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Abstract. The article is devoted to computer modeling of the social and medical problem of determining
the degree of obesity of body mass. An analysis was conducted, the significance of the solution to the problem
was revealed. Using modern mathematical methods based on the theory of fuzzy sets and the method of fuzzy
logical deduction, an approach is presented to determining the degree of obesity of body weight. Based on a short
review, it was concluded that the body mass index, waist circumference size, degrees of abdominal obesity are recog-
nized as direct factors in measuring the degree of obesity of body weight. Since all three factors are fuzzy parameters,
the method of fuzzy logic inference is used to make a decision. The revealed universes of fuzzy variables of obesity
of body weight, body mass index, waist circumference size, degrees of abdominal obesity. With the help
of vague production rules, the answer options are provided for various situations. Fuzzy logical inference
is implemented by the Mamdani method. The constructed model allows to calculate obesity rates for a large number
of people in a short period of time objectively and accurately. Due to this feature, the developed approach can be
used in population studies when defining specific categories of body weight as a health problem. The accumulated
data of this kind are significant in life insurance. The results are related not only to adverse health problems,

but also to social problems, such as determining the fatness of the population of different regions.
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Introduction

During the last centuries, the accumulation of
excessive fat in the body was recognized as a social and
medical problem and was considered an independent
factor determining life expectancy. Obesity is a growing
threat to global health due to its association with insulin
resistance, inflammation, hypertension, and dyslipidemia,
collectively known as metabolic syndrome. From
an anatomical and metabolic point of view, the term
obesity refers to the excessive accumulation of fat in the
body [1]. Gender, age, ethnic group are important
variables in it. 10-15 % excess weight in men and 20-
25 % in women is a sign of obesity. It is important
to study the risk of obesity to determine the risk of
developing hormonal and metabolic changes in the body,
as well as other diseases [2].

In new medical terminology body mass index
(BMI), waist circumference size (WCS), degrees of
abdominal obesity (DAO) are direct factors for measu-
ring the degree of obesity of body weight (OBW).

BMI- is a metric of the ratio of a person's height
and weight, which is used to determine static and
dynamic anthropometric characteristics in humans.
BMI is determined by dividing a person's body weight
(kg) by the square of their height (m2). For a long
time, BMI was considered a factor in determining
the proportion of body fat. Nowadays, it has been
identified a problem with BMI as an indicator of
obesity. BMI has serious limitations when used as an
indicator of body fat percentage. Because it cannot
differentiate between lean body mass and fat mass; a

person with a high BMI may have a very low-fat mass
and vice versa [3].

WCS is a measure of the fat around a person’s
belly — this is called visceral fat, which surrounds the
liver and other organs in the abdomen. This type of fat is
metabolically active, releasing fats, hormones, and other
inflammatory chemicals into your blood. This ongoing
inflammation is thought to play a role in many chronic
diseases, including heart disease and diabetes [4; 5].

DAO is a metabolic disorder caused by excessive
accumulation of fat deposits not only in the subcutaneous
fat tissue but also in the abdominal cavity and muscles.
This is the most dangerous type of obesity, as fat that
accumulates around the main organs of the body
interferes with their functioning. The location of adipose
tissue allows identifying pathological changes in the
human body. To determine abdominal obesity, you need
to calculate the ratio between the waist circumference
and the hip. Having found abdominal obesity, you can
determine the risk of developing other diseases. Waist
circumference is measured in the middle of the midline
between the lower edge of the chest and the middle of the
femur (maximum size and not the navel area). The size
of the circle of the rudiment is measured in their widest
area - the size of the large bone [6].

