IRACST - International Journal of Computer Science and Information Technology & Security (IJCSITS), ISSN: 2249-9555
Vol. 2, No.6, December 2012

M-FISH Image Segmentation Using Fuzzy Logic and
Spatial Information
Lijiya A
Department of CSE
National Institute of Technology
Calicut, Kerala, India.
lijiya@nitc.ac.in

Sreejithlal G S
Department of CSE
National Institute of Technology
Calicut, Kerala, India.
sreejithlalgs@gmail.com

Govindan V K
Department of CSE
National Institute of Technology
Calicut, Kerala, India.
vkg@nitc.ac.in

Abstract — Karyotype refers to display of the chromosomes of a
cell by lining them up. Multicolor fluorescence in-situ
hybridization (M-FISH) technique provides color karyotyping
that allows simultaneous analysis of numerical and structural
abnormalities of whole human chromosomes. In this paper, a
modified Fuzzy c-means (FCM) clustering for M-FISH
segmentation is presented. A conventional FCM algorithm does
not fully utilize the spatial information in the image. Proposed
method uses a FCM algorithm that incorporates spatial
information into the membership function for segmentation. And
also uses a median filter as preprocessing step, which leads to
improved accuracy of pixel classification. The algorithm has been
tested on an M-FISH database, which demonstrates improved
performance in segmentation when compared with standard
FCM clustering-based algorithm.

not only time-consuming and expensive, but also needs well
trained personnel. During the early periods of chromosome
analysis, gray scale images were used. A new staining method
called M-FISH [1], developed in 1996, produces color images.
Images are captured with a fluorescent microscope with
multiple optical filters. M-FISH uses 5 probes to identify all
chromosomes in unique colors. A sixth probe, DAPI (4',6diamidino-2-phenylindole), after counterstaining with DAPI
all chromosome are visible in the corresponding image. Using
M-FISH technique greatly simplifies karyotyping and detection
of subtle chromosome aberrations.

Keywords — Image segmentation, Fuzzy C-Means (FCM)
clustering, Multiplex fluorescence in-situ Hybridization (M-FISH),
spatial information.

A number of different approaches are available for M-FISH
classification and segmentation. A few of them are briefly
discussed in this section.

I.

INTRODUCTION

A chromosome is a microscopic structure which contains
an individual's genetic information. It is composed of DNA and
various proteins. Chromosomes are classified by their size and
appearance under the microscope. A normal individual
acquires 23 chromosomes from the father and another 23 from
the mother, making it a total of 46 chromosomes (22 pairs of
non-sex or autosomal chromosomes and a pair of sex
chromosomes). The non-sex chromosome pairs are numbered 1
through 22, and the two sex chromosomes are designated X
and Y. Females are characterized by an XX chromosome pair,
whereas males are characterized by an XY chromosome pair. A
typical metaphase chromosome consists of two identical arms
called chromatids which touch at a primary constriction called
the centromere. The short chromosome arm is designated as p
and the long arm as q. The sister chromatids are often so close
to each other, that the whole chromosome appears like a single
rod-like structure.
Karyotyping orders and arranges the chromosomes by their
lengths, from longest to shortest, followed by the sex
chromosomes. These come handy in accurately diagnosing
genetic factors behind various diseases. Manual karyotyping is

II.

RELATED WORKS

Petros et al. [2] presented chromosome classification using
M-FISH chromosome images. M-FISH used five different dyes
and feature vector will be 5 set of pixels. In extracted pixel
sets, feature normalization is applied in order to increase
accuracy, and then K-means algorithm is used to cluster
chromosomes into 24 clusters. This is a semi-supervised
method because it uses some prior information from a labeling
chart to find initial centroids.
Mehul et al. [3] presented automatic pixel-by-pixel
classification algorithm for M-FISH images using a Bayesian
Classifier. Main objective of this work is to classify human
chromosomes. Bayes classifying technique is used to classify
images by finding posterior probabilities using prior
probabilities. The classification problem is modelled as a 25
class problem. Yu-Ping Wang [4] improves pixel-by-pixel
classification algorithm using a multi-resolution image
registration, which is applied as a pre-processing step. The
image registration is done as follows. First DAPI image is
selected as the reference image and other five images are
registered to it. The classifier is tested without image
registration and with image registration, and results show that
image registration improves classification accuracy.
Yu-Ping Wang et al. [5] proposed a FCM clustering
algorithm for classification of chromosome analysis. The
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problem is modeled as a 24 class problem. The main objective
of FCM algorithm is to find the cluster centroids. Dissimilarity
function is used as the objective function. By minimizing
dissimilarity function, cluster centroids are found. Data
normalization is done in order to increase the accuracy of
classification. This is done by image registration, color
compensation etc. FCM classifier yields better accuracy than
Bayesian classifier. Classification can be improved by
Normalization.

