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RESEARCH ON SELF-SUPERVISED LEARNING-BASED
ANOMALY DETECTION AND LOCALIZATION IN
INDUSTRIAL IMAGES

ABSTRACT

With the continuous advancement of intelligent manufacturing in
modern industry, deep learning-based industrial image anomaly detection
has emerged as an efficient solution for industrial product quality
inspection. Deep learning methods can be broadly categorized into
supervised and self-supervised learning. Supervised methods require large-
scale annotated datasets with precise pixel-level labels, which demand
significant human and material resources, making it challenging to meet
the needs of large-scale quality inspection. In contrast, self-supervised
methods only require normal samples for training to detect anomalous
regions. These methods not only address the limitations of supervised
approaches in achieving high accuracy for complex or subtle defects but
also exhibit stronger generalization capabilities, faster training speeds,
higher detection efficiency, and broader applicability. Therefore,
conducting research on industrial defect detection based on self-supervised
learning holds significant practical importance. The specific research

directions are as follows:
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(1)To address the challenges of scarce defect samples and high miss
rates in industrial image surface anomaly detection, this paper proposes a
self-supervised structured reconstruction-based model for anomaly
detection and localization in industrial images. The model requires only
normal samples for training and can achieve accurate detection and
localization of anomalous regions. First, the model reconstructs the input
image using an autoencoder. However, due to the strong generalization
capability of the autoencoder, anomalous regions may also be well-
reconstructed, leading to reduced reconstruction errors between the input
and reconstructed images in anomalous areas, thereby affecting detection
accuracy. To mitigate this issue, this paper introduces a multi-
complementary mask fusion method, which reduces the likelihood of
reconstructing anomalous regions through multi-angle occlusion while
maintaining high-quality reconstruction of normal regions, thus improving
the accuracy of anomaly detection. Finally, multi-scale structural similarity
loss between the input image and the fused reconstructed image is
computed to achieve anomaly detection and localization. Experimental
results demonstrate that, under image-level and pixel-level AUC
evaluation metrics, the proposed method achieves anomaly detection and
localization rates of 94.9% and 95.6%, respectively, on the MVTec AD
dataset. Compared to the best-performing baseline method, these results
represent improvements of 1.6% and 1.7%, showcasing effective detection
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(2) To address the challenges of insufficient defect samples and the
imbalance between detection efficiency and accuracy in industrial image
anomaly detection, this paper proposes a self-supervised deep memory
feature embedding model for anomaly detection and localization in
industrial images. The model can accurately detect and localize anomalous
regions by training on normal samples and simulated anomaly samples.
First, a simulated anomaly strategy is employed to construct negative
samples, effectively addressing the scarcity of anomaly samples. Then, a
deep memory feature embedding module is introduced to capture feature
differences between input samples and normal samples stored in the
memory module. These differences are concatenated with the input sample
features, thereby enhancing the model's ability to infer anomalous regions.
Finally, a novel multi-scale feature fusion module is designed to strengthen
the effective integration of local details and global contextual information,
further improving the model's detection accuracy and robustness for multi-
scale targets. Experimental results demonstrate that, under the AUC metric,
the proposed method achieves a 0.7% and 4.9% improvement in anomaly
detection accuracy on the MVTec AD and BTAD datasets, respectively,
compared to the best baseline methods. Additionally, it achieves a 3.2%
and 2.7% improvement in anomaly localization accuracy on these datasets,
making it more suitable for the requirements of current industrial image
anomaly detection tasks.

VI
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(3) Based on the aforementioned research, a self-supervised learning-
based industrial image anomaly detection system has been designed to
achieve faster and more efficient industrial image anomaly detection tasks.
First, the system incorporates a user login interface to ensure security and
data confidentiality. Then, the system constructs multiple functional
modules, including model training and testing, industrial image anomaly
detection, and detection result controls, enabling users to intuitively
understand the complete workflow and operational steps of anomaly
detection. Finally, experimental results demonstrate that the system can
rapidly and accurately identify defects in industrial products, validating its
effectiveness and practicality.

In summary, this paper focuses on self-supervised learning-based
methods for industrial image anomaly detection, achieving effective
anomaly detection and localization for complex textures and industrial
component images. Furthermore, the proposed method not only identifies
the presence of defects in industrial images but also precisely localizes
defect regions and measures their dimensions, providing robust technical
support for industrial product quality assessment.

Fan Weiping(Electronic Information)

Supervised by Cheng Fanyong

KEYWORDS: self-supervised learning, industrial images, anomaly d
etection, structured reconstruction, memory feature embedding
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RS EE N L P UE R AT EIF S E OB ER, FRE it T —
T e 0 IR RPE G B P I 250, B T 2 RUBERMIE IR FE R, A6 Rk 1 4%
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G IR R IE R R A, BEAh, Oy 1 IRTHAG XN NG, 1205585
TSGR, B E & A R R s A SRR A 2 S

JE B BB T IRAER IR RSSO AT B 5k, (Bl
Pk B0, HeF B E KT AR ZEF R, R X ReE
MR, SPEOEMFAREMIRENZT AV, ERRNREE . KR, R
RN TSR BB BOH S A, HOG e S R 5 (G Ve A 2 o BRI, A
VROHURE S0 01 70 51N B B A% 408 5k R 50RT 22 OB RFAIE Al & BB OR S THSE 7R 12k
RE, [RIIN PR R B A I R SR AR AR by, USSR v . R . AR AA ) T
b B S H A o

1.3 TERR

CAE ARG T DMV BB S WA K R R Pk, YRA 7 MR SE N LIV %A
T2 F WAL 7 H AT A BB A e . eid 328 7 A B RIPE LB AT
RILE MBS E AT T AR I RCR L K A SA I T HARTE, SR
NERK T EGRERNINEL — ACEEPFTRAFWE 1-1 s, X%
Gy NPIRTTIE: FET EUR B T VAR TR R IR AN R 778, BARIX Ee 7772
FETob R R B B PR RE, (A IRAFAE — E I RIR I . B AR A an T

(1) FH B A 3 22 ) ) S i 2R 3K

ST B 5k AR BATROR A ALVERE , (HIX PRI AT AE - U H DXk
PAE R E AN IEF AR, (015 F R SR a2 8] 1Y) 22 7 i 5 B AR o XAl
BB IFBUEHE AN G WA R AT S, IR 1 AR i) 7
Rrge 7y, RltL, 7523 mT R AL IR W AR A BAFIE R s U7 i, AP RIE W
5 REARE @R A B AT e RIS, RS BE L 7 1) S A U
HEZE, A3 2060 IR SOREAS AR BE 7T AT R A5 BE 410 e O 00 428 o