All three factors are fuzzy parameters. In such
situations, exact mathematical solutions are impossible,
and the fuzzy logical inference method is used to make
a decision. Where fuzzy production rules can provide
an answer option for different situations. The universes
of fuzzy variables of OBW, BMI, WCS, DAO
are identified.
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Identification and evaluation of linguistic
variables

The advantage of fuzzy logic theory is that it
can provide a response option for various situations
where exact mathematical solutions are not possible.
Clarifying linguistic meanings and even determining
the truth value of fuzzy sentences remain open problems
in word computing. Linguistic meanings are defined
in their universes to formalize the possible positions
of objects described by the linguistic meaning,
which is determined by a subset of objects, using the
common- sense knowledge of users [7; 8].

An important task in the application of fuzzy
logic is the definition of the membership function.
In this case, operations with fuzzy objects are performed
by membership functions. The MATLAB system is
an adapted environment for calculating membership
functions [9; 10].

Linguistic terms of the BMI variable used to
determine obesity rates in the universe (10,50):

BMI1 — BMI is below normal (10.2, 14.3, 18.5);

Membership function plots
T

BMI 2 — BMI is normal (17.08, 21.6, 25.3);

BMI 3 — BMI slightly above normal (24.01,
27.89, 30.82);

BMI 4 — BMI above normal (30.2, 33.7, 37.9);

BMI 5 — BMI much above normal (35.89, 39.54, 43);

BMI 6 — BMI is too high (42.2, 45, 48.55).

Based on linguistic terms in MATLAB Fuzyy,
a program for plotting BMI indicators was constructed
(fig. 1).

Linguistic terms of the WCS variable used to
determine obesity indicators:

WCS1 — WCS is small (67.04, 72.2, 75.56);

WCS2 — WCS is normal (74.9, 79, 82);

WCS3 — WCS has increased slightly (81, 96.45,
99);

WCS4 — WCS has increased (97, 100, 104.1);

WCS5 — WCS has increased significantly (102,
105, 109);

WCS6 — WCS has increased greatly (108, 111.9,
116.5).

The linguistic terms of the WCS variable are
described as follows (fig. 2).
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Figure 1. Graphic program of BMI term indicators
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Figure 2. Graphic program of WCS term indicators

The linguistic terms of the DAO variable used to
determine obesity indicators:

DAOIl — no abdominal obesity (0.24, 0.45,
0.6);

DAO2 — abdominal obesity slightly increased
(0.48, 0.76, 1);

DAO3 — abdominal obesity increased (0.91,
1.34, 1.6);

DAO4 — abdominal obesity increased

significantly (1.61, 1.7, 1.93);

DAOS — abdominal obesity increased too much

(1.85,2.34, 3).
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The linguistic terms of the DAO variable are OBW 4 — Indicates I degree of OBW (65, 74,
described as follows (fig. 3). 82);
The linguistic terms of the OBW variable are OBW 5 — Indicates II degree of OBW (80, 86.2,
defined as follows: 92.5);
OBW 1 — Indicates underweight (34, 37.89, OBW 6 — Indicates III degree of OBW (94,
43); 100, 106).
OBW 2 — OBW is normal (42.45, 49.88, 55.9); The linguistic terms of the OBW variable are
OBW 3 — Overweight (54.7, 61, 67); described as follows (fig. 4).
. . TIIITE 181
Membership function plots
DACH DADZ DAOS DAD4 DADS
. [ 4
U 0.5 1 1.5 2 25 3
input variable "abdomin al-cbesity™
Figure 3. Graphic program of DAO term indicators
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Figure 4. Graphic program of OBW term indicators

Based on the input linguistic variables BMI, calculating the values of the output variable OBW was
WCS, DAO in MATLAB Fuzzy, a program for built using the Mamdani algorithm (fig. 5).

