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Abstract
This report presents the design, development, and simulation of a fixed-period traffic light control system for a T-junction, incorporating pedestrian crossings after each loop of traffic. The system was created utilising the PIC16F877A microcontroller, chosen for its ample I/O pins and built-in clock functionality, making it well-suited for controlling multiple traffic light modules, seven-segment displays and LED’s (for the pedestrians). The assignment involved doing background research into traffic light systems, including fixed-period and vehicle-triggered methods, as well as research into the UK’s regulations for the order of light sequencing and timing. The author adopted the fixed-period system approach for the assignment, with traffic and pedestrian light sequences operating over a 40-second cycle. The circuit was designed and simulated using Proteus software and programmed in Embedded C language using the CCS compiler. Simulation results confirmed the successful operation of the system, with accurate timing, light sequencing, and displays. Future improvements that the author could include is integrating pedestrian push-button inputs for a more dynamic and responsive crossing system, whilst also having sensors for determining if a car wants to cross over the junction, if it was a more complicated layout of a ‘T’ junction. 
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1.0.0. [bookmark: _Toc195903716]Introduction

Within this assignment, the author was asked to design, create and simulate a circuit for a T-junction set of traffic lights, including pedestrian crossings. This report details what the author did to complete this task, as well as the relevant background research into the relevant areas and general information on traffic lights and the regulations to allow for greater understanding within this area. The author chose to utilise a PIC16F877A for this assignment as it provided adequate pins and ports for the traffic light modules and 7-segment displays.  The author also explains why they chose the pic as best suited over other options available to be the controller for the traffic light system. 
[bookmark: _Toc195903717]1.1.0. Background research

There are many different kinds of traffic light systems around the world, which all work differently from one another. The basics of each system are the same, all consisting of a controller and the lights themselves, the controller is the ‘brain’ of the system, which does all of the controlling and thinking. Traffic lights are utilised to deliver efficient traffic flow, which should result in reduced travel time and less traffic build-up in high-density areas. [1]
Whilst their job seems complex and many believe this system itself is complex and hard to understand, the overall workings are reasonably simple, even for those big confusing junctions with a large number of traffic lights [2]. There are different systems which are triggered differently, fixed period, vehicle-triggered, to name but a few. These are the two main trigger methods of light systems, fixed period changes depending on internals, which have been previously set when programming the light systems. This open is normally chosen when roads are believed to have slow speeds and a reduced/predictable traffic pattern. Whereas the vehicle-triggered system, it involves having sensors implemented either under the road or modules suspended near the lights to detect when cars are in a ‘zone’, which will tell the system that something is waiting. These are most commonly used with large intersections where there is more traffic and where vehicles may not be able to move without another line of traffic being stopped to prevent collisions. 
Traffic lights were first introduced in London from December 1868 to help reduce the number of officers required to control the traffic flow. Once electronics started to take off, microcontrollers were being used to run these systems and continue to do so today. These controllers, as previously stated, act as the brains of the systems, which contain all of the data and code required to run one of these traffic light systems fully.

[bookmark: _Toc195903718]1.1.1 Fixed period systems:
The fixed-period systems use the lights and a controller with no other sensors involved. They will continue to complete the same sequence no matter how busy or quiet the roads are at any time of the day or overnight, even when there is no traffic on the road. 
These types of systems have been around for the longest period due to how easy they are to operate as well as because they don’t require much maintenance, i.e. sensors which could go wrong or get dirty, which will affect their precision.
[bookmark: _Toc195903719]1.1.2 Vehicle-triggered systems: 
These systems use sensors either under the tarmac or on the traffic lights themselves to determine when a vehicle is waiting in a lane to cross other forms of traffic. These types of traffic light systems are used at intersections of busier roads, which tend to have a higher average traffic speed. These work by sensors detecting a vehicle within a certain lane and can then change the synchronisation of lights depending on which way has the most traffic and cars waiting to turn across another lane, requiring other lines of traffic to be stopped. [3]

