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ABSTRACT

Homeland securtty and disaster relief are some of the critical areas of E-governance that have 1o deal with
vast amounis of dynamic heterogeneous data. Providing rapid real-time search capabilities Jor suck appli-
cations is a challenge. Intelligent Foraging, Gathering, and Matching (I-FGM) is an estublished fiamesork
developed 1o assist users 10 find information quickly and effectively by incrementally collecting, processing
and maiching information nuggets. This framework has been successfully used to develop a distributed,
unstructured text retrieval application. In this paper. we apply the I-FGM framework 1o image collections
by using a concept-based image retrieval method We approach this by incrementally processing images, ex-
tracting low-level features and mapping them 1o higher level concepts. Our empirical evaluation shows that
our approach performs compelitively compared 10 some existing approaches in terms of retrieving relevant
images while offering the speed advaniages of distributed and incremental process and unified framework

between text and images

Keywords: agent technology: CBIR: distributed systems; heterogeneous datubases; imuge retrieval;
information search and retrieval; intelligent agents: IS performance evaluation; real-time
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INTRODUCTION

One of the main challenges in e-governance
is lo effectively and efficiently find relevant
information from vastamounts of dynamic het-
erogeneoussources quickly underthe pressures
and limitations of time, supporting tools, and

resources. For instance, when natural disasters
such as Hurricane Katrina (2005) or the Asian
Tsunami of 2004 happen, we need to quickly
locate the areas that are most affected and col-
lectinformation in order to estimate the needed
aid for items such as medicines, foods, and
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drinking water. Unfortunately, in such a situ-
ation, frontline communications are typically
chaotic (or non-existent) and/or there are too
many channels of information from different
sources thatmake theretrieval of relevant pieces
ofinformation alotharder. For “hot spots” such
as disaster relief areas, combat zones, and so
forth information is changing rapidly and as
such there is only a small window of time for
information to remain valid. Additionally, vari-
ous types of data representation are used such
as images, blogs, maps, news reports, audios,
and videos. Each type of data format contains
important and indispensable information for
the various governmental agencies. Therefore,
in order to better assist these agencies in ad-
dressing these challenges, there is a clear and
urgent need to develop a system that rapidly
provides real-time retrieval capabilities of het-
erogeneous sources of information. There are
three main issues that we need to address: (1)
how to gather and retrieve information quickly
in a real-time setting given the limitations of
resources and time; (2) how to address the
problem of heterogeneous data; and, (3) how
to improve retrieval success.

We address the aforementioned issues
by developing a framework for intelligent
foraging, gathering, and matching (I-FGM)
that incrementally and distributively gathers,
processes, and matches information nuggets
to assist users at finding information quickly
and effectively. In our previous work (Santos,
Santos, Nguyen, Pan, & Korah, 2005, Santos et
al., 2006), I-FGM has been empirically demon-
strated to bean effective tool fortextretrievalon
large and dynamic search spaces. Even though
unstructured text 15 a typical format for most
databases/sources, images are also popular
with significant support from commercialized
search engines such as Google, Yahoo!, and
MSN. In order to demonstrate that I-FGM is a
general framework for information retrieval,
it is necessary to study the system’s ability at
effectively handling such heterogeneous data
which contains at least text and images. In this
article, we apply the I-FGM framework on
image collections by using a concept-based

image retrieval method. We approach this by
incrementally processing the images, extract-
‘ing low-level features, and then mapping them
to higher level concepts. The novelties of our
approach lie with the distributed storage and
incremental processing and matching of infor-
mation nuggets extracted from a region-based
wavelet image retrieval scheme. We deploy a
concept-based image retrieval algorithm that
maps low-level features of the images to high-
level concepts. In this way, we are also able to
translate the visual information of images into
document graphs(Santosetal.,2005), whichare
used in I-FGM as a common representation of
information for heterogeneous datatypes. Thus,
[-FGM provides a seamless integration of text
and image through a single unifying semantic
representation of content. By implementing
and testing our image retrieval algorithm in |-
FGM, we can validate the I-FGM framework
as a method for future unified rankings of
heterogeneous docuinents.

This article is organized as follows: In the
methodology section, we first provide a brief
background on cutrent image retrieval sys-
tems. Next, we give an overview of the image
retrieval algorithm that was implemented in
1-FGM. We then describe the architecture of
1-FGM and the implementation details of the
current prototype. This section is followed by a
description of'our system evaluation procedure
along with simulation resuits. We validate the
performance of the image algorithm and show
that it can be used in I-FGM for faster retrieval
of images. Finally, we will present our conclu-
sions and future work.

METHODOLOGY

Background and Related Work

The goalof'the I- FGM framework isto facilitate
real time searches in large and dynamic search
spaces. In particular, I-FGM aims to integrate
the retrieval of multiple data types; to enable a
unified framework to compare heterogeneous
documents; and to employ resource alloca-
tion policies facilitated by partial processing
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to conduct efficien( anytime searches. In this
article, we integrate image retrieval in -FGM
by employinganalgorithm based ontechniques
from Content Based Image Retrieval (CBIR).
We now present the current state of research
in CBIR and the approaches that have been
leveraged in 1-FGM.

