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[bookmark: _Toc1232625410]Abstract:

Report detailing the design and implementation of a traffic light control system, with a brief history of the Traffic light invention.  Components for the system include the PIC16F877A microcontroller. A three-traffic light phase system is detailed also including a pedestrian stage. The system includes a push-button input to trigger pedestrian signal phases. The report covers the hardware setup, programming logic, and successful commissioning of the traffic light phases. The project meets its objectives, with future considerations for enhancing functionality. 
[bookmark: _Toc260055151]Introduction:

Traffic light control systems play a vital role in the regulation of traffic flow control.   Traffic lights are instrumental in modern transportation systems, as they help prevent collisions, reduce congestion, and ensure the safety of not only vehicle drivers but also pedestrians [1]. 
The report involves designing a traffic light system for a T-junction with features such as timed signal changes, count displays and consideration for a pedestrian crossing stage. The project follows a structured approach, starting with background research of traffic light systems and key components such as microcontrollers needed. Following on to the design stage to build the system using proteus software. Proteus software is a powerful tool used for building, simulating and testing schematic circuits [2].  
The report will also investigate how the programming of efficient code can improve the performance and reliability of the traffic light control system. This includes pseudo codes and flow chart diagrams to illustrate the sequence of the operating system.
Results and findings will be shown then conclude by discussing findings, challenges, and potential improvements consideration made for future work. 
 

[bookmark: _Toc1464762847]Background Research:

1868 J.P. Knight, a British railway engineer invented the first traffic light system based on the railway signaling system which incorporated a two-way system of red and green and was gas lit.[3]  Fast forward to 1923 and the modern three way traffic light system was invented by G. Morgan an African American this design included a warning signal to let drivers anticipate between stop and go. [4]
To the modern day there are several designs in which traffic light management systems are implemented. One conventional method is the Time-based traffic control system, like the one implemented in this report, which will offer a reliable and predictable solution for traffic management by adhering to predefined time intervals for signal changes. Although reliable this method can be less efficient during busy periods of traffic. 
Another method is Ultrasonic sensors that detect the presence of vehicles by reflecting ultrasonic waves transmitted. The sensors can calculate the density of traffic in each lane and adjust the light signals accordingly. For example, if only one lane has traffic, the light for that lane will be green until all vehicles pass through.[5] 
[bookmark: _Toc390699878]Time-Management Traffic Light System
Pros:
· Simplicity: Easy to implement and program using fixed timing intervals.
· Predictability: Drivers and pedestrians can anticipate light changes, improving flow and safety.
· Low Cost: Relatively inexpensive since it doesn't require additional hardware like sensors.
· Reliability: Operates consistently regardless of external conditions.
Cons:
· Inefficiency During Off-Peak Hours: Fixed timing might cause unnecessary delays when there’s little traffic.
· Lack of Adaptability: Cannot adapt to real-time traffic conditions, leading to congestion during peak hours.
· Pedestrian Challenges: May create longer wait times for pedestrians if the timing isn’t optimized for them.
[bookmark: _Toc164872406]Ultrasonic Sensor-Based Traffic Light System
Pros:
· Real-Time Adaptability: Adjusts signals based on actual traffic density, optimizing flow.
· Reduced Congestion: Prioritizes heavily trafficked lanes, minimizing delays.
· Energy Efficiency: Reduces unnecessary light activations, saving power.
· Enhanced Safety: Responds to sudden changes, such as vehicles arriving late in a cycle.
Cons:
· Higher Costs: Requires additional hardware like ultrasonic sensors and potentially more advanced microcontrollers.
· Complexity: Challenging to program, calibrate, and maintain compared to time-based systems.
· Sensor Limitations: Performance can be affected by weather conditions or sensor breakdowns.
· Pedestrian Oversight: Might focus primarily on vehicles, requiring additional systems for pedestrian safety.

After looking at both the pros and cons of each system the suitable choice based on budget will be the time-based method. This is the practical and economical choice. 
By Implementation of the correct microcontroller and efficient programming this method still offers flexibility to manage different traffic situations. 

