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ABSTRACT

Four-way stops are very common in African countrsesh as Botswana, South Africa, and many others.
With the four-way stop concept, the first car taale the intersection is supposed to proceed. Thave been cases where
this has proved to be inefficient and has also tedaccidents due to the confusion of whose turis ito proceed.
During busy times with high traffic density, thesteyn becomes inefficient and causes traffic comyestThis paper
proposes a smart microcontroller based four-waysttraffic controller system that reduces confusibmvhose turn it is
to proceed, as well as reduces traffic congestibfoar-way stops. In this work, the smart microcotér-based road
traffic controller system is designed using the nd microcontroller for the logic operation of tlsgstem, infrared (IR)
sensors for detecting the presence and absendeeofehicles and also to sense if the traffic dgnsithigh or low by
sensing the traffic approaching the intersectiord dight emitting diodes (LEDs) for displaying pugas. A prototype of
the system was built and tested. The system wagnddsin the way that it uses the first come fgstved method
whenever the traffic density is low, and when thffit density is high, the lanes open for longerations. The sensors
are placed on the sides of the road to detectitraffvo sensors in each lane, one at the intereaciind one away from the
intersection.
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INTRODUCTION

Four-way stops, also referred to as all-way staps,intersections that are controlled by stop sfgms all four
sections of road that converge [1]. Four way stages mostly found in small areas of towns and citMest accidents
occur in instances where two or more vehicles reéhehintersection at the same time and the drigecéde to proceed at
the same time. According to the author in [2], wimore than one driver reaches a four-way stop datgion, the first
vehicle to reach the intersection first should pext first. When two vehicles on different roadwaysve at a four-way
stop intersection at the same time, the vehicléhenleft should yield to the vehicle on the righbrmally there are no
traffic lights in four-way stops, therefore driversuld just have to cooperate, whereby the firsiicle to arrive at the stop
proceeds. This existing four-way stop system has ptoved to be inadequate in high traffic denp#yiods because it
allows only one car per lane to pass at a time. cdmdusion at four-way stops, which operate ongtieciple of the first

come, first pass, has resulted in accidents deerttusion and traffic congestion.
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The accidents at four-way stop due to the confusfomhose turn it is to proceed, has been a woddvgroblem.
The drivers seem to be too negligent to the rufdswr way stops and also get confused in instandeesre two or more
vehicles reach the intersection at the same tinvause they may both want to claim to have reachedrtersection
before the other and then proceed at the sameatimieollide. According to a research done by re$eas in [1,2], it has
been shown thdbur-way stop accidentsan be one of the most dangerous kind of trafflistons. Four-way stops are the
site of thousands of car accidents each year amdl@signated ‘high crash areas’ and drivers thhtdastop or are
confused about four-way stop rules can easily caudeadly accident. In 2014, in Botswana, 288 act&lresulted in
deaths and most of the accidents happened in afea® there was no junction (76.3 percent), folldveg those which
happened at stop signs (9.8 percent) and thosénwalaiopened even though traffic light signals weoekimg (7.4 percent)
[3]. With the statistics mentioned above, it proties accidents occurring at four-way stops to beagor problem faced in
different countries. This method of first come icstpass, whereby only one car from a lane procesda time is
inefficient whenever the traffic density is highchese it causes traffic congestion. In today’s tsgeed life, traffic
congestion has become a very serious issue. Timgsbthe productivity of individuals down and thenemunity at large
since time is wasted in the signals.

Some countries have tried to address this problepidring police officers at busy times at thegersections to
control traffic. Therefore, in order to get rid thiese problems or at least reduce them to a signifilevel, new schemes
need to be implemented. In this work we addressetligsues by using a microcontroller and sensodetect traffic and

traffic density.
RELATED WORK

A traffic light control system using switch sensassthe detecting unit was placed at the intersecth each lane
to detect a vehicle was used developed and prodogdd. Light emitting diodes (LEDs) of three diffent colors were
used as the displaying/output unit. A microconemlls a control unit, was designed to in a matiradrit samples all the
lanes to detect if there is a vehicle at any lamktherefore, added 15 seconds delay time. Oncgy8tem is high, the PIC
coordinates the action by giving the lane with higput a passage immediately and indicates Redh@®i.ED output of

the three other lanes and if there is no high imputhe other lane, the controller will pass thetiiern on the same lane.

