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Abstract—Our goals included developing and comparative Image object recognition is always based on a model
assessing of descriptors for content based retrieval on the of the object at some level of abstraction. At the lowest
large medical image database. Test database consisted of |gyq| of abstraction (no abstraction at all), an object can b

4000 color histological images which were divided into deled hole i d d. pixel by pixel
four equal classes: ovary non-tumor/tumor, thyroid non— modeled as a whole Image and compared, pixel by pixel,

tumor/tumor. Both color and grayscale version of extended ~against a raw input image. Selecting proper abstraction
multidimensional co—occurrence matrices defined on pixel level is often not trivial task. In pure histograms when

triplets were used as image descriptors. Experimental eval- calculating cumulative sum of given intensities, geomet-
uation of the retrieval performance of the system illustrates rical information is completely lost. Classical Haraligk’
its feasibility to serve as a possible research tool to study . L . : .
medical images. matrices, first introduced in 1973 [2], add geometric infor-
mation to the ordinary histogram. Co—occurrence matrix
for a gray—-level image can be represented as a matrix of
|. INTRODUCTION relative frequencie®(i, k, d) with which the pixels with

Content—based image retrieval (CBIR) is the procesgrzy Ievells_,(z, g) oceur in the |mage.by d|stan<z§?_lpart.|_ K
of retrieving images by directly using image visual char- eneralized co-occurrence matrices e>.<te-n _ naralick's
acteristics. In comparison to text-based image retrievamatr'ces with at_ﬂdltlonal image characteristics: intgnsit
which uses textual language to describe image content, quference, gradients or angles between them [3]. Even

has significant limitations, especially in medical domain,2D silhouette ;e_cogmtur)]n wasl |?1p|eme:1tedb utsmg C:)_
since image data cannot be fully described textura”yoccurrence matrices, wnere relative angles between tan-

Traditionally, CBIR uses visual characteristics, such agent vectors to the object boundaries were utilized as one
its dimensions [4].

color, texture or shape to represent image content and R)fl ) . el triol i |
retrieve images from databases which are visually similar n our experiments image pixel triplets (equilatera

to a query image. One of the CBIR challenges is to brid(‘;’ériar_lgles with certa_in gray levels/colors I_ocated at their
the semantic gap between low-level features extracte}ﬁert'ces) were considered as elementary image structures.
automatically from images by computers and the high_Geometrically, these structures are covering the entire
level interpretation by human. Therefore CBIR for medi-'Mage and being sgmmarl|_ze§ n fo_rm chh(?orrespondc;ng
cal databases has the potential to assist clinical deeisiorf 0" 0ccurrence matrix (multi-dimensional histogram) de-

making, research, training and easy—to—use retrieval &cribe in statistical manner the spatial pixel relatiopshi
medical images [1] I.e. the image texture. Two matrix types are referred to by

abbreviations of their corresponding dimensions with the
letter I denoting the binned pixel intensity, —paletted
pixel color, andD—the inter—pixel distance.

Original cases were selected from the database of the Invariance for both rotation and reflection was achieved
Postmortem Laboratory at the Minsk City Hospital for by matrix reduction to a triangular form. In other words
Oncology, Belarus. All tumor tissue samples were im-sequence order of intensities at sides of triangles becomes
munohistochemically processed using D2—-40 mesothelialnimportant. To decrease the number of elements in
marker for highlighting tumor angiogenesis. The imagesnatrix and simplify data, feature vector was extracted
were acquired using a Leica DMD108 light microscopefrom the co-occurrence matrix.
at 200 magnification from histological slides contain- The descriptors compared were matrices defined on
ing tumor probes obtained from patients with confirmedtriplets of pixels describing spatial occurrence of both,
diagnosis of ovarian cancer (23 patients, 2000 imageolor and gray scale intensities, nameGCCD andIlID
and thyroid gland cancer (the same number of patientmatrices with 16 intensity levels and inter—pixel distance
and images). A final test database consisted of 400fanged from 1 to 5. Since image descriptors employ
histological 24-bit color images of 2048536 pixels. intensity pixel characteristics, original color imagesreve
All the images were divided into 4 equal classes: ovariarconverted to gray—level images using well-known RGB
tumor/non—tumor tissues, and thyroid tumor/non—tumoto Gray transform as well as color space reduction using
tissues; 1000 images in each class. Representative imagesdian-cut method.
of all 4 classes are shown in Fig. 1. Color/intensity binning was performed to reduce color