The order of illumination for traffic light systems is very strict in the UK, It must change: red -> Red and amber at the same time -> green -> amber before going back to red. Along with this, it is in the regulations that the duration of the red and amber signals together must show for 2 seconds when changing to green, and when changing from green to amber, then red and amber must be displayed for 3 seconds [4]. 
[image: Amber Light Signals – Let's clear things up - Solicitors On Your Side]
[bookmark: _Toc195903729]Figure 1: UK Traffic light order [5]
UK law and regulations required traffic lights to be in a vertical configuration being made up of 3 colours as shown in figure 1. The sizing of the traffic lights by Law and Regulations states that the light must be a minimum of 2100mm (2.1m) high off the ground, with each light being 200mm (20cm) diameter, making them large enough to see even from a fair distance away. With this, the distance from the centre point of each light must be a minimum of 305mm apart or a maximum of 360mm, this is to allow distinction between the colours, especially during a bright day when the lights can be hard to see[6]. These regulations have been around for tens of years and are ever improving to make the United Kingdom’s roads safer, as well as junction systems are improving to help with more effective/efficient traffic control.
[image: ]
Figure 2: Permanent traffic signal head [6]
1.1.0. [bookmark: _Toc195903720]Circuit design
The author utilised a simple circuit layout to help understand the connections to each component as well as to make the layout easy to understand, the layout included 3 traffic light systems which were placed at each location on the junction for the cars, 2 x 7 segment displays at each junction, these were used to count from 0 – 40 seconds, These were placed near to the traffic lights so the timer can be seen at all locations of traffic lights. Within the circuit, the author also used the PIC 16F877A, this was due to the PIC having all the required pins for the number of traffic lights and displays as well as having its own internal clock, which was utilised for the counting of the segment displays, this internal clock helped the author to decide that it was the one for them, there were so many other options but the number of pin and internal clock is all the author required.  In terms of the traffic lights, it was the main option when using Proteus, but are easily used due to only requiring 3 inputs to work. For the pedestrian lights, it was easier for the author to use 2 separate LED’s (Red/Green) for the crossing, this was due to it being much easier to implement as well as being a simple option and one of the very few options Proteus gave. 
Figure 4 shows the main features of the PIC that was chosen, the author made their decision by noting a few of them as being very useful for the circuit and potentially beneficial to making the system run smoothly as well as ensuring that there were enough pins to be able to have all of the counters as well as traffic lights and pedestrian crossing LED’s. The circuit was designed to look like a ‘T’ junction in Proteus for better understanding of how it works and made the selection of pins easier for the author when coding everything together.
[image: ]
[bookmark: _Toc195903730]Figure 3:Traffic Light Circuit Design
Circuit Contents: 
· PIC16F877A
· 3 x traffic light modules
· 6 x 7 segment displays 
· 6 x Red LEDs 
· Resistors 
The circuit contents are very minimal; however, these components are all that were required to make an efficient and effective system that ensured steady traffic flow while also integrating the pedestrians, allowing them to cross whilst holding the other traffic still. 

	· Microchip PIC 16F877A (with 20 MHz Crystal Oscillator)
· High Performance RISC CPU
· 8 K Words Programmable Flash Memory
· 368 bytes Data Memory (RAM)
· 256 bytes EEPROM
· 20 MHz Operation (200ns instruction cycle)
· 33 I/O pins
· 8-Channel 10-bit Analog to Digital Converter (ADC)
· Two PWM Channels
· Two Capture modules (16-bit with max. resolution 12.5 ns)
· Two Compare modules (16-bit with max. resolution 200 ns)
· Two 8-Bit Timer/Counter
· One 16-Bit Timer/Counter
· One Serial USART
· One Master Synchronous Serial Port (MSSP)
	· One Serial Peripheral Interface (SPI) Module
· One Inter-Integrated Circuit (I2C) Module
· Power-On Reset (POR), Power-Up Timer (PWRT) and Oscillator Start-up Timer (OST)
· Interrupt Capability (up to 14 sources)
· Eight Level Deep Hardware Stack
· ICSP Programming
· Brown Out Reset
· Low Voltage Programming
· Power Saving Sleep Mode
· Programmable Code Protection
· Fully Static Design
· Wide Operating Voltage 2.0V to 5.5V
· Low Power Consumption 



[bookmark: _Toc195903731]Figure 4: Features of the utilised PIC [6]


