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Abstract: - With the convergence of the Internet and the Global Positioning System (GPS), a common approach
called GPS tracking system has been developed nowadays. A GPS tracking system uses GPS to determine the
precise location of a vehicle, person, or other assets and shares information with remote clients through the
Internet. In the outdoors, the device usually connects to the Internet through mobile networks like GPRS or 3G.
However, the weaknesses of a mobile network are low bandwidth and high charging strategies compared to
Ethernet or Wi-Fi. In this paper, a demand-driven architecture for web-based tracking systems is presented. By
integrating several technologies nowadays, this architecture is designed to improve the efficiency for the
location-aware applications. The proposed architecture focuses on two problems. One is the redundant
connection, causing the waste of bandwidth and fees during the connection period in the mobile network. The
other is the data asynchronization during the period of transmission. We not only addressed the connection
scheme to solve above issues, but also designed a prototype on an embedded platform for web-based tracking
systems. The performance has also been evaluated for the total latency time when a user exploits different
communication medium, and the results showed that the user can monitor the status of target in real time even
in the worst case.
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1 Introduction server system designed for a mobile application has
Recently, Location-Based Services (LBS) have been proposed [10]. _ _

become one of the fastest-growing areas with However, the connection architecture based on
enormous modern devices capable of Global the traditional client-server model has some
Positioning  System  (GPS). By providing sho_rtcgmlngs. Un_der thl_s model, a client has to
information and services depending on the location periodically send its location to a server because the
of users or mobile objects, various applications have server needs to maintain the latest location of the
been developed to benefit people in many situations. client to provu_je real-time mfor_matlon. Therefore, if
Numerous studies and  experiments  have the server desires a truer location, the client has to
investigated the potential of LBS in fleet increase its transmission rate. In a practical
management, vehicle monitoring, individual life-log, application, the client is usually a mobile target with
tourism information, navigation system and other a GPS-equipped device to provide its location in the
areas [1-6]. In addition, a tracking or monitoring outdoor environment. It is reasonable for a mobile
system in LBS is one of the most common device to be powered by batteries and connected to
applications used for locating any interested people the Internet via the mobile network such as GPRS
or items. An intelligent tracking system [7] have and 3G. Thus, frequent transmission of unnecessary
been developed which can provide extremely mfor_matlon not only quickly drains energy from the
accurate location information for some specific mobile device’s battery, but also occupies the
persons. In [8], the user with a mobile phone can limited rr_lob!le network resource. I_:urthermore, high
upload its current position to a server and obtain the communication costs on the mobile network could
specific information from the server with a query decrease the willingness of using this service for the
text. Goo-Tracking [9] uses an embedded device user. To solve the problems mentioned above,
with a GPS/GPRS module as a client to periodically several methods for reducing location updates to a
transmit its location to a server and display the server while maintaining the real-time responses
location using Google Earth software. To assist have been proposed. _ o
people to locate their family and friends, a client To reduce the number of GPS fix transmissions

to a server and the position recalculation on a
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mobile device, the Critical Point (CP) algorithm and
the location-aware state machine is designed in [11].
By the dynamic management with these two designs,
the mobile phone can reduce the amount of
transmission costs and extend the usage life of a
battery. Different from the improvement on the
mobile site, [12] has proposed a solution based on
Ajax push pattern using on the server site. By
utilizing this technology, the connection between
the server and the client is kept alive with this
persistent connection feature in  HTTP/1.1.
Therefore, once the latest location is uploaded by
the client, the server can do the response actively to
the browser without polling as traditional methods.

Although both methods provide solutions on the
mobile site and the server site, they still use the
traditional connection scheme, that is to say, the
client has to send the location to the server first and
the delay of the real position is decided by the
update period. In brief, using the traditional
approach to develop a web-based GPS tracking
system has two following drawbacks.

1) Redundant connection—Each client has to
upload its location periodically to a server for
viewers to monitor the latest location. However, it is
difficult to define an ideal interval to avoid
redundant connection because the client even does
not know when viewers will connect to the server to
request the client’s position.

2) Data asynchronization-There are two
intervals in the traditional data connection scheme.
One is the interval that the client uploads its location
to the server, and the other is the one that the viewer
requests the location from the server. Both intervals
have to be set and either restricts the location update
rate for the viewer.