FERT LA B 1A, 5t 7 bt R A M A A ) T R AR S
PR B e, FIHIEHEFEARREAT IR, IOl A2 RIZSSTHAMBLEZ KL MS-SSIM
M2 RUZAR LR BEAH U452k MSGMS, BARTHm A BHR 5 B 8 BB AE 45 F A
BERARME. BEJE, $RH T R BAMER A S, e R R R
BER AT 2 0 BB, PR B e XK R ek, sl i i) A 45 2R
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RIBEALIE, AT v 5 A 5 5 7 (R HERA 1

(ARG 3 AT FSCAR 1) 114 i) L

ST RF IR I VA AESEER B B 5 ZE AT R A ORI UL FC R AR, $8n 1 v H 5
A . BEAh, B TR ALY R A 0 2 AR 5, 1T ELECR L FONI 25 2 4K
BEATRFAE RO S A I, O WA AT 55 MG VRS A AN L o BRI, el 7
SREAE S R AR B2 T SEBLE G R WA TN, SO AT AR W SO T
A A T P — A B

BEXE BB R, BeiE 5 RS T B E A ) IR AR AR AL S,
M AP S A R WA, RO R T N B R R S R A MR R 1 [
RJE, P IER AR EAEABAT ISR, 55 ARSI R IE B AR B,
X A AREAS S ACAZ BB A A IR IR RS, SR Z 18I vy R I 22
FE, AWIINER A R e . Bem, N 7t B RTHER I RE /7, Wit T
2 FUZRHIERL G, T80 Al & A FJE R IER) B 3GE UE S, it 2
A HE N BE ST -

T 5 BRI 0 T E G E RS b

T K
SRR AR S 5 Bt Sfms RRAERA SRR S5 5
L EAEUE (LA T
,,,,,, O, SNSRI T [ meEmL) ”
CIS T B R R Y o) — Ty T S— - R
Wi, SECRI B s
HEIRE | = ¢ '
pras MSGMS. — KA A
o 2. AS AR i wE MSSSIM, MSEfit N UGV e $iik
FIGREHRIRRAN | (€, WTREISER | an REE | L, BETEREME A s
W, FRECHHE B, NARAARRHER ANEe e NERI R, b i e
e B AR R A Bt LI e Be S zrmmEe
' '
SEHRI A T —— RETLE DLt 7 — - GEARWHE

BT B BBET W T RE SRR RS
K 1-1 WA AHER
G)ETLAEWITT, 7SI ERGE . s R T B R WA AT 55, BT M
P SCEE ) B M o o1 S A A R A 1 T B S R R G s . F P
A LA 2 R G 0 D) BE S S B THEAT B AF, b BRI ZR 5 ut. Tk &
8 Al A R A I 45 R A1, T skBlar & SCHFRA L F2 7 8 30 DL A H AR
— B R, S N BB AR T A
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1.4 EBLHE

W1 k. MR T RERNEENTUE RS R XU BRI R E,
BSL T ASCHIBE e e st ME LT 1, 3 LB 1 B BT F0 R k5 AN R R 7 B
&, FF R T ASCRIRT U 2 B B A ST Se B S ik, s rdl T AR
R F TN A

552 B IR TSR SRR B B A S R AR N R ARE
IR TR IR EAE, Kb B AR GRA MZR TaT A1 20 I R 22 X 2% A5 B
AR PE 5 STHEQIE AR A 4 ARG A4 1 B B 2 =) S W e I 1) A e b e 2 0 0 55
2 o)A T MR A R AU A TR RN R 3 AN T 7%, R e KR
W abrtAT 1 R EA 4

3 BT H B E RN T RGNS e . B5%, FAHIE
HREABAT ISR 2R, KM 2 BAMER A I B I B R R R R T 2
AR, IF5I N2 R SEFI R ACLE S5 SR A0 22 RUBE A58 S8 8 FEE AR BA PR 45 A i Y
INERP N/ ISP iBuRa g PN SoTeiRE gk AT S ENVEFN 221 (kN PR
Wk, S E XI5 5E A .

94w BT B MERECAZRE BN Tolk B R A S e AL,
AL ASAU S SRS A R RS, IR IR R A AR R AR AN AT U 2R AR
Ja s GINIRFEEACACHFAE RN, 3850 B AR A 502 b Ak 1) I A
A, RBUHE Z 18] ) R PRI 2 15 R o i Jm, A0 1 2 RUERF AL Rl A Ak,
oA AN FE R R RFIE R _E R S0 X R .

505 5 TGS HE AR SR BT SEEL. M)A A Il AR 4t 1 v it
SRPAFEZ AP 5, FAMEM PyQts KB R #iAL S im, HH %
G SE A MR IR BARBC B . 285, RGUEFF BB AT 5 SRS AN 32
B, AT S TR P PR S A

%6 F: BAERE, RERIASCRINE T TAFIAT 845, e il R
OB ) S AR AN, IR TAR AR R e ta g 7 e 2.
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£ 28 HEXEMBIRSRA

2.1 315

AR, RIS T BARAET FHIL I 55 2 OIS 1 R, s 7 A
TRBERIPIE R - N 1 A B A SO PSRV M BB A, AT IR
BFRE MBI G R ERMEOR . H56, MIEREERMEANT, NHRE S
IR OB A T o SR, TRANIRIY SRk A AR 2 X 2 A e K L 2K
Bt frJa, VEARHT B MR A SR S AR T K 8 5k, R SRR SRR
R SRS U

2.2 REZFSEMIEIS
2.2.1 EFHEZE ML E /T

HBRHZ M4 (Convolutional Neural Networks, CNN) A5 J& 24 5] 455 ) £
SEBERE, L BER R RRRR ¥ 25 RS S A A R B A A5 X 2%, AEAN AR 55 R B
FERPERE . 1% 0 i i B S AR E AL SR B H B, RS m AU B v
G FHE, FenlE A TR A SR . A 2-1 s, SRR CNN 42
T Z AT R R, BFEEERMA R BHE . LR e R R, X
SRR AT AT AR AT 55 75 R RG-S, M & RN R S s 8 S, 35
FUZ BB L 2L ONN AR CVRFAE, B FEARRAE B 13 Bh AT R S 32
B, A RO SR N 1 7S A 2RSS B . MBI AMURIR T S8 E, i©
WEBE TR . AR B, I SO R AL IR AT A% O T