The Design and programming of the Microcontroller is pivotal to the success of the system. Components need to be carefully considered in order to increase the effectiveness of the system. The code can be modified to include adaptive logic, which will enhance traffic flow and cut down on needless waits. For example, the normal four-phase cycle can be avoided at times when there is no pedestrian traffic by limiting the activation of a pedestrian crossing phase to when a push button is touched. This further improves vehicle movement by reducing the system to a three-phase cycle. Analysis of traffic flow data to make dynamic timing adjustments is another potential enhancement. The system can, for instance, establish shorter times for less crowded roads and longer green light durations for busier roads. 
[bookmark: _Toc2036176611]Microcontrollers
Microcontroller is a compact integrated circuit designed to perform specific tasks in embedded systems. They combine a processor, memory, and input/output peripherals on a single chip, enabling it to control devices like appliances, vehicles, and automated systems. 
Microcontrollers are programmable, making them versatile for tasks ranging from simple signal processing to complex control operations in real-time environments. The Microcontroller is the brain of the traffic light control system, managing the operation of all connected components. That can be assigned and programed to it. Figure 1 below illustrates the Microcontroller and the peripherals that can be programmed into it. The arrows show the inputs & outputs as you can see from this pic the majority are double sided arrows meaning it is bidirectional you can assign each individual port as either an input or output this will be ideal for the traffic light management system.


[image: ]Figure.1 [11]

Understanding the function of the Controller is essential for the success of the system  In this design, the PIC16F877A microcontroller is selected due to its features such as processing power, memory capacity, and the number of input/output (I/O) pins required for interfacing with external components & suitability for embedded systems. The consideration of cost and availability of the PIC is a key factor in why it is suitable the PIC16F877A offers enough I/O options for the system with spare ways for potential improvements. 
PIC16F877A features as per the Datasheet Provided by microchip [6]:
· Multiple I/O Pins: To manage multiple LEDs, 7-segment displays, and buttons.
· Timers: Essential for generating accurate delays and phase timing.
· Compatibility with CCS Compiler: This is the preferred compiler due to its compatibility with proteus that simplifies coding and debugging.
· Low Power Consumption: Ensures the system remains energy efficient

Proteus is utilized for system simulation because it offers several benefits, such as the ability to test and debug the circuit virtually prior to hardware implementation, which saves time, money, and resources. Additionally, by using the program, you can fully comprehend the functions of the microcontroller by trying out various solutions without wasting real-world component parts.

CCS compiler is used for its efficient integration with PIC microcontrollers, enabling precise programming and debugging of the system’s logic and functionality directly in the simulated environment. Debugging CCS simplifies any inefficiencies in the code and syntax errors ensuring a functional program. [7] 

[bookmark: _Toc1311173754]Schematic Design:
The circuit design for the T-junction traffic light control system is developed using proteus as previously stated. As proteus is a virtual program it allows the user to easily select components from a wide library whilst at the early stage of the design a trial-and-error phase can be implemented with components reducing the risk of errors and wasted cost on materials. 
Each component in the schematic contributes to the overall functionality of the embedded system.
[bookmark: _Toc482593718]Component Selection

The traffic light system consists of the following key components:

PIC Microcontroller [PIC16F877A]: The brain of the system responsible for controlling the timing of the traffic lights and the seven-segment displays. All associated I/O 

Traffic Light Module: Selected from the proteus library to replicate real world traffic signal. 

LEDs: Used to represent the red, green pedestrian signal for each road approaching the T-junction. An Additional Yellow Flashing LED has been incorporated into the system to represent a pedestrian crossing.

Seven-Segment Displays: Seven-segment displays are used on each side of the road to display the count-up from 0 to 40 seconds, indicating the remaining time for the current signal phase.

Power Supply: Provides stable voltage to the entire circuit, ensuring operation of the microcontroller and peripherals.

Shown in figure 2 below shows the initial task of the report with all components and phases in sequence. 
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Figure. 2


Additional components were implemented to improve the system. 

Push Buttons: Optional push buttons can be integrated to allow pedestrians to request a crossing phase. This is an improvement in the traffic control system. 

Pull-up resistor: The use of a pull-up resistor on the pedestrian push button would ensure that the input pin on the PIC16F877A microcontroller is at a known logic high level when the button is not pressed, allowing the code to reliably detect a button press when the pin transitions to a logic low state [8]

The circuit diagram illustrating the additional components is displayed below in figure 3 as you can see the stage of the sequence at this current time would be into the fourth phase which is the pedestrian stage which shows the yellow flashing pelican crossing light as well as the green man walk light representation also the push button with the pull up resistor in the circuit.

[image: ]Figure.3

[bookmark: _Toc1011563893]Flow Chart/ Pseudo code:
To create the code to program the system to the microcontroller we need a good understanding of what the task requirements are. A good way of doing this is through visual displays such as tables, Flow charts and pseudo codes. 
Shown below in table.1 is a simplified breakdown of what the requirements are to archive the task in hand. By using this system, it proves a simple visual guide to start the thought process in how to achieve the successful circuit.  

