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[bookmark: _Toc191973985]Introduction
[bookmark: _Toc191973986]Effective traffic management is essential to ensure the safety of pedestrians, vehicles, and surrounding infrastructure. Without proper control, traffic congestion and accidents can occur, leading to damage and inefficiencies in urban transportation. This report outlines the design and development of a traffic light system for a T-junction with a pedestrian crossing, utilising timed delays to maintain a smooth and controlled traffic flow. The system is designed to be a safe and reliable solution, leveraging the capabilities of the PIC18F8722 microcontroller within Proteus software to simulate a functional prototype.
The proposed system consists of three traffic lights, two LEDs, a pedestrian crossing button, and a 7-segment display for countdown timing. This report details the research conducted, the design and implementation process, testing procedures, and the results obtained during development.
Traffic lights 
[bookmark: _Toc191973987]The first recorded use of traffic lights dates back to 1868, when they were installed outside the Houses of Parliament in London. These early systems were modified versions of railway signals intended to regulate the increasing traffic in busy cities [1]. Over time, traffic light technology has evolved significantly, with modern systems now incorporating smart traffic control mechanisms, including IoT sensors, cameras, and cloud-based traffic management platforms [2].
Traditional traffic light systems are controlled via dedicated controllers, which are typically housed in roadside control cabinets. These cabinets contain essential components such as:
· A power panel for electrical distribution,
· A detector interface panel to connect loop and other sensors,
· Detector amplifiers for signal processing,
· A traffic light controller, and
· A conflict monitor unit for safety management [3].
Microcontrollers 
A microcontroller is a small, self-contained computer system integrated onto a single chip [4]. Unlike general-purpose computers, microcontrollers are designed to perform specific automated tasks, typically executing repetitive functions based on predefined input and output signals.
Microcontrollers consist of essential components such as:
· A microprocessor (CPU) for executing instructions,
· Memory for storing program code and data,
· Input and Output (I/O) interfaces to interact with external components,
· Timers and counters for event scheduling, and
· Communication protocols such as SPI, I2C, or UART for interfacing with sensors and peripherals.
A typical microcontroller-based system operates based on real-time inputs and triggers appropriate responses. For instance, if a temperature sensor detects a threshold breach, the microcontroller can activate a cooling fan or issue an alert.
A simple block diagram of a generic microcontroller architecture is illustrated in Figure 1. However, the exact configuration varies depending on the specific microcontroller used.
[image: ]
[bookmark: _Ref191974833]Figure 1, Microcontroller block diagram
Microcontrollers are used in many applications. Any electronic device containing a sensor, display or programable output control is likely to have MCU fitted [4]. 
[bookmark: _Toc191973988]Circuit design 
The design of the circuit and why the following components were picked, seen in Figure 2.
· PIC18F8722
· 7SEG-MPX2-CA
· 3 x traffic lights
· Red LED and Green LED
· Button
[image: ]
[bookmark: _Toc191636482][bookmark: _Ref192664467]Figure 2, traffic light circuit
[bookmark: _Toc191973989]PIC
When deciding on the correct PIC, this one was picked because it is a high performing 8-bit microcontroller from Microchip. It has plenty of I/0 pins to choose from, (eighty) [5]. The traffic lights needed 9 pins, the 7-segment display needed eight pins for data and two for digit control, the LEDs needed two pins and the button needed one. This PIC has multiple 16-bit timers that makes the millisecond delays more precise.  The project is running at 20MHz providing fast execution of condition checks ensuring the button press works without lag. If this was applied practically and open to the elements this PIC can withstand harsh environments. For this some what simple application, this PIC may have been a bit over kill but it leaves options for future adaptions and improvements. A picture of it if used in a practical circuit is show in Figure 3.
[image: ]
[bookmark: _Ref191634233][bookmark: _Toc191636483]Figure 3, PIC18F8722
[bookmark: _Toc191973990]7 Segment display 
This display was chosen as it displays both tens and ones on the one unit saving pins and a cleaner viewing experience. The 7SEG-MPX2-CA, shown in Figure 4, is a common anode meaning it requires a LOW 
signal (0V) on the segment pin. This display is used to demonstrate the countdown from 40 – 0. The count down on this display seems smooth to naked eye but due to the Multiplexing switching between the digits (500Hz) it is in fact only showing one digit at a time but switching very rapidly. The PIC can efficiently drive this two-digit display and only requires 10 pins in total, appose to using two induvial displays and needing 14.
[image: ]
[bookmark: _Ref191634266][bookmark: _Toc191636484]Figure 4, 7 segment display
The code to work out the display was constructed from converting binary to HEX using the chart in Figure 5 [6].
[image: ]
[bookmark: _Ref191899287][bookmark: _Ref192664670]Figure 5, Hex to decimal chart [6]
[bookmark: _Toc191973991]LEDS and traffic lights 
Three traffic lights and been inputted to create a more “realistic” look like in Figure 6 while two more LEDs are added to demonstrate when the pedestrians can cross the road. The lights cycle through red to green on all three of the traffic lights, then all go to red when the pedestrian light is green the pedestrian light is red while the traffic lights are cycling through. The whole system runs through a countdown of 40 seconds, 10 seconds for each traffic light and the last 10 seconds for the pedestrian crossing. The main loop of the code continually updates the system based on the elapsed seconds in the countdown, the function checks which light should be on based on the current second.  

