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Introduction
This report consists of the design of a four way traffic light system that follows a specification that includes the use of a seven segment display that counts down for 50 seconds. Additionally a green and red LED will also be included as an indication for pedestrian crossing. 
Proteus software is used in order to simulate the design to show the running system working. The actual program for the system will be written using the Micro c software to compile it and then it will be transferred to the Proteus software using the Micro c hex file so that the simulations will work according to the code.
When the design is complete and tested with the simulation software proteus, it can then be built up on a breadboard with the use of LEDs for more comprehensive testing with real life environmental factors that may not be able to be shown through the simulated design on Proteus. 
 Throughout this report you will see the process taken to design the traffic light system in order for it to run smoothly without any possible collisions. 


















Background research 
Traffic lights are used in order for the flow of traffic to be predictable. This is done because it gives road traffic and pedestrians priorities over each other depending on the colour of the lights at a given moment. The advantages of using traffic lights is that it can give a more orderly traffic flow that means that the amount of traffic capacity should be able to be increased and less collisions should occur in the case of right angle collisions. Furthermore, it provides a safe way for pedestrians to cross on busy roads by giving them the priority to do so. A disadvantage of traffic light signals however is that at times it can increase traffic congestion if the flow of traffic is light and therefore cars are stopping unnecessarily, and this also can then increase the amount of rear end car collisions due to cars stopping abruptly.  [1]
In order for all road users to be able to drive safely and avoid collisions, there needs to be a standardisation for the sequence of traffic lights that all road users will understand. The highway code is used in order to do this so that there can be no misunderstandings. [2]
[image: ]
Figure 1 - traffic sequence [3] 

Figure 1 is the sequence used in the highway code for traffic lights. All road users should be able to understand this sequence and be able to follow it correctly. Because of this, the sequence used in this traffic lights programme will follow this sequence so that there will be a good understanding of what they mean and how they should operate.
Although the sequence is standardised through the use of the highway code, the type of traffic light systems can vary widely. 
The different types of systems can range from fixed time traffic light signals, actuated traffic signals and pre timed traffic signals just to name a few. The use of these different types of systems will vary depending on different factors such as  where they are going to be used and how consistent and heavy the flow of traffic will be passing through them. [4] According to greenlight traffic engineering 2024, it was in the 2000’s when technology developed enough to allow traffic signals to communicate with vehicles so that designers would be able to choose between many different systems that can work more efficiently and effectively for a specific type of area and traffic flow. 
Fixed time traffic light signals
These are traffic signal that give traffic a predictable flow by using a predetermined amount of time for each colour of the sequence regardless of the changes that may happen with the traffic flow. 
An advantage of this type of method is that it is generally the cheapest method to install. A disadvantage however is that it can often end up causing unnecessary delays in traffic if the traffic was light. This is because cars will end up needing to wait even if there is no cars going the other way. Because of this fact, fixed time traffic signals are generally best used in busy areas where traffic is expected to be heavy and constant so that no traffic will be waiting unnecessarily. 
Actuated traffic signals 
Actuated traffic signals are when the traffic signals change according to the traffic movement and not down to predetermined times like with fixed time signals. They would work by having a specific type of sensor placed to detect vehicles that would then send a signal to change the traffic sequence accordingly. Examples of the type of sensors that could be used in order to do this is pressure sensors or inductive loop sensors used in the road to detect the weight of a car driving over it, or it could be over head with sensors such as infrared or microwave to detect a vehicle approaching. [5] 
By using actuated traffic signals, the traffic flow will be able to be adjusted according to the amount of vehicles on the road. This therefore is an ideal system to be used on roads where the traffic patterns can change often and is unpredictable as they respond to fluctuations in every day traffic. [6] A negative of using this type of system however is that it is far more costly that a less comprehensive system such as a fixed time system. 
Pre timed traffic signals 
This type of traffic signal is similar to a fixed time traffic signal in the sense that the time is pre-determined for the lights to change, however where they differ is that multiple different time sequences can be inputted into the system so that the signals will be able to change depending on the time of day. For example, in the morning the sequence may run faster than how it will run in the afternoon. 
An advantage of this system is that it is cheaper than actuated traffic signals but is more traffic conscious than fixed time signals as the traffic can be monitored on the road and the timings can be adjusted to suit so that there will be less occurrences of unnecessary stopping of traffic. A fall back of this system however is that if unusual occurrences was to  happen and the traffic flow was to change from usual, this system would no longer be effective. 
In order for the traffic lights to be controlled, different types of controllers can be used to control the function of the lights. On the market you can find many own brands of controllers but the basis of them are often either PIC microcontrollers (Peripheral interface controllers), or PLC’s (Programable logic controllers). 


