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Abstract

In this paper, we discuss the automatic detection of mura defects, non-uniformity of brightness or color,
which has been a long-standing challenge in the display industries. Our purpose is to develop a method
using machine learning, which automatically detects and classifies mura in the front-end process. This
will enable prompt feedback to the manufacturing process and contribute to improvement of the
productivity.

The dataset we made for this work consists of 8 classes and 1000 images for each class, totaling 8000
images obtained from an actual OLED (Organic Light Emitting Diode) manufacturing line, including four
different types of mura which frequently occur in the manufacturing process.

In the evaluations of multiclass classifications using general machine learning models such as SVM
(Support Vector Machine), CNN (Convolutional Neural Network), and Residual Neural Network (ResNet),
the accuracy was improved to 0.830 by adjustments of parameters such as layer structures and training
modes. However, weak mura with low contrast and small defective areas are difficult to be detected by
such models because of the confusion with normal displays with no defects, and thus new approaches were
necessary.

Our approaches are based on the human visual perception. One of the measures taken to ensure test
accuracy in the human visible test is that test-images appropriate for each type of defects are used to clarify
the deference between the defective area and the normal area. To reproduce this measure with machine
learning, we enhanced contrast of the images of the dataset before inputting them into the machine learning
models. Another measure to ensure test accuracy in the human visible test is boundary-samples which are
compared with a display being tested when a human tester is unsure of the decision. We evaluated 2-class
classifications based on the subspace method to reproduce the boundary-samples with machine learning.
We propose “Progressive Hybrid model” which consists of a multiclass CNN, a 2-class ResNet, and a 2-
class CNN. The two 2-class models which reproduce the boundary-samples in the human visible test are
for accurate classification between Normal displays and weak mura with low contrast and small defective
areas. To reproduce the appropriate test-images used in the human visible test, we enhanced contrast of
the images of the dataset using the sigmoid function. The proposed model showed the improvement of
the accuracy from 0.830 in the general application of CNN to 0.884. It was also confirmed that the
proposed model is particularly effective to improve the classification accuracy of Normal displays by
reducing the confusions with weak mura with low contrast and small defective areas. As Normal displays
are usually the most numerous in the manufacturing, the improvement effect of the proposed method is

further beneficial in the practical use.

Keywords: Display, Machine Learning, Mura, Detection, Subspace Method, Contrast Enhancement
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B MABD 20, RO ARMD»ZH#AT 2BETH Y RWFFEH

FHETRREDBL CHRAETRICT 4 — F5y 7 5 3NETRE V.
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DR EICH IS O THRATIIFE 2 & L 7225, Rl & AR SO R

14



M ExHINE T 2% % v, Tk, BEE % IO 3 2 i TR

Bzl 2 IR ETH Y R CHHICARMERI S 2R n T &2

ERICkOohs v ELObNS,

15



BIE MMTFEIC & 5 RRE

3.1 FHf 7=
3.1.1 > X T LS

9K D > AT LEZKE RS, % 1 HTii~7# Y, OLED ol
T iE, 1~3m PUJ7 D Mother Glass Bt [ ic 8K & Bl7- 7w 2 2Bl 2 v
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DEIZCGEREE KM L, EREEERICIE 5 nEloFIEE v 5,

3.1.3 EEMFEIRIR
a7 o nI v EEE  Python
FITEREE © Jupyter Notebook
7477 B EBER scikit-learn. FEEE NumPy. 7 — X 4T
Pandas. 7 7 7 {#i#i matplotlib. %
HEYEH 7L — 247 — 7 : Tensorflow, Keras
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DEESHTH %, BT — X ZEMIX, FEEZERY. BT — & % R 22 M S

LA AM TR I . 2o oI iZB) DR D B,
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AL T IS BAS Z B ZERIC BT 2 7 7 A% 1T 9 B8 £ 7
VICAHS S 5,

WMk E RO T — 22y FiCEAT 2 5A, FEHERMLED 2
class JH & (HKIHHE & 2 NLIAL L D 2-class D FHDO —FHFHDO FiENREz b D,
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h7C - 8-class L, 8-class
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B KB —>

(a) ZrEFiD 8-class 7748
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. .
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(b) HFIHH & Rih& D 2-class 778 (¢) FIHH & 2 AL L D 2-class 775

13 M ZEEEIC L 2 T — 22 v t D5l () EIHTD 8-class 775H, (b)
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3.3 %7 7 ANEDFHImFER
3.3.1SVM IC & 5% 7 7 X FEOFHlfER

