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ABSTRACT

Detecting infringing products is essential for protecting intellectual property rights
and is often implemented as a product-patent retrieval task. Manual infringement
detection is extremely time-consuming, and artificial intelligence plays an increas-
ingly important role. However, most existing methods rely on natural language-
based retrieval due to the domain discrepancies between patent images and prod-
uct images. Due to the lack of sufficient annotated data, this work aims to address
the aforementioned issues in an unsupervised setting by answering the following
two questions: 1) How can we align the domain gap between patent images and
product images using existing technologies? 2) How can we build a powerful
backbone to jointly extract the features of patent and product images? Initially,
we construct a dataset for patent-product image retrieval, which includes product-
patent pairs and unlabeled data. To address the first question, we systematically
evaluate three unsupervised approaches to mitigate the domain gap between patent
and product images. The results demonstrate that jointly mapping patent and prod-
uct images to a new feature space is effective. To answer the second question, we
propose a novel supervised pre-training paradigm to achieve domain-aligned fea-
ture extraction for product and patent edge images. Extensive experiments using
various backbones and training pipelines demonstrate the superiority of our su-
pervised pre-training method. The dataset and code of this paper will be made
publicly available upon acceptance.

1 INTRODUCTION

In recent years, the rapid development of artificial intelligence (AI) has revolutionized various
fields, including natural language processing (Dong et al., [2022; |Achiam et al., 2023), computer
vision (Kirillov et al.l|2023), medical AI (Celard et al.,|2023};|Gong et al., 2023 Huang et al.l|2024),
and intellectual property protection (Krestel et al., [2021; Shomee et al., 2024). As an essential
component of intellectual property rights, patents have garnered increasing attention, and numer-
ous Al technologies in natural language processing (Kang et al.| 2020} Higuchi & Yanai| [2023)) and
computer vision (Kravets et al., 2017; Higuchi et al., 2023) have been applied to them. For exam-
ple, during the patent application process, examiners can utilize Al to retrieve textual content (e.g.,
abstracts, main bodies) (Shomee et al., |2024) and images of patents to ensure that newly applied
patents do not infringe upon previously authorized ones—an effort often defined as patent classifi-
cation retrieval (Kang et al.,|[2020).

After a patent is granted, an important task is to ensure that new products emerging in the mar-
ket do not infringe upon existing patents in the database—a topic that has received relatively less
discussion (Krestel et al. [2021). In this context, most patent-related applications are based on nat-
ural language processing technologies (Lu et al.| [2020; [Yiicesoy Kahraman et al.l 2023} [Li et al.,
2023} |Bekamiri et al., 2024; |Suzgun et al.| 2024). Companies responsible for intellectual property
protection, for instance, determine whether a product infringes on a patent by comparing product
descriptions with patent descriptions (Radford et al., [2019). However, according to our research,
methods that retrieve patent images using product images are seldom mentioned, primarily due to
domain discrepancies: patent images are usually represented by line drawings and sketches, whereas
product images are predominantly colorful RGB images captured by cameras. This domain differ-
ence hinders more efficient infringing product retrieval.
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To address this issue, we pose two critical questions that need to be considered in the patent-product
retrieval task:

1. How can we alleviate the domain discrepancies between patents and products? This is
a representation problem; we need to determine a representation method that can mitigate
the domain differences between patents and products since the retrieval is performed in an
unsupervised manner.

2. Why does supervised pre-training outperform unsupervised pre-training in the un-
supervised patent-product retrieval task? This is a learning problem; we aim to train
a supervised feature encoder that can better learn high-dimensional features conducive to
retrieval.

1.1 Al: ALLEVIATING DOMAIN DISCREPANCIES THROUGH FEATURE MAPPING

Mapping product and patent images into a new feature space helps alleviate domain discrepancies.
There are three strategies to align the image features of products and patents:

1. Converting abstract patent line drawings into product images: The challenge here is
that patent line drawings are binarized sketches (Shomee et al., |2024), whereas product
images contain rich color information. Current generative models may incorrectly col-
orize patent line drawings—for example, assigning inaccurate colors to specific compo-
nents—which leads to discrepancies between the colorized images and actual product im-
ages (as shown in Fig. [I).

2. Transforming product images into abstract line drawings: This approach faces the lim-
itations of existing algorithms. Patent line drawings are often composed of continuous
lines, but current edge extraction algorithms struggle to produce continuous edges in the
extracted results, introducing domain discrepancies.

3. Mapping both product and patent images into a common feature space: By utilizing
an edge extraction algorithm to simultaneously extract edge features from both patent and
product images, this method effectively mitigates the domain discrepancies highlighted
in the second strategy. We adopt this strategy, as it offers the advantage of reducing the
domain gap by mapping the product and patent images into the same feature space. Further
analysis and experiments are presented in Fig.[T]and Fig. 3]

1.2 A2: ADVANTAGES OF SUPERVISED PRE-TRAINING OVER UNSUPERVISED
PRE-TRAINING

In the context of unsupervised patent-product retrieval, a significant challenge is the scarcity of
large-scale paired products and patent images for training. To address this, we opt to use alternative
proxy tasks, such as classification and segmentation, to train a backbone network for edge feature
extraction (Zhou et al.} 2024)). Unsupervised pre-training methods (e.g., DINO (Caron et al.,|2021),
iBOT (Zhou et al., 2022), MAE (He et al.,|2022), EVA (Fang et al., 2023;2024)) face challenges due
to the inherent sparsity of edge maps, which lack the rich semantic information necessary for effec-
tive training. For instance, with the MAE algorithm, since most regions of an edge map are white,
the task effectively becomes reconstructing original white patches from masked white patches—an
inherently difficult learning process. Moreover, because of the high degree of redundancy (Haghighi
et al.,|2021)) and noise (Mahajan et al.,|2018) of unlabeled data, and the requires more computational
resources and time of supervised pre-training (Chen et al., |2020; Tang et al., |2022), supervised pre-
training, with its explicit learning objectives, outperforms unsupervised pre-training (L1 et al.,[2024)).

