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1.0 Abstract

This task involved the development and simulation of a traffic light control system for a T-junction road. The overall aim of the task was to produce an efficient traffic management system which prioritised pedestrian safety within specific time intervals. The circuit was built using a PIC16F877A microcontroller and programmed in embedded C with a CCS C compiler in Proteus Design Suite. 
The system includes 3 traffic lights on each side of the T-junction alongside a set of 7-segment displays which count from 0 – 40 seconds in a loop. The traffic lights are programmed to change state every 10 seconds. The last 10 seconds of the 40 second cycle are reserved for a safe pedestrian crossing state, with all 3 traffic lights displaying a red signal. 
Through research, design and flowcharts, the desired system was built and tested on Proteus Design Suite with regard to the task requirements. This traffic light controller for a T-junction demonstrates the use of digital output and logic and microcontrollers to create a timed traffic management system with prioritised pedestrian safety. 
In conclusion, this traffic light control system for a T-junction demonstrates an efficient and reliable functioning solution for traffic management. Further recommendations and improvements would involve a replication of this circuit on a breadboard to enable a working prototype, using sensors to enhance efficiency of the traffic flow and alterations to the timing of the Amber LEDs to a shorter cycle and displayed alongside the red signal to reflect real working examples. 
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[bookmark: _Toc196481716]2.1 Task Description

The aim of this assignment was to design a traffic light control system for a T-Junction to enable traffic management efficiency with prioritisation for pedestrian safety [1] as displayed in Figure 1.0 [1]. Aside from using Proteus Software and a PIC microcontroller, further task stipulations included the following requirements:
a) Install 3 traffic lights on each side of the road for comprehensive traffic management
b) Include a set of 7-segment displays on each side of the T-Junction to count up from 0 to 40 seconds
c) Configure the system to change traffic signals every 10 seconds for predictable and smooth traffic flow
d) Reserve the final 10 seconds of the signal cycle for a dedicated pedestrian crossing phase
e) During the pedestrian crossing phase, program the traffic lights to either turn off or display a red signal for all 3 roads, ensuring pedestrian safety [1]. 
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Figure 1.0: Image of 3-way T-Junction traffic light system to be replicated in assignment

In order to understand and begin creating the system design on Proteus Design Suite, further research was undertaken in regard to the function, use and history of Traffic Light Systems in the UK. 

[bookmark: _Toc196481717]2.2 Traffic Light Systems

[bookmark: _Toc196481718]2.2.1 History of Traffic Lights 

The first traffic light signals in the United Kingdom were installed in London in December 1868 [2] and were apparently introduced to reduce the number of police officers required to control the flow of traffic [3]. The traffic light signals were based on railway signalling technology and were gas powered [4]. It would be many years later, in 1912 [5], that the first electric traffic lights were designed and developed in the USA and subsequently installed in Cleveland, Ohio in 1914 [6]. The first manually operated traffic lights were introduced in Piccadilly, London, in 1926 [7] and the first automatic traffic light system in the UK was trialled in 1927 [7] in Wolverhampton. Considering the rise of motorcars and the growing need to enhance pedestrian safety, the experiment proved to be successful and traffic light systems became a permanent addition to UK roads in 1930 [8]. 

[bookmark: _Toc196481719]2.2.2 T-Junction Traffic Light System

In the UK a 3-way T-Junction, as required in the task description, involves a minor road joining a major road [9]. Without pedestrian crossings or pedestrian requirements, the Highway Code states that minor road traffic turning left or right must always give way and yield to the major road traffic at the top of the T [10], as seen in Figure 2.0. [11].
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Figure 2.0: T-Junction example in the UK 
The task in this assignment includes the use of 3 sets of traffic lights to ensure traffic flow and pedestrian safety as displayed in Figure 1.0. Traffic lights are present at T-Junctions if there is a need for traffic control due to volume, pedestrians or cyclists are present or there are certain speed limits [12].

