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: Predict woman ‘s ovulation can sterility treatment,

diagnose certain diseases and avoid undesired pregnancies.
Most previous methods require sophisticated equipment or
medical expertise aided to collect data for predicting
woman s ovulation period. Saliva ferning is a recent
technique that monitors woman ‘s saliva and looks for
patterns related to ovulation. With different ovulation
approaches, the saliva ferning will be divided into non-
crystalline fern crystals, partially crystalline and
typical ferning crystals. Correctly identify women s
ovulation period not only help women understand their
bodies, but also have important positive help in
contraception, birth control, treatment of disease, and
reducing unwanted pregnancies of teenagers.

This study is the first year project. It is a joint
cooperative research by the department of medical
informatics of CSMU, the department of obstetrics and
gynecology of CSMU hospital and the department of medical
sociology and social work to develop a pattern recognition
algorithm for woman ‘s ovulation prediction using saliva
images. Saliva is inspected under a microscope for
crystallization patterns. First, we collect saliva images.
Then, we propose an image-processing algorithm for
automatic recognize the most important features in saliva
images. Based on 120 saliva images, the proposed pattern
recognition algorithm can predict woman ‘s ovulation from
55% up to 92% in overall accuracy.
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Abstract

Predict woman's ovulation can sterility treatment, diagnose certain diseases and avoid undesired
pregnancies. Most previous methods require sophisticated equipment or medical expertise aided to collect
data for predicting woman’s ovulation period. Saliva ferning is a recent technique that monitors woman's
saliva and looks for patterns related to ovulation. With different ovulation approaches, the saliva ferning will
be divided into non-crystalline fern crystals, partially crystalline and typical ferning crystals. Correctly
identify women’s ovulation period not only help women understand their bodies, but also have important
positive help in contraception, birth control, treatment of disease, and reducing unwanted pregnancies of
teenagers.

This study is the first year project. It is a joint cooperative research by the department of medical
informatics of CSMU, the department of obstetrics and gynecology of CSMU hospital and the department of
medical sociology and social work to develop a pattern recognition algorithm for woman's ovulation
prediction using saliva images. Saliva is inspected under a microscope for crystallization patterns. First, we
collect saliva images. Then, we propose an image-processing algorithm for automatic recognize the most
important features in saliva images. Based on 120 saliva images, the proposed pattern recognition algorithm

can predict woman's ovulation from 55% up to 92% in overall accuracy.

Keywords: ovulation, ferning, saliva image, pattern recognition algorithm.
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(1). #HPEONFEHANA(RIER ~ #R4E - 2005)

(a)

(b)
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B s 2 (Luteinizing Hormone, LH){EAgH] = ] F U K PR WA fE 5 AR -

MRS R E R« 7Y H &S 8 R HimieE LH (& - fEFR0NES - Ui+
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HE ~ JERANME ~ Al R ~ AT EE MRS

RAFERGR BorERER - ABFERGSR
B 1feRassisiet (EROR | AT EE)

* 2 FAHNTANASR S tEER (BRI | Abtsei)

EE EN?E/EJ /£ EX{% *EE /EJ ﬁ/i ?%%'%#UEE
W | Bl N . s
i AR | Bt SSRGS | B A S
ool e
RS R E | B LH DARRSE LH SISt | o re e Tt 2 B
ool HETTSA4R (AR s
o | e | EE B PR g
%%%/ﬁl/g IEJ;I-‘QE/_EE XD+ %@/. g-‘-g/ﬂ: W%ﬁg E]/j “:;EUEE
FE R \ B
TR . A o e ] R 2
STl % Pz 7 R4 = (i 3 S0BI
a BRI A]HEE
N st SR MB T W | g somoms | s
jfﬁ =] /EE %%}E‘Z%ﬁ{% *ﬁﬁ ﬁ%g % %AE\#UDE
e e ;E%%, SIS BT | SR A S
n FR L E M | <o
EEPEN | om0 T I INERE | e g st
GEAIBIZA = \ B R 4 i
AL




(2). FERGEHE
4tk (Female Reproductive Cycle, FRC)S B4 53 i MBSl » JBRRESE— K 45K
MBI - KB FTTS B 3 AR EIES - AR AN A T E (55555 » 2003) « % 3 1
Y FBET R TAIE 28 K+ FAEISELE Sy b FAEH - MBS R (2% » 1095) - (omses
RS RHITHD—K - EDRHEIIE -
% 3 AR

PEERATE | KRB H & B —K)
HEHE | 1~5
JEEEE | 6~14

TR | 15~28
BRI @ 25K (1995)

TEIEH B &GBIAT » 20 A REHAR - BB EN B - FESRRR SR R R
G 0 HOPRRIE A FERGS & - FIHBRGLIRAVE > Feiles & - BEIMENE EA R - GHE
SIHTE A =R - e ON S N — (BRI ON - - O &S BT (5T 12~24 /]NE)
WA LRIV - o (SEne g 4% i H B A By S R 4 o (W R B H S e e 2 P - Hr A
I ERGS & B Rl FemiRahan C Ry AT REE &) - LU R SORE R~z 2280 » TR T 55 - & XE
PRS2 2R - HREONT& T8RS S D —REEONT% 2 REIN R o 2045748 HHER B AU -2, R4S
fn 0 et AR i o WIFFE IR FEINGS S EUEA B P ERaE & - 2 R IB( -