PR =+ _27 b~ v (SVM: Support Vector Machine) iZ. 1960 FfXIC
Vapnik 5 IC X o> TIREINZZEEFE T VT XL TH 5, BRI AET
N Y X LIF 7 T ASFEMEIC BT 2 7 AR %2 #E S 28FEE KD 525,
SVM IZEHHE 2 b N 2O e hh b~ — Y VR A L o 28l % & 0 H
TR TH B[28], BRDI R = RZ PV ERK T TADT — XD h
CTHEFHEE CORMARDHENT X Th Y, ZOHE (=Y V) ZRRKICT
5 &0 m@ Pz kD 5 L ooftkRELR M EX ¢ Tw b, 1990 fFRICIE. A
N7 — 2 % @ROBEHZEMICERT 2 2 & CIEMEAHEIC O RETREE B A
—ANE (H=F NPV v 7)) L) FEPREIN, BECSWTH ANl
WFET LT XLTH D,
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B (e 227 724) 22, M 14(a)iZR&. FRb) L T 03584
LT 4 AT LA DEBREZDERHE AN I LTHE, T4 AT L4 D
By — 213, HEIRDEVELRT 020 E RS HVHEZRT 255 £ T
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X151k, T—% &y FE{RO 2 v+ 7 X MEHOFE, BN RBF 71—
AA) EAHE 2 2 PRABIC 28T X =2 L L7z T4 TD SVM I X % 8-class
DHDIEMREEZRL T35, FMOMEIL 5 78IS ARG D EfFER DV fEC
Hb,3aV b TAMEIIT— 2y F DL 8000 KOMEGERIBD L /A F
BA%C % F O CHIALER L 72, 73 SVM I 2 W TR A SO BES L I 35\ TN
7RI X B HEAGEHMEZ EML TH Y. Z ORI LM EEAL TV S, XD
L9 C, EEEIX 0.469~0.681, 7 & 5 B 6 5T 0.603~0.681 & FE\HHifH
ICEFLTOB 50T, 2 v b 7 2 FEdic X v IEM@#130.610 22 5 0.634
g, —EORRIIRD bz, TS TR X B C I X B HE
FhE <L JERIES T a X IR C ~ ik FESR bz, &9 LT-fH

M. /NEED T — &2 CEit L 72 E2MEE T b FEETH - 72,
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2D HIEMRRM 0681 LixkbEP o725 (v b 7R VDY, FERR
J& RBF /1 — A v C=10,000) DIRFE{THI%ZFK 1ic, RFEITII» HEHE L 7218
HAlOMHELEAELZK 16 ICRT, &7 D CHHHE, BEAFEL HI1C0.9
IEE RIFTH 225, L7 A~C Tl 0.4~0.7 LK<, Bihd 0.5 Fitk & K\,
BEITHITH 27 A~C L R0 4 THHO R ToRFE GROH) 3% < ko T
W3, £7L 7S OARTIE, BIEEARIL 0.95 FRE & RAF. #EFR KR D
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M e B HERR R
4 _ _ _ _ ferk RS .
(HEBREHEE | B 47A 9B 475C 47D TE KW R &
R 117 24 10 40 1 0 2 7 200
LTA 50 99 7 31 2 0 1 10 | 200
L 7B 19 10 135 20 4 3 1 8 200
L5C 56 25 18 86 0 0 2 12 | 200
LoD 2 4 5 0 184 0 0 4 200
[l A R 0 0 1 1 0 193 3 1 200
HEHR X Ffa 7 3 5 5 1 1 162 15 | 200
R K A 26 18 10 22 4 0 8 111 | 200

F1:SVM (v b 72 br#d v, JERIE RBF 4 —3 1, C=10,000) T®D

BRFEATH

@ —

%) 0.5

H: 0.4

= 0.3

i 0.2

0.1
L7

Rt

L7 L7 LT [ElEg MEER REER

A B C D AR XM XK
W I 0.584 0.496 0.676 0.432 0.920 0.967 0.812 0.557
O &2 0.420 0.543 0.702 0.419 0.945 0.974 0.902 0.665

O

16 : SVM (2v b 7 X bbb . JERIE RBF A — %4, C=10,000) T

DI E IR, A%
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3.32CNNIC& %% 7 7 RO THRHER

AR R L $ 2R T — 2 1F, #ith 2 Xots L O EFRRGB)D 3 Xt
DHEE Z D, bk L7z SVM TIREIRT — X Z FEF#EOHZRE L 5 1 KT
DT — RIS 570, WEOMEFRIEKONS Z LTk 55 WRT — X
b LOWMEDOEFEANT LI LHBAREARTATY XL L LTEBAAR= 2 —
2 Vv % v F 7 — 27 (CNN: Convolutional Neural Network) 78 » %
[29][30][31][32],

B1 17 ICAWFETHWw %2 CNN O EAREZ R T, BAHIARE, Max-Pooling

H

J&. &fitfE. V7 b=y 7 AP ELBKERTH 5,

I

i

BAIABIEL, ATTHEHRICH L CT/NE 34 X (3x3 < 5xb HHRMREE) O 7
ANEEATA FIRBBOEIABFERZEMST 22 & T, ANEBRDOFHD
JRFTRI 7 R 2 it 32 . ATII N2 R T — % (5 2 WITRIE» D DT —X)
DY ARX%E W (IF) xH (H&) XC (FrAr) &35, KWL TH 5 R
7 — 2 D6, W=218, H=266, C=3(RGB)TH %, &KHFEDA VT v I A%
(i,j,¢) @=0,1, -, W-1,j=0, 1, ---, H-1,¢=0, 1, -+, C-1D) & L. HiFE{l%z;, TK
T, Fh7420H 4 X% WE () XHf (5&) XC (ANDF %A r L
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I, ZNENHAXWXHX1 DHABEL N, CORREZHER T & ice
FXANCHE S TINHES 5, £ T ¥ AL TEANA T A BRI NS, YL
L X > TN 2 IHOBIABHER Rui) I FTATERST LB TE 2,

l _ l l
uijk - l+p ]+thqck + bk ®)

Z T U TR AL RIS S (w) 238 & 41,
l]k f(uljk) (6)

