_low(PIN_B7);
113 delay ms(25);
114 }
war 5
<

Figure 5 PCW/Proteus Code 2
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B 1ers77An 84 output_high(LED_GREEN_2);
85 output_low(LED_GREEN_3);
86 output_high(P_RED);
87 // output_Low(P_GREEN);
88 delay_ms(10800);
89
920 //For Pedestrian
a1 for (i = @; i < 18; i++)
928 {
93 output_d(@exBa);
94 output_c(display[i]);
a5 output_high(LED_RED_1);
96 output_high(LED_RED_2);
97 output_high(LED_RED 3);
98 output_low(LED_YELLOW_1);
99 output_low(LED_YELLOW_2);
100 output_low(LED_YELLOW_3);
101 output_low(LED_GREEN_1);
162 output_low(LED_GREEN_2);
1e3 output_low(LED_GREEN_3);
164 //output_Low(P_RED);
185 output_high(P_GREEN);
106 delay _ms(1080);
1e7 int n;
108 for (n = 1; n <= 1; n+t)
189 = {
11 cutput_high(PIN_B7);
111 delay _ms(25);
112 OUTPUT _low(PIN_B7);
113 delay_ms(25);
114 i
115 }
116
117 for (1 =0@; 1 < 1; i++)
118 & {
119 output_d(8x99);
120 output_c(display[i]);
121 output_high(LED_RED_1);
122 output_high(LED_RED_2);
123 output_high(LED_RED_3);
124 output_low(LED_YELLOW 1);
125 output_low(LED_YELLOW_2);
126 output_low(LED_YELLOW_3);
127 output_low(LED_GREEN_1);
128 output_low(LED_GREEN_2);
129 output_low(LED_GREEN_3);
138 output_high(P_GREEN);
131 //output_Low(P_RED);
132 delay _ms(1880);
133 }
134 }
135 }
<
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Figure 6 PCW/Proteus Code 3
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Testing Details

During testing an original code was used which used three outputs for the PIC; these three
outputs were used for red yellow and green on all traffic lights. Initialising another port and
connecting the pin A0 to the red of all the lights was used to attempt to make all of the lights
red at the end of the code. This would not work however due to the pin being connected to all

pins and being in the low state meaning no power would go to the lights.

Secondly other outputs were used to make all of the red lights come on so all pins would be
used separately. This was completed however lines of code were blanked out by using “//".

This would make the lights come on separately however due to the *//” being in the code the
lights would not turn off and all lights would come on and stay on. The *//” were then taken

out and the lights worked as intended.
Another test completed was to make the pedestrian light flash.  {
output_high(PIN_B7);
delay_ms(100);
OUTPUT_low(PIN_B7);
delay_ms(100); }

The above piece of code was put in at the very end between the “{}" brackets for the entire
circuit. This would make the pedestrian light flash constantly and the timers would not count.
The placement of the code was then put in directly to the pedestrian crossing section only.
This worked however due to the While (TRUE) statement within the code it would not turn

off. The while true statement was then taken out and replaced with for (n = 1; n <= 5; n++).

This worked however the timers would count only when the flash completed 5 times, due to
the delay this would add on an extra 10 seconds to the program. To reduce the time the n<=5
was reduced to 1, this reduced the time however it was still too long so the time had to be
reduced once again. To reduce the time the delay was reduced incrementally to make sure
that the code would last 40 seconds and the flash could still be seen. 10ms would make the
flash too fast and the light would appear to still be on. 50ms would show the light flashing
but the code was still more than 40 seconds. 25ms was then chosen and it made the code 40

seconds and the flash was still visible which was then used for the code.




Table of Outputs during testing

Component Explanation
of
CCT/code
Test Red Traffic | Yellow Green Red Green Counters
Number | Lights Traffic Traffic Pedestrian | Pedestrian
Lights Lights Lights Lights
Test 1 All three All three All three All three All three All Simple
lights lights lights lights lights counters circuit all
working working working working working working traffic lights

running off
three pins.
Pedestrian

lights no

flash.
Test 2 Lights will | Lights Lights All three All three All Lights
stay on staying on | staying on | lights lights counters changed to
working working working separate and
use more

pins within

the PIC.

Test 3 A All three All three All three All three All Different

connection | lights lights lights lights counters code and

was found | working working working working working circuit as

which previous

caused the with one

light to less

stay on connection,

getting rid which

of the caused the

connection circuit to

made all fault.

lights

work.

Test 4 All lights All lights All lights All lights Light will Will stop Updated

work. work. work work continue when green | code to get
flashing light comes | the green
indefinitely | on light to flash

when it 1s

the




pedestrian

crossing
sequence
Test 5 All lights All lights All lights All lights Light Counter While
work. work. work work works slows to statement
correctly allow light | change
but will to flash and
stay then
flashing change
too long number
Test 6 Component | Component | Component | Component | Component | Component | Code
works works works works works works changed to

allow
shorter

flashes.

Table 2 table of testing details




Conclusion & Future improvements

The system as it is now is realistic, the code has improved the original. By including the other
outputs to allow the extra pins to be energised has helped the realism and improved upon the
original system. With use of the flowchart that has been created the system is able to follow a
step by step making the traffic safe for all people. Because of the flow diagram it is easy to
know the states that the system needs to be in. overall the logic behind this system is very
simple and could be improved upon in many ways. A few of these improvements can be seen

below.

However, there could be more realism within the circuit. One instance of which could be a
button press included within the circuit. This button press would wait until the sequence is
finished, then interrupt the sequence and turn all lights red, this would then pause the timers

and have the pedestrian crossing green for a specific amount of time. 8]

After the pedestrian light is energised for the set time, the sequence will continue. However
another improvement for the future is, after the pedestrian light sequence is completed, the
yellow light in the sequence should flash to make the system more realistic, this is not a

difficult inclusion to the code as it is similar to what is used for the green flashing light. [8]

The same code can be implemented for the light, which is yellow when the circuit restarts.
Changing the output pin as the particular yellow pins that will turn yellow and then green

once the pedestrian crossing has been completed. [8]

Another future improvement can be that instead of having the lights working at different
intervals, each light could have 3.33 seconds to energise each LED and then move onto the

next traffic light. [8]

Another improvement would be to get the lights working in the correct sequence, rather than
red, yellow and green then green yellow and red. The system could instead be red, red and
amber then green, and then the system could go back to yellow and then back to red to

improve the realism. [8]
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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. Concepts related to the traffic Light Controller 5 4
is seen but limited. 3 .
b. Engagement with a wide range of literature,
including sources retrieved independently. 1.8
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a.  Knowledge on various products of traffic light controller and
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underlying principles on analysing different traffic light controllers with
adequate and appropriate Justifications(10)
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limited. 4
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solving and feature additions(7) c. ~ Pseudocode showing the system
operation(6)
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accuracy, precision, relevance, completeness are
up to the satisfaction. 4.55
c.Adequate style of Pseudocode is seen which
produces the expected outputs and results. 4.32

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 .
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 5
proficiently. 5



b.Excellent! Definitions, Acronyms and
Abbreviations used appropriately and adequately.
5

c.High level of professionalism is maintained
throughout the report. Proper Presentation and
the Quality of the report is excellent. 6



