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ABSTRACT
Searching digital biomedical images is a challenging prob-
lem. Prevalent retrieval techniques involve human-supplied
text annotations to describe image contents. Biomedical
images, such as pathology slides, usually have higher reso-
lution than general-purpose pictures, making it additionally
di�cult to index. Precise object segmentation is also ex-
tremely di�cult and is still an open problem. We are de-
veloping a multiresolution region-based retrieval system for
high-resolution biomedical image databases. The system,
based on wavelets, the IRM (Integrated Region Matching)
distance, and image classi�cation, is highly robust to inac-
curate image segmentation and various visual alterations.
Tested on a database of more than 70,000 pathology image
fragments, the system has demonstrated high accuracy and
fast speed.

1. INTRODUCTION
In biomedicine, content-based image retrieval is critically
important in patient digital libraries, clinical diagnosis, clin-
ical trials, searching of 2-D electrophoresis gels, and pathol-
ogy slides. Most existing content-based image retrieval sys-
tems [2, 3, 5, 6, 7, 9] are designed for general-purpose picture
libraries such as photos and graphs. In this doctoral dis-
sertation, we present a retrieval system for high-resolution
biomedical image databases [10] using wavelet-based [1] multi-
scale feature extraction and the Integrated Region Matching
(IRM) distance [4].

2. THE SYSTEM
2.1 Semantics-sensitive Retrieval
The capability of existing CBIR systems is essentially lim-
ited by the way they function, i.e., they rely on only prim-
itive features of the image. Moreover, the same low-level
image features and image similarity measures are typically
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used for images of all semantic types. However, di�erent
image features are sensitive to di�erent semantic types. For
example, an OCR (optical character recognition) method
may be good for graphs commonly found in biomedical ed-
ucational materials while a region-based indexing approach
is much better for pathology and radiology images.

We propose a semantics-sensitive approach to the prob-
lem of searching image databases. Semantic classi�cation
methods are used to categorize images so that semantically-
adaptive searching methods applicable to each category can
be applied. At the same time, the system can narrow down
the searching range to a subset of the original database to
facilitate fast retrieval. A biomedical image database may
be categorized into \X-ray", \MRI", \pathology", \graphs",
\micro-arrays", etc. We then apply a suitable feature ex-
traction method and a corresponding matching metric to
each of the semantic classes.

2.2 Feature Indexing
The purpose of content-based indexing and searching for
biomedical image databases is very di�erent from that for
picture libraries. Users of a general-purpose picture library
are typically interested in images with similar object and
color con�gurations at a global scale, while users of a biomed-
ical image database are often interested in images with sim-
ilar objects at the �nest scale.

The feature extraction in our system is performed on mul-
tiresolution image blocks (or fragments) of the original im-
ages, rather than the original images. In fact, we �rst par-
tition the images and lower resolution versions of the same
image into overlapping blocks. A user may submit an im-
age patch or a sketch of a desired object to form a query.
The system attempts to �nd image fragments within the
database to match with the object speci�ed by the user.

A portion of a high-resolution biomedical image is repre-
sented by a set of regions, roughly corresponding to ob-
jects, which are characterized by color, wavelet-based fea-
tures, shape, and location. We used the k-means statistical
clustering algorithm to obtain fast segmentation. A mea-
sure for the overall similarity between images is developed
by a region-matching scheme that integrates properties of
all the regions in the images. The advantage of using such a
\soft matching" is that it makes the metric robust to inac-
curate segmentation, an important property that previous
work has not solved.



2.3 Matching
Based on the region representations of the image fragments,
the Integrated Region Matching (IRM) distance [4] is used to
compute the distance between two image fragments. That
is, IRM is a similarity measure between images fragments
based on region representations. It incorporates the proper-
ties of all the segmented regions so that information about
a fragment can be fully used. Region-based matching is a
di�cult problem because of the problems of inaccurate seg-
mentation. Semantically-precise image segmentation is an
extremely di�cult process and is still an open problem.

Traditionally, region-based matching is performed on indi-
vidual regions [5]. The IRM metric we have developed has
the following major advantages:

1. Compared with retrieval based on individual regions,
the overall \soft similarity" approach in IRM reduces
the inuence of inaccurate segmentation.

2. In many cases, knowing that one object usually ap-
pears with another object helps to clarify the seman-
tics of a particular region.

3. By de�ning an overall image-to-image similarity mea-
sure, the SIMPLIcity system provides users with a sim-
ple querying interface.

Mathematically, de�ning a similarity measure is equivalent
to de�ning a distance between sets of points in a high-
dimensional space, i.e., the feature space. Every point in
the space corresponds to the feature vector, or the descrip-
tor, of a region. Although distance between two points in
feature space can be easily de�ned by various measures such
as the Euclidean distance, it is not obvious how to de�ne a
distance between two sets of feature points. The distance
must correspond to a person's concept of semantic \close-
ness" of two images.

We argue that a similarity measure based on region segmen-
tation of images can be tolerant of inaccurate image segmen-
tation if it takes all the regions in an image into considera-
tion. To de�ne the similarity measure, we �rst attempt to
match regions in two images. Being aware that segmenta-
tion process cannot be perfect, we \soften" the matching by
allowing one region of an image to be matched to several
regions of another image. Here, a region-to-region match is
obtained when the regions are signi�cantly similar to each
other in terms of the features extracted.

The principle of matching is that the most similar region
pair is matched �rst. We call this matching scheme inte-
grated region matching (IRM) to stress the incorporation of
regions in the retrieval process. After regions are matched,
the similarity measure is computed as a weighted sum of the
similarity between region pairs, with weights determined by
the matching scheme.

3. EXPERIMENTS
We are developing an experimental image retrieval system,
SIMPLIcity (Semantics-sensitive Integrated Matching for Pic-
ture LIbraries) [8], to validate these methods on both biomed-
ical and general-purpose image databases. We show that our

methods perform much better and much faster than existing
methods such as the EMD-based color histogram match-
ing [6] and the WBIIS system based on the Daubechies'
wavelets [9]. The system is exceptionally robust to image al-
terations such as intensity variation, sharpness variation, in-
tentional distortions, cropping, shifting, and rotation. These
features are important to biomedical image databases be-
cause visual features in the query image are not exactly the
same as the visual features in the images in the database.
The system has a friendly user interface which is capable of
processing a query based on an outside image or a hand-
drawn sketch in real-time.
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