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1. Introduction

In urban traffic management and operations, a well-designed traffic control system is very
important for the safety of all road users. By controlling the movement of vehicles and
pedestrians on roads, it can significantly reduce the number of accidents that occur. This
project focuses on the creation of a traffic light control system for a T-junction, as it is a
common site where accidents are likely without effective traffic regulation.

The primary objective of this design is to implement a time-based signal control system that
ensures predictable and smooth traffic flow, while also considering an appropriate time slot
for pedestrian safety. The system will utilise a PIC microcontroller that will be programmed in
C using the CCS compiler and simulated in Proteus. The setup includes three traffic lights per
road, countdown timers on 7-segment displays, and a dedicated pedestrian crossing phase to
ensure the safety of all users of the T-junction.

By using precise timing intervals and clear visual indications to create phases for all types of
road users, this design aims to provide a reliable and efficient solution to automatic traffic
management at T-junctions. The following report documents the research, design
considerations, circuit development, and simulation results of the project, along with
suggestions for future improvements.



2. Background Research

Several scholars have published documentation and reviews on traffic light control
architecture, and this literature review focuses on traffic signal control with an emphasis on
T-junctions, highlighting how traffic control strategies enhance the safety and efficiency of all
road users.

2.1 Foundations of Traffic Signal Control

Traffic signal control addresses traffic congestion coming from a growing increase in urban
vehicle demand, where expanding existing infrastructure is often slow or impractical.
Therefore, signal timing and traffic control strategies are central to improving the efficiency
and safety of traffic [1]. Systematic reviews describe fixed-time, actuated and adaptive
applications where fixed-time methods are considered a baseline approach that rely on
historical demand and cycle structures [2]. On the other hand, actuated and adaptive traffic
control systems respond to real-time conditions to control the imminent traffic [3, 4].

2.2 Traditional and Time-Based Traffic Light Control Systems

Traditional time-based signal designs are a popular method of traffic control as they are easier
to implement and offer predictable traffic light cycle changes, particularly at simpler
applications like T-junctions [5]. These systems operate on a fixed cycle of signal phases,
sometimes adjusted manually during off-peak hours when traffic volumes are lower as there
will be less road users [6]. Case studies show that systems with properly configured cycles
with defined phase sequences can deliver smooth flows and reduce conflicts between vehicle
and pedestrian movements. At T-junctions, fixed-time systems remain common due to
simplicity, and it allows all road users to have a predictable and specified time slot to safely
use the T-junction [7]. However, fixed-time systems struggle under fluctuating demand, often
leading to inefficiencies compared to actuated and adaptive control methods.

2.3 Actuated and Adaptive Traffic Control Methods

Adaptive traffic signal control (ATSC) is a dynamic system that uses real-time data from
sensors to automatically adjust traffic light timings to optimise traffic flow [8]. Whereas
actuated control is a system where sensors are used to detect vehicles and pedestrians and
then automatically adjust signal timing to match real-time demand [3].

These methods have advanced significantly by having the ability to adapt to traffic demand,
leading to delay and emissions reductions, through the use of reinforcement learning and
other Al techniques [9]. When compared to fixed-time approaches, actuated and adaptive
traffic control methods, such as SCOOT (Split Cycle Offset Optimisation Technique), can
demonstrate improvements in efficiency. Although, actuated and adaptive systems are
typically more complex and costly to install and maintain, making them less practical for
smaller applications such as T-junctions [10].



2.4 Findings from Existing Literature

From the background research and literature review, a great understanding of the existing
traffic control methods has been gained. Although actuated and adaptive systems (such as
SCOOT in London) give significant reductions in delay and emissions, their installation and
maintenance costs remain impractical for smaller applications like T-junctions [11]. Existing
literature rarely mentions cost-effective embedded solutions for traffic control on T-junctions,
and this gap highlights the need for the T-junction tailored solution this project aims to
address.



3. System Requirements

The system must be able to control traffic effectively and ensure the safety of all road users
on the T-junction. A fixed-time traffic control method will be implemented as it was best
suited to the T-junction application. Each of the three sections of the T-junction must have a
set of traffic lights and a pair of 7-segment displays, as well as pedestrian crossings with
buttons and an indicating LED to ensure all road users know when they are safe to proceed.

The system will need to have different phases so each road can use the T-junction safely, and
these phases will need to be timed to allow for predictable and smooth traffic flow.
Additionally, the system needs to be cost-effective and must show reliable operation without
failure across repeated cycles.

For this project, a variety of microcontrollers were considered, such as the Arduino Uno,
STM32s and PIC16 microcontrollers. After reviewing the Arduino Uno, it offered flexibility
and simplicity for easy creation of a variety of electronic projects, however, it had limited
input/output pins and fewer built-in peripherals compared to the PIC16F877A [12, 13]. As the
system’s microcontroller needed to handle multiple traffic signals simultaneously, the
Arduino Uno was shown to be less suitable for this project. In regard to the STM32
microcontroller, it was shown to provide high processing power and many advanced features,
however, they are costly and quite complex to program [14].

