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ABSTRACT

Industrial Anomaly Detection (IAD) in low data regime is crucial for automating
industrial inspections in practice. Previous methods have primarily focused on
obtaining robust prototypes using only a few normal images per product. However,
these methods seldom account for transferring the characteristics of online query
images to enhance the representativeness of the original prototypes in a systematic
way. To address the pivot issue, we propose a prototype-oriented fast refinement
model for few-shot IAD. Given online query images, we formulate prototype
refinement as a nested optimization problem between transport probability for
anomaly suppression and transform matrix for characteristic transfer. Then we
present an Expectation Maximization (EM)-based algorithm to iteratively compute
the transport probability and transform matrix. In the E-step, we use entropy-
based optimal transport, known as the Sinkhorn algorithm, to learn the transport
probability. In the M-step, the transform matrix is updated via gradient descent.
Finally, we integrate our model with two popular and recently proposed few-shot
TAD methods, PatchCore and WinCLIP. Comprehensive experiments on three
widely used datasets including MVTec, ViSA, and MPDD verify the effectiveness
and efficiency of our proposed model in few-shot IAD applications.

1 INTRODUCTION

Industrial Anomaly Detection (IAD) aims to automatically identify defects on product surfaces
Liu et al.| (2024) and has been attracting tremendous attention |[Zhao| (2023)); [You et al.| (2022)); [Lu
et al.| (2023). However, the fragmented nature of industrial anomalies ranging from subtle bruises
to obvious breakages, with varying appearances and scales |[Roth et al.|(2022)) , making it difficult
for fully-supervised methods to detect them He et al.|(2017); [Kamat & Sugandhi| (2020). Therefore,
unsupervised IAD methods, trained with massive normal product images, have been developed
recently [Liu et al.|(2023); |Lu et al.|(2024)). In practice, it is not always possible to obtain a large
number of normal images for different products, making existing methods less effective due to their
inability to generalize across products in low-data regime at test time |[Huang et al.| (2022)).

To tackle this challenge, few-shot learning Snell et al.| (2017)); \Sung et al.| (2018)); Wang et al.[(2020)
has been introduced to unsupervised IAD, allowing the development of a common model shared
across multiple products and generalizing to new products with only a few normal training images,
such as 1-shot per product. This new paradiagm is known as few-shot (unsupervised) IAD Huang
et al.| (2022), and primarily involves prototype-oriented methods |[Fang et al.| (2023)); Jeong et al.
(2023); [Santos et al.| (2023). At training time, these methods typically use the statistics of a few
normal training (support) images to construct a set of normal prototypes, also known as a memory
bank. During inference, anomaly scores are computed by measuring the differences between test
(query) images and normal prototypes using various distance functions. Anomalies are detected by
comparing the anomaly score against predefined thresholds. Especially, [Fang et al.| (2023)) further
employ statistics of query images at test time to refine prototypes quickly. However, we find that
point-to-point regularization as in|Fang et al.| (2023) does significantly limits the ability to transfer
characteristics from query images to prototypes. Additionally, meta learning based few-shot IAD
methods [Wu et al.|(2021)); [Huang et al.| (2022) have been introduced to achieve fast generalization,
whose performance is verified to be far behind of prototype-oriented methods Xie et al.|(2023).
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Figure 1: Left: Pipeline of prototype-oriented few-shot IAD methods. Right: Our proposed
prototype-oriented fast refinement model for few-shot IAD. Our model leverages an EM-based
optimization algorithm to refine prototypes by iterating between suppressing anomalies in query
features and transferring characteristics from query features. In the E step, the refined prototypes are
aligned with a prior distribution expanded using a few normal training features. In the M step, the
refined prototypes are updated using both the old refined prototypes and query features.

Observing the fact that statistics of query images have not been fully explored at test time in
the previous methods [Fang et al. (2023); Jeong et al.| (2023); Santos et al.| (2023) either from
data perspective Jeong et al.| (2023)); [Santos et al.| (2023)) or optimization perspective Fang et al.
(2023)), which may result in suboptimal prototype refinement and cause the query features to deviate
significantly from their normal prototypes, particularly when the available normal training images are
extremely limited. To address this problem, we propose a prototype-oriented fast refinement model to
transfer characteristics from query images to original prototypes while suppress anomalous features
potentially present in query images, which results in more precise and efficient refinement, making
the prototypes more generalizable. A comparison between our model and mainstream methods is
shown in Fig. [T} Specifically, we frame prototype refinement with online query images as a nested
optimization process balancing anomaly suppression and characteristic transfer, with a transport
probability and transform matrix capturing these behaviors, respectively. We then introduce an
EM-based algorithm to iteratively solve for the transport probability and transform matrix during
inference. In the E-step, we use an entropy-regularized optimal transport to align the distribution
between the original prototypes and the refined prototypes, ensuring the latter are unaffected by
anomalies. In the M-step, gradient descent is employed to maximize the transfer of characteristics
from query images to the refined prototypes. Finally, our model is integrated into two popular
and recently proposed few-shot IAD methods, PatchCore Roth et al.| (2022) and WinCLIP Jeong
et al.| (2023), to further enhance the representativeness of their prototypes. We find that our model
consistently improves the performance of the two existing methods by significant margins across
three widely used datasets including MVTec Bergmann et al.|(2019), ViSA Zou et al.|(2022)), and
MPDD |Jezek et al.|(2021)). The main contributions could be summarized as follows:

* We present a prototype-oriented fast refinement model that explores the characteristics of
query images and it can be integrated into existing methods like PatchCore and WinCLIP.

