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FUZZY EXPERT OPTO-ELECTRONIC SYSTEM FOR THE ANALYSI S OF BIOMEDICAL IMAGES
(FOR EXAMPLE DIAGNOSING GLAUCOMA)

AHoTauisi. B crarTi oTpEMaHO MaTeMaTH4YHI MOJEN A/ OLIHIOBaHHS GiOMEIMYHHUX 300paKeHb 3 BUKOPUCTAHHSM METO/IB HEUITKUX MHO-
JKMH Ha OCHOBI eKCcHepTHHUX 0a3 3HaHb. Lle /103BOJIMIO MPOBOAMTH KOMIUICKCHE SIKICHE [iarHOCTYBAaHHS Ta IMIJBUIIMTH JOCTOBIPHICTDH i
OIEpPaTHBHICTh AiarHOCTyBaHHs. P03po0ieHo MeToiKy aHai3y 6ioMeAnYHNX 300paXkeHb HAa OCHOBI amapaTy HEYiTKMX MHOXHH, 110 103BO-
JIMJIO MOBHIIIIE AiarHOCTYBATH 3aXBOPIOBAHHS IP. TIayKOMI.

Po3pobnieHo apxitexktypy iH(OpMamiiHOT TeXHOIOTI A MiATPUMKHU IPUMHSITTS pillieHb NpU aHami3i GiomequuHOl iHbOpMaIii, 110 103B0-
JIHJIO TiABHILUTH JOCTOBIPHICTH 00pOOIICHHS GioMeIMYHIX 300paykeHb LIUIIXOM BpaxyBaHHs CTPYKTYPHHX 0COOJIMBOCTEH 61000’ €KTIB.
Ku1r040Bi c/10Ba: onTO-€JIeKTPOHHA cHcTeMa, GioMeanyHi 300paxeHHs, 61000’ ekTH.

AHHOTauusA. B cTaThe MONydyeHbl MAaTEMaTHUYECKHE MOJEIM ISl OLUEHKH OHOMETHUMHCKHX M300paXKeHMil ¢ MCIOIBb30BAaHHEM METOIOB
HEYETKMX MHO)KECTBEHHBIX YMCE] OCHOBAHHBIX Ha HKCIEPTHBIX 0a3ax 3HaHMH. DTO JaJ0 BO3MOXKHOCTb MPOBOAUTH KOMILIEKCHOE KauecT-
BEHHOE JJHArHOCTUPOBAHHE H MOBLICHTH JOCTOBEPHOCTh M ONEPATUBHOCTH AMATHOCTHPOBaHHs. Pa3paboTana Meroiuka aHaian3a Guomenu-
LMHCKUX M300paKeHMH Ha OCHOBAHMM alapara HeYETKUX MHOMKECTBEHHBIX YMCEJI, YTO II03BOJIMIIO MOJIHEE IHArHOCTUPOBATh 3a00J1eBaHH sl
MIPH TIIayKOMeE.

Paspaborana apxutekrypa HH)OPMALMOHHON TEXHOJIOTHH JUIS MOJJEPKKU HNPUHATHS PEIICHNH NpH aHann3e 6HOMEJUIMHCKOH nH(popMa-
I[UM, YTO IO3BOJIMJIO HOBBICHTbH JOCTOBEPHOCTh OOPAbOTKH OHOMEIHMIIMHCKHX W300paKeHMHl IyTeM ydeTa CTPYKTYPHBIX OCOOCHHOCTEH
61000BEKTOB.

Ki1roueBble €JI0Ba: ONTO-3/IEKTPOHHAsI CHCTEMa, OMOMenYecKHe H300paKkeHHsl, GHOOBEKTDI.

Abstract. In the article mathematical models are got forastmation of biomedical images with the usingrafthods of unclear plurals on
the basis of expert bases of knowledges. It alloweedtonduct complex high-quality diagnosticatingd apromote authenticity and
operationability of diagnosticating. The methochoglysis of biomedical images is developed on #sistof vehicle of unclear plurals, that
allowed completer of diagnosing glaucoma.

Architecture of information technology is developfed support of making decision at the analysi®ioimedical information, that allowed
to promote authenticity of processing of biomedin@ges by the account of structural features aljects.

Key words: opto-electronic system, biomedical image bioobjects.

Introduction

In general, the input variables used in the expgstem may be presented in qualitative or quaiviitat
manner. Using expert system provided entry inputatsdes, the transformation of quantitative varesbin
quality. This expert system based on fuzzy logipuinimplements the functions of collection, storage
correlation analysis and using the knowledge obthlny experts for diagnosing glaucoma.

Method

Input function knowledge base is presented in tabidrm. For our expert system as a table of kndgde
is presented in Table 1.

