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Abstract— This survey presents various approaches for intelligent traffic systems. The potential research
fields in which Intelligent Traffic System emerges as an important application area are highlighted and
various issues have been identified which need to be handled while developing such a system for an urban
area, where an efficient traffic management has become the need of hour.

A model is also proposed capable of managing intelligent traffic system using CCTV cameras and WAN.
The proposed model will make the traffic signaling dynamic and automatic as well. Besides this, it will
gener ate the dynamic messages for the users on the message boards to avoid congestion, reduce waiting
time, pollution control, accident control and vehicle tracking. Further it is possible to extend this model
to other related traffic applications.
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l. INTRODUCTION

In response to growing traffic congestion on roads, a lot of research is being done ceaselessly to improve
traffic conditions and new fields are explored to manage and improve traffic conditions.

This brief survey presents various approaches for intelligent traffic systems. Further a model is also suggested
for the real time traffic system based on the use of CCTV's and other technologies.

This study comprises of six sections including the present one, which provide an introduction and objectives
of this brief survey. In section 11, the various research challenges in Intelligent Traffic System are reviewed. In
section |11, the research approaches for Intelligent Traffic System are included. In section IV, the various
technologies used for developing traffic system are mentioned. Finally, we give a brief overview of the various
researches done to improve the traffic system are given in section V. Then a model for traffic control in real
timeis proposed that relies on the use of GISand CCTVs isdescribed in section VI.

Il. RESEARCH CHALLENGESIN INTELLIGENT TRAFFIC SYSTEM
A. Real Time Sgnal Control

One way for traffic controlling is to control the signals in real time and operate them automatically according
tothedemand in traffic.  Mirchandani et al. [46] discussed a real time traffic adaptive signa control system
caled as RHODES.

Dotoli et al. [47] investigated the issue of urban traffic signal control using a real time optimization model.
The model was modified to take into account the traffic scenarios, the different types of vehiclesin the area, as
well as pedestrians. The technique was applied to areal case study also.

B. Traffic Load Prediction and Computation

Many researches focus on improving the traffic by load prediction and forecasting. By these, one can manage
the traffic once the correct forecast has been done.

Albers et al. [1] use the real time data in a traffic management system to monitor current traffic flows in a
network so that traffic can be directed and managed efficiently. Reliable short-term forecasting and monitoring
models of traffic flows are crucia for the success of any traffic management system. The real time data can be
provided by the induction loops planted on the road surfaces.

Sheng-Fuu Lin et al. [2] describe an application of computer vision techniques to traffic surveillance. This
paper works for improving the efficiency of traffic flow estimation that include pedestrian flow and vehicular
flow estimation.

Danko A. Roozemond in [3] states that there are several factors that affect the performance of the
conventiona traffic control system, e.g. changes in traffic flow, accidents, different behavior and travel demand.
This paper hastried to apply autonomous intelligent agentsin urban traffic control.

C. Vehicle Tracking

There are many systems that try to process images and track vehicles. All they have to do is process images
and track vehicles.

DaHee Hong et al. in [4] studied traffic images and focused on multi-anticipative car following behavior,
heterogeneity among individuals and relationship between car-following behavior and road geometry. This
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research has tracked individual vehicles on-screen, and aimed at obtaining vehicle trajectories. Then, they
applied this manually obtained data to investigate individual heterogeneity of vehicle movement.

Celil Ozkurt et a. in [5] have mentioned three main approaches to detect moving objects in a video viz.
temporal difference, optical flow and background subtraction. They stress upon knowing the traffic density for
traffic surveillance systems and use a heural network approach for the same.

R. Blake et d. in [6] developed a CCTV camera based application and utilized image processing and pattern
recognition methods and functional capabilities of a system to monitor the road, initiate automated vehicle
tracking, measure speed and recognize number plates.

