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Abstract
Development of AI Function to Reduce Missed in Appearance Inspection

and Practical implementation of New Technology in Companies

This study discusses the development of a new appearance inspection method using Al and
optical technology and the implementation of the new technology in the organization, which was
undertaken by a manufacturer of automotive clutch components to enhance competitiveness and
continue future growth in response to the rapidly changing situation in the automotive industry.

The automotive industry is undergoing a period of significant change, and automotive
component manufacturers are pushing to utilize new digital technologies to respond to the rapidly
changing and continue future growth. One of the efforts to utilize digital technology is the
automation of human sensory tasks, and the use of Al (artificial intelligence) is expected as new
technology. In this study, an automated system for appearance inspection, which has been difficult
to automate with conventional technology, is realized using Al and optical technology. Moreover,
the creation of an organizational structure to promote the use of new digital technology is also
discussed.

The appearance inspection of finished products is important for quality assurance. However,
visual inspection, which relies on the human senses, has been indispensable. Therefore, the
development of an autonomous appearance inspection system is desired. It is difficult to define
rules with rule-based image inspection because appearance defects are diverse and it is difficult
to define the criteria for their determination. In contrast, Al can define complex rules through
machine learning by providing data on normal and defective products. At first, the Convolutional
Neural Networks (CNN), an Al-based image recognition technology, is adopted to automate
appearance inspections. In an experiment on appearance defect classification, a 90% correct
answer rate was achieved. The possibility of automating appearance inspections was confirmed.
However, the following issues were identified: 1) the correct answer rate is not stable during
training, 2) it is difficult to reduce both missed and over-detection at the same time, and 3) the
low quality of the input data affects classification performance. The reason for the lack of stability
was thought to be that the criteria became too complex when trying to discriminate between
normal products and multiple defect types at the same time. Therefore, we replace the task of
multiclass classification with a binary problem of classifying each defect species to simplify it.
(Two-class Ensemble Method). The developed method achieved a 0.25% improvement in the rate
of correct answers in the two-class classification of normal and defective products compared to the
multi-class classification method. To confirm its practicality in a mass production environment,
we conducted a multi-class classification experiment using a data set that simulates actual mass
production. As a result, we succeeded in obtaining a classification performance of 95.69% correct,
1.62% missing rate, and 1.87% over-detection rate, and confirm the feasibility of automation in a
mass production environment. Next, we worked on missing suppression. The most important
function of appearance inspection is to minimize the occurrence of missed items. In this study, we
focused on the difference in the detection process between normal and defective products in human
visual inspections to suppress missed products. The finding of normal products is a passive process
that detects only when none of the defects are applicable, whereas that of defective products is an



active process that detects when any of the defects may be applicable. This difference in process
is defined as asymmetry in appearance inspection. By learning the asymmetry in the CNN model,
we have developed to both reduce the number of defects missed and over-detections (Asymmetric
Label Smoothing Method). In our experiments, we were able to reduce the missed rate from 1.62%
with the conventional CNN method to 0.08%. The proposed method successfully induces the
character of the CNN model by devising a method of providing the correct answer given to the Al.
Finally, we worked to improve the quality of input data. When capturing input images for learning,
photonic technology can be applied to enhance defect areas and reduce noise. After trying several
techniques, including illumination and the use of filters, we found that the use of polarizing filters
was very effective in the appearance inspection of clutch disks. (Improving Data Quality with
Photonic Technology) As a result, it became possible to obtain images with less noise, confirming
improved performance. These developed techniques are expected to be effective in improving the
performance of defect detection and reducing the number of missed defects in actual mass
production processes.

Following the development of these technologies, we summarized the issues to introduce the
developed methods to the actual production sites. In general, the issues in implementing Al
technology are "lack of understanding of AI" and "uncertainty about the effectiveness of Al
implementation”. In this study, as practical activities to introduce Al, 1) training sessions were
held for production technology engineers, and 2) Al systems were produced in-house. The training
sessions incorporated active learning, in which participants built actual systems while working
with their own hands, to improve their understanding of Al, and the results were successful. The
in-house production of the system has created an environment in which demonstration
experiments can be conducted. This has enabled us to see Al in action, gain a perspective on the
effects of implementation, and establish a system to eliminate anxiety about the effects of
implementation. These activities led to the introduction of Al to the company, including the
acquisition of several Al implementation projects. The organizational structure-building activities
in this study served as a practical example of how to create an organization that facilitates the
introduction of new technologies.

In this study, we developed an image inspection system for the appearance inspection of finished
clutch disks and implemented an organizational structure to promote the introduction of this
technology. The technology developed in this study is expected to be utilized not only in the
manufacturing industry but also in various other fields as a "photonics X AI" technology that
replaces human vision and achieves performance beyond that of humans. This technology is
expected to contribute to the creation of a new photonics industry.
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AL B TRIBSEE I LW e LTI b ET £ TOEMNESR, ATE A2 S
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Aefin - FR - EOZRIZET 5 (FH ok &)

AT T & DIl 0 IS PERA I BT 2Rk (220, Admfm Pl & OBRe L)
TIANR—IEHTLHE (T TA N —DBEE, Ty A TRE)

A& Al & O&FIGHEICET 278 (NHOHEEONTE, BIRFEOWH )7 L)
AT IZKET 22 BT 258 (RIS 28572 &)

AL DD T T v 7 R v 7 IS Bk (i 54 Lz & & OJFINTER 7z &)
X2 VT 4 IZBATLIRE Ny F KR LE)

Al R OEHEIZ BT DR (AL H O - 7 &)

Al P FEET 57— 2 BT 28 (57— % OIEMMER )

Al ZNTIEA L THEZENCT H70OiE, 20X D 22 a Hor lICHfiE U, HIFBH g 2 it
DOLMERD D, 1o, N, BT AT A EEEE, 1/ X—2a VAT A TRNF U RE
Al ZHNDOREIFITE D2 2ET 5 [Al-Ready 72408 | ~OEEZHEWET 2 LEN D
V. ZOZLIFNEAAR LTV AL ATHERFERI24ICE LD b TV D,

2.2.2 Al OHZ(2)

AL, HkEE REFEOBMRIIK 2.7 0 L0 THDH, ALIZIABOMEEZEML L= AT L0
Bt ztas. NWEKROSETH D, Al LHEMFEIZFECERTEDND Z L b H D50, HEIZIE
SV LOMERH D, WETE LT, AJISNT —2hbara—2B L — L ERRLL, %
DN—IVEFTIRT —ZICETUID D Z LT, BT — 2T 2 FHEIT) FIETH D, K
D=V R—=ZAFIETIE, EOL) RFEMIZERT 200, EOXIRHTEL—NLETDDMNE,
ANHEB—=D2—DRE, LTS LERH D (K 2.3), —FH TR FEDOGE, Lok 5 725
WCHERT200%2 52562 LT, 520N T— 2% A TRE =V E2FE L TOL—VEE
HDHIENTEDRTURDNL—NR—ZAFELERER2D (K 2.8), /o, WETE L% #
WEEFEO—DTHY, EHEOBTHEREIND =2 —F /%y b T —7 & TT D HEEE o
ZEThD, WETEIX FEEAMPERTLIZ LR, BOREXAONTET—2006EET S
BMZ2ZEETHETRERT L= 2 —L ol ENTWS (K 2.9), HEE, EEEET
37— OELENIEFICEE L 2D, KRB FEET AV TIIRERE, v— B TE 52
DT =25 HEIATHITED, T—40 VE] PDREEICRESEETL, 7—F0HELIX, 77—
BT = H I HE SN T D IHERO B ENEEND, BOBRWT —Z 0N H3chbiud, =
NETON—NR— 2 PIETIIEMET E TR 2o - ENRT 5 X 5122 D REMEN S 5.,
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ANBOBESOLREBULSBETHET S
TOT5 L2

H3VE. AMEHHNESKU SWEBNE - HifEm

AT HIRE
Al : Artificial Intelligence

CAIDS5, AMD (48] (84T ZHBHE
TR AP 1—9—HTRETZHD

MLMachinelLeaming CANENIEFT—INSIT9 =/ L—ILEKE L.
WIBF—9ICHSTBDDET, ZOMHBT—9
ICB T BB P FRGH T4

AEFE
DL : Deep Learning

O FEDSH. BUDWHSMB=1—3)bRvy b
D—=0%ZBL3H0

)V —2/ —ILEFRRY 3 LTOICHEY 2H
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BRI 352 0ns T — 4 XEMIC Lo TSNS (K 2.10), #BEFEEIZ, BEROT—FX
ANFRNZ & 2B B4 S 7= IR mé?éfﬁ%7~51®ﬁx6nﬁ Ko THAEH v FH |
Bz LFHE, b EO 3 Slc K ESnb, Hhlib 0 FE X AT —% & ARG X IERE
ST LT, #fiT — & ZBEmOEHR E ULTEEIHA L, Xﬁ@lﬁf v ﬁLTELw%Mﬂ
FREERD LI BN —NEZED TV FETH S, Hilid D FEIXI HICEYGE E SIS T N5,