* We formulate prototype refinement as a nested optimization problem and introduce a novel
EM-based algorithm to solve it precisely and efficiently at test time.

* The experimental results confirm that our proposed model is effective and significantly
improves few-shot IAD performance on the MVTec, ViSA, and MPDD datasets.
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2 RELATED WORKS

2.1 ANOMALY DETECTION

Industrial anomaly detection (IAD) involves handling training images that exclusively consist of
normal data, primarily falling into two categories of reconstruction-based methods |He et al.| (2023);
Wyatt et al.[(2022));|Gong et al.|(2019); You et al.|(2022); |Lu et al.| (2023)) and memory-based methods
Roth et al. (2022)); |(Cohen & Hoshen|(2020); |Defard et al.| (2021). Reconstruction-based methods
are trained exclusively with normal images on the premise that anomalies will yield significantly
higher reconstruction errors |(Gong et al.|(2019). To address shortcut, Transformer-based architectures
You et al.|(2022)); [Lu et al.| (2023)) and diffusion-based training strategies Wyatt et al.| (2022)); Roth
et al.| (2022) have been developed concurrently. Memory-based methods take full advantages of
pre-trained features to improve detection performance. However, both approaches tend to overfit
when the number of normal training images per product is limited Huang et al.| (2022).

2.2 FEW-SHOT ANOMALY DETECTION

Few-shot IAD has developed to address the demand for rapid manufacturing changeovers, with
research mainly divided into prototype-oriented methods [Santos et al.| (2023); Xie et al.| (2023));
Fang et al.|(2023); Jeong et al.|(2023)); \Gu et al.|(2024) and meta-learning based methods Wu et al.
(2021)); Huang et al.| (2022)). Prototype-oriented methods usually use pre-trained features to construct
normal prototypes from only a few normal training images, with a focus on obtaining generalizable
prototypes. [Xie et al.|(2023) develop graph Swin-Transformer |Liu et al.|(2021) to extract isometric-
invariant visual features. Jeong et al.|(2023); [Li et al.| (2024)) turn to use Large Language Models
(LLMs) Radford et al.| (2021)) to create powerful prototypes. [Fang et al.|(2023) leverage query image
characteristics to enhance prototype representativeness. Although these methods efficiently build
generalizable prototypes, they still lack a systematic way for refining prototypes properly.

3 BACKGROUND

3.1 TASK FORMULATION

We formally define the one-class IAD task in a low data regime, adhering to the standard few-shot
learning. The model is fine-tuned using k normal support images 3., and predicts whether the
t-th query image @y is anomalous at both the pixel and image levels. Notably, previous methods
rarely utilize the statistics of query images ;! for systematic predictions, often leading to suboptimal
outcomes. In this paper, we fully leverage the pre-trained backbone fg«, parameterized by 6*, to
extract features from both support and query images, computed as follows:

fls:kxhxw = ﬂatten[fg* (mi:k)L fq = f@* (m?) (1)
where flatten[] is an operation that converts a 2-D feature map into a 1-D vector. Let f7 € RS,
wherel =1,...,k x h x w, and ftq € Rhxwxe 1 practice, normal features tend to be redundant, so

compression techniques like Coreset|Sener & Savarese (2017) are commonly employed to construct
prototypes M € RO**Xhxw by gelecting the most representative normal features from 5, .1, .

with a downsampling ratio « € (0, 1). For simplicity and conciseness, we denote m = h x w and
n = a X k x h x w for the reminder of this paper.

3.2 OPTIMAL TRANSPORT

Although Optimal Transport (OT) has a rich theory, we limit our discussion to OT for discrete
distributions and refer the readers to |[Peyré et al.|(2019) for more details. Let us consider p and ¢ as
two discrete probability distributions on the arbitrary space X, Y C RY, which can be formulated
asp =Y i, a0z, and ¢ = Z;il bjdy,. In this case, a € X" and b € ¥™, where X" denotes the
probability simplex of R". The OT distance between a and b is defined as:

OT(p,q) = mingey(p,q) (T, C) (2)

where (-, -) denotes the Frobenius dot-product, C' € R1§™ is the transport cost function with ele-

ment C;; = C(x;,y;), T € RLG™ is the doubly stochastic transport probability matrix such that
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Figure 2: Overview of our proposed prototype-oriented fast refinement model. Support and query
images are processed through a pre-trained backbone to extract normal and query features, respectively.
Original prototypes are created by compressing normal features using Coreset [Sener & Savarese
(2017). We then employ EM-based optimization to refine prototypes by transferring characteristics
while suppressing anomalies in the query features, where transport probability and transform matrix
are iteratively updated until reaching the optimal values T and W*. Anomaly detection is performed
by comparing the differences between query features and the refined prototypes. Notably, our model
can be friendly integrated with other prototype-oriented methods, as discussed in Sec. E}

U(p,q) :=={T|>{ Ti; = bj,>_;" Ti j = ai}. To relax the time-consuming problem when optimiz-
ing the OT distance, (Cuturi| (2013)) introduced the entropic regularization, H = — . ; T; ;InT; ;,
leading to the widely-used Sinkhorn algorithm for discrete OT problems.

