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ABSTRACT

This paper proposes a Mobile Multimedia Library (MML), a new application of information retrieval using camera-
equipped mobile phones. MML allows users to get information of an unknown object anywhere and anytime. A user
simply takes a picture of the object by a mobile phone and sends it directly to an MML server on which the picture is
analyzed to identify the object. The MML server returns the identification result to the mobile phone and the user can
browse information of the object on the display of the mobile phone. This application employs the k-Nearest Neighbor
approach using eight MPEG-7 visual features to identify objects. A prototype system for animal identification has been
developed to demonstrate effectiveness of the MML framework. It takes about ten seconds on average for the identifica-
tion in which 63% and 79% queries were correctly identified within first four and first ten candidates, respectively, out
of 229 categories.

Keywords: MPEG-7, CBIR, content based image retrieval, camera-equipped mobile phone, multimedia library, k-
Nearest Neighbor

1. INTRODUCTION

Mobile phones have evolved into ubiquitous communication and information retrieval tools from mere handsets just for
telephoning. E-mail exchange and Internet connection functionalities are outstanding features that have spurred this evo-
lution. Many people nowadays exchange e-mails with mobile phones instead of computers thanks to the mobility. In-
formation retrieval services through the Internet are also frequently utilized with mobile phones. On-demand train time-
table/transfer information search and restaurant guides are examples of services frequently used in Japan. These services
are available anywhere and anytime just only using mobile phones without any preparation in advance. Mobile phones
are hence considered to be very valuable terminals despite their inconvenience of inputting characters with a limited
number of small buttons.

A camera equipped on recent mobile phones is one of the solutions to improve this inconvenience. The camera is
originally incorporated just to simply enjoy taking pictures and sharing them with other people through e-mails, but the
camera has become to draw attention as an input means. An OCR (Optical Character Reader) functionality is, for exam-
ple, installed to automatically input such text strings as URLs and phone numbers to mobile phones without typing
them. Barcode reading functionality is another example developed to input text embedded in two dimensional barcodes.
Current usage of the camera is just to provide an alternative way to input text strings, but the camera has much more
promising potential as an information input means.

Object appearance is substantial information acquired by the camera. This inspires us with an idea that the camera can
also be exploited to take unknown objects for acquiring their information. The camera functions as an input means of
non-verbal, visual information triggering information retrieval. When a person happens to encounter an unknown flower
during trekking, for example, s/he can immediately obtain the flower information just by taking a picture of it. CBIR
(Content-Based Image Retrieval) technologies help us to achieve this retrieval.

The research area of CBIR is now very active and many applied systems have been proposed so far. QBIC' (Query By
Image Content), VisualSEEk?, and MARS* are examples of such CBIR systems. In these systems, a query image is pro-
vided for searching similar images from an image database. Similarity is measured based on low-level image features
representing color, shape and texture. Some of them accept sketch images as a query instead of natural images"”’, and
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keywords as well. CBIR technologies are extended to web-oriented systems, such as WebSEEk® and RetrievalWare’.
CBIR applications are now being investigated in various fields, and their application area is still growing.

A new application with camera-equipped mobile phones, Mobile Multimedia Library (MML), is proposed in this pa-
per. This is an information retrieval application that enables us to get information from a picture of an object taken by a
camera on mobile phones. The picture is analyzed with a CBIR technology using MPEG-7 visual features'"", including
the color layout description proposed by us’. This application inherently solves a general problem of query-by-example
for CBIR, that is, how to obtain a proper query to feed CBIR systems. Two major issues are also solved for its practical
use.

One of them is restriction on computational resources of mobile phones. Object identification is computationally in-
tensive unlike OCR or barcode reading functionality, so that it is quite difficult to perform it only using the resources on
mobile phones. The identification is, therefore, performed on a server in place of resource-restricted mobile phones. E-
mail exchange and internet connection functionalities of mobile phones are exploited to exchange information between
mobile phones and the server. The other issue is semantic gaps between capability of the current CBIR systems and
ability of human recognition’. Human interaction is hence incorporated to bypass the semantic gaps.

In Section 2, the concept of MML and the system architecture are depicted. The algorithm of image analysis and
MPEG-7 visual features used for this application is then described in Section 3. A prototype developed for identifying
animals and its evaluation results are presented in Section 4 and 5. Other possible MML applications are shown in Sec-
tion 6, which illustrates the usefulness of the MML framework.

