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Abstract

With the advent of wireless technologies, it has been found that using wireless signals for the purpose of vehicular traffic management
is the most cost effective process as wireless signature are available across all terrains and it is ubiquitous. As the road space is not
expanding in line with the growth of automobiles, traffic congestion is bound to increase on a regular basis. The only way to avoid
vehicular congestion is to have a regulated traffic movement plan in a real time basis. During the last decade, a number of methods
were developed to obtain real time data on vehicle movements such as using RFID, Wireless Sensor Networks, VANETSs, Mobile
Technologies, Infrared signals, Cameras etc. A number of studies have been carried out to find out optimum vehicle traffic
management to predict and manage traffic congestion and these studies have its own merits and demerits .Most studies have not been
conclusively proved to be effective to address the issues concerned with road traffic management because of implementation
difficulties, data inaccuracies, difficulty in real time application and cost. This is causing serious safety concerns in traffic
management because of the tremendous growth in the number of vehicles and the non-availability of effective traffic management
system. This paper is a comparative study of existing methods for detecting vehicular traffic density by using wireless signals.
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1. INTRODUCTION

The annual increase of automobile production isutl&®o
globally. Due to migration of population, urban gth and
infrastructural constraints, the road space is ke#ping in
pace with cumulative automobile increase and thassiog
severe traffic congestion everywhere. On accounesburce
constraints and public resistance, developmentesf noad
space either within or outside the city limitsire¢ consuming
and costly. Therefore, to ensure seamless movernént
vehicles, an effective monitoring and managementraific
movements are essential to overcome the constraihts
availability of road space. With the spread of nwliellular
network along the length and breadth of every aguahd
thus the ubiquitous availability of wireless signalit is
possible to make use of the wireless signals ftealien and
management of traffic cost effectively. In the metggast, a no.
of studies has already been carried out by large afo
researchers in this aspect. However, in most ofctses, the
studies have been confined to detecting mobiledewbin
traffic mode. With the present day emphasis on daféng,
mobile conversation is banned while driving, andstla large
no. of mobiles are in idle mode.

Presently there are different techniques usinglessesignals
to detect traffic density on highways and late@dds. Each
technique has got its inherent merits and demehtest
methods need modification in infrastructure. Somethmds
were able to detect vehicular density accurategntbthers.

The major techniques include use of RF-Id tags,eWsas

Sensor Networks (WSN), Vehicular Ad-hoc Networks

(VANET), Infrared systems, Bluetooth, Zigbee, Muent
Systems, Cameras, Global Positioning Systems (@R&use
of Mobile Signals including 2G, 3G and LBS systems.

2. SURVEY OF DIFFERENT TECHNIQUES
21RFID

Radio frequency (RFID) tags are used to detedidrahd this
information is passed through wireless or wired mseto a
distant control centre. These tags are implementedoth
sides of the road so that vehicles which pass tiraheir
communication range will be detected and this imfation is
passed to the control server. Other methods uskKIQ Rags
include tags which are connected near to the nurplag¢e of
vehicles so that when these vehicles cross theaté@shed on
road, the traffic count is taken which is shownFig.1. A

system using RFID and GSM modem is being propasé¢d]i

They propose to design a system that will deteettthffic

congestion in real time using RFID tags, and subsety

manage it efficiently to ensure smooth traffic flawth the

use of RFID devices itself. This system uses lowt ¢&®FID

tags to detect vehicles at junctions as well as G&ddem to
transmit traffic information. There will be two sebf tags at
each road from/ to the junction.
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 RFID Tag Reader

Fig-1: Identifying vehicle with RFID [25]

In [2], it is presented a comprehensive systemedallraffic

Monitor to detect, monitor and measure congestivar @
given stretch of lane. The system will use roadsidmals
from active RFID tags attached to the vehicle whichsed as
traffic probe. The advantage of this system is g¢onomical,
but to a larger extent, this system is not effectiue to the
fact that it can detect traffic only at the juncsoand also
implementing it along longer and wide road netwasik be

involving more infrastructural expenses and theected
traffic is sent via the GSM modem which is lessatde

during bad weather. The immediate advantage ofguRiRID

is it is economical, but considering the maximumge of
these tags (10m), such systems cannot be usedlowdys.

