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Abstract

A correlation-enhanced similarity matching framework
for medical image retrieval is presented in a local concept-
based feature space. In this framework, images are pre-
sented by vectors of concepts that comprise of local color
and texture patches of image regions in a multi-dimensional
feature space. To generate the concept vocabularies and
represent the images, statistical models are built using a
probabilistic multi-class support vector machine (SVM).
For the similarity search, the concept correlations in the
collection as a whole are analyzed as a global thesaurus-
like structure and incorporated in a similarity matching
function. The proposed scheme overcomes some limitations
of the ““bag of concepts” model, such as the assumption of
feature independence. A systematic evaluation of image re-
trieval on a biomedical image collection of different modal-
ities demonstrates the advantages of the proposed retrieval
framework in terms of precision-recall.

1. Introduction

Medical and health-care service is a big industry, which
is directly related to every citizen’s quality of life. Among
all the issues in this sector, improving the image based med-
ical diagnosis efficiency and accuracy is one of the main
focuses in both research and practitioner circles. In recent
years, rapid advances in software and hardware technology
facilitate the generation and storage of large collections of
biomedical images by hospitals and clinics every day. These
images of various modalities constitute an important source
of anatomical and functional information for the diagnosis
of diseases, medical research and education [1, 2]. The ex-
ponential growth of the biomedical image data has created
a compelling need for innovative tools for managing, re-
trieving, and visualizing images from large collections to
support the clinical decision making.
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Medical images are commonly stored, retrieved and
transmitted in the DICOM (Digital Imaging and Communi-
cation in Medicine) format in a Picture Archiving and Com-
munications System (PACS) [3] and image search is carried
out on the textual attributes, such as person information,
other health meta data, often found in image headers. The
available attributes (annotations) are often very brief and
there is no header information attached for many biomed-
ical images other then the DICOM format. The search re-
sults might be improved by combining the text attribute-
based search capability with low-level visual content, com-
monly known as the content-based image retrieval (CBIR)
[4]. In CBIR, the access to information is performed at the
perceptual level based on automatically extracted visual fea-
tures (e.g., color, texture, shape, edge, etc.) with appropriate
similarity model.

During the last decade, several medical CBIR prototypes
have been proposed [2, 5, 6, 7, 8]. Majority of these are
developed around a specific imaging modality, e.g., the AS-
SERT system [5] is designed for high resolution computed
tomography (HRCT) images of the lung and the SPIRS sys-
tem [6] for digitized X-rays of the spine. These systems
are task-specific and cannot be transferred to other domains
or modalities. To date, few research projects have a goal
create CBIR systems for heterogeneous image collections
[7, 8]. For example, the IRMA (Image Retrieval in Medical
Applications) system [7] is an ongoing project that retrieves
from a large set of radiological images of different anatomi-
cal regions, acquisition views, and biological systems based
on various low-level texture features. The medGIFT project
[8] is based on the open source image retrieval engine GNU
Image Finding Tool (GIFT). It aims to retrieve diverse med-
ical images where a very high-dimensional feature space of
various low-level features is used as visual terms analogous
to the use of keywords in a text-based retrieval approach.

In general, CBIR systems for the medical image collec-
tion can be classified on the basis of their task specification



as well as image feature extraction and processing capabil-
ities. Some systems utilize low-level visual features com-
puted over the entire image while others compute the fea-
tures on localized regions. Although there exists a strong
correlation between the segmented regions and the regions
of interest (ROI) in medical images, accurate and seman-
tically valid automatic segmentation is a very difficult task
and requires some kind of user intervention. These low-
level global or local features have limited discriminative
power to close the semantic gap, which is the extent of mis-
match between user’s requirements as high-level concepts
and the low-level representation of images [4].