Il. MATERIALS AND METHODS



TABLE |
RETRIEVAL PERFORMANCE FORCCCD AND I1ID DESCRIPTORS ON
4000IMAGES DATABASE, %.

Top-1 results

CCCD 11D
Ovary non—-tumor 93.7 92.3
Ovary tumor 95 911
Thyroid non—tumor 94.8 95.5
Thyroid tumor 95.6 91.7
Top-10 results
CCCD 11D
Ovary non—-tumor 915 89.97
Ovary tumor 93.1 84.73
Thyroid non—tumor 945 93.22
Thyroid tumor 93.63 86.17
Top-20 results
CCCD IID
Ovary non—-tumor 90.52 88.66
Ovary tumor 91.8 82.01
“thyroid, tumor Thyroid non—tumor 93.54 92.26
Thyroid tumor 92.76 83.35
Fig. 1. Original histology images of ovarian and thyroid rtamor/
tumor tissues.
[1l. RESULTS

Both types of descriptors revealed good performance
when searching for histological images on query-by-
example paradigm (Table I, Fig. 2). Since the four—
dimensional matrices are very large, the principal com-
ponent analysis (PCA) method was applied. As a result,
it was found that selecting 22 components @CD and
12 for 111D descriptors covering 95 percent of variance in-
stead of 500 and 575 original variables (matrix elements)
provides approximately the same retrieval accuracy with
less then 5 percent variation.

IV. CONCLUSION

Generalized co-occurrence matrices showed very
promising results as similarity measures of histological
images. Considering color over intensity characteristics
didn’t give significant gain in retrieval performance. The
proposed method may be employed for medical image
retrieval for assisting the cancer diagnosis processes.

ACKNOWLEDGMENT

1D descriptor h This work was funded by the ISTC project B-1682 and

CRDF grant under contract BEM1-4028-MK-08.
Fig. 2. Retrieval results using two types of descriptors thet same
query image. Images are shown in a manner they were us€€C@¢D
and 11D descriptors (paletted and gray—level images). REFERENCES
[1] H. Muller, N. Michoux, D. Bandon, and A. Geissbuhler, “A review
of content-based image retrieval systems in medical apmicati
. . . . . . sclinical benefits and future directiondjiternational journal of
noise influence and simplify descriptor calculations. medical informatics, vol. 73, pp. 1-23, 2004.

One of the colors/intensities was labeled as backgroun@ Haralick, R.M., Shanmugan, K.S., and Dinstein, |., “Texd fea-

. . . . tures for image classificationTransactions on Systems. Man and
and skipped during matrix calculation. Cybernetics, vol. 6, pp. 610-621, 1973.

Image retrieval was performed by comparing the de{3] V. Kovalev and M. Petrou, “Multidimensional co-occurenma-

scriptor (i.e., the co—occurrence matrix) of given gue trices for object recognition and matchingstaphical Models and
P ( ) 9 query Image Processing, vol. 58, pp. 187-197, 1996.

example W'th_ desc”PtorS of ever_y Image store_d In th% Kovalev, Vassili A. , Petrou, Maria, and Bondar,Yarasla., “Us-
database usingL1 distance metric and selecting the  ing orientation tokens for object recognitiorattern Recognition
top—N most similar cases. Letters, vol. 19, no. 12, pp. 1125-1132, 1998.