[image: ]
[bookmark: _Ref191634287][bookmark: _Toc191636485][bookmark: _Ref191634341][bookmark: _Toc191636486]Figure 6, Traffic lights
[bookmark: _Toc191973992]Button
The button has been added to the circuit to simulate the button in Figure 7, which triggers a pedestrian sequence when pressed. If the button is pressed it stops normal operation and enters the pedestrian mode for 5 seconds before returning to the normal 40 seconds sequence. The button is active LOW so reads 0V when pressed. To avoid false triggers there’s a 50ms delay. When pressed there is a 2 second delay before turning all the traffic lights to red and turn the pedestrian green LED [image: ]on for 5 seconds.
[bookmark: _Ref192664807]Figure 7, Pedestrian button
[bookmark: _Toc191973993]Flowchart, system operation
[image: ]
[bookmark: _Ref191636373][bookmark: _Toc191636487]Figure 8, flow chart of code
[bookmark: _Toc191973994]Flowchart Steps
These are the steps taken in flow chart in Figure 8 
· Start
· Initialize Ports (Set up traffic lights, 7-segment display, and LEDs)
· Loop (Forever)
· For countdown from 40 to 1:
· Check if the button is pressed?
· If Yes → Trigger Emergency Sequence, restart countdown.
· If No → Continue.
· Update Traffic Lights based on the current second.
· Update LEDs:
· LED_D1 ON for first 30 seconds.
· LED_D2 ON for last 10 seconds.
· Update 7-segment display to show countdown.
· Loop repeats until countdown reaches 1, then restarts from 40.

[bookmark: _Toc191973995]Software
The code used for this simulation was in the C coding langue, using the Microchip “getting started with C-Code for PIC” data sheet for reference [7], compiled within CCS and simulated on proteus. Unlike C programming for computers, embedded systems interact directly with hardware using #include which directly loads the Pic specific library. #use delay(clock=20000000) sets the clock speed to 20MHz. The traffic lights are controlled by the #define statements, which assign microcontroller pins to each light using ‘set_traffic_light()’. The 7 segment display cycles rapidly between two digits to display the countdown. The cycles are so quick they cannot be spotted by the naked eye, the code for this is under ‘void multiplex_display(int number)’. The Button is connected to ‘PIN_C5’ and seen in the code, ‘if(input(BUTTON_PIN))’, if the button is pressed it waits two seconds then turns all traffic lights to red and lights up the green pedestrian LED for 5 seconds, then resets the countdown. The countdown is in a while loop inside the main(). The loop will run in defiantly, when the countdown reaches one it restarts at 40. If the button is pressed it pauses the cycle for five seconds then restarts from 40. All code can be found in the Appendix.

	Time (seconds) 
	   Active Traffic Light
	Light Colour

	0 - 9
	  Traffic Light 1
	   Green (except for first sec: red/amber)

	10 - 19
	  Traffic Light 2
	  Green (except for first sec: red/amber)

	20 - 29
	  Traffic Light 3
	  Green (except for first sec: red/amber)

	30 - 39
	  All traffic Lights
	  Red


[bookmark: _Toc191973996]Details of testing, simulated outputs
Using proteus to simulate the system I connected the 7-segment display, button, traffic lights and LED’s to the PIC to test the hardware behaviour. Predicted outputs are shown in Table 1. 
	Test
	Expected result
	How to validate

	System start
	Countdown begins (40seconds). Traffic light one moves from red to green. (pedestrian crossing is red)
	Check 7 segment display is displaying correct time

	At 10 seconds
	Traffic light two moves from red to green
	Check correct pins are activated 

	At 20 seconds
	Traffic light tree moves from red to green, (traffic light one goes back to red)
	Ensure state transitions in simulation

	At 30 seconds 
	All traffic lights go red, reen LED for pedestrian crossing illuminates. 
	Check LED state changes 

	When button is pressed
	Pedestrian mode triggers
	Ensure all traffic lights change to red. Green pedestrian LED illuminates.


