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ABSTRACT

Processing of microscope images in medicine is one of the priority research areas. This is due to the fact that
such studies allow conducting comprehensive diagnosis of human health state, identifying and preventing the
development of diseases in the early stages, providing additional research in non-standard symptomatic forms
of rare diseases. In this connection, first of all image processing of cytology preparations holds a special place
as one of the common set of microimages in medicine. However, the specific complexity of visualization
process of cytology preparations and their subsequent processing with the use of automated processing de-
termines the necessity to study new possibilities to use new approaches to image processing. Exactly this fact
was the basis for considering the possibility to use wavelet analysis as a tool for processing cytology prepara-
tions images. On certain examples of cytology preparation images the results of application of one of the
wavelet analysis procedures is shown.
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INTRODUCTION
Processing real objects’ images, processes and phe-
nomena is one of the ways of perception of the
world around us. At the same time, image processing
allows studying the processes that cannot be seen or
analyzed by means of human vision. One such direc-
tions of application of a common ideology of image
processing is medicine. In this case, images of real
objects are those of different organs, tissues, parts of
human skeleton, obtained with the help of special
methods of their visualization: X‐ray microtomogra-
phy, positron emission tomography, ultrasonic analy-
sis, light and electron microscopy.1-5

Among the many real objects that allow studying
human body, one can underline the cytology prepa-
rations images. It is connected with the following
facts. On the one hand, cytology preparations are ob-
jects of microcosm, which allow for a more in-depth
studies of the human body, to study the dynamics of
its operation and to diagnose possible diseases in the
early stages of their development; On the other
hand, these are special images that differ in their vi-
sualization of microcosm objects, which necessitates
the use of a variety of image processing techniques
to obtain information about objects, processes, and
phenomenon under study.

The General Ideology of Post-Processing of Cy-
tology Preparations Images (Literature Review)
As an example of separate works that use the ideolo-
gy of imaging processing for studying of cytology
preparations the following research work can be
provided. B. Krawczyk and P. Filipczuk, which deals
with the cytological image segmentation to isolate the
cell nucleus.6 A. Gençtav, S. Aksoy and S. Önder,
discussing the issues of segmentation and classifica-
tion of cells cytology preparations images, where
segmentation process involves automatic threshold-
ing to separate the cell regions from the back-
ground.7 S. Singh and R. Gupta, which examines the
possibility of applying the texture analysis methods
for cytology preparations.8 E. Ensink et. al, who
study the issues of the selection of threshold for im-
age segmentation of cytology preparations.9 Y. M.
George et. al, offering to conduct automated seg-
mentation of cells in the images of the cytology
preparation under study, where authors talk about
the necessity to change the histogram of the input
image in order to enhance its contrast.10 R. Malviya
et. al, which deals with nucleus localization in the cy-
tology preparations images under study.11

Nevertheless, the many authors point out that there
may be some ambiguity while localizing nucleus. The
reason for such ambiguity is the emerging difference
in the relative staining intensity of the clinical sam-
ples examined. Possible errors in segmentation of
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cells on cytology preparations images as a result of
the arising differences in relative intensity of their
staining is also studied by E. M. van Ingen et. al.12 At
the same time N. Dey et. al, talk not only about the
possible influence of the relative staining intensity of
the preparations under study on the quality of their
image processing.13 N. Dey et. al, determine the
whole range of problems connected with the
processing of microscopic images in medicine, where
the primary goal is to obtain high quality image for
its further thematic processing.13

Thus, the overall ideology of cytology preparations
image processing pursues its goal as the selection of
certain parts of the image (cells, nucleus) for further
study of their changes (changes in cell shape, the
change in the area of a cell) or for the calculation of
certain quantitative characteristics (number of cells,
the number of nuclei, cells’ area). At the same time,
particular attention is paid to the methods of cytolo-
gy preparations source images (filtering, change of
contrast, histogram equalization) in order to enhance
the information they contain. However, it should be
noted that by simply changing the brightness, con-
trast or by filtering it is impossible to solve arising
issues with proper quality while processing cytology
preparation images. Based on noted above, the fol-
lowing objectives of this study can be pointed out:

– Explanation of method of cytology preparation
images processing;

– Reviewing the ideology of preprocessing of cytolo-
gy preparation images for their processing method
under discussion;

– Conducting experiments based on the suggested
method of cytology preparation images processing.

