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Patent identity—not product category—is the right supervision for
finding visually similar designs.
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EXPERIMENTAL RESULTS

Three retrieval examples show success and hard negatives
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EXPERIMENTAL RESULTS

Extreme cosine cases expose the identity boundary

(a) Same-patent success (b) High-confidence hard negative
Query Patent Highest Similarity Lowest Similarity Query Patent Highest Similarity Lowest Similarity
ID: D0813840 ID: D0813840 (Score: 0.512) ID: D0821133 (Score: -0.171) ID: D0825156 ID: D0812868 (Score: 0.976) ID: D0816428 (Score: -0.189)
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Figure 3: Extreme baseline cosine-similarity examples on the Standard Gallery. Each panel shows a query, its highest-similarity
gallery item, and its lowest-similarity item. Panel (a) is a same-patent success; panel (b) is a high-confidence hard negative despite
very high visual similarity.
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DATA

A national-scale corpus makes the task realistic

834,168 5.20M 1976-2025 338,436

US design patents drawing images coverage extended-gallery images

Train / validation / retrieval split

128,888 training patents 22,746 validation 46,179 extended-gallery patents

The extended gallery is 8.7x larger than the standard gallery—closer to production
retrieval.
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DATA QUALITY

PhotoLike filtering removes photographs before training

Representative photographic-style patents Pixel-intensity entropy separates the domains

=1 Ramdom Sample (Line Drawings)
Photograph
== Threshold (T=0.7236)

N
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Pixel Intensity Entropy (H)

Line drawings are sparse and low-entropy;

photographs contain richer shading and texture. Threshold Flagged Excluded
1=0.724 28,717 25,448
99% target recall candidates verified patents
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METHOD

Patent IDs become the metric-learning signal

Patent drawing ConvNeXtV2 L2 embedding ArcFace objective
multiple views visual backbone 64—256 dimensions 2ull samg-patent MR el
push different patents apart
Training Retrieval
Scale 30 - angular margin 0.50 - 30 epochs - effective batch =512 Cosine search, then optional query expansion or graph diffusion

DESIGN PATENT SIMILARITY WITH ARCFACE METRIC LEARNING - HUI-CHING CHUANG

WORKING PAPER Model architecture and training protocol from the paper



MODEL SELECTION

Resolution and backbone capacity both matter

BEST: 0.8193 mAP

0.8193

0.8

0.7254

0.6

0.5447

0.4619

0.3856
0.3422

ConvNeXt-T ConvNeXt-T ConvNeXt-T ResNet-18 ResNet-50 ResNet-152
64px 128px 256px 256px 256px 256px
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BENCHMARK

The gain survives a much larger search gallery

Standard Gallery Extended Gallery
0.8193 0.6493
Ours Ours
PatentNet PatentNet
Acc@1 =0.9312 Acc@20 = 0.9906 Acc@1 = 0.8088 Acc@20 = 0.9711
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REPRESENTATION

The embedding learns identity—not just taxonomy
Across the design hierarchy Within one subclass (D14/299)
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Patent identity within subclass D14/299

Same-patent views cluster strongly—even when every candidate shares the same subclass.
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RANKING

Query expansion improves ranking—selectively

Promotes same-patent views

Suppresses visual distractors

Query Patent ID: D0B23510 ID: D0822800 ID: D0823510 ID: D0812963
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0.8193

baseline mAP

WORKING PAPER

0.8417

query expansion mAP

Best setting

k=3-a=1
Diffusion peaks at 0.8332.

Neighborhood agreement improves the ranking, but the benefit depends on the query.

Standard Gallery; two qualitative query-expansion examples

ID: DO816055
Sim: 0.409

ID: DOB37040
Sim: 0.561
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