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Abstract would have many applications in education, research, clini-
cal trials, diagnosis, etc. For example, a medical school fac-
We present the status of ongoing work toward the devel-ylty member who is an expert in degenerative spine disease
opment of a biomedical information system at the Lister could query for examples of severe disc space narrowing for
Hill National Center for Biomedical Communications, are- poth sexes for the cervical spine; or a clinician could use it
search and development division of the National Library of for searching for images similar to patient’s present image
Medicine (NLM). For any class of biomedical images, the pathology or injury.
problems confronting the researcher in image indexing are  The Lister Hill National Center for Biomedical Commu-
(@) developing robust algorithms for localizing and identi- hications, a research and development division of the U.S.
fying anatomy relevant for that image class and relevant to \ational Library of Medicine (NLM), maintains a digital
the indexing goals, (b) developing algorithms for labeling rchive of 17,000 cervical and lumbar spine images col-
the segmented anatomy based on its pathology, (C) developrcteq in the second National Health and Nutrition Exam-
ing a suitable indexing and similarity matching method for ;,~+ion Survey (NHANES II) conducted by the U.S. Na-
visual data, and (d) associating the text information on the tjona| Center for Health Statistics (NCHS). Along with the
imaged person, indexed separately, for query and retrieval 10,000 cervical spine and 7,000 lumbar spine images, the
along with the visual information. We are in the process of NHANES |1 survey also included information on demo-
building a content-based image retrieval system which sup-gahhics health questionnaire responses and physician's ex-
ports hybrid image and text queries and includes a biomed- 5 ination results. Over 2000 fields of information are avail-
ical image database. The paper describes this prototype g e on each surveyed person, providing a large body of text
CBIR2 system and the algorithms used in it. Image shape-intormation. Sub-sampled examples of the cervical spine
based retrieval is done by image example and user sketch of 5y is shown in Figure 1. Classification of the images
the vertebrae on the spine x-ray images from the National ¢, piomedical researchers, in particular the osteoarthritis
Health and Nutrition Examination Survey (NHANES) data. ogsearch community, has been a long-standing goal of re-
. searchers at the NLM, collaborators at NCHS, and the U.S.
1. Introduction National Institute of Arthritis and Musculoskeletal and Skin
Diseases (NIAMS), and capability to retrieve images based

tomated or computer-assisted indexing of images by strucon geometric characteristics of the vertebral l_aodies is of in-
tural contents is a significant research challenge [1]. Thig terestto the vertebral morphometry community.

is particularly so in the case of biomedical images, where In this paper we describe the design of the prototype
the structures of interest are commonly irregular, and may CBIR2 system that supports hybrid image and text queries.
be partially occluded. Examples are the images createdMage queries are posed by image-example or user-sketch.
by d|g|t|z|ng film X_rays of the human cervical and lum- The CBIR2 SyStem was deVeIOped after an initial feasibil-
bar spines, digitized color slides of the uterine cervix, color ity study done through the development of the CBIR1 sys-
endoscopy, endoscopic ultra-sonography, etc. Text data ifem [5]. This system was used to develop initial ideas on
the form of patient or survey data is Common]y associated the algorithms, fUnCtiona“ty, and interface characteristics
with medical images. Systems in use allow retrieval of im- 0f @ CBIR system for digitized x-rays. The lessons learned
age data through a text based query_ Content_based imaggom CBIR1 helped us establish C|eal’ Objectives al’ld define
retrieval aims to allow researchers and medical practitionersa superior architecture for the CBIR2 system.

access to the images directly by their content. We envisage The remainder of the paper is organized as follows. Sec-
that the development of a system that provides such accestion 2 outlines the research objectives. The design descrip-

The general problem of developing algorithms for the au-
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Figure 1: A sub-sampled cervical spine x-ray image Vector
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presented in Section 3. We summarize our work and project

future work in Section 4. Figure 2: Architecture of the indexing system

2. Goals e Develop a ground truth, evaluate the system, validate

The open research goals within the scope of the content- thetresults, and characterize the performance of the
based biomedical image retrieval system include (i) content ~ SYSt€m. .