(C:> ] — — W
— N4

— B -
AR A it

EEER

Bl 2-1 BRIME I 8 5k it
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(1)%*/\ Z?i:ﬁ
GIREENBIRM A M2 1% 0B 3R, I8 B LLE 3h & 17 e 2k

BB AEROL, G AR K 2 Bot i /iy P AR AN S R Sk AT it 2 >0, T
Al -GN TR KA B, ERER&ESHOCEIRE, B> 7R
M. GRAERG EZBERWE), X EGRA R XSRS, 38
GRS BB R DX =7, — RHIRAE B o R B RS Rl
AAHHEA, BARRTRMAEG RN SRZRGT SRULETE TR A
(LAFWINE

(F-K+2P)
S

XS b K, PONHTEE, FOVRABRGIRS, KANERZM RS RN

EREEWE 222 For, BIRSIZ KN 10 RSP 2x2 (B RAAE RS
3x MM B LI, A BB G R 5GP N AL E S B f AR, 75
B RAF O 2 x 2 W Rk &

F = +1 (2-1)

s [ 0] 1|

ox2+3x0+2x1+1x1:31‘*~~-~5 ] 3
4|8

gy
2-2 BRUTHE

Q)=

AL JZ A2 B A 22 W 2% T ) B B RG22 B R R AL B RS 1 1
I4ERE, Rk 7S BTIR AT AR Y o X [ 2 SR AN R A% 3 PRI TR 1)
TSR, ] DU 2 R E P ARSI R GEAfid  & . Bedh, b Aeeds
TR 1 W 285 N KR (0 LT AR HANAR Y, B = BT A2 MUBE e 55, AT o
TR P2 AL RE I G . ARSI 3R, AR B () 4 AT, W
IR 72 A e KA A A i A 5 o & 2-3 Fros, S KB b Al il e Bk
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2 Y PN RN LR O B 5 e 25 PR RFALE A 82, 7 42 b P DU Je et T 50 53 28 DX sk ) -3
(ERIRAFF I HRFE RS o X LEAN[R] it Ak M 2% FLURR i, DR 48 ek it
ROt T 2RI R R

|
RER
AE %@ﬁmi 1(5(3| | #xiwk [5[3
3|4 5|17 i 304
L - - — 1
2-3 TR HAL
(3) B ki £

Bod RS, WHCONIERYE AR R, %2 3 AR R I 5N ARt
KFR, MRS IIRIEREST, MRIALRENS 5 o) B AR MRHERRCH. o B B2
HH AR 5 (R0 R RO B8, 0 R R LA R LN S B S, B AR S H
AR ARG R G RS, HOT RN R TR AL, DUk 5 Nl 2 i R
P B, AR ISR A BR BIAE— S BRAYE A, DA R BRI R e Ik 72
LA, 5 0SB BUEHE Sigmoid. Tanh A1 ReLU %5, Sigmoid B
HOR i N AE WL 20(0,1) XA, & T =43 9841555 Tanh bR ECUNRE 4\ (B W 21)(-
L)X TE]), BATEP ORI, BT s B A $4; 1 ReLU (Rectified Linear
Unit) PRSI 2003 rm HREAT S M0 BEH SR I R, RSO R PEE 2 ) i)™
2R BOE R Bz —. b Sigmoid. Tanh F1 ReLU &30 K 3R

Sigmoid(x) =
g (X) Tre (2-2)
Tanh(x) = 2Sigmoid (2x) 1= &
e (2-3)
max(0,x) x>0
ReLU(x) = { 0 (<0 (2-4)

H AT ReLU CL8oA 1 55 I ROBGE R AL, ROUAR LT HA IS R 2, ReLU
THE T R AL ReLU fE x> 0, SEUEAEIN 1, XA ERERE EErh e
TH R J
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(A EREE

SR IR PR E BTN E W A, BT K ThRel. .
X —E, SAMMETH S ZNITAfE e ek, S8 ERN
PER, 5 TR SE F By SR, BEAE IR S BRI AW, 4
TR R I SR PRV M 2 B, U HRAE TR BCR A RIE M R IA L . N T iRk
XL ) B, AR Y ok R 22 R FH A AN S 2, R T ARG A 2
e A AN S5 A AR R HE A R AL B, MUK IR D T S50,
AR T B EME S, FHEE A TRELTES, G5 #I80 HAr
Mo IXFPGER BT AE ST R MERE IO RN, B3 M TR A, OO 4R
TSR ER S, AR E R A5 44E T H T %

222 ZHEFERNE

(D)FERSIHLH

FEGERIPH M EERESE , VE R B B Dy — T v RO B U5 70 L SR, Refis
A RSN TH R BEURSZ B 7 5T BOAE B I kA o 2L A O S SR S8 I Bl A AL
EAC, AR AN RIS 2 HT AR S5 AR ORI RAE R, [N O R
TUARAE BT XM SR IENL AT RE 8 2 2 FEARTH R R R, B w] BLd
A1 5 O SRR LR (10 2 AR S A TR PR 0 70 B 0 o i B R A T 3 AT
TR IR SEIL T B A R RS VR AR, AR 1 00 245 1) A BE803 FNTIAS
J&.

LG 13 R AL 8 5 QI R 7, S8 I 4 SR A S G A R A P R A T
HHTRHE. AHELZ T, AARTER /) (Coordinate Attention, CA) M %% A 4k k4761
W GIN T XPRAE B s [ AN ) AL RS S S o IX — AL H AR AE T i i 42
T3 (AL B )R F R R, MBS SR AT (1 B AR L RS, CA MU REIE A R4
AR R R B AR 2R 5 3 R 35 B AR B AR 5] PRI rh st B B AR BR AELATS SR AH G
(RIS RN X 38, X — R PEAE S A DU AN H Ak U S5 TSR AT 55 R AR U
o A, METAE G AR B AL, CA FE IR TR S AR/ ) B
fifi b, MRORSCEL 7 R RVERRER T o XA ITHE BIEAE S CA fE bR R H 7 5
RO T E R AL A R g, A BT S A S B
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WNIEl 2-4 flos, ARRRIERINLEIN S S5H, RSN 5, Se R U A\ Ry
LB 98 EEW AR BEH o 396, RIS — 2 4 R T 20t AL R AT, RS AR 18 £ 3
BRI 18 B0 A o D PN SRSL R . e, X APool HIF-7E 98 57 17
BEAT P23tk , 0 Y APool U F 7 v E 75 [ 32EAT - # itk « £E3RAF T 2t Atk )
REX AL B A S A4 AT HEE, LUB R M ERERFE . Hx,
RRAE XS P 5 R B AT I8 R 4 . X — R 5, #EATIH— AR, It
TN PR, LAt PSR IR R . IR, R SE B IR AL R B E R o AT
[Tl &, EERTEEAN T AT AR ERAE . BRI, JREEX AN T A REAE ) R T
o, UAEEATRERE ILAD . £ J5 , 383 Sigmoid BRSO 1% 5 IRFAE [0 Sk A7 A0 3,
TR 5 IR an 4 N AT BAE AT 18] EREAT IR, B 2 Az il P 75 P HH ARFALE B
RA TR s TR IE R, e M 72 EERE, AT RSN

FHAT

‘ X Apool ‘ ‘ Y Apool ‘

‘ Concat+Conv2d ‘

!