Database value. When entered into the table ofstarsed interface. Or at any point add and delete
individual rows in the table. For knowledge repregaton in an expert system uses an object-oriempguoach,
which provides storage as objects. Using the sauitities for recording tree structure and knowledmse
provides a uniform flow of information and simplifyocessing of results.

Storage unit membership functions allows for tirmedifferent input data more correct decisions taae
into account previous medical research. This infdiom from the library allows you to monitor thdiability of
the results of the expert system and, if necessaaie recommendations on whether a more precisstatnt
of the expert system.

User data are processed based on the matrix oflkdge through fuzzy inference algorithms. Given the
fact that during clinical studies quite often needuse not only crisp digital criteria, but alsatee linguistic
characteristics change parameters (terms), we ctediwn analysis of some of them by using mathealati
fuzzy logic. This approach allows to obtain exglicumerical expression for the criteria that arscdiptive
characteristics and, consequently, quality contanth as the following features: L — low, BA - belaverage,

M - medium, IM - intermediate, H - high [1,2].

Each of these terms is a fuzzy set, which is gwith special membership functions, and can be made
configurable interval that has digital degrees fi@no 1. On absolutely not belonging to the seicaigs 0, and
the absolute identity - 1.

Fuzzy sets may be supplemented, unite, intersattstmplifies the formalization process to digifelear)
expression.
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Table 1 - Function knowledge base

Seve | Intraoculaj Field | Theratio | Theratio | Ratio of Area Volu Area Volu The aver- Cross-sec-
rity pressure, | view | of the dia- | of the area| the vol- of me of neyror | me age thick- tional area
of mmHg meter to of excava- | ume of excava | exca- etinal neyrore | ness of the | nerve fiber
patho the diame-| tion to the | excavation| tion vation | belt tinal nerve fibers | layer on
logy terof the | area OD to OD belt in limb the edge
optic disc of the disc
excavation
dl- 15-21 60 0,009 — 0-0,42 0-11 0- 0- 1,097 | 0,165-| 0,25-0,52 | 1,203 —
stand 0,635 0,95 0,295 | -2,14 | 0,7 2,63
ard
d2-I | 15-21 58 055-08| 03-062 02-26 0,55/-0,04- | 0,79- | 0,12— | 0,18-0,46 | 0,86-2,1
stage 1,77 0,52 2,04 0,53
glauc
oma
d3- | 31 48- 05-092| 0,25- 02-8 07- | 01— 0,32- | 0,07- | 0,14-0,4 0,7-1,86
I 35 0,82 2,04 | 0,74 2,04 | 049
stage
glauc
oma
d4- | 33 <3 [065-1,0| 04-097] 1,0-35 0,821-0,15- | 0,217 | 0,025-| 0-0,38 0-1,71
111 2,47 1,35 -2,09 | 0,262
stage
glauc
oma
Table 2 — Database for diagnosing glaucoma
Severi- | Intrao{ Field | The ratio of | The ratio | Ratio of the | Area of | Volu- Area Volu- The Cross-
ty of cular | view | the diame- | of the volume of exca- me of neyroreti | me average | sectional
patho- | pressy ter to the area of excavation | vation | excavat| nal belt neyror | thickness | area nerve
logy re, diameter of | excava- to OD ion etinal of the fiber layer
mmHdg the optic tion to belt nerve on the edge
disc exca- | the area fibers in of the disc
vation oD limb
d1 L H L L L L L IM BA M M
BA H BA BA L BA BA H M IM M
BA H M M L M BA H M H H
BA H M M L M BA H H H H
d2 L M M BA L BA L M BA BA BA
BA M M M L M BA M M M M
BA M M M L M M H IM IM IM
BA M M M L M M H M H M
d3 H L M BA L BA L L BA BA BA
H BA IM M BA M BA BA M M M
H M H IM BA IM M M IM IM IM
H M H IM BA M M M M M IM
H M H IM BA M M H IM IM M
d4 H L IM M L BA L L L L L
H L H M BA M BA BA BA BA BA
H L H H M M M M M M M
H L H H IM H IM IM M IM IM
H L H H H H H H M IM M

Application of mathematical fuzzy logic is apprais in cases of necessity diagnosing glaucoma.
To diagnose glaucoma take into account such factors
X1 - Intra-ocular pressure, mmHg
X, - Field of view
X3 - The ratio of the diameter to the diameter ofdp&c disc excavation
X4 - The ratio of the area of excavation to the &@&a(optic disc)
X5 — The ratio of volume to the volume of excavat@n
Xg — The area of excavation

X7 - The volume of excavation

Xg — The area neuroretinal belt
Xg — The volume neuroretinal belt
X10 - The average thickness of the nerve fibers it lim
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X11— The cross-sectional area nerve fiber layer eretlge of the disc.

An assessment database for diagnosing glaucomb.deagee of change is presented as a scale guwalitat
terms: low (L), below average (BA), medium (M),a@ninediate (IM), high (H) (Table 2).