[bookmark: _Toc196481720]2.2.3 Modern Traffic Lights in the UK

Traffic lights in the UK follow a standardised sequence of three primary colours; Red, Amber and Green [13]:
· A Red light indicates that all vehicles must come to a complete stop. 
· An Amber light indicates that the next light will be red so all vehicles should prepare to slow down and stop.
· A Green light indicates that vehicles may advance, if the way is clear and it is safe to do so.
· Amber and Red lights displayed together indicate that the next light will be Green so, as long as the way is clear and other road users and pedestrians are not crossing, vehicles should prepare to proceed.
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Figure 3.0: Light sequence of modern Traffic Light Systems in the UK [13].

Modern traffic lights use Light Emitting Diode (LED) signal heads to display green, amber and red lights to control traffic flow and pedestrian safety. LEDs are energy efficient and visible in both light and dark environments [14]. 
One of the main components of a modern traffic light is the traffic signal controller which manages the sequence of lights and timing of the system based on either sensors and real-time data or a fixed cycle [15]. The data can be collected through pedestrian buttons or vehicle detectors and adapted to enhance the flow of traffic [16], otherwise the algorithm is set to a fixed time cycle [17]. Although traffic lights are based on a standardised system, large urban areas will implement traffic lights controlled by centralised computers whereas temporary traffic lights or traffic lights in rural areas may operate on microcontroller control boards which execute a simple timed control logic [18]. Microcontrollers provide a low-cost, time-based and energy efficient solution to traffic light systems in temporary or rural environments [19]. 

[bookmark: _Toc196481721]3.0 Circuit Design

In order to design and simulate this traffic light system in alignment with the task requirements, it was decided that a PIC16F877A microcontroller would be used to control the lights and a 7-segment display would provide the count feature in Proteus Design Suite v 8.17 written in C using CCS C Compiler for PIC v 5.103. 
The PIC16F877A is a popular and well-documented microcontroller [20] and with 40 Pins [21] it was suitable for the amount of traffic lights, 7-Segment displays and pedestrian LEDs required for the circuit. The PIC16F877A was also compatible with Proteus and CCS C Compiler and had built in peripherals [22], which were useful for the timing aspect which was a key component in the task. 
The crystal oscillator in the circuit was required due to the traffic light timing requirements; crystal oscillators provide stable timing and it was connected to two capacitors in order to operate [23]. 
[bookmark: _Toc196481722]3.1 Components 

	Component
	Image
	Purpose

	7-Segment Display Common Anode with 8-way Resistor Network (220 Ω)
	[image: ]
	In order to simulate the count from 0 – 40 seconds, two 7-segment displays were placed at each of the 3 traffic lights in the T-Junction circuit and each connected to an 8-way resistor network configured at 220 Ω. The resistors were connected to each segment of the display to prevent damage to the components and limit the current. If the LED draws too much current, it may cause damage/ burn out the LEDs. The 7-Segment displays are all Common Anode [24] [25].

	Traffic Lights
	[image: ]
	In alignment with the task brief, 3 sets of Traffic Lights were placed in the T-Junction circuit and the LED outputs were connected to pins on the PIC16F877A microcontroller. 

	Crystal Oscillator with 2 Capacitors (1uF)
	[image: ]
	Due to the fact timing was an essential factor in the traffic light system, a crystal oscillator at 8MHz was connected to the microcontroller to provide a precise time. The 2 capacitors were connected to the crystal oscillator to stabilise the component [23] .

	PIC16F877A microcontroller
	[image: ]
	A PIC16F877A microcontroller was chosen to control the traffic lights, pedestrian LEDs, enable precise timing with the crystal oscillator and count with the 7-segment displays. A 10k Ω resistor was connected to the MCLR pin of the microcontroller to enable the MCLR pin to remain at 5V. This ensures that the pin will not reset [26].

	LED Green and LED Red
	[image: ]
	At each of the 3 traffic lights, a Red LED and a Green LED were placed with a resistor to simulate the pedestrian crossing phase. The LEDs were set to Pin B3 and Pin B4 on the PIC microcontroller and each LED was connected to a 220 Ω resistor to protect the component and limit the current [27].