Based on these considerations, we propose a supervised pre-training scheme tailor-designed for the
unsupervised patent retrieval task. During inference, we extract edge maps from both product and
patent images and employ a feature encoder to encode these images. We determine the similarity
between products and patents by calculating the cosine similarity of the encoded features, thus
obtaining the retrieval results. To develop an effective edge map encoder, we adopt a simple yet
effective supervised training method: we first extract edge map features from images, then use the
corresponding classification results of these edge maps as supervision to train the encoder (He et al.,
2016)). This approach yields a feature encoder capable of encoding both product and patent images.
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Given the current lack of a dataset for image-based patent-product retrieval, we have also collected a
large-scale Product-Patent Image Retrieval (PPIR) dataset, which enables testing and unsupervised
pre-training. Specifically, we contribute the following resources: 1. PPIR-testing: a test set with
240 product-patent pairs; 2. PPIR-patent: a patent retrieval pool with 16,850 patents. 3. PPIR-
unlabeled: a dataset for unsupervised training, containing a total of 3,799,695 images of products
and patents. We believe that this dataset will aid the research community in advancing intellectual
property rights protection.

2 RELATED WORK

For patent analysis, covering tasks such as classification, retrieval, and semantic understand-
ing (Krestel et al., 2021} Shomee et al., |2024)). Accurate patent classification (Lu et al., 2020;
Yiicesoy Kahraman et al.} 2023} |Li et al.| [2023 |Bekamiri et al.| [2024; |Shomee et al., [2024)) enables
better organization and accessibility of patent information. The potential of Al in automating patent
classification has been investigated by several researchers. For example, Kamateri et al.| (2024)) ex-
plored whether Al can effectively solve the patent classification problem, analyzing various machine
learning models and their ability to handle the complexity of patent data.

2.1 PATENT RETRIEVAL METHODS

Al techniques have been leveraged to improve the accuracy and efficiency of retrieving relevant
patents (Shomee et al.| [2024)). In text-based retrieval, Kang et al.| (2020) proposed a patent method
prior art search using deep learning language models. Their approach utilizes semantic embeddings
to capture the contextual meaning of patent documents, resulting in improved retrieval performance
over traditional keyword-based methods. Additionally, Siddharth et al.| (2022) enhanced patent re-
trieval by combining text embeddings with knowledge graph embeddings, demonstrating that inte-
grating external knowledge sources can further refine search results. Lo et al.|(2024) proposed to
use large language models for patent retrieval.

For image-based retrieval, given that patents often include technical drawings and diagrams, image-
based retrieval has emerged as an important area of study. |[Kravets et al.|(2017)) focused on improving
the quality of convolutional neural network (CNN) (LeCun et al.|[1995)) training datasets for patent
image retrieval, emphasizing the importance of dataset quality in model performance. Building
on this, |[Higuchi et al.| (2023)) introduced methods using cross-entropy-based metric learning to en-
hance the accuracy of patent image retrieval systems. In another study, [Higuchi & Yanai| (2023)
proposed transformer-based deep metric learning for patent image retrieval, showcasing the effec-
tiveness of transformer architectures in this domain. Although some works use sketches to retrieve
images (Parmar et al.l 2024} [Koley et al., [2024bja), sketches and patent images are still different,
as patent images usually contain additional noise (e.g., numbers and reference lines), and the lines
are thinner than those in sketches. In this work, we aim to address the domain gap in unsupervised
retrieval between product and patent images. It is worth noting that, unlike the unsupervised do-
main adaptation setting (Ganin & Lempitsky, 2015} [Pinheiro, [2018}; |Xu et al., [2023; (Gong et al.,
2024), where labeled source domain data are available, in our setting we cannot obtain any labeled
patent-product image pairs due to the labor-intensive nature of labeling.

2.2  PATENT DATASETS AND BENCHMARKS

The availability of large-scale, well-structured datasets is essential for advancing Al research in
patent analysis. Risch et al.[(2020) presented PatentMatch, a dataset specifically created for match-
ing patent claims with prior art, facilitating studies in patent infringement detection and novelty
assessment. For image-focused research, [Kucer et al.| (2022) developed DeepPatent, a large-scale
benchmarking corpus aimed at patent drawing recognition and retrieval. [Ajayi et al.|(2023) ex-
tended this work with DeepPatent2, focusing on technical drawing understanding. [Suzgun et al.
(2024) introduced the Harvard USPTO Patent Dataset, a comprehensive corpus of patent applica-
tions designed to support diverse Al research tasks. However, previous methods mainly focus on
image retrieval between patents, with an absence of research on the product-patent retrieval task.
Therefore, in this work, we provide a dataset for image retrieval between products and patents.
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Figure 1: Our method effectively mitigates the domain discrepancy between product and patent
images. Products and patents are represented as points in two different colors. The figure contains
four subplots, showing the visualization of dimension-reduced features extracted by ResNet50: (a)
Baseline: original product images and original patent images; (b) Product2patent: product edge
maps and original patent images; (c) Patent2product: original product images and colorized patent
images; (d) JointMap: both product images and patent images processed using edge extraction.
TSNE (Maaten & Hintonl |2008) is used to visualize the feature for matching in 2D. In each subplot,
closer interleaving of the two colored points indicates a greater reduction in domain discrepancy.

