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Objectives: Genetic problems can be identified by a test called Karyotyping. Karyotyping is used to find the abnormalities
and genetic disorders or defects. The automated segmentation and disentangling of chromosomes are the challenging
issues. Methods/Statistical Analysis: In current systems the separation between touching and overlapping chromosomes
need human intervention. Different procedures are proposed to obtain the chromosome from its background. In this
paper, an attempt is made to separate the chromosomes for Karyotyping in G-Band metaphase images. As a first step
segmentation of chromosomes is done. Findings: Thesis carried out by means of local thresholding, region growing and
edge detection methods. Then, the chromosome and its clusters are extracted by labelling the connected components. This
process successfully separates individual chromosomes. Application: Medical image Processing.

Keywords: Chromosome Analysis, Edge Detection, Image Segmentation, Karyotyping, Region Growing

1. Introduction

Chromosomes are located inside the nuclei of eukaryote
cells and comprise the DNA double helices. They con-
vey the genetic commands for making living organisms.
Genetic defects that affect the chromosome structures
are numerous, including chromosome rearrangements,
duplications and deletions. Identification of such chro-
mosome aberrations has enormous impact on clinical
diagnosis, medicine development and basic research.
Nowadays, human chromosome investigation is espe-
cially used to distinguish hereditary disarranges in pre-
birth screening and in disease pathology looks into. The
two chromosomes in each pair are called homologous
chromosomes: one comes from the egg of the mother
(maternal homolog) and the other from the sperm of the
father (paternal homolog).

Each chromosome has a constricted region called the
centromere. The centromere holds together the two sister
chromatids before their separation during the mitotic cell
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division. On each side of the centromere, are a small and a
long arm. Chromosomes are metacentric if they have two
arms of equal length. On the contrary, chromosomes are
submetacentric if their centromere is not situated in their
centre. At last, if the centromere is situated at one furthest
point of the Chromosome, the chromosome is acrocen-
tric. The two extremities of the chromosomes are called
telomeres. Mitosis is the process of separating the chro-
mosomes into two sets in its cell nucleus. The technique
of mitosis is complex and highly regulated. The collection
of events is divided into stages, corresponding to the com-
pletion of 1 set of activities and begins of the next. These
stages are prophase, prometaphase, metaphase, anaphase
and telophase.

Prometaphase is the intermediate stage of contraction
between prophase and metaphase. Prophase is a stage of
mitosis in which the chromatin condenses into a highly
ordered structure called a chromosome in which the
chromatin becomes visible. Metaphase is a stage of mito-
sis in the eukaryoticcell cycle in which condensed and
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highly coiled chromosomes, carrying genetic informa-
tion, align in the middle of the cell before being separated
into each of the two daughter cells. Chromosome evalu-
ation is completed on dividing cells in their metaphase
degree. On this degree, the chromosomes will be recol-
ored such that makes a conventional band-test on them.
A chromosome is made of two chromatides, which can be
joined all in all on a typical factor named centromere in
the metaphase level. A normal human being has 46 chro-
mosomes in which 22 are auto some and remaining are
intercourse chromosomes. Whilst there may be a dishar-
mony between this set up, a genetic disease happens. The
problem will occur if there are too many chromosomes,
lacking chromosomes or combined up bits of chromo-
somes. Karyotyping is one of the many techniques that
facilitate to detect genetic diseases with the help of human
genes. Karyotyping comes from the phrase karyotype.
Karyotype shows the entire profile of a man or woman’s
chromosomal set up. A karyotype depicts the informa-
tion of the chromosomes.

Blood karyotyping is a approach used for analyzing
the chromosomes and predicting genetic disease. It counts
the variety of chromosomes and identifies the struc-
tural modifications in the chromosomes. Karyotyping,
or blood chromosome analysis, is a reasonably standard
check inside the infertility world. The prefix “karyo” refers
back to the fact that the nucleus of the cellular is stud-
ied, and the bottom word “kind” refers to the reality that
the take a look at is a characterization, or evaluation of
the individual. Stage one that should be taken in break-
ing down a chromosome picture is the division of chro-
mosomes and chromosome bunches from the picture
foundation. The methodologies used to investigate cyto-
genetic pictures depend on the assessment of an overall
edge by methods for the Otsu procedure'? on a universal
limit with a rethresholding plan®*, on k-way grouping®, or
consequently at the watershed change®’. A few endeav-
ors were made to adapt to bunches of touching (however
now not covering) chromosomes®"!
overlapping (but not touching) chromosomes'? in which
combos of geometric and densitometry proof were used
to resolve segmentation ambiguities.

A completely automated and efficient method to
segment banded chromosomes from its background
in G-band metaphase images is proposed in this paper.
To attain this, the neighbourhood thresholding, Region
growing and edge detection techniques are used to seg-
ment chromosome objects from the background. Later
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the individual chromosomes and clusters are extracted
from the segmented image by the usage of labelling the
related additives.

2. Methodology

Here we have taken three methods (local thresholding,
region growing and edge detection) to segment the chro-
mosomes from its background. Then the output of local
thresholding and edge detection methods are used for the
extraction of chromosomes and its cluster as shown in
Figure 1 and the input G-B and metaphase chromosome
image is shown in Figure 2.
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Figure 1. Block diagram of proposed method.

Figure 2. G-Band metaphase chromosome image.