CBIR is an important sub-area of image
retrieval that aims to classify, identity, and re-
trieve images based on its visual content rather
than using human generated information suchas
meta-tags and annotations. Through the previ-
ous decade, there has been significant progress
in this field, documented in various surveys
(Rui, Huang, & Chang, 1999; Smeulders, Wor-
ring, Santini, Gupta, & Jain, 2000; Veltkamp &
Tanase, 2000). Althougli, a general solution for
image retrieval still eludes researchers due to
the difficulties posed by the well-documented
phenomena of sensory gap and semantic gap
(Enser & Sandomn, 2003), CBIR techniques have
shown great promise in automating the process
of interpreting images. We decided to employ
CBIR in I-FGM because other methods require
extra-image information such as meta-tags or
HTML text from Web pages containing the im-
age. In the CBIR methods, the visual content
or low-level features of the images have to be
converted intoan intermediate form or signature
before it can be interpreted. Our choice of low-
level features and feature signature are important
as it has a direct influence on the performance
of the system. Examples of low-level features
in images are color, texture, and contrast.

Region-based methods are a widely used
type of CBIR. In these methods (Carson, Be-
longie, Greenspan, & Malik, 2002; Li, Wang,
& Wiederhold, 2000; Ma & Manjunath, 1997;
Natsev, 2001) images are divided into regions,
each of which has similar pixel characteristics.
This collection of regions forms a signature for
the image. The premise behind these methods
is that similar images will have similarregions.
Methods such as WALRUS (Natsev, Rastogi,
& Shim, 2004) and SIMPLIcity (Wang, Li, &
Wiederhold, 2001) use wavelets (Daubechies,
1992) to represent the feature signature of
regions. Methods such as (Natsev et al., 2004;

Wang et al., 2001) generate regions by cal-
culating a feature signature for a part of the
image (window) at a time. The window is slid
across the image such that every pixel of the
image is contained in at least one window.
These windows are then clustered based on a
distance measure. Each cluster is then consid-
ered to be a region. These methods work well
even with complex images containing multiple
concepts or objects. One of the drawbacks in
these methods is that they take query images
instead of a text query. This is also one of the
reasons preventing its direct usage within the
1-FGM framework.

We will use the image segmentation and
region clustering techniques from WALRUS
in our image retrieval algorithm. The feature
vector that we use to represent the low-level
features of the image is similar to the one used
in SIMPLIcity. Although SIMPLIcity is a well
known regions method, it does only coarse-
grained classification of images into semantic
classes such as “outdoor,” “indoor” “texture,”
“non-textured,” and “photographs.” 1-FGM on
the other hand deals with more fine-grained
classifications. Ouralgorithm seeks to map low-
level features to high-leve! concepts by forming
regions of similar pixel characteristics and then
mapping them to the concepts. Although this is
similartothe CAMEL (Natsev, Chadha, Soetar-
man, & Vitter, 2001) algorithm (a variant of the
WALRUS method), there are significant ditter-
ences. The concepts used in CAMEL are single
object concepts suchas “apple.” It compares the
feature vectors for this concept with incoming
images and tries to determine if the concept is
contained in the image using a distance-based
similarity measure. We found that CAMEL
does not detivertherequired performance when
implemented with the images that we typically
deal with. The mainreason is that itis difficultto
accurately identify single-objectconceptsinim-
ages. Another important reason why we cannot
use this method is that it uses a distance-based
similarity measure that is adversely affected
by the presence of non-relevant teatures in the
images. A better option is to use machine learn-
ing techniques to match the low-level features
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of concepts and images. ALIPR (Li & Wang,
2006) is another automatic annotation method
thattriesto map low-level features tokeywords.
ALIPR is an established method that has given
good performance. It has also been used com-
mercially. Unfortunately, it cannot be used with
the partial processing paradigm of I-FGM. In
1-FGM, we incrementally process an image,
using each partial step togain an insight into the
relevancy of image and proportionately grant
resources. The information gathered from one
step has to be reused in successive partial steps
s0 as to minimize the overhead. In ALIPR, the
probability distributions associated with its
feature vectors cannot be calculated with the
incomplete image informationavailable ateach
partial step in 1-FGM.

Another technology that we will leverage
in I-FGM is the prevalent WWW image search
engine. I-FGM uses the Internet as a search
space in this article since it is a rich source of
images and dynamic in nature. We will use im-
age search engines such as Google and MSN
to do a first order filtering on the search space
similar 1o the Internet and narrow down the
search space. These search engines cannot be
used for real-time retrieval as they use static
indexes that are built off-line (Kherfi, Ziou,
& Bernardi, 2004). Also, they require human-
generated information in the form of the html
text surrounding the images (Tsymbalenko &
Munson, 2001)or nieta-tags. Onthe other hand,
analysts using 1-FGM must deal with images
from various sources: satellite imagery, aerial
reconnaissance images, and so forth, which may
not be accompanied by annotations.

In this article, we seek to incorporate im-
age search by implementing a concept-based
image retrieval algorithm. Our algorithin will
extract low-level features of images and map
10 predefined concepts. We will show how we
can convert images into document graphs,
which are the common knowledge representa-
tion in 1-FGM. By doing so, we will validate
our framework for unifying heterogeneous
data types.

