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Background
Fundamental Task

“determine whether a part of an image 
has been copied from another image”[1]

[1]. Douze M, Tolias G, Pizzi E, et al. The 2021 image similarity dataset and challenge[J]. arXiv preprint arXiv:2106.09672, 2021.

Basic Copy Detection Pipeline
To determine whether a given query (Q) is a copy 
or an edited copy of an image within a reference 
database (R), a two-stage pipeline is employed:

• Coarse-grained Retrieval based on global
feature similarity with descriptor

• Fine-grained Matching based on detailed, 
one-to-one comparison with matcher



Background
SSL Training in Copy Detection
Generate image pairs (original vs. edited copy) via Self-Supervised Learning (SSL).

Limitation 1: Coarse-grained Labels
• Difficulty in detecting complex edited copies.
• Difficulty in detecting small, local copied regions.

SSL Strikes Back[1, 2]

Create patch-level pseudo-labels with feature or location
matching, e.g. k-NN

Limitation 2: Noise

[1]. Li C, Yang J, Zhang P, et al. Efficient self-supervised vision transformers for representation learning. ICLR 2022.
[2]. Bardes A, Ponce J, LeCun Y. Vicregl: Self-supervised learning of local visual features. NeurIPS 2022.

• False Positives
• False Negatives

• Partial Match
• Fixed-k Mismatch



Motivation
Ideal Annotations for Copy Detection
• Fine-Grained: Pixel-level annotation of copied regions.
• Clean & Noise-Free: Exact coordinate correspondence.

Traceability of Copied Pixels
Pixel correspondences between original and edited regions can be traced through sequential editing 
operations. 

Original Image

B
Edits Affine

Color
Jitter

Image
matting

1.

2.

3.

...

Edited Copy ImageEdits

A



PixTrace
Key Features
• Builds precise pixel-level correspondences between original and its copy edit images.
• Maintains pixel traceability even under multiple, complex transformations.
• Supports reversible (bi-directional) pixel tracing.
• Enables pixel tracing between different copies originating from a shared source.

For t in transforms:
  Augment image I = t(I)
  Get coordinate function f of t
  Transform coordinates T = f(T)
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CopyNCE
• Maximize mutual information between 

original and copy regions

• Decompose regions into patches

• Regularize patch affinity with the patch overlap ratio

• Derive the final symmetric form



Comparison with SOTAs

Outperforms SOTAs across various resolutions, pre/post-processing, and enhancement tricks.



Ablation Studies & Param Analysis
Descriptor

𝑤!"# = 5 brings +1.6% 𝝁AP gain over baseline

More significant over basic settings

Also effective with CNN-based architecture

Alternative methods (e.g. k-NN on features or patch 
centers) fail to surpass the baseline due to noise, 
highlighting the necessity of noise-free supervision
for copy detection.



Ablation Studies & Param Analysis
Matcher

𝑤!"# = 3 brings +12.6% 𝝁AP gain over baseline

While feature k-NN collapses due to noise, patch-
center k-NN offers a +7.8% 𝝁AP gain. Even the 
best combination of these k-NN methods is still 
outperformed by CopyNCE, with a remaining 2.7% 
𝝁AP gap.



More Experiments
Comparison with DISC21 leaderboard

Results on NDEC

Results on AnyPattern

Results on VSC2022
without finetuning on NDEC



Visualization
BaselineCopyNCE

Q
ue

ry
R

ef
er

en
ce

Matching  Descriptor

To
ke

n 
Af

fin
ity

Af
fin

ity
 E

nt
ro

py

DescriptorMatching 

Affinity entropy is defined as:

Lower Affinity Entropy → Higher likelihood of an edited copy region.



Key takeaways

Annotation
Global annotation
p Coarse-grained
p Noisy heuristic

Traceability of
Copied Pixels

PixTrace
p Fine-grained: Pixel-level 

annotation of copied regions
p Noise-free: Precise coordinate 

correspondence
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Baseline
p Descriptor: Global

contrastive and metric
learning

p Matcher: BCE

CopyNCE
p Regularization of Patch Affinity

Guidance
from PixTrace