2.1 Segmentation Algorithms
2.1.1 Local Thresholding

Segmentation refers to the system of partitioning a virtual
image into multiple segments. The purpose of segmen-
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tation is to simplify and/or change the representation of
an image into something that is greater meaningful and
less complicated to research. The result of image segmen-
tation is a set of segments that together cowl the whole
picture. This part ambition is to extract the chromosomes
from the background of the metaphase images.

On the off chance thata picture incorporates a question
over a uni-shading foundation, the dim level histogram
of this picture will display two pinnacles and the perfect
edge will be situated at the worldwide least between the
two pinnacles. Be that as it may, in metaphase pictures,
the foundation pixels dwarf the chromosome pixels. As
an outcome a sudden ascent happens in the histogram
and it is hard to find the worldwide least. The issue with a
straightforward edge is that some dark esteem is regular
to the chromosomes and the foundation.

Consequently, the threshold will fragment the chro-
mosomes or highlights noisy area. That is why local
thresholding technique’' is used. A single threshold will
not work well. The idea is to partition the image into
subimages and then choose a threshold for each subim-
age. The threshold value is calculated as follows. The
global threshold value is calculated for each subimage.
Then the largest element in that subimage is computed.
Finally the product of global threshold and largest value
is used as threshold.

2.1.2 Region Growing

Region growing is one of the method for image segmenta-
tion in which neighboring pixels are analyzed and added
to a region class if no boundaries are detected. This pro-
cess is iterated for every boundary pixel in the vicinity.
Region growing gives numerous advantages over conven-
tional segmentation techniques. In contrast to gradient
and laplacian techniques, the borders of regions observed
with the aid of area developing are perfectly thin (because
we only add pixels to the outside of the region of inter-
est) and related. The algorithm is likewise very solid with
recognize to noise. Region-growing tactics make the most
the essential truth that pixels which are close collectively
have comparable gray values. Area developing starts with
a seed pixel and adds new pixels slowly (i.e.,) it follows the
stairs under

o Pick out the seed pixel.
o Test the neighbouring pixels and upload them to
the location if they’re similar to the seed.
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o This system stops when the depth difference
between place mean and new pixel emerge as
large as a certain threshold.

Choosing the seed depends on the following:

+ Ifrelies upon on the character of the problem.

« If objectives need to be detected the use of infra-
red pictures as an instance, pick out the brightest
pixel(s).

» Without a-priori expertise, compute the histo-
gram and select the grey-degree values similar to
the most powerful peaks.

2.1.3 Edge Detection

There are many methods to carry out edge detection. But,
the maximum of them can be grouped into classes, gradi-
ent and laplacian. The gradient method detects the edges
by seeking out the maximum and minimal inside the first
spinoff of the image. The laplacian technique searches for
zero crossings within the second spinoff of the image to
discover edges. The gradient techniques are roberts, pre-
witt, sobel and the laplacian approach is marrs-hildreth.

The sobel technique reveals edges with the usage of
the sobel approximation to the derivative. It is simple to
use than the other operators. It returns edges at those
points in which the gradient of image is maximum.

The sobel detector is especially sensible to noise in
images, it efficaciously spotlight them as edges.

2.2 Extraction of Chromosomes and its
Clusters

The chromosomes can be extracted using the labelling
method. The labelling of chromosomes is applicable to the
output of local thresholding and edge detection method.
But the labelling of chromosomes is not possible in region
growing method. So the chromosomes and its clusters
are extracted using the output of local thresholding and
edge detection method. First the median filter is used to
remove noises in the image. Median filtering is just like
the use of an averaging filter, in that each output pixel is
set to an average of the pixel values within the neighbour-
hood of the corresponding input pixel. However, with
median filtering, the cost of an output pixel is decided
through the median of the neighbourhood pixels, in place
of the mean.
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3. Results and Discussion

The result of local thresholding is shown in Figure 3(a).
The threshold value chosen here to perform region
growing is 0.1 and the segmented output is shown in
Figure 3(b). It could be in the range between 0.05 to
0.2.Thesobel operator is used to detect the edges of the
image and the segmented output is shown in Figure 3c.
The chromosomes can be extracted using the labelling
method as shown in Figure 4. The output of edge detec-
tion and local thresholding methods are given as input
to the labelling method. Then the smoothing opera-
tion is performed to reduce the number of connected

Figure 5. (a) Examples of extraction of individual
chromosomes and clusters by giving output of edge

detection method.
components. The connected components are calculated

and labelled. The chromosomes and its cluster can be
extracted by giving the label values as shown in Figure
5(a) and 5(b).

(a) (b) ()

Figure 3. Segmentation of chromosomes from its (b) Examples of extraction of individual chromosomes

background using. (a) Local thresholding. (b) Region and clusters by giving output of local thresholding method.
growing. (c) Edge detection methods.

Segmented chromosome 4- ConCIUS]On

using edge detection/ local _
thresholding method Thus the segmentation process is done using region grow-
J\L ing, local thresholding and edge detection methods. The
chromosomes are segmented from its background and
Semeathes) e Eameni the output from the edge detection and local thresholding

image . .

methods are used for extracting the chromosomes and its

J\L clusters. The process can be extended further by disentan-
gling the clusters into individual chromosomes.

Calculate the connected
components and |abel them
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