Image Retrieval for I-FGM
Asmentioned earlier, we have validated I-FGM
as a credible framework to provide real-time
search inlargeand dynamic free-text databases.
Here, we incorporate image retrieval into the
framework. As such, our goal is not about pre-
senting a new method for image retrieval but
rather a method that is built on principles that
have been tested and validated by the image
retrieval research community that can be used
in the I-FGM framework. We will use our im-
age retrieval algorithm to validate the I-FGM
framework onimage collections. We also intend
to show how smartresource allocation strategies
can reduce computational costs and save time
when dealing with large and dynamic databases.
Furthermore, by representing the information
in images as a document graph, we will have
demonstrated how a unified representation can
be applied to multimedia (text and/or image)
documents.

Aswe mentioned earlier, the third point on
heterogeneity isaparticularly important issue in
the databases that [-FGM expects to deal with
in supportof governmental agencies. Our data-
bases may contain documents of different data
type (images, text, multi-media files). Within
each data type, another level of heterogeneity
can occur. For example, images can occur in
different forms such as photographs, satellite
imagery, maps, and so forth. A straightforward
method of dealing with this is to use separate
retrieval methods for each data type and some-
how combinetheirranking results. Thisisavery
ineffective method since the ranking measures
used by the separate methods may share little
or no semantic relationships. For example, it is
unclear whether an image of similarity x based
on texture and color values is equally relevant
to users, or a text of the same similarity value
based on keyword matches. We resolve this
problem by extracting the information from
a document using a given retrieval method
and then representing the semantic contents
of the document in a common graphical struc-
ture called the document graph. A document
graph (example in Figure 1) consists of nodes
representing concepts, and edges representing
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relations between nodes. This representation
extracts the main information contained in any
given docuiment.

The image retrieval method that we use
with 1-FGM requires certain characteristics
as we alluded to in the previous section. First,
it should be amenable to partial processing
where information gleaned from each partial
step is re-useable by the next partial step. Next,
the similarity measure calculated from each
partial step should be a good indicator of the
final similarity value, which helps in designing
resource allocation strategies. Also, the time
taken to process an image with partial processing
should not be significantly larger than one-step

Figure . Document graph for the text * Workers
at coal mine on strike’

Figure 2. Imuge retrieval in I-FGM

Image Reglon eatracuon

Concepl malching Concepl graph

processing. Finally, the method should also be
able to convert the visual content of images
into document graphs. All of this will allow us
to accept natural language (ueries so as to be
consistent with the text retrieval methodology
already deployed within 1-FGM.

Astep-by-steprepresentation of the retriev-
al process is depicted in Figure 2. When a new
image arrives in the system, it is incrementally
processed to extract its low-level features in
the images. These features are compared with
those images found in the concept library and
matching concepts are then noted. Here, the
concept library is a collection of well-known
concepts along with its annotation andan image
feature vector representing its characteristics.
The concept feature vector is modeled by a
machine learning algorithm using a training
set. The text annotations of these concepts are
then combined to form the textual description
of the image. The description is then converted
into a document graph and compared with the
document graph representation of the natural
language query (query graph) to compute a
shnilarity value. We now describe the steps in
the image retrieval in detail:

1. Low-levelfeatureextraction: Eachimage
is represented by a | 6-dimensional feature

Query
Graph

—N

scenery /

Comparing with
generation query graph
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vector with each dimension representing a
region of image. An image issaidto havea
maximum of 16 regions. This is borrowed
from SIMPLIcity where it was found that
16 regions give good performance. Since
we also use the same feature vector, we
decided to use this value. Each region is
represented by a six-dimensional vector
representing the color and texture infor-
mation of the images. In order to extract
the regions from an image, the image is
incrementally processed with a sliding
window. We use the LUV color space.
For each window, a signature is calculated
from the average values of the color and
the 2x2 wavelet transform on the L com-
ponent. Haar wavelets are used as they are
computationally efficient and have good
performance (Natsev et al., 2004). The
first three components of the signature are
the average values of L, U, and V values
of the pixels in the window, respectively.
The high-frequency components of the
wavelettransform formthe remaining three
components of the window signature. The
signature of a window w is of the form:

h=8 I T
e T Puo Uy Vo me my,

where / , u , v, are the average values of
the pixel color in windows wand m’“, mzu,
m’ are the high-frequency components of
the Haar wavelet transform of the L values
in w.

Based on their signatures, the windows
are clustered together using a clustering
algorithm. We use the BIRCH (Zhang,
Ramakrishnan, & Livny, 1996) clustering
algorithm as it is one of the most efficient
clustering algorithms available. Each of
the clusters form a region represented by
its centroid. The area of each region is also
calculated simultaneously. Theregions are
sorted according to its area and the largest
region’s signature form the first dimension
ofthe image feature vector, the second larg-
est region form the second dimension, and

so on. Hence the image feature vector of
an iimage x is represented by the vector:

= | 2 3
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L oty 1oe Vs 60 M 2 3 }
sy t6r My ot Vate M a6 M w160y 06

where l“, u, v, are the average color values
in the centroid for region i and m’“ , m—’u m’“
are the wavelet transforms for the L color space
in the centroid for region i.

2. Creation of the concept library: The
library is created off-line and this process
is depicted in Figure 3. It consists of a set
of concepts thatare commonly foundin the
image databases that 1-FGM is searching.
Each concept is accompanied by a short
textual description, which is generated
manually. In our method the low-level fea-
tures of images are mapped to concepts in
the library. The descriptions of the relevant
concepts are then used to automatically
generate the annotation for the images.
This method of automatic annotation of
images has less manual intervention than
most other imethods that generally require
human generated inetadatafor eachimage.
A classifier for each concepl is generated
by a machine learning algorithm based on
logistic regression. A detailed description of
themachine leaming algorithm is presented
later on. A set of training images are used
to create the classifier. The training images
are of two types: images that represent the
concept (positive training)and images that
donotrepresentthe images (negative train-
ing). The image feature vector is extracted
for each of these images and fed into the
machine learning technique to create the
classifier.