2. CONCEPT OF MOBILE MULTIMEDIA LIBRARY AND ITS ARCHTECTURE

2.1. Concept of Mobile Multimedia Library

Mobile Multimedia Library (MML) is an information retrieval application that provides information from a picture of
an object taken by a camera on mobile phones, anywhere and anytime. The object is identified using the picture, and the
results are presented on a screen of mobile phones.
The advantages of this application are as follows:
(1) No necessity of carrying encyclopedia
This is an overall advantage the application has. A single camera-equipped mobile phone is enough to acquire in-
formation of target objects anywhere and anytime. No other preparation is necessary.
(2) Easy input of a visual query
This is an advantage of using camera-equipped mobile phones. Taking a picture of a target object is the only re-
quired operation, which is quite easy so that many people including children have already managed a camera on
mobile phones. The picture is directly used as a visual query.
(3) No necessity of background knowledge of objects
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Figure 1: System overview of MML.
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This is an advantage CBIR has. The MML application allows us to search objects just from their appearance. No
knowledge about taxonomy, which is often needed to consult encyclopedias, is required for getting information
of target objects.
(4) Customized search and presentation of retrieved information
This comes from the characteristics of a mobile phone as a private terminal. User preference information, which is
stored implicitly in private data such as e-mails or explicitly as a user profile in mobile phones, can be used for
this customization. For example, presented information can be customized according to the level of his/her knowl-
edge or interest.

2.2. System overview

The MML application is implemented in a form of a client-server type application that consists of camera-equipped mo-
bile phones and a remote server, which is called MML server, to retrieve information. Object identification process is
performed on the MML server instead of resource-restricted mobile phones for its practical use, since the identification
process usually needs much computational power.
The system architecture of the MML is shown in Figure 1. Information of an object is retrieved by the MML in the
following manner.
1. query picture input,
2. object identification based on query analysis,
3. interactive selection of a proper candidate, and
4. information presentation for selected object category
In Step 1, the user takes a picture of the unknown object by a camera-equipped mobile phone. This picture is uploaded
to a remote MML server as a query. In Step 2, the query picture is analyzed on the MML server to identify the object in
the picture. MPEG-7 visual features are extracted from the query and compared to the features of training images stored
in a visual feature DB. As a result, several object categories are derived as candidates based on the identification results.
In the following of the paper, the term “candidate object category” is used to refer object categories selected as candi-
dates that the unknown object can belong to. In Step 3, a web page containing the identification results is presented on
the screen of the mobile phone. This page contains representative images corresponding to each candidate object cate-
gory. Each representative image is linked to encyclopedic information of the corresponding object category. In Step 4,
one of the candidates is selected by clicking one of the representative images, and the encyclopedic information about
the clicked object category is displayed on the user’s mobile phone.
The MML server has two types of databases: a visual feature DB and an encyclopedic information DB, as shown in
Figure 1. The former DB contains visual features of training images, which are samples included in each object category
and used for query analysis to identify the object. The latter DB has encyclopedic information to be provided to the user.

3. ALGORITHM FOR OBJECT IDENTIFICATION

3.1. Overview

The object identification process on the MML server in Figure 1 is depicted in Figure 2. Visual features are first ex-
tracted from a query picture. The distance values between the query features and the training image features in the fea-
ture DB are next computed for each elementary feature description standardized as MPEG-7, such as the color layout
and the edge histogram. Total distance between two images is then computed by summing the individual distance values
that are computed and normalized for each feature description. The obtained total distance values are finally fed to ob-
ject identification process to determine candidate object categories for the query. In the following subsections, database
configuration on the MML server is described. Each step is then described in more detail.

3.2. Visual feature database on the MML server

In the visual feature DB in Figure 2, visual features for plenty of training images are stored for each object category
together with its representative image. This is for coping with different appearance and variation. Appearance of objects
varies with their viewing angle and capturing conditions, which results in different feature values. Some object catego-
ries have several variations, that is, entities that have inherently different appearance even within the same object cate-
gory (e.g. male lions have manes, but female ones do not). Whereas increasing the number of training images for each
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Figure 2: Diagram for query analyzing process to find candidate object categories.

object category improves completeness, this makes processing time longer and this does not always result in improving
identification results. A proper number of the training images should be determined in consideration of this trade-off.

