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[bookmark: _Toc227069331]Introduction
This project aims to simulate a traffic light control system for a T-junction that operates with precise timing intervals. It also aims to regulate traffic flow effectively by implementing time-based signal changes, providing a reliable and efficient traffic management solution while prioritising safety.
This report focuses on the research and development of the traffic light control system, including the logic, operation and testing.

[bookmark: _Toc227069332]Background Research
Traffic lights are used at junctions to ensure efficient and safe traffic flow by reasonably allocating time for each direction [1]. Efficient traffic light control can shorten waiting times for vehicles and pedestrians, reducing dangerous behaviours such as rushing or cutting in line, which are often caused by impatience or frustration. [1]. 
There are different ways traffic lights operate; the most common solution is fixed-time systems. They operate on time intervals which are determined by the junction’s historical traffic data, for example, 30s for red, 40s for green and 3s for yellow – this creates a fixed rhythm that helps traffic participants form predictable expectations [1]. Shorter durations are often used for busier intersections to prevent traffic on one side from staying stationary for too long and causing congestion [2]. Traffic signal retiming is one of the most cost-effective ways to improve traffic flow and mitigate congestion. This also helps to minimise the economic and environmental impact [3].
Traffic signals operate on a set sequence and timing activated by load switches located inside local cabinets – these controllers inside cabinets are used to program the timing plans and sequences for the traffic phases [3].
Dynamic systems are designed to adapt their timing to the current traffic situations, often by using preinstalled sensors that communicate with the traffic control system when they detect changes in traffic conditions [2]. These systems aren’t used everywhere as the sensors are costly to install and maintain; they are usually used for busier streets and cities [2].
Traffic lights in intelligent transportation systems can be linked with surveillance cameras, vehicle navigation systems, and other devices. By analysing this traffic data, the signal timing can be adjusted dynamically [1].
Some traffic light systems use signal countdown timers (SCTs). A study found that the green SCT reduced the number of red-light running events in the short term, but not in the long term, because such systems lead to a higher risk of rear-end collisions as they cause drivers to accelerate and brake suddenly [4]. However, the implementation of red SCTs notably enhanced driver responsiveness and junction throughput by reducing the lead vehicles' headway and compensating for time deficits upon acceleration [4].
[image: ]In the UK, traffic lights follow a specific sequence (as shown in Figure 1).



[bookmark: _Toc227069345]Figure 1: UK Traffic Light Sequence [14]





To elaborate further on the various components involved in traffic light control systems, Pujithsai [5] suggests an ultrasonic sensor and microcontroller-based system, with the key point being the allocation of green and red light durations based on current traffic density. Another method proposes a device that can estimate traffic density by using infrared sensors on either side of the road [6]. An intelligent traffic control system that can maintain the dynamic timings of signals by sensing the density of traffic to minimise congestion by using Internet of Things (IoT) enabled sensors that provide advanced communication technologies [6], [7].
Regarding pedestrian crossings, the simplest ones are a single set of traffic lights that halt traffic after pressing the button [8]. Complex road junctions in city centres with multiple sets of traffic lights are often interlinked and managed by elaborate software designed to optimise traffic flow. Pedestrian crossings in these settings allow those on foot to cross while the traffic-light sequence is allowing cars in other directions to proceed – the pedestrian light switches periodically in the sequence until people on foot interrupt the sequence order by pressing the button [8]. In some urban areas, pedestrian buttons are disconnected, and the lights turn on as part of the sequence. Push buttons reduce the efficiency of walking, and the manual activation means that pedestrians may need to wait through additional cycles to cross [9]. In some cases, this makes the pedestrian impatient and causes them to cross while traffic is active. In turn, reducing pedestrian safety – a conclusion to this is discontinuing manual pedestrian detection, and pedestrians should automatically receive a green light if a parallel stream of traffic has, or the pedestrian should be detected automatically [9].
The chosen traffic light control system for the T-junction example is a fixed-time, pattern-based design implemented on a PIC microcontroller to meet the specified system requirements. This is to ensure the safety of cars and pedestrians, as well as ease of implementation and the lack of some costly sensors.







