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Abstract Screen shooting provides a convenient means for information acquisition, but it also
leads to the increasing prevalence of unauthorized screen-shooting activities. Screen-shooting
resilient watermarking technology can effectively trace the source of pirated images captured via
screens to protect digital copyrights and intellectual property. However, the asynchronous noise—
stemming from perspective distortion and device shaking—makes it extremely difficult to achieve
pixel-level synchronization between the screen-shooting image and the original watermarked
image. Although existing methods achieve watermark synchronization through perspective
correction by selecting the four corners of the watermark region, manual operation is time-
consuming and labor-intensive, and decoding accuracy is highly dependent on the positioning

precision of the four corners. Crucially, any localization error propagates globally during
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correction, following a “large near, small far” pattern that severely compromises the reliability of
watermark extraction. To tackle the above problems, this paper proposes a screen-shooting
resilient watermarking method based on a self-synchronization mechanism, enabling watermark
decoding without the need for perspective correction. This approach decouples the strong
dependency between decoding and the positioning process to achieve high robustness. First, we
design a dual-state screen-shooting noise layer to simulate distortions, which models the
distortion characteristics by simulating asynchronous noise and combining it with pixel noise. The
asynchronous noise simulation includes four critical steps—scaling, translation, perspective
distortion, and background filling—to precisely reflect the variations in camera distance, position,
and angle. The pixel noise encompasses variations in brightness, contrast, and saturation,
alongside Gaussian noise, motion blur, and specialized lighting and moire noise. Second, the self-
synchronization mechanism is verified through theoretical derivation, proving that correction
errors inevitably diffuse across the entire image. We construct a synchronization network utilizing
the HRNet architecture to maintain high-resolution features. This network is trained to predict
synchronization masks, which directly identify the watermark region to provide vital
synchronization information for the decoder. Additionally, an energy distribution similarity (EDS)
loss constraint is integrated into the multi-stage, multi-loss training framework. The EDS loss
ensures that the watermark residual matches the original image’ s energy distribution, effectively
suppressing green-spot artifacts in smooth regions. A convolutional block attention mechanism
(CBAM) is also introduced into the encoder to focus embedding on areas that are human-
imperceptible and noise-resistant. Detailed ablation studies confirm the indispensability of each
module, showing that the removal of CBAM notably leads to a decrease in extraction accuracy
while maintaining similar visual metrics. Furthermore, it is verified that while the EDS loss is
essential for preserving subjective visual quality, the self-synchronization mechanism serves as the
fundamental guarantee for the model to effectively resist asynchronous noise and ensure stable
convergence. Experimental results show that the proposed method significantly outperforms
existing methods like StegaStamp, PIMoG and SSDS in extraction robustness under various
scenarios. The method achieves an average extraction accuracy (ACC) of over 96.4% across
diverse distances and angles. Notably, the system is highly efficient, with a total synchronization
and decoding time of only 0.022 seconds, meeting real-time requirements while achieving a
substantial lead in visual quality with a peak signal-to-noise ratio (PSNR) of 38.89 dB and a
structure similarity index measure (SSIM) of 0. 989.

Keywords digital watermark; copyright protection; screen shooting; watermark synchronization;
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TR  FATTRE K B [R]2E Rl B AR 2R 5 2R h)
PRI el FH =0 285 SR SR AR [a) 25 I 2% . eAh i
A B ZE T At R A Bl TR B S, i — 20 4R T[]
M HIREEE . BT ) UL . R [R) 2D 2 1
RS T2 DRI FRAT T T g1, e A TR [0 4012
FRIVRMAE, JFA T RV TR A E . 25
BB T BOA R BRECL g WOF
Ly = BCE<Mﬁumua Mﬁ%) +

(1 o IUU<MT)H‘JW’M%§>>

(25)

(26)

Loyg =Ly T poLiy 27
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o X HF 2, RIHOOP 1 PIMoGH 72 6 A T
W IE A5 F T o E S $E UK ENE B s SSDS K £
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T I R DY A 15 25 AR 3t G K B PR LR
Jo LIRSS AE T I i R AR K AT AL
TOL B P BEAT AR 425 PR B A 5
4.3.3  NIE] i i B B i S 50

B KB DX B A s ) S 5614 B I
Sk 40 em, SR O°IE T A8 72X 5 3l 3 4 O A R
BRI RST AT K ED X3 b SE80rp o O Bs



418 WA A LT A ML B K BN )ik 945
F3 AEAETHRESRR
KI5 ) U HJrIn)

I : : : : : ; : : : : ; :

—45 —30 —15 15 30 45 —45 —30 —15 15 30 45
StegaStamp!’  52.4%  79.4% 91.8% 92.1% 77.5% 54.0% 58.5% 77.3% 85.8% 91.0% 87.5% 52.9%
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Background

In this paper, we address a critical challenge in multimedia
security:  screen-shooting  resilient watermarking.  The
proliferation of digital displays and high-resolution mobile
cameras has made unauthorized screen capture a primary vector
for content leakage. Digital watermarking offers a covert
solution for tracing these leaks, yet existing methods are
fundamentally constrained. They typically rely on error-prone
four-corner localization to correct perspective distortions.
Crucially, any localization error propagates globally during
homography correction, severely compromising the reliability
of watermark extraction.

To overcome these limitations, this paper introduces a self-
synchronization mechanism based screen-shooting resilient
watermarking that eliminates the need for perspective correction.
We design a synchronization network that predicts synchronization
mask, directly identifying the watermark region in the captured
image and enabling the decoder to perform robust extraction

without geometric alignment. To better simulate real-world
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conditions, we construct a dual-state screen-shooting noise layer
that models both asynchronous and pixel-level distortions.
Furthermore, our multi-stage, multi-loss training framework
incorporates an energy distribution similarity loss to enhance
visual quality and uses convolutional block attention module to
improve  embedding  performance. = Experimental  results
demonstrate that our method significantly outperforms existing
approaches in both visual quality and extraction robustness under
real-world screen-shooting conditions.
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