3 BN Fyie i A i T F AL - 6.5 (1)Estrogen actions:HEON R £ - 52 Estrogen Rl ~ 14
hiE R AR NaCl Bk U Reabs ~ FEA FEE R4S & 0 B35 4% PGE ~ Vassopresin -~ 5z Aldosterone {Ef >
(s Hh 7K S 3410 - (2)Opioid action system : MC #EEH: 7l > J&EHA Opioid 557 % ~ HEINRGRE T -
The opioids, LHRH, somatostatin ;% VP 43 (3)Catecholamine action: i %541 Estrogen Jz Catecholamine
ST LS/ ER B COMT 3% » Il i i Ay adrenergic receptors » #E [ 5 H20 ~ K+ ~ Amylase -

Estrogen
Level

Basal
Temperature:

Ovularium
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| PGET — Vascular Pennea.bﬂit}T — Salivary Ultra .
filtration 1' ™ B
=
E’P = PGF 2t1f ] Vascular Resistence f Ly —_ o E
2 vdrostatic essureT > 2
2 : =
& ¥ Reoin > ANG 14 P| Ang24 [ Auf ¢ g
Bt NACL Reabs &
Salivary Gland > g
- VP T » Eﬁ
Ovulatory increase of
opioid tone
g Interaction with Estrogen > afl_fﬁAdre:_aerg.ic Receptor
§_ mediated system Stimulation in Salivary glands
=
é [, Interaction with Catecholamine \/
E mediated system Saliva rich in H,0. K.
€ Amylase
[ -
COMT competition
( Catecholanunes)

BRI © 28R R R DN W B S i 23 4815 (201.3)
[ 3 FFeEiRaE fnF A

(3). M AS e THRAT ST

W = B A G A 220 (Saliva  Ferning Test){t 20 FERiTRA 31 222 &1 ABHTT » 1F 1994 D) Galati
B Ry G NAE R AR E B R L ER T H5E(Galati et al., 1994) - ¥} 328 4 fm B 2208+

EEIRGS d 1 5 - I FH P2 E i N B G i E P B S HRONAR - A eas SR TR S K Bl (5 Bl = iR 4

rmlE G AT BRIV A G RATEE Ky 9896 < 2000 FFAR{IIZEEEFE (TRAIZE - 2000) » i 32 4 2R SEme fe 15
SRR » BG4 I W B BN AR (BT LR AT - SEIREEE H OB+ = SRR HY
BN o FlER R EE RS S EPP IR - WSS SRR &35 100% - Galati 8115
IZFEEHIEE E 7R F NG Mg A A B AI5elE - WARER R 28 A R e 0 E Y
Jivk e

1F 2002 FERHERE LS EHE (U.S. Food and Drug Administration, FDA ) #% 4 DA & R R
ONEHIENES - RERHEINAIRUR ssol e B T B 2 2 a e HERH TR - ﬁﬁ?é:%%%@%ﬂﬁﬁiﬁﬂﬁ%@ﬁ%%%
(SE AR [T £ R R IR B ON A e e - FDA RZAEF5% KO13582/A003(FfF B &8 A i AR A H e
2013)fH 2 Hrp 7 — - SRR SR AL FUA TR A B 2R R e e R O ﬁ”%ﬂﬂﬁé&?a PRI 3 (2 2R AR )
PEONFS Y St e adih » 2013) - & TR ZE i sh o L E R AN H - B E Rz Bt Follicles X
/IR B NS KRS ESFON H I o WG DUEERE Gold Standard - EEESHIEESAE M AS R o Tk
71 fm T 213 R - SEAEA R 8 2 20 K Birdm 205 — (E A [F] R RE A TR /JE&T
ZE PRI RO ~ = N 4 A B /EZ/ﬁJEiEZ*%EﬁttiE(ﬁD%%ﬁ% 5 Afr) - & Wi R (E)HYE RS
ZE PRI RIS R &S SR BT - BEON—2042E 90% - [Gi4E Y EH RS AR « 4558 5
TEHEONET » MR- a4t i LU B R TEARE -

(4). BRI S EaIREE i PR 7%

KR = B ATE A — R A PG R B R T R4S & 2 Bk T Y s S 38 5% -
Perkowski et al.(1990)fH DA Hough 84 F | s (5 R BLRE il A 3% 1| 7 = SHAL R A F e R &G i =
H BRI AE 4 B - B AREARRE R RIKFSAIE R o &8 E T ESE(E - {EE - Sobel
BGADH ~ —{E1E ~ AL - 4L - Hough B S BRG R s Gy 7S ([ RHEUE (A0 E 4 FoR) @ 752
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T A B T EIRAE A o HRY Perkowski et all. (1990)133&2 T%Fé@&fﬁ%%ﬁjrﬁ

