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Abstract

This paper proposes a unified hardware transform module that integrates DCT-II - based transforms for multi-standard video
codecs (AVC, HEVC, and VVC). The architecture allows scalable adjustment of processing speed and block size while removing
multipliers through a column-wise Shift & Adder Unit (SAU) - based matrix multiplication and Gray-code input alignment. This
approach significantly reduces LUT and register utilization and achieves real-time 8K 60 FPS operation at 550 MHz. Moreover,
the proposed design dynamically adjusts throughput according to memory bandwidth requirements, enabling efficient adaptation to
system constraints. FPGA implementation results verify that the proposed architecture outperforms previous designs in both
hardware efficiency and computational performance. The study demonstrates the feasibility of an efficient, DCT-II - centric
hardware transform architecture optimized for ultra-high-resolution and high-frame-rate video processing environments.
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Template | Value |Graycode Binary
I 87 124 lI] 0 EI 0 1 EI 1
J 80 120 1 0 1 0 0 0 0
H 90 119 II] 0 EI 1 0 EI 0
K 70 101 1 0 0 0 1 1 0
M 43 62 0 1 0 1 0 1 1
L 57 37 0 1 T T 0 0 T
N 25 21 0 0 1 1 0 0 1
o 9 13 0 0 0 1 0 0 1
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Table 2. Optimal computational module placement by number of input samples in a fixed computational speed environment

SAU2 SAU4 SAU8 SAU16 SAU32 Operation Speed
4 Samples 8 - - - - 4 Col/Cycle
8 Samples 4 8 - - - 2 Col/Cycle
16 Samples 2 4 8 - - 1 Col/Cycle
32 Samples 1 2 4 8 - 0.5 Col/Cycle
64 Samples 0.5 1 2 4 8 0.25 Col/Cycle
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Gates 496400 - 417000 - - -
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