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Abstract Multimedia mobile devices have created new possibilities for developing and
accessing a variety of multimedia items such as images, audio and video clips. Personal
multimedia items are, nowadays, being consumed at an enormous rate. Therefore, the
management of these media items has become a pressing problem. In this paper, a client-
server content-based image retrieval framework for mobile platforms is developed, which
provides the capability of content-based query and browsing from mobile devices. The
proposed framework provides an adaptive user interface and a generic structure, which
supports a wide range of mobile devices. In this framework, a client requests the server for
retrieval of particular images with a particular content. The server performs a content-based
retrieval of images from a selected database and streams the retrieved results back to the
client in an efficient way. The query results are transmitted over a wireless network and a
certain number of similar images are rendered on the mobile device screen using thumbnail
sizes. The proposed framework serves as a basis of content-based image retrieval on mobile
devices. It addresses several important challenges such as hardware and software limitations
as well as efficient use of the available network bandwidth.

Keywords Content-based - Retrieval - Mobile

1 Introduction

During the last two decades, visual content creation has been revolutionized from (analog)
silver films to digital sensors that have changed the psychology of photography. Now every
moment is important, users of multimedia devices can capture, edit, save and share lots of
images. However, finding an image of interest from a heap of few gigabytes is an ongoing
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challenge for scientists and engineers. New multimedia devices (mobile phones, Personal
Digital Assistants (PDAs), etc.) combined with web technologies provide the users with
new forms of multimedia sharing such as story-telling and social networks. With different
technologies such as Email, Multimedia Messaging Service (MMS) and Web; people share
multimedia content with family members, friends and the general public. There are various
web sites [2, 9, 16, 37, 42, 44] where users can share images and videos with other people.
People can annotate their multimedia contents that can later be used for text-based search to
find a specific media item. Parts of this metadata may be automatically generated during
image capture, such as date, time, device information, location (Global Positing System
enabled devices) along with the user activity information (which can be found from e.g.
device’s calendar) would be useful. The use of annotated metadata helps in organizing
multimedia items [33]. Flickr [9], Facebook [8], Photobucket [31] and YouTube [44] have
shown that, manually assigning text to images and videos can be helpful. Although
annotated metadata can play an important role for image retrieval in this paper we focus on
content-based image retrieval from mobile devices.

Mobile phone industry has gone through a phenomenal change over the past few years
with significant advances in the areas of communications and multimedia. 3G [45] services
are already in the market and offer a great bandwidth to meet rising demands of users to
deliver high quality multimedia services. Currently, state-of-the-art multimedia compliant
mobile phones, equipped with digital cameras, have inherent support for network
connection. This enables a user to access large amounts of digital media. The processing
power and memory capacity of mobile phones are increasing all the time. The current
generation rate of digital media by capture and store facilities in multimedia mobile phones
calls for an ever-increasing demand of an efficient content management [27]. It requires a
generic framework structure assuring a fast, reliable and low-cost retrieval of digital media
items with a particular content from large archives [3].

The tag or filename of a multimedia item that is automatically assigned by the camera
application on a mobile device is not so useful for media content identification and
recognition. Moreover, annotation of digital media at the time of capture is cumbersome
due to the limited device capabilities [10, 33, 36]. Systems such as IDeixis [39], is a
content-based image retrieval system for location based services but users usually
experience a large latency because of an inadequate mechanism for image transport, which
is based on MMS. Kim et al. [13] proposed Visual-Content recommender for the mobile
Web, where the main focus is image retrieval. Roth [32] proposed a content-based image
indexing and retrieval by “mobile agent”, which mainly addresses the security related
issues. FACADE proposed by Kurz et al. [17] provides a context aware application for Web
content adaptation on mobile devices. Sarvas et al. [34] have developed a client-server
architecture for controlled and immediate online sharing of digital images over mobile
platforms. Chandrasekaran and Joshi [5] developed a system, which provides access to the
World Wide Web across wireless devices by a client-server architecture. Sorvari et al. [36]
present a system for content management on mobile devices with the help of metadata.
They mainly focused on usability issues such as usefulness, meaningfulness and privacy of
the metadata context. Pham and Wong [30] discuss different features and requirements set
in a mobile device for the purpose of realizing mobile multimedia applications. Boll and
Westermann [4] present a peer-to-peer system for distributing multimedia items in an event,
such as sports (Olympics, World Cup) to mobile devices. Due to the limited capabilities of
mobile devices most systems discussed above are based on client-server architecture.