	Resistors (220Ω)
	[image: ]
	Resistors were used throughout the circuit in order to protect the components and limit the current. 



[bookmark: _Toc196481723]3.2 Traffic Light System Logic 

In order to create a flowchart for the task traffic light system, a list of requirements was created before writing the software with consideration given to the process of the changing lights. 
· Cycle begins at 0 seconds and ends at 40 seconds in a loop
· Traffic lights change every 10 seconds
· Final 10 seconds are configured for pedestrian crossing phase
A simple design of the T-junction and placement of the components and numbering of traffic lights was created before programming the system and simulating in Proteus (Fig. 3.0). The design was based upon the task description and image provided (Fig. 1.0).
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Figure 3.0: A simple plan of the circuit design for the Traffic Light T-junction simulation
[bookmark: _Toc196481724]3.2.1 Logic & Sequence

Due to the significance of pedestrian safety, it was decided that the system logic would incorporate 6 different states in the code, as seen in Table 2.0. This was to account for the second before the traffic lights all change from Amber -> Red at 30 seconds, to enhance safety at the pedestrian crossing phase, and at 40 seconds when the loop of the traffic light sequence is about to restart. State 5 is the pedestrian crossing phase. 
As a design choice, it was decided to remove 1 second from the required 10 seconds for the pedestrian crossing phase. This was due to the fact that within State 3 of the system cycle, one set of traffic lights was on the Green LED sequence and it was considered unsafe for both drivers and pedestrians to have a sequence from Green immediately to Red and then allow a crossing. Although this has reduced 1 second from the pedestrian crossing phase, it was considered a safety feature, which was a priority within the assignment brief. Given that many accidents still occur in the UK at pedestrian crossings and particularly at T, Y or staggered junctions [20], this was considered a justified alteration. 

	State
	Time (seconds)
	Traffic Light LED Sequence
	Pedestrian LED Sequence

	1
	0 - 9
	Traffic Light Set 1: Green
Traffic Light Set 2: Amber
Traffic Light Set 3: Red
	Red ON
Green OFF

	2
	10 – 19
	Traffic Light Set 1: Amber
Traffic Light Set 2: Red
Traffic Light Set 3: Green
	Red ON
Green OFF

	3
	20 – 29
	Traffic Light Set 1: Red
Traffic Light Set 2: Green
Traffic Light Set 3: Amber
	Red ON
Green OFF

	4
	30
	Traffic Light Set 1: Amber
Traffic Light Set 2: Amber
Traffic Light Set 3: Amber
	Red ON
Green OFF

	5
	31 – 39
	Traffic Light Set 1: Red
Traffic Light Set 2: Red
Traffic Light Set 3: Red
	Red OFF
Green ON

	6
	40
	Traffic Light Set 1: Red
Traffic Light Set 2: Red
Traffic Light Set 3: Red
	Red ON
Green OFF


Table 2.0: Sequence of LED traffic lights and Pedestrian Crossing LEDs within one cycle loop

[bookmark: _Toc196481725]3.2.2 Flowchart

Before programming the traffic light system in Proteus, a flowchart was created to display the logic planned for the system, as seen in Fig. 4.0. Due to the number of I/O pins on the PIC16F877A microcontroller, all 4 ports were utilised in the circuit. 
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Figure 4.0: Flowchart showing the process of the Traffic Light System to be programmed in Proteus

[bookmark: _GoBack]In order to display the correct characters on the 7-Segment Displays to count to 40 seconds, the sequence of 0 - 9 in hex for a common anode display was configured, as in Table 3.0. Furthermore, the LED lights for both the 3 sets of traffic lights and the 3 sets of pedestrian crossing lights were assigned to pins on the PIC16F877A microcontroller. This information then allowed the sequence of HIGH and LOW output on the programmed states to display the correct LEDs at the correct time, as displayed within Table 2.0. 