We extend our previous work [13] and propose a
demand-driven architecture for web-based tracking
systems to solve the above two drawbacks. The
main contribution of this design is as follows:

« Provide the mobile site full controllability
of location sharing and connection permission.

«  Provide the viewer site full controllability of
monitoring interval.

Provide the server site flexibility to
coordinate the mobile site and viewer site with
efficient data transmission.

In the traditional connection scheme, the above
features are difficult to provide without facing the
mentioned drawbacks. On the other hand, if an
application has above requirement, e.g., a web-
based tracking system, the proposed method is a
serviceable solution.
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Three major roles appearing in our scheme have
to be defined first. One is the target who owns a
tracking device used to provide the location of
mobile site. Another is a remote server providing
the location received from the target. Last is the
viewer, who is a user monitoring the target’s
location through general browsers. The concept of
our scheme is simple. The tracking device only
sends the location to the remote server when the
viewer requests. In other words, the tracking device
does not actively and periodically upload the
location to the server, but passively wait for the
request instead. Hence, the redundant connection is
eliminated because every data becomes meaningful.
The data asynchronization does not occur because
the process only relates to the transmission delay
time. The remainder of the paper is organized as
follows. Section 2 addresses the detail of the
designed system architecture and subsystems. The
prototype and demonstration are presented in
Section 3. Finally, a brief conclusion and possible
extensions are given in Section 4.

2 System Architecture

The proposed connection scheme aims to prevent
the drawbacks of redundant connection and data
asynchronization by creating a direct channel
between the viewer and the target. The system
architecture designed to perform this connection
scheme consists of three subsystems: central
management subsystem (CMS), mobile tracking
subsystem (MTS), and web monitor subsystem
(WMS). Three subsystems firstly abstracted as
specified below and then the detail functional
components inside each subsystem are addressed in
the following subsection.

CMS interfaces with MTS and WMS to process
and transfer the request and response between them.
It stores the targets’ profiles, locations and status
into the database to provide the authorized
connection services, location cache services and
message delivery services. It not only accepts the
registration of network status from MTS and
receives requests from WMS, but packages the data
for communication.

MTS provides the target’s location information
on demand to CMS. To save the bandwidth and ease
the connectivity, standard HTTP connection
protocol is used for data transmission. MTS
processes the GPS data to obtain the location
information, and packages the response content with
the standard HTTP header. It supports the auto-
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registration mechanism when the mobile network
breaks, and will update the registration information
to ensure CMS can access to MTS with the correct
network address.

WMS is a web-based interface for users to
monitor the position of the interested target. It offers
users a convenient and friendly environment to
interact with the map showing the position or path
of target. Moreover, users can decide the location
update interval by selecting a desired period. Shorter
interval presents the real-time status while longer
interval is suitable to observe the trajectory for a
long duration. For privacy issues, the authentication
of the user is considered and the user will be asked
for entering the correct password if MTS of selected
target registers to CMS through authorized
connection services.

2.1 Central Management Subsystem (CMS)
CMS transfers the request and response between
MTS and WMS, and integrates with designed
functional services. It runs on a central server with a
stationary IP address, so that MTS and WMS can
connect to transfer necessary data. The main
functions for CMS are to store the content, query the
status and forward the request. Therefore, a web
server, a database and a proxy are included to
achieve the requirement as three functional
components.

The web server is used for receiving the request
from the user and returning the response. Because
the system interface is designed by web
technologies, the advantages and limitations have to
be considered carefully for performing the services.
Both front-end and back-end web technologies are

adopted for the dynamic and efficient data exchange.

For the target who does not allow any people to
monitor its location, CMS provides authorized
connection services to resist the connection from
normal users. This mechanism not only protects the
privacy of the target, but prevents the possible waste
of bandwidth and extra costs of communication. To
reduce any possible redundant connections is always
the most important principle for our system design.
When MTS first registers its network information to
CMS, a customized password can be set by the
target when the authorized registration is enabled.
Then the password and the target’s information are
stored into the database on CMS. After the target
completes the registration, a dynamic field for
entering password appears when the user selects the
target for monitoring.

