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Multimodal-fusion-based Asymmetric Teacher-student Network for Image Anomaly Detection

LI Hao, ZHANG Ying-Jun, XIE Bin-Hong, ZHANG Rui \
(School of Computer Science and Technology, Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: Existing multimodal-based image anomaly detection methods su%fer from several limitations: anomaly
smoothing during anomaly region extraction, insufficient fine-grained perception, and low discrimination efficiency in
defect detection, leading to degraded overall performance. To address these issues, this study proposes a multimodal
image anomaly detection model with an asymmetric teacher-student network (MATS), comprising three key components:
a cross-modal anomaly amplifier (CAA), a multi-dilated local attention (MDLA) module, and a FastK AN feed-forward
network. First, the CAA amplifies an;)malous regions while reducing noise by expanding/compressing auxiliary features
and fusing them with target features, thus alleviating anomaly smoothing in subsequent detection. Subsequently, the
MDLA module enhances fine-grained perception of anomalies through multi-dilation-rate convolutions combined with
local attention for multi-scale feature extraction, while integrating normalizing flow (NF) to generate the conditional
probability distribution of normal samples. The FastK AN module enables efficient anomaly discrimination via lightweight
feature processing, producing feature maps consistent with the teacher network’s outputs for pixel-wise distance
calculation to evaluate anomaly scores. During testing, regions with significant discrepancies between teacher and student

network outputs are identified as anomalies. Experimental results on public industrial image datasets MVTec AD and
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MVTec 3D-AD demonstrate that the proposed method achieves state-of-the-art performance in multimodal anomaly

detection and localization.

Key words: image anomaly detection; multimodal; normalizing flow (NF); local attention; FastK AN
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1 iy, R DA At ST U WA

\

y1 = x1 Qexp(s2(x2)) + 12 (x2) (10)

y2 = x20exp (s (x1)) +11 (x1) (11)
Horp, s Mg o2 1 WX 28 A2 R A8 TS 7% S 8RR
BB, BT PR A B wmins
BB RN BN FRAE A, s F g B EOA P U 2
(A= TET(ESE S LS PN
TEAR HH A8 43 A2, NF AR BRI S 4% 1) 3% 6 1) 406 ik
FHGE B R LR Gt A2 AR E 1, R A Alpha-
clamping £ A PR il 48 78R 50, 8 S0 H0E 5 ;R A
Jacobian 17 #| 2Bk AT = A H B ARE AR AR A X, NF
A I A KA N R AE B B R s B e 4k, e H
NCRATSE

log px (x) =log pz (z) +log

0z
— 12
det ax‘ (12)
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b, 2oy 015 55 H & J2 AR IR RFAE, pz(2) /2 bt
IEZS A BB 3 FEE R . 10K bR B SO

llzI13 %)
L, =-logpx(x)= —2 —log‘det =
2 Ox

(13)

IR AL, NF BLERRAE 2% 5] 1E 5 REA R % 5 o A
fi tH R PR 9 e R U A2 22, SRR R AR
2557 2] B b, R S o & 1) B ARERHIE, T4
S DX IZ G N 2R 5 PEAh.

2.4 FHMLE

Sk W 4% B N RGB IV 45 B4 5 14
I B 45 35 T 1 52 o 01 2 (R A7 2B 4 R 3 2 1T . X
PHEE AL B 5 283 22 A I 25 1) — 28 51 R AIE b H A B

A RS R 2 R AL ], 5 0T R 2% B 0 5, IR R

FE VR SR LA

WKL 6 AT, 2 A2 N 465 1) 45 1A 22 3R ZE B 2H g,
TR 2 B4 R PastKAN B8, Hti A — 1k
(batch normalization) A1 LeakyReLU iy & 4. AHEL T
fE 45 H1, FastKAN K H 12 191 £ 08 20 (RBF) #HATRHIE
A, B R AR It AR R 7, [RS8 A 1 ] e AL
B R R, A RRAE M B B JIE R, BhAh, H
THE T AT B0 & AR, B> TR, $em
TFRACR. M NRHIE 1 00 B )2 FastK AN AR B i i
P i 4R R A B[R], CABR T N 4% R AR SR B RE /7.
5] )2 Bl o 32 0 5 B Rl R AAE, 8 3R S DX 3 4
FLEAE S, [RIEHMH] TURRHIE. 2, KJZE FastKAN %
UK REE P 4 252 B 21 5 200 190 28 i H — 2, DA S 4
BREN R ERITHE.