[bookmark: _Toc227069333]Circuit Design
Three traffic signal lights are installed on each side of the T-junction for comprehensive traffic management. A 40-second countdown is centred on the schematic, but a 10-second countdown is displayed on 7-segment displays for the red lights, based on background research. Displaying 40-second countdowns to drivers at each entrance to the junction may confuse them, thereby reducing the junction's safety. Traffic direction is switched every 10 seconds to maintain predictable, smooth traffic flow, with the final 10 seconds reserved for pedestrians to cross. During this phase, the traffic lights for all directions are red to ensure pedestrian safety.
[bookmark: _Toc227069334][image: ]Flowchart











[bookmark: _Toc227069346]Figure 2: System Flowchart
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[image: ]









[bookmark: _Toc227069347]Figure 3: System Block Diagram

[bookmark: _Toc227069336]Component Selection
	Part Number
	Description
	Availability
	Price
	Quantity

	PIC16F877A
	14KB 4V~5.5V PIC 20MHz 33 TQFP-44(10x10) Microcontroller Units (MCUs/MPUs/SOCs) ROHS
	Approx. 1500
	£5.72
	1

	PCF8575
	Active io expander 5.5V 7.8mm 400kHz 10mA 25mA
	Approx. 1400
	£2.64
	1

	LDD-HTC514RI
	2-DIGIT 7-SEGMENT LED DISPLAY
	Approx. 2500
	£1.65
	7

	NSS40201LT1G
	NPN BIPOLAR TRANSISTOR, 2 A, 40 V, 3-PIN SOT-23
	Approx. 12000
	£0.395
	3

	VLMTG1500-GS08
	Chipled (0402) Truegreen Ultrabright -E4
	Approx. 175000
	£0.171
	7

	VLMY1501-GS08
	Single Color LED, Yellow, 1mm
	Approx. 9000
	£0.315
	3

	VLMS1500-GS08
	LED Uni-Color Super Red 639nm 2-Pin Chip 0402
	Approx. 150000
	£0.132
	6

	ANY
	1nF, >10V, X7R, 10%, 0603
	Abundance
	£0.08
	2

	LFXTAL017146
	Crystal 20MHz ±30ppm (Tol) ±50ppm (Stability) 30pF FUND 40Ohm 2-Pin HC-49/4H SMX SMD T/R
	Approx. 3000
	£0.136
	1

	ANY
	220R, 0603, 5%, Thick Film
	Abundance
	£0.004
	40

	ANY
	10kR, 0603, 5%, Thick Film
	Abundance
	£0.007
	2

	ANY
	4.7kR, 0603, 5%, Thick Film
	Abundance
	£0.08
	2

	ANY
	1kR, 0603, 5%, Thick Film
	Abundance
	£0.007
	1

	1571563-2
	Switch Tactile OFF (ON) SPST Round Button Gull Wing 0.05A 24VDC 0.7N SMD T/R
	Approx. 20000
	£0.13
	3

	SN74AHC1G08QDCKRQ1
	Automotive, single 2-input 2V to 5.5V AND gate 5-SC70 -40 to 125
	Approx. 3000
	£0.24
	3

	NL27WZ14DFT2G-Q
	DUAL INVERTER WITH SCHMITT TRIGGER
	Approx. 2000
	£0.07
	3

	TOTAL (FOR 1 PROOF OF CONCEPT PROTOTYPE)
	£26.05
	


[bookmark: _Toc227069348]Figure 4: Bill of Materials
[image: ]A PIC microcontroller was specified for this system, and the PIC16F877A was chosen for its ready availability. An I/O expander was needed for the 10s countdown displays because there weren’t enough pins available on the master microcontroller. PCF8575 is the 16-bit version of the PCF8574 I/O expander, and this was selected due to its use in lecture examples [10], reducing integration risks. PCF8575 was available from different manufacturers (Texas Instruments and Nexperia), but Texas Instruments is currently preferred due to supply chain issues and long lead times for Nexperia parts. This is also the case with the NPN transistor.
The 2-digit 7-segment displays were selected to appear more presentable and save space on the prototype. Ultra-bright LEDs were selected to maintain brightness, as 2 to 3 LEDs are attached to each pin on the microcontroller.
The crystal and capacitors were selected because they are recommended in the PIC16F877A datasheet for the oscillator configurations (Figure 5). This is the same case for the MCLR configuration in Figure 6 [11].[bookmark: _Toc227069349]Figure 5: XT Oscillator Configuration [11]