Authors in [5] proposed a multiple traffic light mwol and monitoring system that is based on a aoimntroller
and contained infrared (IR) sensors which wereaetsgely mounted on each side of the road. IR ssnaere to detect
and count vehicles passing through them. The mieriboller controlled that system and updated thé#itrlight delays,

according to the number of vehicles that were aedint

According to researchers [6], past researcherd Weough different technology types. Wireless desi were
mounted on each side of the road collecting data factive RFID tags. A monitoring station fetcheddadand responded

to the corresponding traffic signal through GSM.

Researchers in [7] came up with a far infrared slehsensor system is a novel vehicle detector die&tcts
vehicles based on temperature differences. Congufass electrical power, it can be powered by arscéll battery.
Also, it can detect vehicles from oblique direcipand therefore it can be mounted on a shortentaduarm and is more
aesthetically acceptable. The far infrared vehselesor is used for a profile traffic signal confroKanagawa prefecture
and Ehime prefecture, Japan.
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Figure 1: Structure of a Far Infrared Vehicle Senso [7]

11

An inductive Loop Detector entails a coil of wirmleedded into a groove in the road surface ancdegith a

rubber. It detected a change in frequency and ridecitor coil is connected to the detector that etk a change in

resonant frequency of the coil loop, then contrbtiee triggering of the relay that triggered thedffic signals accordingly.

It worked on the principle that whenever a car gégpover the inductor coil, the inductance of tlodl decreased.

The decreased inductance caused the oscillatiorsmnant frequency to increase then the electramissent electric

pulses, accordingly, to the control unit which tmtrolthe switching of traffic lights [8].

Controlber
cantralling the
traffic signg

Vehicle passing
Pt . thraugh the loogp,
a making a contact with
the magnetic ficld

- A Inductive cotl
= loopunder

Sy P
m . graund
-;' St

Leopoonnected to —
detector using cables

Figure 2: A Traffic Signal Control Using Inductive Loop Detector [8]

Researchers in [8] also implemented a system ofsssenmounted on poles that can be

a simple

IRLED-Photodiode arrangement or a video detectioit which can detect the presence of vehicles. Wisks on the

principle that when a car passes between the iitméater and IR receiver, the IR light is blockewlas the result the

resistance of the photodiode increases. This chenmggsistance can be converted to electrical pulssed to control the

traffic lights [8].
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Figure 3: Traffic Signal Control uses Sensors Mourgd on Poles [8]

Researchers in [9] have done a simulation of VHDEsign code in Quartus 3.1 and generate an optimized
hardware of a traffic light controller at a fouryimtersection project. The traffic light contralleust handle a four-phase
signal intersection. This intersection has two ¢tdanes in each direction; east, west, north,smdh. This traffic light at
the intersection of north-south (NS) and east-WEM/) streets goes through the following cycles wites: both red
(5 sec), NS green (30 sec), NS yellow (5 s) -- weth(5s) EW green (30 sec) EW yellow (5sec). AHzlock signal is
available for timing. Both streets are equippedhveensors that detect the presence of a car aboHeetintersection.
Whenever there is a car close to the intersectiorthe street currently having its light red whileette is no car
approaching the intersection on the street withey light, the switch over takes place and gragr immediately turns

to yellow.

A system called Dynamic Traffic Light Control (DT)Gvas proposed in [10] which operate with Infrared
Sensors mounted on the road to detect the frequafritye vehicles. The presence or absence of @leekisensed by the
sensor assembly mounted on each road, which ispl of the system. This input signal indicates density of vehicles
on each road. In this system the basic operatim@m@plemented using Microcontroller89c51AT whishthe heart of the
system. For communicating with the external signatiditional ports like computer links and pull apgay are used.
The DTLC unit generates output signals for Red,e@rand Yellow Signal and monitors their timingsking into
consideration the length of vehicles on each rddm information as input to microcontroller was agivin the form of
already prepared database entries for the typicalemworking, which would determine vehicle dengty each lane.

Therefore, the on and off signal time at the faunctions was calculated by the microcontroller.

