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ABSTRACT

The H.264 video coding standard provides a compression gain of
1.5 x 2.0 x over H.263 and MPEG-4 simple profile. One of the
major differences between H.263 and H.264 is the transform cod-
ing. The transforms of H.264 employ only integer arithmetic oper-
ations such as additions and shifts without multiplications, with
coefficients and scaling factors that allow for 16-bit arithmetic
computation on first-level transforms. The integer transforms also
solve the mismatch problem like H.263. These changes lead to a
significant complexity reduction, but with only less than 0.02 dB
decrease in PSNR. A novel parallel 4x4 multiple transforms archi-
tecture for H.264 is presented in this paper. This architecture is
based on Wallace trees and can process 4 inputs in parallel. This
architecture has been designed and synthesized in SMIC 0.18um
technology. The result shows that this architecture can achieves
above 1,200M pixels/sec throughout and consume only 5625 gates.
The timing-area property of this architecture is improved com-
pared with the previous architecture.
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INTRODUCTION

The H.264 video coding standard provides a compres-
sion gain of 1.5 x — 2.0 x over H.263 [1] and MPEG-4
simple profile [2]. One of the major differences between
H.263 and H.264 is the transform coding [3, 4]. The
transforms of H.264 employ only integer arithmetic oper-
ations such as additions and shifts without multiplica-
tions, with coefficients and scaling factors that allow for
16-bit arithmetic computation on first-level transforms.
The integer transforms also solve the mismatch problem
like H.263. These changes lead to a significant complexi-
ty reduction, but with only less than 0.02 dB decrease in
PSNR [4, 5].

Although the computation complexity of the trans-
forms in the H.264 standard is less than H.263, hardware
implementation of the transform coding is required in
both dedicated and platform codec systems to accelerate
the processing and alleviate the loading [6]. Hence, Wang
[7] proposed a parallel transform architecture for H.264,
which can process 4 pixels per cycle and achieve 360M
pixels/sec at SOMHz.

The Wallace tree was proposed by C. S. Wallace in
1964 [8]. This method can be used to sum up all the bits
of the partial product in each column and is employed by
many fast multipliers [9, 10]. Based on Wallace trees, we
propose a new parallel 4x4 transform and inverse trans-
form architecture for H.264 in this paper. The new archi-
tecture has the following characteristics:

e It takes Wallace trees instead of adders of four
operands and can decrease the length of critical paths and
gates count.

e Its four parallel datapaths are more independent
and need fewer multiplexers than Wang’s.

e  The subtracters needed by H.264 transforms are
merged in Wallace Trees.

Experimental results show that the area of our archi-
tecture decreases about 10% and the critical path delay
decreases about 20% compared with Wang’s [7].

This paper is organized as followed: Sec.2 introduces
the transform coding in H.264. Sec.3 presents the archi-
tecture based on adders proposed by Wang[7]. Sec. 4
gives the parallel 4x4 transform and inverse transform
architecture based Wallace trees proposed by us. Sec.5
implements and compares the proposed architecture and
Wang’s.

TRANSFORM CODING IN H.264

The video coding layer of H.264 is similar in spirit to
other standards such as H.263. It consists of a hybrid of
temporal and spatial prediction, in conjunction with trans-
form coding. Figure 1 shows a block diagram of the video
coding layer for a macroblock(MB). The spatial predic-
tion is also called intra prediction. There are two types of
intra prediction in H.264. One is 4x4 intra prediction and
the other is 16x16 intra prediction. The temporal predic-
tion is the multiple reference frame and variable block

32

SYNCHROINFO JOURNAL

size motion estimation. Besides predictions and trans-
forms techniques, H.264 also employ other advanced vid-
eo encode technique, such as context adaptive variable
length coding (CAVLC), Context-based Adaptive Binary
Arithmetic Coding (CABAC) and deblocking filter.
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Fig. 1. Block diagram of H.264 encoding flow
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The residual MB is coded as Figure 2. It is divided in-
to sixteen 4x4 blocks for luminance and 4 blocks for
chrominance. If the 16x16 intra prediction mode is chosen
for the MB, the DC items of the luminance are extracted
to form a 4x4 block. Hadamard transform is then applied
on it.

DC coefficients

Luma
Fig. 2. Residual coding order of H.264

Just like 8x8 DCT, we can implement the 2-D 4x4 in-
teger DCT in this paper by row-column decomposition
techniques. There are two types of 4x4 transforms for the
residual coding. The first one is for luminance residual
blocks. The 1-D transform and inverse transform matrices
are shown in (1) and (2).

Fol [1 1 1 17[x0
F1| |2 1 -1 =2 x1
F2l 711 -1 -1 1| x2
F3 1 =2 2 =11l X3 (1)
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Xo| [1 1 1 1/21]Fo
X1 |1 /2 -1 -1 | F1
X201 =1/2 -1 1 ||F2
X3 [0 -1 1 -12||F3 )
The other type of the transform is Hadamard trans-
form. It is applied to the luminance DC coefficients in
16x16 intra prediction mode. The 1-D inverse Hadamard
transform is simply the transpose of (3). Because the

transform matrix is symmetric, the inverse hadamard
transform is the same as the forward transform.

