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Abstract 
The following report will look at the functionality, circuit design and code that form a traffic light T junction system. The system utilises Micro C to compile code for a PICF1684A which in turn is sent to a seven-segment display, a set of LED traffic lights and a sounder. 
Introduction
In class we were introduced to Micro C a complier for Embedded C. Micro C converts C code into machine code which can then be implemented onto a microcontroller which can then in turn can execute the code [1]. Proteus was chosen for the implementation of code onto the chip despite it being a software proteus is capable of mimicking and applying real world hardware effects onto circuits built within proteus’ software environment. 

Background Study 
In order to create accurate code for a T junction traffic light system you first need to understand how a T junction works and how traffic lights aid the flow of traffic in a T junction. A T junction is described as a “road where a minor road joins a major road” [2]. Below is an example of such a T junction. As the Major Road has priority over the minor road this can mean it is difficult for traffic on the minor road to get onto the major road so to combat this traffic lights are used to help regulate the flow of traffic [3]. 
[image: What is a T-junction Diagram]
Figure 1 - T Junction Diagram
In order to control the junction you need 3 sets of traffic lights.
[image: Controlled junction with traffic lights]
Figure 2 - T Junction with traffic lights
This means every direction has a set of lights controlling them to allow for better traffic management. The traffic lights use the standard red, orange, green lights to tell the cars when they must wait, stop or go. In order to help pedestrians cross safely you can also implement a set of red and green lights for them [4]. These are put next to the traffic lights at the pedestrian’s level. The traffic lights I have coded will show red, yellow, green. Red and green will be accompanied by yellow in the last 5 seconds of that colour to show that it is about to change. This can be seen in real world traffic lights across the globe [5]. The purpose of the red and orange or green and orange lights is to tell the driver that the lights are about to change to prep them to stop or pull away [6]. The system asks the pedestrians to wait a maximum of 30 seconds as it has been found that if you ask pedestrians to wait more than this, they will take greater risks when crossing [7]. Each main traffic light will show red, yellow, and green at various points throughout the 40 second sequence. The following diagram illustrates the different traffic lights at the different stages of the 40 second cycle. 
[image: ]
Figure 3 - Traffic Light Sequence
As can be seen from the above diagram the lights are all on red for the last 10 seconds this is to allow the pedestrians to cross safely. To convey this the main set of traffic lights are accompanied by a pedestrian set of lights that are red for 30 seconds and then green for 10 seconds as seen below. 
[image: ]
Figure 4- Pedestrian traffic light sequence
To make the traffic light junction more accessible I added in a sounder. The sounder is used to create a “beeping” sequence whilst the green lights show so anyone with vision impairments will also be notified when it is safe to cross [8].  I have also chosen to additionally add in a button which acts as a push button for pedestrians so the users can push the button when they want to cross the road this is done via the interrupt on the chip. 
Circuit design
[image: ]
Figure 5 - Circuit diagram
Once I had understood the functionality of the circuit, I had to choose software to build the circuit on I chose proteus. Proteus specialises in using software to mimic hardware to allow for a quick and easy test environment [9].
The circuit its self is designed to be easy and simple to use. The circuit utilises default connectors these allow you to connect two objects together without needing to crowd the schematic with wires. To connect two points, you simply need to label the two parts you want to connect the same thing, an example of how this works can be seen below. 
[image: ]
Figure 6 - example of how default connectors work
This made it much easier to connect an output from the chip to an input of a peripheral such as one of the ports on the seven segment to a port on the chip. 
Required components  
· PIC16F877A 
· 6 x Seven Segment Display 
· 3 x LED traffic light or 9 LED’S - 3 red, 3 orange, 3 green 
· 2 x Red and Green LED’S for the pedestrian lights  
· Power supply 
· Default connectors  
· 2 x 4k7 resistors 
· Piezo sounder
PIC
The circuits main component is the PIC16F877A. The PIC acts as the brain of the system, it manages all the outputs, inputs as well as the clock. You can use an external clock input such as a crystal oscillator [10] to clock the chip. However I chose to use the internal clock at 8Mhz for my system. Using an external clock will give you a more accurate clock rate as well as a more accurate frequency as they don’t suffer from frequency stability issues as much as their internal counterparts [11]. However, in a simulated environment this isn’t a problem and so for simplicity chose not to use one. The PIC is controlled by the code you implement onto it. Implementing code is usually done by a trainer board. The trainer board acts as an interface for you to attach your code onto your PIC chip [12]. However you  can’t use a trainer board in a software mock up and so you must apply the below process instead. 
Applying code to a simulated PIC chip 
 To be able to first move the code to proteus you first need to “Build” the code within Mikro C this causes two processes to happen. The first is a calibration test this evaluates the code to check there are no syntax errors [13]. The second process is the building of the hex file. The Hex file is the machine code version of the C code which can then be loaded onto the chip [14]. Once you have made the hex file you need to go into proteus and double click into the chip which will then allow you to choose a “programme file” this is where you will then select your hex file. This process mimics the trainer board process of applying the code to your chip.
Seven segment  
Another key component in the above circuit is the seven segment display this is a key peripheral in traffic light systems. The seven segment will count up to 40 showing the viewer how long is left in the process. In order to produce human readable character on a seven segment display you need to light up the appropriate parts of the seven segment display then turn these binary values into hexadecimal values. 
To do this you need to work out which sections of the seven segment display you need to light for each of the characters, it can be helpful to have an example of a seven segment when doing this like the one below. 
[image: Seven Segment Display with its associated labels ]

