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[Abstract]

Conventional watermarking techniques typically rely on 8x8 blocks, which often exceed the optimal register capacity per
graphics processing unit (GPU) thread, causing memory latency due to register spilling. This study proposes a high-speed blind
watermarking framework based on OpenGL Compute Shaders that adopts a 4x4 micro-block structure. This design enables
transformation operations to be executed entirely within GPU registers, eliminating the need to access global memory. To mitigate
the reduced signal capacity inherent in smaller blocks, we incorporate a repetition code strategy. Experimental results, obtained
with embedding strength calibrated to a target peak signal-to-noise ratio (PSNR) of approximately 40 dB, demonstrate that the
proposed scheme achieves approximately fourfold faster performance than conventional methods for both FHD and 4K resolutions.
Furthermore, the method achieves a Bit Error Rate (BER) of 0.00 against cropping and salt-and-pepper attacks, demonstrating an

optimal trade-off between execution speed and robustness.
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Table 1. Experimental hardware specifications and software
environment

Component Specification / Version Information
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Storage Device SSD
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