PR 8= Efr’i/& CERPTEGT 2 70k - TAHZE RIS IR T A 2 BB A TR TR =%
R SR R T H B -
A T BRI PE RS
Ultrasound GANOP Test
size Total + ++ +++
Foll(mm) N % N % N % N % %
>10 56 26.3 36 67.9 9 17.3 7 12.5 4 7.7
11~17 67 31.4 9 17 27 51.9 18 32.1 13 25
18~25 69 324 6 11.3 13 25 23 41.1 27 51.9
Ovulation 21 9.9 2 3.8 3 5.8 8 14.3 8 15.4
total 213 100 53 100 52 100 56 100 52 100

Chi-square=63.539, p<0.001; Pearson R=0.37, p<0.01

Spearman R=0.371, p<0.01
BRI © 28R R B RO (e S i e 455 (2013)
= 5 MERERRE - TN Ak R 1
i ) Salivary Ferning(%)
E2 level |Follicle size (mm) Total(%)
+ ++ +++
<130 pg/ml 10; N=56 16.07%12.55%| 7.10% |35.7(25/56)
>150 pg/ml| 11~17; N=67 |40.30%|47.90%|19.40% 86.5(58/67)
>300 pg/ml|  18~25; N=69 |18.80%|59.60%(39.10%| 91(63/69)
Ovulation N=21 N=3 | N=8 | N=8 | 90(19/21)
BRI ¢+ 2R R R R O (i S i e 45 (2013)
AEFE A7 F1L
O
1R IE IR
O
el F R
32 %
By B E SR
Ly F2 IR
R EAL F3  [BJHAVER
e F4 TS
o F5 B RAVER AL AR =F2/F1
HOUGH $#4 F6  [SET4RAILLZE=FA/F1
O
w2k ferning4s X,

[& 4 Perkowski et al.(1990) 2 G B A B Bk (1 FH R 2L
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(1). EER AR
5 77l 60 fEMAL ISR EL 100 (H)CERRANMER N Z SHRIAY e RaS s - (8 6 RIZE =
EIRGSS, > T 7 A eGSR ol A R MR G R A R A R R
FERIA R T I EVSRIFREH & TR - BUERE H B iR G E TR S A F NG - REZENRECE
ZERUAG P HYSHINFFEL -
() HEIHYFEEGIRGS RS - TR ZEARERRARE > DU S/ N - FERRHS AT RE
RN PRI -
(b) Hor RS R - HRECUBRAYE A SR IRAVEE T SRR AL - MR RS,
{H O AR AE R -
(©) ZAFERGERE - AU EEaEE - JEEE A - S T RIAVELFATIRRL - PERFMER R RS

5 AR IRGS A4 (60X 5 100x)

7 7 EHIRGE & (60X ; 100x)

(2). EERHLREE %

W PREIH B By T R BRI ep TR BRI, » 12 BT 553kt (Perkowski et al., 1990) -

[RER e P ESAEA AR R REIRS) - B T BT M S MG A B A S - AT
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3).

2t

(a)
(b)

(©

(d)

()

(f)

()

(h)

(i)

@)

RGB To Gray : R G IHARIK S R 2= I HUH KPS 2 Value [EIEGETE -

RGB To HS : 2 Gk HSV (O ZEfIHL L HSV 2 Value EfIZEEH - AWIFER LG
RGB HY#2 (2 (GHHA T HSV (U2 ZE [MIHET T 04T © TN Rl B AN (R0 22 ] RGB ;AR IR
Z2 IR e RGB W ZE MM G ot s i A st INIL I &f RGB i
BRELERA 2R BN B 22 - RGB i ZE MG LS H =/ 8 Z ARSI
Bt > HSV G2 ZE i e B — (BRI A AERRRY > BRI IEA ] DU B a4
AR > BN CIMIE NI G iR B IR - BT R G T TR BRI AT RE &R SRR 73R
ey E 0 0 1B HSV SR Ze iR BT Al R E A L ZHEREIE R -

S(EIER Ry T Ak B HER AR > T E A (E R 25 (Mean Filter) o MH{EEI EHEHUE
B MG ZRIRPEH P E M R GRS E - W RARAEBGI AR ARAIBIER -

TERIE ¢ Ry 7 ARRE G th L TR VSRR o E IR TR ESR M B TR
i - A ZEFE ErE s 2 e Gt HREER - WA E GRS LA TRORHIBIR -

EIEIRRE - BB (R EEIRIEN AR BRGNS - (RN ARG B G SR R
R g omEH 2

BN © 2 H g 45 (Sobel Filter) /2 —d s e i 45 > (3 F 2= — P BB R = pHAY 22
[EERSE - BB B ESHERSE T ORI YIRG B G o R R - B R H IR
g e (B T AR IPRAVRHEORF R I - ke 8 S M (Canny Edge Detection) (s ks g5 1521
R B HIERBO N ST REEGEENTTE - HSEREBG MBI/ NG EE
GHVAHEITESE - AU R 25 (2 M(Laplace Operator Edge Detction) i #& /B 2E G2
[ o B BB RE A P P8 A RT A R P R I S A T Y 2 SURE R B A {E YR I
RIENM B

