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Background

« Anomaly detection (AD)
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Background

« Multi-class anomaly detection
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Background

 Reconstruction-based anomaly detection
- O X XM input2 =&ote IV S Solf 4 H0[He| 2
reconstruction 7|2t 2 HEZ0| 2| AL E[O S
oY HHES2 A HOIHL 222 otsot RE2 BY HOHERH #2&[&= M
& SR XY Ao|2k= 7P Stof| =& Of|2{7F 2 HES Ol X = BXe
FX| 2k reconstruction 7|2 2 2 0{ A = identical shortcut =X 7F & &
- Identical shortcut: 2 & 0| input= S X| St output2 === AN & aH& 5|0 normal/abnormal
samplesE 25 & = @512 O| & X| &X[0f H1{St= =X
- Multi-class anomaly detectionOf| M= H& HIO|H | 227t O =£5t7| I{Z0] identical
shortcut =X 7} O &lSHA e = AS
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A Unified Model
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Introduction

« 7|E O|K| BX| SHES2 Ot €2 SAES 7
i

. Ztzb =
- 1 —
0 =2 =X 7

. 2| A2 &|+= reconstruction 7

30| Xote = A&

- = == WA= O|2et ot A
SHAE ?let S ¢

- UniAD= multi-class O| & X| EFX| 2

Ez‘ﬂ EE-IIQ XS A O]

- UniAD+ identical shortcutS = rg ==
Attention, Feature JltterlngE Heoral =
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Proposed method
.E2x
- Identical shortcut =X| S SHZ S+, reconstruction-based AD 24l © 2 multi-class O] AHX|
S X & o= A
e Qverview
- =X BFAY
- MLP, CNN, Transformer2| identical shortcut &4 M= £ =9l §I H| m gt

OI_ O
- Transformer2| attention layer 7} learnable query embedding 2 2 213} identical shortcut =A| 7t 7t& & A
L5tz A 2 A O|2EH = 2ol

=y R

- Attention layer2| identical shortcut= 7i 415} 7| 2|3l query embedding2| At& S S L2tk layer-wise
query decoder= | Otk

-H| =3t FH HEO| 2X 2 Q5 F2 Y3t reconstructions &HX|SH7| /3l neighbor masked
attention= X QF&t

- Reconstruction2| -5 &AHS 2|3l denoising taskS ¢t feature jitteringS 228
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Proposed method

« Comparison among MLP, CNN, and Transformer

. 2 =20 M= ADQ| backbone 22 21 MLP, CNN, Transformerg &
baselines& T30 2f = 9| identical shortcut= 2t Qlgt

.2t B o] M5 ZTH 9l H| D

St reconstruction

- MVtec-AD unified caseO| A t&SHH A 10 epochOFCL OF2H 3702 K| HEE FH T
= Loss: D& HIO|HE g =l train | O| E{ A1 Of| TSt reconstruction loss
;' Image AUROC: & &4/0| & X| G| O| B 2 T/ El test | O] E{ A 0j| CH St anomaly detection2| AUROC
- Pixel AUROC: & 2&4/0| & X| H|O|H 2 T3 &l test O| O] E{ A 0j| CHSF anomaly localization2] AUROC
- = RH0| 50| ZIHEof et F4 HO|e & & S 3SHK| T O| 4 X BX| ds2 €8 =&
E & 0| = 5tEsh= A2 &9l identical shortcut% g 0._|3EL = A
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Proposed method

« Comparison among MLP, CNN, and Transformer

- MLP, CNN, Transformer 7|2} reconstruction baselinesOfl 0|4t X| O|0|X| & input 2
At 2t BEO| O| MK E & E5l= AS S HMHE O 2 & identical shortcutO|

2tolgt 4= QI 3

L
(=)
=]

=

- 2L}, 2 LA © = TransformerZt MLP2F CNN E. L} identical shortcut2| 54 &= 7}

Aoz e

< Anomaly > <MLP > <CNN > < Transformer >
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Proposed method