This system will utilise a PIC microcontroller, more specifically the PIC16F877A as it is best
suited to the traffic light control specification compared to other available microcontrollers.
The PIC16F877A stood out as it will provide enough 1/0 pins for the system’s operation (as
seen in Figure 1) and it also supports external interrupts on pin RBO/INT, which will allow for
a pedestrian crossing button to be used for the pedestrians to cross safely as soon as possible
[15]. The PIC16F877A is widely available and affordable, along with being widely compatible
with development tools that will be used like Proteus and the MPLAB IDE [16].
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Figure 1 - PIC16F877A Pin Diagram [15].



4. Circuit Design

Based on the requirements of the system, the following circuit schematic (Figure 2) was
created to allow for effective traffic control on the T-junction. As shown in Figure 3, each
position on the T-junction has a traffic light facing the traffic and a pair of common anode 7-
segment displays to show the countdown. Each road also has a pedestrian crossing system,
which contains LEDs (green and red) and a button to indicate a pedestrian wants to cross. A
separate orange LED, seen connected to pin Al of the microcontroller in Figure 4, has also
been included to inform the pedestrian that their button press has been acknowledged once
they have pressed it. ‘Default’ terminal tags were used throughout the circuit for cleanliness
and simplicity of connections to inputs and outputs.

Figure 2 - Whole Circuit Schematic Design

Figure 3 - Close-up of traffic control system
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Figure 4 - Close-up of PIC and circuit inputs/outputs

Circuit Component List:

e 1 xPIC16F877A microcontroller

e 6 x7-segment displays

e 3 x Traffic Lights (9 pins in total)

e 3 xGreen LED (Pedestrian)

e 3 xRed LED (Pedestrian Crossing)

e 3 x Button (Pedestrian Crossing)

e 1 xOrange LED (Pedestrian Crossing Button Indication)
e 1 x Crystal Oscillator (20MHz)

e 2 x 22pF capacitors (value from crystal oscillator datasheet [17])
e 6x220Q resistor (for pedestrian crossing LEDs)

e 2 x10kQ resistor

The 7-segment displays used will be 3 pairs of common anode displays. In a common anode
display, the anodes of all the LED segments are connected to the logic ‘1’ [18]. Common
anode 7-segment displays are best suited to this system as each segment is controlled by
grounding its cathode through the microcontroller, meaning the microcontroller only needs
to sink current. The choice of common anode displays simplifies the circuit design and aligns
well with the PIC16F877A’s current sinking abilities.
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5. System Operation

The system operates continuously in a 40-second cycle across four phases, with each phase
lasting 10 seconds and updating the traffic lights and pedestrian signals to ensure safe use of
the T-junction. When a traffic light is green in one phase, it will turn red in the next. When an
amber light is illuminated, it indicates the traffic light is due to turn green in the next phase.
The proposed status of each light on the T-junction during the different phases can be seen
in Table 1.

Table 1 - A table of how each phase will affect the different lights on the T-junction.

Phase Traffic Lights 1 | Traffic Lights 2 | Traffic Lights 3 Pedeastrian
1 AMEBER
2
3
a4

If the pedestrian button is pressed, the system completes the current phase and then runs
the pedestrian crossing phase (phase 4). Otherwise, it cycles sequentially through phases 1 to
4. A flowchart (Figures 5-6 and Appendix C) has been created to illustrate this logic, showing
the transitions between phases through traffic light changes and includes constant pedestrian
crossing button checks between phases for pedestrian safety.

Each phase follows a similar system where it illuminates the correct traffic lights on each road
and checks to see if the cycle of the phase has ended based on the countdown. Each phase
checks to see if the pedestrian button has been pressed and if it has, it will jump to the
pedestrian crossing phase upon the conclusion of the current phase. If the pedestrian crossing
button is never pressed, the system flows sequentially from phase 1 to phase 4. The system
runs indefinitely to ensure safe use of the T-junction for vehicles from all three roads and
pedestrians.

11
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6. Programming

The following section will focus on the programming aspect of the system, which has been
carried out in Proteus. The following code was programmed onto the PIC16F877A
microcontroller for the system to operate.

The code begins with assigning user-friendly names to the microcontroller pins based on what
will be connected to each pin (Figure 7). The code uses the directive ‘#define’ to make the
code easier to read and maintain, as instead of remembering which pin number corresponds
to which LED or button, descriptive names can be used.