3 METHOD

3.1 PPIR: A DATASET FOR PRODUCT-PATENT IMAGE RETRIEVAL

PPIR Testing Set and Patent Database Due to the absence of existing datasets containing infring-
ing product and patent image pairs, we constructed a test set to facilitate retrieval from patent images
to product images. Specifically, let the product dataset be D, and the patent dataset be D,,. For a
product x; from the product dataset D,., we aim to find its corresponding patent y; in the patent
dataset D), We represent the labels as the correspondence between infringing products and patent
images, forming a set R = {(x;, yi;) | ¢ = 1,...,I = 240}. In this work, we collected 240 product-
patent image pairs to evaluate the unsupervised retrieval of product-patent. Based on the matched
product-patent image pairs R, we establish the following settings to make our image-based retrieval
task practical in real-world situations. Considering that the number of patent images in the database
is usually much larger than the number of product images to be retrieved, and the language-based
methods are prevailing for the retrieval, we employed a language model |Kenton & Toutanoval(2019)
to match and filter the descriptions of products and patents. For each product image, we obtained
the top 2,500 potential corresponding patents. Ultimately, we retained 16,850 items from the patent
database for patent-product matching.

PPIR-unlabeled: A Pre-training Datasets To evaluate the effectiveness of unsupervised pre-
training algorithms, we randomly extracted over 2 million images from the patent database and
over 1 million product images from Amazon to pre-train an encoder capable of modeling patent line
drawing features. There are 3,799,695 images in total. We first use the edge extractor to extract
the edge of these images, then we use the self(un)-supervised learning approaches to pre-train the
backbone on the image database.

For the supervised pre-training, we simply adopt the ImageNet1K (Deng et al.,2009) as the training
set, which contains 1,281,167 images with 1,000 categories in total. We also extract the edge map
of the samples from the ImageNet1K to get ImageNet1K-edge and use the label for classification as
supervision.

Evaluation Given that our algorithm is designed to assist manual inspection, we assess the retrieval
performance by calculating the similarity between patent image features and product image features.
In our retrieval task, there is a one vs many situation, which indicates that given that one pair, we
have one product image and many patent images. We choose to use the average similarity of all the
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pairs to denote the retrieval similarity in this pair. We sort the patents in the matching pool according
to their similarity scores and use metrics average rank (AvgRank) and area under the recall curve
(AUC). For example, the rank k indicates the average rank of correct matched patents and ranks
within the top-k results to evaluate various models.

3.2 JOINT FEATURE MAPPING FOR UNSUPERVISED PRODUCT-PATENT IMAGE ALIGNMENT

Retrieving patents for infringing products is complex and time-consuming, heavily relying on patent
experts to search through massive patent databases to identify potential infringing patents (Shomee
et al., |2024). This reliance makes it challenging to obtain a large-scale paired dataset of product-
patent images to train models in a supervised manner. Therefore, this paper focuses on unsu-
pervised product-patent image retrieval by leveraging existing feature encoders to obtain high-
dimensional features of products and patent images, thereby enabling product retrieval in extensive
patent databases.

However, unsupervised methods face a primary challenge: the domain discrepancy between product
images and patent images. Specifically, product images are RGB images containing rich color,
texture, and other information (Ge et al.|[2022), while patent images are line drawings that abstractly
represent products (Koley et al.l 2023} Voynov et al.l [2023). Resolving the domain differences
between product and patent images thus becomes our primary task. In this work, we consider
three unsupervised methods to achieve feature alignment between patent and product images. These
three unsupervised feature alignment approaches and their specific implementations are described
as follows.

1. Converting product images into abstract line drawings for feature alignment with
patent images. We employ an edge feature extractor Feqg(-) (Zhou et al., 2024) to extract
edge features from product images I, converting them into line drawings I]. = Feqge([r).
The advantage of this method is its computational efficiency and ease of implementation.
However, it heavily depends on the accuracy of the edge feature extraction algorithm. Un-
der varying lighting and texture conditions, the extracted edge maps from product images
may exhibit discontinuities, affecting the accuracy of feature alignment. Additionally, we
lack an encoder capable of extracting robust features from edge maps to achieve efficient
line-drawing representation.

2. Converting patent images into product images to align features between the two. Re-
cently, generative models (Ho et al.,|2020;|Yang et al., 2023}, |Gong et al.,[2024) have gained
increasing attention, with many models capable of efficiently generating RGB images based
on line drawings (Parmar et al., 2024; [Koley et al.| [2024bza). We utilize a generative
model G(-) (Parmar et al., 2024) to transform patent images into pseudo-product images,
IZ’, = G(I,,). The advantage of this method is that the generated images are in RGB format,
allowing direct use of feature encoders pre-trained on natural images for feature extraction.
However, challenges include the significant computational cost of generative models and
the lack of specific domain knowledge, resulting in generated images whose color distribu-
tion and texture may differ substantially from natural images.

3. Simultaneously mapping patent images and product images into a common feature
space for unsupervised alignment. The essence of this method is to use the same image
feature extraction 7'(+) to perform feature transformations on both patent images and prod-
uct images simultaneously, i.e., I, = T'(,) and I, = T'(I,.). In this work, we extract edge
maps from both patent and product images using the same edge detector Eegg(-) (Zhou
et al., 2024), setting T'(-) = FEegge(-). After undergoing identical feature mappings, we
obtain more similar high-dimensional feature representations. The drawback of this ap-
proach is the absence of an efficient edge map encoder capable of extracting discriminative
features from the transformed images.

We conducted extensive evaluations of the above three approaches using ResNet-50 (He et al.| 2016)),
pre-trained on ImageNet (Deng et al,, |2009), for feature extraction. The results shown in Fig. E]
indicate that simultaneously mapping patent images and product images into a common feature
space is beneficial for joint feature matching. However, the lack of an efficient edge map encoder
still limits the further performance improvement of this method. In the next section, we explore the
supervised pre-training to get a powerful feature encoder on the edge map.
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Figure 2: Comparison between self-/unsupervised pretraining and supervised pretraining strate-
gies. In subplot (a), a self-/unsupervised pretraining approach utilizes an ImageNetlk-pretrained
backbone applied to the edge maps of product and patent images. Subplot (b) employs our super-
vised pretraining method using an ImageNetlk-edge supervised backbone. Matched product-patent
image pairs are depicted using the same color. The visualization demonstrates that our supervised
pretraining method effectively brings matched pairs closer in the feature space, thereby enhancing
their alignment.

