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Abstract:

This

paper presents our

developments made in imaging techniques for
the help in the diagnosis and analysis that the
gynaecologists should make from colposcopic

color

images.

The main step is an image segmentation on
the color basis, and we have used the
algorithm of the principal components
transform to simplify this work.
INTRODUCTION
The colposcopic color images are composed of many
structures named elementary images tll. They are
particularly rich in color, texture and pattern. Each

dimensional space instead of a one dimension, that gives
us the possibility to find characteristics that are omitted in
one dimension space.

We work within the RGB color space because we
obtain this space directly from the video card, but we
could work with any other color space like YIQ, HIS, CIE
xyz, etc.,just making a little bit more operations.
Each pixel of the color image is represented as a point
in the three dimensional color space; The entire color
image is represented by a set or cloud of points in the
color space. If we divide this set in to clusters, each one
represents a color gamut, we can calculate the average
color of all the pixels or points in each cluster and replace
them by this average color or index. Then the entire color
space has been divided in clusters and the color image in

elementary image has to be examined in every one of the

segments.

three images that a complete test requires (without

An important problem is presented in the division of
the color space to built the clusters if we use a simple
division in each R, G or B axis, there is not enough color
component variation. The solution is obtained by making
a space transformation such that one of the axis of the
new color space is in line with the main axis of the set or
cloud. That is why we apply the theory and technique of
the principal component analysis [6], with the advantage
that we can reduce the color space dimensions almost
without losses and then work in a simplified way.
Now that we are in the new color space called X with
its Xl , X2 and X3 components, we can easily divide it,
by dividing only the main axis, because more than93Vo of
pixels are well represented in it. The second axis
represents more than 6Vo of the pixels that were not
represented before. The last l%i of pixels are well
represented by the third axis. Then we take the main axis
and we can divide it in two ways: First, by dividing the
main axis in divisions of the same size. Second, by
dividing the main axis in an equal number of pixels for
each division. We can divide in the same way the second
axis if we want more discrimination and we consider that
the third axis division is not necessary.

reactants, with acetic acid reactant and the schiller test) to
built the colposcopics tables. After that, the specialist can
diagnose a healthy cervix, an ill cervix or any of the
different pathologies.
In the last six years, some works have been carried out
in the colposcopic image field, we can quote for example
that of Crisp et al. [2], in which they process a black and
white image, using optic filters and light color sources to
enhance theirs profits. Piccoli et al. [3] have had excellent
results with color images processed by a super system

ARME unfortunately not accessible to everybody.
Mikhail et al. t4) show in particular the correlation

between lesion size and grade of dysplasia. We also began
our first approach with gray level image analysis [5]. Now
we are considering the color space, the localization and

analysis. quantitative

of every one of the

elementary

images.

MATERIAL AND METHOD
The only constraint for our development is that it
should be accessible, transportable and friendship using,
for these reasons we choose the Macintosh environment
and the C programming language.
Once the image is digitalized and read by the machine
we have to analyze it, to find and to separate the
characteristics that make it different from the others. This
step is made by image segmentation algorithm.
The segmentation is not easy to perform directly in the
color space, because we have more information than that
of a simple gray level image: We work in a three

The main steps of the algorithm are: 1) The

computation of the covariance matrix of all the image
according to the color system, and then its eigenvalues and

eigenvectors. 2) Use eigenvectors to perform the space

transformation, find the new value of the vector (each
point is a vector) for the new axis system. The axis
corresponding to the eigenvector having the highest
eigenvalue is the principal axis, and 3) Make the clusters,
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Figure 1:col1, acetic acid image

Figure 2:collp5, segmentation, contour and mask results

identifying them with a color index and segmenting the
image with the color index of each cluster.
To enhance the image segmentation, we can merge the
clusters of the new color space, we can merge the
segments of the color image and we can split any
segment, using the segment like the total image and
applying the same algorithm.

We have filled a flash light reflection and this mask
could be substituted by a surrounding average color in

collp5, coll or any other.
The dimensions of the cervical bone are exploited in
the same way.
If we use the equal number of pixels division, we need

When we are satisfied of the segmentation, we can
obtain much information from it, for each segment: the

just three divisions to get almost the same acetowhite
demarcations but we lost the flash light reflections, then
the technique used depends of what we want to show or

average color, the surface, the perimeter, etc. We can use a

hide.

mask of this segment and position it in an other image
that could be of the same study, or verify the evolution of

CONCLUSION

the illness.
We develop a file of all of this information during the
running execution, we create an image file that shows the
new color space with the main axis and the second axis or
any combination of axis represented in two dimensions
with or without the clusters. We can create an image file
of the image segmentation with average colors, high
contrast colors or gray levels.

correlations from a large data base.

RESULTS

REFERENCES

The image on figure 1,

coll,

represents an acetic acid

test in which the gynaecologist finds a mild dysplasia

(C.LN. 1). We can see the acetowhite area that represents
a possible absence of glycogen, confirmed with the
schiller test, although the image without reactant shows

With the color space transformation we obtain a high
discriminatory potential between all the points, and we
can make clusters of points that represent the elementary
images in the image.
We are studying other kinds of initial color space,
other clustering methods and we are building medical

tll
t2]

a

normal area. We can see the flash light reflections in
bright and the deep vaginal fornices in dark, At the bottom
of the picture we find the cervical bone in the horizontal

t3l

direction, with a dark red color.
The image on figure 2, collp5, is the processed image,
segmented from the five equal divisions of the main axis
that the new color space gives.

The number of division suspected was four; the

t4l

background (fornices), the healthy tissue, the acetowhite
area and the flash light reflections but the color gamut of
the healthy tissues was so big that an additional segment

tsl

From this segmentation we get the color information
and surface dimension principally for the acetowhite area
that is the more interesting elementary image of this case.

We have used our contour following algorithm to

R. Piccoli, M. F. Gallini, R. Pace, M.
Capodanno,. C. Perricone and U. Montemagno,
"Apport d'un systöme informatis6 d'analyse
d'images ä trös haute rdsolution dans le diagnostic
colposcopique", Masson, Paris, Gynecologie, vol
41, no 6, pp 413 - 418, 1990.
M. S. Mikhail, I. R. Merkatz and S. L. Romney "
Clinical Usefulness of Computerized Colposcopy:

was imposed.

We can see that the acetowhite area is not completely
matched, but it is a very good approach.

F. Coupez, "Initiation ä la colposcopie", Masson
dditeur Paris, 1990.
W. E. Crisp, B. L. Craine, and E. A. Craine, "The
computerized di gital imagin g colposcope : Future
directions", Am J Obstet Gynecol., no 162, pp
149l-1498, June 1990.

t6l

Image Analysis and Conservative Management of
Mild Dysplasia", Obstetrics & Gynecology, vol.
80, no l, pp 5 - 8, July 1992.
Ch. Coru, " Analyse d'images colposcopiques:
Etude de Faisabilit6", Mdmoire de D.E.A. section
GBM, Universitd de Technologie de Compiögne,
Sept. 1992.
S. E. Umbaugh, R. H. Moss, W.V. Stoecker and
G. A. Hance, "Automatic Color Segmentation

show the acetowhite contour and at the same time we get

Algorithms", IEEE Eng. Med. Biology Mag., vol.

the perimeter and a mask that we can copy to an other

12, no. 3, pp. 75

- 82, Sept.

1993.

image.

254

Medical & Biological Engineering & Computing Vol. 34, Supplement 1, Part 1, 1996
The 1Oth Nordic-Baltic Conference on Biomedical Engineering, June 9-13, 1996, Tampere, Finland