[image: ]
[bookmark: _Toc195903732]Figure 5: Up-close Screenshot of PIC
Shown in Fig.5 is the PIC the author used for the circuit; all of the relevant output pins were named and then put as an input for their corresponding component. The pins for the seven-segment displays were named A-N or pins C0->D7 in total, these were used to control each display in the pair to enable counting up in double figures. The pedestrian crossing lights are then using two pins (RB3 and RB4) to be able to control each LED individually to making integrating the crossing system easier. And finally, there is the traffic lights themselves, using 3 pins (RB0 – RB2) this is the output that will be different on each light to ensure the loop is created, this was done by the author to maximise efficiency and make the circuit simple to understand. 
[image: ]
[bookmark: _Toc195903733]Figure 6: Seven Segment counter
Figure 6 shows the pin inputs into 2 seven-segment displays, which were used to count to 40 within the circuit as previously stated, each has its own pins to be able to count up in double figures. This was done by having the onboard clock count and displaying it to the seven segments, this is why they have different pin names to each other, this is to allow for the double figure counting up to 40, after the 40 seconds the displays reset back to ‘0’ and begin counting again in a continuous loop. 
[image: ]
[bookmark: _Toc195903734]Figure 7: LED Traffic Light and Pedestrian Light
Figure 7 shows the inputs from the pick into the pedestrian crossing light as well as one of the traffic lights, each traffic light will have a different order of pin input due to the way the author has created the code. The triangle shows as an input rather than a long cable going across the whole schematic to make it look neater; it acts the same as inputting power to the traffic light module, allowing it to work, very simply due to only requiring 3 connections per light module. 

[bookmark: _Toc195903721]1.3.0. A flowchart showing the system operation

Figure 8 shows a flow chart for the workings of the author's code, which represents the way the code is executed on the PIC as well as the system operation for getting the traffic lights to work. It is a very simple system which has minimal ‘moving parts’, meaning it is less likely to go wrong in the real world. 
To start the loop, one light starts green, whilst another starts yellow and red; this is due to how the author had programmed as well as wired the circuit. Once the first 10 seconds pass, the code then checks whether it is true and will then output the next queue to change the traffic light sequence. The code then continued to do the same thing all the way until the pedestrian crossing lights were activated, which was from 30 seconds to 40. Once the full cycle is complete, unless stopped, the loop will endlessly continue, as if it were in the real world. 
[image: C:\Users\ISA06016813\Downloads\Blank diagram (8).jpeg]
[bookmark: _Toc195903735]Figure 8: System operation flowchart

[bookmark: _Toc195903722]1.4.0. Actual software listings
For this assignment, the author used Proteus software in conjunction with the CCS compiler, which is used to compile Embedded C into a running state for Proteus.  Below is the code which the author created to make the traffic light system work as it should. Once the ports were selected and programmed, the circuit was adapted to ensure each output was going to the correct light, ensuring it would turn on/off or change colour when it was meant to. 
[image: ]
[bookmark: _Toc195903736]Figure 9: Author's Traffic Light Code PT1
[bookmark: _GoBack][image: ]
[bookmark: _Toc195903737]Figure 10: Author's Traffic Light Code PT2
In Figures 9 and 10, the author's code is very simple; however, it works as intended. It has been written to use the same pins but positioned differently for each individual traffic light around the circuit. The author chose this route due to its simplicity and minimal faults during the design and programming process. 
[bookmark: _Toc195903723]1.5.0. Captures of simulation in progress

Both Figures 11 and 12 show the circuit working as it should at two different times. Figure 11 is the simulation going through and changing the light sequences every 10 seconds, allowing for all traffic to have a green light at some point. Figure 12 shows the final 10 seconds when all traffic lights turn off and the pedestrian lights turn green, meaning they can cross. As shown by the figures, the code ran and both traffic light modules, as well as the pedestrian lights, worked as intended at the correct time, with the timers going. 
[image: ]
[bookmark: _Toc195903738]Figure 11: Simulation in progress whilst counting up changing lights
[image: ]
[bookmark: _Toc195903739]Figure 12: Simulation in progress, pedestrian lights all green after 30 seconds
[bookmark: _Toc195903724]1.6.0. Details of simulation outputs and results
Once the programming was completed, the simulation was run to ensure it worked as it should after making a few changes to the outputs from the PIC/inputs to the lights, the code worked flawlessly and as expected. Counting from 00 to 40 using both 7-segment displays, during 0-30 seconds, the traffic lights change as they should for each way of traffic, then when the counter reaches 30 seconds, all traffic lights turn off, whilst the pedestrian lights turn green for the remaining 10 seconds. The testing was completed once the program had been compiled using the CCS compiler, which is used in conjunction with Embedded C when using Proteus software. 

[bookmark: _Toc195903725]1.6.1. Expected outcomes 

The author expected the program to firstly compile and then run via the CCS compiler, after compiling, it should then begin to run, changing the lights every 10 seconds, allowing each line of traffic to flow and disperse, with the final 10 seconds then being predominantly for the pedestrians to cross. Whilst the final 10 seconds take place, all of the car traffic lights should shut off to be just the pedestrian lights showing. This is what the author expected from their code once they had finished programming it, errors were a possibility which the author thought may occur and debugging will have to occur to get the code running smoothly and faultlessly.