4 METHOD

We present our proposed model from the following perspectives: In Sec. .1} we formulate prototype
refinement as a nested optimization problem. In Sec. 4.2 we introduce an EM algorithm to derive
the refined prototypes. Finally, in Sec. we implement anomaly detection through reconstruction
using query images and the refined prototypes. An overview of our model is illustrated in Fig. 2]

4.1 A NESTED PROCESS FOR MODELLING PROTOTYPE REFINEMENT

We aim to improve the representativeness of prototypes by transferring characteristics while sup-
pressing anomalies from query images. To achieve this, we propose a nested process to model these
behaviors by:

W™, T* := argminy, pdis(f, WM) + XOT(ps, gs) 3)

where dis(+, -) represents the distance between the two sets, with its form dependent on specific
integrated methods discussed in Sec. W € R™*" is the transform matrix used to transfer
characteristics from the query features f{! to the original prototypes M, resulting in the refined

prototypes My = WM , where Mgy € R™*°. M and Mg are sampled from distributions
of ps and ¢, respectively. Unlike the common assumption that refinement should occur along the
feature dimension, in this work, it takes place along the sample dimension. We refer to the former
as transform refinement and the latter as composition refinement. OT(-, -) represents the optimal
transport distance described in Sec. [3.2]and can be viewed as a metric for suppressing anomalies

potentially present in query images, as it ensures that the refined prototypes M are positioned in the
high probability density region defined by the normal prototypes M. Importantly, our proposed
regularization using the OT distance does not rely on a Gaussian distribution assumption, making
it more adaptable for real-world few-shot IAD applications. A is the balanced coefficient. For
optimization, we must further clarify the parsed formula for the OT distance in Eq. [3| Specifically,
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given M ~ ps and M ~ g5, we can represent each feature in pg and g5 as empirical distributions
over the corresponding n and m features in their respective data spaces as follows:

Po=D 0mu M €RG a=) —og . MRS @)
i=1 e

Moreover, we utilize an entropy-based OT distance [Cuturi| (2013)) and formulate the optimization
problem for the second term in Eq. [3]as follows:

OTc(ps,gs) = »_ CijTij— ey —TjInT; Q)
i i

where € > 0, C € RL;™ is the cost matrix, which is typically formulated using simple distance
functions dis(+, -), such as Euclidean or cosine. The specific form of C' should align with the distance
function used in the first term of Eq. [3] which we will discuss in Sec. [5] Importantly, the transport
probability T € RLG™ must satisfy U (ps, ¢s) := {3 Tij = 7, > ; Tij = +}, where T} j denotes
the transport probability between the i-th prototypes and the j-th refined prototypes, serving as an
upper-bounded positive metric. Consequently, T} ; naturally weights the importance of each refined

prototype in relation the set of original (normal) prototypes.

4.2 AN EM ALGORITHM FOR SOLVING PROTOTYPE REFINEMENT

Observing the nested optimization problem in Eq. 3] it is clear that the optimal parameters for the
transport probability T and the transform matrix W* are interdependent. This motivates us to
leverage the EM algorithm for iterative solving, as illustrated in Fig. [2] For the ¢-th iteration, in the
E-step, we keep the transform matrix W, fixed and update the transport probability T} by minimizing
the second term of Eq. [3]using Sinkhorn algorithm [Cuturi| (2013) to derive T;;. In the M-step,
we keep the transport probability T} ; fixed and update transform matrix W; by minimizing Eq. [3]

denoted as L(f, Mg; W, T), using gradient descentas Wy 1 = W, + 3 aﬁ(f?’/\;‘s/l;f‘:m Tt After

N steps, the optimal refined prototypes can be expressed as ./A\;t: = W*M,, where W* = Wy
and T* = Ty. We find that N = 10 yields promising anomaly detection results, indicating that
the optimization of our model is efficient. Additionally, we initialize the transform matrix with

Wo = (fIMD)(MT M)~ for fast convergence.

4.3 ANOMALY DETECTION WITH RECONSTRUCTION

Once the optimal refined prototypes .//\VA: are obtained, the anomaly score map s for the t-th query
image x{' can be defined by calculating the similarities between M and x as follows:

sj = minpepm:dis(f,r), j=1,..,m 6)

For image-level anomaly detection, we represent the maximum score s* among all values in s € R™
as s* = maxje[1,m)Sj- For pixel-level localization, we first upscale the anomaly score map s using
bi-linear interpolation to match the original input resolution. Next, we smooth the score map with a
Gaussian kernel of fixed width equal to 4, rather than optimizing this parameter.

5 INTEGRATION WITH PROTOTYPE-ORIENTED FEW-SHOT IAD METHODS

5.1 PATCHCORE+: INTEGRATION WITH PATCHCORE

PatchCore Roth et al.|(2022) is originally introduced for one-class IAD with a large number of normal
images. Recently, however, it has also been applied to few-shot IAD tasks, thanks to its flexible
prototype-oriented design [Santos et al.[(2023). A notable drawback of PatchCore is that its prototypes
remain fixed during inference, which causes it to overlook statistics in query images. To address
this issue, we propose PatchCore+ by incorporating our prototype refinement model to enhance the
representativeness of the original prototypes in PatchCore by effectively exploring the characteristics
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Figure 3: Qualitative results of pixel-level anomaly localization under 4-shots.

of query images. We use Euclidean distance in line with PatchCore and substitute it into Eq. [3]and
Eq. [6] allowing us to rewrite the nested optimization problem and anomaly score map as follows:

W T := argminy, 7| fi — W M,||? + X\OT(ps, gs)
f=wir|?, j=1,..,m

Once we have anomaly score map s, anomaly detection can be carried out as described in Sec. [£.3]

)

