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1. [bookmark: _Toc133580498]Introduction
The purpose of this assignment is to design a density-based traffic light controller for a junction where vehicular traffic and pedestrian crossings are dynamically controlled. This enabled by the creation a density-based traffic light controller, encompassing pedestrian lights, countdown timers, and vehicle traffic lights.

























2. [bookmark: _Toc133580499]Background Research
Traffic lights are often based on a timing circuit, and are therefore agnostic to prevailing traffic conditions. Density-based lights use ultrasonic sensors to sense prevailing traffic conditions and adapt the traffic lights accordingly.
This project aims to design a traffic light system for both vehicles and pedestrians. The latter will have a countdown timer to ensure that they have time to cross the road before vehicular traffic receives a green signal.
A variety of PICs could be used for this project, namely from the 16F and 18F range. The large number of components controlled by the PIC for this project required a large number of ports. There also needed to be analogue ports available as these will be used obtain information from the sensors to enable the traffic/pedestrian lights to go into their respective sequences, depending on the state picked up by the sensor.






















3. [bookmark: _Toc133580500]Other Products Analysis (density-based and time-based controllers)
There are various sensors that will enable the traffic light controller to operate on a density basis.
Passive Infrared (PIR) Sensor
Senses motion by way of infrared radiation, enabled by a pyroelectric sensor. It is split into two halves; if one sees more IR than the other then the output will go high, vice versa [1].
Ultrasonic Sensor
Senses motion using ultrasonic soundwaves. It generates high frequency soundwaves, and measures the echo received by the sensor [2]. 
Kalman Filter
Ways of dynamically controlling the traffic lights depending on prevailing traffic conditions include using the Kalman Filter [3], which detects vehicles at the junction using a video processing technique. This is contrary to the method used by an ultrasonic sensor, which uses sound waves to detect traffic


















4. [bookmark: _Toc133580501]Design
The project was designed on Proteus 8.15, with the PIC being configured on PICC CCS compiler.
[image: ]
[bookmark: _Ref132458389][bookmark: _Toc133580509][bookmark: _Ref132458362]Figure 1 - Traffic Light Controller Circuit Schematic on Proteus
The design is outlaid in Figure 1. The components used are as follows:
· PIC18F452
· Buttons
· Resistors
· LEDs (Red, Orange, Green)
· Potentiometers
· 7 segment displays
The project required a lot of ports due to the high number of components, specifically the large number of traffic lights (cars and pedestrians) and 7 segment displays for pedestrian crossing countdown timers. Therefore, the PIC18F452 was chosen as it has 5 ports (labelled A through to E).
The potentiometer (pot) is used to simulate the ultrasonic sensor detecting vehicular traffic at the lights as the ultrasonic sensor did not work with this version of proteus (v8.15). To enable functionality of the pot, the analogue inputs/outputs had to be enabled on the PIC. This usually done during the configuration stage of the PIC on CCS, however, as it had already been configured, I simply went into CCS, edited the configuration to enable the analogue ports, and then copied the code and pasted it into the main.h file in Proteus (as show in Figure 2).
[image: ]
[bookmark: _Ref133580468][bookmark: _Toc133580510]Figure 2 - main.h source code for PIC configuration
Once this was done, the virtual terminal was connected to the ports so that I could display the pot values. I had set an arbitrary number, which enables the following functionality: if v>[number] do [following code].

5. [bookmark: _Toc133580502]Flowchart/Pseudo code
See APPENDIX A.
6. [bookmark: _Toc133580503]Software Listings
The software used in the project includes the following:
· Proteus 8.15
· PICC CCS Compiler version 5.103
7. [bookmark: _Toc133580504]Parts List and Cost
The parts list for this project is as follows:
	Part
	Qty
	Price (£)/unit
	Total price (£)
	Source

	PIC18F452
	1
	4.68
	4.68
	RS

	Button
	8
	2.79
	22.32
	RS

	Resistor
	20
	0.07
	0.14
	RS

	LED
	20
	0.366
	7.32
	RS

	Potentiometer
	4
	0.616
	2.46
	RS

	7 Segment Display
	8
	3.35
	26.80
	RS

	
	
	TOTAL
	63.72
	


Table 1 - Parts List
8. [bookmark: _Toc133580505]Testing
The Proteus circuit operates as follows:
Simulation starts:
When the simulation commences, the vehicular traffic lights will be set to green for lights 1 and 4, and red for lights 2 and 3; the pedestrian crossing lights are set to red.
The ‘traffic’ function will then run, which operates on a time basis: when lights 1 and 4 are green, 2 and 3 are red. After a delay, which is set in the ‘traffic’ method, lights 1 and 4 will go orange then red. Then, lights 2 and 3 will go orange then green; the pedestrian crossing lights remain red.
This will loop, unless a pedestrian button is pressed, initiation the ‘but’ method. After an initial pre-set delay, all vehicular traffic lights will go red, and the pedestrian crossing lights will then go green. A delay ensures there is time for the pedestrians to cross. Before the pedestrian lights go red, a timer, displayed on the 7-segment displays, starts counting down from 10. Once it reaches 0, the pedestrian lights go red, and the ‘traffic’ method continues.
9. [bookmark: _Toc133580506]Conclusions and Recommendations

This project relied on the use of pots to realise the density-based control of the traffic lights. This was due to the version of Proteus used being incompatible with the ultrasonic sensors. However, ADC ports were still required to enable functionality of the pots, which demonstrates an understanding of using devices on these ports that then have an effect on the rest of the code. 
One recommendation for future iterations of this project would be to either use a version of Proteus compatible with the ultrasonic sensor, or identify another type of sensor compatible with Proteus 8 (a PIR sensor, for instance).
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‘main.h |

#include <18F452.h>
#device ADC=8

#FUSES NOWDT //No Watch Dog Timer

#use
#use
#use
#use
#use

delay(crystal=2z)

FIXED_IO( B_outputs=PIN_B7,PIN_B6,PIN_B5,PIN_B4,PIN_B3,PIN_82,PIN_B1,PIN 8O )
FIXED_IO( C_outputs=PIN_C7,PIN_C6,PIN_C5,PIN_C4 )

FIXED_IO( D_outputs=PIN_D7,PIN_D6,PIN_DS,PIN_D4,PIN_D3,PIN_D2,PIN_D1,PIN_DB )
FIXED_IO( E_outputs=PIN_E2,PIN_E1,PIN_E0 )




