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[bookmark: _Toc153795496]Introduction
In this assignment I shall be using a Programmable Interface Controller (PIC) and programming software such as Mikro C, along with a simulation program called Proteus to design and implement a traffic light control system for a T junction including pedestrian crossings and precise timing intervals. This system will make use of the PIC16F877A and traffic light components along with some coloured LED’s used for the pedestrian crossing signals. I have also included the use of an OR gate and a buzzing system to let the pedestrians know it is safe to cross with an audible buzzing in the last 10 seconds.
[bookmark: _Toc153795497]Background research
[bookmark: _Toc153795498]Traffic lights in the UK
Traffic lights are all over the UK and are used to control the flow of traffic and make sure that our roads and junctions are as safe as they can be. The UK traffic lights consist of three colours, red, green, and yellow. Red tells the road users to stop, yellow tells them the signal is about to change and to be prepared for the change and green tells the road users that they can go. This simple system keeps our roads and junctions flowing smoothly so that there is a minimum build-up of traffic and so that there are minimal crashes. The UK’s traffic lights are typically vertical with the red signal at the top, the yellow in the middle and the green signal at the bottom.
The first traffic light system in the UK was installed in London in December in 1868, this traffic light only consisted of “two mobile signs attached to pivoting arms that were manipulated by a lever. The post was topped with a gas-lit semaphore to ensure visibility.” [1] The first three colour traffic lights consisting of, red, yellow, and green colours where then reinstalled in London in piccadilly in 1926 however these were also manual but powered by electricity instead of the original gas-powered lights. These three colour lights where then automated a year later in 1927. Then in the 1960s they were computerised and that is how they have stayed until this day making them able to detect cars and change as required making them more efficient. [2]
Tri coloured traffic lights also usually have a pedestrian crossing system built in. this consists of buttons on either side of the crossing and pedestrian signals coloured red and green to signify whether it is safe for the pedestrians to cross, this system also has a sounder built in to further signify that it is safe to cross. Traffic lights also now use hundreds of LEDs for each colour, this is because LEDs are efficient, cheap to run, easy to replace and if one of them blows the others will still provide lighting meaning the light have to be serviced less often.
[image: traffic light sequence]
[bookmark: _Toc153744128][bookmark: _Toc153795524]Figure 1 shows the UK traffic light system [1]
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Below shown in figure 2 is my circuit designed in proteus using the components also listed below.
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[bookmark: _Toc153744129][bookmark: _Toc153795525]Figure 2 shows my circuit designed in Proteus.
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[bookmark: _Toc153795501]PIC16F877A
The PIC16F877A is a programmable interface controller (PIC) designed and manufactured by Microchip Technology, it runs on the modified Harvard architecture and runs on an 8-bit RISC (Reduced Instruction Set Computing) instruction set [3]. In this assignment I will be making use of the three ports, Port B, Port C and Port D to connect my traffic lights, pedestrian signals and 7 – segment displays to. 
[bookmark: _Toc153795502]Traffic light modules
In my circuit design I shall be using the built in traffic light module, this is a component that resembles a traffic light signal with three led lights in it, one red one yellow and one green. This module also has three inputs and a common cathode meaning that when one of the pins is high it will activate the corresponding LED. These traffic light module inputs will be controlled and connected via the PIC.
[bookmark: _Toc153795503]LED’s
For the pedestrian signals I will be using LED’s (Light emitting diodes) these small components emit light when a current passes through them and indicate when the pedestrians can cross and when they must stop as traffic will be passing through the junction.
[bookmark: _Toc153795504]Seven segment displays
I have included six 7 - segment displays for the traffic lights, there will be three pairs on each set of lights displaying a time of 40 seconds counting down and the lights will change every 10 seconds. These displays can also be used to show the amount of time that the pedestrians have left to cross before the lights change for the cars to start passing through meaning it is safer for them.
[bookmark: _Toc153795505]Buzzer
I have incorporated a buzzer so that when it is safe to cross an audible sound can be heard to alert the pedestrians.