Basics of Wavelet Analysis for Image Processing
In order to solve the set of issues connected with cy-
tology preparations image processing the methodol-
ogy of wavelet analysis will be considered. The selec-
tion of wavelet analysis method for further cytology
preparations images processing is based on the fact
that wavelet processing allows taking into account
the particular characteristics of the images under
study by decomposing source data into a plurality of
approximate and detail coefficients, in particular by
image edge detection.14 In addition, image processing
results obtained with the help of wavelet analysis, are
often more informative.15,16

Wavelet analysis is based on wavelet transform.
Wavelets are obtained by shifting and scaling a single
function – parent wavelet.17 If the signal is disconti-
nuous, only those wavelets will have high amplitudes,
which maxima will appear near the discontinuity
point. This allows detecting image edge on the image
under study. The sharper the transition, the higher

the derivative value is. Smooth transitions will have
small derivative values.

Behind the formalization of the continuous wavelet
transform (CWT) there’s the use of two continuous
and integrable along the whole axis tfunctions:17,18

– wavelet – function )t( with zero integral value

 



 0dtt , (1)

determining the details of the signal and generating
extended fractions;

– scaling function )t( with a unit value of integral

 



1dtt , (2)

determining a rough approximation of signal and ge-
nerating approximation coefficients.

However, CWT function can be applied only for
one-dimensional signals, and image is a two-
dimensional signal. Therefore, in order to be able to
apply CWT to detect image edges it is suggested to
consider the following analysis and edge detection
procedure:14

- let’s perform calculation for horizontal discontinui-
ties of the original image F , represented by matrix
defined by its readings

  M,...,2,1j,N,...,2,1i,P,...,1,0f ij  on a square lat-
tice KP  . To do this, we use the following formula
to get the so-called matrix of wavelet spectrogram
W (based on the sequential processing of each line
of the original image F):

  dt)
a
bt(f

a
1fW ijij


 




 , (3)

where )
a
bt(  is a mother wavelet that meets the

condition (1),

a , b – scale and center of temporary locali-
zation which determine the scale and bias function
)t( in accordance with the terms of scaling (2);

 ijf indicates the number of the processed
string of the original image F to get a plurality of
values of its wavelet spectrogram.

Parameters a , bare chosen so that the correspond-
ing linear dimensions of the matrix of wavelet spec-
trogram W correlate with linear dimensions of the
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original image F, and at the same time possible pa-
rameter of wavelet transform are taken into account.

Then, based on the analysis of the obtained spectro-
gram (W for each raw of the original image F) we
select its certain line PP based on the condition:





P

1i
ij)w

P
1max(PP , (4)

where ijw is the element of wavelet spectrogram
of the analyzed row (line) of the original image F.

This selection is determined by the fact that we select
that part of spectrum of the original image row (line),
which corresponds to the largest discontinuity area
of the original signal between its readings (see com-
ments above).

The selected in such a way line (row), will corres-
pond to the line (row) in matrix gF which characte-
rized the matrix of horizontal discontinuities of the
original image F.

Processing of all lines of the original image F allows
obtaining the matrix of horizontal discontinuities gF

through the following sequence of transformations:

gFlineselectionWlinesCWTF

- in a similar war we calculate the vertical discontinui-
ties of the original image F for each column. For this
purpose, use formula (3) and the formula similar to
formula (4) to select certain line from the obtained
wavelet spectrograms of each column of the original
image F:





K

1i
ij)w

K
1max(KK . (5)

Processing of all columns of the original image F al-
lows as a result obtaining the matrix of vertical dis-
continuities vF , due to the following sequence of
transformations:

vFcolumnselectionWcolumnCWTF .

- add matrixes of vertical and horizontal discontinui-
ties into one matrix that displays the edge of the orig-
inal image based on CWT methods. For visual clari-
ty, matrixes are horizontal, vertical discontinuities, as
well as generalized matrix showing the edge of the
original image can be inverted.

In this work, to consider the possibility of using
wavelet analysis as a tool for processing cytology
preparations images, parameter 20a  , and parame-
ter b ( Pb  or Kb  ) correlates with the linear di-
mensions of the original image in accordance with
the procedure of constructing the matrix of wavelet
spectral pattern for rows and columns of the image
respectively.

Test Images and Their Preprocessing Before
Wavelet Analysis
In order to identify the possibility of using wavelet
analysis as a processing tool for cytology prepara-
tions images, some images have been selected. The
images are publicly available on the Internet (Fig. 1
and Fig 2).

Fig.1. Image No.1

Fig.2. Image No.2

The presented images of cytology preparations are
different in their structure and complexity of percep-
tion, which allows evaluating the possibility of using
wavelet analysis methodology as a tool for their
processing. Moreover, all images are presented in
color. However, the implementation of certain func-
tions of the general methodology of wavelet analysis
involves the work with gray-level images. Therefore,
all the original images must be submitted in the form
of corresponding gray-level (halftone) images. This is
the first stage of the original images pre-processing.

