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Abstract

We have developed an image retrieval system
which uses Tree Structured Self-Organizing Maps
(TS-SOMs) as the method for retrieving images
similar to a given set of reference images in a
database. It also provides a framework for the
research on algorithms and methods for content-
based retrieval of images. A novel technique intro-
duced in this paper facilitates automatic combina-
tion of the responses from multiple TS-SOMs and
their hierarchical levels. The system tries to adapt
to the user’s preferences in selecting which images
resemble each other in the particular sense the user
is interested of. This mechanism implements a rel-
evance feedback technique on content-based im-
age retrieval. The image queries are performed
through the World Wide Web and the queries are
iteratively refined as the system exposes more im-
ages to the user.

1 Introduction

Content-based image retrieval from unannotated image
databases has been an object for ongoing research for a
long period [12]. Digital image and video libraries are
becoming more widely used as more visual information
is produced at a rapidly growing rate. The technologies
needed for retrieving and browsing this growing amount
of information are still, however, quite immature and
limited.

Many projects have been started in recent years to
research and develop efficient systems for content-based
image retrieval. The best-known system is Query By
Image Content (QBIC) [4] developed at the IBM Al-
maden Research Center. Other notable systems in-
clude MIT’s Photobook [11] and its more recent ver-
sion, FourEyes [9], the search engine family of Visu-
alSEEk [15], WebSEEk [14], and MetaSEEk [2], which
all are developed at Columbia University, and Virage [1],
a commercial content-based search engine developed at
Virage Technologies Inc.

We have implemented an image-retrieval system that
uses a World Wide Web browser as the user inter-
face and the Tree Structured Self-Organizing Map (TS-
SOM) [7, 8] as the image similarity scoring method. The
retrieval method is based on the relevance feedback ap-
proach [13] adapted from traditional text-based infor-
mation retrieval. In relevance feedback, the previous
human-computer interaction is used to refine subsequent
queries to better approximate the need of the user.

The implementation of our image-retrieval system is
based on a general framework in which the interfaces of
co-operating modules are defined. Therefore, the use of
TS-SOMs is only one choice for the similarity measure.
However, the results we have gained so far, are very
promising on the potentials of the TS-SOM method.

As far as the current authors are aware, there has
not been until now notable image retrieval applications
based on the Self-Organizing Map (SOM) [6]. Some pre-
liminary experiments with SOM have been made pre-
viously in [17]. MIT’s FourEyes image browser uses
Self-Organizing Maps to cluster weights for different fea-
tures [9].

2 Principle of PicSOM

Our method is named PicSOM, which bears similarity
to the well-known WEBSOM [16, 5] document browsing
and exploration tool that can be used in free-text min-
ing. WEBSOM is a means for organizing miscellaneous
text documents into meaningful maps for exploration
and search. It is based on SOM [6] that automatically
organizes documents into a two-dimensional grid so that
related documents appear close to each other. Up to
now, databases over one million documents have been
organized for search using the WEBSOM system. In an
analogous manner, we have aimed at developing a tool
that utilizes the strong self-organizing power of the SOM
in unsupervised statistical data analysis for images.
PicSOM is intended as a general framework for multi-
purpose content-based image retrieval. The system is



designed to be open and able to adapt to different kinds
of image databases, ranging from small and domain-
specific picture sets to large general purpose image col-
lections. The features may be chosen separately for each
specific task and the system may also use keyword-type
textual information for the images, if available. In this
paper, we describe the PicSOM system in its current
form.

The basic operation of the PicSOM image retrieval is
as follows: 1) An interested user connects to the WWW
server providing the search engine with her web browser.
2) The system presents a list of databases available to
that particular user. Later, there will also be a list of
available search strategies, currently only the TS-SOM-
based engine has been implemented. 3) After the user
has selected the database, the system presents an initial
set of tentative images scaled to a small “thumbnail”
size. The user then selects the subset of these images
which best matches her expectations and to some de-
gree of relevance fits to her purposes. Then, she hits the
“Continue Query” button in her browser which sends the
information on the selected images back to the search
engine. 4) The system marks the images selected by
the user with a positive value and the non-selected im-
ages with a negative value in its internal data structure.
Based on this data, the system then presents the user a
new set of images aside with the images selected this far.
5) The user again selects the relevant images, submits
this information to the system and the iteration contin-
ues. Hopefully, the fraction of relevant images increases
in each image set presented to the user and, finally, one
of them is exactly what she was originally looking for.