	(10s intervals)
	 Road A 
	Road B
	Road C
	Pedestrian 
	Pelican cross

	Phase 1
	 
	 
	 
	stop 
	off 

	Phase 2
	 
	 
	 
	stop 
	off 

	Phase 3
	 
	 
	 
	stop 
	off 

	Phase 4
	
	 
	
	Walk
	Flashing on/off



Table.1

A Flow chart can also be implemented for a user-friendly guide to the system layout and required I/0 in the sequence of events. 

A flowchart illustrating the system's operation is provided below in Figure.4:

[image: ]
Figure.4

[bookmark: _Toc1234687969]Software Code:

The Microcontroller may be described as the brains of a circuit, but the code is what gives the pic the memory it needs to perform any desired tasks in electronic systems. The Code in this report has been written and compiled using CCS, a powerful tool used to program microcontrollers like the PIC16F877A. Providing libraries and features to simply programing. [9].

Figure.5 below shows Header files and directives are predefined templates that save time and make coding more efficient by providing reusable code and configuring the PIC16F877A.

[image: ]
Figure.5

#include <16F877A.h>: This is a header file that provides access to the specific features, registers, and functions of the PIC16F877A microcontroller.
#fuses XT: A directive to configure the operational modes of the microcontroller
#Use delay(clock=20000000): Function tells the compiler about the clock frequency being used so it can calculate delays and timings accurately. [10] 

The #define feature is a directive in the code used to assign names to the I/O pins making the code simple to understand. Shown in figure.6 below is an example of this. 

[image: ]

Figure.6
The main body of the code show in the sequential figures below is the core.  Where functionality of the program is implemented. It includes defining variables, setting up input/output pins, and writing the logic that controls the program flow, such as traffic light sequences or pedestrian crossing stages. It continuously runs in a loop unless stated.  

[image: ]
Figure.7
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Figure.8
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Figure.9











[bookmark: _Toc541713737]Test Results:

The testing stage of any project is a crucial stage to not only document all findings but to be able to identify and address any potential issues at the early stage whilst using the simulation software potential component changes or additions can be installed to the circuit easily and efficiently. When the Commissioning stage is complete and proven successful the hardware build can be built. 
Table.2 shown below is the commissioning test procedure used to follow the various phases of the project to ensure each task has been successfully implemented. 

	
	Output Required 
	Result 
	Pass/ Fail 
	Comments 

	PHASE 1 
	Road A- RED
	 
	Pass 
	Expectation achieved 

	
	Road B -Amber
	 
	Pass 
	Expectation achieved 

	
	Road C-Green 
	 
	Pass 
	Expectation achieved 

	
	Pedestrian Led-RED 
	 
	Pass 
	Expectation achieved 

	
	7 Seg Count 
	0-10 
	Pass 
	Expectation achieved 

	 
	 
	 
	 
	 

	PHASE 2
	Road A- Green
	 
	Pass 
	Expectation achieved 

	
	Road B -RED
	 
	Pass 
	Expectation achieved 

	
	Road C-Amber
	 
	Pass 
	Expectation achieved 

	
	Pedestrian Led-RED 
	 
	Pass 
	Expectation achieved 

	
	7 Seg Count 
	II-20
	Pass 
	Expectation achieved 

	 
	 
	 
	 
	 

	PHASE 3
	Road A- Amber
	 
	Pass 
	Expectation achieved 

	
	Road B -Green
	 
	Pass 
	Expectation achieved 

	
	Road C-RED
	 
	Pass 
	Expectation achieved 

	
	Pedestrian Led-RED 
	 
	Pass 
	Expectation achieved 

	
	7 Seg Count 
	21-30
	Pass 
	Expectation achieved 

	 
	 
	 
	 
	 

	PHASE 4
	Road A- Off
	 
	Pass 
	Expectation achieved 

	
	Road B -Off
	 
	Pass 
	Expectation achieved 

	
	Road C-Off
	 
	Pass 
	Expectation achieved 

	
	Pedestrian Led-Green 
	 
	Pass 
	Expectation achieved 

	
	7 Seg Count 
	3I-40
	Pass 
	Expectation achieved 

	 
	Pelican Flashing LED
	 
	Pass 
	Expectation achieved 

	Additional Phase
	Push buttons initiate
	NO
	Fail
	Not Latching Investigate

	
	7Seq to Phase 4
	YES 
	Pass 
	Expectation achieved 

	
	All T-Lights off 
	YES 
	Pass 
	Expectation achieved 

	
	Phase 4 loop (10s)
	YES 
	Pass 
	Expectation achieved 

	
	Restart sequence 
	YES 
	Pass 
	Expectation achieved 

	 
	Pedestrian LED RED 
	YES 
	Pass 
	Expectation achieved


Table.2
The Findings from the Commissioning test sheet overall show the system has performed to task whilst adding in the additional feature of a Pelican light and the red lights being activated when the pedestrian stage is to be carried out. There is a slight issue with the Push button not latching. Further investigation may be required. 