3. Image matching: This process iatches
low-level features of the images to high-
level concepts (Figure 4). For each image,
we incrementally compute its feature vec-
tor, Duringeachincremental step, the image
feature vector for the portion of the image
that has been processed is calculated and
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Figure 3. Off-line creation of concept library
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Concepl X

Concept Description
Caleulaton of
classifier using  ®  Concept classifier

Logishic repression

Feature Extraction

Training Images

compared against the concept classifiers in
the library. A machine learning algorithm
determinesifaparticular conceptisrelevant
tothe image ornot. Ifaconcept isrelevant,
its concept annotation is stored. At the end
of the matching phase, the annotation of all
matched concepts are combined togetherto
form the image description. The description
is converted in to a document graph and
compared with the docuinent graph of the
query where the similarity is calculated.
4. Machine learning algorithm: Logistic
regression (LR) is appropriate for matching
conceptsinthe concept library with images
because it can be modeled as a binomial
classification problem. LR has been found
to be appropriate for binary classification
and can be improved to achieve fast speed
and reliability (Komarek, 2004). Some
studies have compared LR with some
other popular classifiers used in machine
learning such as tree induction (Perlich,
Provost, & Simonoff,2003), Naive Bayes-
ian classifier (Mitchell, 2005), and support
vector machine (Vapnick, 1999). It has
been found (Perlich et al., 2003) that LR
performs better with small training data
set while tree induction is better with a
large data set. Naive Bayesian classifiers
require conditional independence among
variables. Therefore, its application is

—
Concept Library

limited, and in situations where such an
assumption does not hold, LR is found to
performmore accurately than Naive Bayes
(Mitchell, 2005). The loss function used in
L.R has been shown to be approximated by
a support vector machine (Vapnick, 1999;
Zhang, Jin, Yang, & Hauptmann, 2003).
Algorithms based on LR have been used
in CBIR (Ksantini, Ziou, Colin, & Dubeau,
2007) and in relevance feedback (Caenen
& Pauwels, 2002) forimageretrieval. Each
conceptiseitherrelevantto the given image
or not. The dependant variable (retevancy
of'the concept) can have two values: 0-not
relevant and |-relevant. The explanatory
variables are the centroids of the regions
in the image. The classifier for a particular
concept is calculated by using positive and
negative images. As mentioned before, the
image vectors of each of these images are
used to train the classifier. The training
inputs are of the form:

= t 2 3
I/ {[l,l’ulJ’vI,l””I PR PN TR

i
----- L163Ur 160 Ve P 116217 16 1T 150173

where [, u_ v_ are the average color
values in the centroid for region i in the
training image . m’_, m’  m' are the

\xi At Xt
wavelet transforms for the L color space
in the centroid for region i in the training
image /
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Figure 4. Extraction of relevant concept from the image
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The logit function for an image vector x
is given as

|
gx)=a+ B/ + Byt + Byvey + By,
2 3
+Bom ot Bg.m e + [39,./",16
1
+Bo2 16+ Bos Vi ig + Bos 6

2 3
+Bos” 16+ Bogm 16

where a, B (1 <i<96) are weights calculated
by the maximum-likelihood method from the
training images. The LR algorithm is imple-
mented using the WEKA software (Witten &
Frank, 2005).

System Architecture

1-FGM has a flexible archileclure based on a
multi-agent system that enables it to quickly
deploy andredeploy computationalresources. It
also provides plug-and-play facilities for rapid
deployment of any new retrieval method. Based
on functionality, I-FGM can be decomposed
into the following components:

—
Concept Library

1. [-Forager
2. glG-Soup
3. glG-Builder
4. 1-Matcher
5. Blackboard

A detailed description of the various com-
ponents of I-FGM can be found in Santos et al.
(2005, 2006):

+  I-Forager: This component uses third-
party search tools to perfonn a first-order
filtering of the documents in the search
space. In our prototype, three I-foragers
are used to download potentially relevant
images into the glG Soup. Google. MSN,
and Yahoo are used in the [-Foragers. The
query is sent to each of the I-Forager and
the top 50results are downloaded into the
¢lG Soup. [-Forager calculates the first
order similarity that is based on the rank
returned by the search engines.

»  glG-Soup: This component is the central
data repository of I-FGM that holds the
images as they are processed by 1-FGM.
The glG-Soup is implemented using a
NFS share directory to hold the image
documents and a MySQL database that
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stores the document details such as image
file name, similarity values, and first order
similarity. MySQL tables are also used to
synchronize the working of the different
components of I-FGM.

