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Overview
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Results
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Implementation Details




Basic Framework
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Volume Normalization

Probability transformation: e 1. maximize |70 Image likelihood \
: X maximization
P(x)=P(z) ) cnt
Normal
o
A lies =
noma
Keep ‘—)‘ 1 “ ZS(Xk ,)=0 - S(sz) 0 I~ ‘ |
| » >
Zero Mean K th score FPR /
Normalization
Algorithm 2 Volume Normalization. (Pytorch-like Pseudocode) Gse 2: of (X) -1 Intra-image prObablllm
Input: input @, momentum (3 X redIStrIbUtlon
Output: output y
def VolumeNorm2d(z, S =0.1): A A _______ Al UR .
if training: cnt :
r = mean(r, dim=1) % CVN: zero-mean normalization along Normal i
channel dimensions g i
y=z-r o , Anomalies = i
Trunning = (1—B) XTrunning + 8 X T % update running mean ]
else: | - i

y =T — frunning th
return vy K score FPR /

CVPR 2023 PyramidFlow: High-Resolution Defect Contrastive Localization using Pyramid Normalizing Flow 7



Probability transformation:

P(x) = F’(Z) =P(2)

[ Loss function £ =—log P(X) :]
/

Modeling with Base Distribution

High-dimensional case (e.g. PaDiM)
9 zero center
7 using standard Gaussian distribution
Low-dimensional case (e.g. PyramidFlow)
? zero-mean shift
P using|zero-mean normalization
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Model Architecture

PyramidFlow Architecture
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Training & Evaluation
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Comprehensive Studies




Complexity Analysis

\ Model Complexity Analysis
12f
5\5 = S’C j;(v?’ M= %IIT“ Wide-Res[NEE01 70
2 X3 2 a [ Net ) :ain
6£ 910— o ietgzal 160
=— .o W2X2 + b2 . @ =A= Param l Z
(@))
8x3 S8 / 150 8
D / @
. filciéntNEEER6
Save O(L) hidden nodes S o e A
- Q
for back propagation 2 / 130 3
/ o 4k B N0, @
= 20 2.
c
= <
OL  OL 0%y(X,,W,) \‘/E’z 110
ow, X, oW, 0 0
o D2 D4 D8 D16 D32 D64
_ ' -1
LZL r - a_x3 X2 QM We propose autoFlow, a easy to use
X, » X, . normalizing f|0\{v framework with
2 __g Save OQ) hidden nodes O memory saving
\ - (All nodes can be obtained O automatic Jacobian tracking
N from the last O”E'y O object-oriented programming

CVPR 2023 PyramidFlow: High-Resolution Defect Contrastive Localization using Pyramid Normalizing Flow 12



b}

Ablation Study

('1) Batch Norm (b) CVN (c) SVN
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Table 1. Quantitative results of CVN and SVN on different
g categories. For each case in the table, the first column is
= Pixel - AUROC% and the second is AUPROY% . while the val-
ﬁ ues within parentheses represent the relative improvement.
= CVN SVN
é Classes ~ AUROC ~ AUPRO  AUROC  AUPRO
o capsule 96.1(+2.6) 93.5(+00)  88.0(+0.0)
= pill 96.2(+1.8) 94.4(+0.0) 94.9(+0.0)
(¢B)
E toothbrush  N98,9(+2.5) 06.4(200
S carpet 88.9(+0.0) 88. %(+0 0) 90.8(+1.9) 91.0(+2.
=) erid 86.2(+0.0) 84.5(+0.0) 94.2(+8.0)
> zipper 92.2(+0.0) 91.9(+0.0)

Table 2. The ablation study on full MVTecAD. For each cell
and the second is

in the table, the first row is Pixel-AUROC%

AUPRO% .

