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Abstract: intelligent transportation systems (ITS) based on wireless sensor is proposed in this 

paper the design of the positioning system, using wireless sensor network with low cost, low 

power consumption, multi-function, the characteristics of the sensor nodes deployed in 

monitoring area, through the vehicle's sound, vibration, infrared, magnetic field, such as signal 

analysis, to identify location and tracking, and in appropriate time to continue to track vehicles. 

One of the main goals of intelligent transportation systems (ITS) is economical profit in the 

form of fuel consumption reduction, efficient use of existing infrastructure, pollution reduction 

and so on. Certainly, the economical goal is not the only one. Increasing mobility, safety and 

passenger comfort are other very strong motivations for implementation of ITS in practice. The 

paper analyzes the possibilities of exploitation the technology of wireless sensor networks 

(WSN) in ITS.  
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I. INTRODUCTION  

The massive increase in automobiles as one of the most important modes of transportation has 

facilitated human life but it introduces different types of problems as traffic congestion, parking 

problems and traffic accidents. Researchers are pursuing solutions through developing intelligent 

transportation systems to solve these problems. An intelligent transportation should be able to 

manage, monitor and direct users to a safer and more coordinated transportation. Primarily, an 
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intelligent transportation system has to correctly identify, recognize and track vehicles in real-

time [1]. This paper presents a solution to monitor traffic using Wireless Sensor Networks 

(WSN).  Wireless Sensor Network (WSN) is a network of small Sensors Nodes (SN) that could 

communicate between themselves and/or base location using a wireless communication system. 

A sensor node usually consists of a sensor unit, a computing and a communication unit.  

A vehicle tracking system consists of an electronic device installed on a vehicle so that it could 

be track by its owner or a third-party for its position. Most of today’s vehicle tracking system 

uses Global Positioning System (GPS) to get an accurate reading of the vehicle position. 

Communication components such as cellular (GSM) and satellite transmitter will be combined to 

transmit the vehicle’s position to remote user. Vehicle’s information can be viewed by using 

software on a computer 

Vehicle tracking systems are also popular in consumer vehicles as a theft prevention and 

retrieval device. Police can simply follow the signal emitted by the tracking system and locate 

the stolen vehicle. When used as a security system, a Vehicle Tracking System may serve as 

either an addition to or replacement for a traditional Car alarm. The existence of vehicle tracking 

device then can be used to reduce the insurance cost, because the loss-risk of the vehicle drops 

significantly. 

Vehicle tracking is also useful in much other application such as Asset Tracking  

Scenarios where companies needing to track valuable assets for insurance or other monitoring 

purposes can now plot the real-time asset location on a map and closely monitor movement and 

operating status. For example, in unfamiliar areas, they can locate themselves as well as 

customers and prospects, get driving directions and add nearby last-minute appointments to 

itineraries. Benefits include increased productivity, reduced driving time and increased time 

spent with customers and prospects.  

II. WIRELESS SENSOR  NETWORK  

Development and successful deployment of WSNs depend on advances in different areas 

such as: low-power electronics, micro-electro-mechanical system (MEMS) components, new 

reliable sensors, power sources with high energy density, devices with ability to generate energy 

from the environment and new RF communication standards. The most promising application 

areas of WSNs are: 

 Transport, 
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 Medicine, 

 Monitoring and protection of the environment, 

 Military, 

 Guarding, protecting and tracking, 

 Industry and many more. 

 
WSN can be applied wherever we encounter spatially distributed information sources. An 

interesting application area of the WSN is the traffic. It is clear that monitoring and managing 

the traffic requires information sources that are geographically dispersed over a large area. A 

comprehensive overview about the state of transport can be obtained only on the basis of 

information obtained from a large number of properly deployed sensors.  Therefore, the 

monitoring and management of the traffic naturally tends to the applications of sensor 

networks. Currently, the most frequently used WSN applications in the field of transport 

applications are: monitoring of traffic and dynamic routing [3], [4], monitoring and 

management of parking lots [5], [6], adaptive control of intersections [7], [8]. 

