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

AHoTauis. B cTaTTi OTprMaHo MaTeMaTH4HI MOAEINI Ul OLIHIOBaHHS 0iOMEIUYHHUX 300paKeHb 3 BUKOPUCTAHHSAM METO/IiB HEUITKUX MHO-
JKMH Ha OCHOBI eKcriepTHuUX 0a3 3HaHb. Lle MO3BONMIO MPOBOANTH KOMILUIEKCHE SIKICHE AIarHOCTYBAHHS Ta MiABHIIMTHA JOCTOBIPHICTH 1
OIEePATHBHICTh AIarHOCTYBaHHs. PO3po0iieHo METOUKY aHani3y GioMeanyHuX 300pakeHb Ha OCHOBI arnapary HEeYiTKUX MHOXKHH, IO J03BO-
JIAJIO TIOBHILIE AIarHOCTYBATH 3aXBOPIOBAHHS I1D. TJIAYKOMI.

Po3pobiieno apxiTekTypy iH(pOpMAaLiiiHOI TeXHOIOTT I MiATPUMKH OPHAHATTS PillieHb OpH aHami3i GioMequvHOi iHopMarii, 1o T03B0-
JIAJTO T ABHILUTH JOCTOBIPHICT 00p0OIeHHs GioMeTMYHNX 300paXKeHb IULIXOM BPaxyBaHH CTPYKTYPHHX O0COOIHBOCTEI 61000’ €KTIB.
Ku11040Bi c/10Ba: 0NTO-€JIEKTPOHHA CHCTeMa, HioMeTnYHi 300paskeHHs1, 61000’ €KTH.

AHHOTanus. B crartbe mosiyueHbl MaTeMaTHYECKUE MOJEIM ISl OLEHKHM OMOMEIMUIMHCKUX H300paKEHUH C MCIOJIb30BAaHHEM METOJIOB
HEYETKHX MHOXECTBEHHBIX YMCEJl OCHOBAHHBIX HAa DKCIEPTHBIX 0a3ax 3HaHMI. DTO [ano BO3MOXHOCTH HMPOBOAUTH KOMIUIEKCHOE Kaue-
CTBEHHOE JAMAarHOCTUPOBAHHUE M ITOBBICHTH JOCTOBEPHOCTD ¥ OIEPATHBHOCTD JHAarHOCTHpOBaHus. Pa3paborana MeTo/iKa aHanu3a Grnomeu-
LMHCKUX N300paKeHHI HA OCHOBAHMH alllapaTa HeYeTKMX MHOXKECTBEHHBIX YHCEI, YTO MO3BOJIMIIO ITOJIHEES AUarHOCTUPOBATh 3a00IeBaHUs
IPH TIIAyKOME.

Pa3paborana apxuTeKTypa HH()OPMALMOHHON TEXHOJIOTHHU TSl OJICPXKKH NPHHITHS PELICHHH TIPU aHaIn3e OMOMEINIMHCKON HH(pOpMa-
LIUH, YTO IO3BOJIMJIO HOBBICUThH JIOCTOBEPHOCTh OOPAaOOTKM OMOMEIMIIMHCKHUX M300paXEHMIl IyTeM y4yera CTPYKTYpHBIX OCOOEHHOCTEH
61000BEKTOB.

Kutio4eBble cjI0Ba: ONTO-3/1eKTPOHHAS CHCTeMa, fHoMenYecKHe H300paskeHNs1, GO0 BEKTHI.

Abstract. In the article 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 allowed 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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Introduction

In general, the input variables used in the expert system may be presented in qualitative or quantitative
manner. Using expert system provided entry input variables, the transformation of quantitative variables in quali-
ty. This expert system based on fuzzy logic input implements the functions of collection, storage, correlation
analysis and using the knowledge obtained by experts for diagnosing glaucoma.

Method

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

Database value. When entered into the table of terms used interface. Or at any point add and delete indi-
vidual rows in the table. For knowledge representation in an expert system uses an object-oriented approach,
which provides storage as objects. Using the same facilities for recording tree structure and knowledge base
provides a uniform flow of information and simplify processing of results.

Storage unit membership functions allows for time for different input data more correct decisions that take
into account previous medical research. This information from the library allows you to monitor the reliability of
the results of the expert system and, if necessary, make recommendations on whether a more precise adjustment
of the expert system.