»  glG-Builder: This component processes
the document in the giG-Soup into a docu-
ment graph that is compared with the query
graph to calculate its similarity. The gIG-
Builders incrementally process the images
and calculate the image feature vector.
The feature vector is compared with clas-
sifiersin the concept library and matching
concepts selected. The descriptions of the
matched concepts are combined to form
the text description of the concepts. Now
that we have a text description of images,
we can convert it into a document graph
using the same method that we use fora text
document (Santos et al., 2005, 2006). The
image retrieval algorithm was described
in detail in the previous sub-section. glG-
Builders select an image based on the
priority values and calculate the signature
of a certain number of windows, which
is again dependant on the image priority.
Pixel windows (8x8)andsliding distance of
four pixels are used. The feature vectors of
the windows processed until that moment
are clustered using the BIRCH clustering
algorithm with a threshold value of 70. The
centroidsand areas of the clusters orregions
are stored. The feature vector ofthe image
is updated and compared with the classifiers
in the library using the LR algorithm. The
text description of the matched concepts
are combined together to provide the text
representation of the iiage.

* I-Matcher: After the images have been
converted intoadocument graph, it is com-
pared withthe query graph. The query graph
is produced when the query is converted
into a document graph. After comparison
of the two graphs, a similarity measure is
calculated. It is a numerical measure of
how close the image is to the query. The
similarity is given by the formula:

n m

. _ om
sim(g,d,) (2*N+2*A/)

l—ﬁ where C, > C,
7, ¢ e
I_T where C, <,

Where ¢ is the query graph,  is the docu-
ment graph, #» and m are the number of
concepts and relation nodes respectively,
of the query graph found in the document
graph, and & and M are the total numbers
of concept and relation nodes of the query
graph. Two relation nodes are matched if
and only if at least their parent and their
child are matched; p is a probability mea-
sure of our confidence in the similarity; C,
is the number of concepts matched to the
image and C, is the number of possible
relevant conc~epls. We calculate C, from
the number of concepts in the query };raph.
Since the concepts that are matched to the
image are not always correct, we use p as
a weight to the similarity value. For some
images, the matched concepts are varied;
forexample“dinosaur,” “snowstorm,” and
“fruits.” These images happen to have pixel
characteristics found in al! these concepts.
By using a confidence measure, we are
quantifying how sure the machine learn-
ing algorithms is about its matches. If the
matches are small in number, that images
have certain unique pixel characteristics
that are found in only certain concepts.
The confidence measure will be high
for these images. For images that match
a large number of concepts, we say that
the machine learning algorithm is not so
confident about its matches.

The priority value for the image is also cal-
culated after each partial step. The priority
function is used to determine the order in
which the documents in the gIG Soup will
be processed. This guides the allocation
of computing resources. The amount of
processing done during a particular step is
also determined by the priority. The prior-

Copyright € 2008, 1G] Giobal. Copying or disiributng m prmt or electronic forms without writien permission of 1G1 Global

is prohibited

International Journal of Electronic Government Research, 4(1), 14-35, January-March 2008 23

ity formula used is identical to the one in
Santos et al. (2006) except for the weights
that were calculated for images, are used
in the formula.

* Blackboard: Since the documents are
partially processed, its similarity values
changes. In addition to this, the search
space is dynamic. The documents having
the top similarity values will change over
time. Blackboard will display the most
recent results in a rolling fashion. Such a
display is essential when real time search
results are required.

DISCUSSION

Results and Analysis
We validate the performance of our image re-
trieval algorithm in three steps. In the first set
of experiments, we validate the ability of the
LR-based machine learning technique tomatch
image features to relevant concepts. We do this
by comparing with another machine learning
technique called C5.0 (Quinlan, 1993). C5.0 is
an established data mining tool for discovering
patterns that delineate categories, assembling
them into classifiers, and using them to make
predictions. It does automatic classification
using decision trees. In the field of image clas-
sification, it has been used in classification of
satellite imagery (Hurd, Civco, Gilmore, Pris-
loe, & Wilson, 2006)and protein crystallization
(Zhu, Sun, Cheng, & Bern, 2004) images.
After we show the LR method to be an
effective one in matching low-level features in
images, we proceed to the second step in our
validation, that is, validating the whole image
retrieval algorithm. In our algorithm, we map
regions in the image to known concepts. We
now test if this matching is done effectively.
We compare its performance with a previous
prototype of I-FGM that implements WALRUS
only. WALRUS is an established method and
we have used WALRUS in I-FGM (Santos et
al.,2007)10 get good retrieval results. It may be
noted that the concept-based 1-FGM is built on
top of the WALRUS sub-system. [fwe can show

that the precision of the concept-based I-FGM
is similar or better than the WALRUS based
I-FGM, we can then conclude that matching
of concepts and low-level features is effective
and thus validate our algorithm.

Finally, we have to validate whether the
image retrieval algorithm coupled with the
distributed processing approach of [-FGM
helps in fast retrieval of images. We do this by
comparing its performance with two control
systems that represent traditional distributed
methods.

Creation of Testbed

For conducting the experiments, an image test-
bed containing asizeable numberofinages and
a set of queries is created. We chose a scenario
titled “Natural disasters” as disaster relief is
one of the areas of e-governinent where quick
retrievals are required in large and dynamic
databases. We select a set of five queries from
this scenario. They are:

1. Building damaged by hurricane Katrina,
2. Firefighters fight wildfires,

3. Heavy snow storms in the winter,

4. Houses damaged by tornado, and

5. Houses damaged by tsunami.

For each query, atestbed is created by run-
ning the three I-Foragers and downloading the
top 50 results from each search engine.

Creation of Concept Library

Before the concept-based I-FGM can be run, a
concept library has to be constructed. Building
a comprehensive library is difficult and time
consuming. Instead, we tailor our library to
contain conceptsthat arerelated to the “Natural
disasters” scenario.