8j := Milgem>

5.2 WINCLIP+: INTEGRATION WITH WINCLIP

Unlike PatchCore whose support and query features are extracted from ResNet|[Zagoruyko & Ko
or Efficient Tan| (2019), WinCLIP Jeong et al.| (2023) introduces a fine-tuning free
large visual-language model based on the pre-trained CLIP model Radford et al.| (2021)). Although
it demonstrates superior performance in few-shot IAD applications, it neglects the importance of
efficiently transferring statistics from query images. To address this, we propose WinCLIP+ by
integrating our prototype refinement model as a plug-and-play extension to WinCLIP, using consine
distance to reformulate Eq. [3]and Eq. [6]as follows:

1
W*, T* .= argminW)Tg[l — cos(f, WM,)] + AOT(ps, gs)
3

. 1 .
85 1= mlnreM;§[1 — cos(fgj,r)], j=1,...,m

To conduct anomaly detection, we combine the maximum value of s with the WinCLIP zero-shot
anomaly score 5o : R® — [0, 1] for query features f;'. These two scores provide complementary
information, one from few-shot visual references and the other from CLIP knowledge by:

N 1
st = §[So(ftq) + max;e(1,m)8;] (€))

6 EXPERIMENTS

We conduct comprehensive experiments on our proposed Patchcore+ and WinCLIP+ under 1-shot,
2-shots and 4-shots. We evaluate both image-level and pixel-level performances to demonstrate the
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Table 1: Few-shot IAD performance averaged across on each dataset of MVTec, VisA and MPDD.
Results of image-level and pixel-level are reported in AUROC/F1-max. The best results are in bold.

Setup Method MVTec VisA MPDD
Image Pixel | Image Pixel | Image Pixel
PaDiM (ICPR’21) 76.6/88.2 89.3/40.3 | 62.8/75.3 89.9/17.4 | 57.5/73.4 73.9/12.0
RegAD (ECCV’22) 82.9/89.6 92.5/46.5 | —/ — —/ — | 60.9/74.6 92.6/13.4
FastRecon (ICCV’23)  85.7/91.2 93.2/48.6 | 76.2/78.8 96.7/36.7 | 74.1/83.9 96.3/25.3
1-shot PromptAD (CVPR’24) 929/ — 95.1/ — | 86.5/ — 96.2/ — —/ — —/ —

PatchCore (CVPR’22)  84.1/91.1 92.3/44.1 | 71.0/76.0  96.1/32.6 | 71.0/79.5 96.3/22.6
PatchCore+ (Ours) 85.9/92.0 93.7/50.4 | 78.3/79.6 97.1/37.6 | 74.9/84.3 96.6/26.0
WinCLIP (CVPR’23)  93.5/93.7 93.6/43.2 | 83.4/81.9 94.7/22.9 | 70.5/81.2 96.3/31.4
WinCLIP+ (Ours) 93.8/94.0 95.7/48.2 | 83.9/82.4 95.8/25.3 | 72.5/82.6 96.9/31.6

PaDiM (ICPR’21) 78.9/89.2 91.3/43.7 | 67.4/75.7 92.0/21.1 | 58.0/74.3 75.4/14.0

RegAD (ECCV’22) 85.7/91.5 94.6/499 | —/ — —/ — | 63.4/76.8 93.2/16.8
FastRecon (ICCV’°23)  88.3/92.5 94.5/51.9 | 86.1/82.3 97.6/42.8 | 76.4/83.8 96.7/29.5
2-shot PromptAD (CVPR’24) 934/ — 954/ — | 86.7/ — 965/ — | —/ — —/ —

PatchCore (CVPR’22)  87.1/92.2 93.3/46.4 | 80.0/79.1 96.9/36.8 | 71.4/80.7 96.5/24.8
PatchCore+ (Ours) 88.8/93.4 94.7/52.5 | 87.1/83.0 98.0/43.0 | 78.2/85.4 96.9/31.5
WinCLIP (CVPR’23)  93.7/94.5 93.8/43.8 | 83.8/82.3 95.1/23.9 | 72.5/82.1 96.5/33.2
WinCLIP+ (Ours) 93.9/94.8 96.2/49.9 | 84.1/82.9 96.4/26.9 | 76.0/83.3 97.3/34.4

PaDiM (ICPR’21) 80.4/90.2  92.6/46.1 | 72.8/78.0 93.2/24.6 | 58.3/75.3 75.9/16.0

RegAD (ECCV’22) 88.2/92.3 95.8/51.7 | —/ — —/ — | 68.3/79.5 93.9/24.3
FastRecon (ICCV’°23) 91.3/93.8 96.1/53.8 | 88.2/83.1 98.0/44.6 | 79.7/85.9 95.2/33.7
4-shot PromptAD (CVPR’24) 955/ — 963/ — | 888/ — 968/ — | —/ — —/ —

PatchCore (CVPR’22)  90.0/93.4  95.1/49.9 | 84.2/80.7 97.5/38.1 | 76.2/84.1 97.2/28.5
PatchCore+ (Ours) 92.1/94.4 96.1/54.1 | 90.4/85.4 98.2/45.0 | 80.3/87.4 97.2/35.7
WinCLIP (CVPR’23)  95.3/94.9 94.2/45.9 | 84.1/82.5 95.4/25.3 | 75.0/83.4 96.8/34.8
WinCLIP+ (Ours) 95.5/95.1 96.7/53.2 | 85.0/83.0 96.6/28.4 | 82.0/84.1 97.6/35.0

effectiveness of the our proposed prototype refinement model in few-shot IAD. Ablation studies are
performed to validate the improvements brought about by the characteristics transfer and anomalies
suppression. Finally, we analyzed the impact of various hyperparameters.

