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ABSTRACT

This paper proposes the hardware architecture of high performance multi-mode 2D forward transform for HEVC
which has same number of cycles for processing any type of four TUs and yield high throughput. In order to make the
original image which has high pixel and high resolution into highly compressed image effectively, the transform
technique of HEVC supports 4 kinds of pixel units, TUs and it finds the optimal mode after performs each transform
computation. As the proposed transform engine uses the common computation operator which is produced by
analyzing the relationship among transform matrix coefficients, it can process every 4 kinds of TU mode matrix
operation with 35cycles equally. The proposed transform block was designed by Verilog HDL and synthesized by
using TSMC 0.18um CMOS processing technology. From the results of logic synthesis, the maximum operating
frequency was 400MHz and total gate count was 214k gates which has the throughput of 10-Gpels/cycle with the
4k(3840x2160) @30fps image.
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Table.1 Relationship of between transform matrix
coefficients

Coefficient Shifter &Adder
64 <<6
80 <<6 <<4
88 <<6 <<4 <<3
89 <<6 <<4 <<3 +1
90 <<f <<4 <<3 <<1
87 <<B <<4 <<2 <<1 +1
85 <<6 <<4 <<2 +1
82 <<6 <<4 <<1
83 <<f<<4 <<l 1
78 <<B <<3<<2<<1
75 <<6<<3<<1+1
73 <<6 <<3 +1
70 <<6<<2<<1
67 <<6<<1+1
61 <<b <<4 <<3 <<2 +1
57 <<5<<4 <<3 +1
54 <<5 <<4 <<2 <<1
50 <<5 <<4 <<1
46 <<b <<3 <<2 <<1
43 <<5<<3<<1+1
36 <<5 <<2
38 <<b<<2<<1
31 <<4 <<3<<2<<1+1
25 <<4 <<3 +1
22 <<4 <<2 <<1
18 <<4 <<1
13 <<3<<2+1
<<3+1
<<?

TAE BE A7) <<6, <<5, <<4,<<B, <<2, <<1
Z 6709 FZE 9} <<0, 17]<] A7 2 FgHeh 1
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Table. 2 Comparison of previous architecture and proposed
architecture

Works Chen[9] Fan[10] Proposed
HEVC
. H.264 HEVC
Supporting | . 4 iexg 4x4/8x8 4x4/8x8
mode 16x16/32x32
2D Inverse 2-D Inverse
2-D Forward
Technology 180nm 180nm 180nm
Gate 56.4k 95.1k 214K
Counts
Max. 250MHz 125MHz 400MHz
frequency
Max
throughput 1-G 1000M 10-G
3 38 7|& HE|7F 1D WHES & AH 9, 32x32 2
719 TU S0 A] gk 24el8 LAfo] Zofl A ejghetir 7}
Foke o A TU mES Aejehzr] Aol A
olZ 2 vyehl o]tk

H 3. TU ZE # 1D #Hat oM X2] A0IZ &
Table. 3 Number of processing cycles to 1D transform
operation each TU mode

e 71 Wgy] | Ak HE]
4x4 512 35
8x8 256 35
16x16 128 35
32x32 32 35
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