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Abstract. This study establishes a stolen-vehicle tracking management information system (MIS) combining information tech-
nology (IT) equipment in a wireless local area network (WLAN), personal digital assistant (PDA), and charge couple devices
(CCD) camera with vehicle license plate recognition (LPR) technology. First, the police setup CCD cameras at fixed locations
or in police vehicles to monitor every moving vehicle and fetch plate information to match retrieved plate information compared
with stolen-vehicle databases. Second, when a stolen-vehicle is detected, the system communicates real-time warning signals
to PDA held by on-duty police to intercept the stolen vehicle. The real-time information delivery and communication provided
by this system not only help the police to solve serious criminal cases and protect public life and property, but also increase
management effectiveness and lower manpower costs.
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1. Introduction

Due to economic recession and business migration
to China, the high unemployment dilemma has caused
a high crime rate. Especially, crime of stealing auto-
mobiles and motorcycles is the most serious. The steal-
ing incident has become a potential concern in public
security in that vehicle thieves use stolen-vehicles to
commit serious crimes such as robbery, homicide, and
drugs. Thus, it is urgent to develop a real-time stolen-
vehicle tracking MIS.
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When a stolen-vehicle incident occurs, after the
owner reports it to the police station, the report will
be delivered to the 110 Duty Center (The emergence
phone in Taiwan is 110) and kept on record. This in-
cident will then be keyed into the stolen-vehicle data-
bases in the National Police Agency (NPA). The data-
bases will gather and organize all the stolen-vehicle
information from the entire country and send to each
police station routinely. This process takes more than
24 hours for the back and forth transmission of stolen-
vehicle information. During the 24-hour gap, vehicle
thieves have left the crime location and may have used
stolen vehicles to commit other serious crimes. This
vehicle is also possible that the stolen vehicle will be
disintegrated into parts for sale within 24 hours. This
is a serious threat to public life and property. Besides
preventing vehicles from being stolen, it is more im-
portant to create a real-time MIS to communicate real-
time information about stolen-vehicles to on-duty po-
lice. To efficiently solve automobile crimes, advanced
IT equipment needs to be purchased to track vehicle-
thieves and monitor stolen-vehicle information.

This study used a CCD camera and WLAN in frame-
work and applied LPR technology and portable PDA
equipment to create a real-time stolen-vehicle tracking
MIS. This system can solve the 24-hour gap problem in
existing management system to increase crime-solving
rates and management efficiency.

2. Literature review
2.1. Wireless local area network (WLAN)

The overall market for WLAN grew more than
200% from 2000 to 2002, and will continue to grow at
a compound annual growth rate of 23% until 2007 [10].
The rapid development of WLAN and the maturity of
portable devices such as notebook and PDA have made
WLAN a popular industry recently [2]. WLAN appli-
cations enhance mobile workers’ productivity through
improved decision making capabilities, less paper-
work, and reduced cycle times for transactions and
billing [11]. Furthermore, WLAN technology provides
users with “anytime, anywhere” access to Internet;
it also offers excellent application tools for control-
ling internal resources and retrieving rich information
from the World Wide Web (WWW). Consequently,
both independent individuals and team members can
gain the required information instantly and optimize
their decision-making. Research shows that WLAN

can save individual users an average of 70 minutes
of daily work hours and can increase productivity by
22% [2]. WLAN has the following advantages [11,14]:

improved decision making capabilities;

less paperwork;

reduced cycle times for transactions and billing;
no cable construction;

easy implementation and maintenance of cable;
high mobile flexibility; and

low cost.

Some mobile places, for example, hospitals, ware-
houses, and restaurants, need to access information in-
stantly and at anytime, and also need to retrieve or
update data for real-time services. Under these condi-
tions, WLAN is the best tool for use under these condi-
tions [15]. Therefore, WLAN combines related equip-
ment (including PDA and Mobile phones) to provide
real-time information to those mobile places.

2.2. License plate recognition (LPR) technique

First, the digital images of license plates captured by
CCD cameras need to be recognized in the image pre-
treat and then processed by edge detection algorithm
(EDA) to differentiate colors. Second, the line extrac-
tion algorithm (LEA) locates the license plate posi-
tion to extract the license plate from the image. Af-
ter normalizing the license plate image, it can simplify
the procedures of character recognition algorithm. The
process of license plate recognition is shown in Fig. 1.

2.3. Personal digital assistant (PDA)

In the current highly mobile world, users require ac-
cess to important information without constraints of
time and space. Information real time and fast reac-
tions in unforeseen situations are crucial factors. Mo-
bile phone, PDA, and smart phones can serve as per-
manent companions used for ad hoc and spontaneous
up-to-date and online information access [1]. Conse-
quently, personal digital assistant (PDA) is becoming a
popular portable device [12]. PDA is designed to sup-
port various tasks such as word processing, numeral
computation, e-mail, and web browsing [12], and is
rapidly becoming an indispensable information man-
agement tool [8]. Mobile drivers are applied in many
areas including education [13], healthcare [5,6], medi-
cine [3,7], and retail and manufacturing [11]. The main
advantage of PDA is mobility and flexible access to in-
formation. Because of the prevalence of WLAN, PDA
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Fig. 1. The step of algorithms for searching the license plate.

have become an important device for instantly trans-
mitting information. Many MIS, which use PDA, take
advantage of the WWW by using PDA, including con-
trolling and managing PDA based information, and en-
hancing system usage to promote efficient information
retrieval. Advantages of PDA [6]:

mobility and flexible;

real-time access to information;
cost-effectiveness;

easy communication;
integration function; and
enhanced productivity.