Among many research challenges towards which the multimedia mobile devices entail
including media storage, presentation, adaptation to different platforms for exchange, etc.,
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the area of multimedia retrieval plays an important role. Due to limited input capabilities
and limitations imposed by only text-based queries, Content-Based Image Retrieval (CBIR)
promises a potential solution to image retrieval from mobile devices. CBIR addresses the
problem of accessing an image item that bears certain content and it usually relies on the
characterization of the low-level features such as color, shape, texture, etc.

Content-based multimedia retrieval for personal computers is an active area of research
for the last two decades. Systems such as “Multimedia Video Indexing and Retrieval
System” (MUVIS) [24], VisualSEEk [35], Photobook [29], Virage [40] have common
feature of having a framework for indexing and retrieving images and audio—video files.
Content-based multimedia retrieval on mobile devices is a newly emerging area. Most of
the studies available in the literature are focused on some specific domains or use-cases [17,
32]. Therefore, without proper content-based management methodologies, it is not feasible
to find a media item-of-interest based on its content. Furthermore, due to the current
limitation in storage capabilities of mobile devices, users have to store and manage their
multimedia collection using a more convenient storage medium such as personal computers
or peripheral hard-drives. Accessing such displaced multimedia items from a mobile device
further contributes toward the challenge of multimedia management for mobile device
users.

Recently, various low-level descriptors in CBIR such as color, texture and shape, have
been developed for content-based retrieval operations in various image databases. Using
such features, content based retrieval can perform relatively well for images [1]. Efficient
retrieval of desired content (e.g. the images with certain content) also requires a dedicated
query technique along with certain database organization and indexing structure [24].

With the help of cameras in mobile devices, users can capture an image and perform a
content-based query operation [13], virtually from anywhere. However, CBIR in mobile
devices presents new challenges [1], besides the content-based query operation. For instance
different mobile devices are available in different designs and capabilities, different operating
systems and input/output limitations. So, it is a challenging problem to provide a generic
solution that suits all devices [3]. Nowadays the capabilities of mobile devices have been
significantly improved (faster input/output, memory capacity, processing and battery power)
but comparatively they are still far behind personal computers. With existing mobile operating
systems such as Symbian OS [38], MS Windows Mobile edition [23], Linux [19] etc., it is
possible to extract content-based features of a media item on mobile devices [11].
However, this approach presents several limitations. For examples, mobile devices have
propriety Application Programming Interfaces (APIs) for handling (i.e. accessing,
processing, editing, streaming, etc) of multimedia items. Applications using such
proprietary APIs will be limited to a certain set of devices or certain platforms (operating
systems). Another limitation is the battery power consumption and the lack of system
resources such as processor power and memory capacity. Though a standalone CBIR
system can be implemented on a mobile device [11], the ever-increasing number of
multimedia items means that it would take an infeasible amount of time to perform
content-based indexing and retrieval operations. Furthermore, such a system would
eventually reduce the mobile device talk and stand by time.

The following research aims to bring CBIR beyond the standalone environment (such as
personal computer) into the realm of mobile devices. In this paper, we present a CBIR
framework for Mobile Devices (CMD). It is built upon MUVIS engine [24] and basically
consists of two parts: Mobile MUVIS (M-MUVIS), which is used for Java enabled mobile
devices and Java Server Pages. MUVIS (JspMUVIS) is used for non-Java mobile devices.
Java [7] or Web browser on mobile devices helps to address some of the challenges
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mention above. M-MUVIS has a client-server architecture. The M-MUVIS server is made of
two Java servlets [18] running inside a Tomcat [6] web server which, in fact, performs the
content-based media retrieval on the server side. The first one, M-MUVIS Query Servlet
(MQS), performs efficient image query operations. The second servlet, MUVIS Media
Retrieval Servlet (MMRS), is used for media format conversion and streaming. JspMUVIS
creates a markup language [22] such as XHTML or HTML pages dynamically according to
the look and feel of the device. On a mobile device (the client side) a Web browser displays
the generated (XHTML) pages. The objective is to show that such a framework can
conveniently be used for sharing or re-use of digital images, content management for
networked photo albums, art galleries, etc.