[image: ]All 220Ω resistors limit the current to all LEDs and segments in the 7-segment displays. 
The logic gates were selected from research to reduce the pin usage of the traffic LEDs from 9 pins to 6 pins [12]. Three AND gates and six NOT gates were used – dual inverters were selected to reduce the space taken up on the prototype PCB. 
A cheaper button was selected because it is not used in the current system. It is connected to the PIC for future developments, with a pull-down resistor to ensure the input is 0 until the button is pressed. [bookmark: _Toc227069350]Figure 6: Recommended MCLR Circuit [11]


Finally, 4.7kΩ pull-up resistors are on the SDA and SCL lines as required in the PCF8575 datasheet – these must be directly tied to VCC [13].
All components have been selected with cost and space in mind, but with quantities low, the overall price is higher.
[bookmark: _Toc227069337][image: ]Schematic Diagram[bookmark: _Toc227069351]Figure 7: Schematic Diagram

[image: ]For the most part, the schematic layout follows Numatic’s Schematic Editing Rules to maintain professionalism and uniformity within an organisation. But for this scenario, a pictorial representation of the system was created to accurately illustrate its operation during simulation. 
In ‘real-life’, current-limiting resistors would be added to the logic circuit for the LEDs (Figure 8), but the simulation was not operating correctly with the resistors connected, so they were disconnected during testing.  
As previously mentioned, to save pins on the PIC, logical AND and NOT gates were used. The truth table is in Figure 9, and this sequence follows the UK traffic lights [14].
	A
	B
	R
	Y
	G

	0
	0
	1
	0
	0

	0
	1
	1
	1
	0

	1
	0
	0
	0
	1

	1
	1
	0
	1
	0


[bookmark: _Toc227069352]Figure 9: Truth Table[bookmark: _Toc227069353]Figure 8: Traffic Light Logic Circuit

An LED was added to pin E0 to show if the I2C communication had been acknowledged. 
NPN transistors were used to select which 10-second countdown timer to turn on at a specific time.
[bookmark: _Toc227069338]Software Implementation
The software for this system is shown in Appendix 1, where each line is commented to explain its operation.
[image: ]For PORTA, the PIC16F877A datasheet was consulted, as it does not have 8 pins, so the hex values could be worked out. [bookmark: _Toc227069354]Figure 10: PORTA Bit Configuration [11]

For loops were used for the green phase of each traffic light and pedestrian crossing. Delays were used to maintain timing between phases and the countdown; they were temporarily adjusted for simulation testing because the laptop was running slowly due to its CPU limitations.
[bookmark: _Toc227069339]Simulation & Testing
[image: ]Some stages of the simulation are shown in Figures 11 – 14, and a sped-up screen recording is available in Figure 15.[bookmark: _Toc227069355]Figure 11: Simulation Stage 1

[image: ][image: ][bookmark: _Toc227069356]Figure 12: Simulation Stage 2
[bookmark: _Toc227069357]Figure 13: Simulation Stage 3


[image: ][bookmark: _Toc227069358]Figure 14: Simulation Stage 4

[bookmark: _Toc227069359]Figure 15: Simulation Recording
[image: ][image: ]The code is not optimised, so the 7-segment displays lit up the wrong segments before the x1 countdown stage. The true cause is unknown, as the code has been revisited to verify that all the correct hex values are used for the displays.




[bookmark: _Toc227069360]Figure 16: Wrong Segments 1
[bookmark: _Toc227069361]Figure 17: Wrong Segments 2


All traffic light signals change correctly, and the 7-segment displays function properly, except for the minor issue noted above. The pedestrian safety phase operates as expected – all traffic lights are red while pedestrians are crossing.


[bookmark: _Toc227069340]Breadboard Prototype
A simple proof-of-concept prototype was assembled on a breadboard, as shown in Figure 18, to show the sequence of the traffic lights in a ‘real-world’ example.
[image: ]










[bookmark: _Toc227069362]Figure 18: Breadboard Prototype


This testing did not get too far as the initial PicKit 4 programmer would not connect. After obtaining another PicKit 4, the programmer was then able to program the PIC (Figure 19).
[image: ][bookmark: _Toc227069363]Figure 19: MPLAB Programming Complete














[image: ]After programming the PIC, the test code was run, and the LEDs turned on. However, more time would have been needed to apply a working traffic light code.
[bookmark: _Toc227069364]Figure 20: Yellow LED ON - Breadboard Prototype