11 //Define LED pins

12 #define TL1 RED PIN_A@ AfTraffic Light 1 - Red assigned to PIN A@

13 #define TL1 YELLOW PIN Bl A/ Traffic Light 1 - Yellow assigned to PIN Bl
14 #define TL1_GREEN PIN_B2 AfTraffic Light 1 - Green assigned to PIN B2
15

16 #define TL2 RED PIN_B3 AfTraffic Light 2 - Red assigned to PIN B3

17 #define TLZ_YELLOW PIN_B4 AfTraffic Light 2 - Yellow assigned to PIN B4
18 #define TL2 GREEN PIN_BS A Traffic Light 2 - Green assigned to PIN BS
19

20 #define TL3_RED PIN_BG& AfTraffic Light 3 - Red assigned to PIN B&
21 #define TL3 _YELLOW PIN_B7 A Traffic Light 3 - Yellow assigned to PIN B7
22 #define TL3_GREEN PIN_E2 AfTraffic Light 3 - Green assigned to PIN EZ2
23

24 #define PED_RED PIN_E® FifPedestrian red Light assigned to Pin E@

25 #define PED_GREEN PIN_E1 F/Pedestrian green light assigned to Pin E1
26

27 #define PED_BUTTON PIN_B@ J/Pedestrian button assigned to Pin B@

Figure 7 - Mapping microcontroller pins

Figure 8 shows there are four functions (phase 1, phase 2, phase 3, phase 4 and the hardware
setup) which are declared and they are defined later in the program.

29 void phasel({void); FAfTL1 = Red, TL2 = Yellow, TL3 = Green
38 void phase2(void); FA/TL1 = Yellow, TL2 = Green, TL3 = Red
31 void phase3(veoid); AfTL1 = Green, TL2 = Red, TL3 = Yellow
32 void phased(veoid); A ALL Tls red + pedestrian green

33 void setup_hw(veid);

Figure 8 - Declaring phase functions and hardware setup function.
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In Figure 9, an array containing hex values is shown and they correspond to bit patterns used
to display the number ‘0’ to ‘9’ on the 7-segment displays. These patterns control which
segments of the displays light up to form each number, and they are used in the countdown
logic to show the time remaining of the current phase and cycle. Figure 9 also shows the
pedestrian button flag that tracks whether the pedestrian crossing button has been pressed.
This flag is set to ‘1’ by the external interrupt when the button is pressed and is checked
constantly in the main loop to decide whether the pedestrian crossing phase (phase 4) needs
to be run.
35 //7-segment display patterns for numbers 8-9

36 unsigned int display[18] = {@x98, Ox88, OxF8, Bx82, 8x92, @x99, OxBe, BxAd4, B8xF9, exCe};
37 int ped_button_pressed = @8; /1 = button pressed, @ = normal cycle

Figure 9 - Bit pattern array for 7-segment ‘countdown'’

Figure 10 shows the interrupt service routine function used for the pedestrian crossing button
press. This function is used to set the indicating light on and the flag variable to 1, when the
pedestrian crossing button has been pressed. When the current phase finishes, the system
will recognise the flag has been set and will jump to the pedestrian crossing phase. The
hardware function configures the microcontroller’s I/O ports.

38 #INT_EXT

48 void EXT_isr(wvoid)

a1 {

a4z output_high(PIN_A1);

43 ped_button_pressed = 1;
44}

a5
46 void setup_hw(wvoid)

a7 {

48 set_tris_a(exea);

49 output_b{exea); Afinitialise port8 to @

5@ set_tris_b(ewxel); //set portB as output for LEDs

51 set_tris_c(@xea); //set portC as output for 1st 7-segment display (ones)
52 output_c(exea); Sfinitialise portC to @

53 set_tris_d(exea); //set portD as output for 2nd 7-segment display (tens)
54 output_d{@xea); Afinitialise portD to @

55 set_tris_e(exea); //set portE as output for Pedestrian lights

56 output_e(@x@a); ffinitialise portE to @

57}

Figure 10 - Interrupt routine and hardware setup function

The programming of each phase’s operation can be seen in Figure 11 through to Figure 14.
Each phase function represents a 10-second timed state in the traffic light control system, by
using a ‘for’ loop with a 1000ms delay per iteration. Each phase updates the 7-segment
displays by using ‘output_d(0x**)’ to show a static digit (0 to 4) on one display and then using
‘output_c(display[i])’ to show a countdown from 9 to 0 on the other display. Each traffic light
in the different phases is coded according to Table 1, and this is done by using
‘output_low(PIN_XX)’ or ‘output_high(PIN_XX)" on each of the nine traffic lights throughout
each phase. Each phase ensures only one road can use the T-junction at a time, with clear
transitions between each phase.
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58 void phasel{void)

)
61
62
63
64
65
66
67
68
59
70
71
72
73
74
75
76
77
78
79

81
a2
83
84
85
86
87
88
89

a1
a2
EE]

a5
96
a7
98

1ea
18l

{

int 1i;
for (1 =8; i < 18; i++)