E ), ROBEIEikEI N s, AR CIiiEELEI% & L T ReLu(Rectified
Linear unit)B#z#H w2, TidXTcKI N2 L5 CEFHEf (W =uv>H

U< 0D Zu=0CEZIEZZHEKTH 2,
f(u) = max(u, 0) ()

TV v ZREIE. AN TR L TUNE AR 2x218E) D7 4 v E %
ATA P TRAMECFIMEZ TS 2 2 & T, % DRFTHEEN OfE % %K)
T VELOWRER H B, T AT — 2 DERBEEEZ T T Xy v v T
VY 7 OBRED B Y | HIRN QRO BB ALY (MLEZALIC 3 2 R4 2

F6 2%, KR TIERAMEZ TS 5 Max-Pooling EZ 5%, AN1xns
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EHgET — 2 (H2WIERIE»PSDT—%) OH A4 X% W (IR) XH (FX) XC
(Frpn) &L, 7402DH 4 X% Wf (IF) XHf (5 &) XCf (F% %)

L35, ANNT—RICBWTHFEGHEFLET L7 4V ZHEBICEE NS

FOELAPpORKAEEZMA L. TRO XS i IFOH N}, 2155,
I -1
Ujjc = Max Zygc ®

(p, Q)EP;j

B HAAE L Max-Pooling &2 b H N7z . FEAfLE

DO
>
o

(Flattening layer) T 1 RJT7 —XIC&a Y, EGEEZRE T, V7 b~y 7 X
BicAhanzg, v 7 b=y 7 2B, % 27 7 ZA50HICE W TRk E DG TEL

B e L C—RICHWS I, ANTEINZEIRT — 2083447 7 RAICgd 5 iR

IE

AHNT B, BKERSET S 2 7 A EAKO2=y FERD, £y
PO AN EY (21,20t F2L, kFEHOZ=Y } (772) OHHIEFR

TRTZENTX S,

exp(uy)
* L exp(u;) 9)

Yk

—fi%1C CNN Tl3B AiA#JE & Max-Pooling /& I3 RAICHEE X, AT
HRD 2 RITHFHEE BB A ZICHH 32 2 L 23T % 2 28, RIFgEIc B W T,

FICIHHICE T % & 7 2 FREHNICHEE T 2 iECH &, BICBED S FH U
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HHE LTI, pET 2L ICAMEMRFCE 52, 4 7RMICEN 7 CNN O
HAMGE %5l 3 % 720, BAIAHRE L Max-Pooling J& % 2~6 fHICE L & 7=

5 2® CNN % 3 L 7=,

A 4

B HiAHE Max-Pooling/E

%J}:‘L&E_Max-l:golingfg -7 v 7R

\ |
B HAAJE & Max-Pooling/& % 2~ 641

X 17 : B A AJE & Max-Pooling JE % 2~6 fH & L 72 8-class CNN o HEARE &

Z CNN [EffR 0 HiA#E . Max-Pooling J& DB~ DIKFE % TR
3, KOtk % 5 53 FIZEEMGEE D IEfFR O FEETH 2, FIKNICRT X9 i,
B HIABJE L Max-Pooling J& 7% 2 fH D fx H > CNN D IEMEH 13 D K\ 0.756
Fot, BEI 2 L EMEREFREL, 3MHTIX0.799, 4L U5 TR

0.830 7= > 7225, 6 fHTITWiiC 0.818 IT/E N L 7=,
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HH e Bl MR B

o - _ _ _ s BEAR |

(HEmESER) | B 49A 9B 5C 49D B xE R &
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LTA 58 117 1 17 0 0 0 7 200
2L IB 2 2 187 4 0 3 1 1 200
2L5C 21 11 1 161 0 0 0 6 | 200
27D 1 0 3 1 194 0 0 0 | 200
[m]FEAS R 4 2 1 1 0 188 1 2 200
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* 2 1 B HIAAJE & Max-Pooling &2 4 #1ld CNN D E[FEI1T5

<o
= -
, 0.5
B
m 04
ke 0.3
0.2
0.1
: s

R

00 L7 nT L7 EEE AR S

A B C D AR XM X

W EEE 0.698 0.585 0.934 0.804 0.970 0.942 0.937 0.769
OE A% 0.566 0.645 0.952 0.746 0.991 0.968 0.979 0.862

X 19 : BAIAAJE & Max-Pooling &% 4 #HD CNN O FHIHXK & FHE K
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F 2R X5, 57 B, 47 D, BHEEA R, #ERKED 4 THH I3 R & @

BEP0IBEELRIFCTH L, — . B 47 A ITHEFE L EEHED 0.6 £

ek, 47 C b O08HI‘EARATHITHD, £2DREFREITHICEBNTSH, 4

1

7 Alx 200 Ko7 A PHEIRD 5 H 58 A RMERERLTEY, O S H
% lroTwb, Rink L7 A LRFAILZTEDT—2b 35 L FHEL
7o L7 CERFODOMTBHIERMD 21 K. 17HE %\