3.3 UNSUPERVISED PRE-TRAINING V.S. SUPERVISED PRE-TRAINING ON PRODUCT-PATENT
IMAGE REPRESENTATION LEARNING

Unsupervised pre-training has played a significant role in computer vision recently (He et al.,|2022),
enabling efficient visual representation encoders without the need for labeled training data. However,
recent studies have shown that supervised pre-training can achieve better results than unsupervised
pre-training (L1 et al.,2024). Focusing on pre-training the edge map encoder, we explore the perfor-
mance comparison between supervised and unsupervised methods. In this section, all experimental
settings are based on the approach described in the previous section, where both product images and
patent images are mapped to edge maps. Firstly, we apply a state-of-the-art edge detector Fegg(-)
to extract edge maps from the unlabeled images in our large-scale dataset:

Mi = Eedge(fi), VIZ‘ S Dunlabeledv (1)

where Dyntabeled = {Ii}i]il is the set of unlabeled images, and M; represents the edge map of image
I;. Subsequently, we utilize unsupervised pre-training methods such as MAE (He et al., |2022),
DINO (Caron et al.| 2021)), and EVA (Fang et al.| [2023}; 2024)) to obtain feature encoders for these
edge maps by minimizing the unsupervised loss function Lyngup:

N
m};n ; Lunsup (F(M;)), 2

where F(-) is the feature encoder we aim to learn. Lunsup is the unsupervised loss function spe-
cific to the pre-training method used. This formalizes the process of applying the edge detector
to the unlabeled dataset and then utilizing unsupervised pre-training techniques to learn a feature
encoder aligned with downstream edge-based image representations. To construct an unsupervised
pre-training task, we use the large-scale unlabeled dataset established in Section 3.1 as training sam-
ples. To ensure that this unsupervised pre-training task aligns with downstream edge-based image
representations, we first apply a state-of-the-art edge detector Eeqe(-) to extract edge maps from
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these unlabeled images. Subsequently, we attempt unsupervised pre-training methods such as MAE
(He et al., [2022)), DINO (Caron et al., |2021)), and EVA (Fang et al., [2023; 2024) to obtain feature
encoders for edge maps.

Despite the significant progress of unsupervised pre-training in natural image understanding, it faces
challenges with patent edge maps due to their sparsity. Many patent images have large blank regions;
thus, in masked self-supervised learning schemes, we are likely to mask out regions containing no
information, requiring the model to reconstruct these blank areas, which is difficult and inefficient.
For contrastive learning methods, they treat different views of the same image as positive samples
and other images as negative samples. Due to the sparse features, cropped patches from different
images may appear highly similar, further hindering the model’s ability to learn correct edge feature
representations. To address the shortcomings of unsupervised pre-training, we propose a simple
yet effective supervised pre-training method by leveraging existing large-scale labeled datasets such
as ImageNet. Specifically, we first convert the ImageNet dataset into edge maps using the edge
extractor: Jegee = Feage (Itmagenet)- Based on these edge maps, we train a classifier (feature encoder)
F'(+) to perform classification according to the original labels of these images. The training objective
is to minimize the cross-entropy loss:

L=-Y yloghi, with g = softmax(F(lag.)), (3)

2

where y; is the ground truth label, and Jeqg ; is the edge map of the i-th image in ImageNet. The
advantage of this approach is that our edge encoder has an explicit learning objective and does not
rely on negative samples in contrastive learning or masks in self-supervised learning. This endows
our edge encoder with excellent discriminative ability.
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Figure 3: Experiments on mitigating domain gap and ablation study on supervised pre-training.
The curve closer to the left upper indicates better results. The performance curves illustrate that
approaches with curves closer to the upper-left corner achieve superior results. “SRC” indicates
training the backbone from scratch, while “FT” indicates fine-tuning the backbone with the Ima-
geNet pre-trained weight. (a) Mitigating domain gap: Analysis on addressing the domain gap
between the patent data and image data. The backbone neural network is resnet50. (b) Ablation
on different pre-training methods: We explore the application of classification-based supervi-
sion in unsupervised product-patent retrieval tasks, comparing models trained from scratch on edge
maps with those pre-trained on RGB images (i.e., ImageNet pre-training). The results show that our
method significantly outperforms retrieval results using natural images. (c) Ablation on different
evaluation methods: We compute the similarity between the product image and each of the N
patent images, obtaining a 1 x N similarity vector. We can either select the maximum value (“Top”
in the legend) in this similarity vector to represent the similarity of the product-patent pair or use the
average (“Mean” in the legend) of this vector.

4 EXPERIMENTS

Our computational setup includes an AMD R9-7950X CPU and 8 NVIDIA V100 GPUs, each with
32GB of VRAM. CUDA Version is 12.4. We spend over 6,000 GPU hours to train the models
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mentioned in our work. The detailed hyper-parameters for supervised pre-training and unsupervised
pretraining are available in the supplementary material. We are excited to find that our supervised
Swin-S network exceeds the best-unsupervised MAE|He et al.|(2022), with only 1/3 training samples
and 1/6 training time.

4.1 ANALYSIS ON DOMAIN GAP

In this section, we primarily investigate the unsupervised approaches introduced in Section 3.2 to
mitigate the domain gap between product images and patent images. Fig. [3| presents a quantitative
analysis of the methods illustrated in Fig.[T|and Fig.[2] It can be observed that both extracting edges
from product images and transforming patent images into product images significantly improve the
performance of product-patent image retrieval tasks compared to using visual encoders pre-trained
on natural images. Furthermore, by using a generative model to convert patent images into product
images, their feature spaces are aligned with the domain of natural images, which enables the pre-
trained ImageNet encoder to achieve considerable performance. This result is similar to directly
mapping both product and patent images to the same feature space using an edge extractor.

