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[bookmark: _Toc153794383]Introduction
In this assignment, a brief was given to create a traffic light system for a T-junction Road using a PIC 16F/18F microprocessor. This report will detail what research was undertaken, how the final program was achieved and the inner workings within it. 
[bookmark: _Toc153794384]Background Research
Due to the specificity of the information given in the brief, only a small amount of background research was required. Whilst general timings for traffic light changes and pedestrians are given, timings for other parts such as periods of all red for safety are not included in the brief. However, there is no specific time required for this, with the exact time being up to the local council to decide, with most using a period of around 3 seconds but primarily relying on motion detection systems [1].
It is also required to use a microprocessor, however there is no specific microprocessor that is specified within the brief with the choice being up to the individual students. Due to this, research was taken to look into a variety of PIC 16F and 18F microprocessors and their capabilities to determine which was best to use. Whilst looking at the PIC 16 series and comparing it to the PIC 18 series [2], it was determined that there was no significant difference between the 16 series and 18 series that would affect the performance of the system, therefore a very standard and common processor called the PIC16F877A was chosen [3].
[bookmark: _Toc153794385]Circuit Design
The general circuit design is shown below. The components used were based on the assignment brief requirements and a number of placement choices were made to improve human readability and easy of maintenance.
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A variety of components were used in order to provide a variety of functions. Each component that needed to be controlled independently was connected to a different pin on the PIC16F877A microprocessor. This will later allow independent control of each individual component through the code. 
Whilst separate green, amber and red LEDs could have been used for the traffic light signals, a separate traffic light component that is built into Proteus was used, due to the reduced complexity and ease of visibility.  
For some components, such as the traffic lights, matrix pins were used to reduce the number of input/output (I/O) pins required to power the entire system. This enables a lower power and smaller PIC to be used by cutting down the physical pins required – something that would be very useful in the real world. 
A series of lines were used to create a look-a-like T-junction purely to increase the visibility of the system. This provides no extra functionality and does not affect anything, but will increase the long-term maintenance of the system, especially if upgrades are made in the future.
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The above flowchart has been created to show the logic of the program code in its entirety. Whilst simplified, it shows how the PIC moves through the code logically. After setting up the variables and initialising the I/O the program then loops within itself, doing a number of loops for the timer (10 times for 10 seconds) then changing and repeating that loop. After each potential setting has been displayed (ending with the allowing of pedestrian lights) the system returns back in a larger loop, ensuring the system runs infinitely to provide traffic control 24 hours a day, 7 days a week.
[bookmark: _Toc153794388]Code
Next, after the electronic circuit has been built and the logic decided on, the actual code must be written. For this, C programming language was chosen due to its strong low-level control, high efficiency, and good level of public documentation thanks to its large database [4]. 
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Description automatically generated]In this part of the code, a variable called “i” is set up for the counter, which will be discussed later. An unsigned array of integers is then created with the hex codes that correspond to the combinations of on/off for the segments on the 7-segment display. These combinations will light up specific segments to create the numbers that are required for the counter.
A series of variables, defined as single bit variables, are then created and assigned to control specific bits on the I/O ports. This allows the program to access these specific ports using an easy to remember variable name, such as “LED_GREEN_P” for the pedestrian green LED. By assigning the port bits to variable names, the process of outputting a signal to each pin is significantly easier as the variable can just be changed, rather than having to manually access each bit of the output port register.
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After the initial setup, the void main function begins, which will be the main part of the code for the program to run through. Within this, the I/O port register banks are initialised and setup as output ports, with the outputs cleared to ensure that no signals start on program start that are not supposed to be on. This enables the output ports to all be functional and when a value is output to them, it will be properly output instead of failing due to an un-initialised port. All of the ports b-d are initialised as each of these hold a different set of the output functionality, whilst the a port for example does not have any I/O connected and therefore does not need to be initialised. 
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Now the main traffic light control begins. By using the “i” variable created earlier, a for loop can be used. This will repeat the defined section of code until a certain condition is met. In this scenario, the code will loop through this section until the variable reaches 10, incrementing by 1 each time. Once the variable reaches 10 the loop will end and the program will move onto the next section of code.
Within the for loop, the program will set the first 7-segment display to display 0, as this is the first light setup. Then the second 7-segment display is set. By using the variable number for counting the loop number, a specific index of the previously created array that holds the hex values can be accessed. This allows the program to accurately access the correct hex value without the need to have a separate loop counter which would create unnecessary complexity. 
The system then sets the signals. Whilst the variables are labelled green, amber and red, due to the setup of the matrix method this will control each traffic light slightly differently, allowing the system to properly control the whole set of traffic lights from 3 variables. The pedestrian LEDs are then also set at this point.
At the end of this section, a delay is set of approximately 1 second. This will accurately allow the system to wait for 1 second for every iteration of the loop. This means that for each iteration and increase on the 7-segment counter, the actual time delay between updating is 1 second and therefore each for loop will run for a total of 10 seconds – matching the requirements perfectly. 
