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[bookmark: _Toc151309867][bookmark: _Toc164113674]Introduction

This report is written to support the build of a 4 way traffic light system to the requirements put in place. The process of the build will be constructed through a number of steps; initial timing in accordance with requirements, layout out design throughout the use of Proteus, programme in line with the initial timing to support the smooth running of changeover with safety of the vehicles and pedestrians taken into account and a final build.   
The initial timing will be written and presented within a table, with timings dedicated to individual traffic lights. The requirements state that the traffic light system will take no longer than 50 seconds to run through a full cycle with pedestrian crossing included. Timing for each state of traffic light and pedestrian crossing can be no longer than or less than 10 seconds.
The layout design is constructed in Proteus 8 and the code is written using MIKRO C PRO. Proteus 8 provides a visual view of the circuit design. MIKRO C PRO allows you to create a hex file that can be compiled onto the PIC. 
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Types of Traffic Light Systems
Traffic lights are used to safely manage traffic of road users and/or pedestrians wishing to crossroads in a safe manner. As technology is becoming increasingly more advanced, traffic lights can be designed in more ways than one to manage the area in ways that a more suited to their surroundings. Traffic lights that have a more advanced way of controlling traffic are more suited to areas that need to deal with complex traffic with certain times of the day. Where traffic lights in areas that are not prone to heavy traffic flow are able to stick to the traditional traffic light which uses less advanced technology/software to save costs.
Fixed-Time Traffic Signals
This type of traffic signal runs it sequence using a timer set at predetermined intervals. This system is simplistic and safe with an electro-mechanical signal controller which is activated using a mechanical or digital timer [Ref 1]. This timer is unable to change state to varying traffic demand and instead runs off a set timer synced to all surrounding signals that control the junction. These are timed by the engineer’s decision based on the historical traffic data which suits its location. 
The benefit of this traffic light is the cheap upfront cost and maintenance. These are perfect for areas known for low traffic and low populated areas [Ref 2]. 
The con is that if these areas see a high flow of traffic for unforeseen reasons. The traffic system is unable to change to meet these demands causing potential ongoing traffic.
Actuated Traffic Signals
The sequence of signals can be altered to respond to traffic within the area. The level of traffic can be detected through a variety of sensors which is selected by the engineer and embedded into the system. Types of sensors used are pressure plates and inductive loops [Ref 3]. These benefit areas that are located where traffic patterns vary throughout the course of the day. They allow for smooth running of traffic prioritising roads with heavier traffic flow than others.

Smart Traffic Signals
Smart traffic signals are similar to actuated traffic signals, although smart traffic signals use a variety of sensors which collects data and feeds the data into an advanced algorithm that analyses the data to continuously alter the signal sequence to support traffic flow [Ref 4]. These sensors range from above ground sensors such as radars, cameras or loop detectors and pressure plates. These sensors are able to identify vehicles producing a digital counter which is then fed into the systems algorithm to determine which road/lane to prioritise for traffic control. 
The main benefit of a smart traffic light is its ability to alter the time intervals of stop and go signal for smooth traffic operation. But there are further benefits to this traffic light system such as prioritising emergency response vehicles and public transport. Signals to the system can report a fire fighting or police vehicle, allowing the light to prioritise its destination clearing the traffic for the emergency vehicle to pass [Ref 5]. 
The con to this traffic light is its cost and maintenance. The sensors and system of running these sensors comes with a hefty upfront cost compared to the basic actuating traffic light. 
Pedestrian-Activated Traffic Signals 
This type of traffic signal prioritises pedestrians in more human populated areas to support safe crossing. The signal detects pedestrians using push buttons or infrared sensors. These sensors then communicate the traffic signals to stop or change the sequence in order for the pedestrian to cross safely within the preset allocated time frame to cross [Ref 6].
The benefit of these traffic lights is that it supports the safe crossing of human traffic as appose to vehicle traffic. Where vehicle traffic isn’t as required compared to the support of human crossing. This is best suited for areas such as cities that may have a one route system for vehicles but lots of people moving around within the area.
The con is that traffic can build up with the large amounts of people within the area wishing to cross. 
PLC, Microcontrollers (PIC devices)
Student: Adam Newman	Electronics I	16/04/2024
PIC microcontrollers are commonly found in a variety of embedded systems such as traffic light systems. This is due to their low costs for their capabilities that can be offered. Especially where the project will require a lot of units. Which a PIC microcontroller consumes low power whilst operating. Allowing to be run off battery or solar powered systems. The main feature is that PIC microcontrollers a well-known for their reliability and durability which is an essential factor when implemented into systems such as traffic lights that deal with large numbers of vehicles travelling at low to high speeds with pedestrian crossings. 
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The circuit diagram [Figure 1] was designed through the proteus software which can visually show the traffic light layout as well as the inputs and outputs from the PIC, traffic lights and 7-segment display. Proteus also allows a hex file to be imported onto the PIC16F877A component from MIKROC PRO [Figure 3 to Figure 8] which was the software used to write the C code that the traffic light system will run off. 
The traffic light system that was chosen, was the fixed-time traffic signal. As the traffic light specification states that the traffic lights are to run off a predetermined time and not to alter in accordance with traffic flow.
In order to create a time domain as to which the traffic light system will follow, a time stamp table [Table 1] and flow chart [Figure 2] was created, also making it easier for maintenance and testing.  The code written will ensure that the traffic light system will follow the time domain set and provide safe traffic control and pedestrian crossing.
The circuit [Figure 1] consists of:
· 4 traffic lights 
· 4 Red and green LED’s to indicate pedestrian crossing
· 4x2 paired 7 segment displays that count upwards from 0 to 50.
· PIC16F877A – a microcontroller that is programmable to execute imported data from MIKROC PRO