HEOEREBIL, Yes > No DX HICT—F2N@T57 7 A= TP+ 52Ths, THITDHZ
TAEMN 27 T ADEAIX 2L LX27 T A ﬁk@in 37 7 AL EDBEEITL T T A
SHEEMIN D, EIROERBL, EREOTRITH S, FlZX, MEOKEIHEHRE & LIZHA
DREM hﬂﬁwbﬁb%%ﬂﬁéﬁA \EW%T%D\%Hwﬁﬁﬁ(%%wﬁé%%mE
JRiE & 72 D, bl LFPEIL, EMEBEXTFEIELIHETHL, ANT—2%2FEIEL
ETCANT =2 DFERNRE =2 ExT A, HL AN SNTET — 2 B3 LT R g —

WZHTIEELNE S %a’:#ﬂUﬂ‘é?/ff&)é HEm7e LFEETIE, 772X ) 7Rk AT
oykﬁgw s Tk, RITERRR A B LT #M(Jﬁ)ﬁﬁ%héﬁ%@%ﬁ%%ﬂﬁé
Bz X, HKE (BREE) i Unf/%ﬁ%ﬁﬁ%(%w)%mkm#ét KK DR TT &
BLCN Ernr—2anEZzond,

/\iﬁ\
HEnd D) FE .
[E])
RITHIE
WS E HEn LFE
7AYo
st FE

X 2.10 BEhE 045

2.2.3 HEFEHKICIIT S AL HifrotEs

- BEEE - RETFEOICHIX, BE. el BIE, 202 —T AU A MR ERRA BT
HEATEY (K 25), bHAARIEEGFISTILR, BRI EIN T, & A0, PFEIRR.
THRAMIA =T REZIIIDOTEY A DOHFIZS ZNODOHENZICH LIy 27 AT
WD, BARBARO T H . RE S LB BHEERED & 5, BHEERER O L 2 Bt
HEEEEZH W FETH D BHiAI=2—F /L% v kT —7Z7 (Convolutional Neural Networks :

LT CNN)A® Y | FEFEICKRE R AE BT TWD
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CNN [FEE OV ER LIcx A a s br 25l a R ST ZED=2—F Vv xy hU—7Th
%, —fH) 72 CNN 1 EICE AL E (Convolution Layer) & 77—V 7 & (Pooling Layer). 4=
#t&E (Dense Layer) &9 3 DOEMVERI R HERE A i 2 728 2 F A BIF 5 2 & THERK S LT 0 |
ANEiG % BIARE L T — 1 v FTE TR L7-1212, 2FGRBIZL > THAZE 5L
o TS (K2.11),

g |7 g7
A | | 4
A * | v * 1 4 H
AH - 4RH. —
S Ve AN
] % || 3 || - YA
& B = B |l

211 BHAHB=2—TNVFy FU—7 OREE

CNN O LR D DONREHRIAHRIETH D, BHRARIEITT 4 VE (ETF3 T —xV) LI DN
T A=W TANERITH T 2BHRAREREEZITH) Z LIk o T, ANEEOR#EZIEZ TV
<, BHIAFHEFEIL R BEG L TOIE ) LA » P TIThbitd b OEARITIXFE T
WL L T2 D, BIARBIZEBIT D7 4 VZITEE, 70X LPEbEnTEBY . 2R EEN Y
WCEoTHEBHEINDRTGA=FLERD, T4NVEOY AR, HEZEOT7 4 VX OBEIEEZRT A
K74 RO, AT —2DE0 25 5BETHDLNRT 4V T OFRIRENNRT A—2L 1L TA
DFIZE>THEZLND, BHRAHDFEEOFERIIKH LTS TR (—EOMH) Mz, G
BEERISEELORM N ERD, BHIALBIZL > TEHEONT-H N E M~ » 7 LR, &ML
BIMFICIZ S 7 A FEIECONA NN Y v 7 B oY= NS EORBEN D 5708, 4L, ReLU
(Rectified Linear Unit : IELERIERIE) (2618 L < FHWBH LD, ReLU Z kB L7=iEME(VEIE
W OMIBREIN TV D [27][28]728, FEHER)7e ReLU 2MEA < FIH ST b, ADxlCiEE LRI %L
ReLU #EM S ¥ I3k oA 2.1 TEIN D,

- (LG9

B FRIA T JE D FEARK) 721G 2 X 2.12 [ RT, BRIARE~D AN G 3 IRTTEHIW x W x N
ELTEHEZLND, NET v XA, KPOANETIIEGBRN S L—A 75— LOEETN =1, &
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7—ORATN =3, TRLUBEOTHETIIAN LR DM~y T OML oD, 74 VB %&b, 74
NEY A RemxmxXN., AT RExEs, SA T A%bL T3 LEEBAREEICL->TELND
Mﬁfﬁ%4fwwww(quﬁﬁymyozﬁﬁMﬂ&bfﬁwahéof%ﬁﬂieuwmje
[Lw]) EBTHE, UTOR2.2 THRTZENTE S,

m m

N
x,l']' = Z Z Z xs(i—1)+p,s(j—1)+q,khqu +b (2.2)
k=1

p=1 q=1

BIIABEFNT K > T B N Tox (TR ML B f 2 R SR 72 Th 2 R~ » Ty i3 LT D
X238 TRIND,

yij = f(x'yj) (2:3)
N
W ——
. LRI
. ®-50 - | —
hiji
Xijk x'yj Yij

2.12 B HIABE O TG

FEEEOET N TIIH N SN R~ v 7L 725 K 512, CNN 7 AR5, e
LTEEWE S~y 7OMAEMETH L, NED 7 4V Z03MY v M S, X 2.2 OEEAME
TOiD Z eI Lo THEDOH I Th 258~ v 7 %155 (X 2.13),

BHABREOM I E L TR LN~ v 7L 77—V U REIC K » TREPMTbIL D, 7
VT REIZIIN L O OFEEN H Y . CNN ORI E 7 — ) o 7 eI s b on L <H
WHNTWZ[29][80] 23, 4, K< HWHND b DIZHR AT —V 7 (Max Pooling) 73% %[31],
KT —V o TRBIIFEFNRO T A ANTORKEZRY . Thvxd 1 DO T 5B 21T
Vo BIIABLTIIT ANEZENTGA—=Z L L TEFELEHRL TV oo, 7=V o 73FET L
TA=R R, TV VO ATy TV A X/ NS T H 2 EUSMT, Hifgo L
DONLET T 4 IV F DISEDFRIPN ST DINE WD RO ERE 2R L T2 LT, HTBER S
ETHRELZTLZENRVEITTL VI BERKE ZH->TWD, F—U U TE~D AT
Eyj. T—U T A REIx 1L L& EOM Az 13U FOK 2.4 TSN D,

zij = max(Vyg_1y+su(j-1y+e) Wheres € [1,1],t € [1,1] (2.4)
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2.13 AP T ¥ FIL DB I AFAEXK]

BIIAIE & T — 1 T K DIERE AT o 7o RIS H ) SRS v T 1 RocEdSINC
EHIi, BfFaEOANTELTHWLNLD, BfGEIE RN =2—F Ly T —7
(Neural Network) & [RIEROEHFNTTOND, BEGOHLEOjER D=y by 2F5100E, F
T EOEMOEOMz (1 =1,2,3,, m)&E AT & LTEBAF RN AL 7 ARINE S izz'; 3 A
SND, TOLEDZHILLTOX 2.5 TREND,

Z,j = b] + ZZ,:WU (25)
18 T2 LB & (R S e Ton SRR OO L 72 %, vIEB FoO®k 2.6 TRIND,

v =f(z) (2.6)

77 AGEEITONE . BB TN 7 A ER UHD2 =y nfil 2 BdE L, TEMHELBIERIC
Y7 b~ v 7 B (Softmax Function) #AWCHIp; 21525, ERIOEHGEOH ) EZnfilo =
v FaFiov LT E VT b~y ZABBERWTEH Ip; (e [Ln]) 3R 2.7 TERESND,

e?i
p] = 7]’::1 e]]k (2.7)

25



ok x,

ij -1 (2.8)
=1
L0 KT T ACBT BRI S T LA TE B, IR T2 T A i, DRkl
BRiOA T v 7 AR D, THIZ T A, pldLLTORX 2.9 TEEND,

p= argmax(pj ) (2.9)

B IIAE DN FF ORI RTINS ZE EBEAILED 2 OB3H D, ZHHORBIZ L > TRT A —
AN KIBICHIR SN TRY . EAGEOARTIERETH > A XORKE WVEIE TOEE % Al fe
L TW5b, R LT, HLEREICEEOL DL ANOFERD Z L Th b, ZRENILTIUTA
VIEEZL DEBEEVLELT D10, S DONRTA—EPRNE LD, BEALE LT, Biig 28R
ADBRICEIABREATHONEIZ L > THI A DT 4 W EZ EZRHNDOTE2L, BBEEEKRT 1 207 ¢
NEEdHETHZLTHD, BREAETIE. 5 —oD2=y MIANERDIERDBOETDL
=y MIREBEEZTH-0, ZEBFIXEMOBOETO2=y Ne/pd, iz, 2=y FNAILOKE
BT XTCUMEBDOEZ/NT A =2 E2HGT 5720, AEBROY A ARRENGEITITNT A—FK
MIFFIIREL o TLEW, FEREEIC S, Zhicxt L, CNN Tk, BHAHLBEOHINLT
4 NVAEREICI > THLNTEY, @®—%@ﬁ%xﬁ%&bfwékb\A7%~&%ﬁﬁ¢
HTENWTED, £, WO A XZHLLT, 740 (WNTA—=F) ZHXETLH-D
?%*5®%k%ﬁﬁéikﬁfﬁéo_ﬂ6®$;iofiﬁég@ﬁfﬁﬁ%ﬁjt%i@%
IRT A= ERIBIZHINT 5 2 & A ATRBIC 2 2,