Z DEHIABJE L Max-Pooling JE2 4 #1D CNN Z v, 2 v F 7 X i
 FEhE L 7256 0RFETYI 2K 3 1, MR LEAELZIK 20 1IR7F, 4 8000
KoWg%, gidoy 74 FEEAEH Tay P 7 A MEHFL, BARAAREL
Max-Pooling JE %" 4 f#1®> CNN THULE L 7=, S THH A [EfERIZa v b 7 X b
SREAATD 0.830 2> 3 v b 7 A MEFH T 0.846 ICE., SVM Ik, —E D%
Rt Lz, HEMNTIX. REOEAFIL 0.566 7*H 0.610 1C8GE L 7225,
B3 0.698 225 0.699 LA, 47 A CIFEHEIZ 0.585 205 0.609, A
1% 0.645 25 0.658, L7 C TIZHEIIFEIL 0.804 725 0.852, #AFIL 0.746
25 0.822 & —EDWEMR MR TEZ/Z, LHLLT BLLT DD 0.95 1%

FEITIZ AL 75 D2 o 72,
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AH e [lE&  HMERR MR

- _ _ _ _ ek RER |
(HERERSE) | B4 A9A 9B 5C 47D XB R R At
R 140 36 2 14 1 0 1 6 200
LTA 53 122 3 11 2 0 0 9 200
L 7B 1 1 191 2 1 3 1 1 200
55C 12 10 2 170 0 0 0 5 200
AAD) 0 2 1 195 0 1 0 200
[l EEAS R 5 2 1 1 0 187 2 3 200
HERR R B 3 1 2 0 1 188 2 200
TR R i 15 13 2 7 1 1 1 161 | 200

F£3:av7AEGFABEGREHWEEARIAAE S Max-Pooling &2 4 D

CNN o [FfT41

HHR, @

I}

=
u])

L7

A

LT LT LT Bl HER R

B

C

D AR X

K K

*2.0.699 0.609 0.955 0.852 0.977 0.935 0.941 0.803
*%.0.610 0.658 0.939 0.822 0.972 0.974 0.966 0.857

20 : 2 v F 7 A bR E 2B BRiA RS & Max-Pooling JE 2% 4 o

CNN QPR L A%
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Do XSiwway b 72 sk, KiECldzwod—E 0gER R S,
BRI N BB T SR S BB IR0 b o7, F 720l

SVM Tix b IEEHEH G A o 7= 5 O FHHE L#EEGE (K 16) L s 5 &, &
16 DIEEED 9 B 14 DIEEET CNN (¥ 20) DSIHBRIFTH 5, kY 2 DDIE
fEcid, BIFEAROFEEEIX SVM T 0.967 I L CNN T0.935 L &b 50 R
If, EERIIMHE 0.974 72 o720 T, HEHITSH SVM X Y CNN 23 B4 & H

TZ %,

3.3.3 Residual Network |Z & 5% 7 7 X580 MR
—HRICREEE TIE B2 R 35 LIFEsT LT 2 EA2EDH 5 25, JE 2B <
LI &2 LURHRFEDIZDEEBAT 2L R WV IEISE L R BE) H
Residual Network [ZEZI 7K DO—2>TH Y, K21 IR T X o iIcETFARIC
WA (v a— Py MEGE, N SZAEEFE L DIEEN D) ZEkIT 24 v b
7—277T, drEoMHNIEROEOE) MRS 5 & & TUH O TEH

BRbis Z L33l
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Layer

Layer

21 : Residual Network 12 3 ) 3 5B o AR &

HIIE® CNN D IEfERIE, BHiAAE & Max-Pooling &% 2 #1225 5 #1% T
el Tn eeEL T o228, 6 TR T L7z, E2IEMEREPRD &

2> o T2 B HIADJE & Max-Pooling J&4% 4 f1> CNN T, IEFHH & O (=

v

YEZAR) NSV AT AR, BEABEINI VLT CTHEEK, @EEKD
A5 TH o 72, T4 5 A Residual Network 1€ & o TRET % 253 % 7z
., K52 TlE Keras D ResNet50 % >, ResNetb0 DB ICHIIHD CNN T
AL =2 EBU T2 L 72, CNN oK E R L72K 17 Itk nwT, B4
A JE & Max-Pooling 8 D4r % ResNet50 ICE X2 7-ET AL TH D, FH
7O TlE, ResNets0 D% 7 X2 — 212 Keras 2312fit 3% ImageNet [H{R
LK DHEFADATA— 2 ZDEEHVTEHAFEDO AT A -2 DD %R
RO T — &% v b C¥EE T 57715 (LAFE, “not trainable” & ':.57) & | ResNet50

DNRTRA=REEZGDTREANTA—RERWRDODT — 22y F THEEHIT L HiE
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(LAKE. “trainable” & FER) @ 238 0D Z 3 L 7=,

ZD 2 BYDEEGEL IV F IR MERHOAEREL LML L7 Residual
Network IEfE3R 7% X 22 1IC/RF, MMt 5 EIZSEMREEZ H v [ O
X 5 FEIDIEEROFEETH 5, 2 v F 7 A P X 5 IEEROUEEICD
WL, FEETTED not trainable” D AT 0.410 225 0.561 1T, EETE
23trainable” D ;45T 0.598 7> 5 0.788 &, Hijubd SVM ° CNN LA kic=a v b
7 A MERFIC X B IERSEMR RO bz, FERFEICOWTR, 2 v T
A MEREESTNOGA D, ResNets0 DT X — X 2B TENTA—R %
#8935 J7iE(trainable”) TIEfER 2 E W, SORRKIZT — X & v F OFHEICH
2LFEZObN5, KT —Xy P OERIZK 2 1TRT X5, FLL 2 Hi&R D
DINETiENE RO 5 2 L3R TH 5, —75. Keras 2312t 3% ResNet50
DT A—=21F, WD AT 3V B35 5I1% > ImageNet (1400 S5,
ATITYLLE) FHGTEELTw5, ZD7%2® ResNets0 D% 7 X — X IAT
— Xty MCARTIEZ . ResNetb0 Z ZD /=BT A =R 2 RT—X &y b
THE L 725t (“trainable”) CTIEfERERE 2o/ FEZbN D, Lo LIEGER