Pallavi Choudekar et a. [7] Is also a document for detecting vehicles through images instead of using
electronic sensors embedded in the pavement. The authors worked with a camera installed alongside the traffic
light, capture image sequences and then image sequences analyzed using digital image processing for vehicle
detection, and according to traffic conditions on the road traffic light can be controlled.

Vikramaditya Dangi et al. [8] presented areport at UARJ regarding Image Processing and Traffic Controls.
D. Vehicle Routing

Vehicular ad-hoc networks (VANETS) are a technology that uses moving vehicles as nodes in a network to
create a mobile network. VANET turns every participating car into a wireless router or node, allowing cars
approximately 100 to 300 metres of each other to connect and, in turn, create a network with a wide range. As
cars fall out of the signal range and drop out of the network, other cars can join in, connecting vehicles to one
another so that a mobile Internet is created [29]. So using this created VANET, a system can be developed that
will help in managing traffic and pass information from one vehicle to the others.

Vasilis Verroios et al. [30] have proposed a fully distributed approach that uses only the computational
resources and communication capabilities of vehicles and requires no fixed infrastructure or centralized servers.
This approach bases its operation on wireless ad-hoc communications and offers a protocol for alerting vehicles
regarding traffic conditions in areas to be travelled through.

Danny Weyns et a. [31] suggested that the Delegate Multiagent System approach is a promising approach to
route vehicles to avoid traffic congestion. The approach mentions some assumptions too in order to apply it on
the roads.

Seongmoon Kim et a. [32] have developed decision making process for determining the optimal driver
attendance time, optimal departure times, and optimal routing policies under time-varying traffic flows based on
a Markov decision process formulation. They present a systematic approach for in the implementation of
transportation systems integrated with real time information technology.

LeBrun et al. [45] put forward VGrid. This is an ad-hoc networking and computational grid which can be
formed by leveraging inter vehicle and vehicle-to-roadside wireless communications.

E. Route Optimisation
There are some proposed theories that aim for finding the shortest path in any typical traffic condition.

Luca M. Gambardella[9] states that Ant Colony Optimization can be used as away to find an optimized path.
Once we have a transport optimization problem, we can build solutions using the behavior of ants, like ants
make any path using pheromone and cost and then awarding the best solutions with new pheromone.

Cyrille Bertelle et a. [10] reported a traffic management approach using the ant behavior. An algorithm
for finding the shortest path can be designed on base of an ant algorithm. This work aso gives a road traffic
management system to avoid jams.

Yongxiang Xia in [11] worked to optimize road network and analyze traffic dynamics by the movement of
each car and the statistical property of the whole network.

II. RESEARCH APPROACHES FOR INTELLIGENT TRAFFIC SYSTEM

A variety of approaches are in use to explore and search the field of Intelligent Traffic Management. Some of
the prevalent approaches are:

A Geographical Information Systems

Geographical Information Systems (GIS) are very important and evolving fields of study. They are used in a
variety of researches and now we find their use in traffic management systems too.

In [12], Otto Anker Nielson et al. have proposed that one can find a number of applications where Arclnfo
and ArcView are used to automate the process of building atraffic network topology.

Hatem F. Halaoui have presented advanced algorithms in his paper [13] and stressed on the use of GIS for
traffic solutions.
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Harper Ross et a. [14] investigate the potential for developing a raster geographical information system
which is capable of analysing crashes on a lane by lane basis on multilane roads. This project uses ArcGIS to
combine crash data, road data and traffic characteristics as a raster GIS plot on an aerial photograph. ArcGIS
also includes features which enable crash trends displayed, based on the attributes of individual crashes.

Dipo Theophilus Akomolafe et al. [15] site the use of Geospatial Technology for capturing, storing, retrieval,
analyzing and displaying data related to positions on the earth and ensure easy location of vehicles and incidents
on roads.

Witzmann et al. [16] have developed atool VeGIS for the synchronization of data between traffic models and
GIS.

An advanced Travellers system has been developed and designed using GIS for the Hyderabad city in India
by Kumar P. et a. [17]. This system provides complete information for the Hyderabad city like shortest paths
between some destinations, bus routes and the complete information about the buses of the city, which
demonstrates important usage and application of GIS.