‘ BatchNorm+Nonlinera ‘

b

‘ Conv2d ‘ ‘ Conv2d ‘

P

‘ Sigmoid ‘ ‘ Sigmoid ‘

Bl 2-4 CA 454514
(2)UNet 25124
UNet [ 28 A% 0o JE B S0 G 00 25 - AR 0D 4 S8 Ay SEZ TR LB R RG s 70 11500 A
ZRH LM g ik Ae, I — RPEBIBA R IZ D IR B E OCRHE, A
FEAAFAE B B 0 % s A MRS g4, I E R RURAEIZ D I 7 Pt
K, FFREA K E gmiD as K ZE URFIE . UNet FIBIHTEZE T 5N T BEKER: (Skip
Connection), 4 ith 2% % 4% H HIRFAE ] 55 L) 2 AR HO 0T B J22 B0 3%, AT
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AR T B AT, BERTET B . UNet A (LA BN
RIS R ILR, T BTS04 A T 2B, WG RIS R T —
PR EL AT SR T %

e (o o | [ ] cam]
e Ui

[&] 2-5 UNet 17 HE 22 5]

N 2-5 fos, gmidds o tHAE AR G B AE AT Maxpooling ZH AR, H A i
Tk RERBRAGEE, EEHERZE. T2 Relu Wi R EUZH K. 556,
K N i B A5 B RE I EAT Maxpooling #:1E. )5, TK
PSR RFAE B B 2 =AU S AR AR 3] 5 AR Z R ARERE, IF H A
T SRR R B E O 5 1 £

R A8 53 A2 T G ) 2 A RS AIE P ik 2 38D s PR R ST R 5 44 o figehd
FZA FRAERGRIRAEALR, 18 ARG LR, BIERDYT KA
e )2 B 4ERE, DASEBR N UG s de e th . 52 ERFEZ)S,
UNet BAHBRERERE, KA B2 1 gn s 34 1E 5 fR D 28 0 RHE AT P . X
P SO VR ARG 28 7612 05Dk 5 UG AR I, 1) MG 5 25 Hh SR ER 4 15 43 S AR AIE
MITTA R B T BRI S B E B A B TR UE R

223 REFIHESE

TR JEE 5 STRE SRS iR FE A 22 I 28 AR Y PR A 2 Ik S A S (M SR R B L
Fofe, W PRSI BdEgene. SEmide s U S HIEZ 0 TEE. A
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AT, ERANEIL T A B IR CIHESE, & BRr s, (RAESR A L 5,
TensorFlow Fll PyTorch 1752 B F e AT V2 (P K R IRHESE o DL %3 5 AN HE 2 ik
17 R #T

TensorFlow H Google FIBAIF & 3T 2015 IR KA, LE RN H &) 2
MIHESE 2 —B7 AZHESER A CHENR)Z LI, [FR424E Python. C++Al Java 5§
ZIET APLHE I o HR U m 2 P B I ISRt i b 20 W 25 T T S AR, SO
2 IATIHE RSN GR, HARST Ty R AR g, Geis i 2 A FK
RUHH 22 X LRA TR (R i 5 5R . R TensorFlow ££ 22 AR AN TV ARG 7T 2
M, AHIEF K IG PyTorch FIFEI5E 4+, NIk, TensorFlow f£ 2.0 WA H AT
TEREH, SINT RN HATR LSS TR, M i 5e 4 7).

A —ERAHMELL PyTorch B Facebook A T.% REMF 7t Bi A&, Hoal & 23T Lua
[¥) Torch HEZE, F 2017 FEIER K ALY, ZHELLL Python /EAF EHRIEE S, X
GPU I i+ 5324t 7 JFAE T #. 5 TensorFlow B A B AR, PyTorch %
ENASTHE BN, AR d AR U AR B I B R S . BT 3L APL & &
Python #ife I, HIEMt T EE M THFE, PyTorch FERHI S IE T K, Tk
AR HNEDEFUH R IE T & RE5Hh, PyTorch 1 H B0 ML IR H
BT R T AR SO AR, R B 2 IR et 1 i (0 S

SMARIMT S, TensorFlow Al PyTorch & A L% : TensorFlow £ T Mk 7 (] & Al
FUASAL R R ILFE H, 1T PyTorch WITE S AR 78 AN PR J5 24 FF & o 58 32 Xl
P (RS0 4 5 BT HER)) IR FE 5 ST BRI DO Jg , e 57 3 A B At
NEEZ A Ailprise Sl

2.3 BRERERNEEGE

FE T REALBERE R, PR WA B COERAT 2 B I B 25 1A
ST, SERRN R AR 2R E G, R R R ARG, R
b B HAEEAE 5%; HUG R EAEAT S EATENE, M ATSEE SRR
& BeAh, TIAETH R AT SRS TPt — 0 A IHESE . DRI IX
Sepbik, WA AN HOLER R 7 B R SR 2R TR, BRI S T B SR
VERERE, FET B B IR S W R i 5 VR 3B B9 12 U ) 2RI LT ) XK
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RPN BORIS L : SRR T BUR EE R WAil; 55 Motk T
RFAE R RS A o IX 875 0@ P2 s B S B 5, AR 75
FEAFR ORI, Oy Tl AR 4 18T %

BT MR FE R R8I B G it A S > 1R B K A, IFR R AR RO BT
2% AnoGANPIER A 32 i 4% AEUOVE s N R I g 4550 . BB, il vk 5k
NEG S E R B B R 2, SRR RIS . X TR BARE M,
{EAE S 2% 37 5t v mT RE T i B RS AN A2 A Il AL, PR 7 LA S B FH R AR

AR, FETHRFIER AR VAR AL R IV BE 32 B2 9% » 125774 R HI ¥
W5 R 28 SEBUENMG  m SURAE » 38 T SN AR 5 1 W AR AR AIE 2 8] A B oK
HIE S, I S d X . AR E IR, RAER Tk e 7 A KA
MIEBUE AR, BRAC T THESAR, [RI R Tl R o 30 HE B v 1 RS R B KT R
& 71, O AT TR R R T 1A

