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Detection of Affected Segments of Glaucoma from OCT Images Using Features of Nerve Fiber Layers

Kiyoshi TAKITA, Kenji TERABAYASHI, Kazunori UMEDA and Atsuo TOMIDOKORO

This paper proposes a method of detecting affected segments of glaucoma from optical coherence tomography (OCT)

images. Thickness of nerve fiber layers and its asymmetry, difference, and variance are used as features. OCT images are

segmented and the four features are obtained at each segment. Normal and glaucoma classes are constructed at each

segment using training data. Detection of affected segments of glaucoma is carried out using four pattern classification

methods: classification using Mahalanobis distance, maximum likelihood, nearest neighbor method, and support vector

machine. The proposed method is evaluated by experiments to compare the detection results by the method and ones by a

doctor.

Key words: glaucoma, computer-aided diagnosis, optical coherence tomography, nerve fiber layer, detection of affected
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Fig.1  OCT image Fig.2  Fundus image
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IR E - LB THD. £, AOHRO NFL 13 TR
o TS, £ZT, FIRDEETIZAEN NFL DA DGR
LD Z SR L, I A R RS asymmetry & U5
T%.

S HIZ, FRNBEOTESIRIFIERE 22 &0 & 5 L JHY &0
JEBDEPRENZ ENTREND. £ THEY DEDREL LD
PR R difference & U CHUST 5. 2O, R AZ
12 DX VISR OFPHCAD DR EIT .

LLEDIE T thickness, FEXIFME: asymmetry, 7253 difference
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thickness(A) = thick(A) (1)
thick(A) — thick(B) ©
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dif ference(A) =
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Table1 Disease stages

wH R

Almost . . Early to
Normal Normal Preperimetric | Early middle

Developed Late

Table2  Number of data of each disease stage
AT — AR
Normal (N) 11
Almost Normal (AN)
Preperimetric (P)
Early (E)
Early to middle (ETM)
Developed (D)
Late (1)
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Fig.3  Change of features according to disease stages
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Fig4  Results of area segmentation

Fig.5  Affected segments Fig.6  Color map of NFL thickness
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BB NI 7 7 Ak 5~ T/ B A HEEOfED
FINSVIGE, Z OB 2R S 5.

3.3.2 Eehlk

K7 T AT HAELO 2RI L VR 5.

L) =

ﬁexp(—%(x_A(C))T(S(C))—l(x_A(c))) an
@2m)2|s©|z
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ARFETIE, =2V U v 7% SVM IZHEH U583 588,
NG A =B OBRENHIIES Th % Gauss T —F VAL
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K(x1,x,) = exp (_ M) (20)
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ZITC, VT =V AETHWARAY)D y &, h—FL kY
v 7 THWAHRR0D 0 O H>ORMEZEVET S 72912 Grid
Search #EM L7=. ZAUT _DDONRTA—% y b gk LT,
ENEND/RT A —52 BRI ORI A L S EEE 21TV,
EOHRTRLEROEWVEAGDOEEZEIRT 2 FIETHD.
y=2720 2719210 =6 -5 221 L@ L CEME
1T\, FEET— 212545 leave-one-out cross-validation T
SEMEREE T ey N LUTCORT A—H BUPRE Lz, TR, %M
MEZRTIRIE d U L0 kT,

d = FPrate? + (1 — TPrate)? (21)
TPrate = TP /(TP + FN) (22)
FPrate = FP/(FP + TN) (23)

ZZCTIP, FP, TN} L O ENIIZEINEX true positive, false
positive, true negative } (" false negative Tdh 5. RJE L7z
T A =R ERIIRT.

4.2 ZEE&R

[EARC K > THRIBSEEOMEE S LT D 14 JEFNTS L THRIER
fEERIH 21T o7, Fio, IEH 13 FEGIC L C b BB
EITot=. FEFBEINV DI 20D, 1 DOREFIZ Y H L CRE
7 —#% & LEY 2%¥ 75— 4% L3 2 leave-oneout
cross-validation % AV =, MEREFHINZ A B 58S (Recal), H51E
(Precision), TE%4#(Accuracy)l 3 TR HRDT-.

Recall = TP /(TP + FN) (24)
Precision = TP /(TP + FP) (25)
Accuracy = (TP + TN) /(TP + FP + TN + FN) (26)
LI TIEBEED S 7 DR, I E L LT D bk

BRECTH DR, TEARITELHBSNDOMERERL TV D,
PREBSEIRR I VA & ORKE, REEE, EARORER 4 12,
Ave_thick %\ =~/TF 7 B AIRBECOMEEEZR 112573 4
ODFH R RS DR T RO RA All L30HT 5.
ARIIRCIIHREE R 212 HT2 0, R, KSR, EEgL =
OOFHMFERE A2 T LT=28, Z O T IR OR R 2 i b I
TRELEZD, TOHAL LT, BEFERIEROTIGTHN
HHLOLLTHELTEY, HEENZRELCLED Z&n—F
DfERTH D LBEZLNDTHOTHS.
FPITEANEOTEGN T DR A 4D, I Tl Ave_thick
W=~ T ) B AREEEETOMREN T1.5% & —FE <, R’