CNN DR E R E BIF, EHEND L9 ICR o7 E 50T 2012 FITEAME S 72 B R D
Witk 2 ILSVRC (ImageNet Large Scale Visual Recognition Challenge) 723% %, ILSVRC &%
ImageNet &FEEI 2 EI{EECK 1,400 T8, 22,000 77 TV 670 5 REWE 2B T — 4 & v MMZ
KLU C, BBOSFEMERER D 2T 2 THY, 2010 4E005 2017 HFF THERE ST
W, 2012 . by MRFEO R U N HFROT— LA0B8% L7z AlexNet[31] & FEIZIL D CNN &
TIWEREFDOR S B — R lp o TV AR— X7 L= (SVM) & B U TR 10%L2L
rotEEER L (K 2.14), TALFE, CNN NEEEHEHEO TR E 2 . HEEHLT LY X
ANSBR%E X [32][83]. 2015 A2 S 72 ResNet[34] Tix, & FOFEEORA & Sbin bR
5%[54] £ 0 HAKME 2 EERL L7z,
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30 TA—T5—ZUJERWNVENFE(011FFT)

- B TA—T5—=UF %AW =F% (2012F L)

25 25.8
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2010 2011 2012 2013 2014 2015 2016 2017

Top-5 classification error [%]
(Oa]

2.14 ILSVRCIZEIT D by 7ET NOMBERIES
(2012 #ELI% 1L CNN 2 W= EF L)

MRRNGETHD 7 7 v FT 4 A7 OIMBIREICIB T, — 17— — Rl R A & T,
TRTOLERKIIZH L CAFTA—AEEDDZ EITIFE R EenEE T 5720, Bk
IEERITIRER STV, CNN ZHEEZEB T 27200 FEL LTHESTHL EE X DN
Do £ I T, AFETIECNN # HWTH, B, & LR 2 EoRGEREICHBEITY>Z 7 T
2ok U, BB LR O 27 5,

2.3 REaEHEER 1 : (ERFHEOER (ERERER)

CNN % W EGR#& D 7 T > F7 4 A7 MR E ~Ow H AlREME 2 iR 9 2720, 7 A v
TN E AWK FEEREITo 72, FEBRIZCNNHHiH Y 27 7 A0 HEET NV E RV TEBO 7 7 v
FT 4 AT B LI E T 54 A7 L LT,

CNN Zfilid ) %2 7 ZANHET NV CHETHE/RL ETOFIEEZK 2.15 (27, FEETRE<
FEHTZ2—AXLHET7 ==X 3T od, FEHT7 2= A TCRETETAOFEHIIHWDLG T —F &
v NEERTH, ZOLE, TXOBROEA. /A XBREREORLEE L AT KD IEMRT L
O EMTbD, ERLIET 2y b2 ANTE L TETAZFE L, W E L CTHEEIFAT
TNEtGD, HET = — A TIIBELIZWRMOEG A FEEHET VAT THZ LT, CNN H»»
LIS D TG, DEOHERMEESD.
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(RADER)

X215 ETAEFIEOHAIK

2.3.1 WEBEAG A

T T NVERIIEBED 7 T o FT 4 AV Eh & RBRBRE TG T 5 2 &L TIER S, EBER
B CIIMRBHEERIT 3,296%2,472 BEE / 7 v i A7 BICIIAME 300mm, R 252mm O HE
LED V v 7B (1) 27.6W) ZHWiz, RGHRDT 7o F T 4 27130 TR TH D0,
WRE DT DLIRVIRIBICIRI T2 Z ENAREE D K 5. U U TR OIS & 14 7 D
AERE LT, £/, AOBRBREZREZTHE 09 8T, RO TAMORER (AIEGEE)
NI LT WL D ICHEG LED 28 LT 5, I ATB IO, BERS &2 HEE
180mm D7 7 v FT 4 A7 D HOFERE4T1.5mm, 25mm OAEICERE L7 (X2.16), #RIEGHEER &
O X RIIAMNEL OB L I Z 5 7Ol S e O FICERE Lz, HRGIImESL2IrA |
THr I &, A= R—BEEME U & 72 D & 9 I A b LIDREETIThI., 77 v T T«
27 R E ETRGHE 342%256.5mm O 256 MEFH 7 L— A — VIl 2 TAG Ulc, BUS L 72 i
B AR R EEERE A QL O AT T U tE A28 D H L2 400%100 FiFE OEifR A 1 oY v
B LTc, 779 F T AR ZEMRISERDG, FRRORGBZITOZET 1 KO T vFT 4 A
Ihb 8 MOV TNV ETG LT, U TIVEIRIZE T D7 T v T T 4 A7 DS DTE R
RIS 72 ENE VAT VWK DR ERSINE SN TN D,
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232 T—X%&v b

T—Hty hELTEREMY 7 AL AROKNE Y 7 A% ETeb5 7 7 ADH 7 VERNEE 850
M STz, &7 7 A5 20 KO0 43157 100 OB ZRGET —4 2y hE L, ED O
750 K EEEAOHAIT — 2y hE LTHWE, T XTOXRMEY > 7 VZIER 727 7 v F T 4
ATIWCNBNIR T A=V a5 252 L TER SN, 7T vFT 4 A7 OAR— R—BEEMIRAET
DAMBUC B0 D KGN 2R TH D28, FFER 1 TIIRENRXBTH LB Y, X, FTE.
DD 4 FiEY TV ELTHELRE, =42y NIEEND I TRAER T TAOT — 4%
#2212, K7 A0V T VEBOF &K 2.17 (TR L, KMERTZRETH-> T\ 5, $XToH
PINVEBRIIE V=TI o T AEUIREG AT ENTWRND, BT D7 T ARELWLLO

@180 !

2.16

SPEFEER 1 ORIREREL

LEDV 7 H&BA

[ EESIE

MR EIT o7, 7 7 A TIEAEBREICS W TRIHAEEN D LV 2RI T,

#22 NHEERIHAT 4ty b T2V UTEK
Index 7T A4 AN vy BET T — & B WFET — 2

0 B (KRaza L) 169 ¥z 149 ¥z 20 #
1 2 170 ¥z 150 ¥z 20 1
2 XX 172 #¢ 152 ¥z 20 1
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(a) IEHM (KKaZeL) (b) H

Py S AR

() X (d) #TE

(e) H<h

X 2.17 SHEER 1ICHNZY 7 rof)

233 FEHET L

T T VORI QA 7 8—08T A —Z (3 HATHFZEI3B] TR ST\ D VGGNet 225
EL, 7T 9T T 4 AIVNBIREO TIHER TOFEELR T, REBRMICTHHER L, 7 MVIFA
INZH A XD 400X 400 DG ZZITHY | THEOBRAKRE L 2 BOEBEEEZ/E T, AJJHEBEN
BT 57 7 A% THTLHHEE LTz, BRIAREITEETT7 4V ZY A X 3X3, ANTARK1&L,
TEMEIEBI%RIZ ReLU &2 W o, AT 288~ v T3 BAGAZZATH T L2 324k, 64K, 128 K &
O L, BAIABRDEAEE TIL 256 ORI~ » 72 ¥, BAIAREORFITIL2X2 D~
I AT =Y TP~ T RS TDHEOICH LN, RUDOBRARBEIRE, B
IABJE EXHZ LT — U v TR E (T o T, BAALRKEORM~ v 72 & EBICANT 512
DI TIRTCICEB LT, 2JBORREGEEZR T, BEETY 7 b~y 7 AB%E HWT 5 IRotIc &
L, TORKEEZ LS 722 P 7 AL LTHW:, AR CIXEANESIR 25D 720
Fe w777~ (Dropout) [36l% iz, EF/VITHEKBEEUCH T I AL m Az ho e —2

L B A HKEI% (Loss function) &1, T— X & L CHZ LN EMEL ., T WVIZ
Lo THhENTZTHAEE DAL DORE S THDHIELRIE (Loss Value) #itHT 5720 OEMTH
b, WFEEHET VIZZOBRKMEE /AIMET D X 2 ICFH 2D 5, HIBEEIC TR~ R FEN H
B0, RFEHZRLOIC, W T REE (Mean Squared Error) . EW#HaxliE7% (Mean Absolute
Error) 72 ENH 5, EEFE CIE/ e Ay ha B—iiZ (Cross-entropy Error) W5 iL5
ZENBZN,

