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Abstract
The application of K-Nearest Neighbour (KNN’s) to automatic 
analysis of chromosome images is investigated in this paper. 
The automatic classification of chromosome is an difficult task 
because it appears distorted, overlapped, and their images are 
usually blurred with undefined edges and low level of detail. 
This paper introduces standard deviation feature obtained from 
wavelet transform of the image as a criterion to decompose groups 
of chromosome. The band profile of G-band chromosomes are 
used as the discriminate feature.
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I. Introduction
Chromosome analysis is an essential procedure for detecting 
genetic abnormalities in cells. Chromosomes occur as 22 pairs 
of autosomes (1–22) and two sex chromosomes (X and Y); thus, 
there are 24 classes of chromosomes. Traditionally, cells are 
classified according to their karyotype, which is a tabular array 
where the chromosomes are aligned in pairs. Karyotyping is a 
useful tool to detect deviations from normal cell structure since 
abnormal cells may have an excess or a deficit of chromosomes. 
Normally, the procedure of assigning each chromosome to a class 
(karyotyping) is based on the visual scanning of chromosome 
images by experts (biologists, cytogeneticists). This visual 
inspection is a time consuming process and expensive. Hence, 
many attempts have been made to improve visual analysis of 
chromosomes. To identify correctly all 24 chromosome types from 
grayscale images, a banding technique can be used. With proper 
staining techniques, such as Giemsa banding techniques [1,2], 
a unique banding pattern appears on each chromosome type so 
that all 22 pairs of chromosomes and the X and Y chromosomes 
could be uniquely identified (Fig.1). Once all the chromosomes 
in a cell have been classified, they can be placed into a graphical 
representation in which they appear in increasing order of their 
type number. This representation is known as a karyotype (Fig. 
2).

Fig. 1: Giemsa Banded Chromosomes

Fig. 2: Karyotype of Giemsa-Banded Chromosomes in fig. 1

Manual classification of human chromosomes is a slow and tedious 
procedure and much attention has been paid to make it automatic 
[2]. Most of the automated classification systems consist of the 
following stages:

image acquisition,1. 
image segmentation2. 
feature extraction of segmented areas and (iv) classification 3. 
of chromosomes.

II. Materials and Methods
Our proposed method consists of a number of steps as it is shown 
in fig. 3.

Fig. 3: Flow Diagram of the Proposed Method

III. Image Pre-Processing
In pre-processing, the G-band chromosome as shown in fig. 4, is 
isolated from the unordered karyogram using watershed transform 
as shown in fig. 5. 
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Fig. 4: Input G-Band Chromosome Image

Fig. 5: Isolated Chromosome Image

Contrast of the image is enhanced for better visibility of banding 
pattern and compensation of geometric distortions is observed 
in each chromosome not related with its intrinsic shape or size. 
Chromosome medial axis is segmented and smoothened and 
border regularization is made as shown in fig. 6.

Fig. 6: Medial Axis Segmentation

The metaphase plaque from which the chromosomes are extracted 
does not present a uniform brightness and contrast. So, the 
spatially scaled images are histogram equalized to compensate 
this inhomogeneity as shown in fig. 7.

Fig. 7: Histogram Equalisation

IV. Feature Extraction
Appropriate feature description is considered to be one of the 
most important part of classification procedures. 

A. Band Profile
The band patterns are represented by the band profiles, which are 
the projected profiles of chromosome image intensity averaged 
perpendicular to their medial axes [3]. 

where, N is the number of columns in the image. A shift constant  
is estimated by maximizing the cross correlation function of the 
two profile vectors as hi(n) and hj(n) as
 =
where, ϕi,j (τ) = ϕ(hi (n), hj(n-τ)) is the cross correlation function. The 
maximum of this function occurs when both profiles are aligned 
at =0. To avoid measurement degradation due to misalignment 
during the comparison step, the band profiles of two chromosomes 
are aligned. Fig. 8 & 9, shows the band profile of the pair of 
chromosome set.

Fig. 8:
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Fig. 9:

V. Discrete Wavelet Ransform Based Feature 
Descriptor
In numerical analysis and functional analysis, a discrete wavelet 
transform (DWT) is any wavelet transform for which the wavelets 
are discretely sampled. As with other wavelet transforms, a key 
advantage it has over Fourier transforms is temporal resolution: 
it captures both frequency and location information (location in 
time).The input chromosome image is converted into gray image 
and then 2-D wavelet transform is applied and normalized. The 
essential features like covariance, standard deviations, bag and 
data values can be measured as follows [4].
1) Standard deviation
sd = std(std(double(ima)))
2) covariance
co_v=cov(double(ima));
co_v = sum(sum(co_v))/(length(co_v)*1000)
3) bag
bag = sum(sum(ima))/(sze(1)*sze(2))
4) concatenate the features 
data = [ag;ahg;egy;etp;sd;co_v;bag]/100

Table 1: Features Extracted from the Image Obtained After 
Applying Discrete Wavelet Transform
Chromosome set1 Chromosome set2

sd  = 48.3213
co_v = 373.4256
bag  = 393.6414
Data = 3.9364
0.0556
0.6000
0
0.4832
3.7343
3.9364

sd = 49.9871
co_v = 341.7721
bag = 400.3208
data = 4.0032
0.0565
0.6000
0
0.4999
3.4177
4.0032

The table values shows that the same pair of chromosome class 
will give the similar standard deviation values, bag values which 
can be used as the feature for pairing.

VI. Chromosome Pairing
The k-nearest neighbor algorithm (k-NN) is a method for classifying 
objects based on closest training examples in the feature space. 
k-NN is a type of instance-based learning, or lazy learning where 

the function is only approximated locally and all computation is 
deferred until classification. The k-nearest neighbor algorithm 
is amongst the simplest of all machine learning algorithms: an 
object is classified by a majority vote of its neighbors, with the 
object being assigned to the class most common amongst its k 
nearest neighbors (k is a positive integer, typically small). If k 
= 1, then the object is simply assigned to the class of its nearest 
neighbor.The features are given to the classifier and it classified 
the chromosome according to its group as shown in fig. 8.

Fig. 8 KNN Classifier Output

VI. Conclusion
This paper describes about the ability of wavelet coefficients to 
extract chromosome features which can subsequently serve as 
inputs to the KNN classifier for classification. The features like 
standard deviation, covariance can be used as a feature for efficient 
classification rate. The band profile is another discriminative 
method to classify different G-band chromosomes. The work 
can be extended with neural network classifier to have better 
classification results.
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