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In this report I will detail how I created a traffic light system for a three-way junction with a focus on abiding by the highway code. During this task I used xc8 part of the MPLAB suite. This gave me the ability to code inside proteus the circuit designer I used to develop the traffic light system.




[bookmark: _kwclri1inarf][bookmark: _Toc153546823]Introduction
For this task I was required to create a three-way junction that had a 40 second timer that changed lights every 10 seconds with the final 10 seconds locked in pedestrians. 
I will also go into how I could improve the code in relation to highway code and what benefits the microcontroller I picked has over others.
I will cover the basics of wat traffic lights are designed to do and why they are used and what the benefits of using them is.

I used proteus and xc8 together to model the circuit and code behind the traffic lights. 
Xc8 is an embedded c compiler and as such is capable of functioning on the microprocessor I chose. This micro microprocessor is 16f877A Its a larger microcontroller which allows me to program the pins more freely than some of the smaller ones this one currently has all the displays running off 2 ports and the traffic lights themselves are running of 1 port and the first pin or port E. The pedestrian lights are running of port A pin 1 and 2.
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Traffic lights are intended to smooth traffic flow and keep all roads flowing this means they should only put on junctions that have similar traffic flow patterns unfortunately they rarely are in the UK you namely find them on roundabouts which is a good use of them but also on minor to major road junctions where the minor road exists a leisure centre this makes little sense as the centre likely only has 1 or 2 busy times and the rest of the time could be empty slowing traffic rather than smoothing it. As such in this assignment I have assumed that it is being used in its intended function with similar traffic loads and that the junction should be able to flow one at a time to limit the chance for accidents. 

The general interpretation of traffic light is red means stop. Green means go. Amber means prepare to go, and amber and red means prepare to stop. [4]

The benefits of using traffic lights is that they allow for smooth and consistent traffic flow and removes a lot of the human element to driving which is was commonly causes accidents when a person decides to go but its unsafe. The down sides are that they will inevitably slow the traffic to the same level as each other as there is no way to stop traffic and not slow down progression. 
[image: ][4]
I have made sure I follow this in my circuit design to give standardisation and allow for easy sourcing of components in later creation of the circuit. I’m also using a standard traffic light box in my design to allow for easier alignment of the lights with the road and production of the circuit as well as understand ability.
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“Amber is set to 3 seconds and the amber and red is set to two seconds” [3]
This is due to the highway code requirements that give a “0.25s tolerance” [3] presumably for older circuits as even with silicon the circuit will slow down eventually, and the circuitry is left in boxes exposed to the environment for long periods as such they will degrade eventually even if its slower than an iron rod at degrading. 

In the highway code it advises that lights have a cycle time less than 120 seconds this is to limit driver frustration and the chance that a driver might jump the lights when they see no one around. My program abides by this by only taking 40 seconds with short pauses in the counter for lights changing. If I was to improve the program based on the highway code, I would have to take traffic density into account either by having a sensor or taking a survey of how long the lights are set to let traffic that isn't there through and if the other lanes are being held up.

My lights could be streamlined if I use part of the highway code that allows for two opposing traffic sets to go at the same time as this would allow people going straight on to be slowed less than people going left or right. but this could cause problems on a busier junction where there are people trying to squeeze past others to avoid being slowed down.
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This pic is Recommended for use in “Automotive” [2] due to its fast-processing time of 200 nanoseconds execution [2] and its large memory size it allows for complex programs without slowdown in the reaction to emergency situations. In my case I’m using it as it has many ports making it capable of outputting to many different devices at once. With the three traffic lights I’m using 1 port and the pin of a second port for the displays I’m using 2 different ports and for the pedestrian lights I’m using two pins from port A this is to allow me to have complete control over the ports and the devices under their control.

The pic 16 I’m using has “256mb of eeprom” [3] this allows me a lot of freedom on code size and features. This means I can develop the code and then shrink it down to only the necessary functions later. 
 
The pic is also used for industrial and appliance-based applications in industry; they likely use the pic to control safety devices and respond to sudden changes in the state of machinery. In applications it’s the min controller as a washing machine would take very little code to control it and as such could be run by one of these pics as long as it’s using transistors to switch the power for the high-power motors.
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For my code I developed it in xc8, an mplab language that works with proteus allowing me to develop the code in the same program as the circuit. [1]
The version of xc8 I used allows for compiling of embedded c embedded c is a language designed to work on microcontrollers and small-scale processors. Its instruction set is designed for the risc instruction set in the case of the PIC16. Risc is “Reduced Instruction Set Computer” [5] 
It has faster program execution than the larger processor such as x86 but has no string handling which is why it works perfectly for micro controllers as they deal in binary data.

Xc8 has a few advantages: it's developed by microchip, a major developer of microprocessors as such it's designed to be lightweight and easy to compile for a chip. It integrates with proteus which allows it to be transferred to the chip via the proteus encoder, not just the one available with xc8. It also has readily available documentation. 

Its downsides are that it can't dot notation into ports as such you specify the port then using binary 1 and 0 you specify the output or place hexadecimal into it this means it’s a lot less intuitive for what is being out put through the port also if you put a 1 against the port it will just power the top port not the entire port.