	Number
	Hex
	Number
	Hex

	0
	0xC0
	5
	0x92

	1
	0xF9
	6
	0x82

	3
	0xA4
	7
	0xF8

	4
	0xB0
	8
	0x80

	4
	0x99
	9
	0x90


Table 3.0: Common Anode Configuration of Hex Numbers for use in 7-Segment Displays

[bookmark: _Toc196481726]4.0 Software Listings & Simulation

Using the logic and design from previous sections of this report, the Traffic Light System program for a T-junction was implemented in embedded C using Proteus Design Suite. The header file 16F877A.h was required to run the simulation in Proteus. 
[bookmark: _Toc196481727]4.1 Software Listings

The following screenshots display the code written in the main.c file in Proteus to enable the simulation:
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Figure 5.0: Screenshot of the code used in the T-junction traffic light simulation – setting up variables
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Figure 5.1: Screenshot of the code used in the T-junction traffic light simulation – 6 states to be used in main function and initialising ports


[image: ]











Figure. 5.2: Screenshot of the code used in the T-junction traffic light simulation – main function
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Figure 5.3: Screenshot of the code used in the T-junction traffic light simulation – main function and end of code

[bookmark: _Toc196481728]4.2 Simulation

The following screenshots demonstrate the simulation of the circuit at specific timings. The logic of the code is split into 6 states, as referenced in Table 2.0.
[bookmark: _Toc196481729]4.2.1. State 1

State 1 (Fig. 6.0.) demonstrates the first sequence of traffic light LEDs and the Red Pedestrian Crossing LED ON. This state is timed on the 7-segment displays from 0 – 9. 
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Figure 6.0: Screenshot of working simulation in Proteus – State 1
[bookmark: _Toc196481730]4.2.2. State 2

State 2 (Fig. 6.1.) demonstrates the second sequence of traffic light LEDs and the Red Pedestrian Crossing LED ON. This state is timed on the 7-segment displays from 10 – 19.
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Figure 6.1: Screenshot of working simulation in Proteus – State 2

[bookmark: _Toc196481731]4.2.3. State 3

State 3 (Fig. 6.2.) demonstrates the third sequence of traffic light LEDs and the Red Pedestrian Crossing LED ON. This state is timed on the 7-segment displays from 20 – 29.
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Figure 6.2: Screenshot of working simulation in Proteus – State 3

[bookmark: _Toc196481732]4.2.4. State 4

State 4 (Fig. 6.3.) demonstrates the fourth sequence of traffic light LEDs and the Red Pedestrian Crossing LED ON. This state is timed on the 7-segment display for 1 second at 30. 
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Figure 6.3: Screenshot of working simulation in Proteus – State 4
[bookmark: _Toc196481733]4.2.5. State 5

State 5 (Fig. 6.4.) demonstrates the fifth sequence of traffic light LEDs and the Green Pedestrian Crossing LED ON. This state is timed on the 7-segment displays from 31 – 39.
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Figure 6.4: Screenshot of working simulation in Proteus – State 5: Pedestrian Crossing Phase

[bookmark: _Toc196481734]4.2.6. State 6

State 6 (Fig. 6.5.) demonstrates the last sequence of traffic light LEDs and the Red Pedestrian Crossing LED ON. This state is timed on the 7-segment display for 1 second at 40. 
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Figure 6.5: Screenshot of working simulation in Proteus – State 6


[bookmark: _Toc196481735]5.0 Testing and Results

Testing the circuit required several iterations and changes to the code to enhance simplicity and readability, whilst ensuring that the task requirements were met. The aim of testing was to ensure that the traffic light system was operating as required, including the accuracy of timing, the correct 7-segment displays, the correct pedestrian crossing LEDs and the correct traffic light sequences at precise timings. 
The following specific tests were carried out to ensure the correct operation of the system:
· Counting up as programmed on the 7-Segment Displays from 0 – 40 in 1 second increments 
· Correct traffic light LED sequences for each of the 6 programmed states
· Pedestrian crossing Red lights stay ON during traffic light phases
· Pedestrian crossing Green light stays ON during pedestrian crossing phase and all traffic lights RED. 
[bookmark: _Toc196481736]5.1 Test: Correct Traffic Light Sequences
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Figure 7.0: Screenshot of State 1/ Sequence of Traffic Lights - PASS
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Figure 7.1: Screenshot of State 2/ Sequence of Traffic Lights - PASS
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Figure 7.2: Screenshot of State 3/ Sequence of Traffic Lights - PASS