It has been realized that all these systems hame tesigned to be intelligent using different micnatrollers and
sensors. They have been designed in the pastfferatit purposes that include reducing traffic aestgpn and accidents.
None of them have been implemented for four wapstbat operate on the first come, first pass piaand follows the
rules mentioned in [2]. The main objective of ouorlw is to develop a low cost system that solves gireblem of

congestion and minimizes the chances of accidéritaiaway stops.
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SYSTEM ANALYSIS AND SYSTEM ARCHITECTURE

System Analysis

To detect the vehicles, we use sensors in ourrsystdrared sensors and Ultrasonic Sensors carsée to detect
objects. An infrared sensor is a sensor used &xtparticular features of its surroundings byeahession and detection of
infrared radiation [11]. An IR sensor has a trari@niand a receiver, IR transmitter looks like d&DL This IR transmitter
always emits IR rays from it. IR receiver shoulddi®e to receive the IR rays, when power is githa,transmitted IR
rays hit the object and reflect back to the IR nemeand as a result the resistance of the photiedincreases and is
converted to electrical impulses to be used torobihe LEDs [12]. Ultrasonic sensors use ultrasasuund waves for
sensing. Ultrasonic refers to inaudible sound waalesve a frequency of 20 KHz. There are two partanri ultrasonic
sensor which are the transmitter and receiver. fffmesmitter transmits the ultrasonic waves towalds object to be
detected. The receiver receives the echo fromatfyeet and determines its distance. Hence it is knasva distance sensor.
After considering a few aspects including avail@pilcosts and efficiency of the sensor, the irdthsensors were chosen
because ultrasonic sensors are very sensitive fiatiod in the temperature and have more diffiedtin reading

reflections from soft, curved, thin and small oltgec

Different microcontrollers, including arduino, béadone black and raspberry pi were reviewed [B4luino
and Raspberry Pi and are very inexpensive. The IBeBAgne comes in at nearly the cost of three Arduimos.
The Arduino comes with 32 KB of onboard storageicWhs just enough to store the code that providstuctions for its
current program [15]. Raspberry Pi and Beagle Bboth run the Linux operating system [16]. Beaglen8aand
Raspberry Pi are powerful hardware, theirneedsimamiis 5v power supply and it is difficult to runoin Batteries, while
the Arduino needs less power can easily be powesady a battery pack. We chose the Arduino Megaaunantroller
because it is very easy to interface analog sensw®rs and other electronic components, needspewer and can be
easily powered using a battery pack and is lessresipe compared to other microcontrollers. The ArdMMEGA 2560 is

designed for projects that require more 1/O limasre sketch memory and more RAM compared to tha&iAcdUNO..
SYSTEM ARCHITECTURE

The proposed system shown in figure 4 consistsigplaly/output units, the detector/sensing units &mal
control/process unit. The data from the sensopsssed through to the microcontroller, which theaidies the appropriate
behaviors and give the feedback on which lane getareen or red. The data from the microcontradlesent to the LEDs

to signal from which lane a vehicle is to proceed.

INPUT/SENSING PROCESS/CONTROL OUTPUT/DISPLAY

= . (e — (=
Figure 4: Signal Flow of the System

The detector unit entails of the arrangement o§éRsors to detect the presence and absence ofegehi also
detect the density of the traffic approaching ar faay stop. Also Installation of infrared sensorsesl not require an
invasive pavement procedure. Infrared sensorsreausrnit multiple beams for accurate measurememuebicle position,
speed and class. Multiple lane presence detedienailable in side-looking models [21]. Only rettlagreen LEDs will
be used as the output unit because the system iigg go give red for stopping and green for procegdi

A pole was mounted beside the road and bent to bargp of the intersection to hold the two LEDsirfig each direction
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and this was done on the prototype and will alsaldee in real life scenario. The sensors are placethe sides of the
road to detect traffic, two sensors in each lam® at the intersection and one away from the iatgi@n.In real life

scenarios the sensors will be placed 40m away ftwamintersection and for the prototype a much smalistance in
centimeters will be used to represent the 40m. 40 distance is just to demonstrate the conceptcandbe adjusted

depending on the traffic conditions of a particdtaur way stop.

