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Computing of the Fuzzy Membership Function for
Karyotype Classification
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Abstract

Many researchers have been studied for the automatic chromosome karyotype classification and
analysis. For the automatic classify the each chromosome which is the image in microscope, it is
necessary. to process the sub-procedure, ie, image pre-processing, implementing karyotype
classifier. The image pre-processing proceeded the each chromosome separation, the noise
exception and the feature parameter extraction. The extracted morphological feature parameter
were the centromeric index(C.1.), the relative length ratio(R.L.), and the relative area ratio(R.A.).
In this paper, the fuzzy classifier was implemented for the human chromosome karyotype
classification. The extracted morphological feature parameter were used in the input parameter of
fuzzy classifier. We studied about the selection of the membership function for the optimal fuzzy

classifier in each chromosome groups.
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| . Introduction

The analysis of chromosome is to classify and reco
gnize the chromosome karyotype. This can be used
at the diagnosis of a genetics disease. The human ¢
hromosome analysis is widely used to diagnose leuke
mia, malignancy, radiation hazard, and mutagen dos
imeter as well as various congenital anomalies such
as Down's, Klinefelter's, Edward’s, Patau’s syndro
me. The karyotype analysis that was extracted from
amniotic fluid or blood is standard test for pregnant
woman in the whole world.

In 1956, Tjio and Levan discovered that the numb
er of the human chromosome is 46. In 1960, the ISC
N was instituted at the international chromosome conf
erence. The regulation defines the human chromosome no
menclature method and classification method. Accor
ding to ISCN, the chromosomes of a normal human ¢
onsists of 22 pairs of autosomes and the sex chromos
omes(X, Y). The sex chromosome is composed of XX i
n female and XY in male. Each pair of the chromoso
mes is classified by the centromeric index(C.1.), existenc
e or nonexistence of satellite, the relative length rati
o(R.L), and the relative area ratio(R.A.), is called
morphological features. The number of chromosomes
and their morphological features are called karyotyp
e, and the tabulated diagram with the sequential nu
mbers of the chromosome’s groups and its numbered cl
assification is called karyogram{1].

In 1964, the earliest research on the automated ¢
hromosome karyotype analysis was done by Ladly(
2). Since then, enormous amount of research on it h
as been done. In recently, Much research on automa
ted chromosome karyotype analysis methods has bee
n carried out, some of which produced commercial sy
stems. However, there still remains much study to i
mprove the accuracy of chromosome classification an
d to reduce the processing time in real clinic environ
ments.

Chromosome classification is the most widely inve

stigated stage of the automatic chromosome analysi
s. Their required morphological feature parameters e
xtracted from preprocessing procedure. Over the yea
rs, classifiers have been tested, among them: distan
ce and statistical, nearest neighbor, neural network
algorithm, and fuzzy logic(3~5). Particularly, The
neural network method among an artificial intelligen
ce method have been used much for the enhance of t
he recognition. But, they have some flaws, the lear
ning time is many consume and many feature param
eters are used. The fuzzy logic had been used to obt
ain successful results in pattern recognition. This ca
n apply also to controls, economics, psychology, mar
keting, biology, politics, to any large complex syste
m. The fuzzy logic have made membership function
using significance and distribution of parameter, and
the classification is processed by membership functio
n. Therefore, this has some advantages that the tim
e is shortly required to made the structure of the me
mbership function, and the addition of feature para
meter is easy[6).

In this paper, we proposed chromosome karyotype
classifier using fuzzy logic, and performed research t
o select a suitable membership function for the classi
fier. The membership function in fuzzy classifier wa
s constructed by standard deviation of morphological
feature parameters that published by an internation
al system for human cytogenetic nomenclature(ISCN)
and human cytogenetics(HC) (7,8). The feature para
meter to be used at the experiment was extracted fro

m human chromosome in clinically normal state.

Il. Preprocessing for human karyotype
classification

1. The structure of karyotype classification system

The framing and analysis of the chromosome kary
ogram needs experimental cytogenetic knowledge. It
requires various processing works such as cell culture, s
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taining, slide production, suitable chromosome group
choice, photography, and the isolation of individual ¢
hromosomes by scissors, etc. Therefore, for the purpos
e of reduce the burden of these processing works, mu
ch research has been conducted on the automated ch
romosome karyotype classification method, using co
mputer.

In this paper, the structure of pattern classifier
for Human karyotype classification is given Figure
1. The cell images that acquired from amniotic flu
id or blood of pregnant woman, were obtained usin
g CCD camera connected to a light microscope. W
e extracted each chromosome image from stored im
age files, obtained histogram, eliminated its backgr
ound image with the lowpass filter, and made imag
e sub-files and stored them in the PC system. In
a previous works, global features like the histogra
m of gray levels or the two-dimensional(2D) Fourie
r transform components have been used. But, in t
his study, we have experimented with three type of
chromosome morphological features : the centromer
ic index(C.1.), the relative length ratio(R.L), and t
he relative area ratio(R.A.).