6.1 EXPERIMENT SETUP

Datasets. We conduct experiments on MVTec Bergmann et al.| (2019), VisA [Zou et al.|(2022), and
MPDD Jezek et al.[(2021) datasets. The MVTec dataset consists of 3,629 training images and 1,725
test images across 15 categories, covering 5 types of textures and 10 types of objects, with each
category exhibiting an average of five distinct defect types. Image resolutions ranging from 700x700
to 1,024x1,024. The VisA dataset contains 9,621 normal images and 1,200 anomaly images featuring
78 types of anomalies. It is divided into 12 subsets, each representing a distinct object, with an
average of 6.5 defect types per subset. Image resolutions are around 1,500x1,000. The MPDD dataset
includes 888 normal training images and 458 test images, including 176 normal and 282 abnormal
images, spanning 6 classes of metal products with a resolution of 1,024x1,024.

Competing Methods. We compare our model against several recently proposed few-shot IAD
methods or those applicable in low-data regimes, including PaDiM |Defard et al.| (2021), RegAD
Huang et al.|(2022), PatchCore Roth et al.| (2022), FastRecon [Fang et al.| (2023)), WinCLIP Jeong
et al.| (2023), and PromptAD |Li et al.| (2024). PaDiM, PatchCore and FastRecon are CNN-based
methods. RegAD is meta-learning based model. WinCLIP and PromptAD are CLIP-driven methods.
For fairness, we use the performance of PatchCore, FastRecon, WinCLIP and PromptAD using the
same support images and official or reproduced code implementations.

Evaluation Protocols. Following previous methods [Jeong et al.[(2023), we evaluate the performance
of anomaly detection and localization using image/pixel-level AUROC and image/pixel-level F1-max.
Additionally, we assess real-time efficiency by measuring the running time per image.

Implementation Details. For PatchCore+, we use a pre-trained WRN-50Zagoruyko & Komodakis
(2016) to extract features from intermediate layers, following Roth et al.|(2022)). All images from the
MVTec-AD, VisA, and MPDD datasets are resized to 256x256. Balanced coefficient A = 0.3 and
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Figure 4: Qualitative ablation studies of 2-shots anomaly localization on MV Tec and VisA datasets.

Coreset sampling ratio « = 0.05. For WinCLIP+, we set the image resolution to 240x240 and
use the pre-trained CLIP model with ViT-B/16+ to extract image features for anomaly detection,
following Jeong et al.|(2023). In this case, A = 0.1 and o = 0.5,0.3, 0.2 for MVTec-AD, VisA, and
MPDD datasets, respectively. All experiments are conducted on a single NVIDIA GTX 3090 GPU.

6.2 COMPARISONS WITH SOTA METHODS

Image-level Comparison Results. We present image-level anomaly detection results in Table 4]

PaDiM [Defard et al| (2021)) and PatchCore [Santos et al| (2023)) are adapted from traditional full-shot
methods to few-shot settings. Comparing the results of RegAD [Huang et al.|(2022), PatchCore Santos|

(2023)), and FastRecon (2023)), the following observations are evident: i) Prototype-
oriented methods outperform the meta-learning based model, demonstrating the superior flexibility
and generalizability of their feature representations; ii) FastRecon significantly outperforms Patch-
Core, highlighting the importance of incorporating statistics from query images. Notably, PatchCore
and FastRecon use CNN-based pre-trained features for few-shot IAD. When comparing PatchCore
and FasRecon to WinCLIP Jeong et al.| (2023), WinCLIP achieves a substantial performance gain
except on the MPDD dataset. We attribute this to two factors: i) Generally, the representations from
pre-trained CLIP models are more powerful than those from CNNs; ii) Unlike MVTec and VisA,
MPDD is a metal dataset with rotation variations that may not be well-represented during CLIP
pre-training. This discrepancy motivates us to demonstrate the effectiveness of our model using both
CNN-based and CLIP-based pre-trained models. By comparing the results of PatchCore/WinCLIP
with PatchCore+/WinCLIP+, we observe that PatchCore+/WinCLIP+ consistently delivers superior
IAD performance, indicating that our prototype refinement model effectively addresses the challenges
in few-shot IAD. For example, WinCLIP+ achieves a 7% improvement in AUROC on the MPDD
dataset under 4-shots. Furthermore, the improvement delivered by our model surpasses that of
the point-to-point regularization approach used in FastRecon (2023)), underscoring the
importance of refining prototypes in a more systematic way.

Pixel-level Comparison Results. Pixel-level anomaly localization results are presented in Table
When comparing PatchCore+ and WinCLIP+ with other competitive methods, we observe that the
trends in pixel-level AUROC and F1-max are consistent with the image-level results. This consistency
suggests that our model not only effectively detects anomalous images but also accurately localizes
the anomalous regions. Once again, we attribute these performance gains to our well-designed
prototype refinement model.
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Figure 5: Hyper-parameters analysis on MVTec dataset under 4-shots.

Qualitative results. Visualization results for all three datasets are shown in Fig. [3| As demonstrated,
our model (WinCLIP+) achieves more precise anomaly localization, particularly for subtle anomalies
that are challenging to detect. This further validate the effectiveness of our approach.