3. The stolen-vehicle tracking management
information system

3.1. Stolen-vehicle reporting process

As mentioned in the introduction, when a vehicle is
reported stolen, the slow back and forward transmis-
sion of stolen-vehicle information caused that on-duty
police lost the timing to solve auto crimes and catch
vehicle thieves. The existing stolen-vehicle reporting
process is shown in Fig. 2. In order to communicate
the real-time stolen-vehicle information to on-duty po-
lice to intercept stolen vehicles at the first timing, it
is urgent to apply IT equipments into real-time stolen-
vehicle MIS. To achieve real-time communication of
stolen-vehicle information, the best tool needs to com-
bine WLAN and PDA. This study applies the hospitals

application framework [4] into a police stolen-vehicle
management information system. First, it is necessary
to create a Web-based management center to run the
stolen-vehicle MIS.

3.2. Establishing Web Page management center

A MIS Web Page is established in the stolen-vehicle
management center to show the functions. This Web
Page not only simplifies development processes and
is convenient for users to operate, but can also cross
different platforms for retrieving data in servers by
using Web browsers. Adding wireless functions to
Servers improves their operation processes and ex-
pands their original functions so they are no longer re-
stricted to fix cables range. Thus, the management cen-
ter can increase communication efficiency and service
quality. Wireless especially promotes mobile user effi-
ciency. The management information center is located
in the NPA. The main Server’s operating system uses
a Microsoft Windows 2000 Advanced Server with Mi-
crosoft Internet Information Servers as a Web Server
and Microsoft Access 2000 as a database system. Pro-
gramming languages include C++, active server pages
(ASP), and HTML. The complete system combines a
Web-based MIS and LPR technique.

3.3. Operation process of stolen vehicle tracking
system

After the Web-based management center is estab-
lished and WLAN is combined into the system, the
stolen-vehicle tracking system can be used to track
stolen vehicles. The process is described below [9]:

(1) This system uses the CCD camera with night
shot 0 lux system, which is equipped in the pa-
trol car to capture the vehicle image and recog-
nize the vehicle license plate.

(2) When the CCD camera shoots the moving vehi-
cles, it captures the image automatically.

(3) This system connects the image-captured sys-
tem with the computer and records the vehicle
image.

(4) This system automates license plate detection
and compares it with the stolen-vehicle data-
base.
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Fig. 2. The existing stolen-vehicle reporting process.

(5) When the license plate data is recognized as the
same as that stored in the computer, it gives
a warning signal, and shows the passing vehi-
cle to be a stolen-vehicle. The warning signal is
transmitted through the WLAN framework. The
information notifies on-duty police with PDA
to trace the nearby stolen-vehicle. The stolen-
vehicle tracking system framework is shown in
Fig. 3. This system can be divided into two cat-
egories:

e fixed method CCD cameras are set up in
the highway tollbooths or important roads to
monitor vehicles.

e mobile method CCD cameras are set up in po-
lice vehicles. Their locations can be adjusted
as needed.

The comparisons of fixed method and mobile method
are shown in Table 1.

3.4. This system benefits

The existing management system with a 24-hour gap
problem does not have the real-time communication
function. This study will first create a Web-based man-
agement center and WLAN structure and then com-
bine PDA convenient functions. Using this system, on-

Table 1

The comparisons of fixed method and mobile method

Items Fixed method Mobile method
Speed limits 0-200 KM/H 70 KM/H
Recognition time 0.6 Sec/One vehicle 0.7 Sec/One vehicle
Manpower Few Many
Recognition rate ~ 95% 90%
Mobility Passive, cannot change Good
location
Extendibility High extendibility with Poor
combining other func-
tions
Performance High performance in 24-  Poor
hour continually filtering
vehicles
Cost High construction and Low

maintenance costs

duty police will obtain the real-time information to in-
tercept suspects and stolen vehicles. Not only will this
system deliver real-time information about stolen vehi-
cles, but it can also add new functions into the system.
For example, creating a criminal database with previ-
ous crime records. When doing check-ups, it is easy to
find out if suspects have previous crime records by en-
tering their ID numbers. The database prevents miss-
ing opportunities of catching criminals. The benefits of
this system are:
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Fig. 3. The framework of stolen-vehicle tracking system.

e real-time update and communication of stolen-
vehicle database;

e real-time accurate stolen vehicle information;

e simple installation and high stability;

e reasonable establishment costs and low mainte-
nance costs;

e saves manpower and management costs;

e adds new functions as needed, has high flexibility,
and has obvious benefits; and

e increases crime-solved rate and protects public
properties and lives.

4. Conclusion

WLAN has been applied widely in commercial
platforms. With the breakthrough of WLAN technol-
ogy and the maturity of portable information prod-
ucts, businesses have been using these technologies
to present their complete competitiveness. The mobil-
ity of PDA gives users the capability to access real-
time information anytime and anywhere to make the
best decision-making. However, IT has been applied
more completely in business than in government orga-
nization. With successful application of this system, its
structure can also be applied to parking space in com-
mercial buildings for entry control or cargo fleet man-

agement. The authors of this study believe that apply-
ing this system to other organizations can have excel-
lent benefits.
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