A 4 B 5 H B dir /A0 A S U kT

284t 2 TR AR 3R 1 77 BR PR B 0 T 45 2@ 16 )11 25
FEARx, IEBRALEG,)) H@Tﬁﬁi@ﬁ (masked distance
loss) & SUA: g ¥
LY = 11fx)ij = 011 (14)
Horn, £y (o) £, () 53 3 3 0% 2 A2 9 2% 800 19 24 1
HYRFAE B RN ZRid R o, SR R SR o H L, IF
X I A SR ER A RO 28, AR A B AR, X
— IR, A I 2% e 0% e RUAUh S T B 1 23 A R
MR B, S A e e o S AR M 2 e S
AT ) 24 Ay ) 2 TB) PRI AR 3R 22 e SR L TS K
FEAR, ITHGRMEN P REE, BRGRI T 7,
It — B RE TR A AR S . R

SE ML WS H R L, A SR T top-k% 5 & HERHE R
PN AT BB ST 5.

Image features

pos.enc
and/or depth QE

L
FastKAN
LeakyReLU

FastKAN

BatchNorm
LeakyReLU

FastKAN
BatchNorm
LeakyReLU

( FastKAN )X”St,hlnck,-

f;(x)—i £

( L* (distance loss) )
Ko =zt

3 SEES
3.1 BW\ESTNIER

AHIE SR S50 4 78 P S E s 2 B AT MV Tec
AD 1 MVTec 3D-AD. MVTec AD $#E &5 10 1
VIR 5 ASSU ), Bk 73 FRokpE A, KB
JUSFAE 700-1024 1538 2 18], I ZREE P L5 TE s e A
A, AR R AR ST 6g—320 Z [&); T MVTec
3D-AD Hfn M T 10 1300, B RGB B SME
55 T MLFRTIR P i, IR K T 400-800
BRI AL A BB AE 210-300 22 [8], 0328 48 J0) [=] i 49,
B IEEREARRI S B REA .t T PR B0lE 4 1 4 %
5, RS RGB $d LA K 3D ¥ 4 135 5t
AT T A THVEAS.

N SEISE X ) ZAE AR B, AR R IR
F 5K F1AE5E e 20 AR, R S o 4 43 U 2 T
top-k% K5 HHE, WS H A TAE (U0 AST. PatchCore)
Hh I A0, BAA S B S IE SR B EL.

PR AR AR b, SRA T F BB R VR R i 42
T (AUROC) 1y 55 A6 M R 1) 7 B p . %o T
EUZ A, AUROC BT LA 2350 AN ] i 1R L
BH 14 2 RO B 1 e i AR 4k, HLS AN P4l 0 % Thi7E
BB 2 AL PG R, 1% 24 AUROC #5 H T &L Y
o o X A2k P HE RS 2 1
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32 BHKRE

A NG 1 8 2 768x768 14 %, H il it 1
YIZR ) EfficientNet-BS $2HURFE, A2 BUR ST N 24%24,
MHIEHH 304 HIRHE KL X T 3D #¥E, Seitir g R E
A LLULHC RGB FHIE B 7 #82%, [F A H 3D {5 B4
BRI SHERD, BT B = X I

O X 2K I 3T Real-NVP I — LI 484, 3L
A5 4 MG Y AER SN, £14 MVTec AD #dfs
£, T I 4% R 8m 38 218 1024, I 7E MV Tec 3D-
AD IR E T WA 64; FIHF, Alpha-Clamping 5 $1{E
MVTec AD EHY 3, 7£ MVTec 3D-AD _EH 1.9. #Jifi[d
SR Adam RAGES, SEEEN £,=0.9. =
0.999, 2£ 3] FA2x 1074, BE LA 1077; I H 5
N 240 4~ epoch (MVTec AD) 1 72 4~ epoch (MVTec
3D-AD).
S 24 R P ARG, 1 4 N AR B,
IR ZE B P RastKAN 484, 4t & 10— {6 Fl
LeakyReLU B BRAL, B 2842 H TR B AR R 4
DLV E 00 99 28 By . 2 28 N 28 )1 2k H AR s
BELVITERIREE S, FFEEH Adam RALES, 501X
B ST AR — 2
3.3 XWHERSHH

SIS TERC % NVIDIA 3090 4. 8V CPU. 30 GiB
NAFEH 24 GB BAFII RS &8 EiAT, PRI R T

PyTorch HEZE, #:E &4t 4 Ubuntu 22.04. B 504 i
AbEE . BEALYI G KA IR G — A S AP & T
SE R, WRAR 4S5 G AT A MR AP
3.3.1 MVTec AD % bb 5246