[bookmark: _Toc227069341]Conclusion
The resulting simulation of this system sufficiently replicates a simple time-based traffic light control system. The code produced allows for 10-second countdowns to improve traffic efficiency in all directions and improve pedestrian safety when crossing. 
Based on background research on traffic control systems, sensors could be implemented to adjust the timing for each direction and further improve traffic flow. The pedestrian button could also be attached, along with a sensor to detect pedestrians at the crossing, enabling the pedestrian crossing phase to be skipped if none are present [9].
Further commitment could have been applied during the construction of the breadboard prototype to ensure it functioned the same as the simulation in Proteus. In any further research, funds could be allocated to purchase the correct components and implement a more complete prototype. 
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[bookmark: _Appendix_1_–][bookmark: _Toc227069344]Appendix 1 – Traffic Light C Code
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[bookmark: _Toc227069365]Figure 21: C Code Lines 1-68
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[bookmark: _Toc227069366]Figure 22: C Code Lines 69-140
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‘Electronics 1 Assignment.c |

1| winclude <16F877.h> 7/Includes the PICIGF&77A header file
2| #fuses Hs,NOWDT, NOLVP //5et fuses for high-speed oscillator, no watchdog timer, and no low-voltage programming
3| #use delay(clock=20000000) //Sets the clock frequecy to 201z

4| #use i2c(Master, sda=PIN G4, SC1-PIN_C3, FAST-100000, stream=I2C_S)

5| //Configures T2C comunication - this PIC is the master, clock speed = 100kiz, multiple buses can be referred to
5

7| //vefining pins for clarity

8| #define PEDRED  PIN_BO

5| #define PEDGRN  PIN B1

10 | sdefine PED 105 PINC2

11| #define TL11es  PINLCS

12 | sdefine TL2 105 PINCE

13| #define T3 105 PINLCT

18 | /12 Device Mapping

15 | #define PCFBS7S_ADDR 0x20 //A2, AL, AD = 000 (GID)

16

17 | //7-seguent display countdowns

18 | unsigned int SEG[10] = {0x10, 0X00, Ox78, OxG2, Ox12, Ox19, 0X30, 0x24, Ox79, Oxd0};
19 | unsigned int GREEN[7] = {0x00, Ox78, Ox02, Ox12, Ox19, 030, Ox24};

20

21 | int1 i2c_present(unsigned ints addr?){

2 int ack;

2 i2¢_start();

2 ack = 12¢_write((addr7 << 1) | 0);

2 12¢_stop();

2 return (ack == 0);

27|}

2

29 | B void pef_write(unsigned ints value, unsigned ints value2){

30 i2¢_start();

31 i2c write((PCFBSTS_ADDR << 1) | 0);

2 i2c write(value);

3 i2c write(value2);

3 12c_stop();

[y

36

37 |1 void main(){

B set_tris_a(@x00);  //Sets PORTA to output for 7seg display

39 set_tris b(@x00);  //Sets PORTE to outputs for LEDs

0 Set_tris_c(x1A);  //Sets SDA, SCL and button as inputs and rest as outputs
a Set_tris d(@x00);  //Sets PORTD to outputs for 7seg display

a2 Set_tris_e(@x00);  //Set PORTE to output for ack LED

a3

s output_b(exd1); //Initialises all lights to RED

45 output_low(PIN C0); //Initialies extra 7seg LED to O

5 output_low(PED_10S); //Initialises pins to 0

a7 output_low(TL1_105);

3 ouTput_low(TL2_105)

a9 output_low(TL3_105);

s0

51 //Initialises T2C if it is present

52 |0 if(12c_present(PCFBS75_ADDR)){

53 output_high(PIN_E0); //Turns O LED if there is 12 present

4 3

55

56 |5 uhile(TRUE){

57 pef_write(0x79, Ox40); //Sends ‘1 to SEG3, and '0' to SEGA

B output_high(TL2 105);  //Allows TL2 105 countdown o turn ON

s output_a(excD); //seg1 = 4

50 output_d(exd0) ; /segz = 0

51 delay_ms(1000)

52 pef_write(0xa0, Ox10); //Sends '@’ to SEG3, and '9' to SEGA

6 output_a(ex0s) ; //seg1 = 3

4 output_d(ex10) //seg2 = 9

65 output_b(ex09) ; //TrafFic light 1 ‘get ready’

66 delay_ms(1000)

67 for(int i = 03 (1 <= 7); I+){//Sets i to 0, if i is <= to 7, then increment i
68 Ef pcf write(Oxa0, GREEN[i]); //Sends '@ to SEG3, and "GREEN countdown’ to SEGA




image20.png
69 output_d(GREEN[1]); //"GREEN countdown’ on SEG2
7 output_b(0x05) ; //Traffic light 1 GREEN