extraction, representation, feature classification, and simi- * 1I‘(r;rtthhz Iﬁ&%ﬁé@’.gﬁegg tg?)Lﬁetreg'zmil(jj?sa?alzloep:d
larity computation; and (ii) development of suitable query 'mag ! icalimages.
paradigms, indexing schema, and algorithms for efficient

retrieyal. For biome_dical imageg the notion of image con- 3. CBIR2 System Design and current
tent, its representation, and similarity has an added dimen- Work

sion of relevance. It is very likely that the queries presented or

to the CBIR system are going to be specific to the pathology |, s section we describe the design architecture of our

which may be subtle differences from what is considered to ., --ant prototype system, CBIR2. The system designed in
be normal. It is important that the extracted image features modular fashion and is logically composed of two separate
describing iF are retained through the data-reducing featuresystems, viz., the indexing system and the retrieval system.
representation process. _ o The indexing system includes methods for automated image
In general, our overall goal is to make a significant con- segmentation, image feature extraction, feature vector com-
tribution to the image- and multimedia-rich digital library ,tation, feature organization, and text data organization.
of the future by advancing CBIR techniques applied to the The retrieval system provides the interface and the meth-
NHANES x-ray images, and eventually to other biomedical 44s for image and text retrieval. For this it includes meth-
images. Specific objectives include: ods for extracting features from example images, comput-
ing the feature vector, and determining similarity between
features extracted from the query visual and those stored in
' the database. In addition, text retrieval via SQL and meth-
; i _ ods to combine the text and image queries are also included.
e Conduct R&D into query techniques suitable for The architectures for the indexing and retrieval systems are
biomedical images. shown in Figures 2 and 4. The modular design of CBIR2
e Develop the algorithms needed to implement both in- allows us to place simplified and possibly inefficient algo-

e Conduct R&D in the steps needed for biomedical
CBIR, viz., shape segmentation, feature extraction
feature vector organization and classification.

dexing and retrieval. rithms in place and yet have a completely developed testbed
e Design and develop a next-generation CBIR system system while we wait on results from our research in each
(incorporating these algorithms). CBIR task.



3.1

The indexing process is currently semi-automated and done
via a graphical interface. This interface allows indexing of
two types of data. The text data is organized as fields in a
relational database table from which data can be retrieved
using the MySQL relational database manager. The index-
ing of the image data on the other hand is a more involved
process. We describe the system modules here.
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Figure 3: Active Contour Segmentation Tool: Main Win-
dow

Indexing system

| Segmentation: The first step in indexing the images
is the segmentation of the objects of interest, the ver-
tebrae. The image quality in the spine x-ray images is
fairly poor with ambiguous vertebral boundaries, mak-
ing a reliable segmentation a challenging task. Cur-
rent implementation contains human assisted bound-
ary segmentation using Active Contour Segmentation
(ACS). For this we have developed a tool shown in Fig-
ure 3. Our current research efforts into reliable shape
segmentation include applying Active Shape Modeling
(ASM) techniques [2] to extract the vertebra bound-
aries. The ACS tool allows the user to place an ini-
tial template on the vertebra and apply the ACS al-
gorithm. The user may enhance the image using his-
togram equalization before applying the method. The
tool allows the user to create a template by marking
points around the vertebra. The template can then be
saved for future use. The position and size of the tem-
plate can be controlled by rotation, translation and scal-
ing prior to invoking the ACS algorithm. After the seg-
mentation, the user can accept and save or discard the
segmentation results. If the segmentation is accepted,
the tool estimates the location of the next vertebra and

places the template on it and the process is repeated.
If at any point the segmentation is not acceptable, the
user can perform manual segmentation on the vertebra.
We have incorporated this feature in the tool to allow
development of CBIR2 to proceed while we develop
more reliable automated segmentation techniques. The
tool generates segmentation output in a XML style file
and is given acbr file extension. Here we store for
each object, the template, and automated, and manual
segmentation results. This way, entries can be modified
as needed following future developments. Tbler

file records the information about an image, database
source, view (e.g., lateral, sagittal, AP), and the hu-
man segmentor in the header structure. Additionally,
the coordinate system origin is also specified. This is
used by the objects within the image as a reference
point. The image identifier is the same as that in the
text database, allowing cross indexing across the im-
age and text databases. The segmented objects are
stored with a unique object identifier, anatomy iden-
tifiers, region of the anatomy, the segmented boundary
points, the bounding box, the oriented bounding box,
etc. The unique object identifier allows many versions
of the segmented object to be retained. This has been
designed so that a variety of database schema can be
maintained. For example, the current best segmenta-
tion could be exposed for user CBIR searches, while
research could proceed with other segmentation tech-
nigues.

Feature extraction and representationThe next step
after shape segmentation in a CBIR system is repre-
senting the shape boundary information. The dense
boundary points extracted és,y) coordinates in the
image space stored in thebr file need to be rep-
resented in a form suitable for archiving, indexing,
and similarity matching. For this they are reduced to
a small set of meaningful representative points by a
shape representation algorithm. This coarse boundary
and a binary image representation of the vertebra are
used to find meaningful shape features that are invari-
ant to translation, rotation, scaling and starting-point
shift.