Circuit Design recording:
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[bookmark: _Ref164022806][bookmark: _Toc164113693]Figure 1 - Circuit Diagram with recording link to YouTube
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Traffic Light Time Stamp:
In order to design a traffic light through the use of a dedicated timer. Each traffic light will need to be set a time stamp to determine its state and when to change. Referring to the traffic lights specification. A traffic signal is to be changed every 10 seconds for 50 seconds with the remaining 10 seconds reserved for pedestrian crossing. To plan out the time domain which the lights will work to, a traffic light time stamp [Table 1] has been produced. 2 traffic lights will be paired to work off the same time domain. The traffic light time stamp [Table 1] will provide a step-by-step guide has to how the traffic lights will operate over the 50 seconds time frame.
[bookmark: _Ref164022881][bookmark: _Toc164113684]Table 1 - Traffic Light Time Stamp
	Phase 1: 0-10 seconds (10 seconds Total)

	
	0-5 seconds
	5-10 seconds 
	Description

	Traffic 1
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	0-10s West and East traffic lights go.

	Traffic 2
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	0-10s North and south traffic lights stop.

	Pedestrian Crossing
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	0-10s Pedestrians unable to cross.

	Phase 2: 10 – 20 seconds (10 seconds Total)

	
	10-15 seconds
	15-20 seconds 
	Description 

	Traffic 1
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	10-15s - West and East signalled to stop.
15-20s - West and East Stop.

	Traffic 2
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	10-20s North and South go.

	Pedestrian Crossing
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	10-20s Pedestrians unable to cross.

	Phase 3: 20 - 30 seconds (10 seconds Total)

	
	20-25 seconds
	25-30 seconds 
	Description

	Traffic 1
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	20-30s West and East go.

	Traffic 2
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	20-25s - North and South signalled to stop.
25-30s - North and Soth Stop.

	Pedestrian Crossing
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	20-30s Pedestrians unable to cross.

	Phase 4: 30 - 40 (10 seconds Total)

	
	30-35 seconds
	35-40 seconds 
	Description

	Traffic 1
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	30-35s - West and East signalled to stop.
35-40s - West and East Stop.

	Traffic 2
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	30-35s North and South go.
35-40s North and South signalled to stop.

	Pedestrian Crossing
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	30-40s Pedestrians unable to cross.

	Phase 5: 40 - 50 (10 seconds Total)

	
	40-45 seconds
	45-50 seconds 
	Description

	Traffic 1
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	40-50s West and East stop.


	Traffic 2
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	40-50s North and South stop.

	Pedestrian Crossing
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	[image: Red Traffic Light Vector Art, Icons, and Graphics for Free Download]
	40-50s Pedestrians signalled to cross



Flow Chart:
To understand the logic of the traffic light system, a flow chart [Figure 2] was designed. The flow chart provides the systems process as to how the traffic lights will operate to ensure the safe use of vehicles and pedestrians. The use of the flow chart is also used to identify any flaws within the system. 


