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Abstract 

Focus of this work is the presentation of an 
interface for an image retrieval system that makes 
users aware of the overall organization of the image 
database. The main features of this system are the 
multi-images query approach and the use of a dynamic 
knowledge base in order to improve the system 
performances. 

The multi-images query is utilized because often a 
single image does not fully cover the semantic query 
idea of the user, so, this work presents a system that 
allows the user to submit multi query images. 

Another relevant feature of the proposed system is 
the use of a dynamic knowledge based approach. This 
knowledge base is composed of two sets of clusters: 
the first one is obtained with an automatic clustering 
algorithm and the second one is built dynamically by 
the user when using the system. 

The results presented in this paper demonstrate that 
this approach provides accurate retrieval results 
showing acceptable interaction speed that can be 
compared with existing methods..  

1. Introduction 

The rapid and continuous development of 
Information Technology has enormously increased the 
number of computer applications. Indeed, the 
computer is becoming more and more present in every 
day life for many people. In order to favor this 
computer intrusion in every day life, it is mandatory to 
study and realize a considerable number of human 
machine interfaces suitable to provide the access based 
on human spontaneous communication abilities [1, 2]. 

Image databases are an interesting framework for 
the study of user interfaces. The main problems in the 
creation and management of large image databases 
regard: 

1. the modality of efficient image indexing: In the 
latest few years the content-based image retrieval
(CBIR) has appeared in literature [3, 4]. This 
approach is based on the process of retrieving the 
desired image from a large collection on the basis 
of a set of visual features that can be automatically 
extracted from the images themselves (syntactic 
data representation) [5]. The main problem of this 
approach is the semantic gap. It is the difference 
between the similarity idea of user and the 
similarity criterion used by the image database 
system. Indeed, user’s query are typically semantic 
(e.g. “show me an image of a red car”) and they are 
not on the low level (e.g. “show me a 
predominantly red image”). As a result, most of 
these image retrieval systems have poor 
performances for (semantically) specific queries 
[6]. 

2. the creation of an interface that allows user to 
explore the content of the database: the point of 
question is how to develop a system that provides 
an environment where the users, from different 
background, can perform queries with semantically 
relevant retrieved items and without much training.

In this work, the authors propose a system that is 
able to tackle both the problems. 
As regards the modality of efficient image indexing, 
the natural evolution of the CBIR systems is the 
relevance feedback approach. In this approach the user 
is seen as a part of query process and this becomes a 
cycling one that allows the user to reach the desired 
results by means of successive approximations. From 
this point of view, the authors propose two 
improvements to the classical approach:
1. The multi-images query system: often, a single 

image is not able to cover all the aspects of the 
human semantic query. As a result of this fact, the 
high-level concepts will have to be represented 
using a combination of various images. For this 
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reason, the authors propose to use the multi-query 
system. This system utilizes more than one image 
to formulate a query. This kind of method is able to 
specify the image content much better than the 
single-query model [7]. 

2. The integration of a dynamic knowledge base in 
order to improve the effectiveness of the retrieval 
system.  

As regards the creation of an interface that allows 
user to explore the content of the database the authors 
propose an interface that make users aware of the 
overall organization of the database. This is a three 
layer interface that allows users to interact with the 
image retrieval system, which is able to improve the 
performances of classical image databases using 
relevance feedback, multi-images queries and a 
dynamic knowledge base. 

2. Problem Overview 

The user sees an image retrieval system as an 
interface that gives him the possibility of exploring 
image database. In the proposed evaluation, the system 
is composed of a dynamic knowledge base and an 
exploration interface. 

The dynamic knowledge is composed of two sets of 
clusters: the first one is obtained with an automatic 
clustering algorithm and the second one is built by the 
user dynamically when using the system. 