Fuzzy Logic Designer: obesity degree

File Edit View

obesity degree

{mamdani)

waist.cicumference-size

abdominal-ocbesity

\ 1/

Figure 5. Structure of Mamdani Fuzzy Inference Algorithm
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Computer implementation of fuzzy logical
inference and conducting experiments

To implement logical inference, the following
fuzzy production rules have been developed:

If BMI is BMI1 and WCS is WCS1 and DAO is
DAO1 then OBW is OBW1

If BMI is BMI2 and WCS is WCS2 and DAO is
DAO1 then OBW is OBW1

If BMI is BMI2 and WCS is WCS2 and DAO is
DAO2 then OBW is OBW2

If BMI is BMI3 and WCS is WCS3 and DAO is

DAO2 then OBW is OBW3

If BMI is BMI3 and WCS is WCS3 and DAO is
DAO3 then OBW is OBW3

If BMI is BMI4 and WCS is WCS4 and DAO is
DAO4 then OBW is OBW4

If BMI is BMI5 and WCS is WCS5 and DAO is
DAQOS5 then OBW is OBW5

If BMI is BMI6 and WCS is WCS6 and DAO is
DAOS then OBW is OBW6

These rules are presented in the Fuzzy
Ruler application window of the MATLAB system
(fig.6).

File Edit View Options

1. If (body.mass-index is BMI) and (waist. circumference-size is WCS1) and (abdominal-cbesity is DAO1) then (cbesity-degree is OBW1) (1) A
2. If (body.mass-index iz BMI2) and (waist.circumference-size is WCS2) and (abdominal-obesity iz DAO1) then (obesity-degree is OBW1) (1)
3. If (body mass-index is BMI2) and (waist. circumference-size is WCS2) and (abdominal-cbesity is Dv02) then (ocbesity-degree is OBW2) (1)
4. If (body.mass-index is BMI3) and (waist. circumference-size is WCS3) and (abdominal-cbesity is Dvu02) then (cbesity-degree is OBW3) (1)
5. If (body.mass-index is BMI2) and (waist.circumference-gize is WCS3) and (abdominal-obesity is DA03) then (obesity-degree is OBW3) (1)
&. If (body.mass-index is BMI4) and (waist. circumference-size is WCS4) and (abdominal-obesity is DA04) then (obesity-degree is OBW4) (1)
7. If (body.mass-index is BMIS) and (waist. circumference-size is WCS5) and (abdominal-obesity is Dv0S) then (cbesity-degree is OBWS) (1)
8. If (body.mass-index is BMIS) and (waist. circumference-size is WCS5) and (abdominal-obesity is DAOS) then (obesity-degree is OBWS) (1)

W
If and and Then
body.mass-index iz waist.circumference-si abdominalobesity is obesity-degree is

BN - WCS1 - DACH ~ OBwWA ~
BMLZ WCS2 DACZ oBwW2
BMI3 WCS3 DAC3 OBwW3
BMI4 WCS4 DAC4 OBwW4
BMIS WCS5 DADS OBWS
BMIB WCSE nane OBWE

W W W W
nones nones nones

Figure 6. Fuzzy Ruler application window

The advantage of the Fuzzy Ruler app is that you
can provide an answer option for different situations (fig. 7).

body.mass-index = 29 waist.circumference-size = 91.5

10 48 67 116

Below are the results of the experiments conducted

in the form of graph (fig. 8).

abdominal-obesity = 1.43
obesity-degree = 54.9

i

7
y:

0.2 3

Figure 7. Conducting experiments window
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Table 1. Results of the conducted computer experiments

BMI WCS DAO OBW
14 71.1 0.389 383

15.5 72.3 0.443 38.35

3 17.4 73 0.518 38.4
E 18.5 74.8 0.575 38.7
3 20.7 79.9 0.773 67.3

21.6 79.9 0.971 70

25.4 83.4 1.06 70.7

body.mass-index 10 26.8 84.8 1.11 70.78

Waish chourierence-qize 28.7 86.36 1.19 70.92

Figure 8. Experiments conducted in the form of a graph 32.42 90.56 2.06 71.09
The results of some of the experiments conducted 39 109 207 %9.1

are displayed in the table (table 1). 45.2 11 2.73 99.12

Conclusion only to adverse health problems, but also to social

problems, such as determining the nutritional

The obtained results can be used in population status of the population in different regions.

studies to define specific categories of body weight The accumulated data of this kind are significant in life
as a health problem. The results are related not insurance.
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T'YCEHH3AJE II. C., ABBACOBA T IO.