2.1 Feature Extraction

PicSOM may use one or several types of statistical fea-
tures for image querying. Separate feature vectors can
thus be formed for describing the color, texture, and
structure of the images. A separate Tree Structured
Self-Organizing Map is then constructed for each fea-
ture vector set and these maps are used in parallel to
calculate the best-scoring similarity results. The feature
selection is not restricted in any way and new features
can be added to the system later on, as long as an equal
number of features are calculated from each picture in
the database.

To give an example, consider two simple low-level fea-
tures, color and texture. Color is a natural and widely-
used feature in content-based image retrieval. Common
representations for color information in image retrieval
include color histograms, color moments, color layouts
and the recent color correlograms.

In PicSOM, average R-, G-, and B-values are calcu-
lated in five separate regions of the image, as seen in
Figure 1. This division of the image area increases the
discriminating power by providing a simple color layout

scheme. The resulting 15-dimensional color feature vec-
tor thus not only describes the average color of the image
but also gives information on the color composition.

0

Figure 1: Image regions used calculating color and tex-
ture feature vectors.

Texture is an innate property of all surfaces and
therefore a suitable feature for image retrieval. Tex-
ture features for pattern recognition and computer vi-
sion have been researched extensively over the past
decades and the achievements in the field include co-
occurrence matrices, multi-resolution simultaneous au-
toregressive (MRSAR) models, shift-invariant eigenvec-
tor (EV) models, the Wold decomposition, and wavelets,
among others.

The texture feature vectors in PicSOM are calculated
separately in the same five regions as the color features
and seen in Figure 1. The Y-values of the YIQ color
representation of every pixel’s 8-neighborhood are ex-
amined and the estimated probabilities for each neigh-
bor pixel being brighter than the center pixel are used
as features. This results to five eight-dimensional vec-
tors which are combined to one 40-dimensional texture
feature vector.

2.2 Tree Structured SOM (TS-SOM)

The Tree Structured Self-Organizing Map (TS-SOM) [7,
8] is a tree-structured vector quantization algorithm
that uses Self-Organizing Maps (SOMs) [6] at each of its
hierarchical levels. In PicSOM, all TS-SOM maps are
two-dimensional. The number of map units increases
when moving downwards in the TS-SOM. The search
space on the underlying SOM level in restricted to a pre-
defined portion just below the best-matching unit on the
above SOM. Therefore, the complexity of the searches
in TS-SOM is remarkably lower than if the whole bot-
tommost SOM level would be accessed without the tree
structure. The structure of TS-SOM is illustrated in
Figure 2.

The computational lightness of TS-SOM facilitates
the creation and use of huge SOMs which, in our Pic-
SOM system, are used to hold the images stored in the
image database. The feature vectors calculated from the



Figure 2: The structure of a three-layer two-dimensional
TS-SOM.

images are used to train the levels of the TS-SOMs be-
ginning from the top level. During the training, each fea-
ture vector is presented to the map multiple times and
the model vectors stored in the map units are modified
to match the distribution and topological ordering of the
feature vector space. After the training phase, each unit
of the TS-SOMs contains a model vector which may be
regarded as the average of all feature vectors mapped
to that particular unit. In PicSOM, we then search in
the corresponding data set for the feature vector which
best matches the stored model vector and associate the
corresponding image to that map unit. Consequently,
a tree-structured hierarchical representation of all the
images in the database is formed. In an ideal situation,
there should be one-to-one correspondence between the
images and TS-SOM units in the bottom level of each
map.

2.3 Using Multiple TS-SOMs

Combining the results from several maps can be done
in a number of ways. A simple method would be to ask
the user to enter weights for different maps and then cal-
culate a weighted average. This, however, requires the
user to give information which she normally does not
have. Generally, it is a difficult task to give low-level fea-
tures such weights which would coincide with human’s
perception of images at a more conceptual level. There-
fore, a better solution is to use the relevance feedback
approach. The results of multiple maps then are com-
bined automatically, using the implicit information from
the user’s responses during the previous rounds of the
query. The PicSOM system thus tries to learn the user’s
preferences from the interaction with her and to set its
own responses accordingly.