{

output_d(exBa);
output_c(display[i]);
output_high(TL1 RED);
output_low(TL1_YELLOW);
output_low(TL1 GREEN);
output low(TL2_RED);
output_high{TL2_YELLOW);
output_low(TL2_GREEN);
output low(TL3_RED);
output_low(TL3_YELLOW);
output _high(TL3_GREEN);
output_high({PED_RED);
output_low(PED_GREEN);
delay ms({l@ea);

A/ 7-segment display pattern for '3’
FfUpdate 7-segment counter
//Traffic Light 1 Red LED ON
SfTraffic Light 1 Yellow LED OFF
JfTraffic Light 1 Green LED OFF
A/ Traffic Light 2 Red LED OFF
S/Traffic Light 2 Yellow LED ON
A Traffic Light 2 Green LED OFF
A/ Traffic Light 3 Red LED OFF
SATraffic Light 3 Yellow LED OFF
A/ Traffic Light 3 Green LED ON
SfPedestrian red LED ON
J/Pedestrian green LED OFF
Aldelay 1s

Figure 11 - Phase 1 code

vold phase2({void)

1

int 1i;
for (1 =8; 1 ¢ 18; i++)

{

output_d(exad);
output_c(display[i]);
output_low(TL1_RED);
output_high(TL1_YELLOW);
output_low(TL1_GREEN);
output_low(TL2_RED);
output_low(TL2_YELLOW);
output_high(TL2_GREEN);
output_high(TL2_RED);
output_low(TL3_YELLOW);
output_low(TL3_GREEN);
output_high(PED_RED);
output_low(PED_GREEN);
delay ms(leea);

//7-segment display pattern for '2'
//Update 7-segment counter
//Traffic Light 1 Red LED OFF

S Traffic Light 1 Yellow LED ON
A/ Traffic Light 1 Green LED OFF
//Traffic Light 2 Red LED OFF
S Traffic Light 2 Yellow LED OFF
A/ Traffic Light 2 Green LED ON
//Traffic Light 3 Red LED ON
S/ Traffic Light 3 Yellow LED OFF
S Traffic Light 3 Green LED OFF
S/Pedestrian red LED ON
//Pedestrian green LED OFF
FAdelay 1s

Figure 12 - Phase 2 code
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1@3 void phase3({veoid)

1a4
1as
186
1a7
las
1as
11@
111
112
113
114
115
116
117
118
119
128
121
122
123

125
126
127
128
129
13@
131
132
133
134
135
136
137
138
139
148
141
142
143
144
145
146

1

int i;

for (1 = @8; 1 < 18; i++)

{
output_d{@xFa);
output_c(display[i]);
output_low(TL1_RED);
output low(TL1 YELLOW);
output_high({TL1_GREEN]);
output_high(TL2 _RED);
output_low(TL2_YELLOW);
output_low(TL2_GREEN);
output low(TL3_RED);
output_high{TL3_YELLOW);
output_low(TL3_GREEN);
output_high(PED_RED);
output_low(PED_GREEN);
delay ms(leea);

A/ 7-segment display pattern for '1'
AfUpdate 7-segment counter
//Traffic Light 1 Red LED OFF

A/ Traffic Light 1 Yellow LED OFF
AfTraffic Light 1 Green LED ON
//Traffic Light 2 Red LED ON
SATraffic Light 2 Yellow LED OFF
AfTraffic Light 2 Green LED OFF
A Traffic Light 3 Red LED OFF
SATraffic Light 3 Yellow LED ON
A Traffic Light 3 Green LED OFF
SfPedestrian red LED ON
A/Pedestrian green LED OFF
Aldelay 1s

Figure 13 - Phase 3 code

vold phased4(void)

1

output low(PIN_Al);

int i;

for (i1 =8; i < 18; iH)

1
output_d(exca);
output_c(display[i]);
output_high(TL1 RED);
output_low(TL1_YELLOW);
output low(TL1_GREEN);
output_high{TL2_RED);
output_low(TL2_YELLOW);
output low(TL2_GREEN);
output_high{TL3_RED);
output_low(TL3_YELLOW);
output low(TL3_GREEN);
output_low(PED_RED);
output_high(PED _GREEN);
delay _ms(leaa);

Ff7-segment display pattern for'e
SfUpdate 7-segment counter

S/ Traffic Light 1 Red LED ON

S/ Traffic Light 1 Yellow LED OFF
S Traffic Light 1 Green LED OFF
//Traffic Light 2 Red LED ON
SATraffic Light 2 Yellow LED OFF
S Traffic Light 2 Green LED OFF
//Traffic Light 3 Red LED ON

S/ Traffic Light 3 Yellow LED OFF
S Traffic Light 3 Green LED OFF
£ /Pedestrian red LED OFF

S /Pedestrian green LED ON
Ffdelay 1s

Figure 14 - Phase 4 code

17



The ‘output_low(PIN_A1)" in phase 4 (seen in Figure 14) has been included to reset the
pedestrian button indicator.