The rest of the paper is organized as follows: Section 2 gives an overview of CMD.
Section 3 presents several CBIR experiments over CMD. Finally in Section 4 we draw
conclusions and provide ideas for future research work.

2 CMD architecture

As mentioned in the introduction, the proposed CMD is a client-server framework for
image retrieval over wireless networks taking into account the processing power, memory
(random access memory (RAM)) and screen size limitations of mobile devices (the clients).
The CMD Framework is illustrated in Fig. 1, where the server side consists of four blocks:
M-MUVIS, JspMUVIS, Query Engine and multimedia database. M-MUVIS and JspMUVIS
use Query Engine on the server side to perform a query operation. The Query Engine
underneath uses MUVIS for content-based media retrieval. The Event Manager in the Query
Engine manages events between the Java side and the native side such as start the query, the
results are ready etc. It also notifies the Query Result Manger when the results are ready.

When the M-MUVIS, JspMUVIS or PC client initiates a content-based query operation,
the CMD server performs the query operation on the server side and generates the query
results. The CMD server uses the generated results to create the Query Resultant Image
(QRI), according to the screen size and resolution of the client (i.e. the mobile device or PC)
where the first eleven similar images along with the query image are displayed as
thumbnails. The similarity score (distance) of each retrieved image is shown on top of it.
The client receives the QRI and presents it to the user. Database shown in Fig. 1 is a
collection of indexed media items (e.g. images, video and audio clips) and features
(extracted from media items) files. For efficient retrieval the images in CMD databases are
indexed using a recently developed similarity-based indexing scheme called Hierarchical
Cellular Tree (HCT) [15].

CMD supports Normal Query (NQ) and Interactive Query (/Q) operations [14]. NQ is a
query-by-example (QBE) scheme, which is based on an exhaustive search over the entire
database. /Q is developed in MUVIS and can provide intermediate retrieval results
whenever they are requested by the user. In CMD a user can specify a particular time
interval after which the server provides intermediate query results. Later the user can
retrieve the final results when the query is completed on the server side. The use of /Q in
CMD is described in Section 3.4.

The client-server framework raises and addresses privacy issues related to content since
mobile devices usually contain personal or private contents. Mobile device users may want
to share their images with family members and friends but not necessarily with others. To
this end, the client-server framework can use authenticated and secure communication
channel for the media transfer and the query operations.
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In the following sub-sections we shall discuss M-MUVIS and JspMUVIS architectures in
Sections 2.1 and 2.2, respectively.

2.1 M-MUVIS architecture

As stated earlier, M-MUVIS has a client-server architecture, where the server is running on a
PC and the client on a mobile device. The communication protocol between a client and the
server has been designed to reduce network traffic for image retrieval across a wide range
of mobile devices. An overview of M-MUVIS is shown in Fig. 2.

2.1.1 M-MUVIS client architecture

To take advantage of the flexibility and portability of Java, M-MUVIS client has been
developed using Java 2 Platform, Micro Edition (J2ME) [12]. M-MUVIS clients can use the
command types from a Mobile Information Device Profile (MIDP), to map the client
commands to the device buttons, in such a way that it has the look and feel of the device
applications [12].

The limited dimensions and weight of mobile devices impose certain constraints on their
hardware and user interface capabilities. Additionally, mobile devices have different screen
sizes, resolutions and limited input capabilities. These constraints challenge the effective
access and presentation of the information on such devices. In order to address such
limitations, the User Interface (UI) display capability of the M-MUVIS client can support
different screens and image formats. When the client application is initialized, its UI is
adapted according to the device screen size and therefore, a single M-MUVIS client
application can be used on different devices with different screen sizes.

The client application consists of three parts: Engine, Ul and Utility. The Engine is
responsible for the activities going on behind the scene such as communicating with the
server for a query operation, etc., and then pass QRI to the UI for display. To cope with the
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Fig. 2 M-MUVIS framework

difference of size and shape of mobile devices, the UI module adapts to the look and feel of
the devices. It is also responsible for the client command placements, as different devices
have different keys for the same command operation. The command placement enables the
same look and feel to the user as with the native (device) applications. M-MUVIS client
diagram is shown in Fig. 3.