—fEAE ¢ ZEALRE GBI A o A EABEIERAVEHE - FMTECE—(ERE - AR
PE G R KPS a% R IR PR R AR - fE/ NS R A G 2R e R IR i/ IMEL - (€T & —{E1L - &
A — AR EN A E (05255 fgzR{E) B -

BEEAER - PRRENRFAER R MG I WRER - BEpR 2 ReEE > HO MR
Pl B Z /N B — ERBR S E REE K -

AL« EEP R H AR GHE R - (OB ERE - RIS R ZE R _ERYERIR
SR — B G R T HIERIR -

P - BT B AR E @ no-fern ~ partial-fern 2 full-fern -

R BRI

AT 7E AR R R L0 2 v B DA R UK 8 e TR IRAR D RE IR S HU i oA - WIRE B8
AT FE G R B T A 2 H EhPEsae AR ZC PR - el a2 EEE - AR
#HA% > AETENR A B gH 2 E HEEEIREE - SOBREMEHER - FaWABRRAEEZZ
g HERGZEE IR TS RO IR R o PRERESRRAGHIIHE K H &SRR =
RELEXR - BHES > Zol@ffERieie i EREIA L WS KRR 2 Z 0/ 1T - A5
FTEREE i bads > (EPRIRIREY 14 K1k > BRI S B BRI AAMER - AstEEEETIIRER

AED
A ES

@).

e NfestbaZ B8 2 &A - #iEdETE CSMUH IRB#CS13204 -
S Dabav
AWTFEROK 35 42 B A2 5 - T ] 2014~2015 48 i sZad A UL 7 RAVIEE RS -

(b). 49 AMEM:
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Ll EREETREAEE EEaFEE -
2. 2B A SR =X H B -
3.2 B WAL 20 FRAKAR 45 5% ©
(©). HERRMRPE
1 BREA R - SR -
2. ZAH IR TERA B -
3. EAIERRE ~ AR RS -
4. Zo\E IEAE (R A SR e B AR AR -

AW E R BN EE 120 sRigOR R ARES » Eteith EE RN (Ground Truth) 2 & EHEINE A Enza a2 E
ANT#H|E » EH no-fern 75 45 5 ~ partial-fern /5 45 5& ~ full-fern 5 30 55 » 4135 6 s ©

* 6 HEREGIEASE

Full Ferning Partial Ferning | No Ferning Total
30 samples 45 samples 45 samples 120 samples
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A LR L

A Fes G HAR U 2 A Matlab MEfTE IR - JEFAEF o] 5 Biat R R AR E R AR U E
MRS T B B o R RERF Al » 7B EREER (%) R AL TR -
7 FERTD (B 2
o ERER
AWTFEEAF Perkowski et al.(1990)AY 5 AR 2 R2 MR HUEEREGHETT B B MIE\ (Gaasin ~ PR
% M UINE(2013)) - HEEEFRAE - SRR E RGN FIRY AR B B 2 B S MR i = Y R
FEERG b 2 H BT > #ETDL IR E b

HERE (%) =

- P

BB S tbi A G PR AR FR Y RUEE » 77 1l s Gray + Sobel - Gray + Histogram Equalization
+ Sobel ~ Gray + Median filter + Sobel -~ Gray + Mean filter + Sobel ~ Gray + Median filter + Mean filter +
Sobel ~ Gray + Mean filter + Median filter + Sobel » HEZ GRS RAFR 7 Fiow o

x® 7 HR-HOEER

Procedure Accuracy (%)
Gray + Sobel 40.0
Gray + Histogram Equalization + Sobel 34.1
Gray + Median filter + Sobel 57.5
Gray + Mean filter + Sobel 61.6
Gray + Median filter + Mean filter + Sobel 55.0
Gray + Mean filter+ Median filter + Sobel 62.5

=7 REBRFA 120 jRER G TR SONEEE R - Ho BRI =% RE Sy Gray +
Mean filter + Median filter + Sobel J£ Fyiz = 0] 22 62.5% 222 ~ jfj Gray + Mean filter + Sobel J& 1] 2z |
61.6%:4HER L ~ Gray + Median filter + Sobel £ T 3£ %] 57 5%MERERF R o

% 8 R E R GEFEIE R Gray + Mean filter + Median filter + Sobel 23 E%0EE » 434
FEPs&E LR L2 a2 51 40 55 no-fern 52{5:5 5 sRERHASy partial-fern ~ 45 5% partial-fern s252H 3 sRak
] By no-fern, 31 5Ez5RH] Ky full-fern~ 30 5 full-fern E2{575 4 5= ¥ & no-fern, 75 2 5% :H| By partial-fern -