B. Artificial Intelligence

Artificial Intelligence is being applied in a large variety of fields and its application are also cited in
managing traffic.

Zhiyong Liu [18] aims to develop a Traffic System that can respond to traffic demand and optimize online
timing plans and then implement real time control i.e. be adaptive according to the traffic as demanded. Al
methods like Fuzzy logic, neura networks, evolutionary algorithms etc are being developed, which are used in
traffic systemstoo [18].

Clymer J. R. [19] has proposed a Complex Adaptive System (CAS) in which each agent adapts its behavior in
order to collaborate with other agents to achieve overall system goals. It is aso a way of using Al in traffic
system and uses the Fuzzy Classifier System.

Charitha D. et al. [20] develop a tool for estimating the travel time in signalized urban networks, based on
probe data. It is a self learning tool and can be applied to basic networks description instead of a detailed
modeling of the network structure. In this paper, they use a Bayesian network for forecasting the travel time on a
route along an arterial road.

Bartlomigj P. [21] evaluates road traffic control using afuzzy cellular model.

Regarding traffic congestion problem, W. Wen [22] used an expert system approach to solve the problem of
congested roads. The author has proposed a framework for dynamic and automatic light control expert system.

Purohit G.N. et a. [42] provide the use of genetic algorithms to optimize traffic signal timings. They have
developed an Emulator for representation of traffic conditions at an isolated intersection with a number of
features like GUI developed in JAVA, random generation of vehicles, random vehicular direction, collision
avoidance and traffic signals with fixed phase sequence.

Logic programming can also be used to develop a traffic control system [48]. Tan et al. [49] have described
the design and implementation of an intelligent traffic lights controller based on fuzzy logic technology.

C. Graph Theory

Graphs are very important in developing the traffic and road networks. The edges and nodes of a graph can be
viewed as some or the other component of the traffic system. For example, the nodes represent crossing, bends
and ends while the edges may represent the pieces of road of any kind [23], in which various algorithms have
been developed to analyze road networks by using approaches like BFS, Dijkstra algorithm etc.

It might be needed to construct road network graphs from geospatial data. [24] aims for finding and exploring
the problems in extracting such network graphs. The work has used GPS traces also to develop road geometry.

Eric Galin et al. [25] have proposed an approach based on an original geometric graph generation algorithm
based on a non- Euclidean metric combined with a path merging algorithm that creates junctions between the
different types of roads. Thisis also agood work for generating graphs for hierarchical road networks.

Shiuan-Wen Chen et a. [26] have investigated the traffic light setting problem and worked for setting the
traffic light, such that the total waiting time of vehicles on roads is minimized. The use of graph model is made
to represent the traffic network. This paper is crucia as it has used Ant colony Optimization, Particle Swarm
Optimisation and Genetic Algorithms to obtain anear optimal solution.

Larry Head et al. [27] modeled the traffic signal timings using precedence graphs. They argue that precedence
graphs can be used to model a series of simple operational treatment at an intersection. The precedence graph
approach provides a structured conceptual representation to support the analysis of operational behaviors of
controller timing features, such as the added lost time and required fixed time intervals that are induced when
certain overlap features are enabled.
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[28] provides the process of determining the parts of a network, which are accessible to vehicular traffic and
which are not and it too uses the graph algorithms. To determine the connected components of a network it
shows the use of the classical connected components graph algorithm. Considering that the road network is
represented as a graph as an input and an associated set of barriers, that act as constraints for traveling through
the network, the graph algorithm can be built.

D. Real time Systems

Real time traffic control systems collect datain real time and analyze that using some approach to control and
monitor traffic.

Barttomigj P. [33] developed a vision based sensor, that is able to detect the absence or presence of avehicle
based on the images captured, automatically and in real time.

VanDaniker M. [50] described the use of Transportation Incident Management Explorer (TIME) for
visualizing real time and archived incident data collected.

