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Does a watermark necessarily cause 
irreversible damage to an image?
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Most existing watermarking methods embed 
watermarks by adding irremovable 
perturbations to the cover image, causing 
permanent distortion. In this work, we 
propose a Cover-Recoverable WaterMark 
(CRMark). CRMark can losslessly recover the 
cover image and watermark in lossless 
channels and enables robust watermark 
extraction in lossy channels.

Robustness comparisona) CRMark employs an integer Invertible Watermarking Network (iIWN) to achieve a lossless and invertible mapping between the cover image-
watermark pair and the stego image.  

b) in training, CRMark uses an encoder-noise-layer-decoder architecture to enhance robustness against various distortions.  
c) In inference, the cover image and watermark are first mapped to an overflowed stego image and a latent variable, which are then losslessly 

compressed by arithmetic coding and embedded into the clipped stego image via reversible data hiding.  
d) For extraction, in lossy channels, the noisy stego image can be directly inverted through iIWN to recover the watermark; in lossless channels, 

the latent variable and full stego image are first restored using reversible data hiding, followed by watermark extraction via iIWN.
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a) Image loss is used to enhance the imperceptibility of the
watermark.

b) Regularization loss prevents model parameters from
becoming too large, which could cause overflow during
inference and prevent perfect recovery of the cover image.

c) Watermark loss ensures robust extraction of the watermark
under various attacks.

d) Overflow penalty penalizes pixel values in the stego image
that fall outside the [0,255] range, reducing the length of the
auxiliary bitstream for encoding.
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