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Abstract
Traffic lights can be used in order to make the passage of cars and pedestrians through a T-junction safer. However, the traffic lights must be automated for practical use – which requires the design and implementation of an electronic circuit to control them. This is undertaken through a PIC16F877A microcontroller, programmed in C-code (with the CCS compiler) to control the various circuit components. This is then compared in a software simulation using Proteus, and a prototype hardware implementation on breadboard.


























Introduction
This report explores and analyses the design of a “traffic light control system for a T-Junction” [1]. There are considerations made for use-efficiency, in addition to a comparison between the software simulation and hardware implementation. The system design “aims to enhance traffic management efficiency while prioritizing safety, making it suitable for a T-Junction”. This is achieved by the installation of 3 traffic lights on each side of road, each with accompanying 7-segment displays to display the timer count. The overall timing cycle counts up from 0-40s, with 10 seconds focused on each of the 3 traffic lights. The final 10 seconds is reserved for a “dedicated pedestrian crossing phase”, in which all the traffic lights remain red to ensure pedestrian safety.

























Theoretical Exploration
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Traffic lights, such as those used in the T-junction image above [1], must contain a vertical array of colored lights – red, yellow, green (from top to bottom) [2]. The above image illustrates the full T-junction scenario, including three sets of traffic lights, for which an electronic control circuit can be designed. 
The following patterns of lights for the direction of traffic are known within UK law [3]:
	Traffic Light
	Traffic Condition

	Red
	Stop

	Red & Amber
	Stop (preparing for Green)

	Green
	Go

	Amber
	Stop (preparing for Red)



In electronic design, colored lights can be produced by LEDs (light emitting diodes) [1]. LEDs emit visible light when an applied voltage passes from its P to N junction [4]. Therefore, the selection of red, yellow and green LEDs – connected as specified – will produce the desired effect for the traffic lights.
Also, within the traffic light system prescribed there is a pedestrian crossing [1]. In considering electronic design, we require a green (walk) and red (stop) light for the pedestrian(s). In addition, a push-button could be made available for the pedestrian(s) to press, which would inform the traffic light system that there is a pedestrian wishing to cross. 


Furthermore, since it has been specified that the traffic light system has a 40 second cycle, it would be prudent to include a visual timer – in this case, using a pair of 7-segment displays [1]. In this circuit a 7-segment display with a common anode configuration is used [5]. The segments each have individual inputs, which are controlled on a power supply on/off basis. The common anode configuration necessitates a voltage drop across each of these inputs, for the associated internal LED, which is provided by a 100Ω resistor connected to the LED (Light Emitting Diode) input [4]. The display segments can be illuminated in order to display the digits 0-9 [6]. As such, by having 2 different displays connected we can illustrate the required count of 0-40 seconds. The required pin inputs, also illustrated in binary and hexadecimal form, to display these characters are listed below:
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	Character
	Segment Inputs
	Binary Sequence
	Hexadecimal Value

	0
	A B C D E F
	1100 0000
	0xC0

	1
	B C
	1111 1001
	0xF9

	2
	A B D E G
	1010 0100
	0xA4

	3
	A B C D G
	1011 0000
	0xB0

	4
	B C F G
	1001 1001
	0x99

	5
	A C D F G
	1001 0010
	0x92

	6
	A C D E F G
	1000 0010
	0x82

	7
	A B C
	1111 1000
	0xF8

	8
	A B C D E F G
	1000 0000
	0x80

	9
	A B C D F G
	1001 0000
	0x90








As in the image showed above, the T-junction incorporates 3 traffic lights into its design [1]. As such, the 40 second cycle can be set out as follows:
	Time 
	Traffic Light 1
	Traffic Light 2
	Traffic Light 3
	Pedestrian Light