H

23.1 ETERGEEZNFERN

H A, 2T SR SEAR PRSI 77 252 214 iy PR S e DM A0 - i R e 2
— HAZOAE T B R 2 0 255 g 2t PR B R o 207 VE A F IE S AR A I 2R
2%, A8 HL 2 o) TE B I A A AR AREAE . T B4 g IR R e ) o TEHERERY
B, BTSRRI BWIER oA, EEd e A B RE. il
PN BG5S B 45 R 2 5, AT LSEILS 3 DX S RE B e 1 X 20570 R 8
PEIATE T HEAAIR AL, A8 8 I 18 3 g2 7 0 I SL BRI BR B 7 1o R
M, AR 2 2% 5K IRVZ A B D0 7T Re 5 BUR o XISl ir s s, 3 8UER
PEARN 8 FEAR 22 18 (R PR S @R ZE /N, DTSR 1 AR ) e i AL B 7 o 3 o
IGAE R AT BRI 5 T U B, BRI R B TS 4R R R AE S BN
HRIR R AL BRI RE 7). AL, R R SR AR T IR 2 (MSED,
JEENAR R PR GE A A BT SSIMUISE, An{A] %45 4538 (45 2% R IR VT A 2 722 o o
2 — k.

HZhgmigds (AE) 2T EGHEMNE R GIME MR, WK 2-6 B
T TGRS 1 () FRRG 88 g (2) BT ERM LA AiFDa8 £ (x) 3Tt — R BB FRAE
PEHURN BB X IS TERHE, K NBR R4 R gERoR 2, DA% 3] IR A0 1
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I EAT o B A RIS 3R g (2) I G R BRI AR RAE 2 B i ol e Bt

Rt X o I RE ) H A i MEE iR, R RS Bt 2 (ALK 22 5%
HH LT RE (MSE) RETEMABRGS EREE A ZER, JREET it
IrsEAill. A

z=f(x) (2-5)
x=g(z)=0(1(x) @)
Lue =I5 @)

Encode Decode |

= f(x) = —_— g(2) = .
O
VA X

K 2-6 Hgntdas 5 F AR K

X

232 EFHERANNFERN

FE RGN 0, TR IR B e — M B B ROR, o
AR TR — D RESAT RIX 7 IR 5 57 AL R A 25 8], A PR Es By
KRB IE 2 8] R 72 57 o 1205 15 16 S 8 5 T ZAE 7w ik 4 B o 2 SR BRI 4
Wi PR IER R, A AERF LS AR T AR AR S IR H AR TR R 22 5%, KR
ZE SRR A A o B T BRI, RIAHEREA N S
5T HEMRITEAF, FFAERA SR L T e 4B Ak 23 7] 5 2 A, T4k
HIEA IR B R SRR AT AR i T H A m b RACR  EfR 2B gl i,
FFREGHH T2 B I SUE 2 EREARANU A 1 3 HE AR e, @RIt 1
S RS BEAN BRI, SR B At 17 i A L AT SE AR U5 26

el 2-7 i, Jeon 1 A TRAIE HRON B A B A AR AR R, %57k
RO BIFT RAE T I T RIRZBEHLE, 85 FON 2R i BOM N 28 5 B 2 = ks
&R, FFA R E 2 A R I Gt R . BRI S, B0 28 28 K 2 RS
BRI S 5, 4R A E RS2 S B R RHIE RN . fEEEEp B, i
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THRZ RRAE (] P B 22 50 5, RTINS e DX R RS 1 7 o 5 401

FEVIZRIT B & 5B M8 IR 3 FEAS B S TN 2R — IR G B 4 I A 9 3L
JTRLE, I E AR RN E S BN BN . JRIG, AT 2%
AN A R 2 v 3 R HOCE TRAEZ R H A YRR 1 D9 LSRR SE AN T 5 %5
TR E Rk . fa, B R ERE RS, SR A E NS S
5k L B8 1% B 4 A5 80T DX 2% (RS MR RS o BAE 453 5% PR KR T R FH P s 2R e 5
AR BB B R AL AT 2, AT

z = Zl(a‘”’(n a% (j))? 2-5)

Forfr, CPRARMIZR B ER i ML » ar™ () R A LE AR SR | 2 IR A as™ ()
RRHUTBAE SR | JZ IS E, N, 2Rom CP 2t o e, 1M Nep 7n gl
m%ﬁfméﬁ

FHE ML
— IZMEL — KR

B 2-7 B FRAEERN 0 7 H A I A R A
FEDMRR B, K Ik R 73 4N IR 2 AR 28 BTN 2%, SR IR &
RIRFE B o I BB BRI B 2 [ 22 57, THEL R0 0 8. IR 0 ok i
TR EIAE, U 5E BUR TP AR S 1 X IX P OTVERE S 1 R I R E g A,
ELIRAE 4B R AL [ R BB AT A I, A B (R TSR A S
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2.3.3 1N IERR

FE b dh R i SR FE A I 55 20 B 55 PR REVEAG h, M S0 E W R Z AN
L E FUA R Rt I 48 i 4 1) S 70 B 12 BB EAT PRI DA R BRI X3 2R
XM BIE LR TS SN W2, PP 4 R 2L O 1 BRI i
SE IR, B 705 H R M 5288 TARRFAE I Ze (ROC) e st oz (14 il £ i AR
(AUROC) RNV AR, XL bRl I 456 25 FE A A BRAE T L PR AT
EBHE 4, SRR 5 VR BE AT RO BR BRI 3 (22, e NS B 2 1 b S R Y (1 A
MYERE. Mk, AUROC {EBCRER BB A A RE F ko, R R RE PRl 4R 11
SN AT S A 4 T R AR A

1
ROCHA%
EMHME o5] LAUCTH#2
05 1
EFEMEZR 0

2-8 ROC Hi 7

A RERE (ROC) MR — 70 BATS W H P T H,, BN 4 Sk
TP RAAEAFAD BE T R PERERIL, R A T A SO Fe R SRIE A 5 . 40
Kl 2-8 Fiow, R 7 — AN M) ROC M Zom, Hrh iR s (o th 83 70 3 11
PEEEZE, IR PR X R T I (AUC), ZLEbric UG 7R S AL B
B E . AFR AR (TPR), EER PR EREA KRS, tHE TN IE
T 3 S B IERE AR SEPR IEAE A S B LU AR . B AR R PR 2 (FPR), ®oR
RRRLRE SRR A R AN IEREAR BOME R, FAE N R 0 2R TURE AR S SEBR R RE A S
BRI, ttEART:

TPR=—_1" (2-9)
TP +FN

FPR=—" (2-10)
FP+TN
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2.4 KREBEING

ARERGVEEE 7RG F AT A IR R AR AR H Y, s
A2 P26 o (R OB ALAFEAT IR T, BIRERUZ . WALR . Bas s B 4
R S AR ) A i 2 R A EAE LR 2R, PRAEE 1 2 i B 22
ZEIAZ O, B RETE R TP AN UNet 2% 2840 . 3% SRR I AN [R) IR RRAIE 6
WORIRL 5 SRS, RENS A T I8 (M RIE RE ST o HE— 20 M 1 IX SR bRAE A5 S
AT S5 T AN B - )i, EERERTY 1 B S T R S A o
IR, VR B 1 3T R B AR RN R PR R SR S o IX S8 PR K
RO Ja S5 T I T AR BE 1 s i BB S, [R] I B 09 LA 53k
it it 7 EE S K.
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S8 S X IXRTVE MR AAE T B B, RS I8 1B 300 L S iR
TR, PRE e O X AR, AR A AR R R, 2
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FEBAFE MR FEAR MR, B i N\ R o R MR FE A M NSO L AR o 4R
Ji R 2 EANRERD AL 5 20 DN FEMR I 57 AR 3R AT 22 1 R, AT PG
TR o e AR T RE P, 0D BN EE R 25 SR B AL, SR e
SR . B, B THE N BUE S A T MR I 2 R S A AR AL
PSR SR,  SEHLSRH XA 5 58 A3
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3.1 FHNERRERMEE

| R
FeFARID

BEEMER FHEALE
K 3-1 S kil 5 e AL &

il 3-1 fow, Wik T T EGRE RS A AR . ok, R
BEATnIX HAMEND, PASRASn A BAMEBIS EMR, Hrh i KN e x fAMEER. R
J5 A TR ZRAS A FE L MR AT S A A B, AR o N PRGOR 2 2 R 2 )
MEERE, HFIFEENERERRETSE, HEENREESETE x 14
BRI AR R IIE, Hrh i KRR Rk BE T et ROR, HHEEEN
HAEIR AT a, THEARRRE E AR R A0 T e E A R R AR
AU, A M 2 Pl afe DA % 10 2 A B R AR A5 B b5 EAG R, TR A
PG AN it B A PRIMR 2 TRV 22 JRUBE S5 R AR AL % 22 SIS e o
3.1.1 H#EEG%IT

ﬁ%,Eﬁk@@%ﬁﬁw=?x¥4@%%ﬁ%@ﬁ%@@1,%4@%

WESF x fRER, HAWHNHZRA BB SN 25, S A BGR A B R
%m%%wﬁﬁﬁﬁéma=LZwu,Eﬁﬁﬁ%ﬁm¢ﬁ%¢¢ﬁﬁ,ﬁ%ﬁ

NGy B RS N BB e BRI o8 EEAT R ) — BE RS B R M, , TR it
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HHERS BB M, , FEAS B M, S ATk P RS YN THEE 0, HR/DNITHEE 1.
e, BN EG R DL B R R M,, 15 B n 8IS B R Ly, -

(-1

&1 3-2 HERD B (R it AR
e 3-2 fios, B N G S BEW R 58 BEH N 256, I3 32 x 32 M #%,
FAMIKEEf x f =8 x8MEEK, HWABBGT IS5 A EAMES,
SRS N BUG O3 ) e LA s A HAME & AR il — ER RIS IR M, BRZAF B InE]

B AMEM R .
Iml ]mZ

K 3-3 n = 2 HAME SIS GoR ]
e 3-3 R, FIEEEK I Afe(8 16+ 32) MG EIG, Hrb 2 kD
FE H A
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3.12 S EEER

ASCT5EEET UNet+HE A SRS B R K F 2, AL T UNet #48Y, UNet++
FAG R I8 CRIE RS I A2 AP RENS). UNet+H8 1 75 AN [R] B I RFE B 5
NSRBI, K g A2 4 H 1 RFAE [T 15 A 2% 25 B B RFAE P S e 4%, 2
FIRD T EBEMA R RS, AN, UNet++ib 5l N T 2 REERHMERIG I, 8
R EANFRRRE, ¥ RER S RE A RS &, L7 3 K&
4 e B R SCfE B,

s | Cowv || BN || Relu || cBMA

= | Upsampling

wp | Map ooling

o [ o
K 3-4 2ok UNet H AR = B
i 3-4 Frox, gD EsE o AR A G HAE . S RO & Ktk
(Maxpooling) 41, i B EAFLFRERHEGERIE, AFERE. H—HZE.
ReLU Wi bR U2 A S 2 L, 5 %, N R 2 B A AR A2 BURHIE
bt J5 HEAT Maxpooling N RAF. 285, T RAE S HIRFAE EE A =GR A SR ATF,
AR ZHRERFER . f)a, # ERFERRIE B S R — 2 R E RS
K [F]— R AR IR AN A R R R o FERRRGERER 77, e — BRI IE R & |
REE, F SIS EENT R R RE EIR G . 2, @R E SR FRAERIE
K, A EIER . ERMOTERR A T 2 RERER A B0, 271 1 Bk
JEE AN O) B g 000
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3.1.3 kL RBuLIT

7717 (MSE) 1EACER ¥ &) SO AN 5 B 72 S 35 /NI UG IR R I R4, AR
TR AR SIS R R ENR, KRR S M. A T iRX—A R,
SINT 2 R ELERFLLER S (MSSSIM), Z 45 2% BB AL . X HL AT g ) =
AN FE R VAL UG A AR R (R AR DG, B8 B 4 S 4 LB ) 4 SR RFAE
WAk, N T DR UG IA R SOR AT DG, AR SUREE S T 2 R ERE
AR APES 2% (MSGMS), 40 Sk R Bl v RGN 2 R 2 5, AL
TR T BRI R340 B . 183 5]\ MSSSIM Fl MSGMS, AL ETER 4437
S FSEIL T SRS MR E S e A, S TR 1 e e A S