Figure 7- Seven Segment display with associated letters.
To create two digit numbers you need to use 2 seven segment displays, on one you will have 1,2,3, displayed for 10 seconds each and 4 for 1 second [15] . Where as the other display will cycle through 0-9 ending with 0 at the end of the 40 seconds. To create 0 you need segments A,B,C,D,E,F but not G. As seen below in the table. 
	A
	B
	C
	D
	E
	F
	G

	1
	2
	4
	8
	1
	2
	4




This is then converted into hexadecimal and becomes, 0xC0.
Table of full conversions 
	
	Hex

	0
	0XC0

	1
	OXF9

	2
	0XA4

	3
	0XB0

	4
	0X99

	5
	0X92

	6
	0X82

	7
	0XF8

	8
	0X80

	9
	0X90



Traffic light blocks 
Another key component in the traffic light circuit is the traffic light blocks themselves these work by each light being connected to a port on the chip through default blocks which can then be turned on and off through the output of the chip.

Software 
Once I had understood the T Junction, Traffic light sequences, circuit diagram and components I had to focus on how I would implement the traffic light sequence in code. I first looked at micro C and looked for any key commands that could be used for the traffic light code. Micro C unlike lower-level languages such as assembly language allow the use of while, for, and if loops [16]. This means the code can endlessly loop through the 40 second sequence. Another key set of commands are the port functions these allow you as long as you have set your ports appropriately as outputs or inputs to be turned on and off and be used as triggers for other parts of the circuit. Once I understood these basic features, I was able to go on to coding the Chip. 
Code 
I first started off by initialising “i” which I used later on as a counter and then giving each port a name which I could use later on to make it clear for anyone reviewing my code. 
[image: ]
Figure 8 - Initialisation code
Following this I set up my interrupt for use as a button press for the pedestrian crossing. To do this I set an interrupt subroutine with a conditional check applied to it. If the interrupt was flagged (turned on) by a button press it would run the button script. If the button hadn’t been pressed it would simply skip the rest of the code in that subroutine. If the interrupt flag is raised the code firstly selects the correct registers and ports to get the code to work effectively. Following this the traffic lights are turned to red or green appropriately. As the interrupt is used as a pedestrian crossing all the main traffic lights will be red, the pedestrian lights will be green and the sounder will be on and making noise. Once this sequence had occurred, I cleared the interrupt this is so it can be triggered again, I then reset the “i” counter so it wouldn’t cause issues in the main script. As well as turning both of the seven segments to show 0. 
[image: ]
Figure 9 - Interrupt code
[image: ]
Figure 10 - Effect the interrupt code has on the circuit
Once I had coded the interrupt, I went onto coding the main body of the code for the traffic lights. For this I used one main while loop and a further 9 for loops to create eight 5 second sequences and a 9th 1 second loop. The purpose of using the while loop was to have the main body of the code loop endlessly once the script had been started. 
[image: ]
Figure 11 - Main Code Section One
By using a while loop with a (1) it means the condition is always true and so will endlessly run through that loop. Within the while loop there as 9 for loops each one forms a different part of the traffic light sequence. The first loop sequence for each set of lights for example sequence 1 part 1, sequence 2 part 1, sequence 3 part 1, sequence 4 part 1 simply have each traffic light showing one light. The part two of the listed sequences have either red orange, green orange or simply orange to show the driver they should get ready to stop or go. To do this I split the 10 second sequence into 2 parts the first being 1-4 seconds allowing me to split the 10 second sequence into two. To do this the first for loop needs to run between 0 and 5 this is done by using a less than symbol the second half of the project using the same less than symbol but is less than 10 as well as assigning variable “i” to be 4 so the second sequence doesn’t run for 10 seconds re-displaying the first 4 seconds of the sequence. Once I had established this method I was able to simply re use this method but change the value on the second seven segment so it shows 01,02,03-10,11,12-19,20,21,22,23-29,30,31,32-,39,40. Every time the sequence is ran one is added to “i” which stops it from endlessly running through the first sequence. The full main body of code can be found below. 
[image: ]
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Figure 12 - Main Code Section Part 2 rest of code
The last for loop is i<1 this is because we only want this sequence to show for 1 loop as it is solely used for the number 40. This can be seen by “i” < 1. 