Successful deployment of WSN in different applications depends on parameters of the sensor 

nodes. The most important parameters are: 

 The processing power and memory capacity of the sensor, 

 Low power consumption/long lifetime, 

 Production cost, 

 Security, 

 Fault tolerance and other. 

Note that it is impossible to develop a universal node that is optimal in terms of all the above 

requirements as some of these requirements are contradictory: large computing power at 

minimal cost and power consumption; long life without operator  intervention  at  small  

dimensions  of  the  energy  source;  sufficient  speed  of  communication  within  a  limited 

frequency band, low transmission power and low sensitivity of the receiver (Transmit power 

and the receiver sensitivity is closely related to the consumption of communication units.). For 

these reasons, parameters of the resultant sensor node represent kind of a compromise between 

the requirements of applications and capabilities of current technology 

 

III. SENSOR NODE STRUCTURE 

Despite the variety of application areas the basic structure of the node is the same. Each sensor 
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node must be able to perform three basic functions: data collection, data preprocessing, and 

data transmission. Each function is provided by another subsystem. In addition to these three 

basic subsystems we need power subsystem to provide energy to all other subsystems. 

3.1 Data Collection Subsystem  

Data collection subsystem is application depended and consists of sensor elements sensing 

relevant signal values in compliance with defined aim. The diversity of application areas cause 

that it is difficult to define universal properties and parameters of data collection subsystem. 

Any application requires a little bit specific approach from subsystem design point of view. 

The data collection subsystems are mostly focused on: temperature, pressure, humidity, 

acoustic noise level, lighting conditions, biological and chemical agents, vehicle movement, the 

presence/absence of the object etc. 

Basic functions of the data collection subsystem are: 

 

 Sensing of selected signals by proper sensors and transforming of measured signals 

to ones which are suitable for additional processing (most often electrical voltage). 

 Adjusting of signal level in such way that dynamic range of A/D converters 

is utilized in the best manner. 

 Filtration of the additive inherent and interfered noise from the signal. The useful 

part of the signal should not be distorted. 

 Filtration in order to limit the frequency spectrum of the signal so it is in compliance 

with selected sampling period (ant aliasing filter). 

3.2 Data processing subsystem  

The role of data processing subsystem depends on how the WSN process the data. If the 

network is decentralized each node must have sufficient processing power to process all 

relevant data and to calculate results. In  the case of centralized network structure the node 

just collects data and sends them to the central unit for further processing. However, usually it 

is impossible to transmit all the measured data as the data transmission is very energy intensive. 

Therefore, we try to minimize the volume of transmitted data. It is important to realize essential 

part of the data processing directly at the point of its origin - in a sensor node. Data transmitted 

to other network nodes should contain just information essential for problem solving. Basic data 

preprocessing algorithms thus relates to the methods of information content extracting 
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(compression). Another possibility is to use collaborative signal processing algorithms. These 

algorithms use the smart distribution of data processing  between  the different network  nodes 

in  order  to increase  overall  computing  power  of  the network  while minimizing the total 

energy consumption. 

3.3 Communication Subsystem  

Communication  subsystem  provides  ability of  wireless  communication  –  fundamental  

property of  a  wireless network. Communication capability of WNS nodes are in most 

practical cases limited by communication range and data rate. It is important to remember that 

increasing of communication range requires increasing of transmit power/receiver sensitivity, i.e. 

energy consumption is increased as well. Above mentioned conclusions result from Friis 

transmission equation: 

 
where GT  and GR  are the antenna gain of the transmitting and receiving antennas, 

respectively, λ is wavelength, d is the distance, PR  is power available at the receive antenna 

terminals and PT  is power delivered to transmit antenna. The factor in parentheses is the so-

called free-space path loss. The antenna gains are with respect to isotropic, and the wavelength 

and distance units must be the same. The formula is valid only is the antennas are in 

unobstructed free space and the bandwidth is narrow enough that a single value for the 

wavelength can be assumed. 

 

3.4. Power subsystem 

For every WSN application is important period of network operation without maintenance. 

