Proceedings of the International MultiConference of Engineers and Computer Scientists 2013 Vol II,
IMECS 2013, March 13 - 15,2013, Hong Kong

Fuzzy Logic and Fuzzy Clustering for Medical
Service Value Model

Wiyada Kumam and Adisak Pongpullponsak

Abstract—This research is to expand an estimation model
for medical service value of informal workers for the social
security system. In this study, the data of workers in year 2010
provided by the Social Security Office in Thailand was analyzed
and used to create for non-surgical medical service value model.

The data obtained from the fuzzy clustering analysis is used
to establish a membership function in fuzzy logic. Subsequently,
the result from this model, which is compensation for medical
expenses will be used to estimate the monetary value of medical
services for the informal workers when receive the treatment
without surgery.

Index Terms—fuzzy clustering, informal workers, fuzzy logic,
fuzzy equivalent relation, medical service value

I. INTRODUCTION

HE Social Security Office of Thailand has attempted

to extend the social security program to informal
workers covering 4 benefits as follows: (i) costs of medical
treatment, (ii) compensation for unemployment, (iii) funeral
expenses and (iv) financial aid. The study has started by
a study of [14] who defined target groups that should be
included in the program and has attempted to establish a
benefit system on medical services to informal workers.
Based on treatment of patients, the expenses of medical
services can be divided into 3 groups composing of group
I where patients are admitted to a hospital for treatment
without surgery, group II where patients are admitted to a
hospital for surgical treatment and group III where patients
receive treatment but are not admitted to a hospital.

For this research, the study is focused on patients who are
admitted to a hospital for treatment without surgery and for
the future work, the medical services values for the other
two groups will be studied. In 1995, Baker and Krueger
[1] determined a model for estimating medical costs and
health compensation for insured persons under the social
security system. In 2009, Jihong and Minglai [7] studied
a theoretical investigation of the reformed public health
insurance in urban China.

In 2011, Galbraith and Stone [5] introduced the abuse
of regression in the National Health Service allocation
formulae which is in response to the Department of Healths
2007 resource allocation research paper. Nawata et al. [11]
and [12] studied the discrete-type proportional hazard model
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for estimating duration of hospital stay for cataract patients.
From their reports, it is found that duration of hospital stay
should be taken into account for medical service value model.

In estimation of medical service costs, it is found that if
the ambiguous data has been used in the study, this might
yield inaccurate results. To avoid such a problem, several
researchers have adapted the principle of fuzzy for data
analysis in their studies. In 2011, Ho [6] proposed a method
for optimal evaluation of infectious medical waste disposal
companies using the fuzzy analytic hierarchy process.

In 2011, Chen et al. [3] developed fuzzy clustering
method in clustering the data of flood damage into
dependent variables and independent variables. Bolotin [2]
used fuzzification in linear regression models with indicator
variables in medical decision making. Stefan [15] proposed
tree types of fuzzy predictions of the observed variable in
the classical regression model where unknown parameters
and observations are crisp. Peduzzi et al. [13] defined a
simulation study of the number of events per variable in
logistic regression analysis using fuzzy clustering method
for data allocation.

Recently, Laura et al. [10] studied logistic regression
method to analyze the volume and nature of emergency
medical calls during severe weather events.

The aim of this study is to develop a non-surgical medical
service value estimation model of informal workers for the
social security in Thailand by using the fuzzy clustering
method and fuzzy logic.

II. METHODS

A. The medical service value model

The data used in the study, is obtained from the surveys
of informal workers of the social security, Thailand in 2010,
included sex, age, weight, height, education, occupation,
number of family members, income, number of medical
visiting, length of hospital stay, costs of medical care.

Estimation of non-surgical medical expenses of patients
can be done from analysis of length of illness and hospital
stay, which is discrete random variable, where it equates
to 1,2,3 etc. Nawata et al. in [11] and [12] analyzed
the length of stay in hospital, which is depending on the
severity of the case, using the discrete-type proportional
hazard model. Thus, let the leaving rate, designated as h;(t),
be a conditional probability that the i*" patient staying
in a hospital on the ¢ day will leave the hospital on that day.
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Therefore, the probability of patients ¢ who can leave
hospital on the t** day is a function of h;(t) given by the
following formula:

hit), t=1
pz(t) = [tﬁl {1 B hZ(S)}]f“(t)’ t>2,1=12,..,n,

)]

where n is number of patients, s is number of days staying
in the hospital an s = 1,2, ,¢ — 1. Let v; is random variable
of medical expenses of patients i*”. From the continuous
proportional hazard models by [11] and [12], we obtain
an equation of risk incidence for various characteristics of
patients as below:

hi(t) = deexp(v;B);t =1,2,3,...,T, )

where d; is the rate of patient staying in a hospital on day
' and 3 is regression coefficients of patient condition.