PIC micro controllers
This is a device that was created at first to carry out simple control applications. The PIC microcontrollers are mostly cheap to buy and have many different variations that can meet different requirements depending on the chip. PICs are often programmed using c programming or c++, or Arduinos can also be used which is another type of micro controller that can be programmed using its own simplified programming language. A common use for this type of chip can vary from being used in the home for security systems and controlling lighting, in a medical environment for patient monitoring systems and diagnostic equipment or even in the automotive environment for dashboard displays. [7] This diverse range of uses is mostly down to the fact it is small in size and has a low power consumption so is perfect for systems that are energy conscious or battery powered.  
PLC’s 
PLC’s can be used for multiple different uses and can vary in size depending on the type of PLC chosen or even the brand. In most cases for traffic lights, Siemens logo PLCs will be used due to the compact nature of them and the relatively cheapness when compared to the competitors. These Logo PLC’s as standard have 8 inputs and 4 outputs and come with ready to use functions that can include but are not limited to different timers, on and off delays and also pulse generators [8]. Often PLCs are seen used within the automation industry however these small but powerful devices have many uses such as in air conditioning units and other small machines. This is mostly due to the easy programming nature of them. Many different programming languages can be used for a PLC however the most common one that is used is ladder language as it is the easiest to read/ write out of the selection of PLC languages for those who are electrically minded. This being said, the nature of the program will also determine the language in a PLC as it is sometimes easier to write a programme in one language to another depending on what it is doing. 









Circuit design 
In order to meet the specification brief given, a PIC micro controller will be used to control the sequence for the traffic lights to work correctly. The PIC controller that has been chosen is the PIC16877A shown in figure 2. This has been chosen as it is the one that I am most familiar with and I understand its capabilities. Port A has not been used for any terminals due to the fact these ports are sometimes reserved for other commands and can at times cause issues when it comes to your program working with them. For the PIC micro controller to work, a power source was needed to be connected to terminal 1, this can be seen in figure 3. 
[image: PIC16F877A Pinout] 			[image: ]
Figure 2- PIC Pin out [9]				Figure 3- Proteus PIC 		
To simulate the traffic lights, the proteus software has a built in traffic light display that will be used so that the image will be clearer to understand when running (Figure 4). In order to show it for a four way traffic light system, four of these traffic light displays will be used. For the pedestrian crossing a red LED and a green LED will be used (Figure 5). Likewise, four of each will be used so that one will be seen at every junction. These LEDs will need to be then connected to ground for them to work correctly. I have decided against using a resistor with the LEDs as no dimming will be required for the lights and the ground will suffice in order for them to function as this will create the voltage drop. 
[image: ] 				[image: ]
		Figure 4	- Proteus traffic lights		Figure 5 – Pedestrian LED’s 		
Lastly, two seven segment displays will be used for each counter so that it will be capable of counting in the double figures for it to go from 50 seconds as required in the specification. A power source needs to be connected to the common anode terminal in order for it to work and then a connection at each terminal of the seven segment display so that the number can be displayed correctly. In order for the proteus display to look more aesthetically pleasing to look at, the default terminals in the software will be used to connect the B ports to the seven segment displays. Furthermore, by using these default terminals it also means that less terminals on the PIC controller will need to be used. The connections can be seen in figure 6 and 7 below. 
[image: ] 			[image: ][image: ]
Figure 6	- Seven segment display    		 Figure 7- Seven segment pinout [10]	
Flow chart 
The pattern in figure 8 and 9 will be the sequence that the traffic lights will follow. This shows the binary representation for the colour light that will be on for each step of the sequence.  

Vertical lights						Horizontal  lights
[image: ] 		[image: ]
Figure 8- vertical lights logic				Figure 9- horizontal lights logic

Pedestrian flow chart 			Cars flow chart 
[image: ] 	[image: ]
Figure 10- Pedestrian flow chart 		Figure 11- cars flow chart


Sequence flow chart 
[image: ]
Figure 12 – Flow chart showing the sequence for the traffic lights 










Software programme 
The program was written with the compiler Micro C. At the start of the program, all the values used have been defined. The hexadecimal values given at the start are naming each characteristic for the seven segment display. where ‘Void main’ is written in the program, it allows the software to see where the programme logic starts from. The program has been commented throughout to allow for easy understanding of the logic. This can be seen in the green writing after the //. The 1’s and 0’s represent the binary logic for the light being high or low/ off or on. This is how the program knows what command to give the LED. The written programme can be seen below in figure 13. 

[image: ][image: ]
[image: ][image: ][image: ][image: ]
Figure 13- written program in micro c software 
Simulated screen shots and bench testing 
In order for the program to be tested to ensure it was working as it was supposed to, it was simulated on the proteus software. From the figures 14 to 18 below, you can see that the design is running according to the specification. The next stage of testing after the simulation is the practical bench testing of the design where it is built up on breadboards and run. This can be seen in figures 19 and 20. It was not expected that there will be a difference in the running of the design from the simulated design however to conduct a more comprehensive test it is essential to do this practical bench test in order to confirm the theory.   
[image: ] [image: ]
Figure 14 – 50 to 40 seconds 		Figure 15- 40 to 30 seconds 
[image: ] [image: ]
Figure 16- 30 to 20 seconds 		Figure 17- 20 to 10 seconds 
[image: ]
Figure 18- 10 to 0 seconds 
[image: ]
Figure 19- downloading the program to the PIC controller
[image: ]
Figure 20 – Practical Breadboard bench set up
Video recording of simulation