6.3 ABLATIVE ANALYSIS

We utilize WinCLIP+ to assess the impact of each module in our prototype-oriented fast refinement
model, including anomaly suppression via the optimal transport probability T'* and characteristic
transfer through the optimal transform matrix W* under 2-shots on all three datasets. The results are
reported in Table |2} with visualizations for the MVTec and VisA datasets shown in Fig.

Impact of Anomaly Suppression by T"*. Anomalies in query images negatively affect robust
anomaly detection due to the limited diversity and representativeness of normal prototypes. Therefore,
leveraging query images through effective anomaly suppression is crucial. As shown in Table 2] there
is a notable performance decline in image/pixel level results when T"* is not applied. Specifically,
anomaly suppression yields improvements of over 1% on both the MVTec and MPDD datasets.

Impact of Characteristic Transfer W*. According to Table[2] W* consistently improves detection
and localization performance across all three datasets. However, in same cases we observe that
the gains from using T are more pronounced than those from W*. For example, in the case of
pixel-level localization on the MPDD dataset, the gain from using W* is 0.2%, whereas further
using T results in a 0.9% improvement. This suggests that relying solely on W* may introduce
additional anomalies, thereby limiting overall performance improvements.

6.4 REAL-TIME EFFICIENCY

The running time per image during testing is compared in Table[3] PromptAD is the most time-
consuming due to its complex prompt learning process. Overall, our proposed prototype refinement
model adds only 0.3 s compared to its base models, PatchCore and WinCLIP.

6.5 HYPER-PARAMETERS ANALYSIS

In Fig. [8] we present results of the hyperparameters’ impact under 4-shots on MVTec dataset ,
including the Coreset sampling ratio «, the balanced coefficient A, and the number of iteration N.

Impact of CoreSet sampling ratio a. We observe that the Coreset sampling ratio « is crucial in
determining IAD performance, as it controls the initial representativeness of the prototypes.

Impact of the balanced coefficient \. We observe a similar trend as in « that the performance first
improves and then declines as A changes. This phenomenon suggests that characteristic transfer
should dominate the success of prototype refinement, aligning with our design.

Impact of the iteration number N. To obtain optimal refined prototypes, we need to update transport
probability 7" and transform matrix W iteratively following an EM-based algorithm described in Sec.
Naturally, the iteration number N is crucial for robust few-shot IAD. Results reported in Fig.
(c) indicate that the WinCLIP+, enhanced by our proposed prototype refinement model, achieves
strong IAD performance with N = 10, demonstrating that our model is efficient in practice. This also
echoes the real-time efficiency discussed in Sec.



Under review as a conference paper at ICLR 2025

REFERENCES

Paul Bergmann, Michael Fauser, David Sattlegger, and Carsten Steger. Mvtec ad—a comprehensive
real-world dataset for unsupervised anomaly detection. In Proceedings of the IEEE/CVF conference
on computer vision and pattern recognition, pp. 9592-9600, 2019.

Niv Cohen and Yedid Hoshen. Sub-image anomaly detection with deep pyramid correspondences.
arXiv preprint arXiv:2005.02357, 2020.

Marco Cuturi. Sinkhorn distances: Lightspeed computation of optimal transport. Advances in neural
information processing systems, 26, 2013.

Thomas Defard, Aleksandr Setkov, Angelique Loesch, and Romaric Audigier. Padim: a patch distri-
bution modeling framework for anomaly detection and localization. In International Conference
on Pattern Recognition, pp. 475—489. Springer, 2021.

Zheng Fang, Xiaoyang Wang, Haocheng Li, Jiejie Liu, Qiugui Hu, and Jimin Xiao. Fastrecon: Few-
shot industrial anomaly detection via fast feature reconstruction. In Proceedings of the IEEE/CVF
International Conference on Computer Vision, pp. 17481-17490, 2023.

Dong Gong, Lingqgiao Liu, Vuong Le, Budhaditya Saha, Moussa Reda Mansour, Svetha Venkatesh,
and Anton van den Hengel. Memorizing normality to detect anomaly: Memory-augmented deep
autoencoder for unsupervised anomaly detection. In Proceedings of the IEEE/CVF international
conference on computer vision, pp. 1705-1714, 2019.

Zhaopeng Gu, Bingke Zhu, Guibo Zhu, Yingying Chen, Ming Tang, and Jinqiao Wang. Anomalygpt:
Detecting industrial anomalies using large vision-language models. In Proceedings of the AAAI
Conference on Artificial Intelligence, volume 38, pp. 1932-1940, 2024.

Haoyang He, Jiangning Zhang, Hongxu Chen, Xuhai Chen, Zhishan Li, Xu Chen, Yabiao Wang,
Chengjie Wang, and Lei Xie. Diad: A diffusion-based framework for multi-class anomaly detection.
2023. URL https://arxiv.org/abs/2312.06607.

Kaiming He, Georgia Gkioxari, Piotr Dollar, and Ross Girshick. Mask r-cnn. In Proceedings of the
IEEE international conference on computer vision, pp. 2961-2969, 2017.

Chaoqgin Huang, Haoyan Guan, Aofan Jiang, Ya Zhang, Michael Spratling, and Yan-Feng Wang.
Registration based few-shot anomaly detection. In European Conference on Computer Vision, pp.
303-319. Springer, 2022.

Jongheon Jeong, Yang Zou, Taewan Kim, Dongqing Zhang, Avinash Ravichandran, and Onkar
Dabeer. Winclip: Zero-/few-shot anomaly classification and segmentation. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 19606-19616, 2023.