2.2 Camera & Image Processing

Camera and image processing techniques are usecdat
the number of vehicles crossing the junction ataaiqular
instant of time.

trailer light and
camera

50
control car ‘%
~2-Camsievan)

Fig-2: Using camera for traffic detection [3]

smartphone

These systems involve complex image processingvaodt
and also cameras need to be implemented at reigtdavals
along the road length. Implementing cameras aloogd r
network is not a cost effective solution for trafietection. In
[3], digital image processing is used. It proposesraffic

control system which uses camera imaging along with

conventional traffic routing techniques. The workiof the

system is such a way that the camera will captunages of
vehicles and these images will be used for imagegssing
and this value will be used to calculate traffiadoat a
particular junction at a particular time as showrFig.2. The
traffic load is transferred to a server through G8&Mdem.

The advantage of this system is accuracy. Sincamem
captures images always, the accuracy will be better
compared to other systems. However the systemieaaflig

reduces during rainy season, in foggy weather dueduced
visibility.

2.3 Wireless Sensor Networ ks (WSN)

Wireless Sensor Networks (WSN) is an efficient teghe to
detect traffic and remote control management. Tisgseems
detect traffic using their dedicated sensor netwuithich
includes wireless nodes at sides of roads andrfasmation
is passed to central server at the control cergrghawn in
Fig.3. The major advantage of using wireless senstworks
is that they have their own dedicated network fetedtion of
traffic and transfer of information. So availahjliof traffic
information will be fast as compared to other nekso
However, implementing and maintaining such netwevksid
involve considerable amount of efforts and cosesghsensors
can communicate through Bluetooth, IR sensors gbeg by
respective protocols according to network design.

Fig-3: Placing sensors in traffic detection using WSN] [26

In [4], it is proposed a traffic management systehich uses
WSN to detect traffic information on roads. The teys
consists of two parts: WSN and a control box rugréontrol
algorithms. The WSN, which consists of a group rafffic
sensor nodes (TSNs), is designed to provide thé#ictra
information. This system can detect traffic infotioa using
the help of wireless sensor nodes and then cotiteotraffic
using algorithms based on traffic load. The adwgmtaf this
project is that the acquisition and transmission trafffic
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information is very fast due to the sensor netw@ice it
requires detailed infrastructure at long distandhere is a
limitation of deploying this project for traffic magement on
a large scale.

2.4 Multi-Agent Systems (MAYS)

Multi-Agent System (MAS) implies a system which sise
different devices to capture information and traihsm
messages. These agents may be either hardwargasofir a
hybrid of both. MAS contain different types of comnication
protocols and sensors such as Infrared sensorstdsiin,
Zigbee, and RFID devices. The advantage of usingh su
devices is that there will not be any frequencglelaith each
other which makes the communication interferenae.frA
level of hierarchy is maintained in such systems. A the
case of wireless sensor networks, these system$ale their
own dedicated network. Use of multiple agents ttecteand
control traffic is being described in [5]. This ot proposes
a layer wise architecture for different set of agerkEach
intersection in a road network is controlled byagent whose
actions is either chosen autonomously or througherot
superior agent and is shown in Fig.4. The main albje of
such a distributed multi-agent system is to achieve
coordinated signal control to ensure a lesser lefigletwork
congestion.

Agent Traffic
System Signal

Input Data and {1 atersaction
Reward from
Environment

Fig-4: MAS as in [5]

The topmost layers will control the overall workirg all
layers. The agents can be different wireless coniration
protocols depending on the range of communicatiod a
power required to operate them. Since a numbeewtds are
required in this system, the system is not cosdtiefft and
frequent system disruptions can take place.

2.5 Vehicular Ad-hoc Networks (VANET)

Using VANET for road traffic detection and contislone of
the methods in traffic control. VANET technologyaives
vehicle to vehicle (V2V) communications and roadsid
sensors. VANET systems can support any network twksc

3G and above compatible as mobiles meant for 3Gaaoge
usage have have built in software for detectingfitra
information. However, these phones should be wittiose

proximity to each other not more than 100m. As VANiave

its own network, there is less amount of congestan
information passage is intelligently controlled @hd vehicles
already have preloaded software to detect roadrirdgtion

and traffic information is transmitted to the netiwoworking

of VANET for traffic management is shown in Fig. 5.
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Fig-5: Traffic detection and routing using VANET as i} [6

In [6] the authors propose a system for traffictominin large

cities. A traffic model is constructed using datdlected by
sensors along the road and inside the cars. Tlasersy
averages data from all cars and road sensors inéalgime
traffic model. The aggregated data is further sack towards
cars, which in turn can dynamically adjust themvalling

routes. An advantage of this is that cars becont staurces,
and can help better collection of traffic data pdowg the

driver information about possible congestions andbéng

him to choose the route. Implementation of thigesysis cost
prohibitive as infrastructure need to be providédimng the
road networks.