[bookmark: _Ref191891387][bookmark: _Toc191894797]Table 1, Simulation test
It is always important to remember that simulation on Proteus may show up different results to hardware, real world imperfections like component tolerances and power supply fluctuations. Shown in Table 2. Another issue maybe that the debounce on the button could behave differently to hardware, proteus is more likely to instantly trigger. Having the system built in proteus allows for easier debugging, there will be no issue with bad soldering or faulty parts causing issues. For example, an LED will always turn on in proteus, while using hardware a weak resistor or loose connection may cause the LED to flicker or not turn on. 
	Factor
	Proteus simulation
	Hardware

	Quick prototyping
	Great foe testing logic and design
	Requires physical setup

	Debugging
	Step by step simulation tools
	Harder to troubleshoot issues

	Accuracy
	Limited by ideal conditions 
	Includes real-world imperfections

	Time precision
	May not match real clock speeds
	Shows real-world timing 

	Competent Flexibility
	Limited by software library 
	Can use any physical component 

	Cost
	Free or low-cost
	Expensive 


[bookmark: _Toc191894798]Table 2, proteus vs hardware
[bookmark: _Toc191973997]Results
Simulations were carried out in Proteus to evaluate the performance of the traffic light system before practical implementation. The expected and actual outcomes were analysed as follows
[bookmark: _Toc191973998]Expected outcomes
1. Traffic light system should cycle every 40 seconds as designed. 
2. [bookmark: _Ref192664447]The 7-segment display should show a countdown from 40 to 1 correctly. 
3. The button press should trigger the pedestrian mode, pausing traffic flow.
4. LED indicators and traffic lights should illuminate at the correct time 

[bookmark: _Toc191973999]Actual outcomes 
1. Traffic light Cycle operated as expected, the traffic lights switched correctly every 10 seconds for each phase, maintaining the 40 second cycle.
2. 7 segment display, counts down correctly, except it freezes on the current value when the pedestrian button is pressed. This display update is interrupted when the button is pressed triggering the pedestrian mode. 
3. The button response, triggers the pedestrian mode. It works as expected, but the display freezes on the last count down value. There may be a de bounce issue meaning requiring a longer button press to activate.
4. Traffic lights and LED timing. Lights illuminate at the correct time responding to the system conditions correctly.
5. Cycle reset, restarts correctly at the end of the 40 second cycle or after the button is pressed.

[bookmark: _Toc191974000]Conclusion and recommendations on future work 
[bookmark: _Toc191974001]The circuit demonstrated the expected functionality, ensuring the traffic lights cycled correctly within the designated 40-second period. The LEDs and 7-segment display operated as intended, with the countdown visibly decrementing from 40 to 1. Additionally, the pedestrian button effectively triggered the pedestrian crossing mode, pausing vehicle traffic when activated.
However, some issues were identified during testing. The 7-segment display freezes when the pedestrian button is pressed, likely due to the use of blocking delays within the pedestrian sequence function. Additionally, the button requires a long press (approximately 1 second) to register, which may indicate inefficiencies in the debounce handling mechanism. Despite these minor challenges, the system correctly resets and continues its cycle after the pedestrian mode is completed, ensuring overall functionality is maintained.
[bookmark: _GoBack]Improvements in real-time responsiveness and non-blocking execution would enhance the system's reliability, making it more practical for real-world deployment.
Future improvements 
To address the identified issues and enhance system performance, the following improvements are recommended.
[bookmark: _Toc191974002]Button press improvements
Replace blocking delays (delay_ms()) in the pedestrian sequence with a timer-based approach to ensure the countdown display continues updating during pedestrian mode activation. Implement interrupt-driven button detection instead of the current polling method to allow for instant responsiveness without requiring a prolonged press. Ensure that the display refresh rate remains stable even during pedestrian mode by optimizing the multiplexing timing and reducing interruptions. Additional features like a noise or flashing LED when the pedestrian mode is activated could also improve the system.
[bookmark: _Toc191974003]Adding sensors
Adding an ADC (analogue to digital converter) with IR (infer red) sensors, will allow for traffic or pedestrian sensors to be added to the system. Allowing for a smoother flow of traffic by adjusting light timings. This has not been used in this code but there is an option for sensors to be added to the circuit when future upgrades are made. 
[bookmark: _Toc191974004]Smaller PIC
Using a smaller PIC like the PIC16F877A would mean a lower cost and smaller in size. If this project was to be physically made with hardware constructing something cheaper and smaller is always the best option.  
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#include <1878722.h>
#device ad
#fuses HS, NOWDT, NOPROTECT, NOLVP
#use delay(clock-20000000)