Flow Chart:[bookmark: _Ref164022897][bookmark: _Ref164022908][bookmark: _Toc164113694]Figure 2 - Flow Diagram
Start
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[bookmark: _Ref164022855][bookmark: _Toc164113695]Figure 3 - MIKROC PRO Code 1
Referring to [Figure 3] ‘Sbit’ function provides a single bit variable within the code for controlling the LED throughout each case. ’LED_’colour’’ is the name of the single bit variable. The colour will range from LED colours available: red, yellow and green. RB0_bit to RB7_bit are the ports and bit positions found on the PIC chosen (PIC16F877A). Within the code you can see each bit is assigned its own LED for each traffic light pair. 
‘Int i ;’ is declaring an integer variable named ‘i’
‘unsigned int display[10] declares that there is an array with the name given ‘display’ that has 10 elements with hexadecimal values. This is used to represent our display device. 
[image: A screenshot of a computer

Description automatically generated]
[bookmark: _Ref164023002][bookmark: _Toc164113696]Figure 4 - MIKROC PRO Code 2
Referring to [Figure 4] Void main() is a declaration of the main function. This is also known as the entry point as to where the program is to begin execution of the written code following.  The written code under void main () ‘TRISB=0X00’ etc allows the bit outputs to be registered to 0 in binary. Allowing the written data to its dedicated port (in this case Port B) to control the components connected to it. These components are the traffic and pedestrian lights, as well as the two 7 segment displays located at each traffic light. 
[image: A screenshot of a computer
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[bookmark: _Toc164113697]Figure 5 - MIKROC PRO Code 3
Referring to [Figure 4 to Figure 8]. For (i=0;i<10;i++). This is ‘for’ loop construct. ’for’ begins the loop construct. (i=0;i<10;i++) being the loop control of three parts.
·  i=0 initializes the loop control variable ‘i’ to 0 at each phase.
·  i<10 is the condition set for the loop to continue. When ‘I’ is less than 10, then the loop will continue to execute. When ‘I’ is equal or greater than 10 then the loop will terminate. 
· i++ is the iteration for the value to increment by 1. 
Throughout the code, i=0 can also be shown as i=5 as the way the traffic lights operate is that after 5 seconds of amber, the red light will then illuminate.
PORTC = 0XF9; and PORTD = display [i]; sets the condition whilst in loop for PORTD to display 1. PORTD display [i] means that there is an array within the code called ‘display’ that contains 5 elements.
Delay_ms(1000) is the time delay function which is specified in milliseconds. This delays the specific program execution by 1000ms before continuing with the next line of code.
Within this section of code we indicate which LEDs are to be activated through the use of ‘LED_RED = 1’. This refers to the list of dedicated ports for each LED at the beginning of the code [Figure 2]. ‘1’ means to initialise an output to its dedicated ports. ‘0’ means that no output is provided and therefore the LED will not energise.
These steps are repeated throughout the code [Figure 4 to Figure 8] with each step of the variable port changing to support the time domain of the 7-segment display and which LEDs are being activated through the use of the ‘1’ and ‘0’ output. 
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[bookmark: _Toc164113698]Figure 6 - MIKROC PRO Code 4
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[bookmark: _Toc164113699]Figure 7 - MIKROC PRO Code 5
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[bookmark: _Ref164023584][bookmark: _Toc164113700]Figure 8 - MIKROC PRO Code 6

Once the code written is complete, you press ‘build’ to ensure that there are no faults and the code written is functional. The hex file is then saved into your documents and imported onto the PIC on proteus by double clicking the PIC, selecting program file and inserting the hex file through the file path it is stored. As seen in [Figure 9].
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[bookmark: _Ref164023091][bookmark: _Toc164113701]Figure 9 - inserting hex file on PIC
[bookmark: _Toc164113679]Details of testing
To test the traffic light system, the Time Stamp Table [Table 1] and Flow Chart [Figure 2] was used as a check list to ensure the system followed the step-by-step operation designed at the beginning of the project [Table 2 and Figure 2]. The Circuit Diagram [Figure 1] designed on proteus was played and analysed whilst referring to the two documents. Each stage/sequence of the traffic light and pedestrian crossing would need to be true in accordance with the time domain given within the table to pass the traffic light system as operational for use.
The stage of testing was as followed:
[bookmark: _Ref164023150][bookmark: _Toc164113685]Table 2 - Traffic Light Testing
	Traffic Light testing

	Test
	Result

	Is the traffic light system true to the Time Stamp Table [table 1]?
		True	

	Is the traffic light system true to the Flow Chart [Figure 2]?
	True



[bookmark: _Toc164113680]Conclusion

The traffic light signal was successfully constructed to meet the requirements set. However. 50 seconds with intervals of 5 seconds with the red and green light led to the final green light sequence lasting only 5 seconds to allow road users to come to a complete stop before the pedestrian crossing LED was activated. This ensured the safe crossing of pedestrians as all cars would come to a complete stop before pedestrian crossing.
This is incorrect to the statement that each sequence is to be given 10 seconds before changeover. Each sequence is to last 10 seconds each. Although if this was to be followed, it would raise safety concerns to pedestrians.
A recommendation to future work of the traffic light system would be to change from a fixed-time system to a pedestrian activated system. This would be a low cost to the overall design and allow for traffic to prioritise pedestrian use within the area. 
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