 Analysis on identical shortcut
- MLP2| fully-connected layer& &I = ™, Of2fef &2 shortcut <t=0| 7t
-1-layer:y =xTw+b
;' yo output
x T input feature
= w: weight
2= b bias
- Shortcut: w — identity matrix & b — 0

- CNN2| B 1x1 kernel 2 7+ =l convolutional layer”Z} fully-connected layer?t & & oHH, nx
kernel:2 1><1 kernel 2CF O M2 Im2t0|EQ} O 2 222 7HX| 2 £ shortcutS 3—.%%
7lsd0| &

- Query embedding= A& %t Transformerol attention layer= A HE ™ query embedding g7/t
Mk O|0|X| x+QF SAFE 7} =2 shortcut 50| 7t
- 1-layer: y = softmax(q(x*)7" /\/C)x*
;= q: learnable®t query embedding
= x*: normal sample2| feature

.2 C: channel dimension

- Shortcut: softmax(q(x*)T/V/C)) - identity matrix
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Proposed method

 Analysis on identical shortcut

- MLP, CNN, TransformerS

identical shortcut &t&&

- S} X| 8t Transformer2| 4%
O|O|X| x*Qf A= O 2 =

o A o
E 'Icé!-_l_gj\m

" E
BICHE 2 ¥ 4 QS
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o

=t 829l reconstruction baselines 25 O|EXM Ol SHO| A 2 EIO|
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|-O O MNT
attention layer2| shortcutO| learnable®t query embedding g7} 3 &
== A0|2t= A= 025t 222 O|4X| O|O|X| E &

A=

28O = query embeddingO| ‘& H|O[H 2| 2 Z st=dt=0| 0| $ 52 9=

=0 M= 0l2{Tt AL 0l &ZHSH0] attention layer2| identical shortcut2 &2t
= A& multi-class O] & X| EFX|E H| ot
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Proposed method

« Relation between identical shortcut and unified case

- MLP 7| &} reconstruction baseline= separate caseOfl CHsl & L&A &t&ot 2, unified caselt
ZE Hlug

- Separate case: StLt2| classOfl Cif ot CIO|E{ MRt e 2 S & X Ol B E S st5dt= A

= —
- Separate case¥| Al = X|&H Ol oss ZHA2F AUROC S 7H7t LIEtLEE A2 E3H, unified case
O] =7t &1 O| 2 QI38) identical shortcutO] EAists & 4= QU
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Proposed method

 Improving feature reconstruction for unified anomaly detection

« Qverview

- UniAD+ reconstruction 7| 2F multi-class O & X| B X| &2 7+Z& 2 Neighbor Masked Encoder (NME) 2t
Layer-wise Query Decoder (LQD)Z T8 &

- 71Z&9| Transformer 2 2 0]l Feature Jittering, Neighbor Masked Attention, Query EmbeddingS F7t%t A

NME LQD Reconstructed Tokens
DoDEE®E

, (£ Add Followed by Layer Norm N X i

. N x [ Feed Forward Net |
: *{+ i

i Neighbor Masked

! Attention

| Feed Forward Net | i
B S 5
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Attention '

Kt v of |

Reconstructed Tokens

OEoEOE@E
MSE Loss
EEEEEE

Feature Tokens
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EEEEEE Difference i
}@—{IDIDDD;

EEEEEMm
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, ES Kf v Q | Localization Results |
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1
I DEEEED
| Feature Jittering | Outputs of Last LQD Layer | Detection Results | ;
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< UniAD overview >
g BTN I VDS \
14 LaB

SOGANG UNIVERSITY



Proposed method

 Improving feature reconstruction for unified anomaly detection

- Neighbor Masked Encoder (NME)
-O|0|X| & YHo 2 YoM CNNL2E feature tokensE FZ St 8li 2 tokensOll feature jittering= & i
Z =5l perturbations 71610 inputE =g

- NMEZ2| Z} layer= neighbor masked attention moduleZ} feed-forward network2 713 &0 /S,
NMEE {I0M #=El input2 2 £ H encoder embeddings =& %

