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[bookmark: _Toc197347318]Introduction:

This project focuses on designing and simulating a traffic light control system for a T-junction using the PIC16F877A microcontroller in Proteus. The system includes a set of LEDs (green, yellow, and red) for vehicular traffic and an additional pair of LEDs (green and red) to serve as pedestrian signals at each junction arm. The primary objectives of the design are to improve road safety and optimise traffic flow efficiency at T-junctions. A circuit schematic was created to simulate the control logic, ensuring compliance with functional requirements. The project also explores alternative traffic management strategies to enhance system performance and adaptability.

[bookmark: _Toc197347319]Background research:

To understand the operation of modern traffic lights in the UK, it is important to trace their historical development. The first traffic light system was introduced in London in 1868, installed outside the Houses of Parliament to manage both pedestrian and horse-drawn carriage traffic. This system used manually operated semaphore arms during the day and gas-lit signals at night. However, after a gas explosion injured a police officer, further development of traffic signals in the UK was suspended. Decades later, in the United States, manually operated electric traffic lights using red and green signals were introduced, marking a significant advancement. These developments laid the foundation for the automated, multi-light systems used today in the UK and around the world [1].

The importance of traffic lights worldwide was further reiterated by the common use of vehicles more so than ever and the need for safe and efficient systems. The UK is no different and currently uses traffic light systems governed by a set of standards called Urban traffic management and control (UTMC) and implements a variety of software and hardware such as induction loops, sensors, smart traffic and controllers [2]. The amalgamation of all these methods only proves the critical need for a robust, time- efficient and safe system as technology advances.
[bookmark: _Toc197347320]


Circuit design:

  
[image: ]
[bookmark: _Toc197347321]            Figure 1


The components used in the schematic included:
1.      PIC16F877A microcontroller: This pic is a 40-pin microcontroller that acts as the control unit by connecting the LEDs, 7 segment displays and initiating a timed delay for the circuit to work efficiently.
2.      7-segment display: In this schematic, a common-anode configuration was used to emit each of the values by way of powering each of the light emitting diode segments, that correspond to a hex value [3].

3.      Capacitors: store and release electrical energy so acts as a filter and regulates clock oscillator timing [3].
4.      Resistors (220ohm and resistor networks): Were used to limit the current flowing through each LED. A network was used to save on pin due to the repetitive nature of our circuit leading to limited availability of ports on our pic microcontroller [3]
6.      LED’s for pedestrian crossing (red, green): 3 sets of pedestrian crossing using a red and green LED were used.
7.      Traffic lights (red, amber, green): 3 sets of these clustered LEDs were used to output traffic light signals.

The corresponding 7-segment displays are used simultaneously to output the time as all traffic lights start at red and then through the varying states of red, green and yellow.
This uses a full parallel drive whereby each segment is wired to a pin - perhaps multiplexing would’ve been an option.
-grid lights - states validity using graphics-excel

[bookmark: _Toc197347322]Flowchart for traffic light system
[image: C:\Users\ISA06016498\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\35A2F2AE.tmp]
Figure 2
The flowchart illustrates a simplified version of the code to simulate the 4 different states (3 traffic lights defining a state and the pedestrian crossing state) defined by the incrementing counter.  At any given state, only one led is green and all the others are off. The pedestrian state is only green when all the traffic lights are green.

[bookmark: _Toc197347323]Software Implementation
[bookmark: _fbvpwbpp45]The code was written in C programming language and compiled with CCS in order to design and simulate on Proteus successfully.
[bookmark: _k0a7bmrt2iep]
* Main.c file generated by New Project wizard
 *
 * Created:   Wed Feb 26 2025
 * Processor: PIC16F877A
 * Compiler:  CCS for PIC
 */

#include <16F877A.h>
#use delay(clock=8000000)

// Define LED pins
#define LED_RED PIN_B0		//  All Traffic lights- Red
#define LED_YELLOW PIN_B1	// All Traffic lights- Yellow
#define LED_GREEN PIN_B2	// All TL- Green


#define P_RED PIN_B3		// Pedestrian green
#define P_GREEN PIN_B4		// pedestrian red





// Global variables
unsigned int display_units[10] = {0xC0, 0xF9, 0xA4, 0xB0, 0x99, 0x92, 0x82, 0xF8, 0x80, 0x90}; // array for 7- segment display
unsigned int display_tens[5] = {0xC0, 0xF9, 0xA4, 0xB0, 0x99};	// 7 segment display for tens
unsigned int counter = 0; 	//declares counter
void traffic_light(void); //function prototype



int main(void) {	//main program starts
	while(True){
			traffic_light();	//calls traffic light function