In addition, more than one user may monitor the
same target simultaneously, and MTS may receive
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more than one request in a short time even the
chosen update intervals are not the same. In this
case, MTS sends the near location data many times
according to the number of request. This behavior
generates the redundant connections because the
content of transmission data is almost the same.
Therefore, location cache services are designed on
CMS to reduce the number of request for the same
location of target. When MTS send the current
location data to CMS at the first time, the longitude
and the latitude are record in the database with the
current timestamp. Next, when a new request from
WMS comes in, CMS compares the time difference
between the arriving time of the request and the
timestamp in the database. If the period difference is
shorter than a threshold, CMS fetches the location in
the database as the response data. On the other hand,
if the period difference exceeds a threshold, the
location data in the database is considered as out of
date. Thus, CMS forwards the request to MTS to
obtain the update location data. After acquiring the
data, CMS overwrites the last record longitude and
latitude with a new current timestamp as cache data
for the next request.

What is more, CMS provides the message
delivery services to share the information between
WMS and MTS. Viewers can directly input the
messages on the web page to communicate with the
target. Not only the messages can be shared, but
also the path planning result of MTS can be
transferred to CMS for sharing.

2.2 Mobile Tracking Subsystem (MTYS)

MTS, running at the target side, returns the data
passively for external requests instead of uploading
the data to CMS periodically. This is the key feature
for reducing the redundant connections. A suitable
update interval of data is different for various
applications. For fleet management, the driving
distance is usually so long that knowing whether the
vehicles are at the route is more important than their
exactly locations. In contrast, for applications about
people finding, the information of real-time position
would be more beneficial. Usually the target cannot
know what the update interval is suitable for users.
To provide real-time data, the target has to transfer
the data in a short interval. However, the connection
becomes redundant if no users need the information
at the moment. Too many redundant connections
produce a waste of bandwidth and extra costs of
communication. Therefore, the design strategy of
proposed connection scheme adopts the transfer on
demand, i.e., MTS only transfers the data when
receiving the request from CMS.
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When MTS connects to the Internet at the first
time, it has to send a specified message containing a
network address and identification data to CMS as
registration. Without this action, WMS cannot show
the target’s ID for users to select, and CMS cannot
connect to MTS to transfer requests. If the target
intends to enable the authorized connection services,
an additional flag with a customized password is
included in the message for registration. In this
condition, when a user selects this target to monitor,
a matched password and a nickname of the user for
identification are needed to input.

To achieve the connection scheme for response
on demand, a typical request-response protocol,
HTTP, is used on MTS. HTTP protocol is a stateless
and connectionless protocol, and is quite suitable for
our connection scheme. Using HTTP protocol
makes subsystems cooperate easily and efficiently
because CMS and WMS also associate with web
technologies. Therefore, a server containing a part
of HTTP/1.1 protocol is implemented on MTS. It
analyses GET and POST methods from CMS and
performs the response with a standard HTTP header.

MTS provides both the current location
information from the GPS module and the path
planning results from the digital map. A general
GPS receiver offers the data in National Marine
Electronics Association (NMEA) format, which
contains the longitude, latitude, altitude, speed,
bearing and other interested values for usage. MTS
picks necessary values according to the request from
CMS. If users only request to monitor the location
of the target, the longitude and latitude are sufficient
for the response message. Similarly, more interested
values will be selected if users demand more
information. Only necessary information is
transferred to CMS to avoid the waste of bandwidth
and communication costs. To offer an extended
format for information sharing, all selected values
are packaged in Extensible Markup Language
(XML) format. With XML format, MTS can
accommodate new requirements readily. In the
XML document, the text enclosed by the tags may
contain an arbitrary number of XML elements.
Therefore, the designed response message is placed
with the interested values as the elements to
complete a structured XML document. The
packaging result is shown in Fig. 1.