N X !
| Feed Forward Net

—

Neighbor Masked
Attention
Kkt v¢ of

(e

EEEEEE OOO0O04

Feature Tokens Perturbation

T

| Feature Jittering |

< Neighbor Masked Encoder (NME) >
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Proposed method

 Improving feature reconstruction for unified anomaly detection

- Feature Jittering
- Fixed pre-trained backbone= &3l O| 0| X| 2 2 E{ feature tokensE ==&
:'+ Pre-trained backbone: ImageNetOf| Al At% St& =l EfficientNet-b4

:'« Feature tokens: backbone2| 1~4 M blockOf| M == El feature mapsE & 2ot 37| & resizett
channel dimensione 7| =2 £ concatenatestO| ==t
-2 A0 M= 2 20| denoising task 2 F E H& HIO|H| 22 & St5IE & 7| |l ===
feature tokensOl| perturbation= 75t input2 2 A2
- Neighbor Masked Attention (NMA)
-2 A0 M= inputS EX|SH= identical shortcutS Ol 28817 | 2|38l neighbor masked attention
(NMA)E X otet
- NMAE attention map= A& I £ P HO| neighbor tokensE maskingst] R ALSt MEE 7+
Z=H tokensQ| MEE reconstructlonoﬂ MROW UAZOZMN T input2 A2 EXSHY output=S

o> .- O3 = A o
EEOET'_—X'HE |:<|3|- |°e|'—r9;|u:|
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Proposed method

 Improving feature reconstruction for unified anomaly detection
- Layer-wise Query Decoder (LQD)

-2 =E0A= query embeddingOI identical shortcut2 Ol = QUCH= B2 7|8 2 2E layerOf| A
query embedding= =3 St= LQDE A|¢tat

- LQD2| Zf layer= NMAR} feed-forward network 2 Tt &0 U=

Reconstructed Tokens

N x @%-7

I Feed Forward Net |

¥

Neighbor Masked
Attention

KT %) Q%

Neighbor Masked
Attention

e NS BN B
oOoOo0oodd
Query Embedding

OoEEEE
Outputs of Last LQD Layer

< Layer-wise Query Decoder (LQD) >
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Proposed method

 Improving feature reconstruction for unified anomaly detection
- Layer-wise Query Decoder (LQD)

ot

-LQD2| Zt layer2 NMAZE £ 3| learnable query embeddingO| encoder embedding 2t Z &=l = 0| ™

layer2| output 2} CFA| 751'0*5'

- LQD2| OX| 2t JayerO| M =2 = output2 linear projectionS =3l feature tokens2| reconstruction
Z 1t reconstructed tokens 2 X| & H2HE

Reconstructed Tokens

OOOEE@E
N X

I Feed Forward Net |

Neighbor Masked
Attention

Kt %) Q%

Neighbor Masked
Attention

Xt V¥ Q

OoOooogn
Query Embedding

OdooOoEE
Outputs of Last LQD Layer

< Layer-wise Query Decoder (LQD) >
R A THSED VDS

SOGANG UNIVERSITY 18



Experimental results

« Datasets and metrics

» Datasets

-= == 0 M Ofell & OO S 7|22 2 02 79| classOfl Tt SFLES| O K| Al RE S

T2 5HE unified case Ol Al 22 S HIte
' MVTec-AD: & 1571 9| class 2210l Clij ek O| O] X| O &f X| & X| G| O
vZ} O[O B = O] 0| X| 2+ & 0] CHet anomaly label S ZE et
' CIFAR-10: & 1070 2| classOf| CH gt O| 0| X| =2 I £[Of /=
- Metrics
- AUROC(Area Under the Receiver Operating Characteristic curve)
;= Anomaly detection % localization2| &= W7Ist= K| EZ ALEE
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Experimental results

« Anomaly detection on MVVTec-AD

- Unified caseO| Al UniAD2} 670 2| baselines?)