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The previously discussed for loop is then repeated for a total of 4 times, with each different for loop having a different first digit on the first 7-segment (0X seconds, 1X seconds, 2X seconds, 3X seconds) as well as changing the configuration of LEDs for the traffic lights and pedestrian lights. This will allow the program to loop through all the possible setups for the traffic light system, creating a full setup.
However, in order for this to repeat infinitely and not stop after 40 seconds (which would be bad for a real-world traffic light system!) a do-while loop is used. This tells the program to do the contained code whilst a certain condition is set. This is a very flexible function which could be used to do a variety of things such as alerts for a sensor system, etc. A do-while loop differs from a while loop as it allows the program to be run before the condition is checked [5]. This is important in certain scenarios, however since the program just needs to run regardless the while condition is set to just 1, also known as true, so that the while condition will always be true and it will run infinitely.
[bookmark: _Toc153794389]Simulation Test and Results
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In order to ensure that the program code and circuit work, some testing needed to be run. A solid testing scheme is extremely important as there are a huge range and variety of errors that need to be checked for. In a normal testing methodology, a wide range of testing such as integrated testing, end-to-end testing, or performance testing [6]. In this scenario however, the amount of testing possible was quite limited due to a variety of factors, such as the lack of any inputs. This means that only a small amount of testing was really possible. 
In this scenario, the most suitable is acceptance testing. Acceptance testing is ensuring that the program meets the business requirements created for the program. Whilst this is not a project for a business, the same principles apply and the program is simply tested against the set of requirements stated in the assignment brief. These requirements can be seen and verified below.
[bookmark: _Toc153794390]Requirement 1:
Requirement 1 – Install 3 traffic lights for comprehensive traffic management. This requirement is a simply and easy one, as it requires nothing more than placing and connecting a series of traffic lights to the PIC, for which there is a dedicated traffic light component.
[bookmark: _Toc153794391]Requirement 2:
Requirement 2 – Include a set of 7-segment displays to count up from 0 to 40. Again, this requirement is simply as it requires nothing more than the placement of a set of 7-segment displays which are also connected to the PIC microprocessor.
[bookmark: _Toc153794392]Requirement 3:
Requirement 3 – Configure the system to change traffic signals every 10 seconds. This requirement is achieved through the code. By using the for loops which iterate 10 times with a 1 second delay, the system automatically does a signal for 10 seconds before moving onto the next traffic signal.
[bookmark: _Toc153794393]Requirement 4:
Requirement 4 – Reserve the final 10 seconds for a pedestrian crossing phase. This is achieved again throughout the final section of the for loops. By adding in a fourth loop the system can have a dedicated phase for pedestrian travel with green pedestrian lights.
[bookmark: _Toc153794394]Requirement 5:
Requirement 5 – During the pedestrian crossing phase, turn off all the traffic lights for pedestrian safety. By setting all the traffic light signals to a 0 instead of a combination of 1s and 0s, they will all be deactivated. This will turn off every single LED for the traffic light, meaning that the pedestrians can cross safely.
At the end of testing for these requirements, it can be confirmed that the system does in fact meet the requirements – shown in the figure above. Due to the lack of any kind of variable input or output, there is no mathematical table of results and a simple fail or pass criteria is satisfactory for meeting the brief requirements.
[bookmark: _Toc153794395]Conclusion and Evaluation
In conclusion, the system works as required by the assignment brief. All of the requirements are met as discussed above and a functioning traffic light control system has been created. Thanks to the simple code changes can be easily made should further functionality be needed; however, the system works as required with no further changes.
Despite this, a number of potential improvements could be made to further develop the traffic light control system to provide a better end result. A good example of this would be through the compliance with traffic light rules and regulations on amber, red and green changes. In the current system, due to the limited number of pins on the PIC, a matrix method has been used to control the traffic light signals. This leads to a workable, but not entirely accurate to real world setup of the traffic light LEDs. 
This could be fixed by abandoning the matrix method and attaching each traffic light LED individual to the PIC microprocessor. This would allow the program to address each LED individually, and therefore make changes to the code to comply with the highway code regulations [7]. The for loops would be changed to set each individual LED and in between the for loops, the change sequences could be made. 
Unfortunately, whilst this would allow the system to comply with regulations, this is not currently possible due to the limiting number of I/O pins on the PIC16F877A. To enable this upgrade, a new microprocessor with more pins would be required. Whilst the PIC 18 series has higher performance and a variety of improvements, there would be concerns around its compatibility with code made for PIC 16 series microprocessors. Therefore, a microprocessor such as the PIC16F946 could be used, which uses the same PIC 16 series architecture, with a hugely increased number of output pins [8]. 
By increasing the number of available pins, the functionality for pedestrian interrupt requests would be possible. This would allow a button to provide an interrupt to the PIC microprocessor for a pedestrian input. Either a simple LED could be used to signify wait until the designated time period arrives, it could also allow for the pedestrian period to interject itself into the middle of the code and for the pedestrians to cross earlier as is seen in some real-world systems. 
To finalise, a number of potential improvements could be made to the system to provide additional functionality, which may assist with traffic flow in a real-world example, however none of this functionality is necessary for the system requirements as defined in the assignment brief, which the current program does meet.
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