User data are processed based on the matrix of knowledge through fuzzy inference algorithms. Given the
fact that during clinical studies quite often need to use not only crisp digital criteria, but also certain linguistic
characteristics change parameters (terms), we conducted an analysis of some of them by using mathematical
fuzzy logic. This approach allows to obtain explicit numerical expression for the criteria that are descriptive
characteristics and, consequently, quality content, such as the following features: L — low, BA - below average,
M - medium, IM - intermediate, H - high [1,2].

Each of these terms is a fuzzy set, which is given with special membership functions, and can be made con-
figurable interval that has digital degrees from 0 to 1. On absolutely not belonging to the set indicates 0, and the
absolute identity - 1.

Fuzzy sets may be supplemented, unite, intersect that simplifies the formalization process to digital (clear)
expression.
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Table 1 — Function knowledge base

Seve | Intraocular| Field | The ratio The ratio Ratio of Area Volu Area Volu The aver- Cross-sec-
rity pressure, | view | ofthedia- | ofthearea | 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- | tiontothe | excavation | tion vation belt tinal nerve fibers | layer on
logy ter of 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 0-1,1 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
d2-1 | 15-21 50° 0,55-0,8 | 0,3-0,62 | 0,2—-2,6 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 45"- 0,5-092 | 0,25— 02-8 0,7 - 0,1- 032- | 0,07- 0,14-0,4 0,7-1,86
I 35° 0,82 2,04 0,74 2,04 0,49
stage
glauc
oma
d4 - 33 <35 [065-1,0 | 04-097 | 1,0-35 0,82—- | 0,15— 0,217 0,025—- | 0-0,38 0-1,71
I 2,47 1,35 -2,09 | 0,262
stage
glauc
oma
Table 2 — Database for diagnosing glaucoma
Severi- | Intrao-| Field | Theratio of | Theratio | Ratio ofthe | Areaof | Volu- Area Volu- The Cross-
ty of cular | view | the diame- of the volume of exca- me of neyroreti | me average sectional
patho- pressu 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
mmHg the optic tion to belt nerve on the edge
disc exca- the area fibers in of the disc
vation OD limb
dl L H L L L L L IM BA M M
BA H BA BA L BA BA H M M 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 M M M
BA M IM 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 M BA M M M M M M
H M H M BA M M M M M M
H M H M BA M M H M M M
d4 H L M 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 M M M M
H L H H H H H H M M M

Application of mathematical fuzzy logic is appropriate in cases of necessity diagnosing glaucoma.

To diagnose glaucoma take into account such factors:
X, - Intra-ocular pressure, mmHg
X, - Field of view
X3 - The ratio of the diameter to the diameter of the optic disc excavation
X4 - The ratio of the area of excavation to the area OD (optic disc)
X5 — The ratio of volume to the volume of excavation OD

X¢ — The area of excavation

X5 - The volume of excavation
Xz — The area neuroretinal belt
Xo — The volume neuroretinal belt
Xio - The average thickness of the nerve fibers in limb
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Xi1 — The cross-sectional area nerve fiber layer on the edge of the disc.

An assessment database for diagnosing glaucoma. Each degree of change is presented as a scale qualitative
terms: low (L), below average (BA), medium (M), intermediate (IM), high (H) (Table 2).

For each database in order to formalize the parameters determined by the appropriate membership function
[1,2]. .

To construct the equations necessary to determine the membership function p' (x;) of all fuzzy terms j (H,

IM, M, BA, L) for all factors x; (in this case j - coefficient symmetry, i - space exploration i = 1,4). If we con-

sider the high level of alternative rules, it is necessary to build equations for the five fuzzy terms (H, IM, M, BA,
L).
Each factor x; must comply with its own five membership functions.
To simplify the modeling must take some action:

Let X; and X; - lower and upper bounds alterations x;. Expression interval [ X; , X; ] on the interval U =

[0, 4], which set membership function, ﬁj (u) , u€ U to fuzzy terms j = H, IM, M, BA, L.