	0:00 - 0:01
	Red
	Red
	Red
	Red

	0:01 - 0:02
	Red & Yellow
	Red
	Red
	Red

	0:02 - 0:08
	Green
	Red
	Red
	Red

	0:08 - 0:10
	Yellow
	Red
	Red
	Red

	0:10 – 0:11
	Red
	Red
	Red
	Red

	0:11 – 0:12
	Red
	Red & Yellow
	Red
	Red

	0:12 – 0:18
	Red
	Green
	Red
	Red

	0:18 – 0:20
	Red
	Yellow
	Red
	Red

	0:20 – 0:21
	Red
	Red
	Red
	Red

	0:21 – 0:22
	Red
	Red
	Red & Yellow
	Red

	0:22 – 0:28
	Red
	Red
	Green
	Red

	0:28 – 0:30
	Red
	Red
	Yellow
	Red

	0:30 – 0:40
	Red
	Red
	Red
	Green


 
As seen in the final row above, the last 10 seconds of the 40 second cycle (30-40s) is reserved for the pedestrian crossing (pedestrian light is green and all traffic lights are red). However, with the inclusion of a push-button for the pedestrian to indicate their presence, the design can be made more efficient. A case can be made that if the button is pressed, the 10 second ‘pedestrian portion’ of the cycle is included. Therefore, the alternative case is that if the button is not pressed, the 10 seconds are omitted, and the counter resets to 0 after 30. As aforementioned, this makes the system more efficient and improves traffic flow. Moreover, to improve the effectiveness of the design, a white indicator LED has been included next to the pedestrian button to indicate when the button has been pressed – and thus there will be a pedestrian crossing in the timing cycle.

In order to automate the system, including the above components, an electronic control unit must be incorporated into the design – best implemented in the form of a microcontroller [4]. Microcontrollers have a RISC (Reduced Instruction Set Computing), with a limited number of set instructions, making them perfect for specific limited applications such as this [6]. In this case a PIC16F877A has been selected [5]. This is because it has an 8-bit operation sequence - perfect for working across the seven pins of the 7-segement displays. In addition, there are 35 configurable I/O (Input/Output) pins; this makes it advantageous compared to smaller models, despite a greater cost. 
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Moreover, the PIC16F877A has an internal oscillator and three independent timers. One of these timers will be required on an interrupt-basis in order to set the one second time duration for each digit increase on the 7-segment displays [7]. The internal oscillator, running at 8 MHz, will then provide the physical time to the timer, meaning that the counting of 1 second is accurate [8]. The internal oscillator also means that there are no additional costs or efforts from the implementation of an external oscillator circuit, such as in the example design below (also in Proteus software).
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There are two additional design considerations that need to be evaluated for this circuit. Firstly, the output connected to pin RA4 on the PIC requires a pull-up resistor, as specified in the datasheet [5]. The design implementation, using a 10kΩ resistor, is shown below.
[image: ]
Secondly, the pedestrian button requires a smoothing RC (Resistor-Capacitor) filter in order to mitigate against switch-bounce. Since the button input activates an external interrupt on the PIC16F877A (see next section), the small repeated rising/falling edge before the mechanical switch settles into a steady state must be removed [8]. As such, the RC filter achieves this by the hardware method of a 100Ω resistor and 100nF capacitor in series. In this case it must be noted that the button also requires a 10kΩ pull-down resistor to function satisfactorily.
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Software Simulation
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Above is an image taken from the Proteus simulation of the complete microcontroller and traffic lights circuit. As in the illustrations (see previous section), there are three sets of traffic lights with accompanying timers on 7-segment displays. In addition, there are red and green lights with a push button and white indicator light for pedestrians. A road illustration has been included as a visual aid.















The following flow chart sets out the operating process of the system:
[image: ]
Following the flow chart model, C-code has been written for the PIC16F877A in order to control the complete circuit [4]. The CCS compiler has then been used to convert the code to machine language for the microcontroller [7]. As set out in the previous section and in the flowchart, the three traffic lights are cycled according to the UK traffic laws and in sequence – each taking 10s to complete their cycle (30 seconds in total). The final 10 seconds are then allocated to the pedestrian crossing, but only if the pedestrian button has been pressed within that first 30 seconds of the traffic lights.