Utility is used to parse and assemble the query string that is used as a communication
protocol between the client and the server. Whereas mobile devices are for personal use of
general public, the software of mobile devices are usually localized in different languages to
make the device usable for every one. The utility part is responsible for the localization of
M-MUVIS client application. The query result on Nokia 6630 [25] is shown in Fig. 4.

A user can change the settings of the M-MUVIS client such as query type, number of
thumbnail in ORI etc. from the setting dialogs as shown in Fig. 5. IQ setting in the dialog is
used to specify a time interval after which the user wants to see the query results. As mobile
devices do not have high resolution displays and QRI is a JPG image, a low JPG quality
value can be specified in the setting dialog for QRI creation to compress it on the server
side. As a result, network traffic between the client and the server is reduced when
streaming a smaller size QR/ to an M-MUVIS client.

2.1.2 M-MUVIS server

With the help of 3G and Wireless local area network (WLAN), network access is improved
significantly in the current mobile devices. However, compared to desktop computers, the
user is not only waiting longer but might also be paying for the data exchange in mobile
network. To overcome this problem, session management [43] on the server side is
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proposed to reduce the network traffic and retrieve the /Q results. The session manages the
M-MUVIS client information (status and setting). The status includes the query results while
the setting includes the /Q time interval, the image thumbnail size, the device screen size
and the JPG quality factor for the QRI. The session is created when the client connects to
the server for the first query operation and then the server maintains the session during all
transactions between the client and the server. If the user changes some client settings, the
new settings are ultimately passed to the server and saved in the client’s session.

Due to privacy and security reasons, the Uniform Resource Locators (URLs) of the retrieved
image items are not passed to M-MUVIS client. The client only receives the thumbnails of the
images. Later, the client can request the full-resolution images of some selected thumbnails
and the server provides the images upon authentication. Furthermore, images may be
watermarked, by re-encoding the image with additional metadata information in the JPG
EXIF header, for later identification and copyright issues.
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Fig. 4 a Main view of M-MUVIS client on Nokia 6630. b Initiating a query from menu ¢ The query image
d, e, f, g Query results on QRI. h An image selected within QORI
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Fig. 5 M-MUVIS client setting view on Nokia 6630. a Setting menu. b Interactive Query setting and QRI,
JPG quality factor. ¢ Query type as image search. d Available feature in the database

MQS is responsible for performing the query operation on the server side. It uses the
query engine to perform the query operation. When MQS receives the query request from
an M-MUVIS client, it first parses the query string and then passes the query request to the
query engine. The query operation uses a combination of low-level features (color/texture
etc). With the help of HCT, a query path is created in the selected database where relevant
(to the query) images are retrieved first and similarity distances are calculated. Ranking is
performed after each comparison and the retrieval results are re-arranged accordingly. After
IQ interval, the query result is saved to the client’s session on the server side for the QR/
retrieval and the query operation continues until all the images in the database are compared
and ranked. The client is notified to retrieve the ORI from MMRS. After completion of the
query operation, the final result is saved in the client’s session.

For efficient media retrieval, a separate servlet is used due to the fact that CBIR can be
time consuming in a larger database. MMRS receives the query result retrieval request from
the client. It retrieves the query results from the client’s session and requests the query
engine to create the QR/ for the mobile device according to the screen’s size of the mobile
device.

In order to specify the settings of a particular query operation described above, the
M-MUVIS clients, MOS and MMRS use stream messages in an encoded string format. The
encoded string between a client and the server uses HTTP [43] protocol underneath.
HTTP is a stateless protocol, so a session [43] is created in MQS as soon as a query
request is received from an M-MUVIS client as shown in Fig. 2. Session tracking [43]
allows the M-MUVIS client to retrieve the query result from the session. Table 1 shows a
sample string for a query operation. The query type defines the type such as “query by

Table 1 A sample content-based image query request in textural format between M-MUVIS client and server

M-MUVIS client query string
“qt=601,in=6,sqn=4,sqt=500,qmt=490"

Field Description

qt Query type

in Image index in the client session
iqt Interactive query interval

qmt Query media type

@ Springer



Multimed Tools Appl

JspMuvis Query Engine
Client/Server Communication JspMuvis Server Engine
R Event
Query Processing Manager
C(:\:gsiclzéed Query Result
Devices Generating thumbnails Manager
- HTML Interface

Native
Library
5

HTML Interface maintenance

User Device Profile

|
| |
{ User Session J
| |

Fig. 6 JspMUVIS architecture

9 99 s

image name”, “query by image data” “image retrieval”, “randomly selected images from
an image database”, etc. whereas query media type is either “visual query” in “images” or
in “video”.