Graphical view of membership functions shown in Fig. 1. Choosing these curves due to the fact that they
are piecewise linear approximations expert membership functions z/(x;) obtained for the factors x;+x, method of
paired comparisons.

p (1) : -
NRVAVAVAVA =
2 AAAA =
‘ / //\ \\ N oy
0.2 “%//“/ y

Figure 1 — The functions of fuzzy terms

The transition from function £ / (u) to desired functions z/(x;) is as follows:

X, —X

u1:4_—_n)ﬁj(un):ll'lj(xn)‘ (1)
X, —X

Deciding on the severity of the disease can be done by the following algorithm [1-3]:

Step 1: fix the value factors for a particular patient x,,(n = 1,74 );

Step 2: The formulas (3) - (6) define the value of membership functions ;/(x,) for fixed values of factors x,,;

Step 3: Using a logical equations compute the membership function # din (x,,%,,...x, ) for all degrees of
disease severity d,, 7 =1,6. In this transaction I (+) and OR (V) over membership functions p (a) and p (b) are
replaced by operations min and max:

w(@)* wb)y=min[p(a), w(b)l; w@)Vu(b)y=max[u(b), u(b)];
10
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Step 4: Determine the decision dy, for which:

1% (%, xy,.x,) = max[ u” (x,,%,,..x,)]. (2)

This decision and will meet the desired range, which indicates the severity of the disease.
For example, the patient received the following information:

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

X, - Field of view — 32,1O

X5 - The ratio of the diameter to the diameter of the optic disc excavation — 0,83
X4 - The ratio of the area of excavation to the area OD (optic disc) — 0,54

X5 — The ratio of volume to the volume of excavation OD — 6,42

X¢ — The area of excavation — 1,42

X35 - The volume of excavation — 0,53

Xg — The area neuroretinal belt — 0,74

Xg — The volume neuroretinal belt — 0,1

Xio - The average thickness of the nerve fibers in limb — 0,09

Xi1 — The cross-sectional area nerve fiber layer on the edge of the disc — 0,49
Calculate the severity of disease:

for d,

p e+ xy) = () ()t ()t () - () -

pt(xg) -t () ™ () - 1™ (xg) - M () - 1 () v
v ) () ™ () - ™ () - () -

(g - ™ (e ) - " () - M () - ™ () - ™ () v
vt o) " () M ) M () - () -

M rg) - ™ () " () - ™ (xg) - " () - ™ () v
v o) " () ™ () 1 ()t (x)

M rg) - ™ ey ) " () - ™ () - " (xy0) - 1 () 3)

for d,
P ) = () () M () ™ () - et ()

‘/UBA(xe)'ﬂL(x7)'ﬂM(x8)'ﬂBA(x9)'/UBA(xlo)'/UBA(xn)V
V/JBA(xl)'/JM(xz)'ﬂIM(xs)'ﬂM(x4)'ﬂL(x5)'

M () - ™ () - ™ () - M (o) - M () - M () v
v ) () ™ o) - ™ () - " () -

™M () M () - () ™ (o) - ™ (30) - ™ (3 v
v ) (o) ™ o) - ™ () - e () -

‘/U[M(xﬁ)’,UM(x7)'ﬂH(x8)'ﬂlM(x9)‘,UH(xlo)’ﬂ[M(xn) 4)
for d;

p (e = xy) = ()t ey - () ™ () - ()
) it () () () ™ (eg) ™ () v
v (o) ) ™ () M () ™ (x) -
() ™ o) ™ () - M (o) - ™ () - M () v
v () () - i o) - ™ () - ™ () -

11
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" (rg) - M () - M (xg) - ™ () - ™ (xy0) - ™ () v
v () () o) - ™ () - ™ () -
™ () ™ o) ™ (eg) - ™ (xg) - ™ () - ™ (3 v
v ()i (o) (o) ™ () - ™ (xg) -
'/JIM (xs)',uIM (x7)',uH (xg)'lulM (x9)'fuIM (xlo)',uIM (x,,) (5)
for d4
w5 ) = ) () ™ () - ™ ()t (xg) -
) -t (eg) -t (xg) -t (xg) - () - " () v
Vot eyt () ) - ™ () - ™ () -
',UM(xe)',UBA(x7)'/UBA(xs)'/UBA(xg)‘,UBA(xlo)‘/UBA(xn)V
v ()t () i o) - (x) - i (x)-
™M () M o) M Cg) - M (g) - M () - M () v
v ()t () i () () - ™ (x5)-
‘/UH(xe)'/UIM(x7)‘,UIM(XS)'/UM(x9)‘/U[M(xlo)‘/ulM(xn)V
v (o)t () () " () - " (xg) -
() o) () M () ™ () ™ () (6)
Results. Substituting our values:
4% =0,05-0,08-0,18-0,28-0,55-0,3-0,42-0,51-0,83-0,44-0,4 v
v 0,14-0,08-0,25-0,45-0,55-0,48 0,7 -0,32-0,46-0,31-0,2 v
v 0,14-0,08-0,32-0,7-0,55-0,8-0,7-0,32-0,29-0,19-0,13 v
v 0,14-0,08-0,5-0,7-0,55-0,8-0,7-0,32-0,19-0,19-0,13 = 0,05 A 0,08 A 0,08 A 0,08 = 0,08