7% 8 Els— Gray + Mean filter + Median filter + Sobel F4 45545

Actual class
No Ferning |Partial Ferning| Full Ferning
Predicted |No Ferning 40 3 4
class Partial Ferning 5 11 2
Full Ferning 0 31 24
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AEn T b =BG HPE R AIIRIAEE > 43805 Sobel ~ Prewitt ~ Canny » T A\ T2
BUEHME S LR » HEZ PRS- A05 9 AR -
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Edge detection method | Threshold range Accuracy (%)
Sobel 0.02~0.07 71.0~75.0
Prewitt 0.02~0.07 71.0~75.0
Canny [0.1,0.4]~[0.5,0.8] | 39.0~66.7

729 RyEhn I 120 sREnR G T RS SURIENAE SR - HLA3 B ESS Sobel JAE Prewitt JA4H
[E] AT 2 75% > Canny JA{§ % 66.7% K -

% 10 BB T N LE(L2BUEN R G EHEAE P Gray + Mean filter + Median filter +
Sobel Y3 HEANAE > 43 FEAEFHEAE RBUR L A T 22 5] 45 55 no-fern s2{5: & iR 5345 - 45 5 partial-fern
o158 2 sRaRF By no-fern, 28 5RERF K full-fern ~ 30 5 full-fern 52{5: 2 B e AEHE 345

Z% 10 &5 Gray + Mean filter + Median filter + Sobel {54745 %5 fE

Actual class
No Ferning |Partial Ferning| Full Ferning
Predicted |No Ferning 45 2 0
class Partial Ferning 0 15 0
Full Ferning 0 28 30

ZNR%=
AE b T BB = R A S R NIYRIEE » oAl s 3x3 ~ 5x5 ~ 77 A EET A B L2
TERES LR » H G HRERAE SRR 11 R »

* 11 BE=AEER

Method Accuracy (%)
Mean filter [3x3] 80.0
Mean filter [5x5] 88.3
Mean filter [7x7] 86.0

2 11 By BBy = FI FH 120 sRme & s (G A T RS | SROHIER A5 5L LA AR IR 1] — 4 R4 &y Mean filter
[5X5];4 By = 0] 2 88.3% &2 « Tfij Mean filter [7x7]}A T2 %] 86%#ERE%2 > ~ Mean filter [3x3];4T]
ZEF] B0%AEMERE R L -

# 12 FUnE B =T A TE(L2BUEAN R EZBIREEFP Gray + Mean filter [5x5] + Median filter
+ Sobel HY 3 SHRNAE » 0 BRI 4 SRR LA rT 222 5] 45 3R no-fern g5 B B A 745~ 45 5 partial-fern
A9 2 sRERHA B no-fern, 11 sEER ¥ & full-fern ~ 30 5E full-fern 2{%F 1 sE:RH] &y partial-fern -

13



Z% 12 HEz—= Gray + Mean filter [5x5] + Median filter + Sobel FY4745 55 fH

Actual class
No Ferning |Partial Ferning| Full Ferning
Predicted |No Ferning 45 2 0
class Partial Ferning 0 32 1
Full Ferning 0 11 29
-~ RHRT
AE i LR DU TP (BRI VR M SR/ NI RE - o0l By 3X3 ~ 5X5 ~ 6x 6 ~ 7X7 - SHEST A TIEAL

SELEIMES LT » HE2 G RRaS Ra5R 13 Fiok -
% 13 EEalUnyss R

Method Accuracy (%)
Median filter [3x3] 88.3
Median filter [5x5] 90.8
Median filter [6x6] 91.7
Median filter [7x7] 90.0

% 13 HEWVUFIA 120 sRisR 2 G TRAS I GOHIERAE SR - oy ISR AT =44 (k% £ Median
filter [6x6];4 Fy i = v 2 91.7%#ERER ~ [f] Median filter [5x5]2 B2 % 90.8%4EMEX 20~ ~ Median filter
[7XTPE P2 F] Q0%AEERTE R 2 -

# 14 BURE BRIV T N T2 BUEN R B2 Gray + Mean filter [5x5] + Median filter
[6x6] + Sobel HY7)RERUAE @ 73 SFEPHEAE SRR LA A2 F] 45 7R no-fern s G Bl A M ~ 45 5
partial-fern £2{4: 75 3 5E:R ¥ k5 no-fern, 5 5E:R ¥ £ full-fern~ 30 55 full-fern £2{4:75 2 sE:RH] Ky partial-fern -

# 14 EEEPU Gray + Mean filter [5x5] + Median filter [6x6] + Sobel Y44 EFE

Actual class
No Ferning |Partial Ferning| Full Ferning
Predicted |No Ferning 45 3 0
class Partial Ferning 0 32 2
Full Ferning 0 5 28
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Abstract. This study presents using image processing and data mining ap-
proaches to develop a saliva image automatic recognition system for woman's
ovulation prediction. Detect woman's ovulation can sterility treatment, diagnose
certain diseases and avoid undesired pregnancies. Saliva ferning test is a tech-
nique that monitors woman's saliva and looks for patterns related to ovulation.
We use a digital camera with a 100-time microscope to take saliva images. In the
proposed method, six important features in dried saliva images are automatically
extracted by employing some image processing techniques at first, and an intel-
ligent system is developed by using the decision tree J48 algorithm for the detec-
tion of ovulation. In this study, the result of the best classification accuracy is
84% in 100 saliva samples. The proposed method has very important aspects of
human, medical and economical. In addition, the proposed system can detect
woman'’s ovulation more safe, natural, convenient and efficient.