<?xml version="1.0" encoding="UTF-8" standalone="yes"?>
<response>
<status>1</status>
<longitude>120.9998</longitude>
<latitude>24.78866</latitude>
</response>

Fig. 1. The packaging result in XML format.
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MTS provides navigation function by assistance
of the digital map. By sharing the path planning
result to CMS, users can know the target’s
destination and route as advanced information.
Furthermore, MTS activates the rerouting function
when the target deviates from the planning route,
and a new path planning result is transferred to
CMS to update the old path data. To collaborate
with WMS, the path planning result is packaged in
Keyhole Markup Language (KML) format, which is
an XML-based language schema for expressing
geographic annotation and visualization.

Furthermore,  auto-registration ~ mechanism
ensures that MTS can be reached by CMS.
Although MTS registers to CMS when connecting
to the Internet at the first time, the connection may
be broken due to the bad network quality or other
uncontrollable factors. Therefore, auto-registration
mechanism is introduced to solve this situation.
When the reconnection and the subsequent IP
change occur, MTS will transfer the new network
information to update the old one on CMS.

2.3 Web Monitor Subsystem (WMS)

WMS is a web-based subsystem running with a web
server, and provides friendly web pages for users to
interact  with CMS  over HTTP-based
communications. WMS mainly uses front-end web
technologies to offer users good experience of the
real-time response. The main functions for WMS
are to send users’ requests, receive the response
from CMS and collaborate with other services. The
design principle for WMS is easily deployed and
manipulated. Hence, the compatibility for different
browsers and content response time are optimized
through the specified design.

WMS is the entrance of the system for users, and
provides users high control ability including the
target selection, the mode of showing position, and
the position update interval. The user-chosen update
interval, which relates to the frequency of requests
to MTS, is the main distinguishing feature. With this
feature, the redundant connections are eliminated
because every connection is responsible to a request
accordingly.

Moreover, an adaptive update interval
mechanism is provided on MTS to further reduce
redundant connections. The target’s action is
generally divided into two kinds of movement,
moving or static state. At first the target is moving
toward to the destination, but may stop to wait for
traffic lights when crossing the road. Maybe he
encounters someone and stops to have a talk with, or
something catches his eye and makes him stop to
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check what happened. In this case, the target is
almost immobile, but the requests still come in to
MTS according to the chosen update interval on
WMS. The following consecutive location data are
almost the similar position. From users’ prospect, if
the update position is the same as the last one, the
update process becomes unnecessary.

Therefore, the adaptive update interval
mechanism is designed to deal with this situation.
Every time the position is updated, the displacement
d between current and last position is calculated. If d
is shorter than a threshold dp,, the target is
considered as immobile, and a counter m used to
identify the movement accumulates. On the other
hand, if d does not exceed the dp, next time, m will
directly reset to the value of zero. Once the counter
surpasses a customized threshold n, MTS concludes
the target is in a static state. Thus, the update
interval T will be automatically adjusted to its
double. However, once the counter is lower than the
threshold, the update interval will soon return to the
original one T, set by the user. The flowchart of the
adaptive update interval mechanism is shown in Fig.
2. By extending the original update interval, the
redundant connections caused by the similar
position are decreased.

New input data

A
Calculate
dlsplacement d

m=0
T=Toi

m=m+1

élé

A J
Use T as next
update time interva

Fig. 2. The flowchart of the adaptive update interval
mechanism.

2.4 System Interactive Procedures
This subsection describes several procedures to
assist the comprehension of the cooperation among
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three subsystems. Four major phases, the
registration, location monitoring, path displaying
and adaptive update interval, are emphasized to
explain the different actions in Fig. 3.

1) Registration and Auto-registration
The first action is the registration from MTS,
occurring when it connects to the Internet. The
target can manually set a name as identification, and
enable the authorized connection services if needed.
With authorized connection services, a customized
password is required to complete the registration
process. When receiving the registration information,
CMS compares it with the data in the database to
determine whether the target has registered or not. If
the name of the target exists, CMS update the other
registration information. Otherwise, a new record
will be inserted into the database. After the target
has registered, MTS may disconnect from the
network due to some reasons. In this case, when
MTS reconnects to the Internet, the auto-registration
mechanism retransfers the registration information
to update the data in the database.

2) Location Monitoring
After the registration from MTS, the user can select
the registered target’s name to monitor through
WMS. Once the user has chosen the target, CMS
checks if the selected target has enabled the
authorized connection services. If MTS successfully
receives the request from CMS, the location data
will be immediately transferred to CMS. At this
time, the location cache services are invoked to
serve the multi-requests at the same time.