(1)SSIM 55 e

1. SR REXT LU RE R

_ 2/“lx:uy + Cl

| =
(x,y) 2 2
M+ ,uy +C

(3-2)

e sy 70 SR N B GAT EA BB A P R BT, o AL
2+ X EARBLIE R 2

20,0, +C,
C(><,y) = 0_2 + 0_2 +c (3‘3)
e o oy 70 RN BGOSR B BT R R B AR it 22 )P 2ME
3. SEMIAALEE BR 2L
| Oy *G
S(X’y) - 0,0, + C, (3-4)
s oy BB UGN A BRI A R = A E T Z 1T 21E
MRYE SSIM & X A37] 5
SSIM(X, ) =L 4y *Cuy) *Stuy) (3-5)
M SSIM 4535 1] VAR 7~ A«
Losi (X, Y) = %iil_ SSIM (X, ¥) (m.m) (3-6)

m=1n=1
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AR MSSSIM 1532k 7] LA IR N SSIM LR 3 AN R _FRIA1E

13 Hy Wi

LS(X1 y) :—z Zzl_SSIM(Xk’yk)(m,n) (3-7)

S
3ic Ny v
A NRREKTFHRBENL H MW BRSNS, x My 70 52
fEREEK RIS NG R E R B, SSIM (i, Vi) mmy i My LAME 2 (m, n) A
O [PANAN T Z T80 SSIM S5 /AR BRI

(Q)MSGMS 151524

MSGMS 5 5E XN GMS BTE 3 SR _E 1 -

13 Hy Wy

LG(X! y) 252 Zzl_GMS(Xk’yk)(m,n) (3-8)

1
k=1 Nk m=1n=1

oy N REK FIREAE, H AW BRI B BRI, xRy, 5 5
PERIEK T NG R E IR, GMS Coo v omm Ry 1% 2 (m, ) 2 1
GMS b W FE AR 0L FE .«

E)EEES
SARRL T MSSSIM 45155 « MSGMS 3519 UL Kz L, 451 9% A N H4) it «

L, =Wl +W,L, +L, (3-9)
A W AW, KR AUE S H
(4) 5 R 5 g A9 315
B, MNEGREEEG T RAERIARREK, FIHART) W ERAEIG
FE R EEAFREK T SSIM Bl 85, ¥AFRREK FRISSIM (i yi ) bR
FERIR IR %, IFFEARREK T MR R (mn) ATON X NI E H 1
SSIM FEIVI5{E, 15312 R HIMIBLE MSSSIM . ), KK/ s IE
PRI MSSSIM BV A PR, I IR R IR 2 MSSSIM &1, 133575 PF o
KG(x,y), HHG60,y) BB EEmNne(01), FHEIESE PG RMEMZLT 1 %
AN REERR R, AR
G(X,y) =1,y — (MSSSIM = f_ ) (3-10)
A 1w BB EREN 1, HEKAH. TENWIRHEERIERE, fio @ BRI Ns x s
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FIHEIE A o
RS XSO f X fMEE A B iR AN IFEA, )5 TSRS
B X fERRKEEA &R IER:

wa%=ZGWWm (3-11)

R G, y) AT 10 FHER XA x FREP RS R L
i FRTR, HnASEAG ) EHE B 150 G, (x, ) PSR R A5
By
S, =max(G,(x,Y),) (3-12)
(5)2E Mg PRIl 0055
Fh T B Y HE ) 2 1 P T AR AE 148 25 BAX AN B — F R R PG5 L, A T 4%
L VAL 2 VR HE AT T8 45 L AR 20/ 2B 4 PR PR BB L, A S0 it T — B
MRS R, e, @A RV AR T R 5 15 40 o M 1
FRALER , 5 45 EHAD 15 F 0T ) LA ST B0, W5 B i 5 I R
ST G o KT IE AU k> T SR T M BB LR 22, S a8 i A
BHRTE T AN A R PR, S 4437 B I MR MR T AT S A
Rk R, AR

Ir = Iri © i (3_13)

R LyRRBINEMEG, SSERBINDENEGHREGS S ESD.
3.2 HIEEMITEMN IR B
3.2.1 BURENA

MVTec AD & —/MEFNESE TV G EIREE, 5 7 15 FOANFE R
Bk, Hrh ks 5 M ERSOREAREM 10 e RHBURSE, SRR854
2 MR BRIEFEARDY, P 3-5 fTaN, A SCE SHFR R 2SRRI S TH )
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TAREMG, E A A T AM BB EIESE, /RIS 240 5KA1 270 5K IE
HIIGRFEAS, BLA 75 FKRAN 110 5K 575 MAAEA . SEVRR T Wik H 1 -5 An
IEREHEAE, LS 200 5K 210 FRIEHUIZRFEA, LA 80 7kAN 110 ik 54
MaFEA, YIRS R, PrA SN BRI BT 256%256 13 %, LA
PR (1 — B AR (1 = A 3 o 38 I 6 IX S 2 R AL B ST IR A AL,
AR EAESR TR 2% DMV 50N 1 S RIS B 5

5o R g

LY R E&

K 3-5 MVTec AD %34 B4R 61 1]

3.2.2 NIERRNT B

SCRH AUC EAE R 5 R AL VR REVPAN B AR . AUC fE 72 ROC 465
REARPRAH BRI AN, e ROC R DLRBHEZS (FPR) JyMislbR. EFHVESR
(TPR) Y AEBRZ T A IS BB AR ) BB, F 5% B{E T 1) FPR A1 TPR
B, #ifiZH ROC MIZkH T8 AUC {. AUC [EE#ZIR 1, REABIAIM RE R
I e R R 0

BARME, Bt EENERGT G GRORTEED, RIEKNRERKE, &
HIPTA R A0 1 ROC #hZk, Jfih5hZe S5 AL brdl B R A, 1E g
RO AUC 1377, HT VG RE EMAREE. RE, KamEEIGR e R ES
ERNZEG 2R AR, SHlE - DNEBRES2K ROC #iZk it
AUC 18, TENFHR M BARIERETEANFEAR . IXFN VR AV BE 08 4 T VA R
AR WA R Be 7, RNt Bg 5 7 BORAE R Soh E 1R 5 B4
P
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33.1 S FEMESELE

ACREGIAEEIT Intel CPU i7-12700 AbFEEE, Fi#% 64GB WNAF, KM
NVIDIA RTX 3090 GPU #4731+ 5, CUDA WA A 11.6, #:1FE &2 45~ Windows
110 VRS SIHESLEET Python 3.9.15 F1 PyTorch 1.12.1 #% . A TR 454k &
FEAARY AT e R 5 5 AL, W] 4 BT o FEVIZRIT B AR SRIR B BN 120

¥, #EALF AN (Batch Size) 4 8, ALAFEH Adam %L, 1571 2K pR B E W,
Fw, B3N 1, IR 13N 0.001. M4k, T HRTFERIE M, Ikt feh

SIN T 22 Rk, USSR AR f&)m, BRACRH /NN 21 198
EIEP AN MS-SSIM BIEAT TIFAb 3, DLt — DALkl as R . X —BCE iR
SR v R AN S R B AT SR

3.3.2 HRASLER AR

(1457 2 R B0 i S 5

T IAEAS [ R R B A R M BRI S, Bt T LA RRSRES, nEk 3-1
Fias, BEARLYIGRET, 7595 1 FE 2 sr BT R ZE L, 2 FROBEBG FE R P A ALk
BRELL s A1 20 B 5 R ARAULEE BRBUL 6 VE 5 5% BRSO, ~F 35 R 2643531 86.1%
M 92.8%. J7iE 3 BN E=ME0R R E AR KA, T3 A2y
94.9%, EbLL EFIRN TR HIEE S 8.8%A 2.1%. 45 LATR, A2k i %
P 1 R R A, BOBIEREAT TR GE .