- Quantitative results
- MVTec-AD2| 1570 classOil CHaH
Ol CHdl ‘4= 0|

- Baselines2
- HtH UniAD=

- O
4= Hl

[=1;
=

Ol unified case 2 2+2+ B}t
=2 "t ynified cased| CHSHAM = A
P} unifiedcase EFO0AM =2 MsS 2

s B AUROCE 2F 96.5% (unified case) = LtEF:

Category | US[6] PSVDD [49] PaDiM [11] CutPaste [26] MKD [38] DRAEM [53]| Ours
Bottle [84.0/900 85.5/98s  97.9/009 679 /082 987 /vva  975/902 |99.7 £ 0.04/ 100
Cable [60.0/862 644/003 7097927 692/812 782/892 578/918 (952+084/976

Capsule [57.6/:61 61.3/76 734/012  63.0/082 683/805 653/0:5 |86.9+0.73/:53
Hazelnut [95.8 /921 83.9/920 855/920 809/9s3 97.1/9s54 937 /100 |99.8 +0.10/9909
g Metal Nut (62.7 /320 809 /010 88.0/0s7  60.0/00 64.9/7:6 7T2.8/937 [|99.2+0.09/00.0
E- Pill 56.1 /879 894/s61 688/033  Tl4/oa9 797 /27 8§22/989 |93.7 £ 065/ 883
=| Screw [66.9/519 809/513 56.9/s8s55  85.2/ss 75.6 /833 920/939 |B7T.5+057/010

Toothbrush|57.8 /953 994/ 100 953 /961 639 /004 7537022 9067100 (94240207950

Transistor |61.0/818 77.5/915 86.6/974 579/ 734 /856 T48/931 |99.8 £0.09/ 100
Zipper |78.6/0190 T778/970 797 /fo03  93.5/000 874/0:2 9887100 [958 £0.51/ 96
Carpet [86.6/916 633/920 938/90s 93.6/039 69.8/793 98.0/970 998 +0.02/9009

- Grid 69.2/810 66.0/91s T73.9/967 932/100 838/70 993/999 |98.2+0.26/9:5
| Leather (9727352 60.8/909 999/ 10 934 /100 93.6/9s1  98.7/1w0 | 100 £ 0.00/ 100
= Tile 93.7/991 883/v7s  93.3/981 886/916 89.5/916 99.8/96 (993 £ 0.14 /990
¢ Wood |90.6/977 72.1/9s5  984/992  804/991 934/043 998/991 [98.6 £0.08/979
Mean |74.5 fer7 7681921  84.2f9s55  T7.5/9s0 8197878 88.1/980 |96.5 + 0.08 /966
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Experimental results

« Anomaly localization on MV Tec-AD

- Quantitative results

~ Anomaly detection®| & 2% Z 1o}
unified caseOf| CHSH A

- HH UniADE

»: W AUROC=

= 350l

F

St
&=

S ASHA, baselines2
o=t

@} unified case 250 =

oMo
L oo=

2

9} 96.8% (unified case) = LtEF:

Category | US[6] PSVDD [49] PaDiM [11] FCDD [28] MKD [38] DRAEM [53]| Ours
Bottle [67.9/075 867/0s1 96.1/0:2 56.0/07 91.8/063 87.6/00.1 |98.1+0.04/0%
Cable |783/019 6227965 81.0/967 64.1/00 893724 T1.3/047 |97.3+0.10/06%

Capsule [85.5/065 83.1/95% 96.9/92s 67.6/0% 8837959 50.5/043 |98.5+0.01/070
Hazelnut [93.7 /05> 97.4/975  96.3/0s1  793/05 912/016 96.9/007 |98.1+0.10/ 082

O| Metal Nut [76.6 /07> 96.0/0s0  84.8/073 575/01 642734 622/005 |94.8 +0.09/05
<| Pl (8037965 96.5/951 87.7/957 659/%1 69.7/s06 94.4/076 |950+0.16/ 0951
S| Screw [908/074 7437957 94.1/0s4  672/%6 92.1/960 955/076 |98.3 + 0.08 /074
Toothbrush|[86.9 /970 98.0/951  95.6/0ss 60.8/01 88.9/061 97.7/0%1 |98.4+0.03/07%
Transistor [68.3 /737 78.5/970  923/076  542/ss T1.7/765 64.5/000 |97.9+0.19/0s
Zipper [84.2/9s6 95.17951 948/9ss 63.0/02 86.1/930 983/0ss |96.8 4 0.24 /960
Carpet |88.7/935 78.6/926 97.6/90 68.6/9% 955/956 98.6/955 |98.5+0.01/950