Keywords: Image processing + Data mining - Ovulation - Saliva ferning

1 Introduction

A reliable method of predicting ovulation can effectively help a woman ascertain
fertility period for pregnancy as well as for right of autonomy for birth control. An
automatically diagnostic system for monitoring various personal physiological condi-
tions has a urgent demand for the prediction of ovulation for women.

Generally, a woman's menstrual cycle lasts from 27 to 30 days, while menstruation
lasts from 3 to 7 days and fertile period lasts about six days. It would be too late to
test based upon detection of ovulation on the ending day of ovulation. Also, it is not
useful in determining the fertility time for planning. In recent years, most people used
advanced predictions is a urine test, which focus on the concentration of luteinizing
hormone (LH) and can detect ovulation before 1-2 days. The defect of urine test is not
sufficient to detect the entire fertile period of three to six day. There are many other
methods for predicting a woman's ovulation, for example, measuring a woman's body
© Springer International Publishing Switzerland 2015
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temperature (Basal Body Temperature. BBT) which increases with estrogen's rise to
detect fertile times. It has been demonstrated that shortly after menstruation begins the
body temperature decreases until ovulation starts, and after that the temperature in-
creases. During the menstruation period, the vaginal secretions also becomes increa-
singly viscous and to peak at the fertile period. Many methods are based on certain
properties of cervical mucus which contains a lot of information related to the fe-
male's fertility and not only the ovulation. These body temperature and cervical mu-
cus measurements methods are not reliable in determining fertile periods for personal
operating and misjudging. Other ovulation prediction methods include a blood test
and a urine test for detecting a surge on estrogen-related hormone. These tests can
detect whether the woman is at ovulation instead of providing signal of impending
ovulation. [1]

Saliva is a complicated body fluid containing several different electrolytes includ-
ing potassium chloride, salts of sodium and non-electrolyte parts including proteins,
enzymes, and immunoglobulins. In recent, some investigates [2,3] found that saliva
ferning is a newer symptom that has high correlation with ovulation. They suggested
that saliva ferning test is a newer technique that can monitor female saliva and look
for patterns related to ovulation and fertility.

To reduce the aged problem, several international and national organizations sup-
port research on fertility detection and periodic abstinence methods. An interesting
research is on finding new devices, chemical kits, computer programs and methods
that would be more accurate and convenient to use while asserting the ovulation and
fertility conditions. The ferning test is a microscope-based method. It is relatively
inexpensive and is used, especially in less developed countries, as the most reliable
clinical ovulation test [4].

To our knowledge there are no reports on image processing and data mining tech-
niques to be applied to the enhancement and recognition of full-color saliva ferning
patterns. The present study is then a first attempt to develop an intelligent system to
automatic detection and prediction of woman’s ovulation based on the digital saliva
ferning test.

2 Background Research

2.1  Ovulation Detection

During each menstrual cycle, the structure and possibly the function of genital organs
and ovaries are modulated by cyclic hormonal changes of the demonstrated hypotha-
lamic—pituitary—ovarian axis [5]. Some variations can be evaluated by basal body tem-
perature (BBT), ferning examination, ultrasound, particularly trans-vaginal sonography
alone or combined with the three-dimensional (3D) ultrasound and Doppler technique
[6]. The day of ovulation is designated either as the day of maximum follicular growth,
or as the day of follicle rupture [7]. The numerous methods of hormonal tests to predict
ovulation [ 1] are all retrospective. Hormones used to measure in blood have been now
estimated in saliva, though the quantities are comparatively less [8]. Hence, saliva is
considered as the best non-invasive source for chemical and biochemical study [9].
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Research indicates that saliva is a very good source for both hormones and enzymes
and their levels changed in accordance with the phases of menstrual cycle [10].

Perkowski et al. [4] reported initial experiments with a micro-computer system that
totally automates the image processing and decision making processes of the ferning
test on gray-level cervical mucus image. Kuo [1] presented an algorithm in the micro-
processor that analyzes the gray-level saliva image and calculates pixel density of
dark image of salt contents to translate into a density index value for establishing =
trend curve for predicting ovulation,

2.2 Saliva Ferning Test

Galati et al. [2] performed the saliva ferning test on 328 women usihg the Saliva Tes-
ter and confirmed ovulation by using a trans-vaginal ultrasonography. Their result
showed that the correlation rate is 9Y8% between ultrasound images and saliva ferning
images. Xu et al. [3] confirmed that the cervical mucus of the menstrual cycle appears
fern crystals. while the saliva fern crystals also occur synchronously. Their result also
indicated that the correlation rate is 100% between the cervical mucus ferning test and
the saliva ferning test.