The library must also contain unrelated
concepts to provide a fair assessment of our
image retrieval algorithm. We use a set of 22
concepts listed in Figure 5. Each concept in the
library consists of a brief concept description
and the concept classifier. Examples of concept
descriptions are shown in Figure 6. For each
concept, two sets of images (20 each) repre-
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Figure 5. List of concepts in the concept library

Beach Dt.““. =" d Cold weather | Dinosaur Firetighter
buildings i

Fires Fruits Tribal People | Snow Siorm | Mud Sthide
Mountains Trees Floods Forest fircs | Rainstorm
Tornado Elephants Flowers Food Tsunami
Hurricane Katrina

Figure 6. Examples of concepls and concept description in the concept library

Concept  Concept description

1. | Beach

play on the beach.

Beach has sand. Beach has lines with coconut trees. Beach has a blue
ocean. People sunbathe on the heach. Waves can be seen on the beach.
Pcople lie on the beach. People watch hoats on the beach. There are boats
on the beach. It is windy on the beach Pcople relax on the beach. People

Damaged
buildings

Damaged buildings are caused by natural disasters. Damaged buildings are
caused by flood, storm, and hurricane. Damaged buildings have damaged
walls, leaking roots, broken doors, broken windows, and so forth. Damaged
buildings can also be caused by terrorism attack. For example, the World
Trade Center was damaged by terrorist attack.

senting the positive and negative images are
used to train the classifier. These images are
processedto extract its feature vector consisting
of the centroids of its constituent regions. The
feature vectors are used to train a classifier in
LR. Details about the LR technique are given
in the previous sub-section. The concept library
is stored in the memory of the glG-Builders at
the beginning of the experiment.

Validation of the Machine Learning
Technique

In this section we validate the performance of
LR-based machine leaming technique imple-
mented in the concept based I-FGM systen by
comparing it with C5.0. The existing studies in
the machine learning community (Lim, Loh, &
Shih,2000; Perlich et al., 2003) have shown that
LR performs competitively with other classi-
fiers and performs better with small data sets
than C4.5 (earlier version of C5.0). We would
like to verify this finding on our own data set.
The C5.0 algorithm was trained using positive

and negative images for each concept in the
concept library and classifiers were created.
Our LR technique and the C5.0 algorithm was
used on the image testbed created for query 4:
“Houses damaged by tornado.” For each im-
age the algorithm delivered matching concepts
from the concept library. The relevant concepts
for this query are “Damaged Buildings” and
“Tornado.” When the matched concepts of the
two algorithims were compared, we observe
that the LR technique matched the relevant
concepts “Damaged Houses™ and “Tornado”
for more relevant images than the C5.0 al-
gorithm. This can be observed in the results
tabulated in Figure 7. Due to space limitation,
results for only four randomly picked images
are displayed. Three of the images (1, 2, & 3)
are relevant and the last one (4) is notrelevant.
For all the images, we see that the LR method
retrieves more matched concepts (markedinred
in Figure 7) than C5.0. It may be observed that
most of the matched concepts of LR are also
semantically similar. For example, for image
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Figure 7. Concepts maiched by the logistic regression and C3.0 algorithms

Image

Matching concepts

Logistic
regression

C5.0

Damaged buildings
Dinosaur, Fruits,
Snowstorm. Mountains,
Flood.

Tornado, Elephants
Flowers

Damaged- bunlding.
Dinosaur,

Elephant, Fircfighter,
Flood,

Fruit, Rainstorm

Damaged bunldings,
eold weather,

Pamaged- building,
Dinosaur,

Elephants

dinosaur, fruits Elcphants,
2 tribal people, food. Fircfighter,
mountains, trees. Flood,
forest fires, raimstorm Fruit,
tornado. flowers Rainstormi
Beach. Flood, Beach
Damaged buildings, Damaged- bulding
3 Cold weather, Elephants
Snowstorm, Flood
Maountains, Rainstorm, | Mountains
larnado. Elephants Rainstorm
s Beach, Tree
= Fruits, Trees, Dumaged-building.
Tribal people, Elephants,
4 Snowstorm, Flood,
Mountains, Forest fircs, | Rainstorm.

Snowstorm

1 in Figure 7, two of the matched concepts are
flood and rainstorm. Thoughnon-relevant, they
are semantically related to Tomado as they al!
belong to the class of natural disasters. For the
relevant images 1, 2, and 3, the LR algorithm
consistently matchesthe relevantconcepts while

25

C5.0 fails to match the concept “Tornado” to
these images. Thus, we see that LR algorithm
has a better performance than C5.0. In future
work, user-based relevance feedback will be
-used to refine the matches made by the machine
learning algorithm . Thus we have validated the
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performance of the LR-based machine learning
technique implemented in our image retrieval
algorithm.

Validation of Image Retrieval
Algorithm

In this section, we will validate the image
retrieval algorithm implemented in I-FGM.
In the algorithm we map the image features to
high-level concepts andobtain atextual descrip-
tion of the images. The document graphs are
then generated from the text descriptions. The
document graphs are then compared againstthe
textquery todetermine the similarity measures.
(The image algorithm was described in detail
earlier.) We will compare the performance of
the concept-based 1-FGM prototype with a
purely WALRUS-based I-FGM prototype that
wedeveloped in Santos etal. (2007). By getting
comparable or better results in concept-based
I-FGM prototypes, we will show that using the
concept mapping on top of WALRUS does not
have an adverse effect on performance and we
get just as effective results.