In 2000, [4], studied health insurance and pension plans
to investigate the relationship between employee compensa-
tion and small business owner income by using regression
analysis. From the equation (2) of [14], it reports that the
estimation of U;B using regression method and expected
value of non-surgical medical service of patients when they
are not admitted to a hospital for treatment can be expressed
by

t

t
E(Cin(t)) = /Vihi(t)dVi = dt/Vi exp(v;B)dv;, (3)
0 0

where E(Cry(t)) is expected value of medical service value
of patients are admitted to a hospital on #*" day for treatment
without surgery.

B. Fuzzy cluster analysis

Let X = {z11,%12,...,Znm} be the set of informal
worker patients, where m is the number of the samples and
n is patient characteristics. The fuzzy clustering analysis
which is based on fuzzy equivalent relation, includes 4 steps
(see [3] and [16]) as follows:

Step 1: estimation of the default value is by using the
standardization;

Step 2: calculation the coefficient of the fuzzy similar
matrix;

Step 3: the fuzzy equivalent matrix have 3 characteristics,
reflexivity, symmetry and transitivity.
In case that the fuzzy similar matrix R does not satisfy
transitivity, the fuzzy equivalent matrix on the basis of R will
be generated by R — R?> — R* — R®... to R?* = RFo R”,
at this time, R* is a fuzzy equivalent matrix; and
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Step 4: clustering the data can be done by considering
the values of A(0 < A <1).

C. The fuzzy logic

The fuzzy system of independent variable was determined
by triangular membership function and trapezoidal member-
ship function could be defined as follows:

0 ;xr<a
. ) ) (z—a)/(b—a) ia<zx<b
trimf (z : a,b,¢) = (c—a)/(c—b) b<z<c
0 x>
4)
and
0 iz <a
(x—a)/(b—a) ia<ax<b
trapmf (z : a,b,¢,d) = 1 b<zx<c
(c—z)/(c=D) ie<z<d
0 ;x> d.
®)

ITI. RESULTS

From using the fuzzy clustering method, the data can
be divided into three groups (see also [8] and [9]). Each
data group is then used in establishing a membership
function of independent variable and the next step is to
establish the medical services value model in equation (3),
the data used in establishing the model obtained from a
questionnaire to survey the medical care of informal workers.

By using Matlab, the medical services value model can
be created based on fuzzy rule, if informal workers who are
age and sex and income and number of medical examination
and number of family members then medical costs 1 day
and 2 day and 3 day, as shown in Figure 1 (below).

From the results, the medical services value model
for estimation of hospital medical expenses of informal
workers in Thailand for the case that they are admitted
to a hospital for treatment without surgery can be established.

The model was then used to predict for the medical
expenses as following. For informal workers who are 35
years at age and who are female and have income about
340,000 bath and number of medical examination equal to
3 time and number of family members equal to 3 person
then medical costs 1 day and 2 day and 3 day, the estimated
medical services value will be 1,100 bath, 3,340 bath and
7,700 bath, respectively, as shown in Figure 2.

IMECS 2013



Proceedings of the International MultiConference of Engineers and Computer Scientists 2013 Vol II,
IMECS 2013, March 13 - 15,2013, Hong Kong

Membership function of Age (X)) REFERENCES
' . e Membership function of [1] L. C. Baker and A. B. Krueger A. B. “Medical costs in workers’
/" < \ medical cost 1 day (Y,) compensation insurance”, J. of Health Economics, 14, pp.531-549,
¢ %30 Co— 1 1995.
— [2] A. Bolotin, “Fuzzification of linear regression models with indicator
Membership function of Gender (X,) variables in medical decision making,” Proceedings of the 2005 Interna-
A — ] 600 700 1300 1400 tional Conference on Computational Intelligence for Modeling, Control

