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Abstract. In this paper, we are exploring fuzzy logic in noadidiagnosis of infertility
where our aim is to predict the possibility of tdertility using fuzzy matrix theory by
measuring the follicle fertilization possibility $&ad on follicle size. Also developed a
computer program to calculate fuzzy matrix basedMaxMin rule using JavaScript.
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1. Introduction
The two most trendy application areas of fuzzy tbebry are computer science and
medicine. Fuzzy sets were introduced by Zadeh 6b619adeh (1965) stated that fuzzy
set is a class of objects with a continuum of graflenembership. Such a set is
characterized by a membership function which assign each object a grade of
membership ranging between zero and one. SancB&s)(Worked on composite fuzzy
relation equations and presents a method for riésplwf some basic fuzzy relational
equations, with grade of membership in sets andspta explore medical aspects of
fuzzy relations in future. Fuzzy sets have beerdusemany different and versatile
disciplines. Holzmanet al. (1988) developed a fuzzy model for medical diagg)dbis
model is a computerized expert system based ony filzeory, specified for six
cardiopathies and find out patient’s diseases erbtsis of symptoms, objective of this
model is to reduce physician’s procedure for disedstection. Raiclet al. (2011)
diagnose diabetes and describe the occurrencereRd and conformability relation Rc
to find the stages of diabetes. Raiehal. (2011) proposed a new approach for the
multiplication of Interval Valued Fuzzy Matrices/fM) as <R/V> for diagnosis process
of diarrhea. Samuel and Balamurugan (2012) suggest@mew method for medical
analysis on set of diseases and diseases assos#tetl symptoms using the notion of
intuitionistic fuzzy sets (IFS) theory.

Smithet al. (2003) infertility, defined as 1 year of attemptahception without
success, is one of the most common health disondéating young adults. Clinical
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evaluation of infertility specified that if a pregmcy has not occurred after 1 year of
regular unprotected intercourse, because by thme 185% of couples attempting
conception will have been successful. (http://wwhovint/ bulletin/volumes/88/12/10-
011210/en/) According to bulletin of The World HiaDrganization (WHO), infertility
affects up to 15% of reproductive-aged couples dvade.

Few decades ago infertility was only a diagnosithwio or very little hope for
treatment. But now this is the era of interdisciptly techniques, which gives heights to
infertility diagnosis and management techniquesfertility is a concern affected both
male and female. In this paper we discuss femddstility diagnosis aspects (follicular
study). Typically infertility diagnosis has been ndo via follicular study,
Hysterosalpingogram (HSG), Transvaginal ultrasoaplgy (TVS), Ovarian Reserve
Testing, Hormone Testing, Sonohysterography, Hgstapy, Laparoscopy, etc. Many
gynecologists advise ovulation tracking or foll&uktudy as an initial step of infertility
treatment. For ovulation study patient have tofgyoultrasound scans which help you
time exactly when you ovulate, increases the poisgibf conception.

Schefferet al. (1999) study female reproductive status by thatiah between age,
number of follicle and size of follicle and find tothat increasing age increase the
probability of infertility. Hiremath and Tegnoor (2013) advise a fuzzy logiseba
methodology for follicle detection with the help aftrasound images of ovary and
follicle analysis based on follicle shape and si@earian follicles are spherical fluid
filled structures. They grow from 8 to 10 mm onauerage. Only the dominant follicle
can reach as much as 17-25 mm in diameter. Thed fottiales of 2-3 mm can also be
perceived in the ultrasound images of ovaridisemath and Tegnoor (2013) worked on
ultrasound image of ovary and locate the follidlessuch a noisy image of ovary and
after that grade an ovary as normal, cystic angqystic.

2. Method

On the basis of follicle size we had broadly clgedi fertility diagnosis into three
categories No Fertility, Partial Fertility and ToEeertility as D1, D2 and D3 respectively.
No Fertility means there is no chance to get caesgiPartial Fertility means there is
possibility to conceive after medical assistancel dmtal Fertility means there is
maximum possibility to conceive. Generaligllicle grows from 8 to 10 mm on an
average, only the dominant follicle can reach ashmas 17-25 mm in diameter and the
small follicles of 2-3 mm can also be identifiedtie ultrasound images of ovarids.
our study ultrasound done at™®ay and for continuity of membership function we
consider 0-5, 5-15 and 15-25 mm range in placef&10 and 17-25 respectively.

We use,

S = Crisp set of follicle size, S1, S2 and S3.
D = Set of all diagnosis, D1, D2 and D3.

P = Set of all patients, P1, P2 and P3.

