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1. Introduction.

CAIS is an intelligent system developed to perform chromosome analysis and classification and to find out the existence of possible chromosomal aberrations. It performs chromosome analysis in three steps: metaphase image pre-processing, object analysis and chromosome classification. This problem requires special domain-oriented knowledge about image processing and chromosome classification. It can be represented by appropriate procedures organised in classes of objects [1,2]. This paper describes the realisation and functioning of the system CAIS.

2. Main classes in CAIS.

The system CAIS solves two distinct tasks: image processing and chromosome classification. Image processing is based on analysing the grey-level images of biological objects on a microscope slide. Chromosome classification is based on heuristic rules defined by cytogenetists. This leads to the definition of two different types of object classes for these tasks.

The object classes of the first type represent data and procedures necessary for image processing and analysis. The images are obtained from a microscope slide and are composed of biological objects nearly well spread and distinguishable from the background. This class contains the following data: a matrix representing the digitalized image, the matrix sizes, grey level thresholds. These parameters are used by standard procedures for image processing such as median filtering, negation, segmentation, contour detection, etc., defined as class methods. These data and methods represent an object class named IMAGE. 

The chromosome images also are grey-level microscope images and the data and procedures of this class can be used for the chromosome image processing and analysis. Certain specific data and procedures are also needed such as chromosome position, chromosome area, length and centromere index, chromosome arrangement by area. These data and procedures can be organised into the class CHROMOSOME which is a subclass of the IMAGE class.

The metaphase images are grey-level microscope images. The data and the procedures of the class IMAGE can be used for processing the metaphase images. In addition certain specific data and procedures are needed for the processing of the metaphase images, e.g. number of isolated chromosomes, isolated chromosome images, splitted and overlapped chromosomes editing, bands analysis. These data and procedures are organised into container-class of objects named METAPHASE.

The described above classes of objects are used for the chromosome image processing and analysis. The hierarchy of these classes is shown on the figure 1:
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Figure 1.

The second type of object classes are used to support chromosome classification. These classes represent specific cytogenetic knowledge about chromosome classification. The chromosomes are devided into 7 different groups - from Denver group A to Denver group G [2,3]. An object class can be defined For these groups of chromosomes appropriate object classes can be defined - from class DENVER GROUP A to class DENVER GROUP G They represent knowledge about chromosome classification based on chromosome length and centromere index. This includes the number of chromosome classes in the Denver group, procedures for selecting the chromosomes which can be classified in this group and their arrangement into the appropriate chromosome classes. The object classes for the chromosome groups include also data for representation of intermediate results of the classification.

3. System functioning.

The system works in several steps:

· loading an image from a file;

· pre-processing;

· chromosome isolation;

· chromosome features extraction;

· classification. 

The system is working on 256-grey-level images in the following graphic file formats: Windows Bitmaps (BMP), Tagged Image File Format (TIFF) and Raw Image Format (PIC). Image files are loaded using File - Open menu of the system. Figure 2 shows an image after loading.
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Figure 2.

Images can be viewed in a 25%, 50%, 100%, 200% or 400% scale by selecting the appropriate option in the View menu (Figure 2).

Pre-processing functions Median filtering, Negation, Threshold and Isolate can be activated from the Preprocessing menu (Figure 2).

Chromosome isolation can be started by choosing Isolate from the Preprocessing menu and entering a threshold value. The result of isolation is displayed on a new window as shown on Figure 3. Each isolated object is drawn in a separate rectangle. All objects are sorted in decreasing order of their area. 
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Figure 3.

The information about chromosome features can be displayed in a separate window (Figure 4) by choosing Info from Object menu. In the same way some information about the metaphase can be displayed by choosing Info in Analyse menu (Figure 5).
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Figure 4.
Figure5.

4. Conclusion.

The system CAIS is based upon the IBM PC computers and is written in C++ for Windows. The implementation of the system is under way. The classification algorithms are being built. The separation of overlapped chromosomes and bands analysing remain to be done. The system CAIS can be extended by addition of new classes of objects which represent other sort of pre-processing, analysis and classification.
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