	}
}




void traffic_light(void) {
    int q;

    set_tris_b(0x00); // Set PORTB as output for LEDs
    output_b(0x00);   // Initialize PORTB to 0
    set_tris_c(0x00); // Set PORTC as output for 7-segment display
    output_c(0x00);   // Initialize PORTC to 0
    set_tris_d(0x00); // Set PORTD as output for additional display
    output_d(0x00);   // Initialize PORTD to 0
	
for(int q = 0; q < 40; q++) {
			output_c(display_tens[q/10]);
			output_d(display_units[q%10]); 
			if(counter == 4) counter = 0;

		
		if(q < 10) {
            output_low(LED_RED);         // Yellow light 2 is ON, Red 2, Green 2 off
            output_high(LED_YELLOW);
            output_low(LED_GREEN);
            output_high(P_RED);       // Pedestrian Red ON
            output_low(P_GREEN);     // Pedestrian Green OFF
            delay_ms(1000);			//time delay
        }

 
        else if(q< 20) {	
            output_high(LED_RED);        // Red light 1 is ON, yellow and green lights off
            output_low(LED_YELLOW);
            output_low(LED_GREEN);
            output_high(P_RED);       // Pedestrian Red ON
            output_low(P_GREEN);     // Pedestrian Green OFF
            delay_ms(1000);
        }

        
      else if(q < 30) {
            output_low(LED_RED);         // Green light 3 is ON, yellow and red lights off
            output_low(LED_YELLOW);
            output_high(LED_GREEN);
            output_high(P_RED);       // Pedestrian Red ON
            output_low(P_GREEN);     // Pedestrian Green OFF
            delay_ms(1000);
        }


		else if(q < 40) {
            output_low(LED_RED);         // Traffic lights OFF
            output_low(LED_YELLOW);
            output_low(LED_GREEN);
            output_high(P_GREEN);     // Pedestrian Green ON
            output_low(P_RED);       // Pedestrian Red OFF
            delay_ms(1000);
        }

		else if(q ==40) {
            output_low(LED_RED);         // All Traffic lights OFF
            output_low(LED_YELLOW);
            output_low(LED_GREEN);
            output_high(P_GREEN);     // Pedestrian Green ON
            output_low(P_RED);       // Pedestrian Red OFF
            delay_ms(1000);
			
        }

		output_b(0xFF);	//clears leds
		output_c(0xFF);	// clears units display
		output_d(0xFF);	//clears tens_display

		
    }
}

[bookmark: _plwd2le48c6m]
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[bookmark: _Toc197347324]Screen dumps for the simulation
The screenshots illustrate the LED’s on and off at various states.
State 1: 0 – 9 secs
[image: ]
Figure 3

State 2: 10 – 19 seconds
[image: ]
Figure 4
State 3: 20-29 seconds
[image: ]
Figure 5
State 4: 30-39 secs
[image: ]
Figure 6
[bookmark: _Toc197347325]State 5: 40th second is all lights red and displays.
Details of testing, simulated outputs, and results
T-Junction traffic lights phase through the states of red, amber and green for each of the lights. Whilst the pedestrian crossings phase is at a default red until the other traffic lights are on red, when it then changes to green. This is critical to safety and so the importance of coding this correctly to ensure timing was sufficient for each of the phases with no overlap between the phases as expected.
T-Junction traffic lights phase through the states of red, amber and green for each of the lights. Whilst the pedestrian crossings phase is at a default red until the other traffic lights are on red, when it then changes to green. This is critical to safety and so the importance of coding this correctly to ensure timing was sufficient for each of the phases with no overlap between the phases as expected.

The simulation showed the system running through a full 40-second cycle: each road had its green light for 10 seconds, and the last 10 seconds were reserved for pedestrian crossing. The 7-segment display counted up from 0 to 40, with the units and tens digits updating correctly using a simple counter to display values. The expected lights sequence was observed at the right time, for example, when TL1 was green, the others were red. Whereas, when the pedestrian crossing was green the default state for all the other traffic lights was red.
To check if everything worked as expected, we testing the simulation to ensure there was no lag or bugs. Each phase lasted exactly 10 seconds, and the lights changed in the correct order with no overlaps or delays. The displays simultaneously updated every second, ensuring LEDs matched the timers and a smooth transition LEDs was observed as lights changed from red, amber and green.
The simulation and tests further reiterate that the system performed efficiently, with accurate timing, smooth transitions, and correct display output throughout.


[bookmark: _Toc197347326]Conclusion:

[bookmark: _bsgtd0qk3x8g]In conclusion, the logic used to simulate the T-junction traffic light was efficient as expected when it was initially designed. This was in part due to the correct assembling of components and careful wiring of the various pins. The pic microcontroller used was sufficient enough for the test case, due to its simplicity and low-cost.  allowing the 4 different states to be incremented up to 40 seconds without issues.
However, if more pins are implemented for additional features or a longer timer sequence is used than 0-99 secs, a microcontroller that can handle more complex instructions and has more output and input pins should be considered.
Future implementation to drive efficiency include the use of a number of software and hardware methods. 
To allow for cleaner code, use due to the procedural nature of the code implemented for functional purposes a state machine would be can be used in lieu. A finite state machine is used in control systems, as it transitions between states due to an input reducing the complexity of the different states [4]. Another option would be to include the use of interrupts for a more robust management of time.
As we use multiple 7-segment displays to output the timer, multiplexing could be of greater use in terms of scalability and using less output pins as it switches very quickly between the values using a method known as the persistence of vision. This uses a full parallel drive whereby each segment is wired to a pin. [3].
 The use of more adaptive control systems such as sensors and detectors would allow for more accurate implementation of states and thus better control of traffic light systems as well as introducing another state such as a filter light for right turns in order to save time. An important aspect of safety is accessibility which highlights the need for tactile and audible such as button input or sound output for pedestrian crossing phase.