// Traffic Light pins

// Traffic Light 1
#define LIGHTL RED  PIN A0
#define LIGHTI AMBER PIN AL
#define LIGHTI GREEN PIN A2

// Traffic Light 2
#define LIGHT2 RED  PIN B0
#define LIGHT2_AMBER PIN B1
#define LIGHT2_GREEN PIN B2

/7 Traffic Light 3
#define LIGHT3 RED  PIN_CO
#define LIGHT3_AMBER PIN C1
#define LIGHT3_GREEN PIN C2

// 7-Segnent Display
// Seven-segment data is on Port E.

const unsigned char seg_digits[1e] = {
oxco, // 0:
oxFo, // 1:
oxas, // 2
oxso, // 3
oxo9, // 4
ox92, // 5
ox82, // 6
oxFs, // 7
oxso, // 8
oxo0 // 9

i

// bigit Control Pin Definitions (for 7-seg display)

#define TENS_CTRL  PINF1 // Tens digit (left)
#define ONES_CTRL PIN_FO // Ones digit (right)
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48 // LED on DI Lights when the traffic Light sequence is running (first 30 sec).
49 // LED on D2 Lights during the Last 10 sec-and during an emergency.
50 #define LED DI PIN_DL

51 #define LED D2 PIN D2

52

53 // Button Pin

54 #define BUTTON PIN PIN.CS // Button connected here

55

56 // Functions

57

58 void initialize_ports(void);

59 void set_traffic_light(int light, int red, int amber, int green);
60 void update_lights(int sec);

61 void multiplex_display(int number);

62 int check_button(void);

63 void emergency_sequence(void);

4
65 // initialise_ports
66
67 Elvoid initialize_ports(void) {
68 // Traffic Light Ports:
& Set_tris_a(0xFB); // Port A: A0-A2 as outputs.
7 set_tris_b(0xFB); // Port B: B0-52 as outputs.
7 Set_tris_c(0xF8); // Port C: CO-C2 as outputs; others as inputs.
7 77 (C5 renains input for the button)
7
74 // 7-Segnent Data on Port £
75 Set_tris_e(ox90);
7
77 // Digit control on Port F: Lower 2 bits as outputs.
75 Set_tris_f(oxFC);
// Additional LEDs on Port D: Set all Port D as outputs.
51 Set_tris_d(ex00);
52
8  // Initialise traffic Lights to red.
5 Set_traffic_light(1, 1, 0, 0);
85 settraffic_light(2, 1, 0, 0);
6 settraffic_light(3, 1, 0, 0);
57
8 // Disable both display digits initially
59 output_high(TENS_CTRL);
s0 output_high(ONES_CTRL);
51
9 // Turn off both LEDs initially.

o output_low(LED_D1);
output_low(LED_D2)

3
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87 // set_traffic_Light
98 // A value of 1 turns the LED on; 0 turns it off.

3

100 Elvoid set_traffic_light(int light, int red, int amber, int green) {
101E  switch(light) {

102 case 1:
103 output_bit(LIGHTI RED,  red);

104 output_bit(LIGHTI_AMBER, amber);

105 output_bit(LIGHTI_GREEN, green);

106 breat

w7 ase2d
108 output_bit(LIGHT2 RED, red);

109 output_bit(LIGHT2_AMBER, amber);

110 output_bit(LIGHT2_GREEN, green);

1m break;

12 case 3:

13 output_bit(LIGHT3 RED, red);

14 output_bit(LIGHT3_AMBER, amber);

1s output_bit(LIGHT3_GREEN, green);

116 break;

17 3

1us 3

119

120 // update_Lights based on the current second (6-39) of the 40-second cycle.
121 /7 (When the cycle enters the last 10 seconds, sec>=30, all Lights are red.)
122

123 Elvoid update_lights(int sec) {

122 // Traffic Light 1 active during seconds 6-9.