3) Path Displaying
Path displaying only works for users after the target
has uploaded its path planning result to CMS.
Sometimes the target may just wander around, but
sometimes may have a destination to go. MTS
provides the navigation function for the target by the
assistance of the digital map. The path planning
result can be packaged into a KML format file and
transferred to CMS, while the geography
information is stored into the database too. After the
user selects this target, an additional option to
display the target’s path is shown. Because the
planning path is already stored in CMS, the request
for path displaying from other users does not make
extra connections to MTS. WMS can directly fetch
the path result from CMS and display it on the map.

4) Adaptive Update Interval
Adaptive update interval associates with WMS to
reduce the redundant connections when the target is
nearly immobile. At first the location update
frequency is according to the chosen update interval
by the user. After the location is transferred to CMS,
the displacement of consecutive locations is
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WMS CMS @ MTS
(

Registration/Auto-registration \

Registration

Insert information
F————————————P»
Disconnection
Auto-registration

Update information

>
Location Monitoring |
Request location
Query information
Return information
Authorized Connection |
Request for password
Enter password
Location Cache |
Return cache location
Forwardlrequest <
< Return response
Forward response
Path Displaying |
< Upload planning path
Store planning patl:i
Request planning path
Query information
Return information
Return planning path
Adaptive Update Interval |
Request location
Query information
Return information
Forwardlrequest >
< Return response
Forward response
Adjust update interval
Fig. 3. The action flowcharts in the proposed system.
calculated to identify if the target is moving or not. for the next request from WMS is extended and the
If WMS determines the target is not on the times of connections for requesting the similar

movement by adaptive update interval mechanism, location are decreased.
the update interval is changed to its double
comparing to the original one. Therefore, the time
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3 Prototype and Implementation

This section describes the implementation details
and the experimental results of our prototype. The
proposed tracking architecture has been verified on
an embedded platform as a web-based tracking
system. The system usages and the functional
services are exhibited with real demonstrations
through some snapshots.

3.1 Prototype Development
The prototype integrated a PC as the platform to
develop CMS and WMS, and an embedded platform
to serve as MTS. CMS and WMS were built with an
Apache web server and programmed with PHP
scripts and JavaScript. To offer dynamic interfaces
on web pages, Ajax was utilized to process the
users’ action. However, Ajax is not allowed to make
a cross domain request due to the security issue.
This restriction failed the connection when CMS
intended to connect to MTS. Hence, a proxy
implemented with PHP scripts to perform socket
communications was designed to conquer this
limitation. Because the proposed architecture was
used for web-based tracking systems, Google Maps
service was used to ease the development of
location display. Therefore, WMS also had to
associate Google Maps API to obtain the service.
MTS was implemented on an ARM platform
with Linux kernel 2.6.22, and was programmed with
Qt/Embedded 4.6.2. The specifications of the used
platform are listed in Table 1.

Table 1. The specification of embedded platform.

Model SBC8100
GPP 600-MHz ARM Cortex™-A8 Core
DSP 412-MHz TMS320C64x+™ DSP Core
ROM 128MByte NAND Flash
RAM 128MByte DDR SDRAM

The peripherals of MTS include a Bluetooth GPS
module as a location sensor, a general mobile phone
as a 3G modem used to connect to the Internet, and
a SD card for storing the log data. Fig. 4 shows the
prototype of MTS, and Fig. 5 shows the testing
configuration consisting of three subsystems: MTS,
CMS, and WMS. CMS and WMS were executed on
the different PCs and connected with each other
through Ethernet, while MTS was executed on the
embedded platform and connected to CMS over the
air through the mobile network.
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Fig. 4. The prototype of MTS.

O
| D(

PC L L

———

MTS

Fig. 5. Testing configuration.

3.2 Functional Services

The tracking system has implemented the proposed
connection scheme and collocated with several
functional services for a practical application. The
usage of the system is performed with the following
real demonstrations through some snapshots.