2.2 JspMUVIS architecture
Nowadays, access and use of a web browser is quite common in many mobile devices;

however, few devices may not support interpreted languages such as Java. Therefore,
JspMUVIS uses markup language [22], e.g. HTML, XHTML with a device browser for
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Fig. 7 JspMUVIS on Nokia N95
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Fig. 8 JspMUVIS media retrieval on Nokia N95. a, ¢ Retrieved QR is presented. b, e, g ORI is selected by
the user. d, f, h Original retrieved image item is shown

CBIR. The main layout of JspMUVIS is shown in Fig. 6. JspMUVIS has similar structure as
M-MUVIS. There are separate Java beans [18] for the query operation and the media retrieval.
As described in M-MUVIS, Section 2.1.2, a session is created and managed when a
JspMUVIS client connects to the server. JspMUVIS uses query engine to perform the query
operation and create QORI on the server side for the client.

In JspMUVIS, the server generates XHTML pages dynamically for mobile devices and
HTML pages for PCs. Mobile devices can use a Web or WAP browser [41] to display those
XHTML pages. JspMUVIS server (TomCat web server [6, 18]) also runs on a PC. Most of
mobile device users are novice users. They are not computer programmers and their mobile
devices are only for their personal usage; therefore, they are reluctant to install new
applications on their devices. In M-MUVIS, the user has to install the client, a Java
application, on the device to perform CBIR; whereas, in JspMUVIS there is no need to
install any application on the devices. XHTML pages can be downloaded as in normal
browsing and used for CBIR. Web or WAP browsers have either no or a limited access to
device resources such as camera, Bluetooth etc., whereas the Java clients have easy access
to different device resources (Bluetooth, camera, MMS, etc.). In JspMUVIS, a lot of extra
data is transferred between the client and the server due to XHTML tags that increase the
query and the media retrieval time. Although the data transfer between the client and the
server is low in M-MUVIS, the perceived performance is better in JspMUVIS because Web
browser can show partial information and keep on updating the page as more information is
received.

JspMUVIS client running on Nokia N95 [25] is shown in Fig. 7. The web browser’s
main view is shown in Fig. 7(a), whereas JspMUVIS query form is shown in Fig. 7(b). In
Fig. 7(c) to (f) the query images are selected from the file system on a mobile device. The
Query Image is shown in Fig. 7(g) and in Fig. 7(h) the query is shown being submitted.
Figure 8 shows the retrieved ORI and three selected images from the QRI. Four arrows on
top of each thumbnail image in the QRI/ in Fig. § are for a content-based browsing of the
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image database whereas, “similar” next to the arrows is to start CBIR query with the
thumbnail image below it.

With the support of JspMUVIS and Java application, CMD is not only device
independent but it is runtime (Java, Web etc.) independent CBIR framework for mobile
devices.

2.3 Content based image browsing

Content based image browsing or a guided tour can be performed in an indexed database,
where similar images are grouped together based on their features. HCT [15] is an efficient
indexing scheme developed in MUVIS and used in CMD. In HCT similar media items are
grouped together in cells based on their visual features and cells are further organized in a
hierarchical cellular tree as levels. The user can perform the query operation and from the
retrieved results, he can select one thumbnail image of his interest out of available
thumbnail images on the device and can view all the other members of the same cell. The
User can view next and previous cells or go up and down the tree. This provides a guided
tour to the multimedia items where the user can view similar media items without
performing any query operation.

3 Experimental results

A query-by-example is used to perform the query in a selected database where the features
of the query image are first extracted then the query operation is performed. A set of
experiments for image retrieval is carried out to evaluate the performance of the framework
in different network technologies such as 3G and WLAN. Mobile phones used in the
various experiments run Symbian OS. Nokia 5800 [25] mobile phone can use 3G networks
in a query operation whereas Nokia N95 can use 3G and WLAN technologies. Three image
databases are used in the experiments consisting of 10,000, 20,000 and 60,000 images in
JPEG format. Basic visual features such as YUV, HSV, RGB color histograms, and Gray
Level Co-Occurrence Matrix (GLCM) [24], [28] as a texture feature, are used on the server
side to perform content-based query operations. The reader is referred to the cited
references for details concerning the features used here.

