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Abstract

In this paper, we propose a frame compression codec that guarantees an exact 4:1 constant bit-rate (CBR) by applying a
pixel-wise fixed-bit allocation strategy based on the Vector Quantized Variational AutoEncoder (VQ-VAE) Unlike standard video
codecs that primarily aim to maximize compression efficiency, the proposed method focuses on a hardware-friendly architecture
that enables precise prediction of memory bandwidth during on-chip frame storage and intra-pipeline data transmission. The
proposed codec adopts an encoder - vector-quantizer - decoder structure, where Residual Blocks and the HardSwish activation
function are incorporated to enhance hardware implementability. Without any spatial down-sampling, a strict 4:1 compression ratio
is achieved by constraining the codebook index to 6 bits per pixel. Experimental results on the HEVC-B dataset demonstrate that
our method achieves a mean PSNR of 43.92 dB at 6 bits per pixel, providing visually indistinguishable reconstruction quality from
the original input. Owing to its predictable bit-rate and lightweight design, the proposed approach is suitable for applications where
accurate bandwidth control is essential, such as on-chip frame buffering and pipeline-level data transmission.
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