AT ET MVTec AD Hil IR 1XT LESEES, I
w15 Tl G f 10 Fh a2 i TG I B S5 A 77 vk,
PLE% 2% AUROC (I-AUROC) 1E AP REFE bR, 45 5
% 1R, BefESS A I 2 8. MATS 7 Grid 285
VL 99.9% (RS ARNet (88.3%) fll GAN
(70.8%), ¢ PatchCore (98.29%) $2 71417 /N F 4 4, Wik
T B AR PRI 0 S0 HE 7 R R A D5 7E
MetalNut UL 98:8% (K611 T AST (98.5%), £
R AR £ S50 A 2R T MR T4 75 Capsule b
L 98.1% A5 5 PatchCore (98.1%) 51, 1H% GAN
(73.2%) #=27F 24.9 M H 4 5, B CFlow (92.5%) 27t
5.6 N 23 R E B 22 2 JURFIE SR BSR4 i BEORS v 2
Je 38 5 X 3k 78 Pill LA 99.2% [IRE 5 68 Bk BT A A5
B MATS 7E 2 $0R I 28 1 vk 21 sl s R /K, 1
PIREFEIR 99.0%, e It w1z A RE ) SR8 E 1t 1B
348 S, AR SC F B I G2 3D MR, T M)
/& RGB H5IRE(E B ZBSR &5, ik, #EAd
INT PERLAS e TR AR, 7E RGB BB T AT Bk
NI, 1X B2 7ER I RGB % I e
B TR A 5

£ 1 RFEBAIE MVTec AD $¥ES_ERHITERESREE (%)

Method Grid Leather Tile Carpet Wood Bottle Capsule Pill Transistor Zipper Cable Hazelnut MetalNut Screw Toothbrush Avg

ARNet® 883 862 735 706 923 941 68.1 786 843\ 876" 832 855 66.7 100 100 839
GAN®' 708 842 794 699 834 892 732 743 792 745 757 785 700  74.6 653 762
Rippel™ 937 100 100 99.6 992 99.0 963 914 982 988 99.1 100 974 945 9.1 975
PatchCore!™ 982 100 987 98.7. 988 100 =981 96.6 100 99.4 995 100 100  98.1 100 99.1
DifferNet™ 840 97.1 99.4 929 929 990 869 888 91.1 951 955 993 9.1 963 98.6  94.7
CFlow™ 9.6 100  99.9 987 987 100 977 968 952 985 976 100 993 919 99.7 983

CS-Flow™ 990 999" 100 100 100 998 971 986  99.3 99.7 99.1  99.6 99.1 976 919 987
Uninf.Stud.” 981 947 947 999 99.1 99.0 925 922 794 944 787  99.1 89.1 86.0 100 93.2
STFPM™ 100 955 955 989 992 100 88.0 938 937 936 923 100 100 882 87.7 954
AST™ 991 100 100 975 100 100 99.7 99.1 993 99.1 985 100 985 997 2.6  99.2
MATS 999 100 99.7 99.0 994 999 981 992 990 994 981  99.5 98.8 992 96.1  99.0

332 MVTec 3D-AD *f Lt s

NIGIE MATS #£ 5 2% 3D Tl 3 % A& AE 45 i
HRNE, AT MVTec 3D-AD BiEEIT R T 24
PEXT LSRG, 58 10 KTk R K& 9 Fh LB =7
R 75 vk SRR )T IZ AT ) T-AUROC (%) Al

60 L itZ5ik Special Issue

PRO (%) fENEAIGIR, & 2 VEANER T & 5 IEfEH
Fon J B AR E BRI RERT L (B 5 — I A N T-
AUROC, 174 PRO, H4x¥J°4 I-AUROC).

M 2 R LLFE H, MATS 7E Cable Gland. Carrot
Al Foam iX 3 MK B3 l3Rk43 7 95.1% 98.5% A
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94.8% HIATINKS B2, 7E 2 K075 R IR . 5 Depth-
GAN #HLL, Carrot ZEAI 1 R4 FHiX 40.5 4N H 50 A1
(98.5% vs. 58.0%), Foam ZEHI$ET; 41.4 AN 70 4
(94.8% vs. 53.4%). 7£ Rope 25l I, MATS X% 100%
HIRE MRS B, 5 2 FhoJ7 i F5F. HAE Cookies Dowel.