[image: ]
The first section of code references the PIC header (.h) file; sets the fuses and the internal clock frequency. Next is the initialization of the global integer variables used in the main function. Following this is the initialization of the arrays for the displaying of numbers on the segment displays – each as a hexadecimal value (see theory above). Then, all of the functions called in the main function are prototyped so they can be written in the last section of the code (see below).
[image: ]
The second section of code shows the program interrupts which will be used in the main function. Firstly, there is an interrupt on timer 2 of the PIC16F877A [5]. Each time one oscillation occurs by the internal oscillator, the ‘onesec’ value is incremented. When this value reaches 40, which denotes one second of real time, it resets to zero and the ‘onesec_flag’ is set – to follow see the third section of code. Secondly, there is an external interrupt on pin RB0 that is initialized. When there is an input on this pin (which is provided by the pedestrian button), the ‘button’ variable is set to one (as a flag) and the indicator LED on pin RB6 is toggled.
Then we move down to the main function, which begins by setting the TRIS registers of the PIC. These are part of the instruction set to determine whether each pin across the ports is an input (1) or output (0) [8]. Next the timer 2 parameters are setup and all the interrupts (as aforementioned) enabled within the program. The external interrupt is set as a falling edge, meaning the interrupt is specifically triggered when the push button is released – an additional measure to mitigate against switch bounce [7]. Lastly in this section, all the output ports are initialized to low for accuracy at start-up.

[image: ]
The third section of code continues in the main program. Here, following on from the second section, we see that when the ‘onesec_flag’ is set, the ‘secs’ value is incremented to increase the count of the number of seconds. Since the program is 40 seconds in length, when the variable ‘secs’ reaches 40, it resets to zero. After the counter, there is a line of code that sets the interrupt ‘active’ on pin RB0 – simply to ensure the external interrupt is received. The most significant (MS) and least significant (LS) time digits are written to all of the left and right hand 7-segment displays, respectively. The number is calculated from the hexadecimal arrays seen in the first section of code.
Next, the traffic light sequence starts. This has been set up such that a function of the colour arrangement of the traffic light LEDs is called during the corresponding time window (given by the count of the variable ‘secs’, as referenced). In addition, for the first 30 seconds: the output to the pedestrian red light is set high, turning it on, and the output of the green low to turn it off.
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The fourth section of code continues the time referenced process of calling the traffic light LED functions. However, as the time reaches 30 seconds (‘secs>29’) the program considers whether the ‘button’ flag has also been set. In the case that it is set high (equal to one) the ‘PED_CROSS’ function is called and the pedestrian green light is set on (red light off) for the remaining 10 seconds of the cycle. Alternatively, if ‘button’ remains low then ‘ALL_RED’ is called, and the pedestrian portion of the cycle is skipped, with the time re-setting to zero seconds. It also should be noted, there is a catch-all statement for when the pedestrian crossing portion is executed and completed, ensuring that the ‘button’ flag is reset for the next new cycle.
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The last section of code includes all the called function that set the traffic light LEDs (see above theory for colour combinations). Note that, due to the pin connections: in some cases, these are written as binary values across ports, and in others written to each pin individually.
Hardware Implementation
	PICkit Port
	PIC Reference
	PIC Pin

	1
	MCLR
	1

	2
	VDD
	11 or 32

	3
	VSS/GND
	12 or 31

	4
	Program Data (PGD)
	40

	5
	Program Clock (PGC)
	39


In order to produce a hardware implementation of the traffic light circuit, a 40-pin PIC16F877A was procured [5]. In order to transfer the C code onto the microcontroller, a PICkit 3 is connected to the named pins, as below [10].


#


These programming connections are seen with the coloured ribbon and Dupont connectors in the image below, with the microcontroller placed in breadboard. Following this the PICkit is connected to a laptop via USB and interfaced using the MPLAB IPE.
[image: ]
Since MPLAB software was used to transfer hex files (compiled from C code) to the microcontroller, it was required that the MPLAB X IDE development environment and XC8 compiler were used to produce the C code – as opposed to the Proteus software used to produce the simulation. Since the new compiler required a different form of syntax, new code was written (attached in Appendix).
Below is a capture of the verified code transfer via the PICkit 3, which confirms the program now runs on the PIC16F877A and the connections can be removed.
[image: ]

[image: ]
Upon completed programming of the microcontroller, the traffic light circuit can be assembled, as seen in the image above. Due to limitations in the breadboard size and connector lengths, it was not possible to produce the full scale of the circuit, as in the software simulation. As a result, one set of traffic lights and 7-segment timer display (in addition to the mandatory power, ground and master clear pin connection). A power supply board was used to provide the +5 volts and ground connections via cabled mains connection.
In terms of performance, the lights sequence produced an acceptable result, however the exact timing of the counting was inaccurate. Further investigation would be required, in developing the code and testing the breadboard using a multimeter, in order to deliver the solution.





























