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Introduction
In this assignment there will be a demonstration on simulation software of a set of 3-way traffic lights operating at a T junction. The traffic lights will each get 10 seconds of green light for the traffic to pass through, one after the other. At the end of the cycle there will be a period of 10 seconds, where every traffic light is on red to allow pedestrians to cross.
The code will be presented and the operations of the system shown in a flowchart format, this will be alongside screen captures of the code itself and examples of the working diagram. There will also be background research on traffic light systems and their application in the real world. Following the assignment there will be a conclusion, with reflection on how the assignment could be completed more efficiently in the future.
Background research
Traffic lights were first introduced in 1868, invented to reduce the need for police to direct traffic. They usually consist of a red, amber and green light. Red means stop, amber means prepare to move – or stop depending on if the red light is on or off – and green for proceed. They are an international standard, however, the sequencing and laws may vary depending on the country. [1] Traffic lights are also vital infrastructure in regard to pedestrian safety. In todays world traffic lights are an automated system run electronically. The first implementation of this was in the United States of America in 1914. 
In less busy areas traffic lights can be controlled by sensing when cars are waiting. However, in busy areas traffic lights are mainly on a timer system, similar to the one demonstrated in this paper. [2]This is to ensure a smooth fair flow of traffic. Traffic lights are used in every nation to control traffic, with most using the red amber and green system. The simulation in this paper will be using the united kingdoms traffic light procedure. This means firstly the red light will show, then the amber at the same time, then the green with the other two lights off. The system will then show only the amber light and then back to the lone red light. [3]








Circuit designs and diagrams
[image: ]The circuit design for this report, (see fig.1), contains 3 sets of traffic lights, 6 7-segment displays each connected to resistors at 220 ohms. The circuit is controlled form a series of inputs and outputs from a PIC16F877A.Figure 1 the schematic diagram of the system


As seen in the schematic each individual traffic light has its own input into the PIC. This makes the coding of the system easier as each light can be controlled individually. This does mean however, when coding there has to be 9 individual protocols for each light. 
Although the timers each have their own input and output, these can use 2 separate protocols and arrays, one for the tens and one for the seconds. As all the timers display the same number at the same time this reduces the amount of code for the software of the circuit. The PIC16F877A was chosen as it has an internal timer, therefore reducing the amount of components needed for the circuit as there is no need for a timing crystal. The code workings and examples will be demonstrated in the software listings and system operation sections of this report. [4]

System operation 
The system works off of a simple coding set. There is an array for the timers doing the 10 second intervals, and the second timers are manually coded to output the values with a 1 second delay each time. The traffic lights are also manually coded with each pin being addressed individually. This is to ensure that the system operates without fault and all of the timers run at the same time as the lights. 

[image: A computer screen shot of a circuit board
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AI-generated content may be incorrect.]Below in figure 2 is a flowchart of the desired operation for the code.Figure 2 a flowchart of how the code will operate

To achieve this operation, all of the timers were connected to two registers on the PIC. One of these registers was for the seconds, and the other for the 10 second timer. This meant that as the 3 timers were on the same register (see figure3) that they would all display the same value and follow the same protocol. This is beneficial as it means the system will operate effectively with minimal errors. Inputs and outputs were used rather than wires in order to keep the schematic neat and easy to analyse. As seen in figure, 3 there are many inputs and ports on the PIC. The timers were using the R register on the PIC for the tens and the C register for the seconds. As well as fortifying the operation of the code, [4]having the same registers for all 3 timers makes the code shorter as less outputs need to be addressed.Figure3 an example of the inputs


The code for the timers was done by using hexadecimal values being sent to the timers to be displayed. This was with a delay in between each value in order to ensure that the counter was accurate and changing every second. (see fig4 for coding example) [5]
[image: A screen shot of a computer program
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Figure 4 example of the timer coding
As seen in figure4 the seconds port is addressed with a 1 second delay each time it is needed to show the next number. This is the way that worked best when trying to get the timer to run with the traffic lights. 
Although the timers are set up the same way with all of their counterparts connecting to the same registers, the ten second timers located on the left of the two timers in the schematic, are run off of an array. Therefore they only need to be addressed at the start of the code in order to setup the array and then run the array. In the figure below the array can be seen in the source code.
[image: ]
Figure 5 the array setup for the tens timer
In figure5 it is seen that the tens are set into an array of 4 hexadecimal values. This is because the timer only counts up to 40 so it only needs to be the numbers 1-4. Using an array also seamlessly allows the timer to run alongside all the other functions without interfering with operations.
The traffic lights are coded off of a similar system, however as they change their state less it is easier to control them with the delays. Due only one showing green at a time and the others showing red the only part of the code where there is a bulk section of traffic light changing is at the 10 second change over period when one set of lights is changing from green to amber to red , and the next set is changing from red to red and amber and then green all at the same time. To ensure this process happened smoothly with the timer staying synchronised the delay between the operations was reduced. See figure6 for an example of the traffic light coding. 
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Figure 6 the traffic light coding at the time of a change over
Although it was possible to run the traffic lights off an array also, in order for everything to run smoothly together it was found that the individual addressing of the timers then the lights with delays worked best. For the full software listings, see below.
Software listings
/* Main.c file generated by New Project wizard
 *
 * Created:   Wed Feb 26 2025
 * Processor: PIC16F877A
 * Compiler:  CCS for PIC
 */