The preprocessing is applied the images for input
parameters of classifier using thinning and MAT. B
ut. the chromosome have been the irregular nonlinea
r structure morphologically, the un—uniformity in the
cell culture procedure, the inaccuracy by the 2D ima
ge detection in the 3D image, and the separation of
the chromosome image which lies on upon another.
The extraction of identical feature parameter is not
easy though it has same chromosome number. The e
xtraction of a feature parameter which can classify t
he chromosome accurately is very important.

Therefore, in this paper, the appropriate feature p
arameter was extracted by image reconstruction met
hod that proposed at former time(9). The extraction
parameter is used to input parameter in the fuzzy cl
assifier.

I Microscope I L Classification l

[Film Scan or ccp/ccy| | Pattern Recognition |

I Image Grabber ] I Feature Extraction I

Il
| Image Preprocessing 1-7

O3 1. siEERAIAL 22 clojoia
Fig. 1 The block diagram of karyotype classification
system

2. The chromosome group and the feature para

meters

The nucleus of all somatic cells normally contains
23 chromosome pairs, Further that subdivided into 2
2 autosomal chromosome pairs and a pair of sex chro
mosomes(an X and another X in females, and an X a
nd a Y chromosome in males). The chromosome grou
ps are classified using a location of centromere, the
existence of the satellite, and the density and the fe
ature of stain band by the cytogenetic expert. The t
able 1 shows the chromosome groups including each
chromosome number.

1. QN 81 e
Table 1. The chromosome group and number

Group Number Group Number
A 1~3 E 16~18
B 4~5 F 19~20
C 6~12, X G 21~22, Y
D 13~15

We obtained the medial axis of each chromosome
with thinning method in order to detect the chromos
ome centromere. One of the best way to find centro
mere proves to calculate the width of each chromoso
me. We measured the width of each pixel on medial
axis in the direction of 16 radiation angles(2n/16 ra
We found the shortest width and determine
d the centromere of the chromosome. A chromosome

dians).

is divided into two arms by the centromere. The cen
tromeric index(C.1.) is defined as Table 2.
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According to the chromosome morphological struct
ure, the length and the area of each chromosome are
unique. We can classify each chromosome by compari
son of each chromosome length and area. The relati
ve length ratio(R.L.) is defined as a percent of the t
otal autosomal length or mean length of each chromo
some. Each chromosome area is obtained by countin
g the number of pixels in each chromosomes extracte
d from original images. The relative area ratio(R.
A.) is defined as Table 2.

E 2. M 5 Zljole Akt
Table 2. The calculation method of chromosome
feature parameter

Feature parameter
Calculation method
centromeric index : C.IL.

¢
L= length of shortarm  _ & <05
total chromosome length £,
relative length ratio ; R.L.
44
4, = total chromosome length = 2@6
c=1
RL = each chromosome length _ ﬁ
total chromosome length ¢,
relative area ratio ; R.A.
4.
S, = all chromosome area = ESC
c=1
RA = chromosome area _ EC_
’ all chromosome area S,

HI. Implementation of fuzzy classifier

1. The structure of fuzzy classifier

In this study, Figure 2 is show the structure of fu
zzy classifier that is implemented by fuzzy theory.
The standard parameter is used from the ISCN and t
he HC. The membership function generator that is
generated the 3 membership function such as triang
ular type, trapezoidal type. and gaussian type is pro

grammed.

Standard R Membership
» Function
Parameters
Generator
Fuzzy Membership

Fuzzy Rules Function
' T
vy

Test Parameters I——'>| Fuzzy Inference I

| Results J

8 2. HX| 2/ 7=
Fig. 2 The structure of fuzzy classifier

The feature parameter is extracted from chromoso
me is used the examination input parameter of fuzzy
classifier. The fuzzy rule in fuzzy inference part is ¢
ombined all input parameter by the Min operation w
hich is proposed by Mamdani.

2. Computing the membership function

The membership function by fuzzification has to d
efine for reproduction of chromosome karyotype class
ification.

In this study, we used the 3 membership function
such as triangular type, trapezoidal type, and gauss
ian type by the membership function generator. The
se membership functions are easy to program and to
calculate of the defuzzification. The figure 3, el whi
ch is the variable width of membership function is s
how limitation of maximum and minimum &about the

average value for pattern classification.

u

l x
X' +3s

(a) triangular type
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(b) trapezoidal

X

(c) gaussian type

J% 3. HX| o] Wl
Fig. 3 The membership function of fuzzy variable

%’ is an average value of variable and ;' isana
verage value of input parameter population. s is sta
ndard deviation and u is the result of input x. The
x', s, el parameters which generate membership fun
ction are equation (1).

’

where, N is the number of measure, ; is the pr
e-average value, k is the range of class, f is the num
ber of measure in class and z is the variation of clas
s from the pre-average value.