27 IV s a AT hra— (Categorical cross entropy) &liX. 2 DOMERSHMN L
LBVHENL TV AN ERTHIE TH D, 2 DDMERFSMPBEUTWDHIFE/NEREEZ LD, o< L
BAIZix o L s,
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K b7 =) X A2 RMSPropl371[38]1 2 H Y, 1 BIOFE TET VDT A—X T+ 5 & T
HOFEFILSX104 L L, BT VORTFENT A—2H1L 6,965,637 &L 72 o7, mHFIERR 1 OF
HETNMEREK 2.18 177, JUEMEREEZM ESE 5720, #HbiTr —% &y hOBEBITET VIZA
NSNAHENS, JeEBIx Lalds, A Kis, A4AB8), ETBE), STWTLeE, BES~ oL
T 2K BT D mifgrEsR s b2 [811[39] (X 2.19), FEMICITESTT — 2 & >~ b OWHi{g 750 f &
1,000 [Bl{ VK LFEEH T 5 Z L THOLNZET VE AW, BROEET VEEOEEIZIIT e s T
2 V7 EFEIC python, REFE DT A 7 UIZ TensorFlow % v 7=, python IZ Ay 722 =
— RCERENTREARZFETHY . T =200, BivE, REFE OB TR fEbTnd,
TensorFlow 1% Google fL23BH%E L CW AR TE T A 77 U T, FrICRETE OMREERFRFEL T
5, EbbbA—Fr V=2 THY, FIHAENLZNZ L5, BERALEELTWHDHENI AT v b
NE D,
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input:
InputLayer P [(None, 400, 400, 1)] | [(None, 400, 400, 1)]
output:
) input: i
Conv2D (None, 400, 400, 1) | (None, 398, 398, 32)
output:
input:
Conv2D (None, 398, 398, 32) | (None, 396, 396, 64)
output:
input:
MaxPooling2D (None, 396, 396, 64) | (None, 198, 198, 64)
output:
input: .
Conv2D (None, 198, 198, 64) | (None, 196, 196, 128)
output:
input:
MaxPooling2D (None, 196, 196, 128) | (None, 98, 98, 128)
output:
input:
Conv2D (None, 98, 98, 128) | (None, 96, 96, 128)
output:
) input:
MaxPooling2D (None, 96, 96, 128) | (None, 48, 48, 128)
output:
A 4
input:
Conv2D (None, 48, 48, 128) | (None, 46, 46, 256)
output:
'
. input:
MaxPooling2D (None, 46, 46, 256) | (None, 23, 23, 256)
outpul:

2.18

32

Y

input:
Conv2D P (None, 23, 23, 256) | (None, 21, 21, 256)
output:
y
input: .
MaxPooling2D (None, 21, 21, 256) | (None, 10, 10, 256)
output:
A 4
input:
Conv2D (None, 10, 10, 256) | (None, 8, 8, 256)
output:
A 4
input:
MaxPooling2D (None, 8, 8, 256) | (None, 4, 4, 256)
output:
A A
input:
Flatten (None, 4, 4, 256) | (None, 4096)
output:
A J
input:
Dropout (None, 4096) | (None, 4096)
output:
Y
input:
Dense (None, 4096) | (None, 1024)
output:
A A
input:
Dropout (None, 1024) | (None, 1024)
oulput:
4
input:
Dense (None, 1024) | (None, 1024)
output:
4
input:
Dense (None, 1024) | (None, 5)
output:

SVERSEER 1 OFEEE T VAR




EILR

A R

EABE)

ETRH

A

MRS 7 R

X 2.19 WEHERIC X 5 EEIMTof)
(B DNRZ DN LT T, EBEOMIL Y HRELZE L LEEAEREEND)

33



2.3.4 EBHER

EBROFER, 100 FOMGET —# D5 B, 90 ERIE L WY T RS, IEMFEIX 90% & 78>
72e T Z CTOIEMERIT, %M?7Xﬂ£%77xk HELTCWDIHELROZLESH, BiET—# 12
BUFDIRETTHBZK 2.20 1277, ERIITEFHTHL DL KM LGRS 52 L3, FEE
&:&ikﬁféu%f‘%é%@%Eﬁ%&a&;ﬁbt X 1 HFoR Lot EFME RN E VI RE RS
FHTHE 2L, 9% DIEMRETH D EMRTHZEHTES, REORME LKL T, RIGREN
HARRITH VD . REFEDR D720 & W) [RERIZRITIZH 5728, CNN W r T v F7 4 A7 58
R MBS AL O R REME & ffERE C & 7o,

O_F#E 0 0 0 0 0
189 1 8 1 0 0
X
N
a 2.FX 0 0 8 0 2
&
=]
3 IR 0 1 2 6 1
4 H<hn 0 0 2 0 8

OF% 1.8% 2%X 33#E 486<h
FRIS5 2

2.20 RFATH (533EER 1)

3JR[AFTH (Confusion Matrix) &%, HEWSEE OZATH 0 538 5 L OMEEEFAN. Al kIZ
Hooihd~ ) 7 AThD, {THOITHIAIZEMRZ 7 A %2R L, FIHMI ?@77X%§?(L
OHEEL®HD) o ELWTRINTEENITHOXMAMITAE L TR Y, MAKD DAL H
SFE ST THIOEZ R L TV D, REITINZ L > T, PRI E L ZEE (Eff=R) 721 Tk
2L Pz, FXEDHL I %MT%%ﬂ%mﬁk\&®77x%k®ﬁ7xL YE L0 DRk
HERNFHND EWVHIFELRD D,
34



2.3.5 FMAY7 CNN FERR AL SMEUR AL E O BISE 2 7)1 7oA

SYHEFER 112K - T, —EOMRENHER Sz LRIFEC, EAMZ CNN 52 IME R A E % B
K95 ECOMENERIN, FERPEITILLTDO 45TH D,

O FHORE

FERFO EMFERHB 2K 2.2110, HRMEOHB 21X 2.22 (1R T, KF OBHITFEE RO ZET —
Zt -y MBI A/ER, ERIIRGEHT —% > MBI ARERZR L TEBY ., fHhc EffRE X
ORI, 2R A R LT D, ARME S ITIEME TRIOREZ RTMHET, hEWHIRE
WESINDEIETH D, BIRMEOFEMIZOWTIEN 3 ECiLd, ZET —& &y M TOEMRIC
DNWCRTHD E, FHEREBLTRELTREY., FICFEEOBETRE ALV, LirL,
FEEROBEBH TR T — 2y MCEENRWRIMOT — 226 L TOMREN RO b D, FHEIC
HAOBRTWRWRIOT — X ThHHMRAET — % & > MBI 5 EfERIE, ¥ 20 3/4 il X 7=
FHEEL 750 FILBEIZBWTD 16%IFEOEBMNHTEY , FEKTOXA IV TIZE>TUTET
IV DREEE DR EA LT 5 ATREMED B D, BRIE S IEMR L FRR, BT —Z Y P TIIREL T
WD, FRFET —Z Y MZBWTIE, %FETHIORE T, ZERKRES RoTEY, 7LV
BERARLELR> TS, ZOXIRFEFOEME, HRMEOEBZ D7 L, BE L-FEEN
T2 XICKRRT 2UERD D,

...... HFF— Sy MNobl B ERE
— BIEF—Stv NcBBERE

004 125 250 375 500 625 750 875 1000
SO
[X2.22 EWEOEMEHD
10
—————— HEFT—4 2y MMocB T 21B%E
— KEIT—9ty McBiT2BLE
e
£ 5
p&l}(‘
0

0 125 250 375 500 625 750 875 1000
[22.22 OB KMEHER

35



© KR BPEBRTL T OVERERE (R

VSRR 113, FEREERTH-727o®, RIGBRESSKMOTENEEOBE TR L 1TR 5, F£
BROFRAGEREE Tld, ALEHREMRROTZOOHIRZH Y | BUFEIGR O S0 Bk /e £ 0
B ABRRERMNBONAD T o DPEDEET B, £z, EERISRAET 5 RO H 5 K
A FEED 2L, ZORBHLEETHD, TDOD, DEER 1 IV OEIPHELI R L
DIESND, BEICBITOMETERTHRHAEEIN TV D RIEIEZHE LoV o 7 Vi & &ENR
FOBREETIRG LIZBG 2 bER LT =2ty FEHWTOEERZITV, EEORERE TO
PEREZ MRS DD D D,

@ R Lo

ABURELEE RO DN D ich HERHREIT, Kifadh 2 EH LRI 2 TREL) of/METH
%D, SFEFERR 1 ORGEETIE, 80 hO KMo ETeEE DN, RO H LR 1 {4 EF M EHE L,
AL LER>TWD (K 2.23) , KifadmOW, HiEL LR BIETH D R LRI 1.25% L 785,
FERLIZET TiE, ZOREBLEZIEIT 27200 FIEZHET D2 UERH D,

ﬁ

2.23 SRR 1 TRMaE KUzt (EAF - 5)

@ ND7—2 DB L

CNN % HWzliG 358738 Cldk, CNN E7/VH LR 52 HALTZ AJTEER D O RS E 2 i L,
SEON—NVEERT D (K 2.10) 72, AT =20 E] PEEICKRERET D, oHEER
1 CTRIEKL &> = RIGEGIZAY 2 5l Th o723, 8 UK CIEMIC/OE CE 2mgiT R
WBUTo B & T, By &~ N BEEM Sy & OB AN K E < K & B A Ciiik
LT WEERA L (K 2.24) , 72, ¥ AOKMIEREAHEER O K EES &2 B TR T 5 2
EDFELW (K 2.25) o, ZOX)XMEBALISE, ANT—FOEEZRET HZ LT, mEkE
REZ M ES LA EIT O LEND D,