— and Automation, and International Conference Intelligent Agents. Web
Technologies and Internet Commerce (CIMCA-IAWTIC’05), vol. 1,
Membership function of pp. 572-576, 2005, doi:10.1109/CIMCA.2005.1631324 ISBN: 0-7695-
medical cost 2 days (Y,) 2504-0.
i [3] J. Chen, et al., “Risk Analysis of Flood Disaster Based on Fuzzy
Clustering,” Energy Procedia., 5, pp.1915-1919, 2011.
] [4] W. J. Dennis and J. Wages, “Health Insurance and Pension Plans:
2000 3000 4000 5000 The Relationship Between Employee Compensation and Small Business
Owner Income”, Small Business Economics, 15, pp. 247-263, 2000.
Membership function of Number of [5] J. Galbraith and M. Stone, “The abuse of regression in the National
Family members (X,) Membership function of Health Service allocation formulae: response to the Department of
ST medical cost 3 days (Y,) Healths 2007 resource allocation research paper,” J. of the Royal
NG | Statistical Society, pp. 517-528, 2011.

5 4 [6] C. C. Ho, “Optimal evaluation of infectious medical waste disposal
Membership function of Number of companies using the fuzzy analytic hierarchy process”, Waste Manage-
Medical Examination (X,) 5000 3000 10000 ment, pp. 1553—]559, 20! 1. o o
[7] D. Jihong and Z. Minglai, “A theoretical investigation of the reformed

1 PR
N ] . public health insurance in urban China”, Higher Education Press and
” R g; Springer-Verlag, 4, pp.1-29, 2009.
0 -

T 2 3 4 5 6 7 8 [8] W. Kumam and A. Pongpullponsak, “The Linear Regression and Fuzzy
Logistic Regression based Medical Service Value Models for Informal
Workers in Thailand”, Archives Des Sciences., vol. 65, pp. 114-125,

1

Membership function of Income (X,)
1

1

2012.
Fig. 1. The Fuzzy rule of this study [91 W. Kumam and A. Pongpullponsak,“The Fuzzy Clustering and Logistic
Regression based on Medical Service Value Model of Social Security
X X X X X Y Y Y for Informal Workers, Thailand, Proceeding of the Third KMITL-TKU
1 2 3 4 5 1 2 3 Joint International Symposium on Mathematics and Applied Mathemat-
1 ics (MAM 2012), pp. 132-140, 2012.
== i [10] A. M. Laura, et al., “Analyzing the volume and nature of emergency
: medical calls during severe weather events using regression methodolo-
—— L;L =— gies.”, Socio-Economic Planning Sciences, 46, pp.55-66, 2012.
= == === === [11] K. Nawata, et al. , “An analysis of hip fracture treatments in Japan
= = = = = by the discrete-type proportional hazard and ordered probit models.”
= i Mathematics and Computers in Simulation., 78, pp.303-312, 2008.
i [12] K. Nawata, et al. , “An analysis of the length of hospital stay for
—— : cataract patients in Japan using the discrete-type proportional hazard
== e model” ,Mathematics and Computers in Simulation., 79, pp.2889-2896,
X,=35 X,=340,000 Baht  X.=3 Y,=3,340 Baht 20009.
X,=1 X,=3 Y,=1,100 Baht Y,=7,700 Baht [13] P. Peduzzi, et al. “A Simulation Study of the Number of Events per

Variable in Logistic Regression Analysis”, J Clin Epidemiol., 49,12,
pp-1373-1379, 1996.
[14] A. Pongpullponsak, et al. , “Research to define the target group of the
Fig. 2. Calculation of medical services value by Centroid method Social Security Office,” Full report, 2010.
[15] V. Stefan,“Fuzzy Predictions in Regression Models”, J. of Applied
Mathematics, 3, pp.245-252, 2010.
[16] M. S. Yang, “A Survey of Fuzzy Clustering”, Math. Comput. Mod-

IV. CONCLUSION elling., 18, 11, pp.1-16, 1993.

In this study we develop the medical service value model
for estimation of hospital medical expenses of informal
workers in Thailand for the case that they are admitted to
a hospital for treatment without surgery. Using the fuzzy
clustering method which is based on fuzzy equivalent
relation, the data can be divided into three groups in which
each data group is used in establishing a membership
function in fuzzy logic. The result obtained from fuzzy
logic is the estimated medical service value of informal
workers in case of treatment without surgery. For the future
work, the overview of the medical services value will be
considered for the most suitable medical service value model.
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