7 delay_ms(1000) ;

72 }

73 output_b(0xeD) ; //Traffic light 1 YELLOW

7 pcf_write(6x40, 0x79); //Sends '’ to SEG3, and '1' to SEG4
75 output_a(0xD8) ; //5eg1

7 output_d(0x79) ; /seg2 = 1

delay_ms(1000);
pef_write(0x40, 0x40); //Sends ‘0’ to SEG3, and 0" to SEG4
output_d(ex40); I/5eg2 = @

output_low(TL2_105);  //Disables output to TL1 105 countdown
output_b(ex21); //Traffic light 2 ‘get ready’
output_high(TL3_105);  //Enables output to TL2 105 countdown
pcf_write(0x79, 0x40); //Sends 1’ to SEG3, and ‘0" to SEG4
delay_ms(1000);

pef_write(0x40, 0x10); //Sends ‘0’ to SEG3, and '9' to SEG4
output_a(ex2); /5eg1 = 2

output_d(ex10); I15eg2
delay_ms(1000);

& For(int i = 05 (i <= 7); i+){//Sets i to 0, if i is <= to 7, then increment i
pef_write(0x40, GREEN[i]); //Sends '0' to SEG3, and 'GREEN countdown’ to SEG4

SB8SRRRUBREBRARRRIIRIIIY

output_d(GREEN[i]); //"GREEN countdown’ on Seg2
output_b(0x11); //Traffic light 2 GREEN
delay_ms(1000);
¥
pef_write(9xd0, 0x79); //Sends "0’ to SEG3, and ‘1’ to SEGh
output_b(@x31); //Traffic light 2 YELLOW
output_a(0x02); Jrsegt = 2
output_d(0x79); Jrseg2 = 1
delay_ms(1000);
! pf_write(0xd0, 0xd0); //Sends 0’ to SEG3, and ‘0" to SEGh
101 output_d(@xd0); Jrseg2 = 0
102 output_low(TL3 105);  //Dizables output to TL2 165 countdown
103 output_b(ox81); //Tratfic light 3 "get ready’
104 pef_write(9x79, Oxd0); //Sends 1’ to SEG3, and ‘6’ to SEGh
105 delay_ms(1000);
106 pef_write(9xd0, 0x10); //Sends "0’ to SEG3, and ‘9" to SEGh
107 output_a(@xFD); Jrsegt = 1

108 output_d(ex10); I15eg2
169 delay_ms(1000);

110 | For(int i = 05 (i <= 7); i+){//Sets i to 0, if i is <= to 7, then increment i
111 pef_write(0x40, GREEN[i]); //Sends '0' to SEG3, and 'GREEN countdown’ to SEG4
112 output_d(GREEN[1]); //"GREEN countdown’ on Seg2

113 output_b(exd1); //Traffic light 3 GREEN

114/ [ delay_ms(1000); T R SR -

115 }

116 pef_write(0xd0, 0x79); //Sends ‘0’ to SEG3, and '1' to SEG4

117 output_b(exC1); //Traffic light 3 YELLOW

118 output_a(exfD); /5eg1 = 1

119 output_d(ex79); Iseg2 = 1

120 delay_ms(1000);

121 pef_write(0x40, 0x40); //Sends ‘0’ to SEG3, and 0" to SEG4

122 output_d(ex40); I/5eg2 = @

123 output_high(PED_105);  //Enables output to pedestrian 10s countdown

124 output_high(TL1105);  //Enables output to TL1 105 countdown

125 pcf_write(0x79, 0x40); //Sends 1’ to SEG3, and ‘0" to SEG4

126 delay_ms(1000);

127 output_a(exEo); /5eg1 = @

128 output_d(ex10); 15eg2

120 |3 For(int i = 03 (i <= 9); i+){//Sets i to 0, if i is <= to 10, then increment i
130 pef_write(0xd0, SEG[1]);  //Sends ‘6’ to SEG3, and 'PED countdown’ to SEG
131 output_d(SEG[1]); 7/"PED countdown” on Seg2

132 output_a(exEo); /5eg1 = @

133 output_b(ex02); //Pedestrian GREEN

134 delay_ms(1000);

135 }

136 output_low(TL1_105);

137 output_low(PED_105);

138 }

139 ([ 3

140
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