I

2.24 SyEHFEBR 1 TXRMEZIELL S TE mb (B 24)
36



o P S O SO
" T P

2.25 FADKMaZ%E G TeEROH]

SFFER 1 THRONIER ERELZ T L L. UTOXIICELD6ND,

<PHEER 1 THORRRE >
® 100D HH, 0UEZELVWY T RTHETE ., IEME 90% Z /M LT,
® [ERSERMED 27 T AGFEE LB B E, IEMER 99% &Rk LT,
® [REMARIRILTIEHSM, CNN 27 T v FTF 4 A7 eIV O rlEM: 4 T
WTET,

<CNN Z fl 72 SERR an A MBURR A 22 1B D F2 I 1) 1 72 A >
o FEPOIEMR, BREOLEBZ DR L, BELIZFEEPITAD L) ITHRT 205
N5,
® EROBERKBEABIRL, KMz L LT, BEMEOMREELHR T 2LEND
2o
TR AL E DR BERE T b D Ak LI OIS £ S 2 B 2 R T2 L E R H D,
KM BEALSE LR E. AT =2 OEMN EE21T O LB R H D,

2.4 RMEFEBR2:BARFEL 27 FAT UV U TAFE

OYEESEER 1 CILIEMRER 90% & . IEF L & RIEAICiER L2 0Tl 99% DR 2 kT 5 2 &
MT&EI, LML, FHEOEMECHIMEOHS 250 &, BEINRKREIALZETHY  EN
MBIZIp o TG, 22T, LVREL TEEMTZLHEFIEORMNEIT- 12,

SHEFERR 1 TIEZ 7 T ANFEEEERA LT, YU TANRNET L7 T AONEE T, 2L,
RO AFFOV T NZ T D70, B—ORMEREET L TlEa <, BEEROR T £
TNEFFOTWNWDHEBZDZENTED, WHDZATIZAA VDET NN TN EEET IV
DENICHEISEDLNOWRES A7 HAHTHZ LT, IVEMIC R T0WE EEESND, £ 2
T, A AT ZREDIRNIER &7 7 A LRI KNS 2 7 AD 2 7 F A5 FERMBEI g L. KEash
AT LT RET 5, %7 7 A8, FEEMZERICOBE T2 LMAETHY . M
OEFIIL VM D L PRSND (M2.26), ZHICKH LT, X R7 %227 T A0S RT 5

37



T L& T, Hx OREITZERZ 2 DI85 v BliZex 27 (K 2.27) &7ev . 73¥ERE
Ao kL FEOERR LRI TE D, RRZTED 2 7T A TIEmFE TR AT6E
(Z22 D, FE LT RWKRMITIEMIC O TE RS R LIBESND, Ll WThnoE
TNATRMGE PEISNTEHEITIIRMBEHET S22 LT, ENENOET VN FEE LIRS 2
FITPHETE L, REZIRVERS ZENmREL 2% (X 2.28),

Y 5y
‘ HEER ‘
II
1
1
1
/ SEER
PN ”,—” _________
o N o S AN N e
Lo -=3x an : ue=- o
o SN R &xbED -
\\ 7:‘(&/\\\ \\ )
L O \\\\ //%\\ Nt h O
1IE% m SO & \\\ 1IE%
Ko
SN
> HEHX > X
X 2.26 %7 7 AGFOERRA A — X227 27T AGHEOENBRA A—
G@o- ik -
E# 1=
(a) KMo AEEET L (b) XKa BEHET L () XWaCHBET N (d Xk DZEEET L
Kfa A ORI A HE Kfa B O#kBI1H A HE Kfa C OFkBIA A HE K D ORI 25 AT RE

X228 27 FANET VYT NNDA A=Y

241 27 T AT YT NV

EERCIX, BE DL 7 AHIEEZHWT, B8O 7 7 AT LR Z IER W & RGBS
HEHL, EFUAMCHIEINTEY T AT_XTERIE LTHEHFT 27 7 A GHEERENTIEL,
KRMGFEXEZ 212 2 7 T AGHEEITVD, WTINnDETIVTRIGESEEINZY TV ERfaE LT
EHT D27 T AT VY T NVFELE TREEIT), EOHETIEZK 2.29 LK 2.30 (1277,

38



EFLOSE BFWEEFN

397RT7—% 397RT7—% 29 7 2A5BER 295
{0:E®m 2552 0:E% L 3952 | 0:E® DEEEREN
i1:RBRA 2 : RBEB SEETL 1:xBEA 2:%EEB | SHEETNL | 1:REEA 2: REEB 0:E=

i 3:RBEC 4:RFED 3: RFAC 4 : RFED i 3:XRBEC 4: XRKED .

1: RBf

2.29 %7 7 AGEMRENTIEOTIE
%7 T ASEEITV, EFLSNCSEENZY > A3 _TaRME LTEHTD

EFLDFEE > PEEETI
25727 —4% 2972 2972 29 3 25\E/R 1
0:FE% 1:RMA SEETLL SEETLL 0:FE% 1:RMA
20527 —% ﬁgax 295274 ﬁgsz 25 FAH\ERER 2 295 R
0:F% 1:%MB ETN2 T2 0:F% 1:%MB 5
B 1R N i 5 od SIERERME
20 5RF—% 2452 1: RBEA 2 : RBEB 2932 20 FABEHR 3 0:IE%
0:E% 1:RKC AEETN 3 3 RKEC 4 RHED HMETLVI | g:EEm 1: &KEC 1: Rbf
25727 —4% 2972 2572 29 3 25EHR_4
0:E% 1:XMED SEETIL A SEETIL A 0:FE%E 1:ZXMD

2.30 27 T ANET VYT NAFIEOTFIE
WFNDOETIVTRIE SN TV ERMEE LCERNTS

B4~ 5 AF2121E Hafiz B OBFZE[401238 %, Hafiz HI13% 7 T AL A7 % 2 7 T A5 E A
RS 52 & CEMELZM ESEDLZENTE, FEOPBRNRENZ L 2FH L TEEFELIK
SBRETDHILTELICEEZMESELZ ENTED LA LTS, Hafiz 5O TIEITEE
BTONEES—7 Y hELTRY, ED 2 77 AGEET NVOMENMEATE 20524+ 572
WIZ, VT by 7 ADEELE L, ERRKERDETNVORRET T AO5RERRE LTH
WTW5b, —HT, RIFEIX, %7 7 A0HFEBBEICE T 2 B E KRB HB %2 % —7 > b &
LTEBY, 27 FAGHEETNVONTNOTRIGE W SV Tz Kipe LCTHEHT 2R TR
TfFgE L 7 5,

242 T—X%&v b

20 T AT Y T NVEBRITHEER 1 THEA LT =2ty FEMRWTITo 72, o8FER 1
XY T4ty hOTRTCOMEBRNLAT7 T A 20 K, GFF 100 0672597y b 8
Ty MERL, 120% 7ty NGty —% v b, &KV EFET—Z &y b T HRBREMERE
b EEZ T 8EITVY, 8 DOMRMEBERZ Y L CiHMli+ 2 MiE21T-72 (X 2.31), %7 7 A4
BT NEFET DL, T2y FEZOEEHN, 227 FAGEET N EFETHEIE, F
BF—2ty NEIEELEDNTADLORMEOAIRE L, BAET — X IZIX 2 TOXRWEE &TeT —
ZaxMnc, BEET — 2y MUIEER LWL ST 7'y FEER LT,

39



Y7y My7ty My 7ty My 7ty M7ty Moty M7ty a7ty b gy
1 2 3 1 5 6 7 8
ABr1E H TRAIE 8 FH #H F8 #H ¥8 FH ¥R - AR 1

Aol H *8 FREE e #8 *8 e *8 s ¥R - SUERLER 9

ABRTEH FH ¥ #8 #8 *8 *8 TRFE *8 #8 - ERAER T
B R EE FE ¥ 8 8 FH e F8 FRFE FH - AR 8

X 2.31 AZEMFED L

2.4.3 EBRER

27 FANEETIMIBITHRMI & DEMREEZR 23R T, FET AL TERZ ZALHYT5H
K7 7 ATOIEMEIL 99.38% 715 100.0% TH Y, 7 T ABFED X AT ZEED 2 7 T A5
T 22 LItk o T, A BEMILE N, Hx OFETNTIIIEFITE W SEEREE 0D Z L
WHERTE 2, KIZ, 27 7 ANEMEENTIEBLN 2 7 T 20T v T NVFIEO EffRE
# 2.4 \TRY, ERIZZNTN 99.38%, 99.63% Th o7z, 27 T ANET VU T AFEL £
7 T AGSHERERE L i LT 0.25% D IEMERE B R STz,

27 T AT U T VTFEICRT 2 ERO EfEREE LOBRKRMEOWB AR T L. 27 T
ZOVBRFIE LB L TEBN DR RoTEY | ZEEPH EL TS ZEnATEND (X 2.32,
2.33), £71-%7 7 AZFIIBITHNL 20Oy MTIE, FEHOHKY-T, BT —ZIZBIT 58K
L RREET — 2 IR T DHERMERTERE L TO<EFE R HEL TS (K 2.34), w5H & IXEETT
—ZITBEICHEAG L TLEI 2L T, RKOBWTHDRIMOT — X%t L TORALEREIME T L
TLEIZETHY, WFHELIET L2 LI TEH X A7 ICBIT2EERBETH L, —H. 2
7T AGFOE A DT LTI, FEROBKEIL, 27 7 A5FOELEXD BRI L, FH
DB FEPBET 22 L b BRAEOEB /NS RoTND I ENHERTE S,