#include <16F877A.h>
#use delay (clock = 1000000)
unsigned int i;
unsigned int z;
unsigned int array_tens[] = {0XC0, 0XF9, 0XA4, 0XB0, 0X99};	 // setting up an array for the 10s on the timer
	
void main(void)
{
	while (true)
	{
		for(z = 0; z<5;)
		{	

		output_b(array_tens[z]); //setting an array for the 10s on the timer
		z++;
		output_high(PIN_D0);	//individual trafficlight control
		output_high(PIN_D3);	//individual trafficlight control
		output_high(PIN_A0);	//individual trafficlight control
		delay_ms(1000);		//delay
		output_c(0XF9);		//timer control countdown 10 or 1
		output_high(PIN_A1);	//individual trafficlight control
		delay_ms(1000);		//delay
		output_c(0XA4);		//timer control countdown 10 or 1
		output_low(PIN_A0);	//individual trafficlight control
		output_low(PIN_A1);	//individual trafficlight control
		output_high(PIN_A2);	//individual trafficlight control
		delay_ms(1000);		//delay
		output_c(0XB0);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X99);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X92);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X82);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0XF8);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X80);		//timer control countdown 10 or 1
		output_low(PIN_A2);	//individual trafficlight control
		output_high(PIN_A1);	//individual trafficlight control
		delay_ms(1000);		//delay
		output_c(0X90);		//timer control countdown 10 or 1
		output_low(PIN_A1);	//individual trafficlight control
		output_high(PIN_A0);	//individual trafficlight control
		delay_ms(1000);//delay
		output_c(0XC0);		//timer control countdown 10 or 1

		output_b(array_tens[z]);
		z++;

		delay_ms(1000);		//delay
		output_c(0XF9);		//timer control countdown 10 or 1
		output_high(PIN_D1);	//individual trafficlight control
		delay_ms(1000);		//delay
		output_c(0XA4);		//timer control countdown 10 or 1
		output_low(PIN_D0);	//individual trafficlight control
		output_low(PIN_D1);	//individual trafficlight control
		output_high(PIN_D2);	//individual trafficlight control
		delay_ms(1000);		//delay
		output_c(0XB0);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X99);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X92);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X82);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0XF8);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X80);		//timer control countdown 10 or 1
		output_low(PIN_D2);	//individual trafficlight control
		output_high(PIN_D1);	//individual trafficlight control
		delay_ms(1000);		//delay
		output_c(0X90);		//timer control countdown 10 or 1
		output_low(PIN_D1);	//individual trafficlight control
		output_high(PIN_D0);	//individual trafficlight control
		delay_ms(1000);		//delay
		output_c(0XC0);		//timer control countdown 10 or 1

		output_b(array_tens[z]);
		z++;

		delay_ms(1000);		//delay
		output_c(0XF9);		//timer control countdown 10 or 1
		output_high(PIN_D4);	//individual trafficlight control
		delay_ms(1000);		//delay
		output_c(0XA4);		//timer control countdown 10 or 1
		output_low(PIN_D3);	//individual trafficlight control
		output_low(PIN_D4);	//individual trafficlight control
		output_high(PIN_D5);	//individual trafficlight control
		delay_ms(1000);		//delay
		output_c(0XB0);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X99);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X92);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X82);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0XF8);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X80);		//timer control countdown 10 or 1
		output_low(PIN_D5);	//individual trafficlight control
		output_high(PIN_D4);	//individual trafficlight control
		delay_ms(1000);		//delay
		output_c(0X90);		//timer control countdown 10 or 1
		output_low(PIN_D4);	//individual trafficlight control
		output_high(PIN_D3);	//individual trafficlight control
		delay_ms(1000);		//delay
		output_c(0XC0);		//timer control countdown 10 or 1

		output_b(array_tens[z]);
		z++;
		delay_ms(1000);		//delay
		output_high(PIN_D0);	//individual trafficlight control
		output_high(PIN_D3);	//individual trafficlight control
		output_high(PIN_A0);	//individual trafficlight control
		output_c(0XF9);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0XA4);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0XB0);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X99);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X92);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay	
		output_c(0X82);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0XF8);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X80);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_c(0X90);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay
		output_b(array_tens[z]);
		z++;
		output_c(0XC0);		//timer control countdown 10 or 1
		delay_ms(1000);		//delay