3.3. Feature extraction

The feature extraction process in Figure 2 extracts various visual features from the query picture. Several elementary
visual feature descriptions defined in MPEG-7" are employed as listed in Table 1 because of their discriminating poten-
tial. The interoperability of the features is also their advantage in building an extensible retrieval system. This makes it
possible to exchange features and matching results among different systems.

For the object information retrieval application, we employed the following eight elementary feature descriptions: four
color features (the color layout, the color structure, the dominant color, and the scalable color), two texture features (the
edge histogram, and the homogeneous texture), and two shape features (the contour shape, and the region shape). These
features can be extracted automatically, except that object segmentation masks necessary for computing shape features
are manually generated. A future work is to incorporate one of conventional automatic segmentation methods into the
feature extraction process. The dimensionality of each elementary feature is listed in Table 1. Please see the Appendix
for more detailed specification.

3.4. Distance computation between the query image and training images

Distance values are computed between each pair of the query and the training image stored in the visual feature DB. The
computed distance values are fed to object identification process.

In the distance computation for each pair, distance values for the eight elementary feature described in Section 3.3 are
first individually computed. Distance functions as described in MPEG-7 Part 8'* are employed for this computation.

The obtained eight individual distance values are then normalized to equalize the range of distance values among dif-
ferent elementary features. The normalization is performed with the mean and the standard deviation of distance distri-
bution in the visual feature DB. Distance values within [-3 0, 3 0 ] are linearly mapped onto the interval [0, 1] and the
values outside the range are represented with the closest end point, that is, zero or one.

The normalized distance values for individual elementary features are then summed up with a set of certain weighting
coefficients to calculate the total distance. The optimal weightin .
coefficients were derived in a learning process Witlli a set of triining Table 1: MPEGT7 el.emel}tar Y. visual fea-
images. The combination of eight coefficients was exhaustively tures used for object identification

searched in the learning process. Visual Features Dimensionality
Color Layout 18 dims

3.5. Object identification by k-Nearest Neighbor approach Color Structure 256 bins

Object identification is performed using the total distance values Dominant Color <8 colors

obtained in the previous subsection. k-Nearest Neighbor ap- Scalable Color 256 bins

proach'?, which gave the best accuracy among several methods we Edge Histogram 80 bins

tried, is taken for this identification. The total distance values are Homogeneous Texture | 2 + 60 dims

first sorted in the ascendant order, and the number of samples for Contour Shape < (3 +62) dims

each object category included in the first £ rank is counted. The Region Shape 35 dims
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object categories with high frequency are finally selected as candidates after sorted by the frequency.

4. PROTOTYPE SYSTEM

A prototype system for identifying animals was developed as an example to demonstrate the proposed MML frame-
work. This section describes this animal identification system.

4.1. Prototype system for animal identification

A third-generation mobile phone was used in this prototype system. This has a camera whose resolution is about 300
thousand pixels and its screen size is 33 mm x 45 mm. A computer with a Pentium 3GHz CPU, which has an ADSL
connection to the Internet, was utilized for the MML server.

For uploading a query picture from the mobile phone to the MML server, e-mail exchange function of the mobile
phone was exploited, that is, the picture was enclosed in an e-mail as an attachment, and sent to the server. On the server
side, a program module periodically checking a designated mail account was implemented, and e-mails were immedi-
ately downloaded and pictures were separated from the e-mails when they were found. The pictures are then provided to
the identification process in Figure 2.

A process for animal identification is launched by the e-mail checking module, and a web page showing identification
results are generated. Details about the web page design are described in Section 4.2. Terminal adaptation related to
screen size was performed in generating the web page. The size of the representative images is adjusted to the screen
size so that all the candidates can be seen without scrolling according to the types of mobile terminals. An environment
variable that notifies a platform and a browser type was checked to distinguish different terminals.

The DB for encyclopedic information for each animal was generated from some sources available on the Internet. The
information such as in-depth descriptions of animals and their living environment was included.