40



#23 KWFEZ &0 27 T AEMF

IEfiR
Q7T ANHERER 1 EEMmE R A (Bi) 100.00% (320 {4 320 {4)
Q7T ANHERER 2 EEMEXKEB (FX) 100.00% (320 {4 320 {4)
27 T ARG R 3 IEE M E KB C (FTIE) 99.38% (320 9 318 1)
27 T ANBERER 4 EFEMEXRD (O ) 99.69% (320 9 319 1)

#24 27 TANET YT INVFEDERE
IEfifR
%7 T A FEEREK TIE 99.38% (800 {4 795 1)
7T AT v T IV 99.63% (800 {4 797 1)

1.0 AT T
# 05
B
------ BT — 9ty Mobit B EfRR
— BIEF—Yty MBI BERE
0.0 T T - - " : .
0 125 250 375 500 625 750 875 1000
SB[
X 2.833 27 T ABHET NVEBREEO IEfEREHER
10
------ BT — 9ty Mob i Bia%E
— BHEF—Yty b BiE%E
1o
K 5
% J\Af\
0 125 250 375 500 625 750 875 1000
FEEE

B 2.33 27 7 ANEET VA HEOHKMEHS

41



10
------ BT -9ty McBFZORE
— KTty MBI ZORE
1l
X 5
a
0 125 250 375 500 625 750 875 1000
FEEE

M 2.34 WEENFLE UL T ANEET VORI RAEHER O fi

FERETTANEDOLHIITHBEME L TWE0EEERT 57202, t-SNE (t-distributed
Stochastic Neighbor Embedding : t sy SR AT HF L DIA L) Fik[41] 2 AW T, Ak & 1T - 72,
t-SNE /& Hinton 52 X » TIRE SN RICHKFIED —> T, WotHIET 2%, t a5
Z&T, BRIEZEMTELIZH 72 b OIFERTZEM TIE L ViEIZ, MRz TELICH -T2
HOIIMEKRTEM T L VRS IZERT D ENTELRMERF> T D, FFICERILT — % D A]
FULICHE T 2 WOCHIFIE L LT, =2 —F %y NU—27 Z W8t T L OMEgEm EICB
HWF5E[42]%° CNN % 7o o3 FaEaem Lo T HITH ST 5[43], AT ki, €7 v 0E
ABIFEB T 0 — LT R —UF— 1 742 L - T 256 IRTEICAE# S - R~ » 7 % t-SNE
FIEICE ST 2 WICICRITCHI LT T — 4 2~y 73562 L TiTio T, BAHRIARKKE TIXT —#
oy FOEBEAFFORE AL TRV, 2RI~y T HZ LR o TH Y T ADHFELERED
AIBUEA IR T E D, ARFEBRIZEIT 2RO 2 koo~ v A, FEEHDOET V&2 AW TRGEET
— Xy hOTRTOT —ZIZDONTT, Eff7 7 A Z Ly Lgdix & UCifim L7,
%7 7 ABEET VOB E~ v T2 2.35 (TRT, KT, B 7 T AILHE ARG T A 72
WZILE->TERY, Kfar 7 ARENBRIZOBECE TWD, EWI T ALK 7 ARED 2 fHy¥E L
LTHRATHEOEMERImL R Z L2 HREMNICHE TE D, L, Xar 7 ZABENTIL,
IREHEAR CHA IR TR 7 7 AZHMICOBECE TELT . ZOZENFEFRERLEIZLTND
FRIZ 72> TN EZEZBND, 27 T ANFEDKZET NV TOREE~ Yy 72 M 236117, 277
AGFEDKETIVTIX, ER 7 TALXMI 7 AW oBCE TRy, MENEELL TV
CENRTEND, ZOZEICkoT, HEETFTAOFEBIILEL, BV HEEEEZRETEX S L
Mo, T TNVFETOEMRM EREIRFTE 5, ZorgbERIZ. K 2160 X 2.17, X
218 TR LEMEM IO A A=V LZFEFR L THY . BRI LIEREEARFETE TWVDH I &R
T&T7,

47— LT RL—U 7 —1 7 (Global Average Pooling) &%, 14 X (wxhxn) & LT
BZONTRH~ Y 7z LT, Ty rA T8I (wx h) OFEEEZRY . AxD) 7=V 7
THZET, (Ix1xn) ODHNEHBLIUHEDOZ LE2F D,

42



® normal

matters

® scratches

dents

blisters

-40

LORME2KT~Y v

-
-

2.35 %7 T ASMHET VO t-SNE |

43



o™ oo e rormal “ e rormal

© %iﬁiﬁﬁ : . e 15 - \) ratcy
N .
\\ i ‘ °e 10 @ °"" o=
N ¢« 0
S N
N s
N
o . SYBER
\\ {f =—mm————m—m—m—m—————
N
5 AN
L \\ 5
- ° N L} -
10 X S =10 o0y % * L
w3 ! >
15 1 0 %7 ‘et -

(a) IEF&ERY (b) EHHLFX
g° o romal 10 e o mormal
. U = R sy |-
//'\:‘o ) N .{:i\
10 S Pid \\\ .
»... R N
L7 0 \\
. e \\
e S
)j\#ﬁfﬂti // s \\
-, S
10 /// \\
10 A
-20
-5 -10 -5 0 5 10 15 -100 -75 -50 -25 00 25 50 75 100
(¢) IEH bk EFTE (@) EFHmEDIN

X 2.86 275 ANEETFNLDt-SNE IZ L AR EE 2R IT~ Y 7

244 20 FAT LY UTAFREDOE LD

CNN % HWW o AMBUR B R EBRIC I W, REBMA TRV RS ST EICER L2 2 7 7 A58 7 4
VINFEESL T T AR RENFIE COIEMELBREL IR L, 27 7 A5BT T
FIEIX, DEOZ A7 L, EHEISZERT 52 LT, £7 7 A08MRE L R L CTEME
Z 0.25%m LT, FEICB T D EMEZENODRN G L Z PR TE T, £, Hx0ET
T FEPFEA LIS <, JUBPERED M B3I TE 5, 7o, REOEMGm T, AERY
NOREEE OB, HIRZEZIND R H D, 27 TANEETNLVOYEA, REHEH %EB
BB LT =4ty NCHEFPEEITOLERHLN, TOZLIZL->T, XTHJ T AT
B U COrByE - EREDHFEME B> TLES, XL T, 27 F AV T AFEE £ET
WBSE L TWS T, MAHEHE OB - HIBRNES Th 5 b MoOET VOS5 FEUE - PEREICHE
BLRNEWI AT Y b5,

LU S, EBEDZ T v F T 4 A7 SERREIZBIT O RMZ 7 A% 4 77 ATiER<, &
D ZREEARI R RN T 2 0EN S | BT HRMEREE R UBOET VAL L T DA T
FEHmCREE 25, BERMICIE, BHT2ETANREL 2D Z LICLHET NVFEERR OB,

44



Hesmirf oK, ETAVEHOEMILTH D, o, REHBEOHNZL 2o HEIT, KIpFEMHE
TEIT 2 I TAGREEITO, WTNDODOET VTR E SGEINY TV ERGE LTERT D
FETIE, RELEZIHIT L2 N TE ORI, ESPEINT L2 LNBESND, £DWD,
7T vFT 4 AT FEREOIMBRAE D X OISRk RIBIXDET 2720 D0FiEE L THELTNWD &
BRI, DD, 7T T T 4 AT OFEMMREIZ T 58k REOm B, FEOZEDI-
DITIE, BIOFEEZRFT2HLERS L, DEFER2 (27 TAT T AFE) THRLNAE
CHEITLLTO XY It bbb,

<HHFEBR2 (27 T AT YT IVFE) THELN R >
® (HBIDET N ThIEEDFIRETH D780, EEMEREN F,
® (HRIDOET N THFENLZELTEY, WFEENRHAELIZ WD
o WMAEIEHA DB - HIRNAS T, thoeT L (MEHEB) OSBEMERICEE L2,

<HHEEBR2 27 TAT YU T NATE) OFE>
o MAHANL 2D LB ORAMRNE RDATREMENH D,
& MEHAMNELIMRDE, ETNFEEOIAXMRE,
& MEHHAMNEL D&, HamFMNH{AT 5,
o X DETNEEHTLINEND D,

2.6 RKaIHER 3 : BERRE TORBRRMBOEA

OYBAEER 1 ROV HEER 2 OFRN D, IRENZRNTIEH LB CNNICL-TI T v FT 4 R
AL HEL TE DM 2R T, Ll REOEETRIT, MHEHAEENTHDIRK
fald 4 AL D b2V BUGEG O FUTTE RSB in e LG VAT £\ 9 mUT, 4R 1,
SVFEERR 2 LR XV SEPELS R EPHESND, LV EERRIZEVIRILTOE
MMEZRER T D720, BEICETIRAETETRIENZEN TV O RFEEZBE LY 7 vin%
BPEFFEORE TG L2l E LT — 2ty P2 HWT, 2MEER 3 217-o72, MAH
A&7 REGTENRZ 2D, SBER 2 TR L 2 7 T A7 % I OVFETHWT, 7585
BR 1 TORBERE 2> TOIEFEERFOIEMFROLE ZMA L T-ODOXHKE LT, /T A —Z OHI,
FERBORE L 2BRITET VOBEREIT 7,