Figure 15 shows the code under the main function of the system, which is the central control
loop for the traffic light control. The program under this function starts by setting up the
external interrupt to detect a pedestrian button press and ensures the system is ready to
respond to interrupts. It then configures all 1/O ports on the microcontroller by calling
‘setup_hw()’, as seen earlier.

Phase 4 resets the pedestrian indicator using ‘output_low(PIN_A1)" and is triggered when
‘ped_button_pressed’ is equal to 1. The ‘ped_button_pressed’ flag is set by the interrupt
service routine seen in Figure 10. The phases are run inside a ‘while(TRUE)’ loop (Figure 16)
to ensure the traffic control never ends. After each phase, an if statement is used to check if
the pedestrian button has been pressed. If it has, the pedestrian crossing phase (phase 4) runs
as soon as the current phase has finished. At the end of the loop, phase 4 always runs to
guarantee pedestrians safe use of the T-junction, then displays “40” on the 7-segment
displays to restart the cycle and countdown.

148 void main()

149 {

158 ext_int_edge(H TO L); A/Configure external interrupt to trigger on a high-to-low transition (falling edge)
151 clear_interrupt{INT_EXT); A/Clear any pending external interrupt flag before enabling

152 enable_interrupts(INT_EXT); #/Enable external interrupt (RB@ pin for pedestrian button)

153 enable_interrupts(GLOBAL); #/Enable global interrupt handling

154 setup_hw(); #/Call hardware setup routine to configure ports and initialize outputs

Figure 15 - 'Main' function initialisation code

156 while(TRUE}

157 {

158 phasel(); //runs phase 1

159 if(ped_button_pressed ==1) //checks if pedestrian crossing button has been pressed

160 {

161 phased(); A/1if it has, run the pedestrian crossing phase after current phase has finished
162 ped_button_pressed = @; //reset pedestrian button pressed flag

163 }

164

165 phase2(); //runs phase 2

166 if(ped_button_pressed ==1) //checks if pedestrian crossing button has been pressed

167 {

168 phased(); //1if it has, run the pedestrian crossing phase after current phase has finished
169 ped_button_pressed = 8; //reset pedestrian button pressed flag

178 }

171

172 phase3(}; //run phase 3

173 if(ped_button_pressed==1) //checks if pedestrian crossing button has been pressed

174 {

175 phased(); //1if it has, run the pedestrian crossing phase after current phase has finished
176 ped_button_pressed = @; //reset pedestrian button pressed flag

177 }

178

179 phased(); //runs phase 4 if all other phases have run without a pedestrian button press.
188

181

182 output_d(8x99); //7-segments display '48'

183 output_c(display[2]); //Update 7-segment counter

184 delay_ms(1868); //delay 1s

185 1

Figure 16 - Main 'while' loop
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7. Testing and Simulation Results

This section of the report focuses on the testing of the system and program, along with a
detailed insight into the results of the Proteus simulation and breadboard circuit. A video
demonstration of the circuit has been included in the supporting files of this project (also
linked in Appendix A).

7.1 Prototype

A breadboard prototype (Figure 17) was created to give a real-world example of the system’s
function, and test the program’s compatibility and functionality to the T-junction application.
The breadboard circuit and program functioned as expected, implementing the alternating
traffic light control across the 3 sets of traffic lights in the correct time intervals.

Figure 17 - Breadboard Prototype

Following the system simulations in Proteus, the status of the T-junction traffic lights at each
phase is presented in Table 2. The system operates correctly, progressing sequentially
through phases 1 to 4, with each transition occurring at the specified time interval. A further
explanation of the results at each phase is provided below, with screengrabs to demonstrate
the circuit simulation.

Table 2 - A table to show the simulation results of each set of lights during each phase

Phase Traffic Lights 1 | Traffic Lights 2 | Traffic Lights 3 Pedestrian
1 AMBER
2
3
4
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7.2 Phase 1

The program starts at phase 1, which allows vehicles on the central road position to safely
use the T-junction. Table 3 displays the status of each traffic light set during phase 1, with the
matching prototype and simulation outputs shown in Figure 18 and Figure 19.

Table 3 — Traffic Light Status' during Phase 1.