In an effort to minimize the ““semantic gap”, some recent
approaches in general domain have used machine learning
techniques on locally computed image features to represent
images based on the ““bag of concepts™ model [9, 10, 11].
The model is applied to images by using a visual analogue
of a word (e.g., “bag of words” ) in text documents by
automatically extracting different predominant local color
and texture patches. In general domain, it has shown that
images represented as ““bags of concepts”™ are suitable for
scene classification and showing impressive levels of per-
formance [9]. For example, a semantic modeling approach
is investigated in [10] for a small collection of images based
on the binary classification of semantic patches of local im-
age regions. Similarly, binary SVM is employed for the
model generation of 23 selected concepts in [11] for natural
photographic images. In the testing stage, unlabeled regions
are fed into all the models, the concept from the model giv-
ing the highest positive result is associated with the region.
Recently, a similar approach is applied [12] in medical do-
main with improved performances when compared to us-
ing only low level features. However, in the “bag of con-
cepts” model, each concept is considered independent of
all the other concepts besides the loss of all ordering struc-
ture. This independent assumption might not hold in many
cases as in general there exists correlated or co-occurring
concepts in individual images as well as in a collection as
a whole. For example, there is a higher probability of co-
occurrence between the white teeth and red color tissue of
the mouth in a dental photographic image whereas most of
the time the teeth are surrounded by jaw bones and black
background in dental X-ray images. In these examples, in-
dividual objects, such as teeth, mouth tissue, jaw bones and
black background can be considered as the local concepts
with their distinct color and texture properties. So, there
is indeed a need to exploit the correlation or co-occurrence
patterns among the concepts to improve the effectiveness of
the retrieval process.

To overcome the limitations of both the low-level and
concept-based feature representations, this paper presents
a correlation-enhanced similarity matching technique for
medical images retrieval. In this approach, the concept sim-

ilarities and correlations are analyzed in the collection as a
whole to construct global similarity thesauruses, which are
finally utilized in a quadratic form of the distance measure
to compare query and target images in a database. The rest
of the paper is organized as follows. In Section 2, the local
concept-based image representation approach is described.
Section 3 presents the similarity matching approach based
on the global correlation analysis. Exhaustive experiments
and analysis of the results are presented in Sections 4 and 5.
Finally, Section 6 provides our conclusions.

2. Image Representation on Local Concept

Space

By the term “local concept”, we refer to the perceptually
and semantically distinguishable local patches or regions in
individual images. For example, in a heterogeneous collec-
tion of medical images, it is possible to identify such local
patches as homogeneous texture patterns in grey level radi-
ological images, and differential color and texture structures
in microscopic pathology and dermoscopic images. The
variation in these local patches can be effectively modeled
by using supervised learning based classification techniques
such as the SVM [13]. In this context, the SVM will create
statistical models for concepts from the training data, where
an instance (e.g., local patches) in the training set is repre-
sented by a feature vector and contains category specific
labels.

In its basic formulation, the SVM is a binary classifica-
tion method that constructs a decision surface and maximiz-
ing the inter-class boundary between the samples. Stated
mathematically,

N
f(x) = sign (Z oy K (x4, %) + b) (1)
i=1

where x € R? is an input vector, x; is a training sample
vector along with its label y; € (+1,—1)", b is a bias and
K is a kernel function which maps the vectors into a higher
dimensional space by the non-linear mapping function ¢ :
R4 — R', where I > d or [ could even be infinity.

A number of methods have been proposed for the ex-
tension of the SVM to multi-class classification problems
[14]. We utilize one such a method by combining all pair-
wise comparisons of binary SVM classifiers, known as one-
against-one or pairwise coupling (PWC) [16]. The first step
of this approach is to construct a training set of local se-
mantic patches from individual image regions. We consider
a semi-automatic approach for the semantic patch genera-
tion. In this approach, the training images are at first fixed
partitioned equally into an even grid of non-overlapping re-
gions. Due to the fixed partitioning scheme, some regions
or patches would contain multiple local concepts. Hence,
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Figure 1. Probabilistic membership scores of a region

instead of considering all the patches from fixed partition-
ing, a subset of these are manually selected based on the
criteria that the area of each region should correspond to a
particular concept by at least 70-80%.

In order to perform the multi-class SVMs training based
on the local concept categories, a set of L labels are as-
signed as C' = {c1,---,c¢i,--+ ,cp}, where each ¢; € C
characterizes a local concept category. The training set of
the local patches is annotated manually with the concept
labels in a mutually exclusive way. Hence, each patch is
labeled with only one local concept category and is repre-
sented by a combination of color and texture moment-based
features. The color feature is composed of the mean and the
standard deviation of each channel in the RG B color space
and the texture feature is composed of second order texture
moments, such as energy, maximum probability, entropy,
contrast, and inverse difference moment from a grey level
co-occurrence matrix (GLCM) [15]. For SVM training, the
initial input to the system is the feature vector set of the
patches along with their manually assigned corresponding
concept labels.