4.2. Web page design for showing animal candidates

The web page showing identification results is designed to include representative images for first four candidate catego-
ries as shown in Figure 3 (a). This is because “four” is considered to be the maximum number to show the representa-
tive images simultaneously without losing details necessary for distinguishing the animals. It is certain that more than
four candidates can be displayed with smaller images, but this sometimes makes it hard to differentiate the candidate
objects at a glance on a small screen of a mobile

phone. In the case of PDAs or smart phones that MML Encyclopedic
have a larger screen, more candidates like first ten Identification Results Information

can be displayed. The query image is also dis-
played at the bottom just for confirmation.

The web page is designed so as to minimize user
operation. The first candidate animal category is
focused when the web page is presented on the
mobile phones. Hence if the first candidate is the
animal category a user wants to know, just one
click action is enough to show the information.
The focus is easily moved by pressing buttons cor-
responding to moving focus, so that the user can Your query:
selects one of the representative images.

Encyclopedic information as shown in Figure 3
(b) is displayed on the screen of the mobile phone
by clicking one of the four images. The second
image is assumed to be clicked in this example.
This web page contains the representative image of
this category, a link to a page including various  (a) Web page showing iden- (b) Encyclopedic information
images belonging to the same category, and de- tification results. for the animal selected in (a).
scription regarding this animal category. The link
is included for checking other images of this cate-
gory as well to confirm that this is the correct ani-
mal category. Thus users can easily get informa-

Browse Zebra’s Images:

3 - Cougar| 4-Cat There are three kinds of
zebras in Africa: Moun-
tain zebras, Savanna
zebras, and Grevey’s
zebras. These zebras
have different stripe
patterns.

Figure 3: Web pages for identification results and ency-
clopedic information that is shown after one of the candi-
date animal categories is selected.
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Figure 4: Screen shots presented to a user by the prototype system.

tion of animals using the MML application.
5. PROTOTYPE DEMONSTRATION AND EXPERIMENTAL RESULTS

5.1. Demonstration of the prototype system

Figure 4 shows screen shots presented to a user by the prototype system. The left most image shows the web page dis-
playing the first four candidates. If the user clicks the top-left lion image, the information about lion is obtained as
shown in the middle picture. When scrolling the screen, detailed descriptions about lions appear as shown in the right-
most image. The highlighted description of “Browse Lions Images” is for browsing other lion images.

It was confirmed using this prototype that all the operations required to users, from taking a picture of an animal to
browse information displayed, can smoothly be done with only a single hand as designed. The processing time for ani-
mal identification is about ten seconds on average, which would be acceptable in ordinary use cases.

5.2. Evaluation of identification algorithm

Experiments for evaluating the accuracy of the animal identification algorithm were carried out. A feature database stor-
ing features for 2681 training images

from 229 animal species was built. The 30
query images for evaluation were 600,
including 335 pictures actually taken by

70

Figure 5 shows the identification re-
sults of the identification algorithm for
several different number k£ of nearest

X
a camera at a zoo in Japan. Weighting > —e—£k=20
coefficients used for weighting individ- § 60 —m— k=40
ual distance values of each MPEG-7 g =60
description tools were optimized using g 30 80
training images included in the feature g -
DB. L‘E 40 —¥—k=100

30

. 20 I
neighbors. Each curve corresponds to a
different k, ranging from 20 to 100. The 12 3 4 5 6 7 8 9 10
horizontal axis indicates the rank to Rank

which the correct result is included.

Hence the accuracy increases monotoni- Figure 5: Identification accuracy for several k values.
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cally with the rank value.

The accuracy is 63% when first four candidate animal categories are provided, which occurs at £ = 100. If ten candi-
dates can be displayed, which is the case for smart phones with a larger screen, the accuracy increases up to 79%. Cur-
rently, more than 80% of the total species included in the feature DB belong to the dog category, which means many
animals with similar appearance are included. If only one candidate is shown to a user, the accuracy is about 33% at
most and the best performance is achieved when & = 20. This implies the importance of human interaction.

The accuracy is expected to increase if more different types of animals are included with the DB. According to this re-
sult, the parameter k& was set to 100 in the prototype system mentioned in Section 4.1.

6. OTHER POSSIBLE APPLICATION SCENARIOS FOR MML

The framework of the MML is widely applicable, not limited to animal identification system described above. This
framework is quite general, so that many application examples are considered in the same framework. The followings
are possible examples for which the MML framework can effectively be applied.