For each database in order to formalize the paemidietermined by the appropriate membership fomcti
[1.2]. _

To construct the equations necessary to deterrhmenembership functiop (x;)) of all fuzzy terms j (H,

IM, M, BA, L) for all factors x (in this case | - coefficient symmetry, i - spaelorationi = 14). If we

consider the high level of alternative rules, ihecessary to build equations for the five fuzayne(H, IM, M,
BA, L).
Each factor xmust comply with its own five membership functions
To simplify the modeling must take some action:

Let X, andX; -lower and upper bounds alterationsBxpression intervalX; , X; ] on the interval U =

[0, 4], which set membership functioﬁj (u), uU to fuzzy terms j = H, IM, M, BA, L.

Graphical view of membership functions shown in. ABigChoosing these curves due to the fact that the
are piecewise linear approximations expert memiyefsimctions;/(x;) obtained for the factorg+x, method of
paired comparisons.

Membership function
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Figure 1 — The functions of fuzzy terms

The transition from functio;z?lj (u) to desired functions!(x,) is as follows:
KX j

- 7’/'{ (un):/'{ (Xn) (1)
Xy ~ Xy
Deciding on the severity of the disease can be tgrike following algorithm [1-3]:

Step 1: fix the value factors for a particular patic,(n = 1,4);

Step 2: The formulas (3) - (6) define the valueneimbership functiong(x,) for fixed values of factors;
Step 3: Using a logical equations compute the mestimfunction/,{d‘” (Xl, X2,..xn) for all degrees of

u =4

disease severity,dn = 16. In this transaction | (+) and OR (V) over memipsfunctionsy (a) andu (b) are
replaced by operations min and max:

w(a)* p(b)=minfu(a), u(b)l; wn(a)Vvu(b)=maxiu(b), u(b)l;
10
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Step 4: Determine the decisiog) tbr which:

(X, Xy yen X)) = Max[ g™ (X, Xy, X)) )

This decision and will meet the desired range, timclicates the severity of the disease.
For example, the patient received the followinginfation:

X1 - Intra-ocular pressure, mmHg — 31,4

X, - Field of view — 32,1

X3 - The ratio of the diameter to the diameter ofdpgc disc excavation — 0,83
X4 - The ratio of the area of excavation to the @&a(optic disc) — 0,54

X5 — The ratio of volume to the volume of excavat@n — 6,42

Xg — The area of excavation — 1,42

X7 - The volume of excavation — 0,53

Xg — The area neuroretinal belt — 0,74

Xg — The volume neuroretinal belt — 0,1

X10 - The average thickness of the nerve fibers it 0,09

X11— The cross-sectional area nerve fiber layer eretlge of the disc — 0,49
Calculate the severity of disease:

for d,

M (% 5 %) = " () QU™ () 1 (o) Tl () QU (x5) O
" (x6) - (x7) ™ (x5) EUBA(XQ) " (x10) " (xy) O
0 () T () G () T () G ()
E.UBA(XG) |:.UBA(X7) " (x5) " (x5) ™ (x0) ™ (xy) O
0% () T () T () T2 () T () O
" (x6) EUBA(X7) U™ (x5) ™ (x9) U™ (x10) U™ (x1) U
0 (eg) T () ™ () 2™ () T2 () O
T () T () T () T2 () T () T (312) 3)

for d,

B 0% = %) = () T () Y () ™) T () O
C1®A (o) T (o7) TH™ () Q1A (o0g) T (20,0) T ™ () O

00 %2 () ™ () QU™ () Q™ () QU (x5) O
" (x6) EUBA(X7) o™ (x3) " (x5) g (x10) " (x) O

00 %2 () ™ () QU™ () QU™ () Tl (3) O
o™ (x6) " (x7) U™ (x5) o™ (x9) o™ (x10) o™ () O

00 %2 () ™ () QU™ () Q™ () Tl (3) O

EUIM (%6) EUM (x7) EUH (xg) E.UIM (xo) EUH (%10) E.UIM (%11) (4)
for d;

B (% + %) = 1Y () T () D™ (o) TP () T () O

0" () T () T (o) T () QA (330) U () O
04" () TUPA () TU™ (o) M () G (35) O

DIM (xe) |:.uBA(x7) DIBA(xa) E.UM (xg) DIM (xlo) E.UM (xll) O
O™ () U™ () U™ (o) Q™ () U™ (x5) O

11
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O™ () Q™ (o) QU™ (o) TU™ (vg) U™ (30) QU™ (1) O
O™ () ™ (o) O™ (o) QU™ () T (x5) O
Cp™ (axg) Q™ () Q™ () U™ (vg) QU™ (30) QU™ (3y0) O
O™ (aey) QU™ (o) U™ (o) Qu™ (o) ™ (x5) O