Testing code and simulation circuit 
Whilst going through the process of coding the circuit I found I came into many challenges and broken pieces of code. One of the major challenges was adding in the interrupt, I struggled initially to get the interrupt to trigger at the correct time if at all. I overcame this problem by using two features first the debug feature which would check my syntax and second my proteus schematic which reminded me I need to set the port up to run the interrupt not just your standard output setup. 
I found the process of using the debug tool to be useful time and time again as if I had an error in my code, it would tell me where it was wrong as can be seen below.
[image: ]
Figure 13 - Example of debug tool
Being able to know which line of code was wrong made error finding a swift process. Once I had found the issue and changed the code, I was able to check it compiled correctly using the debug tool if it correctly compiled the debug task bar would state “finished correctly” as can be seen below. 
[image: ]
Figure 14 - Debug tool example with no issues
As I was using external peripherals like buttons it was important to test they worked in a variety if settings. I did this by creating a list of tests in a table to make sure it wouldn’t cause issues in the system.  The table can be seen below as well as the results of the tests. 
	Name of test 
	Description of test 
	Result 
	Passed / failed 

	Single button press 
	Does when the button is pressed trigger the interrupt 
	Interrupt was triggered as expected 
	Passed 

	Button pressed repeatedly 
	Button pressed repeatedly to check the code debounce delay 
	Due to the software debounce the system once triggered once as hoped for 
	Passed 

	Pedestrian lights work
	Do the pedestrians lights show the right colour when expected 
	Pedestrian lights are off for 30 seconds and on for 10 seconds 
	Passed 

	Traffic lights 
	Do the traffic lights show the correct lights when required 
	Traffic lights show the correct lights at the correct points 
	Passed 

	Seven segment display
	Do the seven segment count from 0-40 
	System counts from 0-40 with no repeats or skips 
	Passed 


[15 – own image test table ] 
Once I had tested all the parts of the circuit such as the output peripherals and inputs, I found I had a fully functioning traffic light system. 
Conclusion
Inconclusion I found I was able to create a accurate true to life traffic light system, the system included the traffic lights showing the correct lights at the right time, a seven segment that counted from 0-40 in a loop, a set of pedestrian light that turn on for the last 10 seconds of the traffic light system or when turned on by the interrupt which is triggered by a pedestrian push button. As well as making the system accessibly by adding in a beeping tone when it is safe to cross. 
Future additions 
If I was to reproduce this circuit in the future, I would add in additional functionality such as a traffic density system that changes the colour of the light at that section of the T junction if there is heavy traffic. I would also add in further pedestrian interrupts to the circuit so one could be applied to each crossing of the T junction. I would also add in an additional interrupt for all the lights to go red for emergency vehicles to travel through without having to worry about any other traffic on the T junction. 
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int 1 ; // intialising I

unsigned seg_display[10] = {OXCO, OXFS, OXA4, OXBO, 0X99, 0X92, 0X382, OXF3, 0X30, OX90} :
sbit LED Red at RA4_bit : // Assgning the name Led red to port Ad  Traffic lught 1

sbit LED Yellow at RBL bit ; // Assgning the name Led Yellow to port Bl Traffic light 2
sbit Led Green at RB2 bit ; // Assgning the name Led Green to port B2 traffic light 3
sbit LED Redl at RB3 bit; // Assgning the name Led Redl to port B3 traffic light 4
sbit LED Yellowl at RB4_bi // Assgning the name Led Yellowl to port B4  traffic light 5
sbit LED Greenl at RB5 bit; // Assgning the name Led Greenl to port BS Traffic lingt 6
sbit LED Red2 at RB6_bit; // Assgning the name Led Red2 to port B Traffic light 7
sbit LED Yellow2 at RB7 bit; // Assgning the name Led YellowZ to port B7  Traffic light &
sbit LED Green2 at RA2 bit; // Assgning the name Led GreenZ to port A2 Traffic light 9
sbit Led Greenp at RAL bit ; // Assgning the name Led GreenP to port Al pedestrian lights
sbit Led Redp at RA3_bit ; // Assgning the name Led red to port A3 Pedestrian lights