When the system is powered ON, all the sensordiaredwill be recorded once a sensor is HIGH anétraden
it goes LOW. The sensors at the intersection ageoties that determine which loan is opened, ifafrtbe sensors at the
intersection is HIGH and any or all other 3sensoesalso HIGH, their detection time will be comphend the lanes will
be opened giving priority from the highest to tbevést time. When the green light glows, the awayssein the lane is
read and if it has been HIGH for more than 5secdhdsyreen light will glow for 30 seconds but iftnowill glow for
only 3seconds. After that, there’s a 3seconds deédgre another lane is opened. Otherwise, if amlg sensor at the
intersection is HIGH its lane will be opened sthdigway. In instances were 2 or more detectiondime equal, the

priority order is lane 1 followed by lane 2 thenda3 then lastly lane 4. The placement of the gerisshown in figure 5.

An algorithm was developed for implementing the nméontroller-based road traffic controller systessidn.
Figure 6 shows the flow chart of the proposed sysiEhe sensors are read and the lanes are opecmdiag to the order

of arrival of the cars and detect traffic congestio

open lanes with the order of sensetimes
‘starting with the highest

Figure 6: A Flow Chart of the Microcontroller-Based Road Traffic Controller System
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METHODOLOGY

A schematic diagram for the circuit of the systiemgiven in figure 7. Eight LEDs were connectedtte Digital
Input/ Output pins 2-9 of the Arduino. From thes€HEDs, four are red and four are green. The LEDstenodes and
cathodes, the anodes were connected to the diffdapins and the cathodes to the ground (GND). &hgiss were
declared in the code and the LEDs was declarexifmits. 220 resistors were connected between the anodes and th

Digital I/0O pins to limit the current that will eert the LEDs.

—1
[] I,l,‘ HiF ‘ ; = A8
| l‘;{!'lll"' ————,m‘ 1 e

| | ARDUING

MEGA

- ‘ | (2560)

Figure 7: A Schematic Diagram of the Microcontrolle-Based Road Traffic Controller System

Eight Infrared sensors connect to the Arduino a#i,\the sensors have 3pins each, the signal wasected to
the digital input pins (10-17) of the microcontesll the ground pin was connected to the ground (& .. was
connected to the 5V power pin on theArduino. Thereiew of the procedure followed to develop thisteyn is shown in
figure 8. was followed during the implementation tbé system and the following chart shows the foitg of the

procedure.

DESIGN

MODULAR
APPROACH
HIGH DENSITY LOW DENSITY
CODING CODING
BREADBOARD BREADBOARD
TESTING TESTING
MODULAR
INTERFACE
BREADBOARD
TESTING
COMPONENTS
FABRICATION
TESTING

INSTALLATION OF
COMPONENTS TO
PROTOTYPE

Figure 8: Methodology Followed
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In section 3, the system design was presenteddé&sign was divided into two modules, the high dgresid the
low density module and the codes for the modules watially written separately and then combinédl.the 8 sensors
were then connected to the circuit on the breadbaad the final testing was done. Obstacles wetdmpfront of the

sensors when testing.
TESTING AND RESULTS

In this section we present an overview of the Anducode as well as the tests that were carriedootgst the

system.
Code Overview
int statel = digital Read(10);

The code initialized integers calléstate1-8 and then set the values of the states to be twevaf the digital
pins 10-17. The digital Read statement reads tite sif the digital pin within the parenthesis aatiims it to the integer

assigned it to. The value can be checked in the &issee if the has detected an obstacle or not.
Unsigned long tla;

The code above stores the value of detection toneefich sensor so they can be compared and laeegdp

according to the results
int statel = digital Read(s1a);

The code above showed in the void loop where tsteay operation begins and all the sensors aretoelagiow

which one detected a car and which one did not.
if (statel==HIGH){
t1la=0;

This code shows the conditions where a sensor dtadetected any car, or after the car has left. Semsors reset

the detection time in that case.

if{atatel == LOW){

f/car detected

tla=millis(}://count milliseconds

f/fcheck if any cother sensor has detected a car
if{state2 == LOW || stated == LOW || stated == LOW){

f/compare their detection times
if{tla »>= t2a && tla >= t3a =& tla >»>= tda)|
f/ftla was assigned first
ffopen lane 1
In the code above a car is detected in one landiamadis recorded and the others sensors are ctheoksee if
they have also detected cars or not. The detettims are compared and the highest gets priodi§& means Logical

AND and ‘||’ means Logical OR. The figure abovewhdhe flow of the system as per the code above.