Stepan Jezek, Martin Jonak, Radim Burget, Pavel Dvorak, and Milos Skotak. Deep learning-based
defect detection of metal parts: evaluating current methods in complex conditions. In 2021 13th
International congress on ultra modern telecommunications and control systems and workshops
(ICUMT), pp. 66-71. IEEE, 2021.

Pooja Kamat and Rekha Sugandhi. Anomaly detection for predictive maintenance in industry 4.0-a
survey. In E3S web of conferences, volume 170, pp. 02007. EDP Sciences, 2020.

Xiaofan Li, Zhizhong Zhang, Xin Tan, Chengwei Chen, Yanyun Qu, Yuan Xie, and Lizhuang
Ma. Promptad: Learning prompts with only normal samples for few-shot anomaly detection.
In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp.
16838-16848, 2024.

Jiaqi Liu, Guoyang Xie, Jinbao Wang, Shangnian Li, Chengjie Wang, Feng Zheng, and Yaochu
Jin. Deep industrial image anomaly detection: A survey. Machine Intelligence Research, 21(1):
104-135, 2024.

Ze Liu, Yutong Lin, Yue Cao, Han Hu, Yixuan Wei, Zheng Zhang, Stephen Lin, and Baining Guo.
Swin transformer: Hierarchical vision transformer using shifted windows. In Proceedings of the
IEEE/CVF international conference on computer vision, pp. 10012-10022, 2021.

10


https://arxiv.org/abs/2312.06607

Under review as a conference paper at ICLR 2025

Zhikang Liu, Yiming Zhou, Yuansheng Xu, and Zilei Wang. Simplenet: A simple network for image
anomaly detection and localization. In Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition, pp. 20402-20411, 2023.

Ruiying Lu, YuJie Wu, Long Tian, Dongsheng Wang, Bo Chen, Xiyang Liu, and Ruimin Hu.
Hierarchical vector quantized transformer for multi-class unsupervised anomaly detection. arXiv
preprint arXiv:2310.14228, 2023.

Ruiying Lu, YuJie Wu, Long Tian, Dongsheng Wang, Bo Chen, Xiyang Liu, and Ruimin Hu. Hierar-
chical vector quantized transformer for multi-class unsupervised anomaly detection. Advances in
Neural Information Processing Systems, 36, 2024.

Gabriel Peyré, Marco Cuturi, et al. Computational optimal transport: With applications to data
science. Foundations and Trends® in Machine Learning, 11(5-6):355-607, 2019.

Alec Radford, Jong Wook Kim, Chris Hallacy, Aditya Ramesh, Gabriel Goh, Sandhini Agarwal,
Girish Sastry, Amanda Askell, Pamela Mishkin, Jack Clark, et al. Learning transferable visual
models from natural language supervision. In International conference on machine learning, pp.
8748-8763. PMLR, 2021.

Karsten Roth, Latha Pemula, Joaquin Zepeda, Bernhard Scholkopf, Thomas Brox, and Peter Gehler.
Towards total recall in industrial anomaly detection. In Proceedings of the IEEE/CVF Conference
on Computer Vision and Pattern Recognition, pp. 14318-14328, 2022.

Jodo Santos, Triet Tran, and Oliver Rippel. Optimizing patchcore for few/many-shot anomaly
detection. arXiv preprint arXiv:2307.10792, 2023.

Ozan Sener and Silvio Savarese. Active learning for convolutional neural networks: A core-set
approach. arXiv preprint arXiv:1708.00489, 2017.

Jake Snell, Kevin Swersky, and Richard Zemel. Prototypical networks for few-shot learning. Advances
in neural information processing systems, 30, 2017.

Flood Sung, Yongxin Yang, Li Zhang, Tao Xiang, Philip HS Torr, and Timothy M Hospedales.
Learning to compare: Relation network for few-shot learning. In Proceedings of the IEEE
conference on computer vision and pattern recognition, pp. 1199-1208, 2018.

Mingxing Tan. Efficientnet: Rethinking model scaling for convolutional neural networks. arXiv
preprint arXiv:1905.11946, 2019.

Yaqing Wang, Quanming Yao, James T Kwok, and Lionel M Ni. Generalizing from a few examples:
A survey on few-shot learning. ACM computing surveys (csur), 53(3):1-34, 2020.

Jhih-Ciang Wu, Ding-Jie Chen, Chiou-Shann Fuh, and Tyng-Luh Liu. Learning unsupervised
metaformer for anomaly detection. In Proceedings of the IEEE/CVF International Conference on
Computer Vision, pp. 4369-4378, 2021.

Julian Wyatt, Adam Leach, Sebastian M Schmon, and Chris G Willcocks. Anoddpm: Anomaly
detection with denoising diffusion probabilistic models using simplex noise. In Proceedings of the
IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 650-656, 2022.

Guoyang Xie, Jingbao Wang, Jiaqi Liu, Feng Zheng, and Yaochu Jin. Pushing the limits of fewshot
anomaly detection in industry vision: Graphcore. ICLR, 2023.

Zhiyuan You, Lei Cui, Yujun Shen, Kai Yang, Xin Lu, Yu Zheng, and Xinyi Le. A unified model
for multi-class anomaly detection. Advances in Neural Information Processing Systems, 35:
4571-4584, 2022.

Sergey Zagoruyko and Nikos Komodakis. Wide residual networks. arXiv preprint arXiv:1605.07146,
2016.

Ying Zhao. Omnial: A unified cnn framework for unsupervised anomaly localization. In Proceedings
of the IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 3924-3933, 2023.