The saliva ferning test is a newer method for determining the ovulation that based
by visual examination of a woman's dried saliva. The term “ferning” is used because
of the similarity of the patterns of ferns. The method is based on observations of crys-
tallized salt pattern in dried saliva, which is referred as ferning patterns. Some re-
search results relate the crystallization pattern to increases in the chloride content,
changes in ionic strength and/or the content of sodium or potassium in the saliva.
Corona [12] indicated that saliva crystallization appears when the blood folliculin
level has reached a certain height that coincides with the third or fourth day before
ovulation. The crystallization pattern is visible under 100-fold magnification of a
saliva sample on a slide. The crystallization lasts until 3 or 4 days after ovulation.
when the presence of lutein inhibits the crystallization. At fertile times, microscopic
viewing of dried saliva reveals a structure of salt distribution pattern that starts to
form chains. This method of examination of saliva offers a reliable way to determine
fertility. {1]

Saliva ferning displays crystal patterns, looks like ferns, and can be classified into
three different types, named “No Ferning”, “Partial Ferning” and “Full Ferning™
During infertile stage of menstrual cycle, the saliva should not exhibit any crystalliza-
tion or ferning patterns. As fertility increases, the ferning patterns should begin to
develop and become more significant. Based on 100 times microscope full-color im-
ages, an example of saliva ferning patterns is shown in Fig.1 to Fig. 3. During infer-
tile stage of the cycle, “No Ferning™ patterns with only dots are present as shown in
Fig. 1. During the transitional stage of the cycle, Figure 2 shows “Partial Ferning”
patterns that small fern-like crystals start to appear in isolated areas. Immediately
before and during ovulation, more intense ferning will be apparent as displayed in
Fig. 3.
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Fig. 3. 100x image of tull ferning patterns

2.3 Data Mining and Decision Tree

In medicine and the delivery of health services, large volumes of data have been col-
lected routinely in the activity of day-to-day management. An important research area
has been developed called data mining for mining helpful information and useful
knowledge from these large data sets. [13]

Data mining is defined as the process of extracting unknown predictive informa-
tion from large amounts of raw data. It can also be the procedure of extracting unseen
knowledge from large databases. Data mining is more intuitive and increases insight
beyond data warchousing. Most hospitals collect, refine and deduce massive medical
data. An application of data mining in a hospital will serve as a guide to discovery
intrinsic tendencies and trends in patient’s historical records. It will also take into
account statistical analyses, classifications and predictions of data.

Data mining methods can be employed rapidly on existing hardware and software
platforms to improve the usefulness of existing data resources, and can be combined
with new products and systems, as they become part of the system. Some usefulness
results can be discovered by applying data mining tools to provide answers to many
difterent kinds of predictive demands. There are many jobs associated with data min-
ing such as regression, clustering, classification and association rule mining. [13]

Decision trees are popular and powerful techniques for prediction and classifica-
tion jobs. In medical applications, both the ability to clarify the cause of a decision
and the accuracy of a classification are equally necessary, The advantage of decision
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trees is due to the fact that, in contradiction of support vector machines and newral
networks, decision trees can generate clear prediction rules. Rules can promptly be
expressed so that humans can straightforwardly realize them and they can be em-
ployed directly in applications. Decision trees also can deliver a clear suggestion of
which subjects are most important for classification or prediction.

The purpose of decision tree learning is to generate a model that classifies the val-
ue of a decision variable based on some input variables. The decision tree is a type of
classifier that has a tree structure form, where each node is either a leaf node or &
decision node. Each decision node specifies some test to be completed on a single
attribute-value, with one branch and sub-tree for each possible outcome of the test
Each leal denotes a value of the decision variable given the values of the input va-
riables expressed by the path from the root to the leaf. A decision tree can be applied
to categorize a new case by starting at the root of the tree and moving through it untl
a leaf node, which delivers the classified class of the new case. [13]

In this paper. the J48 algorithm developed in Weka software was applied to build
up an intelligent system for automatic classification on saliva ferning images.

3 Material and Methods

3.1 Data Collection

We prospectively enrolled patients who had undergone physicians diagnose in the
obstetrics and gynecology clinic of a 1,312-bed academic urban tertiary-care referral
center because of clinical symptoms.

A trained worker interviewed these subjects aged between 20-45 years old for eli-
gibility and invited them to participate in the examination day. Subjects were included
if (1) unable to answer questions from investigator; (2) with consciously gynecologi-
cal symptoms or irregular menstruation; (3) during pregnancy or breastfeeding need:
(4) suffering from ovarian disease or oral disease; (5) using drugs that may affect the
menstrual cycle.

After being approved by Institutional Review Board (IRB), the study was com-
pletely de-identified to all subjects and all subjects signed written informed consent
before participation, This study collected 100 dried saliva samples from 5 different
women volunteers during various reproductive phases. Of the 100 samples, 32 were
no ferning, 27 partial ferning, and 41 full ferning cases, respectively.

3.2 Methods

To develop a saliva image automatic recognition system for woman'’s ovulation pre-
diction, three algorithms were proposed in this study based on the different complex
level of image processing.
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The process of analyzing the full-color saliva image and the prediction of ovulation
includes six steps in the proposed Algorithm 1 as demonstrated in Fig. 4, eight steps
in the proposed Algorithm 2 as showed in Fig. 5, and nine steps in the proposed Algo-
rithm 3 as exhibited in Fig. 6, respectively. All proposed algorithms in this paper were
developed in MATLAB software.