2.5.1 WIS A

P TNVEBITRE T A THOWLILTW D BEEM L ERAEEEZ AN TEERED Y 7 v F 7 4 A
7 SERGh ARG T 5 2 L TIER S LTz, SRIBHEERICIT 4,000%3,000 HiFEE 7 v AT BREAIZI
PREFEER 1 THWZ b O LA UAME 300mm, NES 252mm O HE LED U v 7B % iz, B 2
TR IOWEBAIE, RAEMNG LR HER 160mm OF T v F T 4 A7 6 OKRE 360mm, 25mm DAL
EICERE L7z (X 2.37), REHEER & OMAE N RITNELE OB EZ I 2 2 - DI G225 O I
RE LT, RBITRESRPIEE ETHIEL TWDRETITDI., 77 v F 7 1 27 2K LIERIC

45



TR BRI ER L %5 AT HRIEAREF 333x250mm D 256 PR 7' L — A 7 — )VEitg 2 s L=, BuUS L
TR G | R = BEER & QL 0 AT 75 DR A B0 0 HE L 7e 640%300 BISE DO A 1 A D
VINEBE L, 7T T T 4 A FLEMICEEESERN D, FRROWUEAEZITO 2 & T 1 Kose
KEGN S 10 OV 7VEREZE 0 H LT, 7o, KEBRTHWZY 7 vF 7 4 A7 135 FER
1 THWEbD EITRRLBRE LTS,

TI A7 ]
P 4000x3000
— VR £00

VAP S

WD 360

25

iLEDU‘/ﬁﬁ@%
E ¢160 | !@ﬁﬁ%

(a) fRfgERBEDORA (b) FEPEDOEBEH

|LED
V> TR

2.37 FER 3 OGRS

252 T—X%&v b

T—2ty FE LTIEERFME 16 BOXMMLEZET 16 7 7 AOY 7 /VER GG 7,102 FUE
Shiz, =%ty bD o5 2,027 BUXER fth o 7 Vilifg, 5,075 BUIKMaqY o 7 Vil Th 5,
SRFERR 3 1B T DKM T SEER 1 CERRICER R 7 v FT 4 AT I NI
A—=VEGEZHZE TR ENT, 7T vFF 4 AT DN—R—EEMIC AT MU 5 K
Ml IfENZHETH D, EBEOBEE CHRIHBZEN TWDKIE 15 a7 e LTHE L,
% T ADY o TVEGHE Z [ 2.38 1R L, REGEFTZ R TCH->TWD, Tty MIEER
LHEMBUIT V=TI E 2T, REYIREBR AT ENTWRW BT D7 7 ABIE LW OHER
DEANATONTND, 7 7 AFTIEHAREICBW TRIHNEEN D L L2 BT,
INHLOWEEE 5 SO Ty MIGEIL, Z2O5H0 4 DOV 7y NeHiiT—4Ey h& L
THEEICHW, OO 1 2OV Ty FERIET—4 2y b & LTRiEETT R g ., fladby
EBEZT 5 EAT- 2%, 5 BIORERFERZER L, FHliT 282 a7 -7 (K 2.39), &7 —%
Ty MEZIEZEZ FADOY U TABRFRCEGTEEND LI ICHE LT, T—Z Yy MIEENRD
UIGALK T TADT—EAPBIOF Ty N LICBTAHET — % LT — % O a3 2.5 105
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A A | A A ] U A ] Ty b4 A A

S R #H #H R - RBRAER 1
8 8 8 R 8 - GRS 2
#5 8 R 8 *8 = AEREER 3
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FREE *8 *8 *8 8 - PR 5
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F£25 NEFEBRIHAT—FEy bDITREF T
Index 7T A4 WYV ;(%::;;ﬁ@ ;;E:i;élioj

0 1EH (REa7z L) 2,027 ¥z 1,621 4 406 ¥
1 g% 401 £ 320 #% 81 ¢
2 15 424 339 #¢ 85 £
3 A NBI 418 ¥ 334 f% 84 f¢
4 R (K) 21 8 336 & 85 £
5 R (h) 415§ 332 4% 83 £
6 W) 1 379 #& 303 £ 76 1
7 5 2 422 ¥ 3374 85 £
8 Sy 431 # 344 ¥ 87 £
9 RiF 402 £ 321 # 81 £
10 < 419 ¥ 3354 84 £
11 HilAL 422 ¥ 3374 85 £
12 Hs 1 48 Bt 38 #¢ 10 #z
13 Fs 2 53 4% 42 ¥ 11 #
14 PR A L 373 4% 298 #& 751
15 2 fE R 47 ¥ 37 ¥ 10 #

it 7,102 #% 5,674 4% 1,428 ¥

2.5.3 FHEHETIL

FHETIZ CNN 7 —%7 7 F v 2, Hifg & EH S L < s
DRMFEIZ T 5% 7 7 AHEET NV EHR LT, %TM%EE&U/M’A——/wf BT HESE
B 1 & [FIRE, JATHFZE[3B] CIRE SN TV D VGGNet 255 & L, nHEFER 3 T — 4 2 M\ T
BB C ORI AR T, AEBRMCHEMER L7z, TR 1 CTHER SN2 E T OIEMRROZEE )
RKENVWZEIZOWTORKE LT, TT VDRI A—Z EHET D720 D AN EHgE O A XL 7
& BFEGEA~D AN OB E WEEFREZ /NS THIERKMENTND, T VIEANIC
A XN 256X 256 OEGEZZITIY | 10 BOEHAREE 2 O AE 2T, AEGRNE
57 7 AOMWERE T T L E UCRIHERE Lz, 8EFER 1 LR B2AREIIEETh
—ARNHA X ZXZ, ARTA R 1 &L, IHEHEEEIZ ReLU Z AWz, T 258~ v 7 13E A
AR EATH T EIT 32K, 64K, 128 LHEC L, BAIALDIHKEE T 256 O FHE~ v 7 & H )
éﬁtoaﬁﬁﬁﬁ®¢¢ X 2X2 D~ w7 AT =V T REIE~ v 7 ER/NS LT B0
%ﬂkoEﬁﬁﬁ®%%ﬁ?i7mwﬂw7AV~v7WJ/7Mﬂ%%WT2%ﬁE@%@%&L
THit L7z, BAAB R ORHE~ v 7 % BEGTBIC AT 572012 LIRJGICEH L7k, 280

EREGBER T, KB TY 7 b~ v 7 2BE VT 16 KTl ﬁ@b ZOERKEE H DT T A
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TR AL LTHWE, A CIEEAEIREZE L0 ke y 7T haHWe, €7
IR 7 2 v m Ay s e— b7 v =Y XA RMSProp & iV, FEE
TR POLEBNRE LRV TERNEIIC IXI04ITHHE L, BT LOREE AT A =2 HT
2,403,312 £ 720 pHEFERR 1 THA LT L0 USTRE L ro7-, DHEERR 3 08T 7 VK
ZIX 2.40 12T, FEFERR 1 LFEEEIC, T — 2% v MOBERIZTET M AT SAHENS, JTH
Ukt LIalis, A6 KER, 24688, L TBE), SR, BES 7 NoMTLE 7 v 2 M7 5 H
GHRN DI, FEITEET — 2 & v b O 5,600 Kz 300 Bl R LEE L,
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input:
InputLayer P [(None, 256, 256, 1)] | [(None, 256, 256, 1)]
output:
input:
Conv2D (None, 256, 256, 1) | (None, 254, 254, 32)
output:
input:
Conv2D (None, 254, 254, 32) | (None, 252, 252, 32)
output:
input: input:
MaxPooling2D (None, 252, 252, 32) | (None, 126, 126, 32) Conv2D pe— (None, 26, 26, 256) | (None, 24, 24, 256)
output: put:
input: S input: o4 94 HEp 5 19 -
Conv2D (None, 126, 126, 32) | (None, 124, 124, 64) MaxPooling2D - (None, 24, 24, 256) | (None, 12, 12, 256)
output: output:
input: input: - -
Conv2D (None, 124, 124, 64) | (None, 122, 122, 64) Conv2D pow— (None, 12, 12, 256) | (None, 10, 10, 256)
output: put:
input: MaxPooling2D 2 | (None, 10, 10, 256) | (None, 5, 5, 256
MaxPooling2D (None, 122, 122, 64) | (None, 61, 61, 64) axPooling2 — (None, 10, 10, 256) | (None, 5, 5, 256)
output: output:
input: input:
Conv2D (None, 61, 61, 64) | (None, 59, 59, 128) Conv2D —| (None, 5, 5, 256) | (None, 3, 3, 256)
output: output:
input: . input:
Conv2D (None, 59, 59, 128) (None, 57,57, 128) GlobalAveragePoolmg2D - (None, 3, 3, 256) (NOI‘IC, 256)
output: output:
input: input: -
MaxPooling2D (None, 57, 57, 128) | (None, 28, 28, 128) Dropout —| (None, 256) | (None, 256)
output: output:
input: | input: -
Conv2D (None, 28, 28, 128) | (None, 26, 26, 256) Dense [———— (None, 256) | (None, 128)
output: put:
input:
Dropout (None, 128) | (None, 128)
output:
input:
Dense (None, 128) | (None, 128)
output:
input:
Dense (None, 128) | (None, 16)
output:

2.40
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2.5.4 EERHER

IREEER 3 OfER A 2.6 IZ-T, 5 2OV Ty O T 95.69% D IEMRE L 7o o7-, FARRY
IZiE, 5 2O¥ 7ty hOEE 7,102 FORGET — % D H b, 6,796 (& 1E L pFETX 72, ks
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L, EMEERIT90% (100 R 90 1) X0 & BRAFRER & o> TV, wpE LR TOEMME iR
TELRERERST,

HEER 1 TOMETH - IEMEOLEBIEL T, ®RICL > TEEENRKEINTND Z &
DHERTE /o, KR E LT, BT WK T E AT A =2 O, FEEORBELEITo7, F
Bk O FIEIC TV IERECTH - 72 v b 4 (TR 28RO IEfERE LU AEOHE
B 241, X242 7, 2EER 1 TIEFE AR 3/4 218 & THIEROLE K 16%H -
T=DIZHRE LT, RR 220 L= 0% 3 TIXFI U EE 0 8/4 2 X 7- 28 14k 225 [FILIERICE
Wb IEFRDOEED 55%IZINE > TV 5D, [AERICEEMEIZOWTHEHNIA LN TEY, FH
KTDOEA I TICE > TET NVOREENIGEICEAT 5 Z &idel otz

# 2.6 yHEER 3 TOLME

IEfRR
B R 1 93.42% (1,428 {1 1,334 1)
RBRAE R 2 97.33% (1,425 11 1,387 1F)
ARBRAE A 3 94.65% (1,420 {1 1,344 1F)
R R 4 96.19% (1,416 {1 1,362 1)
AR R b 96.89% (1,416 {1 1,372 1)
5t 95.69% (7,102 {4+ 6,796 1)
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RFEITHI CHER TE 72, 3 DDFHNZIONT, FiE 2kIL~ v 7 ECTHRERICHER T2 2 LT
x5 (K 244), DO NEHINIE~Y Y T ETOY T ADBAANER > TEY . FFESEEILTWD
oIz, MHAICRESGFES D ATREES @V Z E RTINS, [FERIC, 2)IEH dh & A4 A VB3
IS LT W &L IRTEFEF EERBLLT NI LIZONTH, &7 7 ADONAMNEL
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IO MNEENTWD, ZAHIFEAROR TR THHBIERNES 2Kk T 7 ALkoTnD,
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2.44 t-SNE CORE 2RIt~y (F7k& v K 4)

LU D, MRS 2 EEORE TRA~SGATHICHI- - TIE b2 58\ Bk
bivd, FRIOMBRE Tk, SWERIERE I ORER DT, FEERITIIKMED b 2 Bl & 5 5 & HE
LCLEY TARKL) 2BAWSTZENEETH D, RIS, EEHROBA TIXER % X
mEHELTLE S RREE) ofk/MEbRO LN, HEER 3 (2B 5 Ak LOREMFHIIX
b2 7 A 5,075 {FH 82 1T 1.62%., &5 ORAMEITIER 7 T A 2,027 1 38 1T 1.87% & 7«
STWD (£ 2.7) . £, t-SNE 2z 2 otkiE~ v 72 /L ThH, BURIEK 2.44 TRLT
L OICER G E RIS EEO DA 2 I ST 52 R L <, EROLHHIZEWN TS R L KO
RS DRAEDRET DRV EBE SN D, ERICHIT TRt E I S 512X, REET —
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£ 2.7 IR 3 TOLMAMERE

Efig Rk L ARG
FEERRER 1 93.42% 2.64% (1,022 £ 27 1) 0.74% (406 {4 3 1)
FERAE R 2 97.33% 1.18% (1,019 {1 12 1) 0.99% (406 {4 4 1)
FERAE R 3 94.65% 2.27% (1,015 ¢ 23 1) 3.70% (405 £ 15 1)
FEERAER 4 96.19% 1.19% (1,011 {4 1244 2.22% (405 {41 9 1)
FERAE R 5 96.89% 0.79% (1,008 £ 8 1) 1.73% (405 £ 7 1)
5t 95.69% 1.62% (5,075 {1+ 82 1) 1.87% (2,027 {:+ 38 1)
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FTRCOZHERRKMGICHK L TCAFTA— LV EEDD ISR N ELE LT D20, mmm@
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WA - 8 L. SAEE, AEEME, SEOmEOEDIIEMRT 5 2 ERHImTE 5, RFIC
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N— = ZADOEGEE S AT L TREL Z2MH 27200 FEITIE, WAL EDOE FR
HFIEICHWDRBEDEENREZEZ NN, KkH—KAICHNON TV D DIXBEEDOHFHETH 2,
MEIISEETHY . ZORPEURRHAMCTEME LTV B, RELERRLS THLZ LMD, BE
MM EOTFEL L TE<HWLN, 2o V=TIl THE T 2 —=v 7Mbb, LirL,
AELZMEILELS ET2HF0., KGO ATREELNDH D b OERBAICHRE TE 5 X O ICHIEZ
TELToAE R, IER A KM ERRT 5 RAEE] RERLTLEI 2N LS b D, BELEDHK
BITERET A ORI T, AL OBHERO THEZRESELIREOEZEL L6727,
KIaSHMETH DA, FEND 2 VGEAITEATWIREEEZEONIZ b D2, K
RN < RGZED L DONRSHEMEEZET 2 X5 ehaid, HINEEREMEICZRY | EFITEZD
N—NERETHVNERD D20, BEOFTEICL > THATWAHREMNREEZ1E5 Z L IXRS TR
WV, RATROBEBEZMEE TEH L ABELOMEIZIT I 20IZiE. FL—F - A7 ORRICH HiRE
HORAIZHEREZMT RT UL LR20N, ZOMNIIFS TIERY, 202 LiFr—nL~_—2
EGAREICBIT 2 REOTETH Y . B LWEANIC K- THRIEPEEN TN D,

CNN Z R\ =AMEmAE O B2 B L LR AT ZERESNTEY, TR HIEKR
XL, TNV RAOHEFEILELDZBD, FET—XOHFEICLDLO, BGHEGOLEIZLDZ B D
N5, MRBEOSHENMERER Eo=dD 7 /T Xt LT, Staar HIZ X AEBIERESE % v b
U — 27 [45] & N T 7 AT v R BE OGRS & L& 5 FE[46], Tao blickbvA— =
a—X—3y hU—7[18]1%fET 5 Z &L T, RMGONLERFE L 7 T AFEDW T DK A7 TREE %
M b X5 FE[47], Hafiz HICK 5% 7 T AGFE AT 2 7 FARF@GOT oo T azHns
LIk T, FEOIKERL L, FERETIF S Z & CoEiEa M LS8 5 FiE40], FES
IZXDET VORI % Feature Map & 975 Z & T, FEBRIZHAE LIS WRAD /Y — T
WHHISEE N Z FEo o FIE[A8l R ERRE SN TNV D, T— X O EMMEICEH L2 FiEE LT, Prez
HlImkot D7 —% % t-SNE Z T 2 IRoTZEMICHOIA L T (IQR) & HWTHE T
— Xty NNOAVEZID BRS 2 L2 Xk - T, Ko tPERRZ M E S5 FiE[43] 442 L T
5., F£7-. Aghael HIIAT7 T4 COBEBBHIC L > TR EINT-EBEFZEHTHZ LT AT 4
Y OH—RPICH R A KGO M ERER EA T 2 FIELAIREL T 5[49], CNN % Hu =44l
BRAEHAMIT A 2« L L TR, RHEERN L 8 —EOREZERINTWDA, Kifadho fikL
PHNZE B L, == ZA LTI - 72 Bk Ui & GRS MG Ol 2 LT 57200
FIEITHE 20,
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N TRZ VO AR T D &, RBLERoTm Y T NDL L TRGO FTREM 2 R T iR %
FFoTWDZ ERMERTET (X 3.2), LLAaRb, ZADLITIER O fEM 2 /R T RN KK &
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L OFAEZIHTE 2 RN H 5,
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BRHEICETINEFEIND Z L TEEBEATHL (K33 (o),

CNN CNN

(a) FRZ~VEML (b) HRMEDFIH (¢) EFTVOTH

X 3.3 CNN OFEmfEAK

59



CNN ZH\\\ 2% 7 7 AGHEET VNFETH ETOIEM T ~ViX, T AEHO S HMEZRED
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DEENDREEM 7 T AHET D EFROLMEELFFOMESME L TEZ2LND (K 3.4 (a)),
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BHZ. BT AR OMEFRE 5252 L TRVAWVEEER-E2 (® 34 (b)), 7L A
L=V T FEEHAWD Z LT, BT APBEICTE T —XICEET O LAMEITE, A= T
SOVRE L L CoEMERE R M s s Z b TE D MBS B([51]52][58], 72, T
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<, LVABMTELWY ZARBOKREZRL TS EFRINTND, 2F Y, CNN E7 /L0135
JEMERE A7) E S DT DICEM T~V A L LR, ABOBER LREOSMERoT2E 0D
ZEThDH, ZOZLEFWICERIE, EfET VO EFIEIZE 5T, CNN 7 /L OVER & FEd
LIENTELOTERVNEEZOND, B, AR TILCNN EF /MBI LT TR Tz
<V ) EEORBZHNTWD, ZHud, TR EWOIZEREIZIIRBETE 2V, AHD
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0, k # ground truth class(y;)
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