15H  if(sec >= 0 8 sec < 10) {

126 1#(sec < 1)
127 set_traffic_Light(1, 1, 1, 0); // redsamber for first second

128 else

120 set_traffic_ight(1, 0, 0, 1);  // green otherwise

130 } else {

131 set_traffic_light(1, 1, 0, 0); 1/ red when inactive

132 3

133

134 // Traffic Light 2 active during seconds 10-15.

1358 if(sec >= 10 88 sec < 20) {

136 #(sec < 11)

137 set_traffic_Light(2, 1, 1, 0);  // red+amber for first second of its phase
138 else

139 set_traffic_Light(2, 0, 0, 1);  // green otherwise

140 } else {

141 set_traffic_light(2, 1, 0, 0); 1/ red when inactive

142 1
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143
144 // Traffic Light 3 active during seconds 20-29.

145E  if(sec >= 20 88 sec < 30) {

146 #(sec < 21)

147 set_traffic_Light(3, 1, 1, 0);  // red+amber for first second of its phase
148 else

149 set_traffic_Light(3, 0, 0, 1);  // green otherwise

150 } else {

151 set_traffic_light(3, 1, 0, 0); 7/ red when inactive

152 3

153 )

150

155

156 // mltiplex display

157 7/

158 // Displays a two-digit number (0-40) on the 7-segment display by rapidly multiplexing between digits.
159 // write to Port E.

160
161 Elvoid multiplex_display(int number) {

162 int tens = number / 10;

163 int ones = number % 10;

164 int 1

165E  For(i=0; i< 250; i+h) {

166 // -~ Update tens digit (Left) ---

167 output_low(TENS CTRL);  // Enable tens digit

168 output_high(ONES_CTRL);  // Disable ones digit

169 output_e(seg_digits[tens] | @x80); // Force bit7 high (0P off)
170 delay_ms(2);

71

172 // ~-- Update ones digit (right) ---

173 output_low(ONES_CTRL);  // Enable ones digit

172 output_high(TENS CTRL);  // Disable tens digit

175 output_e(seg_digits[ones] | @x80); // Force bit7 high (0P off)
176 delay_ms(2);

177 3

s}

179

180

181 // check_button
182 // Polls the button on BUTTON PIN. Returns 1 if the button is pressed after a brief debounce delay, otherwise returns 0.
183

184 Hlint check button(void) {

185E  if(input(BUTTON PTN)) { /7 Button is active Low
186 delay_ms(50); 7/ Debounce delay
1876 1F(input (BUTTON_PIN)) {

188 return 1;

189 }
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101 return o
192 3}
103
194 // pedestrian sequence
195 //
196 // Inplenents the pedestrian sequence: waits 2 seconds, then sets all traffic Lights to red, turns on LED D2 (with LED DI off) for 5 seconds, then returns control to the normal countdown Loop.
197
198 Elvoid emergency_sequence(void) {

199 // Wait 2 Seconds before initiating the pedestrian sequence.
200 delay_ms(2000);

201 /7 set all traffic Lights to red.

202 set_traffic_light(1, 1, 0, 0);

203 set_traffic_light(2, 1, 0, 0);

204 set_traffic_light(3, 1, 0, 0);

205 /7 Turn off LED D1 and turn on LED D2.

206 output_low(LED_D1);

207 output_high(LED_D2);

208 // Hold emergency state for 5 seconds.

209 delay_ms(5000) ;

210 // ReSet LED D2 off; LED D1 will be controlled by the normal sequence.
a output_low(LED_D2);

FIT

23

214

215 // main

216 // Runs a countdown from 40 to 1. For each second, the traffic Lights are updated based on a 40-second cycle and the display is refreshed to show the current countdown value.
217
218 Elvoid main(void) {

219 int countdown;
220 int elapsed;

221 initialize_ports();

222

223E  while(TRUE) {

208 for(countdown = 40; countdown >= 1; countdown--) {

7/ Tf the button is pressed, run the emergency sequence and restart the cycle.
i¥(check_button()) {

emergency_sequence();

break; // Break out of the for-Loop to restart countdown from 40.

¥

elapsed = (42 - countdown) % 40;

// Update traffic Lights.
update_lights(elapsed);
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// Refresh the 7-segment display for one second showing the countdown.
multiplex_display(countdown) ;
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