Road/Junction Entry Point Traffic Light Number Current llluminated Light
Leftmost Road Traffic Lights Set 1 (TL1) RED
Right Road Traffic Lights Set 2 (TL2)
Central Road Traffic Lights Set 3 (TL3) GREEN
Pedestrian Crossings Pedestrian Crossing RED
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EEEET 2

pEEsE BEmEE

saw
LT
LI

11
LLLl]
LErTT]

Pedestrian
Crossing

Figure 18 - Phase 1 Starting (Prototype)
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Figure 19 - Phase 1 Starting (Simulation)
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7.3 Phase 2
Phase 2 begins when the countdown timer reaches 30 seconds and lasts 10 seconds. Table 4

displays the status of each traffic light set during phase 2, with the matching prototype and
simulation outputs shown in Figure 20 and Figure 21.
Table 4 - Traffic Light Status' during Phase 2

Current llluminated Light
AMBER

Traffic Light Number
Traffic Lights Set 1 (TL1)

Road/Junction Entry Point

Leftmost Road
Right Road Traffic Lights Set 2 (TL2) GREEN
Central Road Traffic Lights Set 3 (TL3) RED
Pedestrian Crossings Pedestrian Crossing RED

Vil

"t“

®a'y
T

e
Ll N

-

saman saw

TR T T T T

.....
-----
.....
-----
.....

Pedestrian

LI
LI T T v

TEILr L)
I T
EEREERRE

Crossing

Figure 20 - Phase 2 Starting (Prototype)
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Figure 21 - Phase 2 Starting (Simulation)
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7.4 Phase 3

Similarly to the previous phases, phase 3 begins when the countdown timer reaches 20
seconds and lasts 10 seconds. Table 5 displays the status of each traffic light set during phase
3, with the matching prototype and simulation outputs shown in Figure 22 and Figure 23. By

the end of Phase 3, each of the three roads leading into the T-junction have been given an
opportunity to safely use the T-junction.

Table 5 - Traffic Light Status' during Phase 3

Road/Junction Entry Point Traffic Light Number Current llluminated Light
Leftmost Road Traffic Lights Set 1 (TL1) GREEN
Right Road Traffic Lights Set 2 (TL2) RED
Central Road Traffic Lights Set 3 (TL3)
Pedestrian Crossings Pedestrian Crossing
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Figure 22 - Phase 3 Starting (Prototype)
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Figure 23 - Phase 3 Starting (Simulation)
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7.5 Phase 4

Phase 4 begins after phases 1 to 3 have ended or immediately after any phase has ended if
the pedestrian crossing button has been pressed. This phase is considered the dedicated
pedestrian crossing phase and begins when the countdown on the 7-segment display enters
the final 10 seconds of the 40-second cycle. Table 6 displays the status of each traffic light set
during phase 4, with the matching prototype and simulation outputs shown in Figure 24 and
Figure 25.

Table 6 - Traffic Lights Status' during Phase 4

Road/Junction Entry Point Traffic Light Number Current llluminated Light

Leftmost Road Traffic Lights Set 1 (TL1) RED

Right Road Traffic Lights Set 2 (TL2) RED

Central Road Traffic Lights Set 3 (TL3) RED
Pedestrian Crossings Pedestrian Crossing GREEN

Pedestrian
Crossing

Figure 24 - Phase 4 Starting (Prototype)
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Figure 25 - Phase 4 Starting (Simulation)
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7.6 Pedestrian Crossing Acknowledgment

In Figure 26 and Figure 27, it can be seen that the pedestrian button has been pressed as its
corresponding LED has been lit. This LED confirms that the button has been pressed, however,
the system is waiting for the current phase of traffic control to finish before it can introduce
the pedestrian crossing phase (phase 4). This LED will be turned off when the pedestrian

crossing phase is introduced.

Figure 26 - Pedestrian crossing button press indication (Prototype)
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Figure 27 - Pedestrian crossing button press indication (Simulation)
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8. Conclusion/Recommendations for future work

This project was conducted to design and develop a traffic light control system, that could
operate with precise timing intervals to regulate traffic flow effectively. The system was
successfully designed around a PIC16F877A microcontroller to give fixed-time traffic light
control for a T-junction. Both the prototype and simulation results confirm that the system
runs reliably in consistent 40 second cycles, with the four phases lasting 10 seconds each to
ensure all road users get an equal opportunity to safely use the T-junction. Additionally, the
inclusion of the pedestrian crossing button gives the pedestrians the ability to cross safely as
soon as possible.

To improve on the current simple fixed-time system, an actuated or adaptive control
method could be explored to introduce their benefits and improve the efficiency of the
traffic control system. The capabilities and functionality of the system could be improved by
introducing the use of Internet of Things (I0T) smart sensors to detect imminent heavier
traffic and dynamically adapt the timings of the traffic light changes. Renewable power
sources could also be implemented to make the system more sustainable.