FR R KF, BIANTE Bagel 283k % 98.2%, 5 HAthJr
EZ IRV 1E Potato F25 96.0%, 11T 2 Mk SR FE
R, M EAKRS-5 1E BERE, MATS 7E I-AUROC A
PRO $8¥5_E23 5k #) 95.5% F1 97.7%. %45 LW,
MATS 7£ B ZoRsr ) 518 38 0 X 30E AT 5 8 HL &

Peach 26280 LR B, ARG FEI7E 93% UL L. R P B2 AEE T), Be W8 B4 Hiu il I A [R) 4 4 45 ) A ik
7f Bagel. Potato il Tire £85I, MATS HIM:GE7R % PR, RO — e fa et 5 se e,
%2 RFEBAEIAE MVTec 3D-AD HdEdE_EHITERERTEE (%)

Method Bagel Cable Gland Carrot Cookie Dowel Foam Peach Potato Rope Tire Avg
DepthGAN'™ 53.8 372 58.0 60.3 43.0 53.4 64.2 60.1 43\ 577 532,474
DepthAE™ 64.8 50.2 65.0 48.8 80.5 522 71.2 529 540 552 595,481
DepthvVM!® 51.3 55.1 47.7 58.1 61.7 71.6 ‘*45?0 42.1 59.8 623 555,335
BTE!"" 91.8 74.8 96.7 883 932 | 582 . 896 91.2 92.1  88.6  86.5,95.9
M3DM™ 99.4 90.9 97.2 97.6 960 4942 97.3 89.9 972 850 945,964
Shape-guided™ 98.6 89.4 98.3 99.1 97.6 85.7 99.0 96.5 96.0 869  94.7,97.6
CFM™” 99.4 88.8 984 993 98.0 88.8 94.1 943 98.0 953  95.4,97.1
AST? 98.3 87.3 1§ 976 971 93.2 88.5 97.4 98.1 100 797 937,944
MMRD™” 99.9 %43 T 964 943 99.2 91.2 94.9 90.1 994  90.1  95.0,97.6
MATS 98.24 95.1 98.5 95.1 93.7 94.8 97.4 96.0 100 862 955,977

333 JHELSLE

NARGFAl CAA BiHt5 MDLA R AT 20,
AFTfE MVTec AD Fl MVTec 3D-AD ##5 4 T 2 M
RS G, E IR G B AR R (1 7 R B AR Y AST s
174k, LA I-AUROC 1E N EALIE bR, W13 3 Fios.

3 OBIHHALE (%)

Model MVTec AD MVTec 3D-AD
AST 99.2 93.7
AST+CAA 97.6 94.8
AST+MDLA 99.3 93.9
AST+CAA+MDLA 99.0 95.5

fE£ MVTec 3D-AD #¥(#i4E L, 5] N CAA Btk

44 1-AUROC M 93.7% $7hZE 94.8%,3#17E RGB 5
REE G FAR NI R ER, CAA BEA RURK 75 X
S, 380 9 A MU, MDLA 5] A, 1k AL IR A 42
T (93.9%), SonHAE 2 ]BE R 0 e A 7 Th L 4% — 52 b
F/EH. MER ] CAA 5 MDLA AN, 4630
K EERE— D4 TH 22 95.5%, 76 3D 5 NI RIFH
P [F) 48 25 R #E MV Tec AD ##54 (RGB E1%) L,
MDLA U5 2 5 8 2 AT — 58 B9 58 24UR, ILAUROC
M 99.2% $EFF A 99.3%. L2 R, AN CAA £
HeEVEBEA T T % (97.6%), X S8 HI T iZ M Hu i g 2 45
A HALH, 7E A A ML RAEIMEA. (B2
P BEERIES &4 I, I-AUROC K & 99.0%, #£iLJ&

g1 RE, U] MDLA £ — &R E BiR%h T CAA fEH
LAY s v RE k.

% 4 VSO E ZRTD (pos.enc) FIHT SAEFY (mask)
£ 3D+RGB fii N 375 T Wk 1t g, 407 B 9w i 5 i
S HERD R IR B, B0 28R MATS 43 35 %) 91.4%
5 95.5%, WAF 7 iRt tkae. okl W, £ B % 05 5 A
%T@ﬁ%ﬁﬁ%*ﬁ%ﬁﬁfﬁiﬂﬂ*ﬁ%%?ﬁ, CHMG AR
% 75 18 R lﬂ\@ﬁ@%ﬂ B BV R T T4, M
T RA S ol AR W s
x4 \3D+RGB NIy R A B GRS A AT SIS T Al (%)

pos.enc mask Teacher MATS
x N 913 94.1
x 66.7 84.6
v v 91.4 95.5

% 5 J87r 7 CNN 5 FastKAN 7£ i+ H 3% 5
T A% B Ak T AT Rk S 56 45 S B X B MATS A7
437K H CNN 5 FastK AN BB M GE 5 br ml %1, 24
f# ] FastK AN # 4t CNN J&, 1 R AFFD A 2 ) B S 5
T (FPS) M 4.8 f/s 1£FF = 6.2 f/s, #FIL 29.2%; it 5
2 FE (FLOPs) H 10.2G [% % 8.1G, /b 20.6%; fi 7
SR 21.9 MB JE45 % 18.6 MB, F#{€ 15.1%. S246
S5 W], FastKAN 7 5 35§ T 23 (1) [8] I, 47 2%
FRAR T S B R W FE S R R i W oK, B0 E T AR
BT L.
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25 CNN 5 FastKAN 7 MATS #74 oh ) 78 g sz 36