However, the aforementioned methods have an efficiency drawback. Considering the massive num-
ber of patents that need to be matched in the patent database, even when retrieval is performed via
natural language, each inference requires colorizing the images, which is much less efficient than
conventional image retrieval. Converting images into edge maps (28 imgs/s) (Zhou et al.| 2024)) is
much more efficient than transforming edge maps into product images (2 imgs/s) (Parmar et al.
2024])), and there may also be feature mismatch issues in image colorization. Therefore, we con-
sider whether we can train a supervised edge map feature encoder to achieve better performance.
We present this result in Fig. [3}(1). We first extract edges from the ImageNet1k dataset and train a
model from scratch without using the pre-trained weights on color images. It can be observed that,
compared to image colorization, our method achieves better performance. In summary, these tables
demonstrate that both JointMap and Patent2Product are effective alignment methods. Moreover, by
pretraining a backbone network for edge map classification using supervised learning, our method
achieves better results.

Considering that ImageNet pre-trained weights are intrinsically available, in Fig. 3}(2) we show a
comparison between fine-tuning ImageNet pre-trained backbone networks using edge maps and
training from scratch on edge maps. We find that fine-tuning ImageNet pre-trained networks
achieves better performance and requires fewer training epochs compared to training from scratch
on edge maps. This may be due to the transferability of features learned from natural images to
edge maps, as pre-trained models capture low-level features such as edges and textures that are
also present in edge maps (Yosinski et al.l [2014). In Fig.3}(3), we explore two different matching
methods. In our setting, each product image corresponds to one patent, and each patent contains [V
images. We compute the similarity between the product image and each of the N patent images,
obtaining a 1 x N similarity vector. We can either select the maximum value in this similarity
vector to represent the similarity of the product-patent pair or use the average of this vector. We
investigate both methods and find that the results show almost no difference (the two curves nearly
overlap). Therefore, in our subsequent experiments, we use the average value of the similarity vector
to measure the similarity of the product-patent image pair.

4.2 ANALYSIS ON SUPERVISED-PRETRAINING

In this section, we explore the content of Section 3.3, comparing supervised pretraining with unsu-
pervised pretraining. Fig. [@}(1) presents the comparison results between our method and existing
unsupervised pretraining methods. It can be observed that our method, using only the ImageNet1k
dataset (compared to our unsupervised pretraining on PPIR-unlabeled), achieves better performance
with only one-third of the training data. Models pre-trained via self/unsupervised methods were as-
sessed to determine their effectiveness. We included models like iBOT (Zhou et al ., 2022), MAE (He
et al.,|2022), DINO (Caron et al., 2021), EVA (Fang et al., [2023)), EVA02 [Fang et al.|(2024)), Swin-
S (Liu et al.l |2021), and Swin-S FT. The performance metrics, specifically Area Under the Curve
(AUC) and Average Rank (AvgRank) were analyzed. The Recall Rate for these models was charted
against Rank Thresholds ranging from 0 to 2000. MAE exhibited outstanding performance, achiev-
ing the highest AUC of 0.79 and an AvgRank of 522.5. It is worth noting that, our method only
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Figure 4: Comparison with the self/un-supervised methods and existing visual backbones. “FT”
indicates our supervised fine-tuning. (1) Self/un-supervised methods: We compared our method
trained on the ImageNet1k-edge and the Comparison with the self(un)-supervised pre-training meth-
ods (Zhou et al.,|2022; |Caron et al., 2021} He et al., 2022} [Fang et al.| [2023; 2024)) methods training
on the PPIR-unlabeled. (2) Existing visual backbones: We also compared our method with other
methods trained on the powerful visual backbones (Liu et al., 2021} |Fang et al., |2024). The result
shows that our method is extremely powerful.

trained on the ImageNet1K-edge with about 1.3 million samples for 16 hours, while the MAE is
trained on the PPIR-unlabeled with 3.8 million samples for about 100 hours. This suggests its effec-
tiveness in feature extraction even without supervised learning. Swin-S FT also showed impressive
results with an AUC of 0.80 and an AvgRank of 498.5, indicating that fine-tuning has significantly
enhanced its capability.

In Fig. @}(2), we compare our method with some of the current state-of-the-art vision backbone
networks, such as EVAO2 (Fang et al.||2024) at 448 x 448 resolution, which are trained on multiple
large-scale datasets. It can be seen that through our supervised pretraining, using only 1 million
classification images at 224 x 224 resolution. This subset of the evaluation focused on comparing
the aforementioned models against traditional visual backbones like CLIP, EVA02, VIT, and Swin-
S. The objective was to evaluate whether recent advancements in self/unsupervised learning could
match or surpass the performance of conventional supervised learning models. EVA02 and Swin-S
FT reached an AUC of 0.76 and 0.80 respectively, with Swin-S FT maintaining a particularly low
AvgRank, which reinforces the effectiveness of its fine-tuning approach. CLIP maintained a robust
performance with an AUC of 0.74 and an AvgRank of 655.1, demonstrating its adaptability across
various visual tasks.

The findings from this comparison demonstrate that certain unsupervised and fine-tuned models are
competitive with, or superior to, traditional supervised models, offering promising alternatives for
robust visual recognition systems.

4.3 ANALYSIS ON SCALEUP ABILITY

Fig. [ compares the performance of our method across different network architectures and parame-
ter sizes, including CNN-based (LeCun et all [1995) ResNets (He et al., [2016) and Transformer-
based (Vaswani et al., 2017) SwinNets (Liu et al. [2021). It can be observed that through our
proposed edge-based pretraining method, we achieve consistent performance improvements on the
patent-product image retrieval task. Specifically, our methods improve the performance by about
3% AUC score on ResNets, and by about 4% AUC score on SwinNets. We also witness a boost in
the reduction of average rank.
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However, we also find that neither the pre-trained weights nor our edge fine-tuned weights show
a direct correlation between performance improvement and parameter size. We consider that the
potential reason lies in the fact that, despite extracting edge images, there are inherent differences
between the edge maps of patent images and those of natural images. Moreover, our current test set
is not sufficiently large, and further expanding the test set is a direction for our future work.