Fig. 6 shows the different responses on WMS for
users under authorized connection services. If MTS
registers to CMS without enabling authorized
connection services, only ID and IP address for the
target will be transferred to CMS as shown in Fig.
6(a). After a user uses the pull-down menu to select
this target to monitor, the location on the map will
be straightly displayed as shown in Fig. 6(b). On the
other hand, Fig. 6(c) shows that an additional data,
i.e., a customized password, is attached to the
original registration information if the target enables
the authorized connection services. In this case, the
user can not directly obtain the target’s information,
but has to enter the correct password through WMS.
After the user clicks Check button, WMS sends the
input password to CMS to match the stored one
registered by the target. If the input password is not
matched, the page inquiring for the password will
not vanish as shown in Fig. 6(d).

User-chosen location update interval is the most
important feature on the proposed tracking system.

Issue 12, Volume 8, December 2011



WSEAS TRANSACTIONS on
INFORMATION SCIENCE and APPLICATIONS

After the user start to monitor the target’s location, a
pull-down menu contains the different period values,
1 sec, 5 sec and 30 sec, can be arbitrarily selected by
the user anytime. The selected new update interval
immediately affects the appealing time of the
target’s next location. The results for the user that
has chosen the period of 1 sec and 5 sec are
illustrated in Fig. 7(a) and Fig. 7(b), respectively.

1D winand
Host 1P 118.231 11135

Remote I - 140.113.150 98

10 winand Password : 1234
Most 1P 118.231.11.135

Remote 1P | 140.113.150 98

S

|v“}%?1nrurun winand # Period . |1sec [#] Center: GPS#)
L v,
Gt o o
I %
(b) (d)
Fig. 6. Authorized connection services. (a) Register

without the password. (b) WMS shows the map directly.
(c) Register with the password. (d) WMS requests the
password.

TRRE T
(o) Y ;

‘A_.__‘_._._vLL_L

-
P eps® oo
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(a) (b)

Fig. 7. User-chosen location update interval. (a) Chosen

period: 1 sec. (b) Chosen period: 5 sec.

(@)
Fig. 8. Path Displaying. (a) Path planning results on
MTS. (b) Path displaying on WMS.

(b)

Fig. 8 depicts the usage of path displaying for
users. MTS can not only provide its location to
CMS, but also the planning path. Because MTS is
designed for a navigation device, the basic capacity
is to offer the target a stationary map to search
routes and the path planning function to show the
navigation path. With the support of the network
connectivity, MTS can further present this
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information for users. Fig. 8(a) shows the path
planning results on MTS after the target has set the
destination. Meanwhile, the path results are
packaged in KML format and uploaded to CMS.
Once the user selects this target and CMS confirms
that the planning path file exists, WMS will reveal a
Show button for users. Fig. 8(b) shows the path
displaying results after the user clicks the button.

WMS s
?
Gocogle
UserID : |poka Message : || will come after you in 10 mins
[Location] Longitude:121.00122 Latitude:24 78804

4maE

Messages :

Server : poka@140.113.150.98 say :
Hello~

[_] Password : [1234 | | poka@140.113.150.98 say
m"ﬂ*”m *} | will come after you in 10 mins

118.231.11.135 |

Counter 207 | _ Clear

Fig. 9. Message delivery services.

Fig. 9 demonstrates the interaction of the
message delivery services. When monitoring the
interested target, the user with a requisite user 1D for
identification can input some words on the webpage
to communicate with the target. The input text
messages are transferred to MTS as soon as the
Send button is clicked by the user. Furthermore, the
user’s information, such as user ID and IP address
are combined with the delivery messages and
displayed on the screen of MTS.

3.3 Communication Performance

To evaluate the update efficiency of the system, the
process of update is divided into four stages
including the time for processing and transmission

as shown in Fig. 10.
3.'! -a.-;_
MTS

—_—t
(Google Mapi ‘ CcMS ‘
Server

0. Map initialization
- -

P

Loop |

L]

1. Transmission between WMS and CMS 2. Transmission between CMS and MTS
-t -t >

P 3. Location display >

%

Fig. 10. The flow diagram of update data.
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Stage O represents the time of initial setting for
requesting a map from the Google Maps server.
Stage 1 means the data transmission time between
WMS and CMS through Ethernet. On the contrary,
stage 2 is the data transmission time between CMS
and MTS through the mobile network, such as 3G in
our experiments. After obtaining the response
message from MTS, WMS has to parse the data and
draw an icon on the center of map to show the
target’s current location. Stage 3 represents the cost
time for above location display process. Noticeably,
stage 0 is only executed once when the user first
accesses to WMS, and the period of loop containing
stage 1 to 3 is repeated according to the update
interval set by the user.