The exploration interface is composed of three 
spaces and a set of operators applied to them. The 
spaces are: 

Features space F : the traditional retrieval methods 
are based on the low-level features extraction from 
image (color, shape, texture, position, etc.), in order 
to generate a data vector (often called signature). 
This data vector contains data, which are easier to 
handle than those of the original image. However it 
is able to represent the image in all the retrieval 
processes. F is an n-dimensional space, which is 
defined by the coefficients used to represent the 
images in all the retrieval processes. This space is 
topological, but a metric is not defined on it. In this 
work the authors use two feature spaces (sets): the 
first one (F1) is defined by the signature angular 
spectrum while the second one (F2) is defined by 
the symbolic string signature. The angular 
spectrum is a global signature (namely referred to 
the entire image) that localizes the orientation of 
the main objects present in the image. The 
symbolic string is a local signature (namely 
referred to parts of the image) that conveys 

information relative to the edge of the objects 
present in the image. 
Query space Q : this space is the feature space 
endowed with a metric. This metric is derived by 
the user’s query so that the distance between an 
image and the origin of the space defines the 
degree of “dissimilarity” of that image from the 
current query. The distance function used in this 
space depends on a number  of parameters R.
These parameters can be used to represent the 
current degree of database approximation to the 
user’s similarity idea (semantic space). Let μi be the 
parameters that define the distance function where 
1  i , and let xj, yj be the feature set associated to 
the images X and Y where 1  j n, then the 
distance function can be written as: 

f : FxFxR R+: (xj,yj, μ ) FxFxR f(xi,yi,μ ) R+

 At this time, the query space is a metrical one, and 
so it is possible to define other operations in it. An 
example of these operations is the distance from 
origin that, given a feature set xj, returns its 
distance from the origin of the query space (the 
query itself): 

D0(xj)=f(0,xj,μ )

Figure 1.Cartesian representation of the automa-
tic knowledge base and his position in compare-

son with the user query. In this representation, the 
user’s query is the origin of the space, the other 
visible points are the centroids computed by the 

automatic clustering algorithm. For each point, the 
x coordinate is its distance from the origin obta-

ined using the angular spectrum feature and the y 
coordinate is its distance from the origin obtained 

using the symbol string. 

 In this work the query space is defined by 
determining two different distance functions: 
1. Q1 that is obtained applying on F1 a weighted 

Euclidean distance: 
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 where the weight m,nw  depends on the distance 
between the largest term of the reference image 
signature and the largest term in the first band 
(terms 1:10) of the examined signature; 

2.Q2 that is obtained defining on F2 the string dist 
function. This distance is achieved by using the 
transform list concept. A transform list is a list 
of strings, where each string, except for the last 
one, can be changed to the following string by 
adding, deleting or replacing a character. The 
length of a transform list is the count of strings 
minus 1 (that is the count of operations to 
transform these two strings). The distance 
between two strings is the length of a transform 
list from one string to the others with the 
minimal length [8]. 

Display space D is the space in which the images 
are presented to end-user. This space is often two 
or three-dimensional and with it the user can 
interact to modify some system parameters (in this 
work query and distance function). One of the most 
important problems of this space is the way in 
which displayed images are arranged. Displaying 
the entire database is impracticable, so the retrieval 
system applies to the query space Q a k-nearest 
neighboring operator. This operator returns the k 
images that are closest to the query: 

N(k)={xj:|{yj:D0(yj)<D0(xj)}|<k)} 
 It is noteworthy that this operator is applied to the 

query space because a metric is not defined on the 
feature space. 

 In this work the authors use a display space 
composed of a three-layer structure. The first layer 
shows the results of a k-nearest neighboring 
operator applied both to Q1 and Q2 (where k=15) to 
the user. The second layer shows the user a 
Cartesian representation of the automatic 
knowledge base and his position in comparison 
with the user query. The third layer shows to the 
user the images present in the clusters (both in the 
clusters obtained automatically and in the clusters 
created by the user). In each layer there is a system 
that allows the user to select some images to enrich 
his query. 

With the display space the user can interact to give the 
relevant feedback to the system in order to change the 
query point. 

3. Clustering 

Clustering is a well-known technique used to 
discover inherent structure inside a set of objects. 
Clustering algorithms attempt to organize unlabeled 

pattern vectors into clusters or “natural groups” so that 
points within a cluster are more similar to each other 
than to points belonging to different clusters. 