1 =0,05-0,21-0,32-0,45-0,55-0,48-0,42-0,8-0,83-0,82-0,7 v
v0,14-0,21-0,5-0,7-0,55-0,8-0,7-0,51-0,46-0,44-0,4 v
v0,14-0,21-0,5-0,63-0,55-0,68-0,8-0,32-0,29-0,31-0,2 v
v0,14-0,21-0,5-0,63-0,55-0,68-0,8-0,32-0,29-0,19-0,2 = 0,05 0,14 A 0,14 A 0,14 =0,14

1" =0.85-0,9-032-0,45-0,55-0,48-0,42-0,38-0,83-0,82-0,7 v
v 0,85-0,28-0,5-0,7-0,8-0,8-0,7-0,64-0,46-0,44-0,4 v

v 0,85-0,21-0,65-0,63-0,8-0,68-0,8-0,8-0,29-0,31-0,2 v

v 0,85-0,21-0,65-0,63-0,8-0,68-0,5-0,51-0,29-0,31-0,2 v

v 0,85-0,21-0,65-0,63-0,8-0,68-0,5-0,32-0,29-0,31-0,2 =
=0,32170,28A0,2A0,2/0,2=0,32

12
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1 =0,85-0,9-0,5-0,7-0,55-0,48-0,42-0,38-0,54-0,54-0,62 v
v 0,85-0,9-0,65-0,63-0,8-0,8-0,7-0,64-0,83-0,82-0,7 v
v 0,85-0,9-0,65-0,44-0,45-0,68-0,8-0,8-0,46-0,44-0,4 v
v 0,85-0,9-0,65-0,44-0,2-0,43-0,5-0,51-0,46-0,31-0,2 v
v 0,85-0,9-0,65-0,44-0,15-0,43-0,32-0,32-0,46-0,31-0,2 =
=0,38A0,63A0,4170,2A0,15=0,63
From these data we can conclude that in patients with glaucoma 3 degrees. That coincides with the diagno-
sis, which established doctor.

In the course of biomedical research problem arises tuning neuron fuzzy network (Fig. 2). To configure
the network using recurrence relations proposed by prof. Rothstein [1-2]. The essence of the model setting is in

the selection of the parameters of membership functions (b;” (¢),¢;” (¢)) and weights of fuzzy rules (W ()

that provide the minimum difference between the models and diagnostic results:

M

> (F, (&, %], W)~ 5,)" = min, (7)

i=1 !

where <X /s )7,>,l =1, M - the experimental investigations; b - coordinate maximum; c - parameter compres-

sion and stretching.

membership function

%\/\@% —
W N

Jages! ——H

.\

2 3 4 5

Q)

0,8

0,6

0,4

0,2

N x&%

coefficient simetriyi

Figure 2 — The functions of fuzzy terms after the procedure set

In our case X , =(%/,X),..x},) - the results of previous biomedical research, J,- the result of the I-th

trial.

To solve the nonlinear optimization problem (fig. 2) is applied algorithm "coarse" and "fine" setting [1-3]
in the off-line and on-line.

To configure neuron fuzzy network used recurrence relations based on correlations [1-3]:

2

OF . , OFE
At + 1 = (1) — 7t ; ']p t+ 1 =P ) — : t
W-/p( ) W./p( ) 77 aij (t) cz ( ) cz ( ) 77 aCi]p (t)
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‘ ‘ oF
b (t+1) = b7 (1) —p———, 8
P =0 O-ng 5 ®)

where w, (7)), c”(t), b (t)- the weight of rules and parameters of membership functions for the t-

th step of learning; 77 - learning option.
I _
This ratio minimizes the criterion £, = 5 (7, —y,)’ 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 allowed 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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