		}
	}
	
   
}   


  




[image: A screenshot of a computer

AI-generated content may be incorrect.]Examples of the simulation workingFigure 7 the traffic light system working correctly

Traffic lights
As seen in the figure7 below the traffic lights are working correctly as the timer is on 18 seconds the first traffic lights have returned to red and the second set have turned to amber in preparation for the third set of lights to turn green when the timer reaches 20 seconds.
As seen in figure 8 the PIC is outputting all of its registers meaning that both the timers and the lights are functioning correctly together.
Seen in figure 8, the third set of lights have began to switch as the amber and red light is one, while the second set of lights are displaying the red light. This shows the delay is set up correctly as the delay from red to amber to green is two seconds. The timer being on 21 seconds while the third set of lights is displaying red and amber is an indication everything is running correctly.
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Figure 8 the third set of lights on red and amber at the changeover

 
Timers 
The timer operation on the circuit is easily shown working in the figures below. As seen in figure 9, the timer is on 09 seconds and the next frame (figure 10), 10 seconds, this is a good demonstration of the timer working with both the tens and seconds working together smoothly with no issues. In figure 8 it shows all timers working simultaneously together in the latter stages of the program with all the traffic lights on red in the final 10 seconds of the operation during the time of allowing pedestrians to cross. This is an excellent example of the system working as intended and all parts of the circuit functioning correctly, in time and with each other. 
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Figure 9 the timer showing 09 seconds
[image: A screenshot of a computer
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Figure 10 the timer showing 10 seconds
												Details of testing
For this system to be tested multiple things needed to be done as an assurance that the system would work. Once the circuit was assembled, all of the traffic lights were checked to ensure they worked correctly with the PIC and in inputs and outputs. After the traffic light systems were established and working, they were then coded. Firstly an attempt at implementing an array to control the lights to make the final source code more streamlined was unfortunately unsuccessful. This resulted in the lights correctly lighting in sequence, however, not returning to red once they had been green for the correct amount of time. 
The second attempt of coding the traffic lights was with addressing the individual ports each individual light was connected to on the PIC. This resulted in a success with the correct timings and sequencing. To ensure the that each set of lights had the correct amount of time allocated to them, delays were used for the lights to change at the appropriate timings. This appeared to function with minimal errors and interacted well with the simulation software. Unfortunately when the timer code was introduced, there were issues with the sequencing, as the code would run one function at a time. For example; the timers would count up to 40 and then the traffic lights would execute their function.
For the timers coding a mixture of arrays and direct register addressing was used. As all of the ports from the timers were in the same registers one for seconds one for 10 seconds, the whole register could be addressed with an order to display a hexadecimal value, which the timer would display as a numerical integer. For the seconds this was done through a series of delays and then a command to display the next number in the sequence. For the ten second timer the function was run off of an array to plus 1 to the current value with a 10 second delay, and when the tens number reached 4 to reset back to 0 and repeat the process again. 
To test both the systems working together, the circuit was simulated in an appropriate software and as well as monitoring the actual lights and timers, the indicators next to the PIC were also monitored to ensure the inputs and outputs were working correctly and the PIC was communicating efficiently. This was also beneficial when checking the code operation was not accidentally triggering unneeded pins, putting extra stress on the simulation software. The coding listed for the testing works efficiently, although not optimal, due to the ports on the PIC being addressed directly and controlled off of delays.

Conclusion
During the testing and design of the circuit and code, multiple issues were encountered and overcome. Although the code is not optimised and longer than desired, and the timers display the same number, it functions as intended. In the future a different PIC with more pins should be used. This is because then each timer can have its own designated register, as well as the lights. This would be easier to code as registers can be addressed. Also with more pins on the PIC and designated registers, arrays can be implemented smoother and easier.
Reflecting on the project, more research should have gone into how arrays operate and how to get them to interact with each other synchronised. The importance of this was unfortunately overlooked as this would reduce the amount of repetitive source code that would need to be written, making the final product easier to understand and easier for the simulation software to run. On the other hand with arrays and optimised code faults within the code may be harder to diagnose and fix if the code runs with problems or bugs. 
Overall the task was completed successfully, however, should be optimised more and perhaps testing physically with a breadboard circuit setup for example. Unfortunately due to not having the correct materials in the given timeframe this was not possible but certainly something that should be considered for future projects.
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12unsigned int array_tens[] = {@XCO, ©XF9, OXA4, ©XBO, ©X99}; // setting up an array for the 16s on the timer
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output_high(PIN_A1); //induvidual trafficlight control
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