Results Evaluation
Firstly, by comparing the software simulation and hardware implementation of the traffic light circuit it is clear that the former is easier to test. This is mostly due to scaling problems with the breadboard prototype; there simply isn’t enough space, even on a large breadboard, to test all the traffic lights and time displays at once. In addition, there is a larger cost associated with producing the circuit in hardware – which may become problematic if circuit design is taking place regularly.
Secondly, we see the contrast that, although prototyping the design is more complicated and costlier, it is more representative of a real-life design than the simulation. In programming the PIC16F877A using the MPLAB software, further debugging relating to insufficient power supply and inefficient assigning of data types (such as integer for character) was required. Additionally, the pinout of the microcontroller differed from the Proteus software to the 40-pin chip used, meaning the prototype wiring was messy. As a result, it is advisable to complete the majority of the final circuit design based on the prototype setup.
However, it must be taken into consideration that neither the hardware prototype nor the Proteus simulation is fully representative of the real-life design. In reality, traffic lights require much larger lights and long cabling [3]. For this a driving power would be needed, such as that provided by a FET (field effect) transistor circuit [4]. Moreover, the losses due to heat, and parasitic capacitances would need to be considered and adapted for in the final design.
Another point of evaluation is the ethical impact of the traffic light circuit design. The design has an excellent social impact due to safety of introducing a traffic light system. This is because there is now less likely to be road traffic collisions, in addition to a reduction in the uncertainty of drivers. Moreover, the improved efficiency of the design, using the ‘pedestrian light’ sequence will improve the perception and waiting times of both pedestrians and drivers. 
Lastly, although there is a clear positive social impact, the design requires improvement in order to reduce the environmental impact of producing. Lower carbon emission or recycled materials could be considered, in addition to using local suppliers – as such reducing the carbon footprint from transporting goods.











Conclusion
In conclusion, the design of the traffic light circuit has been successfully produced in both a Proteus software simulation (programmed in C-code and compiled using CCS) and by a prototype hardware implementation on breadboard (also programmed in C-code, but compiled and uploaded using MPLAB software). Both achieved the brief of an automated traffic sequence, including a timer and display; all controlled by a central electronic control circuit, and employed an efficient design feature (‘pedestrian light’ sequence). The success of both were evaluated, identifying that though the simulation was easier and cheaper to produce, the hardware prototype was a closer representation of the deployable circuit. However, it was recognized that further adaptations and environmental considerations should be made for the full design.
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1// Caitlin Lonsdale 2306892 - 04/03/2025

2
3#include <16F877A.h> // Include the PIC header file
4 #fuses HS,NOWDT,NOLVP // Set fuses for high speed oscilator, no WDT, no Low-voltage programming

5 #use delay(cloc
6

7// Initialisation and Prototyping
8

9unsigned int onesec; // Initialise global variable onesec

10 unsigned int onesec_flag=0; // Initialise global variable onesec_flag
11 unsigned // Initialise global variable button

12 unsigned // Initialise global variable secs

13

14// Initialise global integer arrays for characters 6-9 on 7-segment display

15 unsigned int right_dis[10] = {©xC@,0xF9,0xA4,8xB0,0x99,0x92,0x82,0xF8,0x80,0x90} ;

16 unsigned int left_dis[4] = {0xCO,0xF9,0xA4,0xB0};

000000 ) // Set clock frequency to 8 MHz

17
18 void ALL_RED(void); // Prototype function ALL_RED

19 void TL1_RED_YEL(void); // Prototype function TL1_RED_YEL
20 void TL1_GRN(void); // Prototype function TL1_GRN
21void TL1_YEL(void); // Prototype function TL1_YEL

22 void TL2_RED_YEL(void); // Prototype function TL2_RED_YEL
23 void TL2_GRN(void); // Prototype function TL2_GRN