Most shape-based CBIR methods, to date, have been
applied to art, trade-mark databases, fish images, sil-
houettes of tools, etc. From the literature, we observe
that most shape representation methods use the global
shape characteristics for indexing; i.e. the final shape
representation is controlled by the distribution of all
the boundary points in the image space. Such an ap-
proach may not be suitable for biomedical shapes due
to (i) high similarity across anatomical shapes, such as
vertebrae (ii) loss of subtle differences in boundary rep-
resentation which could be indicative of certain pathol-



ogy, and (iii) in adequacy of shape representation meth-
ods for supporting region localized queries.

The methods selected are briefly described below and
are all currently implemented in CBIR2. We are in the
process of developing other more suitable shape repre-
sentation approaches.

a Global Shape Properties and Invariant Moments.
Global shape properties and moments are features
intrinsic to a shape. The properties used are ma-
jor and minor axis length and angle, compactness,
roughness, and elongation. In order to compute
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b Scale Space Filtering. Scale space filtering re-

Calculate Feature

formats the shape boundary points to represent the
shape at different levels of detail. It is said to fol-
low human perception of shapes [3]. It provides
more detail at scale higher level and progressively
reduces the detail level until the shape becomes an
oval shape. While capable of shape matching, a
problem with this method is that the shape shrinks
as it progresses from high detail level toward low
detail level making comparison scale sensitive.

¢ Polygon Approximation. Polygon approximation
or curve evolution is a process that eliminates in-
significant shape features and reduce the number of
data points. The resultant representation is one that |,
uniguely describes the shape. The approximated
curve was then converted to tangent space for simi-
larity measurement [6].

d Fourier Descriptors. The position of a point on
a closed contour is a periodic function. Thus, the
Fourier series may be used to approximate the con-
tour. The resolution of the contour is approxima-
tion is determined by the number of terms in the
Fourier series. Since simple operations such as scal-
ing and translation are related to simple operations
of the boundary’s Fourier descriptors, they are at-
tractive for use with boundary matching [12]. Ro-
tation invariance computation, however, requires the
bend angle function to be computed.

[l Feature organizationA feature vector is then created
from various computed features and organized into a
data structure for efficient retrieval. The development
of a feature organization strategy is strongly correlated
with the feature vector used, the query types supported,
and the image semantics. We are at a stage where we
have some of the these requirements identified. While
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Figure 4: Architecture of the retrieval system

research is proceeding toward determining an effective
feature vector organization strategy, we are currently
using a flat structure and linear search for retrieval.
Having an inefficient, but working system enables us
to improve on various modules as the research evolves.

Feature classification Our work toward the index-
ing of spine images for features of interest in the os-
teoarthritis and vertebral morphometry research com-
munities requires the segmentation of the images into
vertebral structures with sufficient accuracy to distin-
guish pathology on the basis of shape, labeling of the
segmented structures by proper anatomical name, and
classification of the segmented, labeled structures into
groups corresponding to high level semantic features
of interest, using training data provided by biomedical
experts. We have adopted a hierarchical approach to
such indexing that consists of high-level region classi-
fication, spine region localization, vertebra localization
and identification, vertebral segmentation, and classi-
fication of the vertebrae by presence/absence of the
biomedical features above [7, 8, 9]. Classification of
the vertebra for biomedical features is being collabora-
tively done with Stanley [10, 11]. However for shape
based retrieval, labeling, classification, and extraction
of features of interest, the vertebra boundaries need to
be segmented from the images.
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Figure 6: Query Dialogs: Options Dialog Figure 8: Query-by-Sketch (Template) Dialog

3.2 Retrieval system features in the query are then matched by a shape similar-
ity algorithm to determine the similarity distance between
the query and the database shape. The greater the distance

?eer}(;r(]:% a?ssgi{;v?; fg:tﬁgasr.isﬂﬁg?;’;rr’ie:\?af zl'ze::e _'rnr;ebetween two feature vectors the greater is the dissimilarity.
P y ' The system allows users to specify an image for an image-

indexing process can be conducted through the same inter- g )
face. The system is implemented in MATLAB. The basic example based query as shown in Figure 7. For an sketch

65 of queries supported are 1o the text data. image dat based query, the users may choose to either use one of the
typ queri upp X » Imag %rovided templates, or use their own template and modify it

gnd comtim de?hquerlr:e soto boIch. tTEe retgeval Oft.thf t%(E)dBact:aor draw an outline from scratch. The user can save the tem-
is supported through Open-Database Connectivity ( )plate for a future use. The dialog boxes for these are shown

protqcol to retr'leve results using the MY‘.SQL. DBMS' The in Figures 8 and 9. Itis also possible to narrow the query to
queries to the image data can be specified in using an ex-

ample image to retrieve images that are visually similar or

by drawing a sketch of the indexed feature, in this case the | Quory-by-sketch sketch editor
vertebra boundary. The system presents the user with a GUI
for creating queries and supports text, image example, and
image sketch queries, and queries that combine text and im-
age example or image sketch. Figures 5 and 6 show the
initial screen and the options screen for generating the basic
query. A feature in CBIR2 allows users to save and recall
their queries. The retrieval paths for image-example based
queries and sketch-based queries are the same except for the
feature extraction phase necessary for the former. The same
feature extraction phase as in the indexing process is ap-
plied to the example image. The user is presented with the
ACS tool for segmenting the image. The extracted image Figure 9: Query-by-Sketch (User Sketch)