Overall, this project proves the functionality of the T-junction traffic lights allow the safe movement of vehicles and pedestrians without the implication faced by more complex systems. However, due to the advancement of technology and smart city implementation, this system would soon struggle to keep up hence why a more robust system that can’t be attacked by hackers is needed.
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1/* Main.c file generated by New Project wizard

2 x
3 * Created: lWed Feb 26 2025
4 * processor: PICI6F877A

5 * Compiler: (CCS for PIC

6 */

7

8 #include <16F877A.h>

9#use delay(clock=8000000)

10

11// Define LED pins

12 #define LED_RED PIN_BO // ALL Traffic lights- Red
13 #define LED_YELLOW PIN Bl // ALL Traffic Lights- Yellow
14 #define LED_GREEN PIN B2  // ALL TL- Green

15

16

17 #define P_RED PIN_B3 // Pedestrian green

18 #define P_GREEN PIN_B4 // pedestrian red

19

20

21

2

23

24// Global variables

25 unsigned int display_units[10] = {@xCO, 0xF9, OxA4, OxBO, 0x99, 0x92, Ox82, OxF8, Ox80, 0x90}; // array for 7- segment display
26 unsigned int display_tens[5] = {@xCO, 0xF9, 0xA4, OxBO, O0x99}; // 7 segment display for tens
27 unsigned int counter = 0; //declares counter

28void traffic_light(void); //function prototype

29

30

31
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31
32 int main(void) { //main program starts

33 while(True){

34 traffic_light();  //calls traffic Light function

35

% )

37}

38

39

20

21

42 void traffic_light(void) {

43 int q;

24

45 set_tris_b(0x00); // Set PORTB as output for LEDs

46 output_b(@x0@); // Initialize PORTB to @

47 set_tris_c(0x00); // Set PORTC as output for 7-segment display
48 output_c(@x00); // Initialize PORTC to @

49 set_tris_d(0x00); // Set PORTD as output for additional display
50 output_d(@xe@); // Initialize PORTD to @

51
52 for(int q = 0; q < 40; q++) {

53 output_c(display_tens[q/10]);
54 output_d(display_units[a%10]);
55 if(counter == 4) counter = 0;

56
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52 for(int q = 0; q < 40; q++) {

53 output_c(display_tens[q/10]);
54 output_d(display_units[a%10]);

55 if(counter == 4) counter = 0;

56

57

58 if(q < 10) {

59 output_low(LED_RED); // Yellow Light 2 is ON, Red 2, Green 2 off
60 output_high(LED_YELLOW);

61 output_low(LED_GREEN) ;

62 output_high(P_RED) ; // Pedestrian Red ON

63 output_low(P_GREEN); // Pedestrian Green OFF

64 delay_ms(1000); //time delay

65 3

66

67

68 else if(q< 20) {

69 output_high(LED_RED) ; // Red Light 1 is ON, yellow and green Lights off
70 output_low(LED_YELLOW) ;

71 output_low(LED_GREEN) ;

72 output_high(P_RED) ; // Pedestrian Red ON

73 output_low(P_GREEN); // Pedestrian Green OFF

74 delay_ms(1000);

75 3

76

77

78 else if(q < 30) {

79 output_low(LED_RED) // Green Light 3 is ON, yellow and red Lights off
80 output_low(LED_YELLOW) ;

81 output_high(LED_GREEN) ;

82 output_high(P_RED) ; // Pedestrian Red ON

83 output_low(P_GREEN); // Pedestrian Green OFF

84 delay_ms(1000);

85 3
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delay_ms(1000) ;

else if(q < 40) {
output_low(LED_RED) // Traffic Lights OFF
output_low(LED_YELLOW) ;
output_low(LED_GREEN) ;

output_high(P_GREEN); // Pedestrian Green ON
output_low(P_RED); // Pedestrian Red OFF
delay_ms(1000);

}

else if(q ==40) {
output_low(LED_RED) // ALL Traffic Lights OFF
output_low(LED_YELLOW) ;
output_low(LED_GREEN) ;
output_high(P_GREEN); // Pedestrian Green ON
output_low(P_RED); // Pedestrian Red OFF
delay_ms(1000);

¥

output_b(0xFF); //clears Leds
output_c(0xFF); // clears units display
output_d(@xFF); //clears tens display
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Initialise ports:
portB :red,yellow, green leds, p_green, p_re«
portC, portD: 7-seg display

All states red ini ly
10 secs - state 1 Yel2-on
10 sec - state 2 Red1-on

10 sec - state 3- Green3 on
10 sec - Pedestrian GO
phase

increment using a counter =0
delay_ms(100)

clear displays after

loop