EETD 0.788 T, SVM X D IZRB4F7225, CNN iz X7 2o 7=,
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1.0
0.9

0.788
0.8
0.7

y 0.598

g 0.6 0.561

H 05 0.410

not trainable  trainable  not trainable trainable

0.4
0.3
0.2
0.1
0.0

a2V b7 MERR L a2V b7 X MEFEAD Y

22 : Residual Network IC X % 8-class W HHIFEE D a v + 7 & b 5RJiH

& BT E~ DR

DS HLIEMREN 0788 b Ed o7, 2V F XA FEFAEZH VT

ResNets0 DX T 2 — R B2 &0 TN T A — X &85 5 M (“trainable”) TD

RIATH 25 4 1, BIETH 2 o 5t L 23HH B O BB L@ G 2 [X] 23 IR

9, Residual Network CUGEZHFF L Z1IEHE & oEZ:E (v 7 X ) 28

INEVLT A LREHBEPI/NS VLTI CDID, FFTLTARCERHT L, &

412BWTCLT AZRBRMERRILZDIZ 40 ¥, Z#oWDiREIZ 23 #7725,

CNN (v o2 @dld 0) TR 3 ITBVWTENFN B3 KL 36 1 7Z - 7=

® T, Residual Network 1C 35T 2/3 FREEICIKIE A D bLd, LT CliZDOWw
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TlE, KA4ICBWVWTLT CEREMERERLZDIX 13K, ZDHDRFEIT 5 K

TH52, CNN (av b 72l ) TR 5 Izt 12 &k

14 #7257z, Residual Network iZEWT LT CZRMEERL 72z 1% 1 #HE

M7ZH, Rk 57 LRF L 72D 183 BREICHED L Tw 5, R EEERIC

2T % Residual Network (¥ 23) & CNN (¥ 20) #Ligd23L, L7 AD

B CNN @ 0.609 2> 5 Residual Network T 0.602 & [A%57- 23, @A EKIT

0.658 2> 5 0.751 ICekE, 47 C OHIEKIL 0.852 2> 5 0.785 I[ZJg 7225,

HFIT 0.822 225 0912 LUEE L, ZD X 9 I Residual Network T3\

LI B% LT A FEEINI VLT C T EQWERNRIEDOND,

L22L, 57 B & LT DICDWnTIlE, Residual Network TEMZ LT B &R

FL7=D1F 231 (& 4) T, CNN D 28 (£ 3) 26 KIEHM$ 3 72 EHEAL L

77 3D 8-class A D IEfER D CNN I K IE 2> 7ZJRIRTH 5,

UED XS ICARED T — &%y FicEBWTIT Residual Network 12 & - C

HETSHH L BT 2HELRH 5 2 L 3nh o,
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M e IEg HERR BEAR

y _ _ _ _ MERR  BER B
(HfimawE) | B 9A 5B .5C 49D - &HEF
R 106 23 23 5 21 1 0 21 | 200
LTA 40 120 11 4 12 0 0 11 | 200
LB 32 4 139 1 16 3 1 3 200
25C 13 6 8 157 8 2 0 6 | 200
29D 3 0 0 0 196 0 0 0 | 200
[mEEA R 0 0 0 0 2 196 1 1 200
HEHR K it 1 1 1 1 2 4 189 2 200
TR i 17 6 8 4 4 2 1 158 | 200

% 4 : Residual Network IZ B W T3 T X — X %58 (“trainable”), 2 v F 7

A T R & FEh L 72 SfF DR RITTA

% 0.6
05 mEe
a o
% o
¥ 03
2 0.2
]_E .
0.1
N

R

7 L7 LT AT A% MEER BERR

A B C D AfR X XK
WK 0.528 0.602 0.696 0.785 0.979 0.980 0.945 0.790
O#EA 0.499 0.751 0.730 0.912 0.752 0.938 0.978 0.780

23 : Residual Network IZ B\ TN T X — X #27E (“trainable”). = b

7 A b 5 & L 72 S CO MBI L E AR
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Hel

3.4 ZPREMEICL D 2 7 7 AFEOFHIAE R

HAEBRA IS 35\ T AR K 5 & I & 2 BRI RA 2 Bk~ ©
T 2 720ic, ke h E O ARREHI LD 2 7 7 208 % FHili
5, TTT2 27 7A5MICIE, Raveftho THHDO Y bD 1HHHICK 2 27 5
2L, FHEHEZNDAMNOEHICL S 2 7 7 A0 fEENH 5, HEHEEET
N LTIRAETEIO% 7 7 23 FE L [FlEk, SVM., CNN. Residual Network & %
NZNCTHEEZ T 5.
3.418VM 2L % 2 7 7 XD FEOHEIER

HiEiD 8-class PHETEIHMIlI L 72 7505 a v b 7 X Mg L Z 72 6 5
fFD SVM T 2-class 7378 % Ffti L 72 i RO IEMFERE % X 24~31 1077, Mk
el O TR IE 2 E T L EIRRIC 5 RO S AEMRGED TIETH B,

