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Multi-scale Self-supervised Feature Fusion Method for
Industrial Visual Defect Detection

CHEN Yongbin HUANG Jiasi HUANG Guojian
(Guangdong Mechanical and Electrical Polytechnic, Guangzhou 510550, China)

Abstract: Aiming at the problem that visual defect detection models require retraining and parameter tuning after product
category switching, we propose an industrial visual defect detection method based on multi-scale self-supervised feature fusion. The
method employs a frozen self-supervised visual backbone network to extract shallow, middle, and deep patch token features in parallel
via multiple hooks, and hierarchically constructs a core subset memory bank for each layer. It then fuses the nearest neighbor distances
from all layers into a unified anomaly map using an equal-weight score-level fusion mechanism, thereby avoiding category-wise
parameter tuning and retraining. On all 15 categories of the MV Tec-AD dataset under 3 random seeds, the image-level AUROC reaches
0.987 4 £0.001 7, with a cross-seed standard deviation that is only 11%—-20% of that of the same backbone baseline, while the region-
level PRO achieves 0.816 3 £ 0.012 1. Ablation study results attribute the reduction in cross-seed standard deviation primarily to the
equal-weight score-level fusion mechanism of multiple hooks; the standard deviation reduction of multi-layer compared to single-layer
L9 across all 15 categories is approximately 45%.When zero-shot transferred to all 12 categories of the VisA dataset, the P-AUROC
reaches 0.992 9; on the first 6 categories of the Real-IAD dataset, the P-~AUROC achieves 0.984 7. On a self-collected engine cylinder
liner defect image dataset, the P-AUROC reaches 0.967 3 £+ 0.001 5. In half-precision mode, the inference time per image is about
25 ms, which can meet the takt time requirements of typical medium-speed production lines.

Keywords: industrial visual; anomaly detection; self-supervised learning; multi-scale features; zero-shot transfer
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ASHEAKSIN, ARSI BEX PR « SCAS TR SRR
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P 3 MSEIACIZEEM . Mo My, FANCIZIEL)
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4)  JRAEEER. B R RS () oM
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SRS R AU, JEAATE RSO SE RN 1 A
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SREEIEBE AL X A 712, Z35hrH MV Tec-AD

KR I e (31,

F1 RESHMLEER MEHNES)
BAHE I-AUROC P-AUROC PRO
L6 0.978 0£0.0040 0.9582+0.0009 0.796 6+0.010 5
L9 0.946 60.003 1  0.9633%0.0005 0.776 220.015 3
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2 1 7JH, L6+L9+L11 = E4H-41 I-AUROC
B (0.987440.0017) , 486 R RIG IS X gk
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GraphCore-stub 5 MVFA-stub, HH1J54-stub 78X
TREE A% O, NI E R Rnifs, XA T
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IIFRAE 448x448 SR .0 AR N R, 45
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7, 12333 AP R EE SRR, I LAME bRz
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A HE (MultiHook-AD) 0.9874 £ 0.0017

PatchCore-DINOv2 0.9442 £ 0.009 8
RawDINOv2-NN 0.9420 £ 0.0154
WinCLIP-stub 0.9474 £ 0.0122
AnomalyCLIP-stub 0.9396 + 0.0107
GraphCore-stub 09336

MVFA-stub 0.986 1

0.968 4 * 0.000 4 0.8163 £ 0.0121

0.9632 £ 0.0005 0.7692 £ 0.0145
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0.9640 £ 0.0009 0.7632 £ 0.0339
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0.962 0 0.781 3

2026 4F B 47 % Fap B EEETLE 21



FH 2 AT A

D {EEHRPHEETT 1H , AT7EK I-AUROC )
50 0.9874, 5 MVFA-stub J572%: 18514 0.986 1 42
BT 013 NE A ZZERRVENFI T AR (std=
0.0017) ; #[EF] MVFA-stub J7i%:A% &7~ SEED =42
(S S5 SR, AR ERT 3 AR FHIME, #
TR ARG —, MARIEIIN % ZE R A %
i+ #EM:; PatchCore-DINOV2 J7i%:f] I-AUROC Ny
0.944 2, fixT Anomalib 71l 0.987 0 £ 4 NEH 7
o RXRAG —F T M SRR EEL Rtz
7, A2 ZE B G RT3 0.979 2( 0L 4.2 453 3);

2) EEMFARIEZE T, A7) I-AUROC
FEZER 0.001 7, AN 4 P77 3 AR R ET
FLRhMEZE (0.0098~0.0154) 1) 11%~20%, HJ5A

PRI 4.2 71

3) FEXIGHERE T, A5 PRO A
0.8163, ! MVFA-stub J7VAMF fH 0.781 3 42 1
3.5 NE S, RIFZZ Hook HIZAUS S it A ML
FEBRPE SR A e BB e .
42 BMFIOEESELIGENAEERLSIE

NIIERR 2 HASITERHE BRI E R, BEx)
PatchCore-DINOV2 J5 74T 2x2 X HEYHRIsEIG: (R
JE L9, Z)7 L6+L9+L11 A& } x {4 JmBE LA,
WiE A Fseed, = SEED + [}; 18T E N MV Tec-
-AD FHEER 5 2K (bottles carpet. cable screw.
transistor) x 3 Mff (SEEDE {42,7,123}) , L4 Fh
BCE xS 2ox 3 MFlF= 60 X, LIRSS 3 Fs.