2.1. Image Encoding and Feature Representation

Images in the data set are annotated with local concept
labels by partitioning each image I; into an equivalent r x r
grid of [ vectors as {xi,, - ,Xx,, -, X, }, where each
Xk, € R is a d-dimensional combined color and texture
feature vector. For each xy, the local concept category
probabilities are determined by the prediction of the multi-

class SVMs as [16]
pik, = Py =1i[xy;), 1 <i< L. )

For example, Figure 1 shows a particular region in a seg-
mented image and its probabilistic membership scores to
different local concept categories. The probability or confi-
dence scores of all categories now forms an L-dimensional
vector for a region xy; of I; as

Pr; = [Pucj © o Pikg 'Pij]T 3)

Here, each p;,, 1 < i < L, denotes the probability that a
region x;, belongs to the category ¢; € C. Based on the
probability scores, the category label of x;; is determined
by m = argmax;, .,,, <1 [pm,] that is the label of the cate-
gory ¢,,, with the maximum probability score. Hence, the
region xy; is annotated with the label m and the entire im-
age is thus represented as a two-dimensional index linked to
the concept or localized semantic labels assigned for each
region. Based on this encoding scheme, an image /; is rep-
resented as a vector in a local semantic concept space as

fj: [f1_7~7"'7fi_7~7"'fL_7~]T 4)

where each f;, corresponds to the normalized frequency of
aconcept ¢;, 1 <14 < L inimage I;.

However, this representation scheme captures only a
coarse distribution of the concepts and is analogous to
the distribution of quantized color in a global color his-
togram. The image representation based on the hard encod-
ing scheme, i.e., to find only the best concept prototype for
each region, is very sensitive to quantization/classification
errors and ignores correlations information among con-
cepts. Two regions within an image will be considered dif-
ferent if their corresponding concept labels are predicted as
different even though they might be very similar or cor-
related with each other. In the following section, we pro-
pose an effective correlation-enhanced similarity matching
scheme to address the above limitation.

3. Correlation-Enhanced Similarity Matching

This section presents the similarity matching approach in
the local concept space by considering the correlations be-
tween the concepts in the collection based on their similar-
ity and co-occurrence patterns. For the correlation analysis,
we construct two different global thesauruses in the form of
a similarity and a correlation matrix where each element of
the matrices defines concept similarities or co-occurrence
relationships respectively. Finally, this global matrices are
utilized in a quadratic form of distance measure to compare
a query and database images as

Diss(Iy, 1) = \/(E, — £;)TA(E, —£)  (5)



Figure 2. Example of quadratic similarity matching in color his-
tograms

Here, f, and f; are the feature vector for the query image I,
and a target image I; respectively and A is a matrix, where
each element of it represents some kind of similarity or co-
relationships between the attributes of the feature vectors.

The quadratic distance measure is first implemented in
the QBIC [17] system for the color histogram-based match-
ing. It overcomes the shortcomings of the L-norm distance
functions by comparing not only the same bins but multi-
ple bins between color histograms. For example, Figure 2
shows the concept of the quadratic distance measure func-
tion, where instead of a one-to-one matching of the bins
between two histograms, each bin (e.g., red here) in one
histogram is matched with all other bins in the other his-
togram. The matching is performed with a weighted simi-
larity score based on the matrix A on the right side of Figure
2, where each element a;; of the matrix depicts the similar-
ity between two colors 7 and j in some color space. Due
to this property, distance matching scheme performs bet-
ter compared to the Euclidean and histogram intersection-
based distance measures for the color-based image retrieval
[17].

Although, a similarity based on only the color feature
does not always indicate semantic similarities between the
images due to the semantic gap problem as mentioned
above and does not imply any hidden correlation between
feature attributes in a collection. The local concept-based
feature representation as described in Section 2 is at an in-
termediate semantic level due to the incorporation of multi
features (e.g., color and texture) in a local region level when
compared to the low level pixel-based color feature repre-
sentation. To measure the similarities between the concepts,
we rely on how the concepts in the collection are indexed by
images, i.e., for each concept there is image vector space.
This idea of measuring similarity was originally proposed
in [19] for the textual query expansion in information re-
trieval with moderate success.