As mentioned before, CBIR2 is logically organized as in-

A




r d References

[1] S. Antani, R. Kasturi, and R. Jain. A survey on the use of
pattern recognition methods for abstraction, indexing and re-
trieval of images and vide®attern Recognitioy35(4):945—
965, 2002.

[2] T. F. Cootes and C. J. Taylor. Statistical models of ap-
pearence for computer vision. Technical report, Univer-
sity of Machester, Wolfson Image Analysis Unit, Imaging
Science and Biomedical Engineering, University of Manch-
ester, Manchester, M12 9PT, U.K., February 2001.

[3] A. Del Bimbo and P. Pala. Shape indexing by multi-scale

) representationlmage and Vision Computing7(3-4):245—

Figure 10: CBIR2 Results 261, 1999.

[4] M. K. Hu. Visual pattern recognition by moment invariants.
IRE Transactions on Information The®.179-187, 1962.

. . . . [5] D. M. Krainak, L. R. Long, and G. R. Thoma. A method
the segmentation done by a particular algorithm. This is be- of content-based retrieval for a spinal x-ray image database.

cause thecbr file allows the user to store several segmen- Proceedings of IS&T/SPIE Medical Imaging 2002: PACS
tations, including manual segmentations. Additionally, with and Integrated Medical System#685:108-116, February
several shape representation methods included, the user can  20g2.

also query on a specific representation. This feature is ex- [6] L.J. Latecki and R. Lakmper. Shape description and search

tremely useful in conducting evaluations for segmentation for similar objects in image databases. In R. C. Veltkamp,
and representation algorithms. The system also reports a ~ H. Burkhardt, and H. P. Kriegel, editorState-of-the-Art in
profile of the execution time taken for making a database Content-Based Image and Video Retrievadlume 22 of
query, computing the similarity, etc. This will be useful Computational Imaging and Visiopages 69-96. Kluwer

Academic Publishers, 2001.

[7] L. Long, D. Krainak, and G. Thoma. Identifying image
structures for content-based retrieval of digitized spine x-
rays. InProceedings of IS&T/SPIE Medical Imaging 2002:
Image Processing, Vol. SPIE 468dages 1204-1214, San
Diego, CA, February 2002.

[8] L. Long and G. Thoma. Computer-assisted retrieval of

4. Conclusions and Future work biomedical image features from spine x-rays: Progress and
prospects. IrProceeding of tha 4" IEEE Symposium on

. . . Computer-Based Medical Systems (CBMS 20@dges 46—
In this paper we have described the work in progress to- 50, Bethesda, MD, July 2001.

ward building a complete biomedical information system. [9] L. Long and G. Thoma. Landmarking and feature local-
The system has a multimedia component and a textdatabase  jzation in spine x-rays. Journal of Electronic Imaging
component. This is in line with our eventual goal of de- 10(4):939-956, 2001.

veloping a system that not only performs conventional text [10] R. J. Stanley, M. Cherukuri, L. R. Long, and G. R. Thoma.
queries, provides content-based image retrieval queries, but ~ The application of shape features to cervical spine vertebra
also provides the user with meaningful information from image analysis. Submitted to IEEE Transactions on Medical

the image classifications. The CBIR2 prototype described Imaging, 2002. _
above provides a testbed for this. [11] R. J. Stanley and L. R. Long. A radius of curvature-based

approach to cervical spine vertebra image analysi$sif
The development of CBIR2 allows us to investigate vari- Annual Rocky Mountain Bioengineering Symposiwoi-

ous tasks at hand towards achieving the goals identified ear- ume 37, pages 385-390, 2001.

lier. Automated shape segmentation and the issue of vali-[12] C.Zahn and R. Roskie. Fourier descriptors for plane closed
dation of the segmented boundary are yet to be addressed. ~ curves.IEEE ComputerC-21(3):269-281, 1972.
The shape representation and similarity methods are limited

in their abilities; i.e., while they allow matching of the en-

tire vertebra shape, it is not possible to pose queries on local

features of importance such as anterior osteophytes. Addi-

tionally, we are still in the process of identifying a suitable

feature organization structure. Finally, development of a

ground truth for evaluation and system performance char-

acterization is planned.

in evaluating overall system performance and advantages
gained through better feature organization. The results from
the query are presented as shown in Figure 10.