LT ATk, Bihe D 2-class 0%, &7 AL E D 2-class TFED T 1LiC
BT H IEMFERIT 0.65~0.75 BEEE TR~ DIREFMEIZ/INE < 8-class 7 XHDH
Bi# 0.496, A 0543 O IE RELKEL, 47 BTIE 2 Y D 2-class
SO NTND rbf H— A A Z VT2 X+ C=100 DEFCIFMEE AR b
<7D ZNZ 1 0.870 & 0.821 &, 8-class P FD I 0.676, 8 A5 0.702
POREZLLBEEL, 7 C TIERME D 2-class 7748 THRIE SVM % w725

HDIEMFRD 0.8 Fife L. b 8-class HEHOFHHE 0.432, ®WAZX 0.419 2>
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ODRELKELZ, L7 DIZ2:BY D 2-class T ED ybf h—ANLZHVS &
IEf#ER 1T 0.95 Hilth & RAF7Z 28, 8-class 27H T  FHIEE 0.920, EA 0.945 &
RIFCTH o7z, 721031 D Rt & RinAIL D 2-class 778 Tl I3 0.7~0.8
FREEE CEAE~DIREFMEIZ/NE | 8-class S FHO TR 0.584, A 0.420 20

DITRECUEEL 72, FIFEAR. MR M. B RGIcoWTd | 8-class 7744

EAEFLA T, PREGE O #5r 2EEEIC X B 2-class 77FETIE 8-class IV R

ﬁ%&’{ﬁ%% k t}: D fCo
Bihé L TA LIAL LT AL
1.0 1.0 0760
0.8 0.6600.6580.655 721 0.683 g s48 0.8 0-7290.724 656 0.739 0760 0,732
@ 0.6 g&t 0.6
K 0.4 H 04
0.2 0.2
0.0 0.0
— () — o o o — (e} — (e} (e} (e
S 1 S g S S S g g
T R o 9N S 3
O @] — = Q @] — S
<= =Y
© 9 © 9
@]
I rbf7 — & v SI7 rbf 7 — 4L

X 24 : SVM IiIZ X3 L7 AD 2-class HHIFfER, ElIZIRME LT A, AT

7 At 7 AL,
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1.0

0.8
¥ 06

0.2
0.0

Réne L 7B

0.810 0.809 0,798 0870 0-8650.849

—

@)

1

C

C=100 NG
C=100 NG
C=10,000 | INEEG_S
1,000,000 |

L3I rbf 1 — A

1.0
0.8
B 06
H 04
0.2
0.0

L 5BE L FBLYE

0.783 0.773 0.755 0.821 0.816 0.810

C=100 NG
10,000 |G
=1,000,000 |G

S
T @)
© Il
@)
HRIE rbf 51— F v

X 25:SVMIC X %27 B®D 2-class %)

PREIEREE, EERmMmE LT B, Hld A

7 B & 47 B LWL,

1.0
0.8
¥ 0.6
04
0.2
0.0

Bie 4 7C

0.802 (.788
0.632 9-673 (.629 0.647

— (] — (e} (e o
S S S 3
T N
@] @] — o
=)

(@) —

I

KRIE tbfh — v

1.0
0.8
*g&t 0.6
04
0.2

0.0

L 7CE L7 CLS

0.723 0.728 5 65 0.708 0-743 0,705

el
S
—

10,000 |G
=1,000,000 |G

i (a») —
Il = I
o T O
@] @] ;
@)
HRIE rbf 71— F v

(126 : SVM IC X % L7 CD 2-class 7HHIEfERE, EIFRME LT C, HlFa

7 C & 47 CUSL,
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Bite 27D L 9D L 7D

0.977 0.978 0.980 0.980 0.959 0.965
1.0 0.915 0.923 1.0 08770877 0.945 0.945
0.8 0.8
106 * 0.6
S ==
H 04 H 04
0.2 0.2
0.0 0.0
— o — o (an) S — S — S S S
Il S I S g g Il S 2 8 g
L © = < © r© I =& S
@) @) — S Q @) — S
<= [N
it rbf 77 — A v 317 rbf 5 — F L

27 :SVM I X 5 25 D @ 2-class 77 FEIEMEER, I RME L7 D, AliL

7D & LT DL,

Rian & AR [BEgA B & [HEEAS B DS
0.997 0.997 971 0.994 0.996 0.996 0.988 0.988 () 965 0.990 0.989 0.989
1.0 1.0
0.8 0.8
¥ 06 ¥ 0.6
H H2
H 04 H 04
0.2 0.2
0.0 0.0
— o — o (e (e} — S — S S (]
S 1 S g S S S g g
ST T ST TR
@) O = 9 @] o = o
<= =Y
@) — @] —
I I
I rbf7 — & v SI7 rbf 7 — 4L

28 : SVM I X 2 [M[EEAE D 2-class 0 FHIEMEER, IR EFEAR,

(ZElEEA R & B BB,
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B il & HeR R R R Bita & AEhm R Fig LAA R
0.963 0.963 09400533
L0 4,802 0.806 0.888 0.878
0.8 0619 0.8 0.652 0-703
¥ 0.6 ¥ 0.6
] &2
= 04 H 04
0.2 02
0.0 0.0
1—1 S — S S el — o — o o -
S I S =) S . S H S S o
6 = 4 = S S S =6 = 88
T = g
O = TS
I “
?F;?ﬁ? l‘bf7‘] — Z\\ )L ;’ﬁ,‘ﬂﬂ% rbfj] _ Z‘\ 5