2.6 Mobile SignalsGSM, UMTS

Use of mobile signals is a major breakthrough iadrtraffic

management due to its availability everywhere being

ubiquitous. One of the major drawbacks in using iteob
signals is that most of the studies have been dodetecting
mobiles when they are on active mode. Presentbretlare
large no. of mobiles which are in idle mode andttha
information is not picked up. Hence, there is astderable
amount of error in vehicular density prediction. n&o
researchers have used handover management techrtigue
find the position of a mobile. The major works ietection of
vehicles using mobile signals are connected withbte and
single handover which is illustrated in Fig.6. i [t has been
studied to use double-handover (DHO) data to monito
highway traffic conditions. However, handover daanot
sufficient to predict the traffic congestion acdeta because
of signal strength variations due to terrain toppdry and
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fading. At times highways may come under one |axgjéefor

long distances, so use of double handover may eanich

feasible as most users will not be undergoing aorsbc
handover during the journey through the whole aoda
interest. However, network related data are toobmined

from operators and as such dynamic prediction becam
issue.

cell handover |
zones =

N GSMcells

Fig-6: lllustration of mobile phone movement [27]

A study in [8] presents the case study based in the
metropolitan area of Milan, Italy. With the help d&ta from
base stations, town planners can monitor rapidlgnging
urban dynamics, which are difficult to capture bgditional
surveys. The technique presented here uses celepsignals
in active mode. The resolution according to themfis few
hundred meters. However, they have not accountedhto
MSs in idle mode. In [9], the authors use cell phsignals for
finding real-time road traffic information. They qpose a
unified framework that incorporates GSM and GPR$ada
collection and UMTS, which uses active and idle meinals
from mobile phones.

2.7 Global Positioning System (GPS)

GPS

i
h 4

Vehicle Unir

Monitor Center

GSM Module

Serial Port

Fig-7: Traffic detection system using GPS as in [10]

Global Positioning System (GPS) is also used tealdtaffic.
GPS is used along with GSM and other technologes a
hybrid system. As the GPS systems are not uniJgrsal
available in all phones and restricted to smartpsamly and

accurate signal collection will be difficult. Codsring the
modern automobiles and their speed, GPS processliigly
to bring in delays.

In [10], it is given a system which combines GSMR$and
other positioning technologies. They propose to lémgnt
infrastructure inside vehicles making the vehichesprobes
for traffic detection while they are on the movehege
vehicles will acquire their position with the held GPS
technology and send this position related data twatfic

monitoring and control centre and is depicted Q. FiAs it is
a hybrid system involving GSM and GPS, the systemadt
cost effective for implementation.

3. IMPLEMENTED TECHNOLOGIES

There are few systems to detect and control traffich have
been implemented in few countries. Most of thestesys use
hybrid technology for traffic management. The CARLT
(Cellular APplied to ITS Tracking And Location) [[Lfroject
in USA focus on positioning vehicles with cellujginones to
measure traffic conditions (speed and incidencedtien).
The system detects only active mode signaling. ETRI
(System for TRaffic Information and Positioning)2]1 a
subproject of SERTI (Southern European Road Telemat
Implementations), manages the traffic from Germany,
Switzerland, France, and Spain into Italy duringliday
season. The purpose of this project is to find rvaffic by
collecting and processing the GSM signaling on Alieés/A
interfaces. OPTIS [13] project in Sweden, the gwak in
developing a method of collecting traffic data inder to
create traffic information on road. Vehicles serfdlS3position
to a server via GSM/SMS or GPRS. The server presedss
data and estimates road conditions. Cellint Traffitse
project [14] measures traffic data by monitoring tell phone
transmissions. The system is connected to celludworks
and monitors the control channel to obtain traiffilormation
from signaling during active mode. Estimotion CFMVBT
CFVD (Cellular Floating Vehicle Data) [15], devetap by
Israel, is a system for measuring and predictirad time road
traffic information based on mobile phone transioiss .