sbit Sounder_beep at RAS5 bit ; // Assgning the name Led red to port A5 sounder for the beep
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// INTERRUPT SERVICE ROUTINE
void interrupt() { // setting up the subroutine
1f (INTCON.INTF) // CHECK IF THERE'S EXTERNAL INTERRUPT OCCURED

{

/ADCON1 = 0b10000110 : // select the correct configeration for the interupt to work

OPTION REG = 0b000000 ; // setting up the corrct option on the
LED Red = 1; LED_Yellow = 0; LED Green = 0; // turning the 1st
LED Redl = 1; LED Yellowl = 0; LED Greenl = 0; // turning the
LED_Red2 = 1; LED_Yellow2 = 0; LED_Green2 = 0; // turning the 3

Led Redp = 0 ; // turningt the pedestrian red led off

LED Greemp = 1 ; // turning the pedestrian green on

portc = 0 ; // turning all of port C off

INTCON.INTF=0; // turning the interupt back to 0 so can be call
i =0 ; // resetting i to 0

ports
traffic light to red

ind traffic light to red
rd traffic light to red

kd again later on

‘portc = seg_display [i]; // telling the 1st seven segment to be 0

portd = 0XCO; // telling the second seven segemnt to be 0
Sounder _beep = 1 ; // setting the pedestrian besper on
delay ms(100) ; // wating 100 ms

Sounder _beep = 0 ; // turning the pedestrian beeper off
delay_ms (100) i// waiting 100ms

Sounder_beep = 1 ;// turning the pedestrian beeper on again
delay ms(100) ; // waiting 100ms

Sounder _beep = 0 ; // turning the beeper off

delay ms(500) ; // waiting 500ms

} // closing the interuppt subroutine
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// MAIN TASK
while (1) {

for (i=0;i<S;i++ )
{
// First pattern part 1

// TRAF 1

LED Red = 1; LED Yellow = 0; LED Green = 0;
// TRAF 2

LED_Redl = 0; LED_Yellowl = 1; LED Greenl = 0;
// TRAF 3

LED Red2 = 0; LED_Yellow2 LED Green2 = 1;

Led Redp = 1 ;
portd = 0XCO;
portc = seg_display[il:
delay ms(300):
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// MAIN TASK
while (1) {

for (i=0;i<S5;i++ ) // starting i as 0 and adding one after each pass through till i = 4
{
// First pattern part 1

// TRAF 1
LED_Red = 1; LED_Yellow = 0; LED Green = 0; // red on yellow off green off

// TRAF 2

LED Redl = 0; LED Yellowl = 1; LED Greenl = 0; // red off yellow on green off
// TRAF 3

LED Red2 = 0; LED_Yellow2 = 0; LED Green2 = 1; // red off yellow off green on

Led Redp = 1 ; // ped estrian light
portd = 0XCO; // second segment sovs 0
portc = seg_display[il: // shows 0-9
delay ms(300); // 300ms dealay
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for (i=4;i<10;i++ ) // starting i as 4 adding one each time till i = 9
{
// First pattern part 2

// TRAF 1

LED Red = 1; LED_Yellow = 1; LED Green = // red is off yellov lis on green is off
// TRAF 2

LED_Redl = 0; LED_Yellowl = 1; LED Greenl = // red is off yellow is on green is on
// TRAF 3

LED_Red2 = 0; LED_Yellow2 = 1; LED Green2 =

// red is off yellow is on and green is on

Led Redp = 1 ; // pedestrian traffic lights

portd = 0XCO; // second seven sgment shows 0
portc = seg display[il; // seven segemnt shows 0-9
delay _ms(300); // 300ms delay

for <5;i++ )

/ Second pattern part 1

0; LED Yellow = 1; LED Green = 0;// red is off yellov is on green is off

0; LED_Yellowl = 0; LED Greenl = 1; // red is Off yellow is off green is on

)_] 1; LED Yellow2 = 0; LED Green2 = 0; // red is on yellow is off green is off
Led Redp = 1 ; // pedestrians lights on red

portd = OXFS; // second seven segemnts shovs 1

portc = seg_display [i]l: // first seven segment shows 0-9

elay_ms(300); // 300 ms delay
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for