[bookmark: _Toc153795506]Or gate
I also included an OR gate in my circuit design so that I could allow the activation of all red lights when the pedestrian crossing cycle starts. An OR gate has two inputs and will only give an output if one of the inputs is high.
[bookmark: _Toc153795507]Flowchart for my Program
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[bookmark: _Toc153744130][bookmark: _Toc153795526]Figure 3 Flowchart representation of my program
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I have written my code in C language by using MikroC Pro software as instructed. My code is displayed in the figures below and is also explained. I have also added comments into the code so that it has some explanation of what each line does and makes it easier for people to modify and fix should there be any issues.
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[bookmark: _Toc153744131][bookmark: _Toc153795527]Figure 4
In figure 4 above an integer is declared by using the line of code ‘int I’ this tells the compiler that there is going to be integers used and that integer values may be returned. This is then followed by ‘unsigned int display [10]’ this code creates an unsigned array filled with the hexadecimal values 0 to 9 and they will be used so that they can be displayed on the 7 – segment displays for the count function. The ‘[10]’ is used to tell the compiler that there are supposed to be ten hexadecimal values put into the array. This could help with fault finding as you know there are supposed to be a set number of values in the array.
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[bookmark: _Toc153744132][bookmark: _Toc153795528]Figure 5
In figure 5 above I have lines of code that are for setting up single bit variables, single bit variables mean that they will only be either a 1 or a 0 (high or low). These lines of code also give names to the variables and declare which port and pin that they are assigned too so that they can be correctly used. ‘sbit’ is used to tell the compiler that the following variable will be a single bit variable. LED_RED, LED_YELLOW, LED_GREEN, LED_RED_PEDESTRIAN and LED_GREEN_PEDESTRIAN are all the single bit variable names that are going to be defined and used. I then used ‘at RBn’ with RB being the port at which the pins are located (Port B) and the lights are connected to and the ‘n’ being the pin location on that port, this assigns the variables to a pin so that they can be activated easily. I also added in the All_RED variable defined at PORTB pin five for when the pedestrian crossing cycle is activated.
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Above in figure 6 is my next section of code this section is the start of the main block of code (void main) and has the initialisation of the three ports I will be using, PORTB, PORTC and PORTD. The line of code ‘TRISB = 0X00’ is used to set the whole of PORTD as an output and this is used for all the ports that I will be using, i.e. B, C and D. Once all the ports are set as outputs I then used ‘PORTB = 0X00’ This sets / initializes the port to be 0 from the beginning of the program. This command is repeated for all the other ports used to also set them to zero. 
[image: A screenshot of a computer code

Description automatically generated]
[bookmark: _Toc153744134][bookmark: _Toc153795530]Figure 7
This block of code in figure 7 is the first block that activates the traffic light system. In the first line we have ‘ for ( i = 0 ; i < 10 ; i ++ ) ’ This command creates a loop that repeats the code in the brackets until the conditions set are met, in this case the conditions are that the integer ‘ i ’  needs to be less than 10, after each iteration of the code is run a value of 1 is added to the integer ‘ i ‘  meaning that the code will only repeat 10 times so that the lights stay in the same pattern for 10 seconds and the counter will count up using the 7 - segment LED displays. ‘PORTD = 0XC0’ sets the left display to be 0 throughout this iteration as it will only be counting from 0 – 9 meaning no tens digit is needed on the first loop. This means that PORTD can be set to 0 throughout this first loop. ‘PORTC = display [i] ; ’ This line of code makes PORTC which is connected to the 7 – segment display on the right displays the hex values in the array, this effectively creates a counter counting from 0-9.
The next few lines of code are pretty simple, the single bit variables are listed and when they are equal to 0 the pins they are connected to are set low meaning they get no voltage and therefore the lights connected to them are off, the ones that are set to 1 are set high and therefore the corresponding LED light is turned on, in this case the yellow light is activated. The line ‘LED_RED_PEDESTRIAN = 1’ This code sets the pedestrian LED pin on PORTB to be high meaning that the red LED is lit and therefore telling the pedestrians they should not cross. There is then a line that says ‘delay_ms(1000)’ this line simply delays the program by one second meaning that over the ten iterations it will have been 10 seconds.
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The next block of code (Figure 8) is almost identical to the first one however there are a few slight changes. PORTD has changed so that its value displays the hexadecimal value 0xF9 which is one. This means that the left 7 – segment display will display the number 1 for the duration of this block of code whilst the right-hand display counts giving us the numbers 10 – 19 as required. The other difference in this block of code is that LED_RED is now equal to 1 and the yellow and green ones are set low meaning that in this iteration the yellow led pin will be high making the traffic lights change colours, the delay and the pedestrian signal stays the same as the pedestrians still cannot go as the traffic will be flowing. 
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Figure 9 above is another two blocks of code with minimal differences again. The first block makes the LED_GREEN pin go high to change the light pattern again and PORTD is also changed to the hexadecimal value of 0XA4 to display two on the left-hand display meaning the dual displays will count from 20 – 29. The second block has PORTD set as hexadecimal value 0XB0 which will display three on the left display giving us the count from 30-39. All the LEDs for the traffic lights are also set low so that all the traffic lights are disabled, the LED_GREEN_PEDESTRIAN is then set high so that the pedestrian light goes green, and the pedestrians can cross safely. The ALL_RED variable is also set high meaning that all the red lights on the traffic signals are activated therefore stopping traffic and making it safe for them to cross.
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The last block of code shown above in figure 10 has one purpose and that is to make sure that the LED displays count to the full 40 seconds, therefore the value of PORTD is set as 0X99 which is four on the display giving us the last second in the 40 seconds. This also means that the loop only needs to occur once as it is only for the last second so the for loops parameters are changed to ‘i < 1 ‘. This means that it will break out of the loop after the one second has passed and the final number of forty has been displayed.
[bookmark: _Toc153795509]Testing
To test my system, I used the proteus software to simulate the traffic lights, to do this I compiled the C code that I had written in MikroC Pro and selected the compiled coding document in proteus so that the PIC knows which code to run. Once I had setup the PIC with the code, I could start the simulation. Once the simulation had started, I made sure to observe the traffic light system closely making sure that the counter was counting down correctly and that the signals are correctly changing every 10 seconds. Once the timer had got to the last 10 seconds, I made sure that all three traffic signals turned to red and that the pedestrian signal went green whilst the buzzer was activated, allowing the pedestrians to cross. Below are screenshots taken of my simulation at ten second intervals showing the simulated outputs and therefore my test results.