TRt IR BEDORHZERUZ OCT

Table3  Parameters for SVM

BIRD S DRAERBRIG DR

Thickness Asymmetry Ditference
log(y) -7 1 3
log(o) 16 15 20
Thick_SD ﬁily”g’jjzjrf All
log(y) -2 -9 -14
log(o) 21 19 19
Table4  Experimental results %
Disease condition FE B E#®
Fik R R R EASR EAR
Ave_thick  71.5  39.0 91.3 97.0
Ave_asym 58.3 37.7 91.4 93.7
. Ave_dif 43.1 24.8 88.3 93.7
Mahalanobis © ,  ap 597 210 835 851
Distance Ave thick
& 58.3 36.2 91.0 97.4
Ave_asym
All 47.2 41.7 92.6 99.2
Ave_thick  68.1 38.1 91.1 96.6
Ave_asym 52.1 40.1 92.2 93.6
Maximum Ave_dif 57.6 25.3 86.8 89.7
Likelihood Ave_SD 34.7 19.7 87.1 93.6
Estimation Ave_thick
& 54.2 37.7 91.6 97.5
Ave_asym
All 46.5 42.1 92.7 99.3
Ave_thick  66.0 37.0 90.9 97.4
Ave_asym 41.0 46.1 93.3 96.2
Ave_dif 29.9 26.2 90.4 95.2
Nearest Ave SD 257 222 897  95.3
Neighbor  4p0 thick
& 52.1 431 92.7 97.6
Ave_asym
All 51.4 43.3 92.8 97.8
Ave_thick  68.1 40.8 91.9 99.5
Ave_asym 36.8 42.7 93.0 99.5
Ave_dif 36.8 29.3 90.5 99.5
SVM Ave_SD 28.5 26.6 90.6 99.8
Ave_thick
& 64.6 30.6 88.7 99.8
Ave_asym
All 70.1 31.1 88.4 99.8

T All /e SVM CORENA ZERICEL 70.1%E V9 f5 %
15T R ClE Ave asym % AW - B EEEE TOREN
46.1% & —FmVEREZED Z LK. L L Z ORFOREE
13 41.0% L&A T2, E7z, RBEORRDE R TFEIZ S EE
BREVVE R R Sz, RS LICHRE R D L
Ave_thick OFENETEOFTIEE -T2 ZHUTA RIS
FTz 14 JEFIECORIRD S DRREEEIT LTI D, Mt
MEBIEOW DN &V L TWEEdEEEZExoNn5.
Ave_asym [TFIRDYIAOEE Ave_thick 30 HZ{LIZxF LTt
JCSST D Z EnbhnoTn S, L LARIOFEER CIEEx
ZIUE EBWRER Tl e 72, 2t Ave asym 73FLEA & H5EE

B EARO L F OB IE DR LD 74T LT R &R CTH
Y, FENBEOEES T DSEAG RN IR IR IL A D & R DA
(BLDOENNSL IRDT2DEEEZIBND. ZDi=®, Ave asym
A AG YT Ave_thick & Ave_asym <0 All DIFFEDFERM
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(a) Affected Segment
Fig.7  Results of glaucoma region detection

(b) Mahalanobis using Ave_thick

Ave_thick \ZHA_TEL 72072 B 2 55, FIMIOERTHER
AT 5R, Ave_asym DIIEDHNEL 725 L FHREIND.

R TlX Ave_asym %= W58 NS THETEWER TH-
7o TAUTKPREE 72D Z & TRNEOIEROFHE A L 525 2
EMHRTW e EB 2 bbb, Ave thick OFEEHMEND
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L7 IRHCE LN E T AURBRE E ST LE I 72D ThHH EH
Z 6D,

WIZIEF OfERA 5. IEESD 99%LL EORER A ORI
FIETHD Z LK. SVM TOMHFETIE, HdEic X
59 99.5%LL EOEWEE R TH 7=, T Ave thick, All %1
W2 RN ORE S EV M BB 53 20 L 9 2@V iR A
BoNnioZ enn, EFEECH L TE L EETH D &tk
TWDZ Enbnd.

PDlbzFE s &, RREEZHOCORRERERTTHZ &0
FRECH D Z LB L. — 5T, BRIHTED & ClIimeaE
BT HNAREOZETH R )78, FOWTYH Ave thick %
FAWew T 7 B RRRERESS SVM COM T iR A
Bonic. FRT—2HDINT L b o, HEERET O
JRPE, R L BICHEAET I3 BR TIIAR 0 Th 53, Eik
TR OARER & 70 D FEAET 2 2 LIk LB TV 5.

5. %

il

ARFRICTIE OCT Eifg B 15 6 DRI RAHERE O, 72
DN EOIEFE, 209, 1 Eb & 2KE L LTHISL, &k
W A MR 2 FHEEARE LTz, A% v URIFEPNICAHE
T O E HREONE A b LR EHTIL, DTS & TR
15 LIRS EO A A T 5. A0 FIfER CfE A A C
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