In this approach, each concept ¢;,i € {1,---, L} is as-
sociated with a vector ¢; =< wj1, -+, Wi, -, Wip >
where M is the number of images in the collection. The
element w;; is the weight for the concept ¢; in image 1,

which is computed in a rather distinct form as [19]:
(mamfﬁ(f,; )) Zkf]
wz] — — J j:7
\/E:NWM)Q ik f}

where f;; be the frequency of occurrence of the concept ¢;
in the image I; and max; (f;;) computes the maximum
frequency of ¢; under all images in the collection. Further,
the inverse concept frequency ¢k f; for I;, (e.g., analogous
to the inverse image (document) frequency), is computed as
ikf; = logk%, where k; be the number of distinct concepts
in the 7;. After generating the concept vectors, a similarity
matrix Szx 1, = [Su.0] IS built through the computation of
each element s,, ,, as the normalized cosine relationship or
dot product between two concept vectors c,, and c,, as

(6)

M

Su,p = Cqy " Cy = E Wyj * Wyj (7)
j=1

Although, the construction of the matrix S is prohibitively
difficult for large collections. Many collections are avail-
able now-a-days, with several hundred thousand images.
However, the matrix needs to be computed only once and
can be computed off-line. The only component done on a
per query basis is the utilizing the matrix elements in the
distance matching function.

The similarity matrix S is created based on how the
concepts in the collection are indexed by images and does
not take into account the frequency of co-occurrence of
pairs of concepts in images. Hence, we propose to use
another global matrix that is built by considering the co-
occurrence of concepts inside images and in a collection.
Let A* = [ay,] be a L x L matrix in which the rows and
columns are associated with the concepts in a collection.
Each entry a,, expresses a normalized correlation factor
between concepts ¢, and ¢, as

Ay = nuv/(nu + Ny — nu'u) (8)

where n,, be the number of images in .S; that contain the
concept ¢, n, be the number of images that contain the
concept ¢,, and n,, be the number of the images in the
collection that contain both the concepts.

The entry a,,,, measures the ratio between the number of
images where both ¢, and ¢, appear and the total number
of images in the collection where either ¢, or ¢, appear and
its value rangesto 0 < a,,, < 1. If ¢, and ¢, have many co-
occurrences in images, the value of a,, increases and the
images are considered to be more correlated. This matrix is
termed as a connection matrix in [18], which is successfully
utilized in a fuzzy information retrieval approach. Finally
we can easily replaces the above matrices with the distance
matching function in (5) and perform the similarity search
effectively.



Figure 3. Example images of the Medical collection.

Table 1. Statistics of the Training Set for Local Concepts

Concept # Concept #
CT-Tissue-Brain 400 | CT-Tissue-Abdomen | 380
CT-Tissue-Lung 350 EC-Tissue-Gastro 300
CT-Bone-Whole 350 CT-Bone-Corner 300

Skin-Normal 420 Skin-Melanoma 370
Teeth-White 330 Red-Tissue-Mouth 310
MRI-Tissue-Leg 320 MRI-Tissue-Brain 350
Xray-Tissue-Lung | 400 | Xray-Hepatic-Veins | 450
Xray-Chest-bone 260 Micro-Infection 200
US-Grey-Texture 445 Doppler-Color 400
Micro-Blood-Blue | 490 Histo-Blue 480
Micro-Pink-Bacteria | 520 | Micro-Tissue-Muscle | 500
Photo-Tissue-Brain | 520 | Photo-Tissue-Cardiac | 500
Backgrnd-White 500 Backgrnd-Grey 510
Backgrnd-Blue 350 Backgrnd-Brown 550
Backgrnd-Black 350 Line-Drawing 550

4. Experiments

The image collection for experiment comprises of 5000
bio-medical images of 30 manually assigned disjoint global
categories, which is a subset of a larger collection of six
different data sets used for medical image retrieval task in
ImageCLEFmed 2007 [21]. In our collection, the images
are classified into three levels as shown in Figure 4. In the
first level, images are categorized according to the imaging
modalities (e.g., X-ray, CT, MRI, etc.). At the next level,
each of the modalities is further classified according to the
examined body parts (e.g., head, chest, etc.) and finally it is
further classified by orientation (e.g., frontal, sagittal, etc.)
or distinct visual observation (e.g. CT liver images with
large blood vessels). The disjoint categories are selected
only from the leaf nodes (grey in color) to create the ground-
truth data set. The categories are selected based on analyz-
ing the visual and some mixed-mode query topics during the
first three years (2005, 2006, and 2007) of ImageCLEFmed
retrieval campaign [21]. Few example images of different
modalities in the medical collection are shown in Figure 3.