// —€cond pattern parc -

// TRAF 1
LED_Red = 0; LED_Yellow = 1; LED Green = 0; // res is off yellow is on green is off
// TRAF 2
LED Redl = 0; LED_Yellowl = 1; LED Greenl = 1; // red is off yellow is on green is on

// TRAF 3

LED Red2 = 1; LED_Yellow2 = 1; LED Green2 =
Led Redp = 1 ; // pedestrian light is red
portd = 0XF9; //second seven segment shows 1

portc = seg_display [i);// first seven segemnt shows 0-9

delay ms(300):// 300ms delay

}

(1=0;1<5;i++ ) // i starts at 0 and runs to 4 adding once each run till to 4
1

:// red is on yellow lis on green is off

// Third pattern part 1

// TRAF 1
LED_Red = 0; LED_Yellow = 0; LED_Green = 1; // red is off yellow is off green is on
// TRAF 2
LED_Redl = 1; LED_Yellowl = 0; LED Greenl = 0;// red is on yellow is off green is on
// TRAF 3
LED_Red2 = 0; LED_Yellow2 = LED_Green2 = 0;// red is off yellow is on green is on

Led Redp = 1 ; //pedestrian light is red

portd = OXA4 ; // second seven sgement shows 2

portc = seg_display [i] ;// first seven ssgment shows 2
delay_ms(300); // 300 ms delay

}
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for (i=4;i<10;i++ )// i = 4 till i = 9 adding one each run through
{
// Third pattern part 2

// TRAF 1

LED Red = 0; LED_Yellow = 1; LED Green = 1;// red is off yellow is on green is on

// TRAF 2

LED_Redl = 1; LED_Yellowl = 1; LED Greenl = 0;// red is on \yellow is on green is off
// TRAF 3

LED Red2 = 0; LED_Yellow2 = 1; LED Green2 = 0;// red is off yellow is on green is off
Led Redp = 1 ;
portd = OXA4
portc = seg_display [i] :
delay_ms(300);
}
for (i=0:;i<5;i++ ) // forth pattern part 1 i = 0 till i =5 add one each run through
«
{LED Red = 1; LED_Yellow LED_Green = 0; // red is on
|LED Redl = 1; LED Yellowl = 0; LED Greenl = 0; // red is on
|LED Red2 = 1; LED Yellow2 = 0; LED Green2 = 0: // red is on
{Led Redp = 0 ; LED Greemp = 1 :// pedestrian light is green
iportd = 0XBO; // second seven segment shows 2
|portc = seg_display [i]:// seven sgement shows 0-9
| delay_ms(300): // 300 ms delay
}
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for (i=4;i<10;i++ ) // forth pattern part 2
1{

LED Red = 1; LED_Yellow = 1; LED Green = 0;// red is on yellow is on
LED_Redl = 1; LED_Yellowl LED_Greenl = 0;// red is on yellov is on
LED Red2 = 1; LED_Yellow2 = 1; LED Green2 = 0;// red is on yellow is on
Led Redp = 0 ; LED Greemp = 1 ;// pedestrian light is green

portd = 0XBO; // seven segment shows 3

portc = seg_display [il; // seven segment shows 0-9

delay ms(300); // 300 ms delay

i = 0 only runs once

LED_Yellow = 0; LED Green = red is on
LED_Yellowl LED_Greenl = 0; // red is on
LED_Yellow2 = 0; LED_Green2 = 0; // red is on
; LED Greemp = 1 ;// green is on

portd = 0X99 ; // seven segment shows 4

portc = seg_display [1]:// seven segment shows 0-9

delay ms(300) ; // 300 ms delay

delay ms(300); // final 300ms delay
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Line Message No. Message Text Unit
182 02 ; expected, but " found Traffic_lights_assignment_cv.c |
183 24 'Y expected " found Traffic_lights_assignment_cv.c
n 107 Einichad (with arrnre): 15 Nar 2023 17:41:21 Yeaffic bohts acdonment cvmend |
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¥ Warnings V Hints

Message No. Message Text Unit
128 Linked in 157 ms
129 Project "Traffic_lights_assignment_cv.mcppi’ completed: 500 ms

103 Finished successfully: 15 Dec 2023, 17:42:59 Traffic_lights_assignment_cv.mcppi
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