Watershed method [12] is applied to segment the overlapped
chromosomes. Mean and standard deviation of each segmented
area are the features used for classification. And classification
is done using Bayes classifier for 24 class problem. And a post
processing step is also included which reclassify segments to
most likely class of one of its neighbor’s. Results are much
better than pixel-by-pixel classification. This method was
tested on a small data set. The accuracy of method for larger
data sets is unknown.

Petros and Dimitrios [6] proposed a region based
decorrelation stretching method, which is applied to
chromosome image classification. First, the image is
decomposed into homogenous regions using the multichannel
watershed transform. Then for each segmented area the
intensities of the pixels belonging to that region are replaced
with the mean color value of the region. Then decorrelation
stretch is applied. The decorrelation stretch is a process that is
used to enhance the color differences found in a color image.

Nemanja B. Grujic et al. [13] proposed a hybrid approach
for image segmentation from chromosome images. The main
disadvantages of segmentation algorithm are that they are not
universally applicable for every image and these techniques are
not perfect. The proposed method can be summarized in four
phases – Histogram analysis, Threshold modification, Flood fill
algorithm and object extraction. In Histogram analysis,
background intensity, color and tolerance are found, and each
pixel is classified as object or not, according to a threshold
value. Then Flood fill algorithm is applied iteratively to find
boundaries of important objects. The final stage is object
extraction. Based on relative size noise, background and
chromosome are extracted. This method gives good results and
minimizes user interaction.

Petros S. Karvelis et al. [7] proposes a new method for the
multichannel image segmentation and region classification.
This method is a two stage process. In the first step multichannel image segmentation is carried out by watershed
transform. After applying transform, image is decomposed into
set of homologous regions. And after this a binary mask is
applied to remove artefacts that appear in some channel. In the
second step, a Bayes classifier is applied to regions.
Hyohoon Choi et al. [8] proposed a method for automatic
segmentation and classification for M-FISH chromosome
images. First Background correction is done using image
subtraction. Color compensation is done in next step; here color
spreading is corrected by linear transformation. Then filtering
is done to remove shot noise and additive Gaussian noise,
median filter is used to remove noise, followed by feature
normalization is applied. Classification is carried out using
Maximum likely hood function.
Hongbao Cao et al. [9] proposed an improved adaptive
FCM algorithm for chromosome segmentation and
classification. The algorithm improves the classical FCM
algorithm by the use of a gain field, which models and corrects
intensity inhomogeneities caused by a microscope imaging
system, airs of targets (chromosomes), and uneven
hybridization of DNA. Improved Adaptive FCM improves
error rates and compensates back ground image intensity. This
method avoids the computation of large differential equations.
Wade Schwartzkopf et al. [10] proposed a minimum
entropy segmentation method for M-FISH images. To segment
chromosome, first find two cut points. Joining those points may
give a cut line, which separates the touching or overlapping
chromosome. The method is improved by introducing an
objective function as a criterion for selecting cut lines to
decompose groups of chromosomes that touch and overlap
each other. The objective function is a measure of entropy. This
algorithm uses multi-spectral information in chromosome
images for more accurate segmentation.
Sreejini K S et al. [11] proposed an automated method for
M-FISH chromosome segmentation and classification. The
method first removes nuclei and debris from M-FISH images.

Lijiya A et al. [14] proposes a new method for M-FISH
segmentation and classification. This method includes
preprocessing steps for cell removal and noise reduction.
Median and low pass filters are used for noise removal. A
dilation operation follows, which reduces intensity
inhomogeneities. Then three different methods are carried out
in order to separate foreground and background from image.
Majority voting is used on the three methods to select a
segmentation method. After this step, classification of image is
done using a fuzzy logic classifier. This classifying technique is
very simple. The results show that, this method has high
accuracy.
Karyotyping needs very high accuracy, and it is observed
that fuzzy logic algorithms have higher accuracy compared to
other methods. Also, fuzzy classifiers are unsupervised. This
paper uses the concept of fuzzy logic classification. The
proposed algorithm uses FCM incorporating spatial
information into the membership function for segmentation.
The algorithm has been tested on an M-FISH database.
The rest of the paper is organized as follows: Standard
FCM is discussed in Section III, and Spatial FCM is presented
in Section IV. The Section V deals Results. And finally the
approach is concluded in Section VI.