A query image feature extraction time (7g) is negligible when compared to a server
query time (75) or a client server communication time (7cs). In Eq. 1 the client query time
(Tc) is directly proportional to 7cs, whereas, Tcs is directly proportional to the amount of
data transferred between the client and the server. 7cs is decreased considerably by reducing
the data exchange between the client and the server.

Tc =Tq+ Ts + Tcs (1)

For this purpose, session tracking is introduced on the server side (as described
in Section 2.1.2) to reduce data transfer. As stated earlier, mobile devices have
limitations on the upload and download channels [45]. There are fewer upload channels
than download channels. In our framework, we have focused on reducing the data
exchange (especially information uploading) with the help of session tracking. The
client gets the intermediate query results and later can retrieve the complete query
results.
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Figure 9 shows M-MUVIS client running on Nokia 5800. In the Fig. 9(a) selected
thumbnail image is the query image. Figure 9(b) and (c) shows the second and third row of
the retrieved thumbnail images.

A query image along with content-based query results of JspMUVIS client on Nokia
NO95 is shown in Fig. 10.

3.1 Early access to most relevant images

The main goal of the HCT indexing structure is to partition a database in the feature domain
into clusters (cell-based), where inter-image distances are minimized, so that in the selected
features, similar images are grouped together. In an indexed database, a Query Path (QP) is
formed over the clusters (a database subset) of the underlying indexing structure. The OP is
a special sequence of database items where the most relevant items come first on the path.
The advantage of /Q over indexed databases is that most relevant image items can be
retrieved first; this reduces the query time on the server side. More details regarding /Q over
HCT are provided in Section 3.4.

3.2 Query accessibility

A content-based image query, in a large scale image database from a mobile device, is
different from querying it from a PC where the user has more interaction with the system
(PC and software) and is watching the ongoing query operation. A mobile user has no idea
how the query process is progressing on the server side and how long it will take to
complete the query operation. Furthermore, wireless network delay, combined with long
query time, may be frustrating for the mobile device user. So, the system must be
responsive to the user. For this purpose, /Q is used to provide intermediate query results, so
that the user can browse them and can retrieve the final query results. In this way, the user

&
10:12 am 10:14 am

MMUVIS * MMUVIS

Exit § Options Exit §f Options
(a) (b) ()

Fig. 9 M-MUVIS client running on Nokia 5800 with an IQ interval of 130 ms
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Fig. 10 a A query image is shown, b JspMUVIS main view is shown. ¢, d, e, g Retrieved ORI of image
shown in (a) presented and f, h Images are shown from the query results

does not have to wait a long time for the query operation to be completed. The system will
be responsive and interactive. If the user is satisfied with the intermediate results, he can
retrieve the original media or start another query. The biggest advantage of IQ is that the
user can adjust the query time and he can retrieve the results accordingly.

3.3 User specification for interactive query operation

The user can specify the /Q settings before initiating a content-based query operation. Since
the mobile user does not know beforehand about the query completion time due to
unknown size of the active database. Hence, the parameters of /Q have been selected
accordingly. A fixed time (period = Tp) is selected for the first sub-query result. The IQ
operation is designed to yield the result of the sub-query when the user requests a result
update. When the query is completed, the final result will be sent back to the client. /1Q
provides interactive image query operation in a large scale image database so that the user
can update the query results at any time and there is no limit on the numbers of intermediate
query results. /Q in M-MUVIS is shown in Fig. 11. A similar approach is adopted in
JspMUVIS.

3.4 Query retrieval statistics
Retrieval Rate (RR) [20] is used to evaluate the retrieval results where N(q) is the size of
the ground truth set for a query q in the database. NF(«, q) is the number of ground truth

images found within the first  times N(q) retrievals. RR(q) is in the range of [0, 1] where 0
means “no image found” and 1 means “all images are found”. If NQ queries are performed
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° tp t2 t3 t mmmmm Time

MUVIS Database

Fig. 11 IQ in M-MUVIS

then ARR is calculated according to the Eq. 2. Note that RR defined does not take the rank
of retrieved images into consideration [20].