If the database images are successfully classified 
into different semantic clusters, a visual query can be 
quickly narrowed to a specific category. Therefore, 
image retrieval can proceed effectively and efficiently. 
However, different semantic clusters can have arbitrary 
shapes and overlaps, so, it may be impossible to detect 
and specify them accurately. 

In literature, many clustering methods of database 
images have been proposed [9, 10]. In [11] the authors 
propose the use of a “human domain expert” to 
categorize the semantic of the image database 
assuming that the semantic of the image database is 
well defined. For each semantic cluster so obtained, 
the centroid is computed and then it is utilized as 
“templates” to represent the entire cluster.  

Often the semantic of the image database is not well 
defined because the meaning of an image is a 
subjective concept. In literature there are many works 
[12] that demonstrate that the goal of the interaction 
between the user and the image database is not so 
much retrieving images based on a preexisting 
semantic as creating image semantic. 

The system presented in this work has an interface 
that allows the user to discover semantic cluster using 
the relevant feedback approach. Indeed, the centroids, 
computed during the relevance feedback phase, are 
surely correlated with the user’s semantic concept and 
so they can be utilized as “templates” to represent the 
entire semantic cluster as shown in [11]. 
The user is aided in this process by an a-priori 
knowledge base of the image database obtained using 
an automatic clustering algorithm. 

This algorithm is based on the k-means for the 
angular spectrum signature and on the k-medoid for 
the string signature. 

4. User Interface And Query Processing 

In order to select the initial query point the system 
implements the query by example method using the 
interface shown in figure 2. The user can choose an 
image among those stored in the image database or 
browse the system in order to find another image. 

The so chosen image is used to endow the two 
feature spaces  F1  and F2 with a metric as explained in 
section II. 

In this way two query spaces Q1 and Q2 are 
obtained. Now the retrieval system applies to each 
query space Q1 and Q2 a k-nearest neighboring 
operator (with k=15). 
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Figure 2 - The first layer of adopted system 

In this way the second layer of the two display 
spaces D1 and D2 is obtained. It is shown in figure 3. 

In this figure, there are D1 on the left side and D2
on the right side.  

Around each image there are the following 
elements: 

On right side of each image there is a check button 
on which the user can act to indicate if that image 
is relevant or not relevant in relation to his 
similarity criterion. 
On bottom side of each image there are two 
optional buttons: a green one and a yellow one. The 
yellow button is present if the image is element of 
an automatically computed cluster. The green 
button is present if the image is element of a cluster 
built by the user in a previous retrieval session. If 

the user pushes one of these buttons, the third layer 
of the interface is shown (figure 4).  If the user 
pushes a yellow button,  this layer shows the first 
21 images that constitute the selected automatically 
computed cluster. If the user pushes a green button, 
this layer shows the first 21 images that constitute 
the selected cluster manually built. In figure 4 it is 
visible a check button that has the same function of 
that one present in the first layer of the interface. 

Using these elements the user can place a query to 
the image database using the mechanism of the 
relevant feedback with multiple query images. These 
images can be selected both from those shown in the 
first layer and from those shown in the third layer. 
Once that the user indicates all the images that he 
considers to be relevant to his similarity criterion, he 
can push the button “FeedBack” that is present in the 
bottom part of the first layer. At this time, the system 
will compute the centroid for each set of relevant 
images (namely a centroid for the angular spectrum 
signature and one for the string signature). The so 
computed centroids are used to generate the second 
layer (figure 1) in which a Cartesian representation of 
the automatic knowledge base and his position in 
comparison with the user query is shown. In this 
representation, the user’s query is the origin of the 
space, the other visible points are the centroids 
computed by the automatic clustering algorithms. For 
each point, the x coordinate is its distance from the 
origin obtained using the angular spectrum feature and 
the y coordinate is its distance from the origin obtained 
using the symbol string. 

Figure 3 - the second layer of the two display spaces D1 and D2
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Figure 4 - The third layer of the display interface. 

If the user clicks on a centroid in this layer of the 
interface, the third layer shows the nearest 21 images, 
which are elements of that cluster. At this time the user 
can act in the layer three to enrich his query with other 
relevant images. 
At this time the user has composed a set of images that 
he consider to be relevat to his semantic query idea. 
Now the system computes the centroid of this semantic 
cluster. 