Choudekar P. et al. [7] have carried out research on the use of real time systems with image processing.

V. TECHNOLOGIES USED FOR INTELLIGENT TRAFFIC SYSTEM

Technologies like CCTV, RFID, GPS, and Wireless Sensor Networks can be used to control traffic by
monitoring traffic.

A, Wireless Sensor Networks

Khalil M. Y. et a. [34] gave a traffic flow control system that uses Wireless Sensor Networks (WSN) to
control the traffic flow sequences. WSN is used as a tool to instrument and control traffic signals, while an
intelligent traffic controller is developed to control the operation of the traffic infrastructure supported by the
WSN. They have given algorithms too for the controller.

Malik T. et al. [35] in their model have aimed for the real time traffic control using the traffic lights. Wireless
sensors are deployed on the lanes and can detect vehicles number, speed etc and communicate to the nearest
control station to forward any information.

Sing Y. C. et al. [36] have worked in the field of traffic surveillance using Wireless Magnetic Sensors. This
model is supposed to work with the help of a the Sensor Nodes installed where the vehicles are to be detected
and uses GPRS to forward the information further to some control system.

B. RFID
RFIDs are found nearly at every place where traffic is monitored.

Chattargj A. et al. [51] have given a traffic control system using RFIDs. [52] is a document regarding
automatic vehicle identification and managing traffic using RFID.

Bandyopadhyay [53] proposed away to manage traffic using RFID and wireless technologies.
C. CCTv

Jain V. et a. [54] argued that there are several hotspots in a city that are prone to congestion. They devised a
way to solve this congestion problem using CCTV captured images and analyzing them by image processing

Dailey et al. [55] have also considered the use of CCTV cameras to estimate mean traffic speed.

D. GPS
Global Positioning System is a growing as an applicable product, that is used commonly nowadays. Traffic can
be managed with the use of GPS too. Owusu et a. [56] have shown the importance of using GPS/GIS systems
in monitoring the traffic speed in urban areas.

Tong studied the process of extracting the transportation information using GPS integrated with GIS
technologies.

V. SOME PROJECTS
Some projects, in many countries, are currently working for improving the traffic system.
Table 1 shows some projects being carried out.

VI. PROPOSED MODEL
The proposed model of traffic system relies on the extensive use of CCTVs. The real time traffic system also
introduces new technology in the field of traffic management like WAN. Fig. 1 shows the different components
and the abilities of the proposed model for traffic management.
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TABLEI. PROJECTS FOR MAKING THE TRAFFIC SYSTEM INTELLIGENT
Name of Project Place Description
ATCS[39] New Delhi, Pune Using data from vehicle detectors to
optimize traffic signals.
Design and simulation of an intelligent | Nigeria Fuzzy logic based system for traffic control
traffic control system.[43] simulated and tested.
Multiagent architecture for intelligent | Barcelona Comparision of integrated TRYS and TRYS
traffic management system.[44] autonomous agents.
Deployment of a Virtual Sensor System, | Washington Deployment of a virtual sensor system in an

based on Transit Probes, in an operational traffic management system.
Operational Traffic Management

System.[38]

Analysis of an Integrated Transportation | Guangzhou, China Uses GIS for the research and framework
GIS for the City of Guangzhou, proposed for the city.

China.[40]

Towards a GIS based system for roads
and transportation planning in
Norway.[41]

Norway

Using GISfor road and transport planning.

CCT™w
Installation

Link with
other
Services

CCTWV on
Highwaws

Crime
Prevention

Figure 1. Components of Proposed Maodel

Perform Viewshed Amnalysis of the Traffic Network
Junction where CCTWV needs to be installed

s

the camera

Analyse the wvisibility area from wvarious height values of

i

Best height and placement of CCTWV camera is output

Figure 2. CCTV Installation

The components are briefly described:-
A CCTV Ingtalltion

CCTV ingtalation is needed in this proposed model. Algorithm for the installation of CCTV is shown in

Fig 2.
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B. Traffic Load Computation

Traffic load computation is needed for effectively managing the traffic system. By computing the traffic load,
green signal timings can be controlled dynamically. Fig. 3 shows the algorithm for Traffic Load Computation.