By the default configuration, the user connects to
CMS through Ethernet. However, the user may use
other methods to connect to the Internet, such as
Wi-Fi or 3G. Therefore, an evaluation for the total
latency time when the user exploits different
communication medium at stage 1 is performed as
shown in Table 2 and Fig. 11. An extra stage 4
shown in the figure means the total time cost from
the stage 1 to stage 3, i.e., the time needed for the
user from sending a request to viewing an icon on
the map. From the system architecture, the time
spent at stage 0 and stage 3 relates to the interpreter
ability of the browser, which is an uncontrollable
factor to the user. In our evaluation, the most
considerable part is the worst delay time through the
different medium, especially for the low-bandwidth
medium. The result at stage 4 shows that the user
can obtain the update data within 400 ms by using
Ethernet or Wi-Fi. Even through 3G, the update data
can be retrieved within 700 ms. For a general GPS
module, the sampling frequency is 1 Hz. Therefore,
this result also guarantees that the user can monitor
the status of the target in real time even in the worst
case. To clarify the benefit of the connection
scheme, we exploit a test scenario to present the
usage of connections for two mechanisms as shown
in Fig. 12.

Table 2. Latency time at each stage.

Stage 0 1 2 3 4
(1+2+3)
Ethernet
(WMS) 17 ms 6 ms 341ms | 13ms 360 ms
+ 3G (MTS)
Wi-Fi (WMS)
+3G (MTS) 29 ms 46 ms 336 ms 18 ms 400 ms
3G (WMS)
+3G (MTS) 68 ms 244 ms | 379 ms 18 ms 641 ms
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Fig. 11. Latency time at each stage.

The update interval is set to 1 sec in WMS, and
the record period is one hour. The viewer is request
to monitor the target for 1, 5, 10, 30, and 60 minutes
at any moment during the period. Because the rate
of sending requests is 1Hz, the monitoring for 1
minute means there are 60 connections in 1 hour.
For conventional tracking systems, whether the
viewer monitors for 1 or 30 minutes, the number of
connections in 1 hour always is 3600 due to the
polling mechanism. On the contrary, the number of
connections is varying according to the actual
monitoring period in our mechanism. We can
observe a significant reduction if the monitoring
period is shorter than the record period. However, if
the monitoring period is longer, the benefit of our
mechanism is not obvious comparing to the polling
mechanism.

B Proposed (On demand) B Conventional (Polling)
4000 3600 3600 3600 3600 36003600
2 3500
o
S 3000
2
c 2500
8
%5 2000 1800
Pt
& 1500
£
=z 1000 600
500 300
60
0
1 5 10 30 60
Monitoring period(min)

Fig. 12. Usage of connections for two mechanisms.

4 Conclusion

This paper has proposed a demand-driven
architecture of connection scheme for the practical
web-based tracking systems with the real-time
monitoring performance. Based on the proposed
connection scheme, three subsystems have been
developed and offer the authorized connection
services, the message delivery services and the auto-
registration mechanism. The location cache services
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and the adaptive update interval mechanism are also
introduced to further reduce the redundant
connections. In addition, the problem for the data
asynchronization is solved under this system
architecture, because the data is transferred on
demand. The transmission latency through different
medium has been evaluated to proof the system can
maintain the real time performance. We have
demonstrated that if a web-based tracking system
without the requirement of long-term monitoring,
the system based on this demand-driven connection
scheme is more efficient and economical. This
benefit also encourages the people who are reluctant
to spend too much on communication fee to use the
application. At present, MTS is developed on an
embedded platform to verify the function. In the
future, real handheld devices will be utilized to
develop peer-to-peer communications. The security,
the rich content and the flexible management for
sharing information will be interesting extensions.
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