The centroid relative to the set given by the angular 
spectrum method is computed in a natural way. It 
consists in computing the mean vector of the vectors 
(signatures) associated to each relevant image. It is 
clear that the same method is not applicable to the 
string signature, indeed, each element of this signature 
represents the prevailing direction of the edges drawn 
in a given zone of the original image. In order to 
overcome this problem, a probabilistic approach has 
been utilized. Given a set of string signatures (those 
relative to the relevant images), each element of the 
centroid signature is computed analyzing the 
corresponding element of every relevant signature and 
keeping the most frequent one.  

The so obtained centroids are used as a new 
stimulus (one for the angular spectrum and one for the 
string signature) for the query in an iterative process. 

When the user is satisfied of the results that he has 
achieved, he can push the button “Store Cluster” (in 
the bottom part of the first layer) in order to save the 

semantic cluster, that he has built with his query, in the 
dynamic knowledge of the system. 

5. Results 

The experiments have been performed on an image 
database of 6,240 images. The database consists of 
many classes, for example images of airplanes, ships, 
animals, landscapes, cars, pictures, and others. 

Various experiments were conducted to evaluate the 
retrieval performance of the proposed relevance-
feedback algorithm measuring precision and 
convergence speed. 

A v e r a g e  P r e c i s i o n  U s i n g  A n g u l a r  Sp e c t r u m 
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Figure 5 - Average Precision versus iteration of 
relevance feedback obtained using the angular 

spectrum signature 

Average Precision Rate of Change (PRC) Using String Signature
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Figure 6 - Average Precision versus iteration of 
relevance feedback obtained using the symbol 

string signature 

Precision is defined as the ratio between the number 
of relevant images and the total number of images 
returned by the system. 

Convergence speed is measured in terms of 
Precision Rate of Change (PRC) using the following 
formula: 

s
P
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where P is the precision and s is the number of the 
feedback step. 

In order to evaluate the effects of the proposed 
knowledge based retrieval system, a comparison 
performance evaluation between it and another system 
is provided in the figures 5 and 6. The other system has 
all the features (multi-query relevance feedback, 
angular spectrum and symbol string signature) of the 
proposed knowledge based retrieval system except for 
the use of the knowledge base. 

Figure 5 and 6 show the results of a preliminary set 
of tests in terms of average precision trend. 

6. Conclusions 

With the rapid development of information 
technologies, the amount of multimedia information 
increases explosively. This involves a growing need 
for systems that allow users, from different 
background, to perform queries with relevant retrieved 
items and without much training. 

In the latest years various techniques have been 
proposed for retrieval in image databases. CBIR 
systems are obtaining good results but they seem to be 
unable to cover the semantic gap. 

Relevance feedback seems to be a promising 
technique because the user interaction may provide 
some information, to an image retrieval system, that is 
difficult to obtain automatically. 

In this work the authors have implemented an 
interface suitable for gathering information from the 
user and to make him aware of the overall organization 
of the image database. In this way, the proposed 
interface can be seen as a tool for semantic browsing 
of the query space. 

The search engine of the proposed system uses a 
dynamic knowledge base to improve the effectiveness 
of the retrieval. Indeed, the proposed system has a 
visual interface that allows the user to build semantic 
clusters and to store them in the knowledge base of this 
system. The interface has a direct method to retrieve 
them quickly. 

Most of the image retrieval systems support only the 
single query model. In this query model, the image 
database has to find the images which are similar to a 
given stimulus. But, often a direct mapping between 
the low-level features of a single image and the high-
level user concepts may not exist. For this reason the 
system uses the multi query images model that is 
useful for a detailed knowledge representation. 

An advantage of the proposed multi-query model is 
in using the cluster centroid of a set of images as query 
stimulus. Of course, this set of images is semantically 

correlated to the user taste because it is explicitly 
chosen by him. So the proposed interface becomes a 
suitable tool for semantic browsing of the query space. 

As the preliminary results shown, the introduction of 
the dynamic knowledge base improves both the 
average precision and the convergence speed of the 
system. 
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