® Flower identifying systems

® Building/monument guide systems

® Museum guide systems

® Product information retrieval systems with logo identifier

® Navigation systems to a nearest store with logo identifier

The flower identifying systems are very similar to the animal identification mentioned in this paper. In this case, loca-
tion and time information, which can be obtained by GPS (Global Positioning System) or the clock of mobile phones, is
also effectively utilized as well as visual features to identify flowers. The building/monument guide systems are also
similar to the animal identification, but location information becomes much more relevant. The museum guide systems
are used in museums or art galleries to retrieve information of paintings and statues.

The product information retrieval systems are a little different from the previous three examples, which are just for re-
trieving information of the objects in themselves. In this application, taking a logo of a store makes it possible to access
its product information such as price for each product sold there or electric coupons can be retrieved. On the other hand,
the nearest store corresponding to the identified logo is searched in the navigation systems, and navigation service to the
store is provided with a map and location information obtained by GPS.

The MML framework can, furthermore, be applied to conventional CBIR systems in themselves. One of the problems
of the conventional CBIR systems is how to acquire an appropriate query. Camera-equipped mobile phones can be em-
ployed to solve this problem.

7. CONCLUSION

A Mobile Multimedia Library, an MPEG-7 application with camera-equipped mobile phones has been proposed in this
paper. Mobile phones are exploited as means for inputting a query image, uploading the image to an MML server, and
browsing information returned from the MML server. The MML server analyzes the query image to identify the object a
user wants to know, and then the identification result with their related information is sent to the user and presented.
MPEG-7 visual features are used for identifying the objects. The developed animal identification prototype system
demonstrated the usefulness of the MML.
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APPENDIX: MPEG-7 VISUAL FEATURES FOR MML
The following eight MPEG-7 features are utilized in the prototype system of MML for animal identification.
Color Layout
This feature expresses brief color layout information for rectangular regions. This is extracted by computing DCT for
8x8 small image generated by shrinking an entire rectangular region to this size. Low frequency components are se-
lected and quantized to yield the elements of the color layout. The feature data size is usually very small, typically 8
bytes for an rectangular region, but it has a very high discriminative capability. 18 coefficients (six coefficients for all
Y, Cb and Cr components) are used in our system.
Color Structure
This feature expresses both color distribution and a local color structure together. An N x N (typically 4 x 4) structuring
element is sled over a target rectangular region for capturing the color structure. The frequency of each color appearing
within the element is counted in the HMMD color space. The total number of bins is 256 in the current system.
Dominant Color
This feature describes dominant colors (up to eight colors) for a rectangular region. Region segmentation is first applied
in order to find dominant colors by grouping pixels with similar colors. The portion of each segmented region is also
considered when computing distances between two features.
Scalable Color
This is basically color histogram in the HSV color space, which is encoded by a Haar Transform. The main feature of
this is its scalable characteristics in terms of the number of bins. This scalability is achieved by Haar Transform for the
histogram. The number of bins is 256, which means hue, saturation and value are quantized into 16, 4, and 4 levels, re-
spectively.
Edge Histogram
This feature describes edge histograms for 16 blocks after a rectangular region is divided into the 16 blocks. The histo-
gram is calculated for four directions (horizontal, vertical and two diagonal directions) and for non-directional edges.
The number of bins is, therefore, 80 in total.
Homogeneous Texture
This feature expresses characteristics of texture information using mean energy and energy deviation, which are com-
puted for each frequency channel obtained by Gabor functions. The number of channels is 30 designated by six levels in
angular direction and 5 levels in radial direction. The number of dimensions is 62, including the mean and the standard
deviation for an entire rectangular region.
Contour Shape
This expresses shape information by describing contour of a region based on CSS (Curvature Scale-Shape) representa-
tion. The CSS representation decomposes the contour into convex and concave sections by the points with zero curva-
ture. The circularity and eccentricity are derived from the CSS representation, and the magnitude of the largest peak,
and the position of the remaining peaks are included in the feature.
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Region Shape

This represents a binary shape mask by decomposing it using orthogonal 2-D basis functions defined by the Angular
Radial Transform. This can express shapes consisting of multiple disconnect regions and shapes with some holes. Total
number of dimensions is 35, which is determined by 12 levels in angular direction and 3 levels in radial direction.
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