24 void TL2_YEL(void); // Prototype function TL2_YEL

25 void TL3_RED_YEL(void); // Prototype function TL3_RED_YEL
26 void TL3_GRN(void); // Prototype function TL3_GRN

27 void TL3_YEL(void); // Prototype function TL3_YEL

28 void PED_CROSS(void); // Prototype function PED_CROSS

29
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30
31// Program Interrupts --

32

33 #INT_TIMER2 // Timer 2 overflow interrput

34 void TIMER2_isr(void) // Run interrupt function

35(

36 onesect+; // Increment variable onesec in steps of 1
37 if(onesec==48) {onesec=0;onesec_flag=1;}// If time reaches 40s, reset to Os

38}

39

40 #INT_EXT // External interrupt on pin B@

41 void EXT_isr(void) // Run interrupt function

a2{

a3 button=1; // Set button flag

2 output_toggle(PIN_BS6); // Set white indicator Light on with button
a5}

26

a7

48 // Main Function --

a9

50 void main()

51{

52 set_tris_a(ex00); // Set port A as output (note pullup required on RA4)
53 set_tris_c(0x00); // Set port C as output

54 set_tris_d(exee); // Set port D as output

55

56 setup_timer_2(T2_DIV_BY_16,240,13); // Setup timer 2 with 1.9 ms overflow and 25 ms interrupt
57 enable_interrupts(INT_TIMER2); // Enable timer 2 interrupt

58

59 enable_interrupts(INT_EXT); // Enable external interrupt

60 enable_interrupts(GLOBAL); // Enable global interrupt

61 enable_interrupts(PIN_BO); // Enable pin B@ interrupt

62 ext_int_edge(H_TO_L); // Setup external interrupt for falling edge
63

64 output_a(0x00); // Initialise port A to Low

65 output_c(0x00); // Initialise port C to Low

66 output_d(exee); // Initialise port D to low
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while(TRUE)

{

if(onesec_flag)

{

¥

onesec_flag=0;
secs++; if(sec

40){secs=0;}

interrupt_active(PIN_BO);
output_d(left_dis[secs/10]);
output_c(right_dis[secs%10]);

if(secs<=0)

{

¥

if(secs>0 8& secs

{
¥

ALL_RED();

output_high(PIN_B1);
output_low(PIN_B2);

TL1_RED_YEL();

)

if(secs>1 && secs<=7)

{
¥

TL1_GRN() ;

if(secs>7 && secs<=9)

¥
T

TLLYEL();

// Case if onesec_flag set to 1

// Reset onesec_flag to @
// Increment secs by 1, if secs is 40 then reset to @

// Ensure pin Be interrupt is active

// Display Ms time digit on Left hand 7 segment displays
// Display LS time digit on right hand 7 segment displays
// Time 0:00 - 0:01

// Call function ALL_RED

// Set pedestrian red Light ON

// Set pedestrian green Light OFF

// Time 0:01 - 0:02

// Call function TLI_RED_YEL

// Time 0:02 - 0:08

// Call function TLI_GRN

// Time 0:02 - 0:08

// Call function TLI_YEL
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97 if(secs>9 && secs<=10) // Time @6:10 - 0:11

98 3

99 ALL_RED(); // Call function ALL_RED
100 3

101 if(secs>10 && secs<=11) // Time 0:11 - 0:12

102 3

103 TL2_RED_YEL(); // Call function TL2_RED_YEL
104 3

105 if(secs>11 && secs<=17) // Time 0:12 - 0:18

106 3

107 TL2_GRN(); // Call function TL2_GRN
108 3

109 if(secs>17 && secs<=19) // Time 0:18 - 0:20

110 {

111 TL2_YEL(); // Call function TL2_YEL
112 3

113 if(secs>19 && secs<=20) // Time 0:20 - 0:21

114 {

115 ALL_RED(); // Call function ALL_RED
116 3

117 if(secs>20 && secs<=21) // Time 0:21 - 0:22

118 {

119 TL3_RED_YEL(); // Call function TL3_RED_YEL
120 3

121 if(secs>21 && secs<=27) // Time 0:22 - 0:28

122 {

123 TL3_GRN(); // Call function TL3_GRN
124 3

125 if(secs>27 && secs<=29) // Time 0:28 - 0:30

126 {

127 TL3_YEL(); // Call function TL3_YEL

128 3}
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129 if(secs>29 && button==1) // Time @:30 - @:40 (pedestrian crossing)
130 {