RR(q) = % ando > 1 (2)
1 &
ARR

=— RR(q) and0 < ARR< 1
NG ; (@) < ARR <

To overcome the limitation of RR, MPEG-7 Average Normalized Modified Retrieval
Rank (ANMRR) [21] is used to measure the retrieval performance. It combines both the
traditional hit-miss counters; Precision—Recall, and further takes the ranking information
into account as given in the following expression:

N(q)
AVR(q) = xi57 /;1 R(k) and W = 2N(q)
2 _N(q)—
0
> NMRR(q)
ANMRR =5 <1

Here N(q) is the minimum number of relevant (via ground-truth) images in a set of Q
retrieval experiments, R(k) is the rank of the k'™ relevant retrieval within a window of W
retrievals, which are taken into consideration for each query, q. If there are less than N(q)
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Table 2 CBIR time statistics on different devices and networks in M-MUVIS

Network 10 NQ
CQOT (ms) SOT (ms) ANMRR ARR CQOT (ms)
H o Iz o H

10,000 image database

5800 (3G) 1954 48 663 108 0.5280 0.4128 8059
N95 (3G) 2864 1006 935 52 0.556 0.384 10919
N95 (WLAN) 771 28 568 54 0.5600 0.382 7891
20,000 image database

5800 (3G) 2231 242 602 54 0.5462 0.4024 33740
N95 (3G) 2814 640 906 35 0.5444 0.4032 33851
N95 (WLAN) 860 89 444 105 0.5442 0.4032 32341
60,000 image database

5800 (3G) 7942 541 4632 12 - - 34101
N95 (3G) 8222 580 4932 11 - - 35370
N95 (WLAN) 3750 60 3547 20 - - 33269

relevant retrievals among W then a rank of W+1 is assigned for the remaining (missing)
ones. AVR(q) is the average rank obtained from query q. Since each query item is selected
within the database, the first retrieval will always be the item queried and this obviously
yields a biased Normalized Modified Retrieval Rank (NMRR) (q) calculation and is,
therefore, excluded from ranking. Hence the first relevant retrieval (R(1)) is ranked by
counting the number of irrelevant images a priori. Note that if all N(q) retrievals are
relevant, then NMRR(q)=0; and thus the best retrieval performance is achieved. On the
other hand, if none of the relevant items can be retrieved among W then NMRR(q)=1,
corresponding to the worst case. Therefore, the lower NMRR(q) is the better (more
relevant) retrieval for the query q. Keeping the number of QBE experiments sufficiently
high, the average NMRR, ANMRR, as expressed in Eq. 3 can thus be used as the retrieval
performance criterion. The ANMRR values shown in Table 2 are calculated based on 20
queries in the selected databases with the following settings: N(q)=12, W=24 and 0=20
for ANMRR whereas ARR is using NQ=20, N(q)=12 and v=2. We use a smaller window
of 12 images for retrieval performance due to the fact that mobile device user is not
downloading many QRIs (each ORI contain 12 thumbnail images).

We present time statistics along with ANMRR of different /Q query operations in M-
MUVIS over the sample databases. Basically, the mean (1) and Standard Deviation (SD
(0)), are computed over 20 query operations performed in selected databases. The CQT is

Table 3 Time statistics of media (QR/) retrieval on different devices and networks

Network CMRT(ms) SMRT (ms)

I o T o
5800 (3G) 3148 741 1922 624
N95 (3G) 5171 783 3672 500
N95 (WLAN) 1023 175 337 50
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Table 4 CBIR time statistics on different devices and networks in JspMUVIS

Network CQOT (ms) SOT (ms)

I o o o

10,000 Image database

5800 (3G) 6945 902 2004 51
NO5 (3G) 7138 1248 2125 54
NO5 (WLAN) 2579 603 1766 40

the waiting period for the query results, recorded by an M-MUVIS client. An experimental
COQOT in milliseconds is measured on Nokia N95 and Nokia 5800 as shown in Table 2. We
measured the CQT by using different networks: the fastest query time is achieved in the
Wireless Local Area Network (WLAN) as compare to 3G. However, we observed a higher
variance in 3G as compared to WLAN networks due to the wider dynamic nature of
wireless networks. With the help of /Q a user can adjust the COT. As shown in Table 2, NO
takes a longer time in large databases, but with the help of /Q on HCT, CQT can be reduced
and the most relevant (ANMRR <0.6) items in the predefined time (Tp) are obtained.

