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Abstract. The task o f segmentation o f color cytological images is analysed. A 
set o f segmentation algorithms providing good quality o f image segmentation is 
proposed. Results o f practical experiments are shown.

1. INTRODUCTION

Analysis of biomedical images it being the subject of high scientific interest 
nowadays. One of complex areas in biomedical image analysis is the automated 
analysis of cell images. Such analysis usually consists of image segmentation 
problem, where cells or their nuclei should be extracted. Later, their characteristics 
should be computed and further analyzed by medical experts. In this paper, we 
consider processing of color cytological images that normally contain cells with 
their nuclei.

It is practically impossible to develop fully automatic segmentation method 
that can automatically extract required cells and compute their characteristics. 
That is why most of the papers consider particular features of cell images and 
methods of their segmentation. Among the main cell segmentation approaches are 
those based on edge detection, thresholding, snakes, Hough transform, 
morphological operations, neural networks [1-3].

There are several papers analyzing color space in segmentation of 
biomedical images. Paper [4] proposes a new color coordinate system for cell 
image segmentation. The system is called PHS, where P is a vector of color 
distance, H is a hue (chromaticity), S is a relative saturation. This coordinate 
system allows taking into account specificity of histological images. The use of 
such coordinate system provides good results of thinning algorithm resulted in 
high-quality skeleton of the objects in a color image.

However, most of the known algorithms are quite time and complexity 
consuming. From other side, specifics of cytological images allow to build simpler 
algorithms that can better segment images.
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Unless medical color images are investigated for a long time, it is difficult 
to apply general image processing techniques to them, because each medical task 
is always very specific and requires specific approach to be solved.

Fig. 1. Initial biomedical image

We suggest here three techniques for color medical image segmentation 
proved to be successful for class of cytological images.

Object of our investigations are color cytological images of cells used 
during cancer diagnostics. There are methods, which give possibility to make 
cancer diagnostics by the analysis of shapes of cells and their nuclei [5]. Usually, 
cell shape is entered into computer by manual following of cell/nucleus border. To 
automate this, it is necessary to extract cells or their nuclei from the image.

Detail analysis of existed techniques was performed and their weak and 
strong sides were determined. As a result, three the most successive image 
segmentation techniques were developed.

2.1. Analysis of color image by putting bounds to color space

This technique is based on the assumption that image areas corresponding to 
cell nuclei should correspond to a definite subspace of RGB color space. In this 
case, building such a subspace within the whole RGB space will give us a basis 
for image segmentation. When color coordinate of a pixel is located within the 
“nucleus” subspace, it indicates, that pixel is nucleus one. Pixel will be considered 
as a background one otherwise. To obtain information for construction of such 
subspace (we will consider it as a parallelepiped) we created a sample image with 
manually segmented nucleus. We could afford this because of specifics of the task 
-  all images here are very similar. After analysis of the sample image, minimal 
and maximal values of R,G and В components were determined and were used to



construct subspace. Experiments showed, that we can assign minimal values of 
components to zero -  it will not influence result of segmentation.

Experiments have shown, that the algorithm works properly, but in case of 
not even background it gives relatively high part of false “nuclei” on background. 
Advantage of this method -  it is simplicity and the use of “global” parameters (the 
same for all images). It allows us not to analyze image details in case of problems 
within image. Approach has the drawback that for rather irregular images it gives 
quite many false areas.

Fig. 2. Result of image segmentation by cutting parallelepiped in color space

2.2. Analysis of color image by HSV transformation

In distinction from previous algorithm, next two ones use analysis only one 
color component for segmentation. In the first algorithm, information about 
“pure” color is extracted from the image.

Fig. 3. Result of image segmentation by transformation in HSV system of
coordinates

For this, it is transformed into HSV system of color coordinates. Here H 
(Hue) component can be regarded as information about “pure” color, without 
brightness, etc. Once this component is obtained, it is segmented by histogram
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analysis. Normally, these images have two peaks, which are regarded as nuclei 
and background. Unfortunately, resulting histogram has very complex shape, 
which significantly varies from image to image, that is why threshold detection is 
difficult. Advantage of this technique is in using “pure” color, that makes it more 
universal and less dependable on color variations, but complex histogram analysis 
is required.

2.3. Independent analysis of separate components

This technique can be considered as “composition” of previous two 
algorithms. It is based on independent analysis of one color component of image. 
Experiments showed that G component gives the best segmentation results. But, 
in contrast to the previous method, this component is obtained from real image 
without color coordinate transformation, so it has normal shape of histogram, and 
traditional techniques of histogram analysis can be used.

Moreover, three components can be analyzed independently with further 
unification of their segmentation results in one image. But this technique is more 
sensitive to color variation than previous one.

Fig. 5. Result of image segmentation by analysis of separate component G

Component R Component G Component В

Fig. 4. Separate R,G,B, components of color image



3. EXPERIMENTAL RESULTS

Described techniques were implemented on Pentium-based cytological 
image processing system with MS Windows environment. Image size is about 
1700x1500 pixels. All techniques were tested on large set of images for many 
preparations and good segmentation results were shown. Segmentation results 
were similar to human segmentation results. Unfortunately, often cell nuclei are 
grouped together and individual boundaries cannot be seen, whereas information 
about separate cell boundary is required for diagnostics.

Experiments showed that suggested techniques have specific features and 
for one image, one technique could have better performance that the others. 
Depending of particular need of the application, one can use two segmentation 
algorithms simultaneously to achieve better segmentation results.

Summarizing, first algorithm has advantage that its parameters are fixed and 
are not changed from image to image. This could help in cases, when all images 
are similar and high processing speed is required. Second approach is based on 
“pure” color, therefore, it has better performance for segmentation of objects, that 
are not highly textured and which are distinct from background by color, but it 
requires complex histogram analysis. Last method is less sensitive to color 
distribution than second one, but it is more flexible, than first method 
(unfortunately, not so fast) and such compromise is sufficient for our task of cell 
segmentation.
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