The rationale behind our approach is as follows: If
the images selected by the user map close to each other
on a TS-SOM map, it seems that the corresponding fea-

ture performs well on the present query and the relative
weight of its opinion should be increased. This can be
implemented simply by marking on the maps the images
shown to the user until now with positive and negative
values depending whether she has selected or rejected
them, respectively. The mutual relations of positively-
marked units residing near to each other can then be
enhanced by convolving the maps with a simple low-
pass filtering mask. As a result, those areas which have
many positively marked images spread the positive re-
sponse to their neighboring map units. The images as-
sociated with these units are then good candidates for
next images to be shown to the user, if they have not
been shown already. The current PicSOM implemen-
tation uses convolution masks whose values decrease as
the 4-neighbor or “city-block” distance from the mask
center increases. The convolution mask size increases as
the size of SOM layer increases.

Figure 3 shows a set of convolved feature maps during
a query. The three images on the left represent three
map levels on the Tree Structured SOM for the RGB
color feature, whereas the convolutions on the right are
calculated on the texture map. The sizes of the SOM
layers are 4 x 4, 16 x 16, and 64 x 64, from top to bot-
tom. The dark regions have positive and the light re-
gions negative convolved values on the maps. Notice the
dark regions in the lower-left corners of the three layers
of the left TS-SOM. They indicate that there is a strong
response and similarity between images selected by the
user in that particular area of the color feature space.

Figure 3: An example of convolved TS-SOMs for color
(left) and texture (right) features. Black corresponds to
positive and white to negative convolved values.



2.4 Refining Queries

In our current PicSOM implementation, all positive val-
ues on all convolved TS-SOM layers are sorted in de-
scending order in one list. Then, a preset number, e.g.
15, of the best candidate images which have not been
shown to the user before are output as a new tenta-
tive image selection. Image retrieval with PicSOM is
therefore an iterative process in which new images get
selected or rejected by the user.

Initially, the query begins with a set of reference im-
ages picked from the top levels of the TS-SOMs in use.
The SOM map units associated with the selected and
rejected images get positive and the negative values, re-
spectively. The positive and negative responses are nor-
malized so that their sum equals to zero. Previously
positive map units can also be changed to negative as
the retrieval process iteration continues. In early stages
of the image query, the system tends to present the user
images from the upper TS-SOM levels. As soon as the
convolutions begin to produce large positive values also
on lower map levels, the images on these levels are shown
to the user. The images are therefore gradually picked
more and more from the lower map levels as the query
is continued.

The inherent property of PicSOM to use more than
one reference image as the input information for re-
trievals is important. This feature makes PicSOM differ
from other content-based image retrieval systems, such
as QBIC, which uses only one reference image at a time.

3 Implementation of PicSOM

The issues of the implementation of the PicSOM image
retrieval system can be divided in two categories. First,
concerning the user interface, we have wanted to make
our search engine, at least in principle, available and
freely usable to the public by implementing it in the
World Wide Web. This also makes the queries on the
databases machine independent, because the standard
web browsers can be used. The PicSOM search engine
and further information on the system is available at
http:/ /www.cis.hut.fi/picsom/.

Secondly, the functional components in the server
running the search engine have been implemented so
that the parts responsible for separate tasks have been
isolated to separate processes. The functional interfaces
between these processes have then been designed to be
open and easily extensible to allow the inclusions of new
features to the system in future.

3.1 User Interface

Figure 4 shows a screenshot of the current web-based
PicSOM user interface. On the top of the page, there are

Figure 4: WWW-based user interface of PicSOM. The
user has already selected five aircraft images in the pre-
vious rounds. The system is displaying the user ten new
images to select of.

three pull-down menus for examining class information
on the RGB color bands, if that information is available
for the particular database. The convolved feature maps
are shown next on the page. In this query, three-layer
RGB color and texture maps have been used as seen on
the labels above the maps. On color terminals, positive
map points are seen as blue and negative as red. Darker
shades represent stronger responses. White represents
zero valued points.

The first row displays images selected on previous
rounds of the retrieval process. This example shows a
query with five images of aircrafts selected previously
as relevant images. The next images are the ten best-
scoring new images obtained from the convolved units
in the TS-SOMs. It seems that these ten images contain
four aircrafts. The relevant images can be selected pos-
itive by marking the appropriate checkboxes. Finally,
the page has some user-modifiable settings and a “Con-
tinue Query” button which submits the new selections
back to the search engine.