Yang Zou, Jongheon Jeong, Latha Pemula, Dongqing Zhang, and Onkar Dabeer. Spot-the-difference
self-supervised pre-training for anomaly detection and segmentation. In European Conference on
Computer Vision, pp. 392—-408. Springer, 2022.

11



Under review as a conference paper at ICLR 2025

A APPENDIX

Table 4: Few-shot IAD performance averaged across on each dataset of MVTec, VisA, MPDD, and
ReallAD. Results of image-level and pixel-level are reported in AUROC. The values in parentheses
represent the improvements of our method compared to the original method. The best and the second
best results are bold with black and blue, respectively.

MVTec VisA MPDD ReallAD
Setup Method
Image Pixel Image Pixel Image Pixel Image Pixel
GraphCore (ICLR’23) 89.9 956 | — — | 847 952 | — —
l-sh PatchCore (CVPR’22) 84.1 923 71.0 96.1 71.0 96.3 71.2 95.7
-shot PatchCore+ (Ours) 85.9(+1.8) 93.7(+1.4) | 783(+7.3) 97.1(+1) | 74.9(+3.9) 96.6(+0.3) | 75.9(+4.7) 96.3(+0.6)
WinCLIP (CVPR’23) 93.5 93.6 83.4 94.7 70.5 96.3 73.8 94.3
WinCLIP+ (Ours) 93.8(+0.3) 95.7(+2.1) | 83.9(+0.5) 95.8(+1.1) | 72.5(+2.0) 96.9(+0.6) | 74.4(+0.6) 94.8(+0.5)
GraphCore (ICLR’23) 91.9 9.9 | — — | 854 954 | — —
2-sh PatchCore (CVPR’22) 87.1 93.3 80.0 96.9 71.4 96.5 72.5 95.9
-shot PatchCore+ (Ours) 88.8(+1.7) 94.7(+1.4) | 87.1(+7.1) 98.0(+1.1) | 78.2(+6.8) 96.9(+0.4) | 76.9(+4.4) 96.5(+0.6)
‘WinCLIP (CVPR’23) 93.7 93.8 83.8 95.1 72.5 96.5 75.0 94.6
WinCLIP+ (Ours) 93.9(+0.2) 96.2(+2.4) | 84.1(+0.3) 96.4(+1.3) | 76.0(+3.5) 97.3(+0.8) | 75.9(+0.9) 95.2(+0.6)
GraphCore (ICLR’23) 92.9 974 | — — | 857 957 |
dosh PatchCore (CVPR’22) 90.0 95.1 84.2 97.5 76.2 97.2 732 96.0
-shot PatchCore+ (Ours) 92.1(+2.1)  96.1(+1) | 90.4(+6.2) 98.2(+0.7) | 80.3(+4.1)  97.2(+0) | 77.4(+4.2) 96.7(+0.7)
WinCLIP (CVPR’23) 95.3 94.2 84.1 95.4 75.0 96.8 76.4 94.8
‘WinCLIP+ (Ours) 95.5(+0.2) 96.7(+2.5) | 85.0(+0.9) 96.6(+1.2) | 82.0(+7)  97.6(+0.8) | 77.3(+0.9) 95.3(+0.5)

Table 5: Ablation studies of WinCLIP+ with AU- _
ROC under 2-shot. The best results are in bold. Algorithm 1 Inference Process

. MVTec VisA MPDD Require: Initial transform matrix Wy, original
w* T p
Image Pixel | Image Pixel | Image Pixel prototypes M, the ¢-th query features f, ¢
x  x 937 938 | 838 951 | 725 965 1: Calculating p, using M
vV ox 937 947 | 8.7 962 | 749 964 2: Form=0toM —1do
Vv v 939 962 | 841 964 | 760 973 3. Calculate g, using W,, M.
. . 4: Fore=0to F—1do
Table '6. Results of incorporating refined proto- . Update T, 41 from T,,, by minimizing
types into the memory bank on MPDD. 6- OT(ps, q,) while fix W,
. Sy 4S8 m
shot 2 <hot 7 Update W,,, ;1 from W,,, by minimizing
Method 8:  L(f, Mg; W, T) while fix T, 11
Image Pixel | Image Pixel 9: Set W* = Wy, M = W*M
: = ) s — s
PatchCore 71.0 963 | 714 965  10: Implement few-shot IAD as follows:
PatchCore+ 749 96.6 | 782 969 11: sj:= minreM; diS(fgj, T‘), j=1,..,m

Online PatchCore+  75.2 97.1 78.5 97.2

GT
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Figure 7: The learned weight matrix in (b) corre-
sponding to the bottle in (a). (c) shows the Top-3
selected items in the memory according to (b) for
different patches of query image in (a).

Table 7: Image/pixel level AUROC and per image
inference time (s) on MPDD under 2-shot.

PatchCore PatchCore+ FastRecon WInCLIP  WinCLIP+

(a) MVTec 4-shot (b) ViSA 4-shot (c) MPDD 4-shot Method Image Pixel \ Inference time
Ficur . litati I 1 f pixel-1 1 PatchCore 71.4 96.5 0.20
gy el 61 ?.uat. tat Ved eZuLs t° pixel-ieve PatchCore+ 782 96.9 0.50
anomaly localization under -Shot. Closed PatchCore+  78.0  97.0 0.36
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Figure 8: The learned weight matrix in (b) corresponding to the bottle in (a). (c) shows the Top-3
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