MOJIEJIUPOBAHUE OIIPEJAEJIEHUSA CTEIIEHU O’ KUPEHUA
C IIPUMEHEHUEM METOJA HEYUETKOI'O JJOI'MYECKOI'O BBIBOJIA

Cymeaumckuii 20cy0apcmeeHHblll yHugepcumen
2. Cymeaum, Azepbaiioxcanckas pecnyonuxka

Annomayusn. Cmambvs noceéaujena KOMRbIOMEPHOMY MOOEIUPOGAHUI0 COYUANbHOU U  MeOUYUHCKOU
npobnemuvl onpedenenus Cmenenu oxcupenus maccvl meaa. Ilposeden ananus, viasnieHa 3HAUUMOCHb PeleHus]
npobnemul. [Ipedcmasnen nooxo0 K peutenuio onpeoenenus cmenenu OXCUPeHUs MAccbl meia ¢ npumeneHuem
COBPEMEHHBIX MAMEMAMUYECKUX Memooo8 OnUpaoWuxcs Ha mMeopuio HeYemKux MHONCeCm8 U HA Memoo
HeUemKo2o 102uieckoeo 6ul6ooa. Ha ocnose kpamxoeo 0630pa coeniarn 8vl600, umo UHOEKC MAaccyl meid, pasmepd
OKDYIHCHOCTIU MATUA, CIMeneHU aD0OMUHATLHO20 OHCUPEHUS, AGTAIOMCA NPAMBIMU (PAKMOPAMU USMEPEHUs CIeneHU
odrcupenua maccvl mena. Tax Kak ece mpu haxmopvl AENAIOMCA HEUeMmKUMU Napamempamu, O1s NPUHAMUL
peutenus npumeHer Memoo HeuemKo20 JI0SUYecKo2o 6bl800d. Buidenenvl yHUBEPCYMbl HEYemKUux nepemeHHblX
0dHCUPEHUS MACCHL Meld, UHOEKC MACCHL Meild, pasmepa OKPYICHOCU MAanusl, cmeneni ab0OMUHANLHO20 OHCUPEHUSL.
C nomowpio Heuemxux npoOyKYUOHHLIX NPASUIL NPeOOCMAsieHbl 6aPUAHMbL OMEEeMa OISl PAZIUYHBIX CUNTYAYULL.
Heuemkuii nocuueckuii 6v1600 peanuzosan memooom Mamoanu. [locmpoennas modenv nosgonsem 00beKmueHo
U MOYHO paccuumamy NOKA3amen OXCUpeHuss Onid 60IbUI020 KOIUHeCmea NH0ell 3 KOPOMKUL NPOMENCYMOK
spemeru. brnazodaps smoii ocobenHocmu paspabomanHviil no0Xo0 mModcem Obimb UCNOIb308AH 8 NONYIAYUOHHBIX
Uccnedo8anuax npu onpeoeieHuu KOHKPEeMHuIX KAme2opuil Maccbl menda Kak npobriemvl co 300pO6beM.
Hakonnennvie 3moeo poda OaHHble UMEIOM 3HAYUMOCMb NPU CMPAXoeanuu HcusHu. Pezynbmamovl ceaszamvl
He MONbKO € HeONa2oNPUAIMHBIMU NPOOIEMAMU CO 300pO8bEeM, HO U C COYUATLHLIMU NPOOIEeMAMU, TMAKUMU KAK
onpeodenenue ynumaHHOCMU HACeNeHUsl PA3HBIX PECUOHOS.

Knrouesvie cnosa: neuwemras nocuxa, memoo Mamoanu, cmenenv 0xcupeHus Maccyl meid, NpoOyKYUOHHbLE
HeuemKas 102UKa Npasuld, HeyemKuil 102U4ecKuli 661600
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