Algorithm 1

Figure 4 shows the proposed Algorithm 1 in this study, it is a flow chart of image
processing for calculating dark pixel density and for the detection of woman's ovula-
tion. Algorithm 1 comprises six steps: (1) Capturing a digital image of a dried saliva
sample. (2) Transforming a full-color saliva image into an image with 256 gray-scale
values. (3) Using median filter to cleans-up the spot noise in the image, without much
destruction of the edges in the image. (4) Applying high-boost filter to emphasize
high frequency components representing the image details as sharpening features
while still keeping the low frequency components representing the basic form of the
signal. In this case, the low spatial frequency components (global, large black back-
ground and bight areas) are suppressed while the high spatial frequency components
(the texture of the fur and the whiskers) are enhanced. (5) Binarizing the image. This
produces a black and white (0 or 255 pixel value) image. A threshold value is re-
quested from the user, or is selected automatically. This threshold is used to set the
new pixel value, if below or equal to the threshold the pixel will get a value of 0
black), if greater, the pixel will get a value of 255 (white). The threshold value
changes from image to image and is decided based on the amount of edge information
and noise that results from the procedures [4]. (6) Calculating density of dark pixel in
the saliva image. The density of dark pixels is the ratio of the number of dark pixels to
the number of total pixels in the image area [ 1]. The number of all pixels in the image
area is the sums of the number of dark pixels and the number of white pixels.

Algorithm 2

Figure 5 demonstrates the proposed Algorithm 2 in this paper; it is a flow chart of
image processing for calculating dark pixel density and for the detection of woman’s
ovulation. We increase two steps in Algorithm 2 that comprises eight steps. Two addi-
tional steps are (1) Thinning the image to get one pixel wide lines. This procedure
will take a binary image (0 or 255 only pixel values) and reduce the width of a line (or
area) to a 1 pixel wide line. (2) Using the Hough transformation to find lines in the
saliva image.

Algorithm 3

Figure 6 displays the proposed Algorithm 3 in this article; it is a flow chart of image
processing for extraction line features and decision tree for the detection of woman’s
ovulation. Two new steps are employed in Algorithm 3 that comprises nine steps.
Two new steps are (1) Extracting six line features of the saliva image. Six features
include total lines, long lines, short lines, parallel lines, percentage of long line, and
percentage of parallel lines [4]. (2) Building a decision tree classifier based on J48 of
Weka software.
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4 Results and Discussion

After capturing digital full-color saliva images, every image first has to be transferred
into an image with 256 gray-level values. A series of image processing then were
performed to distinguish between possible line points and a background, which ap-
plicd median filter, high-boost filter, and binarizing procedure. The results of apply-
ing binarizing procedure were shown in Figures 7 through 9 for no ferning, partial
ferning and full ferning patterns, respectively.

After applying binarizing procedure on the selected image, thinning procedure was
performed in the proposed Algorithm 2 and Algorithm 3. Figures 10 to 12 demon-
strated that corresponding results for no ferning, partial ferning and full ferning pat-
terns. respectively. By using the proposed image processing, one can found that the
line-like features have been successful recognition, which represents the full ferning,
partial ferning and no ferning characteristics,

Table 1 listed the overall accuracy of three proposed algorithms; one can see that
the proposed Algorithm 3 has the best classification rate 84%. The corresponding
accuracy for the proposed Algorithm 2 and Algorithm 1 is 65% and 60%. respective-
ly. Although calculating the density of dark pixels is a simpler method for monitoring
and predicting ovulation, but its performance was not enough well for the need of
clinical application. By integrating the data mining approach - decision tree J48 algo-
rithm with appropriate image processing subroutines can great improve the perfor-
mance of the proposed system for woman's ovulation prediction in this paper.

Table 1. Overall accuracy of three proposed algorithms

Approach Description Accuracy
Algorithm | Binarizing + dark pixel density 6%
Algorithm 2 Binarizing + thinning + dark pixel density 65%
Algorithm 3 Binarizing + thinning + Hough transform + decision tree 845

Fig. 7. Result of applying binarizing on Fig. |  Fig. 8. Result of applying binarizing on Fig. 2
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Fig. 9. Result of applying binarizing on Fig. 3  Fig. 10. Result of applying thinning on Fig ~

Fig. 11. Result of applying thinning on Fig. 8 Fig. 12. Result of applying thinning on Fig. 9

5 Conclusions and Future Work

Based on image processing techniques and decision tree analysis, an intelligent saliva
recognition system for women’s ovulation detection has been developed in this paper.
The proposed system can provide an easy, economical, and efficient way to detect
ovulation automatically, which can helpful determine a woman’s fertility period for
birth control as well as for pregnancy.

Future directions for our work include the following two points. First, collection
larger sample size is important to further enhance the performance of our proposed
algorithms. Second, development of a home diagnosis system on smartphones for the
predicting of ovulation for women is needed in future study.
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