The number within parentheses means the change
relative to baseline, the larger absolute value with larger impor-

tance.
Classes

Method Texture Object MEAN
_ 95.2(+0.00  95.7(+0.0)  95.5(+0.0)
S Ourstbaseline)  95140.0) 93.5+0.0)  94.0+0.0)
T T wio Volume 89.4(-5.8) 85.2(-10.5) 86.6(-8.9)
O Normalizatio 87.5(-1.6)  83.6(-9.9)  84.9(-9.1)
f,E T Lo 93.1-21  90.7¢:5.0)  91.5(-4.0)
W sl 91.9¢-32) 84.7(-88) 87.1(-6.9)
= 1L w/oPyramid 87874 93.1¢26) 91.3(42)
O  Difference 87.8(-13)  89.4(4.1)  88.9(-5.1)
IV. w/o Fourier  92-0:32)  93.3(24)  92.9(-2.6)
Loss 92.8¢-23)  91.9¢-1.6)  92.2(-1.8)
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Quantitative results

Table 3. Quantitative results of various challenging methods on MVTecAD. In the table, the fully normalized flow method is labeled
as FNF, while the abbreviations Res18, WRes50. EffiB5, and DTD are denoted as ResNet18, Wide-ResNet50-2, EfficientNet-B5, and
Describable Textures Dataset, respectively. For each case in the table, the first row is Pixel-AUROCY% and the second is AUPRO% .
where the best results are marked in bold.

E;t:il;;a] Methods carpet leather tile wood bottle cable capsule hazelnut pill toothbrush transistor zipper MEAN

- 542 641 497 621 858 780  84.1 87.1 86.8 90.0 79.9 78.1 75.0

A AnoGAN [25] 204 378 177 386 620 383 306 698  77.6 74.9 54.9 46.7 47.4

< _ 62,0 83.5 520 699 894 816 907 95.1 87.9 05.3 85.1 775 80.8

O Vanilla VAE [15] 619 649 242 578 705 779 77.9 77.0 79.3 85.4 61.0 60.8 66.6

l“_) X 87.0 780 59.0 730 930 820 940 97.0  91.0 92.0 80.0 88.0 84.5

S AE-SSIM [4] 64.7 561 175 605 834 478  86.0 91.6  83.0 78.4 72.4 66.5 67.3

S Ours 90.8 99.6 979 938 959 921  96.1 98.0  96.2 98.9 97.4 95.4 96.0

(FNF) 91.0 997 958 962 940 864  93.1 97.3  96.3 97.7 91.4 95.1 94.5

g _ 93.5 978 925 921 978 919  96.8 982  96.5 97.9 73.7 95.6 93.7

s Res18 ST 87.9 945 946 91.1 931 818 968 965  96.1 93.3 66.6 95.1 90.6

E’ ) 975 976 874 885 984 972 990 99.1  96.5 97.9 4.1 96.5 95.8

@  WResS0 SPADE [6] 947 972 759 874 955 909 937 954 946 93.5 97.4 92.6 92.4

§ ) o 99.1 992 941 949 983 967 985 982 957 98.8 97.5 98.5 97.5

o WRes30 PaDiM [ /] 96.2 978 860 91.1 948 888 035 926 927 93.1 84.5 95.9 92.3
I<B)

o q - 98.0 984 939 886 909 953 979 963 957 96.3 95.5 06.4 05.3

> EffiB5 CS-Flow [27] 98.0 985 945 020 887 940  96.1 95.1  91.1 89.9 96.9 05.4 04.2

L \ 94.9 96.6 99.6 973 976 954 940 992  95.0 98.1 90.0 94.4 96.0

DTD DREM [29] 96.1 979 997 979 972 904 965 987 937 97.1 92.9 94.7 96.1

97.4 987 97.1 970 97.8 918  98.6 98.1  96.1 98.5 96.9 96.6 97.1

Res18 Ours 97.2 992 972 979 955 903  98.3 98.1  96.1 97.9 94.7 95.4 96.5 O‘
S AmkAjSPR *
Or
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Visualization
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Complex Scenarios

Table 4. Quantitative results of various challenging meth-
ods on BTAD. For each case in the table, the first row is
Image-AUROCY% and the second is Pixel-AUROCY% ., where

the best results are marked in bold.
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< o VTADLIIOT 990 940 770 90.0
IQ_J c | 957 721 821 833

O  PSVDDIOT 916 936 910 921
8 i 914 714 999 876
hyt qc) SPADE [0] 97.3 944 991 96.9
I= c 909 793 998  90.0
o) = PatchCore [20] 955 947 993 965
= 5] - 998 820 994 937
- ‘§<l PaDIM[] 970 960 988 973
o LL 100.0 882 993 958
Ll>j Ours (Res18) 974 976 981  97.7
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a Summarization
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