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Image Watermarking
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• Copyright  Infringement

Capacity

RobustnessPerceptibility

This image is copyrighted by Bob

Encoding Decoding

Is this image copyrighted by Bob ?

 / ✗Misuse

& Attack



Motivation

• Embedding watermarks in the latent frequency space of images.



Contributions

• FreqMark encodes hidden messages within the latent frequency space of 
images and achieves watermark embedding through indirect optimization 
centered on the image itself without requiring network training.

• FreqMark is highly flexible, allowing for a free trade-off between the bits 
number of the encoded message, image quality and watermark robustness 
to meet diverse requirements.

• FreqMark demonstrates significant robustness advantages, particularly 
during regeneration attacks compared to baseline methods. 

Flexibility & Robustness 



Method

• Encoding

𝐼𝑤 = 𝐷 𝐹𝐹𝑇−1 𝐹𝐹𝑇(𝐸(𝐼)) + 𝛿𝑚 𝑚𝑑
𝑘 = 𝑠𝑖𝑔𝑛 𝑧𝐼𝑤 ⋅ 𝑣𝑘 = 𝑠𝑖𝑔𝑛 𝐸𝑖𝑚𝑔 𝐼𝑤 ⋅ 𝑣𝑘 , 𝑣𝑘 ∈ 𝑉𝐾

𝑁

𝑉𝐾
𝑁 = {𝑣1, 𝑣2, . . . , 𝑣𝐾 ∣ 𝐾 ≤ 𝑁} Pre-defined Vectors 

• Decoding



Training

• Image Quality

• Watermark Message

• Robustness Enhancement

ℒ𝑝 = −𝑃𝑆𝑁𝑅(𝐼𝑤, 𝐼)

ℒ𝑚(𝐼𝑤) =
1

𝐾
෍

𝑘=1

𝐾

𝑚𝑎𝑥(0, (𝜇 − (𝑧𝐼𝑤 ⋅ 𝑣𝑘) ⋅ 𝑚𝑘)) , 𝑣𝑘 ∈ 𝑉𝐾
𝑁, 𝑚𝑘 ∈ −1,1

ℒ𝑖 = 𝐿𝑃𝐼𝑃𝑆(𝐼𝑤, 𝐼)

𝐼𝑝1 = 𝐷 𝐹𝐹𝑇−1 𝐹𝑍 + 𝛿𝑚 + 𝜖1

𝐼𝑝2 = 𝐷 𝐹𝐹𝑇−1 𝐹𝑍 + 𝛿𝑚 + 𝜖2

ℒ = ℒ𝑚(𝐼𝑤) + ℒ𝑚(𝐼𝑝1) + ℒ𝑚(𝐼𝑝2) + 𝜆𝑝ℒ𝑝(𝐼𝑤, 𝐼) + 𝜆𝑖ℒ𝑖(𝐼𝑤, 𝐼)



Benchmark



Results
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Why the Image Latent Frequency Space?



Thanks!
For more information, please refer to our full paper published in NeurIPS 2024!
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