There are many factors to be considered while denisig use
of wireless signals for road traffic managemente Thain
factor will be obtaining accurate data in respefchetwork
traffic involving mobiles on active and idle modéhe second
factor will be issues connected with data monitgrin
collection and database management. The third faseds
the data collection and its cost effectiveness.tdd systems
discussed earlier have merits and demerits ane filsenot a
single system which is effective in predicting ti@fensity in
areal sense.

4. PROPOSED SOLUTION

From the above mentioned studies, it is evident Wieeless
signals can be used cost effectively in finding the density
of the vehicles along highways and lateral roadsoAgst all
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the technologies given above, it is to be noted tiee of
mobile signals for vehicle traffic detection is tadfective.

Although acquiring mobile signals has got its owdvantages
and disadvantages, it is the most cost efficieny wadetect
traffic as mobile signals are ubiquitous. As a 8otu for

traffic detection, we can use active mode and idlede
signals effectively for detecting the presence afigbile and
thereby convert the number of mobile phones intmiper of
vehicles.

There is coverage for a mobile phone almost eveeyah
where there is a BTS. So, even if the vehicle izving the

mobile phone/phones which are inside it will beaeliied to

the nearest and strongest BTS for paging and cefigses.

For mobile network coverage purposes, most of thbvways

and other roads come under BTS range accordinghdéo
design. Thus we can gather information about mattienes

which are particularly belonging to cell sites cang the

desired road spaces.

4.1 Explanation of Proposed Solution

Due to present restrictions in using mobile phomdsle

driving, most of the mobile phones will be in idteode while
on move. The presence of a mobile phone in idleeyazoh be
identified when there is a location update procedue. while
the mobile moves from one location area to anothenobile

phone in traffic mode can be used to detect paositiotwo

cases. The first case will be when the mobile vio#

undergoing a handover procedure. The other caske beil
when the mobile phone does two different calls o t
adjacent cells. In both these cases, the Custonetail®
Record (CDR) is used to identify movement and pmsiof

the mobile phone. From the CDR data, we can identié

present BTS to which the mobile is presently attaichlrhe
CDR data and the location update count are acqtiosd the
mobile service providers. We need to tap the MSChef
service provider to obtain the CDR data and theation

update data as shown in Fig 8.

A Interface
BSC == ARG
Abis Interface e

v

Lacation
TS Management
System

¢

Traffic
Management
System

Fig-8: lllustration of the proposed solution

In a Location Management system, we convert thelbmaurof
mobile phones into number of vehicles using equatigiven
in [16]. Then we accumulate the data taken fronmatiwork

providers in a single Traffic Management System clvhi
translates the number of mobile phones into numbfer
vehicles. Thus we get the traffic density at a ipalar
junction, highway or any other road of interestteifgetting
the traffic density, appropriate traffic managemailgiorithms
can be used to control the traffic efficiently. Thighlighted
techniques in traffic control are using geneticoallpms, ant
algorithms, neural networks, fuzzy algorithms antheo
adaptive techniques [17] according to the traffinditions of
the area.

The advantage of using mobile phones for the perpafs
vehicular traffic detection and also in traffic nagement is
that mobile signals are available almost everyelafdnterest.
Also, using mobile signals is cost effective as pamed to
other technologies discussed in previous sectibtiiopaper.

5. CONCLUSIONS

In this survey report, efforts were made to carmyt @
comparative study of different systems and techgiekbeing
used for using wireless signals for traffic managetn Most
of these systems operate in near real-time to tétaffic
conditions. However, the selection of approprigehhology
is a major factor dictated by the road conditionsfwork
availability and cost. Implementing wireless netkwsystems
for traffic control would be a breakthrough for peat and
future traffic management. To sum up, using mobitmals
for the purpose of traffic detection can be regdrdes a
superior solution comparing to RFID, Wireless Senso
Networks, VANETSs, Infrared sensors, Bluetooth, #gb
GPS, Camera, Multi-agent systems etc.
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