[bookmark: _Toc153795510]First 10 seconds
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[bookmark: _Toc153744138][bookmark: _Toc153795534]Figure 11 shows the simulation in the first ten second cycle.
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[bookmark: _Toc153744139][bookmark: _Toc153795535]Figure 12 shows the simulation in the second ten second cycle.
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[bookmark: _Toc153744140][bookmark: _Toc153795536]Figure 13 shows the simulation in the third ten second cycle.
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[bookmark: _Toc153744141][bookmark: _Toc153795537]Figure 14 shows the simulation in the last ten seconds when the pedestrian lights are green, and the traffic lights are set to red, and an audible buzzing is heard.

[bookmark: _Toc153795511]Conclusion 
This assignment has provided me with coding experience and knowledge as well as hands on experience creating circuits within proteus, this assignment has also allowed me to familiarise myself with the PIC16F877A whilst integrating software and hardware to create an effective system that is used for real world applications. In the future I would like to make the code as simple as possible but also make the traffic light system more complex and effective by adding in filter lights for turning left and right so that traffic can flow smoother, and the system would therefore become more effective. I would also incorporate a button system to activate the pedestrian crossing sequence so that the traffic is not stopped when there are no pedestrians needing to cross. I will use the knowledge gained by completing this assignment in my future work to create more complex systems. 
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void main() {

TRISB = 0X00; //Set as Output
PORTB =0X00; //Set |as zero
TRISC = 0X00; //Set as Output
PORTC =0X00; //Set as zero
TRISD = 0X00; //Set as Output
PORTD =0X00; //Set as zero
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for (i=0;i<10;i++)
{
PORTD = OXCO;
PORTC = display [i];
LED_RED = 0; LED_YELLOW = 1; LED_GREEN = 0;
LED_RED_PEDESTRIAN = 1 ;
delay_ms(1000);
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for (i=0;i<10;i++)
{
PORTD = OXF9;
PORTC = display [i]:
LED_RED = 1; LED_YELLOW = 0; LED_GREEN = 0;
LED_RED_PEDESTRIAN = 1 ;
delay ms(1000);
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for (i=0;i<10;i++)

PORTD = OXA4; // Display 2 on the left LED display
PORTC = display [i]:

LED_RED = 0; LED_YELLOW = 0; LED_GREEN = 1:
LED_RED_PEDESTRIAN = 1 ;

delay_ms(1000);

for (i=0;1i<10;i++)

PORTD = 0XBO; // Display 3 on the left LED display
PORTC = display [i]:

LED_RED = 0; LED_YELLOW = 0; LED GREEN = 0; ALL RED = 1;

LED GREEN PEDESTRIAN = 1 ;

delay ms(1000);
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(1=0;1i<1;i++4) // For loop to loop the program once for |the final second
PORTD = 0X99; // Display 4 on the left LED disply

PORTC = display [i];

LED_RED = 0; LED_YELLOW = 0; LED GREEN = 0; ALL RED = 1;

LED_GREEN_PEDESTRIAN = 1 ;

delay_ms(1000);
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int i ; // this declares an integer callec
unsigned int display [10] = {0XCO, OXFS ,

sbit LED RED at RBO_bit; //decl
sbit LED_YELLOW at RB1_bit; //decl
sbit LED GREEN at RB2 bit; //dec
sbit LED_RED PEDESTRIAN at RB3 bit; //de

sbit LED GREEN PEDESTRIAN at RB4 bit: //d
1
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sbit LED RED at RBO_bit; //dec:
sbit LED_YELLOW at RB1_bit; //dec.
sbit LED GREEN at RB2_bit; //de
sbit LED_RED PEDESTRIAN at RB3_bit; //d
sbit LED GREEN PEDESTRIAN at RB4_bit; //«
sbit ALL RED at RB5_bit ; //de