29 : SVM I X 2R KM D 2-class /X XEIEMRER, fo i3 Rim & fERRRIE,

(F e it & AR I i LAS R

Hi & R X i TR R i & AR R B A 5L
1.0 0.8450.840 0.817 1.0
0.776 0-
0.8 E0 0795 0.8 0.6830.686 o 646 0.669 1 0.702
¥ 06 ¥ 0.6
E 2
H 04 H 04
0.2 0.2
0.0 0.0
— o — o o (e} — S — S S (]
| S I 2 8 8 Il 2 Il S 8 g
ST T ST TR
@) O = 9 @] o = o
<= =Y
@) — @] —
Il Il
I rbf7 — & v SI7 rbf 7 — 4L

30 : SVM T X B R R D 2-class 0 FAIEfRER, X R MW &R M. A

(3R i & AR B DAY
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Rt & Bdh Sk

1.0

0.8 0.692 )
B&*_ .
H 0.4
0.2
0.0

— o — o o ()

2 ==

o 3 9 T S I

@) @) — o

=)

© q

@)

SI rbf 51— F v

31 : SVM I X 2 Bt & BiLLIAL D 2-class /0 FAIEfER

3.42CNN (2 &% 2 7 7 ROFEDTHERER

A D 8-class 7r#H & [FfkIC, B AIAZRE & Max-Pooling &% 2~6 fl& L 7=
52D CNN % > T 2-class 0% FEi L 7z #5252 X 32~39 IR, av 7
A T RFAER 2 FHVCTE D | Mo R I1L 5 2 EISEREED P TS %,

433, 35, 36, 37IC/RT LHic, 47 B, &7 D, BIEAR, #MEFRKID 4
HHEDIEMERIE, Rihe @ 2-class 77, Z Ofi& D 2-class 7D WFHICE
WTH 0.93 BLE & RBIFC, BAIARE & Max-Pooling J& D fHE~ DIk 71 % 1%
EAETRE Doz, 2D 4THHIZ, RifiD 8-class 77D FHMNIC BV TE A

A2 JE & Max-Pooling JE 75 4 #1d> CNN CHEIR Ll AR08 0.95 FLE & BiF77
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S>7=4HHE LT3,

—77. X132, 34, 38T L Hic, ftho STHHD L T A, 47 C. BRI
DIEARFRIE, Bihe @ 2-class 7758, Z Dfth e D 2-class 7FHD W I NITEHB W T
B HIARE & Max-Pooling J& DAHE~DIKFM: %27~ L, HiEE Y CNN <
Biff@m»H 5, &7 ATl Rithe D 2-class 778, Z Dfth L D 2-class 57
HoOWTNICEWT L RD EWIERERITE AAALE L Max-Pooling J&725 3 o
CNN T L, ZNZi 0.827 & 0.819 TH Y. 8-class 7D FHIHE 0.609,
A 0668 O RESWELL, 47 CTH, Rite D 2-class 7HH. Z Dfth
& D 2-class HFHDOVWITNICHETHIRD EHWVIEMKITE RIAATE & Max-
Pooling /8728 3 fHd CNN T 5L, N %31 0.857 & 0.856 TH Y . 8-class 77
FOHBIEK 0.852, BHEHK 0.822 0> bikEH L7z, BRI TIZ. Rate D 2-
class 7. Z Dt e D 2-class DO VT NICE W T H IR D & VIEMRERITE »
A JE & Max-Pooling JE75 2 #1d CNN THE L. #1741 0.904 & 0.874 T
»HY . 8class TFHDOHIIZEK 0.803, #EHHK 0.857 »oE Lz, b 3THH
X, Biffio 8-class /3D FHMIC B3\ TEHAIAZRE & Max-Pooling &5 4 fHD
CNN CHER L HEEI ML o7- STHHE —HLTw3, $7-M39DRME
RELIIL D 2-class 7378 TH, K> CNN TRIFAMEAAD V| &b &0 IEMER

13F A AJE & Max-Pooling JE72% 2 #1d CNN T L1172 0.849 TH B, i
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1% 8-class Z7FHDFHILHK 0.699., WA FK 0.610 205 K& L &3E L 72, &K1 CNN
T Ebmr2EEliEic X 3 2-class 0¥ Tl 8-class 0¥ X v & BiIF iR ts
72o ¥ 72 SVM D 2-class 74 & XK T 5 L. £ CDIHH T CNN 2[FEZEL Eo

EfAEREZRL 72,

Bite L7 A LIAE L TALSL
10 0 827 L0
0.809 0.806 0.819
y 0.755 y 0.753
@ 0.8 Jg&t 0.8 0.665 0706
B 06 0.500 = 06
0.4 0.4
0.2 0.2
0.0 0.0
2 6 2 3
B HiAJ & & Max-Poolingf& D #HEL B Bl HJE & Max-Poolingfg D #H %L

X 32 : CNN IC X 5 LT A D 2-class DFAIEMER, FIZRME LT A, Hitl

7 At 7 AL,
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Bine 278 L 9B 4 7 BLISL

Ly 0990 0989 g5 0.985 0.9% 0 09330948 0961 0.961 0.975
L o8 ¥ 0.8
= &
M 0.6 H 0.6