Client Media Retrieval Time (CMRT) is the time on the M-MUVIS client for the ORI
retrieval. As shown in Table 3, the mean (1) and SD (o) are measured on Nokia 5800 and
NO95. WLAN has minimum network latencies, so the fastest media retrieval operations can
be achieved over WLAN.

In a dynamic network environment where the available bandwidth changes between
different mobile devices due to their connection type (3G, WLAN etc.) and Internet traffic,
it is desirable for the framework to control the media quality in an adaptive way according
to the dynamics of the underlying network. MMRS manages limited network resources
efficiently by changing the image quality. Table 3 shows the Media Retrieval Time (MRT)
on the MMRS. It is inversely proportional to the JPG quality of ORI. Lower quality value
reduces the ORI data size which in fact reduces the network traffic. Consequently, QR/
retrieval time is reduced. Reducing the network traffic actually makes this service feasible
for practical usages. SMRT is inversely proportional to the quality of the JPG; the lower
quality, server obviously requires more time to compress the QRI. During the experiments,
it was observed that JPG quality 20 to 25 is enough to display the QRI without any
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Fig. 12 M-MUVIS client power consumption for the 50 query operations on Nokia N95
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Fig. 13 M-MUVIS client CPU load for the 50 query operations on Nokia N95

noticeable degradation of user experience and that is also suitable for the MMRT servlet
(less computation in the ORI creation). As current mobile devices do not support a high-
resolution display, this high compression rate can be used conveniently.

Table 4 presents the time statistic of JspMUVIS on different devices and networks. COT
w1 is higher in JspMUVIS as compared to M-MUVIS, due to the markup language tags in
JspMUVIS for a small image database. However with the help of data repost methodology
in a Web browser this difficulty can be overcome. As the network bandwidth is increasing
in mobile devices. JspMUVIS can be widely used for multimedia retrieval.

As stated earlier, mobile devices are limited in processing power, battery and network data
exchange, therefore the client application is designed to use them efficiently. As shown in
Figs. 12, 13 and 14 the client application is working in a burst mode. When the client is idle
(i.e. not performing a query operation), it is neither using CPU nor consuming network
bandwidth or battery power.

Nokia Energy Profiler (NEP) [26] is used to measure the power consumption (Fig. 12),
CPU load (Fig. 13) and network data exchange (Fig. 14). The device (N95) is draining
more power when the display is on, as expected. Once the display is off it only drains
power when the client is performing the query operation. Figure 12 shows that the device is
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Fig. 14 M-MUVIS client data transfer for the 50 query operations on N95
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not consuming power when the client is idle. Therefore, it can be left running in the
background and used only when it is required.

As NEP is also a software running on the same hardware (Nokia N95) and Symbian is a
multitasking operation system there are some small peaks in CPU load (in Fig. 13) due to
other applications running in the background.

As stated in Section 2.1.2, session tracking is used to reduce the upload data. It is shown
in Fig. 14 that data upload reduces considerably which helps to reduce the CQOT. As shown
in Figs. 12, 13 and 14 M-MUVIS client is using resources efficiently to perform the content-
based query operation.

4 Conclusions

In this paper a generic image retrieval framework CMD for wireless network is presented,
which integrates the M-MUVIS and the JspMUVIS systems to achieve efficient image
retrieval. The client side adapts to the look and feel of the device, and with the help of
session tracking, /Q over an indexed database provides efficient retrieval.

Since the existing information delivery structure of the World Wide Web is not suitable for
content distribution and reusing the information for diverse range of platforms including mobile
phones and PDAs, we proposed an improved framework. This has the capability to cope with
information management across heterogeneous networks and a wide range of devices. The
proposed framework has been tested with a number of image databases. We have obtained quite
encouraging results for the content-based image retrieval application. However, we are facing
limiting factors such as hardware/software features in mobile devices and unpredictable network
responses. Such limitations and drawbacks can be overcome with 3G and WLAN which are
available for high-end devices. The CMD holds a promising future in media content
management and retrieval, as it can be tuned to different combinations and weights of low-
level features to meet the requirements of vast majority of applications in the area of CBIR.

Currently, the CMD server is only a CBIR server and we are planning to make it a fully
functional content-based multimedia indexing and retrieval server. We aim to make the
CMD clients more users interactive, so that in the future, the user will be able to select the
features for which image retrieval is intended.
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