The WALRUS-based I-FGM prototype
was the first step towards deploying image
retrieval in I-FGM (Santos et al., 2007). It was
developed to show that a regions-based image
retrieval algorithm like WALRUS can be easily
incorporated into the I-FGM. The prototype has
the same system architecture as the concept-
based 1-FGM prototype. The image retrieval
algorithm used in the WALRUS-based I-FGM
is identical to the concept-based I-FGM except
for two differences: (1) the WALRUS system
uses query images instead of text queries, and
(2) the WALRUS system compares the regions
of the query image with that of the search space
images, instead of extracting concepts from
images. I-matcher extracts the image feature
vector from the query image and compares it
with image feature vector of the search space
image. The similarity measure used is

area( ] (P)) +area(UL (0)).
area( P)+ area((Q)

Similaruy(P,Q) =

Here P and Q represent the retrieved im-
age and the query image respectively. The set
of ordered pairs {(”,, Q,), ..., (I, )} forma
similarity region pair set for P and Q, where P,
is similar to 0, and for i%j, P # P, Q0 # Q.

Both WALRUS-based and concept-based
1-FGM prototypes are run with the testbed
of five queries. Precision (Salton & McGill,
1983) is the performance metric that we use
to compare the performance of the concept-
based and WALRUS-based [-FGM system.
1t is a commonly used metric in information
retrieval and is defined as the ratio of the rel-
evant documents (images) retrieved to the total
documents (images) retrieved. In this article we
use a slightly different definition: ratio of the
relevant documents (images) among the top n
retrieved documents (images). The two systems
are run on each of the query testbed and the
top 15 images for each query are analyzed to
determine their relevance and finally calculate
the precision.

Analysis of the Validation Results

The top 15 images retrieved by the WAL-
RUS-based I-FGM prototype for each query
are analyzed to determine if they are relevant
or not. We do this using certain criteria. For
example, in query 1: “Building damage by
hurricane Katrina,” we only consider images
thatdepictdamaged buildings, especially on the
coast as relevant images. The precision results
obtained by the two systems for all the queries
are tabulated in Figure 8. For lack of space we
present the top 15 image results for only query
| (Figures 9a and 9b). Each image is tagged as
x.y where x is the name of the search engine
that downloaded the image and y is the rank
provided by it. The images deemed relevant
are indicated by a check mark in Figure 9. A
quick glance shows that the performances of the
systems are comparable as they retrieve around
the same number of relevant documents in each
query. The concept-based and WA LRUS-based
systems win in two queries each (queries 1 &
3 for the concept-based systein and queries 2
& 4 for the WALRUS-based system) and have
a tie for query 5. From these results, we can
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come to the conclusion that our concept-based
image retrieval algorithm performs as well as
WALRUS. It may be noted here that the concept
mapping part of our current prototype is built
on top of the WALRUS feature extraction sub-
system. Relevant concepts are matched after
the WALRUS sub-system extracts the regions
in the images. The document graphs are then
generated and compared with the query. We
use this to provide a unified framework for
heterogeneous data. Similar performance results
for both WALRUS and concept-based IFGM
show thatthe performance isnot degraded when
concepts matching are used with the feature ex-
traction. This also leads us to conclude that the
regions-based feature extraction methodology
canindeed be used to effectively map low-level
image features to higher level concepts.

Evaluation of Image Retrieval in
I-FGM

In this section we will validate the effective-
ness of I-FGM for image retrieval. We achieve
this by comparing its performance with two
other control systems that represent the tradi-
tional information and distributed processing
paradigms.

The control systems differ from I-FGM
only in the way the documents are chosen for
processing. The control systems are baseline
and partially intelligent systems. In the baseline
system, the documents are chosen at random for
processing. Each document is given the exact

same chunk oftime for processing in each step.
In the partially intelligent system, the priority
of a document is static and is equivalent to the
first-order similarity. We use the image testbed
created previously to conduct the simulation
experiments. The images are processed by the
glG builders and the final similarity measure
recorded. The top 7z documents are selected as
the target document set for each query.

The controlsystemsand -FGM systemsare
run on the testbed for each query. Two perfor-
mance metrics calculated during each run are:
(1) recall vs. time, and (2) document waiting
times. Recall (Salton & McGill, 1983) isdefined
as the ratio of the relevant documents retrieved
to the total number of relevant documents. We
designate the top x documents selected by our
image retrieval method as the set of relevant
documents. We store the recall values for each
control system at regular intervals throughout
the period of simulation. The waiting time fora
documentisdefined as the time spent in the glG
Soup before it is displayed on the blackboard.
Since one of the goals of [-FGM is to get to the
relevant documents as quickly as possible, the
waiting time is an important metric.

RESULTS AND ANALYSIS

As mentioned before, the control systems and
I-FGM are run on the test beds of the five
queries. The waiting times of relevant docu-
ments and recall values are monitored during
the simulations.

Figure 8. Precision values attained by WALRUS-based and concept-based I-FGM

Precision
rl%L&U §-based Concept-based I-FGM
Query 1 9113 10/15
Query 2 10/15 915
Query 3 9/15 1115
Query 4 13/15 12/15
Query 5 10715 10715
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Figure 9a. Precision results for querv! using WALRUS-based I-FGM

Yahoo.23 MSN.26(V)

Google.3(Y)

It has the shortest waiting time for the most
documents in queries 4 and 5. For query 3, itties
with baseline system to get the most number of
documents in the shortest time. Overall, I-FGM
is best in three queries, baseline in two queries,
and partial in one query.