(1) Analysis on ResNets (2) Analysis on SwinNets
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Figure 5: Scaling up the model: We trained 5 different backbones: ResNet-18, ResNet-50 (He
et al., 2016), Swin-Tiny, Swin-Small, and Swin-Base (Liu et al., 2021) on ImageNet1K-edge. The
results indicate that our method can significantly and consistently boost unsupervised patent-product
retrieval performance.

5 CONCLUSION AND DISCUSSION

In this paper, we explored a novel product-patent image retrieval task and conducted an in-depth
investigation into the application of supervised pretraining based on edge maps within this context.
We began by constructing a retrieval pair dataset, a patent database for retrieval, and a patent-product
database for unsupervised pretraining. The datasets provided in this paper establish an effective
method for evaluating both unsupervised and supervised patent retrieval tasks.

Our experimental results demonstrate that mapping both patent images and product images into
edge maps or colorizing patent images into product images, are effective strategies for alleviating
the domain gap. Furthermore, by simply converting existing classification data into edge maps and
setting up a supervised edge classification task, we can enhance the feature extraction performance
of our backbone network. Besides, we have make the following findings through our extensive
experiments: 1. Mapping patent and product to joint edge representation, or transform the
patent image to product is beneficial for alleviate the domain gap. 2. Supervised pre-training
with classification label is much more efficient than unsupervised pre-training on the edge
map. In the future, we will continue to scale up our testing set and focus on addressing the domain
gap between the patent edge map and the product edge map.

REFERENCES

Josh Achiam, Steven Adler, Sandhini Agarwal, Lama Ahmad, Ilge Akkaya, Florencia Leoni Ale-
man, Diogo Almeida, Janko Altenschmidt, Sam Altman, Shyamal Anadkat, et al. Gpt-4 technical
report. arXiv preprint arXiv:2303.08774, 2023.

Kehinde Ajayi, Xin Wei, Martin Gryder, Winston Shields, Jian Wu, Shawn M Jones, Michal Kucer,

and Diane Oyen. Deeppatent2: A large-scale benchmarking corpus for technical drawing under-
standing. Scientific Data, 10(1):772, 2023.

10



Under review as a conference paper at ICLR 2025

Hamid Bekamiri, Daniel S Hain, and Roman Jurowetzki. Patentsberta: A deep nlp based hybrid
model for patent distance and classification using augmented sbert. Technological Forecasting
and Social Change, 206:123536, 2024.

Mathilde Caron, Hugo Touvron, Ishan Misra, Hervé Jégou, Julien Mairal, Piotr Bojanowski, and
Armand Joulin. Emerging properties in self-supervised vision transformers. In Proceedings of
the IEEE/CVF international conference on computer vision, pp. 9650-9660, 2021.

Pedro Celard, Eva Lorenzo Iglesias, José Manuel Sorribes-Fdez, Rubén Romero, A Seara Vieira,
and Lourdes Borrajo. A survey on deep learning applied to medical images: from simple artificial
neural networks to generative models. Neural Computing and Applications, 35(3):2291-2323,
2023.

Ting Chen, Simon Kornblith, Mohammad Norouzi, and Geoffrey Hinton. A simple framework for
contrastive learning of visual representations. In International conference on machine learning,
pp. 1597-1607. PMLR, 2020.

Jia Deng, Wei Dong, Richard Socher, Li-Jia Li, Kai Li, and Li Fei-Fei. Imagenet: A large-scale hi-
erarchical image database. In 2009 IEEE conference on computer vision and pattern recognition,
pp. 248-255. Ieee, 2009.

Chenhe Dong, Yinghui Li, Haifan Gong, Miaoxin Chen, Junxin Li, Ying Shen, and Min Yang. A
survey of natural language generation. ACM Computing Surveys, 55(8):1-38, 2022.

Yuxin Fang, Wen Wang, Binhui Xie, Quan Sun, Ledell Wu, Xinggang Wang, Tiejun Huang, Xinlong
Wang, and Yue Cao. Eva: Exploring the limits of masked visual representation learning at scale.
In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp.
19358-19369, 2023.

Yuxin Fang, Quan Sun, Xinggang Wang, Tiejun Huang, Xinlong Wang, and Yue Cao. Eva-02: A
visual representation for neon genesis. Image and Vision Computing, 149:105171, 2024.

Yaroslav Ganin and Victor Lempitsky. Unsupervised domain adaptation by backpropagation. In
International conference on machine learning, pp. 1180-1189. PMLR, 2015.

Yunhao Ge, Yao Xiao, Zhi Xu, Xingrui Wang, and Laurent Itti. Contributions of shape, texture, and
color in visual recognition. In European Conference on Computer Vision, pp. 369-386. Springer,
2022.

Haifan Gong, Jiaxin Chen, Guangi Chen, Haofeng Li, Guanbin Li, and Fei Chen. Thyroid region
prior guided attention for ultrasound segmentation of thyroid nodules. Computers in biology and
medicine, 155:106389, 2023.

Haifan Gong, Yitao Wang, Yihan Wang, Jiashun Xiao, Xiang Wan, and Haofeng Li. Diffuse-uda:
Addressing unsupervised domain adaptation in medical image segmentation with appearance and
structure aligned diffusion models. arXiv preprint arXiv:2408.05985, 2024.

Fatemeh Haghighi, Mohammad Reza Hosseinzadeh Taher, Zongwei Zhou, Michael B Gotway, and
Jianming Liang. Transferable visual words: Exploiting the semantics of anatomical patterns for
self-supervised learning. IEEE transactions on medical imaging, 40(10):2857-2868, 2021.

Kaiming He, Xiangyu Zhang, Shaoqing Ren, and Jian Sun. Deep residual learning for image recog-
nition. In Proceedings of the IEEE conference on computer vision and pattern recognition, pp.
770-778, 2016.

