OBJECT-ORIENTED APPROACH TO THE DESIGN OF CAIS -AN INTELLIGENT SYSTEM FOR CHROMOSOME ANALYSIS AND CLASSIFICATION
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The basic concepts of object-oriented programming are described. The basic object classes and their interaction with the rest part of the system for chromosome analysis and classification CAIS are presented. The system performance with the usage of object classes is explained. The main advantages of the object-oriented approach to the CAIS system design are shown.

1. INTRODUCTION.

CAIS is an intelligent system developed to perform chromosome analysis and classification and to find out the existence of possible chromosomal aberrations. The structure and the functioning of CAIS are discussed in details in [1]. The investigation of the problem of automated karyotyping and the approaches used in the existing systems for automatic chromosome analysis lead to some conclusions about the system structure and design. Currently most systems perform chromosome analysis in three steps: methaphase image preprocessing, object analysis and chromosome classification. This means that the problem can be reduced to several specific sub-problems. For solving each sub-problem different algorithms can be used and for this purpose appropriate procedures can be built incorporating most of these algorithms. On the other hand, the problem requires special domain-oriented knowledge about image processing and chromosome classification. This knowledge can be represented by appropriate procedures, too. At last, in order to obtain a good chromosome classification the corresponding procedures should be applied in an appropriate sequence, i.e. a system control is needed. All this leads to the conclusion that it is most convenient to use the object-oriented approach to design, construct and organise the system modules of CAIS. This paper describes the application of the object-oriented approach in CAIS.

2. BASIC CONCEPTS OF OBJECT-ORIENTED PROGRAMMING.

Most procedure-oriented languages support "data-procedure" paradigm. Active procedures act on the passed to them passive data. Object-oriented programming employs a data or object-centered approach [2]. Instead of passing data to procedures, objects are asked to perform certain operations. Objects are potentially active abstract pieces of data. They contain an appropriate internal data representation and methods used to access and manipulate the data. A set of variables represents the data and a set of procedures represents the methods. Variables are the static part of the object. Methods are the dynamic part of the object and use the data. This is known as data abstraction and data hiding. Each concrete object is an instance of a class of objects. Classes and objects can be created by specialization of existing objects. The object of the subclass inherits the variables and methods from the superclass. In addition a subclass may provide addition behaviour to the methods of a superclass. Computation using classes of objects is performed by sending messages to objects called dynamic binding. Such an architecture is particulary usefull for systems which support certain sequence of actions or proceses.

3. OBJECT-ORIENTED APPROACH TO THE DESIGN OF 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 euristic 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, the number of the gray level values, gray level tresholds, etc. These parameters are used by standard procedures for image processing such as median filtering, histogram and thresholds calculation, segmentation, contour detection, etc., defined as class methods. These data and methods represent an object class named "2-D GRAY-LEVEL MICROSCOPE IMAGE". 

The methaphase images are 2-D grey-level microscope images. The data and the procedures of the class "2-D GRAY-LEVEL MICROSCOPE IMAGE" can be used for processing the methaphase images. In addition certain specific data and procedures are needed for the processing of the methaphase images, e.g. number of isolated chromosomes, isolated chromosome images, splitted and overlapped chromosomes editing, bands analysis. These data and procedures can be organized into class of objects named "METHAPHASE" which is a subclass of the "2-D GRAY-LEVEL MICROSCOPE IMAGE" class.

The chromosome images also are 2-D gray-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 length and centromere index, band descriptions, centromere editing, bands anlysis. These data and procedures can be organised into the class "CHROMOSOMES" which is a subclass of the "2-D GRAY-LEVEL MICROSCOPE IMAGE" class, too.

The described above classes of objects are used for the chromosome image processing and analysis. The hierarhy 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. 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 lenth 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.

4. SYSTEM CONTROL.

The communications between the classes and the other parts of the system CAIS are shown on the figure 2:
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Figure 2.

The described above object classes contain procedures for image processing and chromosome classification. These procedures should be applied in appropriate sequence. For this purpose CAIS includes a system control module. This module controls the sequence of procedures activation and the interaction between the classes and the rest parts of the system. It realizes a control algorithm shown on figure 3. This algorithm represents the different steps of the system functioning - preprocessing, analysis and classification. A result evaluation is performed after each step. If the results are not satisfactory some additional actions are performed (such as image editing, centromere position editing, bands analysis, etc.) and the step is repeated.
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Figure 3.

5. CONCLUSIONS.

Object-oriented approach shows good advantage in design, development and modification of the system CAIS. Information hiding and data abstraction increase reliability and flexibility of the system by minimizing the interdepencies between the software components. Inheritance reduces the large amount of code and eases the software maintenance. This means that a code which performs a particular task can be found in only one place of the system. At last, the system CAIS can be extended by addition of new classes of objects which represent other sort of preprocessing, analysis and classification.
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