Whilst testing the cycle can be tedious, as the 40 second count has to be observed to witness the 4 phases a bypass of this can be done by increasing the speed of the process clock shown in figure 10. This allows for a faster cycle for fault finding efficiency. 


[image: ]
Figure 10
[bookmark: _Toc1065360077]Futureworks considerations:

Improvements and Future considerations for this traffic light system could be adding additional features such as Audio sound for visually impaired people. If the traffic flow data was analyzed the set times of each road could be specific to suit that particular T-junction. More advanced features such as autonomous detection of traffic flow via sensors, to dynamically modify the light timing. Optimization of code for quicker reaction times and less power usage would contribute to the system's long-term viability and effectiveness.

[bookmark: _Toc454383099]Conclusion:

Through the report it has been shown that microcontrollers can be used withing a variety of electronic applications and shows the significance of how crucial they are in modern technology. The research shows the importance of the correct selection of components whilst also showcasing the value of a simulated design stage using proteus. The programming offers insight into how the microcontroller becomes intelligent after input from the software programing. The following flow chart and visual tables allow for clear understanding of complicated tasks.  

To conclude the traffic light system achieved its primary task with multiple phases of operation, including the up-counter from the 7-segment display. The circuit manages traffic flow for the T-Junction and ensures pedestrian safety with dedicated light phases. Despite a minor issue with the push button functionality, the system demonstrates the ability to perform the required functions efficiently. Future enhancements could focus on adding sensor-based timing adjustments and improving user accessibility features, ensuring the system remains adaptable and sustainable
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129 // Phase 3: Traffic Light C - Green, A - Yellow, 8 - Red

130 output_d(exad); //°2"
B1E for (i =03 1< 105 i+) {

132 output_c(display[count]); // Update 7-segment display with current count
133 count = (count + 1) % 10; // Increment count and Loop back to 0 if it reaches 9
132

135 output_low(LED_RED_A);

136 output_high(LED_YELLOW A); // Turn on YELLOW for Traffic Light A

137 output_low(LED_GREEN_A);

138

139 output_low(LED_RED_B);

140 output_low(LED_YELLOW B); // Turn on YELLOW for Traffic Light &

141 output_high(LED_GREEN B); // Turn off GREEN for &

142

143 output_high(LED RED_C);  // Turn on RED for Traffic Light C

142 output_low(LED_YELLOWC);

145 output_low(LED_GREEN C); // Turn on GREEN for Traffic Light C

145

147 output_high(P_RED); // Turn ON Pedestrian RED

148 delay_ms(1000); 7/ 1-second delay

149 3

150

151 // Pedestrian Crossing Phase: ALL Traffic Lights Red

1528 For (i = 0; <105 i+) {

153 output_d(exs0); //'3"

154 output_c(display[count]); // Update 7-segment display with current count
155 count = (count + 1) % 10; // Increment count and Loop back to 0 if it reaches 9
156

157 // Set all traffic Lights to RED

158 output_high(LED_RED_A);

159 output_low(LED_YELLOW A);

160 output_low(LED_GREEN A);

161 output_high(LED_RED_B);

162 output_low(LED_YELLOW B);

163 output_low(LED_GREEN B);

164 output_high(LED_RED_C);

165 output_low(LED_YELLOWC);

166 output_low(LED_GREEN_C);

167

168 // Turn on pedestrian green

169 output_high(P_GREEN);  // Turn ON pedestrian GREEN

170

71 // Flash pedestrian yellow while pedestrian green is on

172 output_toggle(P_YELLOW); // Toggle pedestrian YELLOW

173 delay_ms(500); 7/ Flash every 500 ms

172 3

175

176 /7 Reset pedestrian Lights after cycle

177 output_low(P_YELLOW);

178 output_low(P_GREEN);
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// Define LED Pins for Traffic Lights