C. Vehicle Tracking

Vehicle tracking can be of great importance where we want to track some suspected vehicle. Vehicle
tracking can be implemented if one can get the number plates of the vehicle under monitoring. For this, the
model in Fig. 4 presents the following method to get the number plates of any particular vehicle that
detected by the CCTV camera.

Images obtained from CCTWV Camera

v

Processed and Analysed using MATLAB

Vi

Output the computed traffic load

Figure 3. Computing Traffic Load

CCTWV Images are input to MATLAB

S

Cut the images of vehicles to get the number plates only

¥

Each mumber is fetched and identified by pattern matching algorithim

<~

Output the complete vehicle number

Figare 4. Wehicle Tracking Algornthm

D. Optimum number of CCTVs

It is required to know the number of CCTV cameras to be installed in an urban city. The number
should be optimum and within the range of the budget. Optimum number of CCTV cameras can be determined
by generating a weighted graph of the network and then finding out the possibilities for installing the CCTVs, as
shown in Fig 5.

E. Real time traffic control

The proposed model for traffic control can manage traffic load in real time. Signal timings can be adjusted by
calculating the present traffic as shown in Fig 6.

ISSN : 0975-3397 Vol. 4 No. 09 Sep 2012 1575



Pratishtha Gupta et al. / International Journal on Computer Science and Engineering (1JCSE)

Road Trafic network modeled in the form of graph

Y,

Traffic load computed and predicted on all the nodes of graph

v

Optimum Number of CCTVs computed to predict the traffic load of all
nodes

Figure 5. CCTV Computation

Input the traffic load ‘

s

Green Signal Duration computed to release that
load using Real Time Scheduling Algorithm

\

Output the Green Signal
Timing

Figure &. Feal Time Traffic Signal Control

F. Crime prevention

Real time monitoring of the traffic helps in collecting the current data and so in preventing crime. A culprit
vehicle can be caught by generating proper messages or darms. Thisisshown in Fig 7.

G. CCTV on highway

To control accidents on highways too, we can install CCTVs. Points of danger can be determined for this
purpose and messages displayed for the vehicles. Fig 8 shows the approach.

H. Linked with other services
Other mobile services like mobile, internet can be helpful to the users for giving the traffic information
dynamically and in real time. This can help the mobile users to find emergency services like ambulance etc.
from the least crowded and shortest path to the destination(Fig 9).

Suspected wvehicle's number can be
identified using Vehicle Tracking

Complete paths of the vehicles can be drawn from the
information collected at all nodes

L

Alarms or messages can be generated

Figure 7. Critne Preventicon
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Identify accident prone turms or
points on Highways

7

Simulation will be done to find out the accidents

causing situations

Alarms can be generated in such cases

Figure 2. CCOTV on Higlvarays

Information collected from the nodes

S

Information processed to compute various traffic
related parameters

These results can be made available to Mobile

servers and other services also
Fignre . Link to other services

VII. CONCLUSION

Increasing traffic congestion coupled with improved technology, cost constraints, and increasing
environmental consciousness has provided an impetus to develop cost effective systems, aimed for improving
the efficiency and effectiveness of the traffic system.

The proposed model brings all the issues related to the growing traffic of the urban cities on one platform.
Developing such system will indeed be supportive in making the cities smarter in traffic sense.

Whereas intelligent traffic systems will be widely used in many metros and urban cities in near future, the
researchers have to continue the daunting search for more efficient approaches and possibilities of the
technology. Meanwhile, the academic community have adopted the new field as a playground to apply their
ideas to create something completely new. In all, athough the widespread deployment of intelligent traffic
systems needs some time, the research in this field, being very active and imaginative, will continue for some
period.
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