Impact Factor (JCC): 4.5095 NAAS Rating 2.96
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if ({millis(}) - tlk) > 5000){
if {states == LOW){
d=lavy (30000) ;
}
}
else]
delavy (3000} 7

After opening for a lane the sensor that is awanfthe intersection in the same lane is checkédés detected
a car for more than 5 seconds and if it has the ismpen for 30seconds but if not the lane open8 seconds to allow

only one car to pass.

= 5000){
if {state5 == LOW){
d=lay {30000) ;

}

From the above code, if none other sensors haeetéeta car, the lane with the only one that h#ido@iopened

right away. There will also be a delay of 2 secbéfore the system opens for another lane.
Test Scenarios

Scenarios were created to low and high densitys@tssenarios were used to test the system. A dfigie
scenarios is presented in this section and shoviigures 9, 10 and 11. Figure 12 shows the pro®tyged for testing the
system. Scenario 1 shows a scenario where a carlfnoe 3 came at the intersection first and thi#icreongestion is also
detected in the lane which means it will be opef@d30 seconds. Scenario 2 shows a car in laneathieg the
intersection while there are no cars at the dedeatethe intersection which mean the lane is opesteight away.
The scenario above can happen for each lane. Seeéhalnows a scenario were 4 cars from all diffetanes have arrived
at the same time. The car in lane 1 is given tist firiority, followed by the car from lane 2 th&gom lane 3 and lastly

lane 4. The lane is open for only 3 seconds.
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53

Figure 11: Scenario 3
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Figure 12: System Prototype

DISCUSSIONS

The IR sensors cannot calculate the length of éheadithas stopped at the intersection, theref@&tbeconddelay
used in this project for the low density case st jio demonstrate the concept of the project towathnly one car to
proceed. The best way would be in the lane to fEned until the car leaves the vicinity of the senand the best
function for the scenario would be “delay (state®\/;)", unfortunately it is unsupported the Arduihecause when it is
used, the lights from the different lanes confiiod more than one lane could be opened at the Sammdence accidents
being caused. Other microcontrollers would be a®rsid hoping they will support such a functionhayever, it would

be written or executed. In this case, ultrasonitsees could be used because they can measuragib & a car.

The average length of a car is 4.8m which is agprately 5.0m. Therefore according to the authothtsf work,
more than 6 cars queuing in one lane at a fourstay reaching 40m distance from the intersecti®monsidered traffic
congestion. This value can be changed for diffenmplementations. The lane should be opened fang time, which
was set in this project to be 30 seconds and tle@ns 10 plus or minus two cars will be able to pedlc depending on

their lengths, if they go at an average speed 10kmatause they would be picking up from rest.

The existing systems for controlling traffic deggitsed IR sensors for counting cars approachingntkesection,
but in this project the sensors have to detect rafaa 5seconds that's how it can tell the traffie ¢ongested.
The mechanism of counting cars is very irrelevastause cars have different lengths. The 5 secamgeged for this
project was set looking at the fact that the averspgeed for cars approaching traffic lights is 60krtherefore it is not
likely for a car, despite its length, to be in theinity of the sensor for more than 5seconds umigdraffic that has stopped

in front of it.

There is an abundance of sunlight in many counttiesefore, solar energy would be best convedesldctrical
energy and used to supply traffic lights with powteis very advantageous to use solar-poweredsysbecause they do

not need external power sources and require lesgenance since they possess no moving parts.
CONCLUSIONS AND FUTURE WORK

The proposed system is designed to reduce accidast$o the confusion at four-way stops by sigmpivhose

turn it is to proceed and also reducing traffic gestion whenever the traffic density is high. Tistem is hoped to result
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in a smooth traffic follow at four-way stops. Thencept has been designed and tested on a protdifypesystem is still to

be tested in a real-life implementation. This egsttan be enhanced in different ways in the futiitgan be connected to

the internet through a Wi-Fi Module for operatiomabnitoring. The system is a low-cost system anitalsie for

implementations where traffic lights are a highestooption. Also, the system can be integrated wéffic lights. When

the traffic lights become faulty, this system camime on and operate. Usually, when traffic lights aot working, the

traffic operates as a four-way stop.
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