4| Grid  |645/509 7087962  71.0/971  658/91 823/91x  98.7/997 [96.5+0.04/016
O| Leather (9547975 935/974 848/990 66.3/95 96.7/9s1 97.3/956 |98.8+0.03/ 053
E| Tile [827/925 920/014 805/0u1  593/91 853/%2s5 98.0/992 [918+0.10/015
Wood [83.3/021 80.7/00s 89.17/041 533/s¢ 80.5/%1%  96.0/064 (9324 0.08/ 034
Mean  81.8/939 856/957 89.5/974 633/ 849/007 872/975 |96.8+0.02/%66

< Anomaly localization results with AUROC metric on MV Tec-AD >
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Experimental results

« Anomaly localization on MV Tec-AD

- Qualitative results
- Ot2f caseOfl 8f &St= O|O|X|0f| CHSIO] UniADS| HEX Z0tE ==
:'+ (a) global structural anomalies

b

got

:'= (b) local structural anomalies
'+ (C) scattered texture perturbation
:'= (d) multiple texture scratches
—~UniADZ} O|AtX| O|O|X| £ ™A O|O|X| K& E8t= Z4S £ UniADA A identical shortcut 2 A| 7}

= OO
HFAH S OO 7{2 3}0O|&H A O]l
MK 2 AS 2ol = AUS
Anomaly Recon GT Pred Normal Anomaly Recon GT Pred

Normal

< Qualitative results for anomaly localization on MV Tec-AD >
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Experimental results
« Anomaly detection on CIFAR-10

- Quantitative results
— Normal Indices: 10712 class & O™ classE H& 2 Z & AQUX|E ™=
- % 10702] classOl| CHSHO] 570 2] classE &2 =2, 5742 classE O| & X2 T8t & 4712 =0
H St multi-class O & X| EHX| d&2 H|ngt
-2 =20 A M Qs UniAD7t R E ZTHO|A LESHH =2 M52 ==t
- Baselines & US2} FCDD+ unified caseOf| A 50%CH2] 452 E Y
5, O| 4K BX| 80| 4= At 22

- Out-of-distribution 222! Outlier Exposure (OE)E FCDDO| M &% 2 W, multi-class O] & X| & X| 4-50]
A S EARX| B UnIADELCHE 2 ds2 EY

Normal Indices | US [6] FCDD [28] FCDD+OE [28] PANDA [34] MKD[38] |  Ours
{01234} 513 55.0 71.8 66.6 64.2 84.4 + 0.02
{56789} 513 50.3 73.7 732 69.3 80.9 + 0.02
{02468} 63.9 59.2 85.3 77.1 76.4 93.0 + 0.03
{13579} 56.8 58.5 85.0 729 78.7 90.6 + 0.09

Mean | 559 55.8 78.9 724 721 | 87.240.03

< Anomaly detection results with AUROC metric on CIFAR-10 >
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Conclusions

« & =& multi-class anomaly detection= 22t & 2 & 2l UniADE A|¢tat

—_—

. Unified caseOl| M= identical shortcut 2 A| 7} EtAist2 koSt
« Identical shortcut =X 2| &M M7t 7t& M2 Transformer 22 = backbone 2 & 2
AE gt

« Transformer 22 0f layer-wise query decoder, neighbor masked attention module %
feature jittering= 3=7tSH0 identical shortcut =X| S Sl 2

« MV Tec-AD2} CIFAR-10 H|O|E{ A0 A 7| = tt =
CI Sk classO A 2| O| A EfX|E 21K oz s3ligt = AZF= 5

ﬂ A THSED VDS
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