III.

FUZZY C-MEANS ALGORITHM

FCM [15, 16] is a clustering method that allows a datum to
belong to more than one cluster. Based on the distance between
each cluster center and a data point, FCM algorithm assigns
each data point, membership to each cluster center. Nearer the
data is to the cluster center, higher is its membership towards
the particular cluster center. Sum of membership-value of each
data point to all cluster centers must be equal to one. Following
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each iteration, membership and cluster centers are updated [17]
according to the formula

IV.

SPATIAL FUZZY C-MEANS ALGORITHM

A Spatial FCM algorithm [17, 18] proposed for MRI image
segmentation is incorporated in this work for M-FISH image
segmentation. An important characteristic of an image is that
neighboring pixels possess similar feature values, and there is a
greater probability that they belong to the same cluster. This
spatial relationship is important in clustering, but standard
FCM algorithm does not utilize this. The spatial function
exploits spatial information [18, 19] and is defined as

where
n
vj
m
c
µij
dij

is the number of data points;
represents the number of clusters;
is the fuzziness index, m ∈ [1, ∞];
represents the number of cluster centers;
is the membership of ith data to jth cluster center; and
is the Euclidean distance between ith data and jth cluster
center.

where NB(xj) represents a square window, whose center
coincides with pixel xj in the spatial domain. A 3 × 3 window
was used in this paper. The spatial function of a pixel for a
cluster is large if the majority of its neighborhood belongs to
the same cluster. The spatial function is incorporated into
membership function [18, 19] as

Main objective of FCM algorithm is to minimize

where
U = (µij)n×c is the fuzzy membership matrix
V is set of cluster centroids
||xi – vj|| is the Euclidean distance between ith data and jth
cluster center.
A. FCM Algorithm
Let X = {x1, x2, x3, …, xn} be the set of data points and V =
{v1, v2, v3, …, vc} be the set of centers.
1) Randomly select c cluster centers.
2) Calculate the fuzzy membership µij using (1).

where p and q are parameters to control the relative importance
of both functions. The initial clustering is similar to standard
FCM algorithm, and later, the new spatial function (4) is used
and the FCM iteration proceeds with the new membership that
is incorporated with the spatial function. The iteration stops
when the maximum difference between two membership
matrices at two successive iterations becomes less than a
threshold.
Median filtering is widely used in digital image processing
because, it has the peculiarity of preserving edges while
removing noise. It is a non-linear spatial filtering technique.
Each pixel value is replaced by the median of intensities in the
window (usually of size 3 × 3) centered at that pixel. Median
filter is applied to M-FISH images in order to remove the noise
in images. This method is used as a preprocessing technique
and improves the results of spatial FCM algorithm.

3) Compute the fuzzy centers vj using (2).
4) Repeat steps 2 and 3 until the value of J is minimized
or ||U(k+1) – U(k)|| < β.
where
k
β
U
J

is the iteration step;
is the termination criterion between [0, 1];
= (µij)n×c is the fuzzy membership matrix; and
is the objective function.

The M-FISH image contains nuclei and debris along with
chromosomes. First nuclei and debris are removed. Then FCM
algorithm is used to segment the image, which means
background and foreground are separated. Here, the algorithm
can be used as a 2 class problem.

V.

RESULTS

M-FISH images from M-FISH database [19] of 40 cells
were tested, and the results of image segmentation were
compared over the proposed Spatial FCM algorithm and
standard FCM algorithm. The value of fuzziness index (m) was
taken as 2. The SFCM control parameters (p and q) were taken
as p = 1, q = 1 to ensure equal relative importance to the
membership function (µij) and the spatial function (hij) in the
new membership function (µ’ij).
The performance of the segmentation was evaluated with
the correct detection rate (CDR), which is given by
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Table I shows segmentation CDR and the results indicate
that SFCM segmentation yields 5% more correct detection rate.
And SFCM with Median filter improves the accuracy. Fig. 1
shows a DAPI image and Segmented Image using Spatial FCM
with median filtering.

attempts to improve the accuracy of karyotyping, the
performances are still constrained by the chromosome image
quality. In this paper, a Spatial FCM algorithm is proposed,
which incorporates the spatial information into the membership
function to improve the segmentation results. This method has
a higher correct detection rate (CDR) compared to standard
FCM algorithm. Accuracy is further improved using the
median filter for preprocessing. The future work is to run and
test the algorithm on large data sets to ensure better
segmentation CDR.
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