[bookmark: _Toc196481737]5.2. Test: Pedestrian Crossing Phase
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Figure 7.3: Screenshot of State 4/ Sequence of Traffic Lights – ALL Amber - PASS
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Figure 7.4: Screenshot of State 5/ Sequence of Traffic Lights – Pedestrian Crossing Phase – ALL Green/ ALL Traffic Lights Red - PASS

[bookmark: _Toc196481738]5.3. Test: Final Sequence before Traffic Light loop restarts
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Figure 7.5: Screenshot of State 6/ Sequence of Traffic Lights – Final second before sequence loop restarts ALL Red – PASS
The results from the testing after alterations to the code, demonstrated a working traffic light system at a T-junction which met the assignment requirements. The traffic light LEDs operated as expected and the timing was precise and in the correct sequence of lights. The pedestrian crossing phase confirmed the correct phasing of all traffic lights being red and all pedestrian crossing lights being green. 

[bookmark: _Toc196481739]6.0 Conclusion

To conclude, the aim of this task was to design and simulate a timed traffic light control system at a T-junction using Proteus, to ensure efficient traffic management whilst prioritising pedestrian safety [1]. Given that this report describes the process and successful implementation of a traffic light control system in alignment with the task requirements, it is believed that the project met the objective, despite minor changes made to the timing of the traffic light sequence in order to highlight pedestrian safety. 
Improvements with this project could include a working prototype built with components on a breadboard. This could include sensors to replicate a real-working example of a traffic light system in the UK [16]. Another improvement may include more concise code, and perhaps a sequence built with predominately hardware using Proteus Design Suite components. 
Further recommendations would include a more realistic timing cycle for the LED sequence given that the Red -> Amber -> Green sequence would be timed variably and not 10 seconds each, and to program the traffic light LEDs to display the Red and Amber LEDs together before the Green LED, as is implemented throughout the UK [13]. 
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main.c B

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

2 s

3 * Created:  Fri Mar 21 2025

4 * Processor: PICI6F877A

5 * Compiler: CCS for PIC

6 * Author: Rodina Macleod

7 %

8 #include <16F877A.h> // Header file for PICI6F877A

9 #use delay(clock=8000000) // Crystal Oscillator set to 8MHz

10

11 #define LED_1 Pin_BO // Set Pin B to LED 1 (GREEN) in the traffic Light component
12 #define LED_2 Pin_B1 // Set Pin BI to LED 2 (AMBER) in the traffic Light component
13 #define LED_3 Pin_B2 // Set Pin B2 to LED 3 (RED) in the traffic Light component
14 #define LED_4 Pin_BS // Set Pin B5 to LED 4 (GREEN) in the traffic Light component
15 #define LED_S Pin_B6 // Set Pin B6 to LED 5 (AMBER) in the traffic Light component
16 #define LED_6 Pin_B7 // Set Pin B7 to LED 6 (RED) in the traffic Light component
17 #define LED_7 Pin_A® // Set Pin A0 to LED 7 (RED) in the traffic Light component
18 #define LED_8 Pin_Al // Set Pin Al to LED 8 (AMBER) in the traffic Light component
19 #define LED_9 Pin_A2 // Set Pin A2 to LED 9 (GREEN) in the traffic Light component
20

21 #define LED_RED_1 Pin_B3 // Set Pin B3 to LED RED for pedestrian crossing

22 #define LED_GREEN_1 Pin_B4 // Set Pin B4 to LED GREEN for pedestrian crossing

23

2

25 unsigned int display[10] = {0xCO, OxF9, OxAd, OxBO, @x99, 0x92, 0x82, OXFS, Ox80, O0x90}; // Hex characters for 7-Segment Display in Common Anode
2