It also does not activate any libraries until it's told to this save on compile time and storage but does mean you have to tell it to activate the delay library and tell the chip what the speed its running at is so it’s possible to set a delay to be too slow if the chip is told the chip is running at 4mhz when it is running at 8mhz.
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Define _xtal is adding the delay function topic and telling it I’m running at 4 MHz this allowed me to delay the program for the counter.
The const char is a lookup for the counter to allow for fast referencing of the number its counting in hex as this means I don't have to store a long string of 1 and 0 in the number lookup. It’s also more maintainer readable.
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I start by creating a function that enters a for loop. This loop starts by setting the counter to 40 and quickly decrements it by 1 to get 39 for the start of the rest of the count down. It takes 1 second before decrementing it. 

Next it counts down to 30 and then performs the same decrement the 10s display by 1 and starts counting down to 20.
[image: ]
Finally, it counts down from 10 to 0 with the main lights red and the pedestrian lights green.
[image: ]
Void main is the main execution segment it starts by setting all ports I’m using to tristate 0 and then clearing the ports this tells them to expect nothing and send nothing to ensure that it’s not got anything left over from when it last started up. 

Then it enters a never ending while loop that simply runs counter which is the name of the main function as counter is a loop that comes back to its original state before it ran it can run nonstop with no need for restarting. So, the use of TRIS is to simply initialise and in case of a power outage to ensure that the circuit is running correctly.

PORTA is the pedestrian lights.
PORTB is the main traffic lights. 
PORTE is the greenlight of the third traffic light.
PORTC is the 1s display.
PORTD is the 10s display.
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During testing I first found that the code would not update the display correctly it would count the second display as intended but would not count the first display down until 2 digits after it was supposed to, I found this was due to placing the code in the wrong place. The second flaw I had was the lights would not go back to red before setting the pedestrian lights to go and in other times it would jump them to red to fix this, I made the code leave the lights in their original state and only change the lights that aren't red to be red then had the pedestrian lights go.
[bookmark: _gn48aeysuxmj][bookmark: _Toc153546829]Evaluation
As a traffic light system, it works effectively it keeps traffic flowing and keeps the pedestrians able to cross. In the case of the pedestrians, they have more chance to cross that they do in other setups as such it's likely a setup they would get along with. Equally it has its issue with their being a two 10s timers that may have no use if there are no pedestrians or cars exciting the junction as such in future designs, I would consider adding a push button or a sensor for people on the junction and a density sensor on the minor road to allow for less interruption on the main road.
In the case of the circuit, I believe it is easily set up and provides all the necessary connections for the pic to drive everything and can be updated to match the future sensor additions.
In the future I would add a more detailed circuit as this one makes many assumptions such as the port being able to drive all these components or them having internal power which most do not, and the pic does not have the required voltage or current to drive them and not all of them. I would fix this by adding transistors to allow the pic to be a control circuit and the components be fed by another source entirely. 

In the future I would use interrupts and buttons together to allow the pedestrians to push to go rather than being limited to waiting for the light to give them a green light and slowing the cars while there is no one there.

Future code designs I would implement more comments in my code as it is readable, but it could be more so. 

Another way of producing the green light for the traffic lights would be a not or gate on the red and amber signal as it would then only operate when one of the others is not; this would mean that I could save three pins for use later in development.  I could similarly do a not gate on the pedestrian lights as this would perform the same function. The only downside to either of these is that if the pic were to stop functioning it would default to a green state rather than off which is not desirable. As such my current design functions better in that regard.
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electronics 1 proteus c.pdsprj
This has both my code and circuit as I used xc8 I can provide that if needed.
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/* Main.c file generated by New Project wizard
*
* Created: Tue Nov 21 2023
* Processor: PIC16F877A
* Compiler: MPLAB XC8
*

#include <xc.h>
#define _XTAL_FREQ 4e6
Sconst char numberlookup[10]= {

ox40,

ox79,

ox24,

ox30,

ox19,

ox12,

ox02,

ox78,

0x00,

ox10
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void counter()// the single working bit of this code
1 {

for (int i
1 {

PORTD = numberlookup[4];//displays 4
PORTC = numberlookup[@];//displays @
__delay_ms(1000);//1s
PORTD = numberlookup[3];//display 3
PORTA = 0b@0@010;//sets pedestrianl Lights to red
PORTB=0b00001001; /// @ = off 1 = on back to front
PORTE=1;//sets bottom one Light green
int j =95
while(j>=0)

;i<41;) //sets the Loop for the counter

PORTC = numberlookup[j];//displays the number in the Lookup that matches j
delay_ms(1000);

__delay_ms(3000); //3s
PORTB=0b10001001;
PORTH H
delay ms(3000); //35
PORTB=0b01001001;
__delay_ms(3000); //3s
PORTB=0b01001011;
__delay_ms(3000); //3s
PORTB=0b01001100;
PORTD = numberlookup[2];

j=9
whlle(]> 0)

PORTC = numberlookup[j];//displays the number in the Lookup that matches j
" delay ms(1000):
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PORTA = 0b000010;
__delay_ms(3000); //3s
PORTB=0b01001001;
__delay_ms(3000); //3s
PORTA = 0b000010;
PORTB =0b11001001 ;
__delay_ms(3000); //3s
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void main(void)
{
// Define ports
TRISE=0;

//portB and port co = trafficlights
//red=Bo B3 B6

while (1)

{

counter();

}