EUIM (%6) EUIM (x7) E.UH (xg) EUIM (xo) E.UIM (%10) EUIM (%11) )
for d4

H9 %+ %) = 17 () T () C™ () G () D () O
L1 () QU™ () T (xg) T (o) QU (30) B () O
O™ () QU () ™ () QU™ (x,) QU™ (x5) O
" (x6) |:.UBA(X7) EUBA(xa) E.UBA(XQ) EUBA(Xlo) E.UBA(xn) O
O™ () QU (o) T () QU™ () Q™ (35) O
o™ (x6) " (x7) " (xg) " (x9) " (X30) " (xy,) O
D/-IH (x1) |:,l1|'(x2) E.UH (x3) E.UH (x4) E.UIM (xs5) 0
O™ (xg) QU™ (o) T™ (org) TL™ (x6) T™ (30) ™ (33) O
O () QU (o) TR () QU™ () QU (x5) O
O™ () T (o) T () QU™ (o) QU™ (0y) TH™ () (6)
Results. Substituting our values:
4% = 005[D08M18[D28[055003D42[D51D/3DA404 0
0 014[D08[D25[MA5[055[04810,7[032[0DA46[D31[D,2 ]
0 014[MO8D32010,7CD55010810,7[032[M,29[M19[M1 31
0 014[0D0810,510,7C055000810,7[032[019(MD19[D13= 0051 0081 0081 008= 008

4% = 005[D21M320A5[D55[048D420008083082[D,7 [

0 0140021010510,7[0D5500810,7L051[0A46[0D44[04 U

0014021005063 [055[068108032[0D.29[031[02 0

0 0140021005063 [0D5500680108032[D29[D19[0,2 = 0050 014001411 014 = 014

4% = 085009032MA5[D55048[042D38MN83[NZ2[0,7 0]
0J 085002801 05 0,7 0810810,7/[0D64[0A6[0DA44[04 0

0 085[0D2100650D630080D681108108029[0D31[0,2 1

0 08500D2100650063008068005051029031[0,20

0J 08500210,650063008068105032[0D29[031[0,2 =
=032002800200200,2= 032

12
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,ud“ = 0850 0,970310,7TD55048[0DA2[038[ND54 D54 06211
0J 0850109065063 0810810,7[D64[D83[DZ2[0,7 [
0 0850109065044 045068108108 0461044040
00 08500,9106504410,204305M51MA46[031[0,2 1
0 0850109065044 015043032032 DA6[031[D,2 =
=03800630040020015= 063
From these data we can conclude that in patientis glaucoma 3 degrees. That coincides with the
diagnosis, which established doctor.

In the course of biomedical research problem arisesg neuron fuzzy network (Fig. 2). To configur
the network using recurrence relations proposegrbf Rothstein [1-2]. The essence of the moddlrggts in

the selection of the parameters of membership iI'tanzt(bijp 1), Cijp (t)) and weights of fuzzy rulesq, (t) )
that provide the minimum difference between the ef®dnd diagnostic results:

M

Z(Fy()?l')?;’"-2;2’V\4)_y|)2 :rr\/]\/in’ @

i=1

where <)2,,)7|>,| =1M - the experimental investigations; b - coordinat@ximum; ¢ - parameter

compression and stretching.

membership function
()
AR Y7AN
> Y ¢ =
—— BA
0o N
%/ .
0.4 M
0,2 w —— H
0 % \
1 2 3 4 5
coefficient simetriyi

Figure 2 — The functions of fuzzy terms after thegedure set

In our caseX, = (X}, X},..X;,) - the results of previous biomedical researyh, the result of the I-th

trial.

To solve the nonlinear optimization problem (fig.i® applied algorithm "coarse" and "fine" settiig3]
in the off-line and on-line.

To configure neuron fuzzy network used recurremt&tions based on correlations [1-3]:

0E, - - 0E
;cPt+1) =clP()- —t_-
@ O =055

P

ij (t +1) = ij (t) _,7

13
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b (t+1) = b (1) -”aiff‘a)’ ®

where Wi, (t), ¢/P(t), bP(t)- the weight of rules and parameters of membership functions for the t-
th step of learning; /7 - learning option.

o o 1 2
Thisratio minimizes the criterion £, = E(Vt — i) that is used to configure the network.

Summary

Mathematical models are got for the estimation of biomedical images with the using of methods of
unclear plurals on the basis of expert bases of knowledges. It alowed to conduct complex high-quality
diagnosticating and promote authenticity and operationability of diagnosticating. The method of analysis of
biomedical images is developed on the basis of vehicle of unclear plurals, that allowed completer of diagnosing
glaucoma. Architecture of information technology is developed for support of making decision at the analysis of
biomedical information, that allowed to promote authenticity of processing of biomedical images by the account
of structural features of bioobjects.
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