2 3-1 FURBEOHEIL CRAL: %)

J7 iR L, Le+Ls AM  BE T WS P15

1 v - 88.5 81.2 91.4 83.2 86.1
2 - ~ 93.3 90.4 97.6 89.7 92.8
3 ~ ~ 93.3 93.8 98.7 93.7 94.9

Wk 3-6 Fiw, HE M IEE T IIZRREAR RS, SCR AT R 2 L, 1 945
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REREL, A R A BB, 40T BRI SR, TSI U
JEEME AR AL R B (MSGMS) 122 RUEE G5 M ARALME R Bl (MSSSIMD A Jy i 2k ki
By, SR EMERITE N BB AR T, WETSORA MR R GE. S Bk

5% R A0S A IS, RS A s 1) S A BB AE SO AR B oRiE e, B SN
R IIAEABLRE B v o SEAR 25 R B, AN SO TH I 2K R R 8 R Ak A R 11

EE,%ﬂTEMWEMﬁ%,ﬁﬁx&ﬂﬂ%%%%”%ﬁ?ﬂ%%i%o
Input MSGMS+MSSSIM

P 3-6 /A [) 45 2 bR 5P A R R A 2k BE S EE A

(2)FERGIECN L SESG:

N T BRI 2 AN AT b o T A S A D PR s, R R AT
ne(1,2,3,4) kM. %k 3-2 P, XF 4 Bl EHERHET n = LIRS, JRE
SR EM, FHFERNEN 80.9%. AJEHNT 4 Bl B G dt1T
ne(2,3,4) KIS E M AL, LR AL S B A I HE AR 22 3 7004 89.5%. 93.3%.
94.4%, YrEr T B UCHERD I BRI AR 3 R A 22 . SRIRaE RAR T, AT
$2 AL D ARl 5 J7 VR T AR m R A e WA IR 2, it — PR e TR
RN T R

# 32 M IEOT SIS (AL %)

fhZ\n 1 2 3 4
VN 80.1 87.4 93.1 92.8
EH 78.7 84.7 89.1 93.3
e 88.3 97.4 99.7 98.2
R EE 76.5 88.4 91.2 93.2

JSe S| 80.9 89.5 93.3 94.4

Wk 3-7 fiw, 4 FRE A fEn € (1. 2. 3. 4)KHEEID R AR s 8
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PRI, LR, 1S, AR B R TR N B RO R . RS AR
JIG ) S P AR REE R 7 R DX 3, (LG Jo T ) DXt 2 R R AN — 11
ZLm N, FEUEH XIS 5 H X 18] Ak B BEAS 22 R . X R B
R HERD L A4 P AT BEAF AR IR ZE BN B — Ay L BB D, AT A T ke
PERHERATE . ML 2T, JEIE 2 ORAERD EE A I Al S AR A S B, e X
P00 T BRI, P 2 (B 1 BLAS FEA 7 ZZ B W B3 K. XM 2 RS Al
SRS A R/ b 1 AN HERY SR A5 SR BEALIE, $ETF 1 SR e AL AAR I . Se b
RELW, 2 RS EE G 77 0L RE S S0 AT SEH RN DX, DAy Tl R S e D 2
(A gl ) 2P S

Fhs n=1 n=2 n=3 n=4

3-7 ANTE)EL AR R ik T AL X B

333 FERNSEMSH

(1) 5 o I 25 SR 43 #r

FERILE MV Tec AD ##4E F (0 8 R I 25 SR sk 3-3 From, S A 465 1 DA
AUC VFo AVP bR . A T T4 Hh B0 E 45 M fb S @ R M e, iz e S
MOCCAP3, DCAEPY, MSSCLEF1 RIADP* VA TE MVTec AD %#i 4 L itt47 =
R .
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* 3-3 AN ASER A R EL (AL %)

(eSS MOCCA  DCAE MSCL RIAD Ours
PNl 87.6 89.2 82.6 92.8 93.1
B 96.6 86.4 92.6 92.4 93.3
i 95.4 92.3 88.4 99.2 99.7
R EE 86.2 78.1 89.4 88.6 93.2
Avg-T 92.1 87.8 87.6 92.6 93.2
Avg-O 90.8 85.2 88.9 93.9 96.5
PS8 S5 91.5 86.5 88.3 93.3 94.9

Nk 3-3 fon, ARSCHERFY) AUC 158 94.9%, HURTECRT 4 FhEEH &
=i [¥ RIAD & 1 1.6%, HAESORHIREE Aveg-T ORM . BB TiEE T 0.6%,
EEMEIEE Avg-O U1 BRED IS T 2.6%. R LLEEESLR 45
B, ARCEFART UL 4 FEE,

(2) 575 e AL ah Ko #T

FERTE MVTec AD Bd g 5o E g RNk 3-4 Fion, FHEMgs el
AUC VFor AV 4R SR, N T IR IGUE S5 M R R M e, Kz ik S
CAVGAPY, AE-SSIMP?l, UTADP7IfIl RIADP4 4 MVTec AD $#i 4k F kAT
FH B

R 3-4 SREENITESEREA RILEL (AL %)

Fh CAVGA  AEgqy  UTAD RIAD Ours

VN 88.6 74.4 83.2 87.2 90.2
BH® 94.2 88.2 97.1 96.2 98.6
T 91.4 93.4 98.2 98.2 98.4
e R 85.8 89.7 85.6 94.1 95.2
Avg-T 91.4 81.3 90.2 91.7 94.4
Avg-O 88.6 91.6 91.9 96.2 96.8
ISR S5 90.0 86.5 91.1 93.9 95.6

W 3-4 fion, AXCTTERI T EAM AUC {HIEF] 95.6%, EEXTELH 4 Fhi
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