04 0.4

0.2 0.2

0.0 0.0

2 3 4 5 6 1 2 3 4 5
B HiAF & & Max-Poolingf& D #HEL B Bl HJE & Max-Poolingfg D #H %k

33: CNN IC X 3245 B D 2-class 0 HHIFfiR%,

EIIRME LT B, fAldas

7 B & 47 B LWL,

Rt 25C L5 CE LT CLAL
1.0 0.857 1.0 0.856
% oog 0742 0.753 0.738 % g 0.734 0.734 0-766 0.745
¥ g
= 06 0500 || = 0.6
0.4 0.4
0.2 0.2
0.0 0.0
2 3 4 5 6 2 3 4 5 6
B HIAHJE & Max-Pooling/E D FH%L B HAHJE & Max-Poolingfg D #H %k

X 34 : CNN IC X % 247 C®D 2-class WFAIFEMR, FIIRME LT C. AL

7 C & 47 CUSL,
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Rie 27D
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B HIAHJE & Max-Pooling/E o #H%L

L5DE L IDLA
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0.8
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B Bl HJE & Max-Poolingfg D #H %k

35:CNNIC X327 DD 2-class HAAIEMRE, FIZEME LT D, HliT A

7D & LT DL,

Rt & Ml AR
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0.4
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4 5 6
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B HIAHJE & Max-Pooling/E D FH%L

[FEEAS R & [mlEEA B DA
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0.8
0.6
0.4
0.2
0.0
4 5 6

2 3
B HAHJE & Max-Poolingfg D #H %k

36 : CNN I X % [HEEA R D 2-class 77FIEMRE, LIIRMEBBEAR, A

(ZElEEA R & B BB,




B4 & AR I
o 0.988 0.993 0.980 0.945 0.941
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E
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B Bl HJE & Max-Poolingfg D #H %k

37 : CNN T X 2 #tHr K Fa D 2-class 77 IEfRR, IR & MR RIG. A

(F e it & AR I i LAS R

B & B R
1.0 0.904
0.803
¥ 0.8 0.744
= 0.661 0.652
= 0.6
0.4
0.2
0.0
2 3 4 5 6

B HIAHJE & Max-Pooling/E D FH%L

R R Bl & R X B AS

¥ o8 0.677 0-72
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0.6
0.4
0.2
0.0
2 3 4 5 6

B HAHJE & Max-Poolingfg D #H %k

38 : CNN T X 2R K fa D 2-class 7B IEfRR, EIXEM & ERAIG. A

(3R i & AR B DAY




Rt & BalAS:

1.0
0.849 g1

B
v 08 0.648 0.647
H oo 0.532
0.4
0.2
0.0
3 4 5 6

2
B A A BJE & Max-Pooling/& D #H%L

39 : CNN IC X % R & RSN D 2-class 77 FHIEfEER

40 1Z. &7 A~D D 2 7 7 A MEDRTCIEfER D &b md > 72 CNN IZ B
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%789 % 2-class Residual Network(ResNet), Rft& & 7-A 20T 5 2-
class CNN @ 3 DDET LT E N5, F)IC 8-class CNN THHHL ., /1JH
WEXART27%L7 A, L7 C. Ribld 2-class T7 A% FVCHOME, e
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Bt LT Co¥ET—X2%H\WwT 2-class ResNet #il#id 5 (X,

FL Vv IEDEBTRT),

2 8EHDT A+ T — &% 8-class CNN IZ AJJ L. 1HHDEEREEst

Classification Results) %15 % .

1 EHOGERE LT B, 47 D, FEAR. MK, By

HINEZT AP T — X3, ThEEKER LT3,

1 FHODESERCTCEMERIZLT C ITHEINETANT — X% 2-

class ResNet iIC AJ] L. 2 [FIH DR (2nd Classification Results) %

kj—éo

1 HODEHERCTL T AICHEEINZT AT — & &, 2 [HHDHSEE

BCoRMEDEINZT AT —X% 2-classCNN I AJJ L. 3[HH DSy

FAFEHL(3rd Classification Results) %15, ZNERihE &7 A DRAAFER

a‘j—éo

E8HHD S B, 47 B, 47 D, HEEAR, MR, BERXED 5 IH

66



Hiz 1 BIHODEER, 47 ClZ2 MBS EMER,. BAht 47 Al 3
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68



7 Al

v1EHTA

-
[

I N ERITE S

o 2 [ H B K

T

f

%

D

2-class CNN T3 HMHD 3 EZ1TH .

-
-

INTZHRE &b

ETRMD

-
—

295

o

DR Ui

i
o~

SEL LT OARZ R RICH

8]
it

BMTH20%,

FRESEr TNz,

O Progressive Hybrid

CNN @O ResNet

mSVM

B
N

M

Elgs

B

B
N

M

E\

B

B
N

e

Elgs

%

B
4o

M

%

B

B
N

o

m

%

==\

B
4o

M

H\

B

%

A

iy
A
e

B

B
N

M

I
R

B

LA LI9B LI5C LID [HEA MR KRR

=
[m]s]

2\

51 : SVM. CNN. Residual Network M ML FEDO T 7Ly v 7 -

o

At
gt

A 70y FETILVOIEHB OFEX L

69




F 72 8-class CNN THEXMED2 7247 A L L7 CoOFEEE, HMEeEEXRD, K
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