In conclusion, the work completed on this system demonstrates a good balance between
cost, reliability, safety and practicality and offers a competent solution to traffic control at T-
junctions.
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10. Appendix

10.1 Appendix A

Breadboard Circuit Video Demonstration link:

CWPrototype.MOV

10.2 Appendix B

Full C Program from Proteus

1/* Main.c file generated by New Project wizard
2 #

3 * Created: Fri Oct 17 2825
4 * Processor: PICI6F877A

5 * Compiler: CC5 for PIC

B */
=
3
=

#include <main.h>»

1@

11 //Define LED pins

12 #define TL1_RED PIN_AS AfTraffic Light 1 - Red assigned to PIN A2
13 #define TL1_YELLOW PIN_B1 A Traffic Light 1 - Yellow assigned to PIN 81
14 #define TL1_GREEN PIN_B2 A Traffic Light 1 - Green agssigned to PIN B2
15

16 #define TL2_RED PIMN_B3 AfTraffic Light 2 - Red assigned to PIN B3
17 #define TL2_YELLOW PIN_B4 A Traffic Light 2 - Yellow assigned to PIN B4
18 #define TL2_GREEN PIN_BS A Traffic Light 2 - Green assigned to PIN BS
19

2@ #define TL3_RED PIN_B& AfTraffic Light 3 - Red assigned to PIN B
21 #define TL3_YELLOW PIM_B7 A Traffic Light 3 - Yellow assigned to PIN B7
22 #define TL3_GREEN PIN_E2 A/ Traffic Light 3 - Green assigned to PIN E2
23

24 #define PED_RED PIN_E® J/Pedestriagn red light assigned to Pin E@

25 #define PED_GREEN PIN_E1 A/Pedestrian green Llight assigned te Pin E1
26

27 #define PED_BUTTON PIN_B@ //Pedestrian button assigned to Pin B@

28

29 void phasel(void); Ff4ATL1 = Red, TLZ = Yellow, TL3 = Green

3@ void phase2(void); FATL1 = Yellow, TL2 = Green, TL3 = Red

31 void phase3(void); f/TL1 = Green, TL2 = Red, TL3 = Yellow

32 void phased{void); A4 ALL TLs red + pedestrian green

33 void setup_hw(void);

34

35 //7-segment display patterns for numbers 8-9

36 unsigned int display[l1@] = {@x98, @x80, @xF8, @x82, @x92, @x99, 6xBe, @xAd4, @xF9, exCe};
37 int ped button_pressed = 8; #f1 = button pressed, ® = normal cycle
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39 HINT_EXT
48 vold EXT_isr(void)

41 4

42 output_high{PIN_Al);

43 ped button pressed = 1;

44 }

45

46 vold setup_hw{void)

47 {

48 set_tris_a(oxea);

49 output biexea); Sfinitialise portB to @

5@ set tris b(exel); S/set portB as output for LEDs

51 set_tris_c(exee); S/set portC as output for 1st 7-segment display (ones)
52 output_c(axea); SAinitialise portC to 8

53 set_tris_d(exee); f#set portD as output for 2nd 7-segment display (tens)
54 output_d{exea); Sfinitialise portD to @

55 set_tris_e(exea); Sfset portE as output for Pedestrian Lights

56 output e(exea); Sfinitialise portE to @

57}

59 void phasel{wvoid)

60 {
Bl int 1i;

62 for (i =8; i < 18; i++)

63 {

B4 output_d{@xBa); £/ 7-segment display pattern for '3
65 output_cidisplay[i]); S fUpdate 7-segment counter

66 output_high(TL1 RED); //Traffic Light 1 Red LED ON

67 output_low(TL1_YELLOW); S Traffic Light 1 Yellow LED OFF
68 output low(TL1 GREEN); LS Traffic Light 1 Green LED OFF

69 output_low(TL2_RED); //Traffic Light 2 Red LED OFF

78 output high({TL2 YELLOW); LA Traffic Light 2 Yellow LED ON

71 output_low(TL2_GREEN); FfTraffic Light 2 Green LED OFF

72 output_low(TL3 RED); //Traffic Light 3 Red LED OFF

73 output low(TL3 YELLOW); S Traffic Light 3 Yellow LED OFF
74 output_high({TL3_GREEN); L Traffic Light 3 Green LED ON

75 output high({PED RED}; F/Pedestrian red LED ON

76 output_low(PED_GREEN); J/Pedestrian green LED OFF

77 delay ms(108@); //delay 1s

78 }

79 1}
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81 void phase2(void)

g2
83
84
85
8
a7
88
a9
o
a1
a2
a3
o4
a5
o6
a7
o8
a9
l1ee
18l

{

int 1i;
for (1 =8; 1 « 18; i++)

1

output_d(exad);
output_c(display[i]);
output_low(TL1_RED);
output_high{TL1_YELLOW);
output low(TL1_GREEN);
output_low(TL2_RED);
output low(TL2 YELLOW);
output_high{TL2 GREEN);
output_high({TL3 RED);
output low(TL3 YELLOW);
output low(TL3 GREEN);
output_high{PED RED);
output_ low(PED GREEN);
delay ms({leaa);