Table 2. CV Accuracy of Local Concept Classification

Kernel C ~ Degree || Accuracy (%)
RBF 200 || 0.5 81.40%
Polynomial || 100 1 78.76%
Polynomial || 100 2 79.41%
4.1. Training

For the SVM training, we defined 30 local concept cate-
gories from the patches, such as X-ray lung tissue and bone,
normal and abnormal skin, microscopic images of different
color and texture patterns, and so on. Table 1 shows the
statistics of each local concept with the number of regions
to present them in the training set. The training set used
for this purpose consist of only 5% images of all global cat-
egories of the entire data set. The local concepts are se-
lected as the ones that exhibit some meanings to the physi-
cians with distinct visual appearances. To generate the local
patches, each image in the training set is at first partitioned
into an 8 x 8 grid generating 64 non-overlapping regions.
Only the regions that conform to at least 80% of a particu-
lar concept category are selected and labeled with the cor-
responding category label.

For the SVM training, we utilized both the radial basis
function (RBF) and the polynomial kernels. There are two
tunable parameters while using RBF kernels: C and . It
is not known beforehand which values of C and ~ are the
best for the classification problem at hand. Hence, a 10-fold
cross-validation (CV) is conducted. Basically pairs of (C,
~) are used and the one with the best CV accuracy is picked.
We also experimented with the polynomial kernel of degree
1 and 2 with C' = 100. However, the best accuracies are
achieved by the RBF kernel as shown in Table 2. Hence,
after finding the best values of parameters C' and ~ of the
RBF kernels, they are utilized for the final training to gener-
ate the SVM model files for the local concepts. We utilized
the LIBSVM software package [22] for the implementation
of the multi-class SVM classifiers.

5. Results

For a quantitative evaluation of the retrieval results, we
selected all the images in the collection as query images and
used “query-by-example” as the search method, where a
query is specified by providing an example image to the sys-
tem. A retrieved image is considered to be a correct match
if it is in the same category (based on the ground truth) as
the query image. Precision (percentage of retrieved images
that are also relevant) and recall (percentage of relevant im-
ages that are retrieved) are used as the basic evaluation mea-
sure of retrieval performances [20]. The average precision
and recall are calculated over all the queries to generate the
precision-recall (PR) curves in different settings.

We at first evaluated the effectiveness of the concept-
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Figure 5. PR graph of different feature representations.

based feature representation scheme compared to the two
well known low-level feature representation schemes, the
MPEG-7 based Color Layout Descriptor and Edge His-
togram Descriptor (EHD) [23]. The CLD represents the
spatial layout of the color images in a very compact form
and the EHD represents spatial distribution of edges as a
global shape feature. Figure 5 shows the PR curves based
on the Euclidean similarity matching in the different fea-
ture spaces. By analyzing the Figure 5, we can observe
that proposed concept-based feature representation schemes
performed much better for both the collections compared to
the CLD and EHD based features in terms of precision at
each recall level. The better performances are expected as
the concept features are more semantically oriented that ex-
ploits the domain knowledge of the collections at a local
level.

Figure 6 shows the effectiveness of the quadratic similar-
ity matching as described in Section 3. It is compared with
the Euclidean and Cosine similarity matching in the same
concept-based feature space. From Figure 6, we can ob-
serve that, the quadratic similarity matching based on utiliz-
ing matrices A* and S (e.g., Quadratic (A*) and Quadratic
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Figure 6. PR graph of different similarity matching schemes.

(S)) performed better when compared to the Euclidean and
Cosine similarity matching. The performances of the Eu-
clidean and Cosine similarity matching are almost identical,
whereas the best precisions in terms of all the recall levels
are obtained when search is performed with a the Quadratic
similarity matching by utilizing the global matrix S. Over-
all, the improved results of the Quadratic similarity match-
ing indicate that the correlations among the concepts are not
negligible and can be exploited effectively in the similarity
matching function.

6. Conclusions

We have investigated correlation-enhanced similarity
matching in a local concept-based feature space in CBIR
domain. The proposed technique exploit the similarities
and correlations between the local concepts based on the
global analysis at the collection level. Due to the nature of
the image representation schemes in the concept-based fea-
ture space, there always exists enough correlations between
the concepts. Hence, exploiting this property might im-
prove the retrieval effectiveness. Experimental results vali-
dated the assumption and showed that the proposed similar-



ity matching schemes improved retrieval accuracies when
compared to the Euclidean and Cosine similarity matching
in the same concept-based feature space.
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