27

28 int Led_Pins[11] = {Pin_B@, Pin_B1, Pin_B2, Pin_B3, Pin_B4, Pin_BS, Pin_B6, Pin_B7, Pin_A@, Pin_Al, Pin_A2}; // Pins on PIC related to LEDs

-0
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main.c B
29

30 int state 1[11] = {1,6,0,1,0,0,1,0,1,0,0}; // ON, off, off, ON, off, off, ON, off, ON, off, off
31 int state 2[11] = {0,1,0,1,0,0,0,1,0,0,1};
32 int state 3[11] = {0,0,1,1,0,1,0,0,0,1,0};
33 int state_4[11] = {0,1,0,1,0,0,1,0,0,1,0};
34 int state 5[11] = {0,0,1,0,1,0,0,1,1,0,0};
35 int state_6[11] = {0,0,1,1,0,0,0,1,1,0,0};

36

37 void set_leds(int state[11]) // function to change traffic Light LED pins for each state
388 {

39 for (int i = 0; i< 115 i++) // for Loop for 11 pins on microcontroller
208 {

21 if (state[i]) // if statement to output state of Pins
22 output_high(Led_Pins[i]);

23 else

a4 output_low(Led_Pins[i]);

5 3

46 ) // end of function / sub-routine

47

48 int main (void) // main function

298 {

50 int i; // set variable i

51 set_tris_b(0x00); // set tris B to 0x00

52 output_b(0x@0); // set output B on PIC to 0x00

53 set_tris_c(0x00); // set tris C to 0x00

54 output_c(0x@0); // set output C on PIC to 0x00

55 set_tris_d(0x00); // set tris D to 0x00

56 output_d(0x@0); // set output D on PIC to 0x00

57 set_tris_a(0x00); // set tris A to 0x00

58 output_a(0xe0); // set output A on PIC to 0x00

59

.
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57
58
59

61
628
63
648
65
66
67
68
69
70
7
728
73
74
75
76
77
78
79
80
81
82
83

85
86

set_tris_a(0x00);
output_a(0x00);

// set
// set

while(1)
{
for (i =0; i< 10; i++)
{
// Case 1
output_d(xC0);
output_c(display[i]);
set_leds(state_1);
delay_ms(1000);
}
for (i =0; i< 10; i++)
{
// Case 2
output_d(xF9);
output_c(display[il);
set_leds(state_2);
delay_ms(1000);
}
for (i

{

0; 1< 10; i++)

// Case 3
output_d(0xA4);
output_c(display[i]);
set_leds(state_3);
delay_ms(1000);

tris A to 6x00
output A on PIC to 6x00

// while Loop to continue sequence

// for Loop count

// output D is set to 0

// output C begins count from
// LED sequence follows state
// 1 second delay

// for Loop count

// output D is set to 1

// output C begins count from
// LED sequence follows state
// 1 second delay

// for Loop count

// output D is set to 2

// output C begins count from
// LED sequence follows state
// 1 second delay

oxco
1 pattern

oxco
2 pattern

oxco
3 pattern
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84 set_leds(state_3); // LED sequence follows state 3 pattern
85 delay_ms(1000); // 1 second delay

86 3

87 for (i=0; i< 1; i++) // for Loop with only 1 count

88 {

89 // Case 4

90 output_d(0xB0); // output D is set to 3

91 output_c(display[i]); // output C begins count from @xC@

92 set_leds(state_4); // LED sequence follows state 4 pattern
93 delay_ms(1000); // 1 second delay

94 3

95 for (i=0; i< 9; i++)

968 {

97 // Case 5

98 output_d(0xB0); // output D is set to 3

99 output_c(display[i + 1]); // output C begins count from @xF9
100 set_leds(state_5); // LED sequence follows state 5 pattern
101 delay_ms(1000); // 1 second delay

102 3

103 for (i=0; i< 1; i++) // for Loop with only 1 count

1048 {

105 // Case &

106 output_d(x99) ; // output D is set to 4

107 output_c(display[i]); // output C begins count from @xC@

108 set_leds(state_6); // LED sequence follows state 6 pattern
109 delay_ms(1000); // 1 second delay

110 3

111 3

12}

113

114
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