In medical diagnosis an Occurrence relation Ro idess knowledge about the
tendency or frequency of appearance of symptoma e specific diagnosis is present
i.e. how often does the symptoms occur with diagnos conformability relation Rc
describes the discriminating power of the symptdmsonfirm the presence of the
diagnosis i.e. how; strongly does the symptom confiliagnosis.Fuzzy relations Rs
specify the degree of presence of symptoms foeptsti
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Matrix Ro is occurrence relation, relation betwesmt of symptoms and set of
diagnosis, shows the frequency of occurrence ofpsyms with diagnosis. i.e. Ro = S X
D. Matrix Rc is conformability relation, relatioretween set of symptoms and set of
diagnosis shows the degree to which symptoms cosfihe presence of diagnosis i.e. Rc
= S X D. Matrix Rs is occurrence relation, relatlmetween patient and set of symptoms,
shows the degree to which the symptoms is presgudtienti.e. Rs =P X S.

We can calculate another four relations R1, R2,ARRBusing relation Ro, Rc, Rs.
1. R1isthe occurrence indication relation, calcuadig R1 = Rs * Ro.

2. R2is the conformability indication relation, cdlaied by R2 = Rs * Rc.

3. R3is the non occurrence indication relation, daled by R3= Rs*(1- Ro).

4. R4 is the non-symptom indication relation, calcedblby R4=(1- Rs) * Ro.

Dy

25
Sz 5z

Figure 1: As follicle size increased the possibility of folé fertilization increases.
where
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0,if x <15

D3= Xx-15

, 15 x< 17 (3)
1x<17

¥
Enter Follicle Size of P1.,
P2, P3amnd Calculate Es
v

Calkulate R1, R2. B3 and R4 Using
AMaxhlin Rule

Predict Fesult Based
on Fuzrry Matrix
Theory (Fuzzy
Svstem Fules)

Draw Conchazion

Figure 2: Flowchart of the proposed method
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MATRIX SOLUTIONS

Select Option

Min Max ® Max Min

Enter element of Rs & write Rs in Name box
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Rows |3 Fepresented by

Cols |3 Represented by

Enter element of Ro & write Ro in Name box
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Enter element of Rc & write Rc in Name box
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Enter Elements of Rs
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Enter Elements of Rc

Form Matrix Get Output

The occurrence indication relation -
R1 calculated by R1=Rs * Ro

The conformability indication relation
R2 calculated by R2=Rs * Rc
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3. Conclusion

In this paper we proposed a new technique to meadsliicle fertilization possibility
based on follicle size using fuzzy matrix theorhisTtechnique is the mathematical form
of linguistic predictions of gynecologists and piciens’ regarding possibility of follicle
fertilization (initial step for infertility manageemt or ratio of fertility) which ease their
efforts.

In our case study R2 is the conformability lielatindicates patient P1 suggest
itself in the category of No Fertility and havin§% possibility to be in Partial Fertility.
Patient P2 occur in Partial Fertility with 100%tiéy rate and having 50% chance to be
in Total Fertility. And patient P3 predicts its@tf Total Fertility with 100% fertilization
possibility. This study calculates similar resulike an expert. In the present study we
considered only follicle size but in future we wity to include multiple symptoms or set
of symptoms to produce more accurate results becaisve know that infertility caused
by one or more than one reason.

REFERENCES

1. P.S.Hiremath and Jyothi R.Tegnoor, Fuzzy infereystem for follicle detection in
ultrasound images of ovarieSpft Computingl8 (2013) 1353-1362.

2. P.S.Hiremath and Jyothi R.Tegnodkutomated ovarian classification in digital
ultrasound imagednt. J. Biomedical Engineering and Technolpg$(1) (2013) 46-
65.

3. C.A.Holzmann, C.A.Perez and E.Rosselot, A fuzzy ehddr medical diagnosis,
Medical Progress through Technologys (1988) 171-178.

4. V.V.Raich, K.Dookhitram, R.K.Tripathi, N.P.Bawa ar@IK.Dalal, Application of
interval valued fuzzy matrices in medical diagnogia a new approach,lEEE
Explore(2011) 3440-3443DOI: 10.1109/ICMT.2011.6002135

5. V.V.Raich, R.K.Tripathi, V.Agarwal and S.Dalal, Ajpgation of Fuzzy Matrix in the
Study of Diabetes|EEE Explore 2011

6. A.E.Samuel and M.Balamurugan, Fuzzy max-min contfgpstechnique in medical
diagnosisApplied Mathematical Science¥(35) (2012) 1741 — 1746.

7. Scanchez Elie, Resolution of composite fuzzy retattquationsjnformation and
Control, 30 (1976) 38-48.

8. G.J.Scheffer and F.J.M.Broekmans, M.Dorland, D.JoHannes, W.N.L.Caspar and
E.R.Velde, Antral follicle counts by transvagindirasonography are related to age
in women with proven natural fertilitfertility and Sterility 72(5) 1999.

9. S.Smith, M.P.Samantha and J.A.Collins, Diagnosid amnagement of female
infertility, JAMA, 290 (13) (2003) 1767-1770.

10. L.A.Zadeh, Fuzzy seténformation and Contrqgl8 (1965) 338-353.

84