£ 3 PatchCore-DINOV2 733% 2x2 VAR ERR (5 23 MNHF) SZWER (METIREES)

M E

I-AUROC

P-AUROC

PRO

|

HZ L9 +AJRBIHLR T (PatchCore JHACED
B L9+ MR T

ZJZ L6+L9+L11 +4 RBidLF

L2 L6+L9+L11 +ifisE MFh 1

|

0.9206 £ 0.0124
0.9253 £ 0.0108

0.9792 £ 0.0008

0.9780 L 0.002 6

0.9527 £ 0.0023
0.9504 £ 0.001 1

0.9553 £ 0.000 4
0.9570 X 0.000 6

0.7095 £ 0.046 6
0.7245 £ 0.0443

0.7541 £ 0.0104
0.7539 £ 0.0057

FH 3 Al A

D fEbsEZE b, 4 FECER P-AUROC Z A
I 0.005 HARHEZIIR/N, ULHHE R BARIRNT 32
12 =5 R BHAGUR, HUARE S RE -
-AUROC 5 PRO; HAGI NHfE HERh-T I, AR 2L
/NIE R F% (I-AUROC 11 0.0124 (%% 0.0108, F#lEH
13%; PRO H 0.046 6 [#22 0.044 3, FEHEHN 5%) ;
FGI N2 = Hook I, FrifEZE KiE NF% (ILAUROC
FH 0.012 4 %22 0.000 8, F#EA 93%; PRO H 0.046 6
42500104, [%iEN 78%) ; MEHBINE PRO E&E
HANKRL, FrfEZEdE— PR 0.005 7 (SREFEIEA
88%) , K HHESFNF-FRiE 2 pk /N R B R 2 2 2
Hook SRS RREHLH, e TR Uk

SLTTHRE N

22

2) EBMEE, WRETHRBIZ)R, 5 BRI
I{E I-AUROC M 0.920 6 F+25 0.979 2 (341 5.86 4~
B s , CEZANIEER (0987 4) HXF
PatchCore HL/Z (5 JSXFR 0.920 6) A ZE8E; H
FITIERR A TT12: 0.987 4 [IZFEAUCAN 0.82 N E 4>
1, RENASCT1EAE 2 )2 Hook 2 M AN B (5L
RIEIRARE . A EFREE) FToTikif g o .

43 BYRIEEZL

HIEEH MVTec-AD $diE LISt SH,
X} VisA. Real-IAD 2 MNMMBEHREHIITEREATE
M

1D VisA HHEsE4S 12 26 (91 , 1-AUROC
4 0.826 6, P-AUROC 44 0.992 9, PRO >4 0.802 3;
P-AUROC =1 F:3%, RYIZZE DINOV2 FHIEX & #E



Frokty BED RER: ZREB SRS TS s 7%

SRR AL R A PR A E
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25 I-AUROC P-AUROC PRO
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bottle_cap 0.958 5 0.9929 0.8615
button_battery 0.853 7 0.979 4 0.6515
end_cap 0.8211 0.974 8 0.686 8
eraser 0.887 3 0.984 7 0.723 5
fire_hood 0.8753 0.993 5 0.8199
s 0.874 8+ 0.984 7+ 0.770 1 +

0.046 9 0.007 4 0.095 4

FH# 4 7] 1: Real-IAD H(E£E T 6 2511 P-AUROC.
PRO 5 F R AT [F— BN, RUEHIREEFEATH
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5ll, £ I-AUROC #RitEZE N 0.046 9, tHRIARZ|Z ik
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SERE 30 ZRIMIAIE A 1S58 LA

ToU g

FEAS 1

44 RoEIESR

ASCHEH I patch JERCTT 5 H IR UG ik
REAFERS S PR ARSI R DA IR 2%, FEHE
MREINICIZE, IWMERRIMBIEFE AR ARSCRA
B IR BNHLEL G RE EUG BRI T SEIO B0 IE . 1%
HR R BT IR ZINLELE S E 7R LA T
£z (300 J3EEAHL. 8 mm Bk, BEIEIEE) , 569
TREME, SRASERIGREA, SIEESEERIR. i
Wb Bk, IRRIIRSEIARAY AR EIGISA A L
PR RR R ORI riEifiid HALCON TR
s REIRISBIRREE —BUIEA 2, ST At
H, HERE =1 MR FEA G . BaRSEdZ 7 13 X5
NZEE GG RISFpFEE N 42) R
ffa DX IR 7 BT 5% 50% 95% 73 5053 51K 78%-
92%- 99%, 5195 A B N TCAZ FE IR I AR A SR
Rk 5 Frs.

=5 EMNIIEHRIWRLER 3 N#F SEEDE {42, 7,

123})  (BMEHREE)
WARZR P-AUROC PRO
PatchCore-DINOv2 0.960 0+ 0.004 2 0.691 8 +0.054 3

AnomalyCLIP-stub 0.963 5+ 0.005 0 0.6547+0.047 2

MultiHook-AD 0.967 3 +0.001 5 0.790 3 +0.029 7

Hi1F% 5 W1, ARSI P-AUROC. PRO #4941
T EFEFMLH PatchCore-DINOv2. AnomalyCLIP-
-stub J77%, FHAZ)ZE Hook HIFEAUIF 73 KRt &AL E
TEAMEBIEFFEARR BN IERL 5 R, Rede ARG
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AT IEAE R BINLRLE BRI MR R 4R
Feaksril m] MRS R an ] 3 BT
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6.01 ms (FPS 43.1 £52) ; I-AUROC ¥JHZi i Al

(>0.997) , FP16 AHXH#:[& FP32 ] IL-AUROC Z 5+
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5 i
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