The user can at any time switch from the iterative
queries to examining of the TS-SOM surfaces simply by
clicking the map images. A portion of the map around
the chosen viewpoint is then shown before the other im-
ages. Relevant images on the map surface can then also
be selected for continuing queries.



3.2 artsof t e icSOM S ste

The current computer implementation of PicSOM has
three separate modular components:

is a CGI FCGI script which handles the re-
quests and responses from the user’s web browser.
This includes processing the HTML form, updating
the information from previous queries and execut-
ing the other components as needed to complete
the requests. The performance of the system is
improved by using the FastCGI extensions, which
enable the one started instance of the script to re-
main active for the duration of the entire retrieval
process.

is the main program responsible for up-
dating the TS-SOM maps with new positive and
negative response values, calculating the convolu-
tions, creating new map images for the next web
page, and selecting the next best-scoring images
to be shown to the user in the next round. With
the FastCGI extensions, the picsomct program
runs in resident mode, in which one instance of
the program handles all the rounds of the query.
This removes the burden of initializing the program
for each round, as especially reading the TS-SOM
data files takes a considerable amount of processing
time. The picsomct program is also used for the
required o ine calculations, such as the creation
and training of the TS-SOMs. The program also
includes a special analyse mode used for evaluating
the performance of the system.

creates the HTML contents of the
new web pages based on the output from the pic
somct program. This separation of user interface
generation makes possible to use several user inter-
faces. The WWW based UI can easily be changed
by replacing this component.

Figure 5 illustrates the components of the current Pic-
SOM system and the operations needed in handling the
queries. The numbers indicate the normal order of ac-
tions.

urrent ata a e
Currently, we have made our experiments with an
image database of 4350 images. Most of them are
color photographs in PEG format. The images were
downloaded from the image collection residing at the
Swedish University Network FTP server, located at
tp:// tp.su t.s /pu /pictu s/.

To study our method’s applicability we need to use
larger image databases. For this purpose, we have ob-
tained a photo collection from the Corel Gallery [3]. The
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Figure 5: The components of the PicSOM system and
the operations performed in handling the queries.

collection has nearly 60.000 photographs. The images
are all in color and also are identical in size.

PicSOM also supports the utilization of textual class
information for the images, if that kind of information is
available in the database. In the SUNET database, the
original directory structure of the collection has been
used to give the images rough textual content classes.
Figure 6 shows a tree-form representation of a small
subset of the used classes. The classes on child nodes
are subclasses of the classes on their father nodes. For

instance, “cars” “vehicles” .
animals views vehicles tv film

T RN

apes wolves cats aircraft  cars trains actors

Figure 6: A subset of the used image classes in the
tp.su t.s database.

In the user interface, the convolved TS-SOM map
views can be changed to maps colored with this exter-
nal information of the image content. The three color
bands in the RGB color space can be used to visualize
the spreads of three individual classes on the maps.

onclu ion and uture Plan

Currently, the PicSOM system is at a prototype level,
so we have no comparable results on the retrieval perfor-
mance of the system. The system does show potential
and we are confident that it can evolve into a usable and
fully functional system for image retrieval. In order to
be able to prove that, we need to develop quantitative
measures to assess the quality of the responses produced



by PicSOM. These same measurement could then be ap-
plied to other content-based image retrieval systems to
facilitate fare evaluations and comparisons.

Quantitative measures of the image retrieval perfor-
mance of a system, or any single feature, are problem-
atic due to human subjectivity. There exists no definite
right answer to an image query as each user has individ-
ual expectations. Therefore, objective comparisons with
others systems are difficult. To alleviate the situation,
the MPEG organization has started to work on a new
standard, called MPEG-7 or “Multimedia Content De-
sciption Interface” [10], to develop a set of features for
image content description. The organization also plans
a standard testbed for image retrieval applications.

The next obvious step to increase PicSOM’s retrieval
performance is to add better feature representations to
replace our current experimental ones. These will in-
clude color histograms, color layout descriptions, and
some more sophisticated texture models. We also plan
to compare our features with ones used in other retrieval
systems. As the system is designed to be modular and
expandable, adding new statistical features is straight-
forward.

One addition to our system will be shape features
which often yield important information on image con-
tent. We have made some experiments on using sobel
operators to detect edges with different directions on the
images. On some image types, they clearly outperform
our current color and texture features.

As a vast collection of images is available on the In-
ternet, we have made preliminary plans to use PicSOM
as an image search engine for the World Wide Web.
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