#define
#define
#define

#define
#define
#define

#define
#define
#define

LED_RED_A PIN_BO.
LED_VELLOW_A PIN_BL
LED_GREEN_A PIN_B2

LED_RED_B PIN_B3
LED_VELLOW_B PIN B4
LED_GREEN_B PIN_BS

LED_RED_C PIN_AL
LED_VELLOW_C PIN_A2
LED_GREEN_C PIN_A3

// Define pedestrian Light pins

#define
#define
#define

// Define Pedestrian push Button Pin

#define

P_YELLOW PIN_A0)
PRED PIN_B6
PGREEN PIN_B7

PED_BUTTON PIN_A4
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#include <16F877A.h>
#fuses XT, NOWDT, NOPROTECT, NOLVP
#use delay(clock-20000600)
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26 // 7-segment display digit patterns (assuming common cathode)
27 unsigned int display[10] = {exCo, OxF9, OxAd, OxBO, Ox39, Gx92, OxB2, OXFG, OXBO, Ox0};
2

29 Elvoid pedestrian_stoge() {

30 int i3
31

32 // Pedestrian Crossing Phase: ALL Traffic Lights Red

33E  for (i=0; i<10; i+h) {

3 output_d(exs0); //'3"

35 output_c(display[i]); // Update 7-segnent display with current count
36

37 //setall traffic lights tored
38 output_high(LED RED_A);

39 output_low(LED_YELLOW A);

0 output_low(LED_GREEN A);

a1 output_high(LED_RED_B);

a2 output_low(LED_YELLOW B);

a3 output_low(LED_GREEN B);

a4 output_high(LED_RED_C);

a5 output_low(LED_YELLOWC);

5 output_low(LED_GREEN_C);

a7

a3 // Turn on pedestrian green

a9 output_high(P_GREEN);  // Turn ON pedestrian GREEN

s0

51 // Flash pedestrian yellow while pedestrian green is on

52 output_toggle(P_YELLOW); // Toggle pedestrian YELLOW

53 delay_ms(500); 7/ Flash every 500 ms

54 3

55

56 // Reset pedestrian Lights after cycle

57 output_low(P_YELLOW);

8 output_low(P_GREEN) ;

59}

3

61Elvoid main() {

62 int i3

6 int count = 0; // Initialize count for 7-segment display

6

65 set_tris_b(0x00); // Set PORTS as output for traffic Lights
66 output_b(exe);  // Initialize PORTS to &

67 delay_ms(300);  // Initial delay

8 set_tris_c(0x00); // Set PORTC as output for 7-segment display
6 output_c(exe); ~ // Initialize PORTC to &

7 set_tris_d(0xe0); // Set PORTD as output for 7-segment display
7 output_d(exse); ~ // Initialize PORTD to &

72 set_tris_a(0x10); // Set PINA4 (PED_BUTTON) as input

7

748 while (1) {

75 // Check if the pedestrian button is pressed.
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AT (1nput(PED_BUTTON)) 1

delay_ms(50); // Debounce the button

if (input(PED_BUTTON)) {
pedestrian_stage();

// Confirm button press

continue; // Return to normal operation after pedestrian stage

¥

while (1) {

// Phase 1: Traffic Light A - Red, 6 - Yellow, C - Green

output_d(exco); //'0"

For (i =0; i< 105 itt) {
output_c(display[count]);
count = (count + 1) % 105

// Update 7-segment display with current count
// Increment count and Loop back to 6 if it reaches 9

output_high(LED_RED_A); // Turn on RED for Traffic Light A

output_low(LED_VELLOW A);
output_low(LED_GREEN_A)

output_low(LED_RED_B);
output_high(LED_YELLOW B)
output_low(LED_GREEN_B);

output_low(LED_RED_C);
output_low(LED_YELLOW C);
output_high(LED_GREEN C)

5 // Turn on YELLOW for Traffic Light 8

// Turn on GREEN for Traffic Light C

output_high(P_RED);  // Turn ON Pedestrian RED
delay_ms(1000) 5 // 1-second delay

¥

// Phase 2: Traffic Light A - Green, 6 - Red, C - Yellow

output_d(exFa); //'1"

For (i =0; i< 105 itt) {
output_c(display[count]);
count = (count + 1) % 105

output_low(LED_RED_A);
output_low(LED_YELLOW A);
output_high(LED_GREEN A) ;

output_high(LED_RED_B);
output_low(LED_VELLOW B);
output_low(LED_GREEN 5) 5

output_low(LED_RED_C);
output_high(LED_YELLOW C)
output_low(LED_GREEN C);

output_high(P_RED) ;
delay_ns(1000);

// Update 7-segment display with current count
// Increment count and Loop back to 6 if it reaches 9

// Turn on GREEN for Traffic Light A

// Turn on RED for Traffic Light B

5 // Turn on YELLOW for Traffic Light C

// Turn ON pedestrian RED
// 1-second delay