In this paper, we programmed the membership fu
nction generator for calculating membership function
about variable input data easily. The generator is e

asy to append and to change input data. It generate

s three types of membership functions. It also gener
ates the proper membership function of each chromo
some group. The membership function in fuzzy class
ifier was constructed by standard deviation of morph
ological feature parameters that published by an int
ernational system for human cytogenetic nomenclatu
re(ISCN) and human cytogenetics(HC). The figure 4
shows the membership function generator, which is
programmed by VC++.
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Fig. 4 A membership function generator

3. The fuzzy classification rule and inference

The fuzzy classification rule of fuzzy pattern class
ifier represents multi-input single-output. The fuzz

y inference shows equation (2). Where, A, is fuzzy
set of input X, B, is fuzzy set of input ¥, C, is
fuzzy set of output Z. x,, and y, are the each ele

ments of X and Y

(rule) A, and B
(fact) =, Y,
(conclusion) c

then C

In this paper, we use the MIN operation inference
among the min operation, product operation, linear o

peration. The equation (3) is show membership func

tion C’.
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pC(z) = v {lndle) ApBy)I A pClz)} (3)

The state of defuzzification is procedure to calcula
te the only one output z, that used fuzzy set C' t

hat is calculated by resuit of inference.
In general, the defuzzification uses the maximum method,
the maximum average method and the center of gravity met

hod. In this paper. however, output 2z, used the ce

nter of gravity method as equation (4).

z2;*8C'(z))
Zo= 21 LC’'(z,)

IV. Experimental Result

1. The configuration of human karyotype classifica

tion

We acquired ten chromosome images using CCD ¢
amera connected to a light microscope, which provid
ed to be clinically normal state in the chromosome m
orphological structure. These chromosome images we
re stored as the image files in the PC system. We e
xtracted three chromosome morphological feature par
ameters(C.I., R.L. R.A.) by preprocessing ten chrom
osome images. The feature parameters are used to ¢
lassify the chromosome in each chromosome groups.
We performed research to select a suitable members
hip function to configure the part of fuzzy inference i
n the fuzzy classifier. A membership function which
is used here are triangular type, trapezoidal type, a
nd gaussian type.

2. The experimental results

we configured three membership functions to selec
t the correct membership function from standard par
ameter in ISCN and HC. The configured membershi

p function is applied the each fuzzy inference and th
e each chromosome is classified by fuzzy inference.
The figure 5 shows the input/output relation used tr
apezoidal membership function about chromosome gr
oup C.
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Fig. 5 The I/O relation used trapezoidal membership
function{group C)

Where, "Num-chromosome=6", left above side sho
ws the chromosome 6 in group C, this can estimate t
he chromosome 11. The figure 6 shows the error rat
e of classified chromosome group about 3 membershi
p functions. Where, In chromosome group A, the 2
membership functions except for gaussian type have
no error rate. Rest of groups, the triangular type an
d trapezoidal type have a few error rate. The gaussi

an type has high error rate.

[DTrianguIar OTrapezoidal BGaussian

Error Rate(%)
O = N W e OOD

A B (o] D £ F G
Chromosme Group

Ogl 6. IR g Bl WE 2R 2ot
Fig. 6 The classification result according to three type
membership function
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As a results, we can get more excellent result if t
he classifier which has membership function of lower
error rate is configured. Therefore, The table 3 wha
t we configured shows the selected membership funct
ions in the fuzzy inference part. we classified the ch
romosome by adapted fuzzy classifier for each chrom
osome group, which that is used the optimally select
ed membership function. The classification results h
ave 2.66% error rate that were not find 6 chromoso
me among 230 chromosomes which is 10 persons.

E 3. Huz] gFrof Me A}
Table 3. The selected results of membership functions

Membership
Function | Triangular Trapezoidal
Group
Group A 0
Group B ¢}
Group C o]
Group D e}
Group E o]
Group F e}
Group G o}
V. Conclusion

The fuzzy logic had been widely used to obtain su
ccessful results in pattern recognition, controls, econ
omics, and any large complex systems. The fuzzy lo
gic have made membership function using significanc
e and distribution of parameter, and the classificatio
n is processed by membership function. The fuzzy cl
assifier presents various results according to selectio
n any membership functions.

In this paper, we processed research to choose a
membership function, that are apply to optimal class
ifier in human karyotype classifier using fuzzy logic.
we programmed the membership function generator f
or calculating membership function about variable in
put data easily. The generator is easy to append an
d to change input data. Three membership function

s are experimented to select the correct membership
function of each chromosome group from standard m
orphological feature parameter.

As a results, we improved that the time is shortl
y required to made the structure of the membership
function, and the addition of feature parameter is ea
sy. we also can get more excellent result that classif
ied the chromosome by adapted fuzzy classifier for e
ach chromosome group, which that is used the optim
ally selected membership function.
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