CNN FastKAN FPS (f/s) FLOPs (G) Params (MB)
N x 4.8 10.2 21.9
x N 6.2 8.1 18.6

34 ALK

e R S5 R an & 7 fow, 847 0 0l R T RGB
PR IRBEAS B X LR LS 7 5 X35 (ground truth,
GT) LA S A5 AST FIARSCT7 % (MATS) i th i =
.

Bagel  Cable  Peach Tire Potato  Dowel

d -
[~
=
j=2
53
= N
] T4
=
[72]
LK 0

7 AN R TR L

LA EE 2], MATS HI8T AST (2N 5t
Ji T HE B Ry 1 ke I A A R R R AR TS SR S L X T
Bagel Fl Tire 25 HFx, MATS HI# 1 IR S B SLhRE
e EEW) A, T HAT R 1 SO IR R SR T SO
PU; T AST e A I K 78 Bl R e I8 2yt BT 5% v Wi 82
T4 7o B S S DX A L Ok 2R T 4 T s B

ATS

BORBRA, MATS AL B 2 BUY) &0 R,

80, 34— 50 20 2 4 4 ) L A TR 50 B
5377 T B4 B 1 U FE. 5 T L EMATS 55 AST
AR, 15 R Tl SRR PN 5 R (A LT 15 8 2
) 37 T AT AR R 6 R, S T A Ll
ri 5 X SR ORS00 5 2

R 4R HH M 78 52 20 5T R b, it —
ST A8 R A BRI A 0 S 2050
FE AT ST, I 8 . Bh Rope 25191, 31552
GOSN S, L EBR AR, 552 BN LR
DT PR, MATS 7 M3 5 73 48 il 5 W 2
e P AR DR, 67 2T 5 A T 4R
TR B UF I 53 330 A HU B RE J0. 5T Carrot 251, i
TREAER H IR R 5 R AT 1L, 55 S 307

62 HifZ5ik Special Issue

R AERFAE 23 A vh R BUBLRI, SR MATS KR1EZ
AN 6 Ak 2 RS e T LA X, i B AR AR ARG TR
SEAE T B R A R R IR RE ) S B RS — Bk
HEHLRE

RGB Depth GT MATS

Carrot

Rope

L

Vs EsTRms R

“T4 9 B T 15 Potato MK, 53 X A IF
5 DX AR A A A R T8 T35 X R A A e 9 — 30, L
R T 2 AR, S X R B 475 2 0
BT X b, 57 ke EL 4 BB, 6 TR
BS AT AIX 45 TE 35 RS RE A, T 598 DX 80 O A 43
TAFAE G2 22 50, RS MR P 50 I 5 I O B
B,

30k [ Non-defects
' [ Defects
2.5
z 207
£
S 15t
1.0 F
\
« 7 00
0.13 1.44 2.75 4.05 >5.36
Log anomaly score
Ko mESmETTE
4 H5iE

ARSCHR T — T 2 A Al A 1 X BRI AR
2% G AR IR R (MATS), i/l & RGB B 5
IRPEAS B ELANRAAE, A B e 1 A& 475 b i X
SR E 110 D0 5 5 AR BN AN A2 1) . AR
IS T TOR S (CAA) SEHUFEY & 5 B 4 5h
ARA, B2 1Y 5 R DX 2 R SRk R )
s 4h A 2 Y 5KkR R R ) (MDLA) B, M2 R
FEEAR A A2 T = 38 S o R AE RO A Be g, R 3 — 1k
it (NF) #482 TR REAS IR 0 A AR Y, ik — P n Al ks
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MEFEE. HAh, FastK AN BLHR (158 540 15 1 H o BRI
IR FE. SLIG 45 R, MATS 7£ MVTec AD 5
MVTec 3D-AD ##i 4 b 1) 55 kil 5 2 Ak Re e T
WA J7E, BAE T 2 A a6 s 5 Bk A
R,

10

11
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