Kaiming He, Xinlei Chen, Saining Xie, Yanghao Li, Piotr Doll4r, and Ross Girshick. Masked au-
toencoders are scalable vision learners. In Proceedings of the IEEE/CVF conference on computer
vision and pattern recognition, pp. 16000-16009, 2022.

Kotaro Higuchi and Keiji Yanai. Patent image retrieval using transformer-based deep metric learn-
ing. World Patent Information, 74:102217, 2023.

11



Under review as a conference paper at ICLR 2025

Kotaro Higuchi, Yuma Honbu, and Keiji Yanai. Patent image retrieval using cross-entropy-based
metric learning. In Proc. of the 29th International Workshop on Frontiers of Computer Vision,
2023.

Jonathan Ho, Ajay Jain, and Pieter Abbeel. Denoising diffusion probabilistic models. NeurIPS, 33:
6840-6851, 2020.

Wenhao Huang, Haifan Gong, Huan Zhang, Yu Wang, Xiang Wan, Guanbin Li, Haofeng Li, and
Hong Shen. Bcenet: Bronchus classification via structure guided representation learning. IEEE
Transactions on Medical Imaging, 2024.

Eleni Kamateri, Michail Salampasis, and Eduardo Perez-Molina. Will ai solve the patent classifica-
tion problem? World Patent Information, 78:102294, 2024.

Dylan Myungchul Kang, Charles Cheolgi Lee, Suan Lee, and Wookey Lee. Patent prior art search
using deep learning language model. In Proceedings of the 24th Symposium on International
Database Engineering & Applications, pp. 1-5, 2020.

Jacob Devlin Ming-Wei Chang Kenton and Lee Kristina Toutanova. Bert: Pre-training of deep
bidirectional transformers for language understanding. In Proceedings of naacL-HLT, volume 1,
pp. 2. Minneapolis, Minnesota, 2019.

Alexander Kirillov, Eric Mintun, Nikhila Ravi, Hanzi Mao, Chloe Rolland, Laura Gustafson, Tete
Xiao, Spencer Whitehead, Alexander C Berg, Wan-Yen Lo, et al. Segment anything. In Proceed-
ings of the IEEE/CVF International Conference on Computer Vision, pp. 4015-4026, 2023.

Subhadeep Koley, Ayan Kumar Bhunia, Aneeshan Sain, Pinaki Nath Chowdhury, Tao Xiang, and
Yi-Zhe Song. Picture that sketch: Photorealistic image generation from abstract sketches. In
Proceedings of the ieee/cvf conference on computer vision and pattern recognition, pp. 6850—
6861, 2023.

Subhadeep Koley, Ayan Kumar Bhunia, Aneeshan Sain, Pinaki Nath Chowdhury, Tao Xiang, and Yi-
Zhe Song. Text-to-image diffusion models are great sketch-photo matchmakers. In Proceedings
of the IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp. 16826—16837,
2024a.

Subhadeep Koley, Ayan Kumar Bhunia, Aneeshan Sain, Pinaki Nath Chowdhury, Tao Xiang, and
Yi-Zhe Song. You’ll never walk alone: A sketch and text duet for fine-grained image retrieval.
In Proceedings of the IEEE/CVF Conference on Computer Vision and Pattern Recognition, pp.
16509-16519, 2024b.

Alla Kravets, Nikita Lebedev, and Maxim Legenchenko. Patents images retrieval and convolutional
neural network training dataset quality improvement. In IV International research conference” In-
formation technologies in Science, Management, Social sphere and Medicine” (ITSMSSM 2017),
pp. 287-293. Atlantis Press, 2017.

Ralf Krestel, Renukswamy Chikkamath, Christoph Hewel, and Julian Risch. A survey on deep
learning for patent analysis. World Patent Information, 65:102035, 2021.

Michal Kucer, Diane Oyen, Juan Castorena, and Jian Wu. Deeppatent: Large scale patent drawing
recognition and retrieval. In Proceedings of the IEEE/CVF Winter Conference on Applications of
Computer Vision, pp. 2309-2318, 2022.

Yann LeCun, Yoshua Bengio, et al. Convolutional networks for images, speech, and time series.
The handbook of brain theory and neural networks, 3361(10):1995, 1995.

Ran Li, Wangke Yu, Qianliang Huang, and Yuying Liu. Patent text classification based on deep
learning and vocabulary network. International Journal of Advanced Computer Science and Ap-
plications, 14(1), 2023.

Wenxuan Li, Alan Yuille, and Zongwei Zhou. How well do supervised models transfer to 3d image
segmentation. In The Twelfth International Conference on Learning Representations, volume 1,
2024.

12



Under review as a conference paper at ICLR 2025

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.

Hao-Cheng Lo, Jung-Mei Chu, Jieh Hsiang, and Chun-Chieh Cho. Large language model informed
patent image retrieval. arXiv preprint arXiv:2404.19360, 2024.

Yonghe Lu, Xin Xiong, Weiting Zhang, Jiaxin Liu, and Ruijie Zhao. Research on classification and
similarity of patent citation based on deep learning. Scientometrics, 123:813-839, 2020.

Laurens van der Maaten and Geoffrey Hinton. Visualizing data using t-sne, 2008.

Dhruv Mahajan, Ross Girshick, Vignesh Ramanathan, Kaiming He, Manohar Paluri, Yixuan Li,
Ashwin Bharambe, and Laurens Van Der Maaten. Exploring the limits of weakly supervised
pretraining. In Proceedings of the European conference on computer vision (ECCV), pp. 181—
196, 2018.

Gaurav Parmar, Taesung Park, Srinivasa Narasimhan, and Jun-Yan Zhu. One-step image translation
with text-to-image models. arXiv preprint arXiv:2403.12036, 2024.

Pedro O Pinheiro. Unsupervised domain adaptation with similarity learning. In Proceedings of the
IEEE conference on computer vision and pattern recognition, pp. 8004-8013, 2018.