Energizing of sensor nodes by electrical energy is critical problem. To solve the problem it is 

possible to choose from one of following energy sources: 

 Primary batteries, 

 Rechargeable batteries, 

 Energy harvesting (collecting energy from surrounding environment), 

 Combination of rechargeable batteries and energy harvesting. 
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During energy resource selection process it is necessary to evaluate parameters limiting range 

of applicability. One of such parameters is self-discharging that could be in case of some 

types of batteries even 30 % per month. Another important parameter is the range of 

operation temperatures, number of charging cycles, etc. For the purpose of planned long term 

service-less operation of the network (i.e. longer than 6 months) most favorite energizing is 

based on using primary lithium batteries, potentially with the system of energy harvesting and 

super-capacitor.  

 

IV.  INTELLIGENT TRANSPORTATION FOR ROAD TRAFFIC  

Monitoring and collecting the real time traffic data can play an important role in intelligent 

transportation and reducing traffic load on roads. Intelligent Transport system can answer the 

problem of increasing traffic on roads by using real time traffic data.  Traffic data like speed 

and volume of traffic enables traffic system planners to effectively manage road traffic by 

planning alternative routes in response to accidents or road closures and attempting to relieve 

congestion, perhaps by altering speed limits [2].  Figure 1.1 shows the required infrastructure for 

intelligent transport system. Real time data i s  co l lec ted  w i th  t h e  h e l p  o f  informat ion  

collection subsystem.  The d a t a  processed by   information processing subsystem 

provides i m m ed i a t e  se rv i ces  to  different users. 
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Figure 1.1: Intelligent Transportation Infrastructure 

An obvious service is the traffic light control to manage the traffic on the roads and to minimize 

the driver’s waiting time behind red lights. Basic services such as highway advisory are provided 

to the users through publicly available radio channels. Also drivers wanting to know about traffic 

in general and traffic jams in particular can benefit from alternate in- vehicle route guidance. The 

infrastructure (the ISP) selects the best route depending on traveler route request via SMS or 

WAP. This will help minimize the travel time. Also advanced warning to drivers regarding 

emergencies and incidents can be given using Variable Message Signs (VMS) located at key 

locations on the motorway and trunk road network.   

4.1 Wireless Sensor Network for Road Traffic Monitoring 

Small wireless sensors with integrated sensing, computing, and wireless communication 

capabilities has advantages of low cost and easy installation and so  has the potential to 

significantly improve the efficiency of existing transportation systems. Figure 1.2 compares 

installation of a traffic surveillance wireless sensor versus loop based system and their data 

gathering system. The dimensions can be compared with human or car.   
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Figure 1.2: Installing a loop-based system vs. wireless sensor network 

 

A networked wireless sensor system can be used to collect and process real time information for 

roadway characters like vehicle detection, tracking, and speed, and length, weight in motion, 

vehicle emission, road surface weather and detecting hazardous materials [11-14]. This 

information helps freeway traffic count, ramp metering, signal control, parking guidance and 

enforcement as well as detecting and managing emergency conditions, etc.  

4.2 Vehicle Tracking System Software 

 

 
Figure 1.3: How intelligent Vehicle Tacking System Work 
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 Software for Vehicle Tracking system is the software which is located at the control 

center and it forms the brain of the system. 

 It contacts with the vehicle kits, gathers information from them and processes this 

infomation. 

 Information coming from the vehicle is viewed over a GIS (Geographical Information 

System) system which is integrated to the SVTS software. Shown in figure 1.3 

 This system enables users to see which route the vehicle uses over digital maps as shown 

in figure 1.4 

 

 

 
Figure 1.4: Appearence on Map  

 

 

V. CONCLUSION 

 

Problematic of intelligent transport systems is subject of interest of many authorities, 

institutions as well as commercial corporations in present days. The paper shortly introduces 

basic attributes of transportation processes from safety, effectiveness, environmental and 

comfort point of views. Referring to key technology using in transportation applications: 
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sensing, data processing, data transmission etc. It is possible to state that both of research areas 

(ITS and WSN) are using principally comparable technologies for data collection, processing 

and transmission.  It means that WSN technologies are well applicable in the field of 

intelligent transportation systems. Certainly, selection of applications must correlate with 

specific WSN characteristics. Finally, it is possible to state that implementation of wireless 

autonomous devices in the field of intelligent transportation systems has very good perspective. 
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