131 PED_CROSS() ; // Call function PED_CROSS

132 output_low(PIN_B1); // Set pedestrian red Light OFF

133 output_high(PIN_B2); // Set pedestrian green Light ON

134 3

135 else if(secs>29 & button==0) // Case if no pedestrian crossing

136 {

137 ALL_RED(); // Call function ALL_RED

138 secs=0; // Reset secs to @

139 3

140 if(secs==39) // Time 6:40 (pedestrian crossing completed)
141 {

142 button=0; // Reset button flag

143 3

142}

145}

146

147
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148 // Program Functions
149

150 void ALL_RED(void) {
151 output_high(PIN_B3);

152 output_low(PIN_BA);
153 output_low(PIN_BS);
154 output_a(0beo1ee1);
155}

156

157 void TL1_RED_YEL(void) {
158 output_high(PIN_B3);
159 output_high(PIN_B4);
168 output_low(PIN_BS);

161 output_a(0beo1ee1);
162}

163

164 void TL1_GRN(void) {
165  output_low(PIN_B3);

166 output_low(PIN_BA);
167  output_high(PIN_B5);

168 output_a(ebee1ee1);
169 }

170

171 void TL1_YEL(void) {
172 output_low(PIN_B3);

173 output_high(PIN_B4);
174 output_low(PIN_BS);
175  output_a(0bee1ee1);
176 }

177

178 void TL2_RED_YEL(void) {
179 output_high(PIN_B3);
188 output_low(PIN_BA);

181 output_low(PIN_BS);
182 output_a(ebeele1l);
183}

184

// Run
// Set
// Set
// Set
// Set

// Run
// Set
// Set
// Set
// Set

// Run
// Set
// Set
// Set
// Set

// Run
// Set
// Set
// Set
// Set

// Run
// Set
// Set
// Set
// Set

Function ALL_RED
TI_RED ON
TI_YEL OFF
TI_GRN OFF
T2 Red and T3 Red

Function TL1_RED_YEL
TI_RED ON

TI_YEL ON

TI_GRN OFF

T2 Red and T3 Red

Function TLI_GRN
TI1_RED OFF
TI_YEL OFF
TI_GRN ON
T2 Red and T3 Red

function TLI_YEL
TI1_RED OFF

TI_YEL ON

TI_GRN OFF

T2 Red and T3 Red

function TL2_RED_YEL
TI_RED ON

TI_YEL OFF

TI_GRN OFF

T2 Red-Yellow and T3 Red
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185 void TL2_GRN(void) {
186 output_high(PIN_B3);

187  output_low(PIN_BA);
188 output_low(PIN_BS);
189 output_a(0b001160);
19}

191

192 void TL2_YEL(void) {
193 output_high(PIN_B3);
194 output_low(PIN_BA);

195  output_low(PIN_BS);
196 output_a(0beo101e);
197 }

198

199 void TL3_RED_YEL(void) {
200 output_high(PIN_B3);

201 output_low(PIN_BA);
202 output_low(PIN_BS);
203 output_a(ebe116e1);
204}

205

206 void TL3_GRN(void) {
207 output_high(PIN_B3);

208 output_low(PIN_BA);
209 output_low(PIN_BS);
218 output_a(eb100ee1);
211}

212

213 void TL3_YEL(void) {
214 output_high(PIN_B3);

215 output_low(PIN_BA);
216 output_low(PIN_BS);
217 output_a(ebe10ee1);
218}

219

// Run
// Set
// Set
// Set
// Set

// Run
// Set
// Set
// Set
// Set

// Run
// Set
// Set
// Set
// Set

// Run
// Set
// Set
// Set
// Set

// Run
// Set
// Set
// Set
// Set

function TL2_GRN
TI_RED ON

TI_YEL OFF

TI_GRN OFF

T2 Green and T3 Red

function TL2_YEL
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