Alec Radford, Jeffrey Wu, Rewon Child, David Luan, Dario Amodei, Ilya Sutskever, et al. Language
models are unsupervised multitask learners. OpenAl blog, 1(8):9, 2019.

Julian Risch, Nicolas Alder, Christoph Hewel, and Ralf Krestel. Patentmatch: a dataset for matching
patent claims & prior art. arXiv preprint arXiv:2012.13919, 2020.

Homaira Huda Shomee, Zhu Wang, Sathya N Ravi, and Sourav Medya. A comprehensive survey
on ai-based methods for patents. arXiv preprint arXiv:2404.08668, 2024.

L Siddharth, Guangtong Li, and Jianxi Luo. Enhancing patent retrieval using text and knowledge
graph embeddings: a technical note. Journal of Engineering Design, 33(8-9):670-683, 2022.

Mirac Suzgun, Luke Melas-Kyriazi, Suproteem Sarkar, Scott D Kominers, and Stuart Shieber. The
harvard uspto patent dataset: A large-scale, well-structured, and multi-purpose corpus of patent
applications. Advances in Neural Information Processing Systems, 36, 2024.

Yucheng Tang, Dong Yang, Wenqi Li, Holger R Roth, Bennett Landman, Daguang Xu, Vishwesh
Nath, and Ali Hatamizadeh. Self-supervised pre-training of swin transformers for 3d medical
image analysis. In Proceedings of the IEEE/CVF conference on computer vision and pattern
recognition, pp. 20730-20740, 2022.

Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakob Uszkoreit, Llion Jones, Aidan N Gomez,
Lukasz Kaiser, and Illia Polosukhin. Attention is all you need. In Advances in Neural Infor-
mation Processing Systems, pp. 5998—-6008, 2017.

Andrey Voynov, Kfir Aberman, and Daniel Cohen-Or. Sketch-guided text-to-image diffusion mod-
els. In ACM SIGGRAPH 2023 Conference Proceedings, pp. 1-11, 2023.

Zihang Xu, Haifan Gong, Xiang Wan, and Haofeng Li. Asc: Appearance and structure consistency
for unsupervised domain adaptation in fetal brain mri segmentation. In International Conference
on Medical Image Computing and Computer-Assisted Intervention, pp. 325-335. Springer, 2023.

Ling Yang, Zhilong Zhang, Yang Song, Shenda Hong, Runsheng Xu, Yue Zhao, Wentao Zhang,
Bin Cui, and Ming-Hsuan Yang. Diffusion models: A comprehensive survey of methods and
applications. ACM Computing Surveys, 56(4):1-39, 2023.

Jason Yosinski, Jeff Clune, Yoshua Bengio, and Hod Lipson. How transferable are features in deep
neural networks? Advances in neural information processing systems, 27, 2014.

Selen Yiicesoy Kahraman, Tiirkay Dereli, and Alptekin Durmusoglu. Forty years of automated
patent classification. International Journal of Information Technology & Decision Making, pp.
1-32, 2023.

13



Under review as a conference paper at ICLR 2025

Caixia Zhou, Yaping Huang, Mengyang Pu, Qingji Guan, Ruoxi Deng, and Haibin Ling. Muge:
Multiple granularity edge detection. In Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition, pp. 25952-25962, 2024.

Jinghao Zhou, Chen Wei, Huiyu Wang, Wei Shen, Yujun Hou, Wenliang Jiang, Tianjun Gong,
Yu Qiao, Thomas Y Hui, Ziwei Liu, et al. ibot: Image bert pre-training with online tokenizer. In
International Conference on Learning Representations, 2022.

14



Under review as a conference paper at ICLR 2025

A APPENDIX ON TRAINING DETAILS

Table 1: Hyper-parameters of Supervised training on ResNet

Hyper-parameters

Value

—--model
—-—dataset
——batch_size
——optimizer
—--learning rate
——opt_betas
—-—warmup-epochs
——epochs
—--weight_decay
—-—training time

ResNet-18 /50/ 101
ImageNet1K-edge
4096 /2048 / 1024
AdamW

0.002

(0.9, 0.95)

5

100

0.001
5.3h/9.5h/18.7h

Table 2: Hyper-parameters of Supervised training on SwinTransformer

Hyper-parameters Value

——model Swin-T/S/B
——dataset ImageNet1K-edge
—--batch_size 2048 /1024 /512
——optimizer AdamW
——learning rate 0.002
——opt_betas (0.9, 0.95)
—--warmup_epochs 5

——epochs 100
--weight_decay 0.001

——training time

7.9h/15.7h/21.6h

Table 3: Hyper-parameters of Supervised training on VisionTransformer

Hyper-parameters

Value

—-model
—-—dataset
——batch_size
——optimizer
-—-learning rate
—-—opt_betas
——warmup-epochs
—-—epochs
—--weight_decay
——training time

ViT-B-16 / L-16
ImageNet1K-edge
5127256
AdamW

0.002

(0.9, 0.95)

5

100

0.001
19.8h/34.7h
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Table 4: Hyper-parameters of Self-Supervised Contrastive Learning

Hyper-parameters Value
——method DINO /iBOT
—-model ViT-L-16
-—dataset PPIR-unlabeled
——batch_size 256
—-—optimizer AdamW
--learning rate 0.002
——opt_betas 0.9, 0.95)
—--warmup_epochs 40

——epochs 100

—-—training time 97.4h/98.8h

Table 5: Hyper-parameters of Masked Image Model

Hyper-parameters Value

——method MAE / EVA / EVA-02
--model ViT-L-16
-—dataset PPIR-unlabeled
—-batch_size 256

——optimizer AdamW
-—learning rate 0.002

-—opt_betas 0.9, 0.95)
—-—warmup_epochs 40

——epochs 100

——training time 95.3h/96.5h/99.2h

B VISUALIZATION RESULTS
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(a) Visualizations on generated product image based patent image with diffusion model

Figure 6: This figure provides some visualization results on the diffusion generated samples and
edge map from ImageNet1k.
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