Results and conclusion 
Following the specification given, the sequence works as required and allows for the traffic to flow smoothly without any possible collisions. The seven segment display also provides an accurate indication of when the sequence will change, and the crossing light LEDs work as expected to allow pedestrians to easily see when it is safe to cross. 
As assumed, there was no variations between the workings of the simulated design and the practical bench test. However, as I had never programmed the hardware of a PIC micro controller before, this was the most challenging aspect of this bench test. 
A recommendation I would make to this task would be for the specification to be altered slightly so that the sequence is able to run with better flow. These alterations should therefore allow the design to become more realistic to real life traffic management.    
The run time count is one modification I would make to the specification. This is because by giving the cycle time 60 seconds rather than 50 seconds, it would allow the sequence given by the highway code to run a full cycle and make it more realistic. Another way that would have worked instead of adjusting the full cycle time would be to just adjust the time that each LED is displayed for.  This is because in real time traffic management, the green and red lights are not on the same amount of times as the amber light and the red and amber light. By adjusting these times to suit it would mean that the flow would be more like the real time workings of traffic lights and it would also mean that the 50 seconds stated in the specification could also be met with smooth traffic control and no error. 
Another adjustment that could be made to the specification for the system to run better is to use an Arduino device rather than a PIC microcontroller. This is because although they are both micro controllers, Arduinos have newer technology and therefore have better capabilities with them than PIC controllers alone. 
Overall, throughout this task the specification was met according to the assignment brief and a design and program was able to be made to work successfully. 
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int i;
unsigned int display [10] = {0XCO, OXFS, OXA4, OXBO, 0X99,

sbit LED_RED at RBO_bit:
sbit LED_YELLOW at RB1_bit;
sbit LED_GREEN at RB2_bit;
sbit LED_RED] at RB3_bit;
sbit LED_YELLOWl at RB4_bit;
sbit LED GREEN1 at RBS_bit:
sbit LED_P_RED at RB6_bit,
sbit LED_P_GREEN at RB7_bit;
void main()

1

TRISB=0;

BORTB=0;

TRISC=0:

PORTC=0;

TRISD=0;

BORTD=0;
do

{

// for 50-49 display:
for (i=0;i<l;i++)
{
PORTC=0X92;
PORTD= display[i];
// step 1

// traffic light 1
LED_RED=1;
LED_YELLOW
LED_GREEN=

0x92,

o0xs2,

OXF8,

0x8p,

0X90};
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//opposite lights
LED_RED1=0;
LED_YELLOW1 = 0
LED_GREEN1= 1;

// padestrian crossing
LED_P_RED = 1;
//LED_P_GREEN= 0;

Delay_ms(1000);
// for 49 to 40 display:

for (i=9;i>=0;i—-)
{

PORTC=0X99;
PORTD= display[i
// step 2

// traffic light 1
LED_RED= 1;
LED_YELLOW= 0;
LED_GREEN= 0;

//opposite lights
LED_RED1= 0;
LED_YELLOW1 = 0;
LED_GREEN1= 1;

// padestrian crossing
LED_P_RED= 1;
// LED_P_GREEN= 0;
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Delay_ms(1000);

// for 39 to 30 display:
for (i=9;i>=0;i--)
{

PORTC=0XB0;
PORTD= display[i]:
// step 3

// traffic light 1
LED_RED= 1;

LED_YELLOW =
LED_GREEN= 0;

//opposite lights
LED_RED1= 0;
LED_YELLOWl = 1;
LED_GREEN1= 0;

// padestrian crossing
LED_P_RED= 1;
// LED_P_GREEN= 0;

Delay_ms(1000);
// for 29 to 20 display:

for (i=9;i>= )
1{

PORTC=0XA
PORTD= display[i]:
// step 4
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// traffic light 1
LED_RED= 0;

LED_YELLOW =
LED_GREEN= 1;

//opposite lights
LED_RED1= 1;
LED_YELLOWL = 0;
LED_GREEN1= 0;

// padestrian crossing
LED_P_RED= 1:

//LED_P_GREEN= 0;

Delay_ms(1000) 7

// for 19 tol10 display:
for (i=9:1>0;i--)

1{

PORTC=0XFS;
PORTD= display[i];
// step §

// traffic light 1
LED_RED= 0;

LED_YELLOW
LED_GREEN= 0;

//opposite lights
LED_REDI= 1;
LED_YELLOW1 = 1,
LED_GREEN1= 0;
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1>=0;1--)

// padestrian crossing
//LED_P_GREEN= 0

LED_P_RED= 1

// traffic light 1
//opposite lights

PORTD= display[i];

Delay ms(1000)

PORTC=0XCO,

// for 9 to 0 display:

for (i=9
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while(1):
}

// padestrian crossing
//LED P RED= 0;
LED_P_GREEN= 1;

Delay_ms(1000);
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Red: stop and
wait behind the

stop line.
Amber: stop unless

you've already
crossed the stop line
or you're so close

Red and
amber: stop
and wait; don’t

) ) pass or start
to it that pulling up until the green
might cause an light shows

incident.

Green: go, if the
way is clear.
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