As noted above, one of the necessary stages of pre-
processing of microscopic images in medicine is their
contrasting. Changing the contrast of the image al-
lows improving both image perception accuracy, as
well as the accuracy (efficiency) of its further
processing. It is very important for microscopic im-
ages in medicine, an example of which are images of
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cytology preparations. Therefore, to further analyze
the halftone images, they all were contrasted.

At the same, the selection of different levels of con-
trast enhancement for the images under study is first
of all determined by the necessity to test the possibil-
ity of using wavelet analysis for cytology preparation
image processing.

Results of Wavelet Transform of Cytology Prep-
arations Images and Discussion
Thus, wavelet transform of cytology preparations
images will be held on halftone images, one of which
is the source (primary) image obtained from the cor-
responding color image, and the second one is a con-
trasted image of the original grayscale (halftone) im-
age. As a wavelet transform of cytology preparations
images the method of selecting special features of the
images was used, described in the part “Basics of
wavelet analysis for image processing”.

Fig. 3 shows the results of wavelet transform for im-
age No.1 (a – processing of the original halftone im-
age, b – processing of contrasted halftone image).

Fig.3a). Results of wavelet transform for image No.1

Fig.3b). Results of wavelet transform for image No.1

Fig. 4 shows the results of wavelet transform for im-
age No.2 (a – processing of the original halftone im-
age, b – processing of contrasted halftone image).

Fig. 4a). Results of wavelet transform for image No.2

Fig. 4b:. Results of wavelet transform for image No.2

As it can be seen from data on Fig. 3 and Fig. 4 the
described method of image wavelet transform allows
detecting first of all edges of separate objects
represented on the corresponding images. The used
wavelet transform also allows highlighting the specif-
ic features of cytology preparaions of separate ob-
jects (cells) in the images. At the same time, on basis
of shown in Fig. 3 and Fig. 4, it can be stated that the
use of the studied wavelet transform provides more
information for images that have been contrasted.

In the case where wavelet processing was applied to
a less contrasted image, the result was the allocation
of the darkest areas in the original images. This cor-
responds wither to cell edge detection (Fig. 4a).

In the case where wavelet processing was applied to
a more contrasted image, the result is not only more
accurate cell edge detection, but the allocation of the
internal structure of these cells (Fig. 3b). This allows
for a more detailed qualitative and quantitative analy-
sis of the internal structure of the cells represented in
the images of cytology preparations. In particular, it
is possible to analyze the textural changes that occur
within the cell, to analyze in more details the individ-
ual elements of cells’ structure, to calculate the dy-
namics of change in the cell nucleus, the nucleolus,
intracellular filaments, etc.

Nevertheless, it is possible to combine the results of
wavelet processing of images with different contrast.
This will help solving different problems: from loca-
lizing only cell nuclei to the study of the internal
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structure of cells. Then the general ideology of the
procedure for the use of wavelet analysis as a tool for
cytology preparations images processing can be pre-
sented as follows:

the necessity to transform the original image is
determined;
color image is converted to halftone (gray-level)
image;
the necessity to change contrast of the original
halftone image is determined;
wavelet transform of the original halftone image
and of contrasted halftone image is conducted;
Conclusions are made on basis of wavelet trans-

form results (additional processing procedures are
applied to the obtained images in this case: calculat-
ing cell nuclei, cells, cells’ area, etc.).

In any case, the discussed above one the procedures
of wavelet analysis shows that it is possible and feas-
ible to use wavelet analysis as a tool for processing
cytology preparations images in order to obtain addi-
tional information to conduct diagnostics and assess
the state of human health.

CONCLUSIONS
In summary, the paper deals with the possibility and
feasibility issues of applying wavelet analysis for
processing cytology preparations images. As a sepa-
rate wavelet analysis procedure, which is proposed to
be applied to processing of cytology preparations
images, the procedure of allocating specific features
on the presented images is discussed.

The proposed procedure of processing of cytology
preparations images allows to qualitatively (in terms
of their visualization) allocating: cells’ edges, cell nuc-
lei, revealing in more detail textural features of cells’
images, which allows analyzing cell structure.

At the same time, one of the specifics of application
of wavelet transform for cytology preparation images
analysis has been marked out. Such specific feature is
the necessity to process halftone images and
feasibility of changing contrast of halftone image.
Inparticular, the article shows different results of
wavelet processing for original and contrasted
halftone images. Nevertheless, it does not narrow,
but instead extends the potential of using wavelet
analysis for processing cytology preparations images
depending in the context of the problem.
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