[bookmark: _Toc195903726]1.6.2. Actual outcomes: 

On the first test, the 7-segment displays counted up as they should with no issues at all, resetting once they reached 40 and completed a continuous loop, however the author had ordered the wrong pins to the traffic lights meaning that the loop didn’t work, one of the lights was red whilst the other two were orange etc. This was an easy error to make and was easily mitigated by finding the problem pins and putting them in the correct ports of the traffic lights.
After a little bit of fiddling, the author then got the pins going to the correct lights, meaning the fixed period loop worked as it should without any other faults. The author was happy with the outcome when the circuit worked fully after only a few attempts at changing pins to the correct ports. 

[bookmark: _Toc195903727]1.7.0. Conclusion and recommendations on future work 
In conclusion, this assignment successfully demonstrated the design, implementation, and simulation of a traffic light system for a T-junction, complete with pedestrian crossings, using the PIC16F877A microcontroller. Through background research and careful planning, the author was able to create a fully functional fixed-period traffic light system using Proteus, showcasing both vehicle and pedestrian control. The use of the PIC16F877A proved to be an effective choice, offering ample I/O pins and an internal clock which simplified both the circuit layout and the programming process.
Despite some initial setbacks involving pin configuration, the system was debugged efficiently and met the expected outcomes, operating smoothly with accurate timing and sequencing. The final circuit not only followed UK traffic signal regulations but also incorporated clear visual indicators through traffic light modules, 7-segment displays used as timers, and LED pedestrian signals. Overall, the project provided valuable insight into embedded systems, traffic light control mechanisms, and practical circuit simulation, fulfilling the intended objectives of the assignment. Future work for the author will involve including push buttons for waiting pedestrians and integrating that into the system as well as the use of sensors for allowing the overall system and ‘T’ junction to be vehicle-triggered as opposed to fixed time periods. This could improve real-world traffic flow as well as safety for the drivers and pedestrians who are wanting to cross over the path of traffic.
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s he i lghts thems
when avehice s vaiting ina lane o cross other forms oftaffc. Thse types of waffcight systems
are used at intersections of busierroads, which tend to have ahigher average traffc speed. Th
by sensors detecting  vehicie within a certan ane and can then chang the synchrorisation of
lights depending on which way has the most rafic an cars waitng 0 turn acros another ane,
ner lnes of traffc tobe stopped. 3] e

rermine

requiring

e order o lumination for raffic ight systems is very sric in the UK, t must change: red > Redt
and amber at the same time -> green > amber before going back to red. Along with i, it s in the
reguiations that the duration of the rec and amber signals together must show for 2 seconds when
changing to green, and when changing from green to amber, then red and amber must b display
for 3 seconds 4]

 simpl circut layout to help understand the connctions to each componznt as
understand, the layout included 3 traffic light systems which were
gment disp  junction, these
used 1o count from 0~ 40 seconds, These were placed near 1o the traffic lihts so the timer can
n 2t al locations of trafficights. Wit the circut, the author 2150 used the PIC 16F877A, this
was due to the PIC having allthe required pns for the number of traffcights and displays as wellas
having it own internal clock, which was utilsed for the counting of the segment displays, this

I
)
o
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Figure 3.5 Diagram 3000 (514-2-1) Permanent raffc signal head

3.42. Traffic signals by their nature are more visble than statc signs. In most cases, a primary

nal on the left-hand side of the foad, and a secondary signal on the right-hand side wilbe
suffiient to ensure visibity, particuiary at stand-alone crossings. v
3.4.3. There wil atways be circumstances where extra signal heads are fequired, such as on
mul-ane approaches or where large numbers of heavy goods vehicles of buses are present, ©
but their use should be carefully considered a the design stage. The aim should be o prov %
the minimum number of signal heads necessary for the installation to function sately.
3.4.4. Extra signal heads may be needed where visibity is compromised by factors such C
as poor sight ines caused by the road layout. In these cases, use of a taller post may be
considered, to alow the signal head to be mounted above the standard height of 4 m fo the B

centre of the amber aspect, up to a maximum of 6.1 m. Alternatively, an addtional signal head
may be added to a taller post above a signal head mounted at the standard height, or a signal
head mounted above the carriageway by installing a post with a mast am.

3.4.5. Mast arms and talle posts can present additional maintenan

increased costs. Maintenance activities will mpact on traffic flow

be required. In urban areas, due o the presence of buried ser Q
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