35

A 7-segment display pattern for '2°
S/Update 7-segment counter
AfTraffic Light 1 Red LED OFF
S/Traffic Light 1 Yellow LED ON
AfTraffic Light 1 Green LED OFF
//Traffic Light 2 Red LED OFF
AfTraffic Light 2 Yellow LED OFF
SfTraffic Light 2 Green LED ON
AfTraffic Light 3 Red LED ON
S/Traffic Light 3 Yellow LED OFF
AfTraffic Light 3 Green LED OFF
S/ Pedestrian red LED ON

A Pedestrian green LED OFF
Sidelay 1s



183 void phase3({veoid)

14
185
l1as
1a7
las
1ag
11@
111
112
113
114
115
116
117
118
115
12@
121
122
123

125
126
127
128
129
13e
131
132
133
134
135
136
137
138
139
148
141
142
143
144
145
146

{

int 1i;
for (1 = @; 1 < 18; i++)

1

output_d({@xFa);
output_c(display[i]);
output_low(TL1_RED);
output low(TL1 YELLOW);
output_high({TL1_GREEN);
output_high({TL2_RED);
output low(TL2_YELLOW);
output_low(TL2Z_GREEN);
output_low(TL3_RED);
output_high(TL3_YELLOW);
output_low(TL3_GREEN);
output_high(PED_RED);
output_low{PED_GREEN);
delay ms(leaa);

vold phased4(void)

1

output low(PIN_Al);
int 1i;
for (1 = 8; 1 < 18; iH)

{

output_d(exca);
output_c(display[i]);
output_high{TL1_RED);
output_low(TL1 _YELLOW);
output low(TL1_GREEN);
output_high{TL2_RED);
output_low(TL2_YELLOW);
output low(TL2_GREEN);
output_high{TL3_RED);
output low(TL3_YELLOW);
output_low(TL3_GREEN);
output_low(PED_RED);
output_high(PED _GREEN);
delay _ms(leaa);

AF7-segment display pattern for '1°
A Update 7-segment counter
//Traffic Light 1 Red LED OFF
A/Traffic Light 1 Yellow LED OFF
AfTraffic Light 1 Green LED ON
//Traffic Light 2 Red LED ON

A Traffic Light 2 Yellow LED OFF
AfTraffic Light 2 Green LED OFF
//Traffic Light 3 Red LED OFF
A/Traffic Light 3 Yellow LED ON
AfTraffic Light 3 Green LED OFF
A /Pedestrian red LED ON

A Pedestrian green LED OFF
Afdelay 1s

£ 7-segment display pattern for'e
S fUpdate 7-segment counter
//Traffic Light 1 Red LED ON
SATraffic Light 1 Yellow LED OFF
S Traffic Light 1 Green LED OFF
//Traffic Light 2 Red LED ON

S/ Traffic Light 2 Yellow LED OFF
S Traffic Light 2 Green LED OFF
//Traffic Light 3 Red LED ON
f/Traffic Light 3 Yellow LED OFF
A Traffic Light 3 Green LED OFF
S /Pedestrian red LED OFF

S /Pedestrian green LED ON
Ffdelay 1s
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148 void main()

149 {

158 ext_int_edge(H_TO L);

151 clear_interrupt(INT_EXT);

152 enable_interrupts(INT_EXT);

153 enable_interrupts(GLOBAL);

154 setup_hw();

155

156 while(TRUE)

157 {

158 phasel();

159 if(ped_button_pressed ==1)
160 {

161 phased();

162 ped_button_pressed = @;
163 }

164

165 phase2();

166 if(ped_button_pressed ==1)
167 {

168 phased();

169 ped_button_pressed = @;
170 }

171

172 phase3();

173 if(ped_button_pressed==1)
174 {

175 phased();

176 ped_button_pressed = 8;
177 }

178

179 phased();

188

181

182 output_d(ex99);

183 output_c(display[9]);

184 delay_ms(1eea);

185 }

186 }

10.3 Appendix C

J/Configure external interrupt to trigger on a high-to-low transition (falling edge)
//Clear any pending external interrupt flag before enabling

A/Enable external interrupt (RB@ pin for pedestrian button)

//Enable global interrupt handling

S/Call hardware setup routine to configure ports and initialize outputs

//runs phase 1
S/checks 1if pedestrian crossing button has been pressed

A4f it has, run the pedestrian crossing phase after current phase has finished
J/reset pedestrian button pressed flag

A/runs phase 2

S/checks 1if pedestrian crossing button has been pressed

A/1if it has, run the pedestrian crossing phase after current phase has finished
J/reset pedestrian button pressed flag

A/run phase 3

A/checks if pedestrian crossing button has been pressed

A/1if it has, run the pedestrian crossing phase after current phase has finished
A/reset pedestrian button pressed flag

A/runs phase 4 if all other phases have run without a pedestrian button press.

//7-segments display ‘48"
//Update 7-segment counter
Aldelay 1s

Full flowchart can be found in supporting documents folder

Link: Electronics 1 CW Flowchart.vsdx
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