We now carefully analyze the results of
each query. In query 1 (Figure 10a), baseline
system is the best performing system getting 6
outofthe 11 documents the fastest. Partial comes

second getting four documents and I-FGM is
third with twodocuments. When we analyze the
documents closely, we see that I-FGM performs
poorly for this query for one primary reason.
The similarity measure fluctuates, decreasing
in one step and increasing in another.

In 1-FGM, a priority function (used for
selecting from the glG-Soup) decreases the
priority of an image when its similarity at a
particular step does not increase proportional
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Figure 9b. Precision results for queryI using concept-based I-FGM

Gogle.4(\/) Yahoo.22(Y)

Google.46(\/)

Yahoo.39

Yahoo.5 Google.8()

Google.3(¥)

to the processing time in that particular step
or when the similarity decreases. Documents
with rapid fluctuations in similarity do not work
well with this priority function. Although we
used an initial set of experimental results 1o
determine the weights in the priority function,
more work needs to be done in tormulating
a better priority function. As we obtain more
experimental results, the priority function will
be refined and this will be part of future work.
From the precision graph (Figure 10b), we see
that [-FGM has a better recall for part of the
simulation time. For query 2 (Figures 11a and

11b), partial systetn has lowest waiting times
for four documents while I-FGM and baseline
system comes second with three documents
each. We can easily see why this is the reason.
The relevant documents are highly ranked by
the I-Foragers, that is, they have ahigh expected
first order similarity. Since the partial system
processes the documents based only on the
expected first order similarity, such documents
are most likely tobe pickedby it sooner than the
other systems. This is further helped by the fact
that documents such as MSN.O and Google.0
are small (around 2,000 windows). But it may
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Figure 10a. Document waiting time-query |

Figure 1la. Document waiting time—Query
2

be noted that the performance of [-FGM is not
much worse than partial as it gets only one
document less than the partial systems.

For query 3 (Figures 12a and 12b), both
I-FGM and baseline systems perform the best,
getting four documents each. Partial system
comes in last with one document. When we
analyze three documents (Yahoo.41, Google.53,
Google.35), which is picked by baseline system
the earliest, we see that these documents have
a high similarity value after the first partial
step itself. Since they are lowly ranked by
the )-foragers, they have a low initial priority
in the 1-FGM systemn. Theretore I-FGM gets
these documents only after a certain amount

Figure 10b. Recall vs. time  Query 1

_ Query 1: Recall Vs Time
Baseline Partial - - - -FFGM

Figure 11b. Recall vs. time—Query 2

of simulation time has passed. Baseline system
gets lucky by selecting these documents early.
Butsincethese documents give a high similarity
value in the first processing step, they appear
inthe blackboard afier the first processing step.
I-FGM has better performance than baseline and
1-FGM for queries 4 (Figures 13aand {3b)and
5 (Figures 14a and 14b). For query 4, I-FGM
gets S outofthe 8 relevant documents. Baseline
system comes in second with three documents.
In the recall graph also, I-FGM has a higher
recall value than the other systems for most of
the simulation time. For query 5,1-FGM gets 5
documents out of 11 target documents. Partial
and baseline tie for the second place with 4 each.
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Figure 12b. Recall vs. time—Query 3

 5:.Time to Appear on
Baseline O Partial MIFGM {- -

Figure 13b

Figure 14b. Recall vs. time—Query 5

uery 5: Recall Vs Time.

Baseline - - -
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In the recall graph (Figure 15b), I-FGM has a
better recall than other systems over the range
(0.2-0.7). The similarity values for images can
decrease over time (which does not happen in
text retrieval) and fluctuate rapidly. These fac-
tors make the maodeling of priority function for
images a difficult task. Despite this, we have
shown 1-FGM to be better in the majority of
queries, thus proving its feasibility as a quick
and reliable retrieval method for images.

CONCLUSION

In this article we designed and implemented an
image retrieval algorithm based on mapping
low-level features of images to higher level
concepts. We validated thisalgorithmon I-FGM
and showed that it can be used to represent the
visual information of images as concepts and
relations. Consequently, we also validated the
methodology in 1-FGM of providing a unified
ranking for heterogeneous data types. 1-FGM
was also compared against two control systems
toshowthatthe imageretrievalalgorithm works
well with partial processing and helps in faster
retrieval of images.

The simulations in this article were con-
ducted on a static testbed. In the future, this
will be extended to include simulation studies
for different dynamic conditions in the search
space. Furthermore, with our single unifying
representation of semantic content in text and
image via our document graphs, -FGM will
be readily modified for a mixed document
search space containing both text and image
documents. Documents that contain both text
and image data will also be considered. Cur-
rently, [-FGM does not request any user input
exceptthe user’s queries. We plan to incorporate
relevance feedback to allow users to give their
inputs on the retrieval quality. Users can be
asked explicitly to indicate which images are
most similar to what they are looking for. We
may also observe the user’s interactions with our
system to infer implicitly which images might
be of their interests. These retrieved relevant
images then will be used to modify the uset’s
original queries by adding both textual and
image information to them. This process will

help guide the retrieval task so that it returns
more relevant images to the user.
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