FO I 1 1 1] X0
Fl 11 -1 -1} X1
1
1

Fol |1t -1 -1 1 || x2
F3 -1 1 -1} X3 (3)

The three types of transform matrices above only con-
tain 6 coefficients: 1, -1, 2, -2, 1/2 and -1/2, which can be
implemented by shifters and adders. The sign of the coef-
ficient at the same position is same. These characters are
helpful to simplify the design of the transform architec-
ture.

TRANSFORM ARCHITECTURE
BASED ON ADDERS

Wang [7] implemented a 4x4 integer DCT architec-
ture by row-column decomposition techniques. He over-
lapped three transforms in (1), (2) in a single architecture,
which is showed in Figure 3. In Figure 3, all the adders
have three inputs, among which one input is not changed
and one of the other two inputs is required to be selected
by the transform type. For the different transform types,
some inputs should be multiplied by corresponding coef-
ficients: 1, -1, 2, -2, 1/2 or —1/2.

Fig. 3. Architecture for three types transform based adders

PROPOSED ARCHITECTURE

2-D 4x4 Parallel Transform Architecture

We also adopt the classical row-column decomposi-
tion method [11, 7] for 2-D 4x4 transform and inverse
transform architecture for H.264, as shown in Figure 4.
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Fig. 4. 4x4 2-D transform architecture

The output of the first 1-D 4x4 transform module on
the top of Fig.4 is fed to a transpose array. The transpos-
ing result of transpose array is fed to the second 1-D 4x4
transform module as the left transform part of Fig.4. The
two transform modules and transpose array form a pipe-
line structure, which enable the architecture can process 4
pixels per cycle.

The transpose array is a 2-D FIFO array, which can
shift along two directions. One FIFO element consists of
a two input multiplexer and a register. The multiplexer
controls the data flow direction of the FIFO. The first
input of the multiplexer is the data from the upper regis-
ter. The second input of the multiplexer is the data from
the right register. If all of the multiplexers select the data
from the upper registers, the FIFO array will be shift
down. The bottom row of the register array will be out-
putted to the second 1D transform unit. However, if all of
the multiplexers select the data from the right, the FIFO
array will be shift left. The direction will be changed eve-
ry four valid input clocks so that the transpose operation
can be done in this register array.

1-D 4x4 Transform Architecture

The 1-D 4x4 transform module is shown in Figure 5,
which contains four Wallace trees and eight shift mod-
ules.

Xo X1 X2X3

mode

A A

WTo WTi WT2
Yo Y1 Y2

Fig. 5. Architecture for three types transform
based Wallace trees
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The structure make the best of the characters of 4x4
transforms of H.264 discussed in Sec.2. The four parallel
datapaths are independent from each other and intercross
little. The core of the datapath is a Wallace tree. Every
Wallace tree implements a 4x1 transform. The inputs of
the Wallace trees are independent and do not need to be
selected by multiplexers. In order to implement the multi-
plying of 2 and 1/2, two type shift modules are designed:
right shifts (RSHT) and left shifts (LSHT). The sign ‘o’
before some inputs of Wallace trees are designed for sub-
tracting operations.

The shift modules are controlled by the transform
mode to decide whether or not to shift and introduce only
a delay of one level gate. If the transform mode is the 4x4
transform for luminance residual blocks as (1), LSHTs are
selected. If the transform mode is the 4x4 inverse trans-
form for luminance residual blocks as (2), RSHTs are
selected. Otherwise, all shifts are all deselected.

Wallace Trees Architecture

The structure of a Wallace tree is shown in Figure 6.
In our architecture, Wallace trees are used to substitute
for the adder trees of four operands.

Carry bits for subtracting
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Fig. 6. Wallace tree supporting subtracting

The Wallace trees offer three advantages compared
with adder trees. Firstly, a single 4-2 compressor contains
only 6 gates and includes a critical path with the maximal
delay of three XORs [9, 10], which will decrease the cost
of the area and timing. Secondly, the structure of Wallace
trees is more regular than adder trees’ and is suitable for
the placement and routing. Finally, the subtracting needed
by H.264 can easily be merged into Wallace trees while
introducing a little of gates.

A subtracting can be looked as an addition of the min-
uend and the negative of the subtrahend. The negative of
the subtrahend can be calculated by complementing each
bit and then adding 1. In Figure 5, the sign ‘o’ before the
inputs of Wallace trees denotes the operation of comple-
menting. The operations of adding 1 are postponed into
Wallace trees.

By observation of Figure 6, we can find that there is
one additional bit in the compressor structure and adder,
which can generate four types of carrying value (0,1,2
and 3) to add to original calculating of Wallace trees.
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This structure consumes a little of gates and introduc-
es the single delay of INVERT (viz. complementing) to
implement three possible types of subtracting in 4x4
transforms of H.264.

Bit Width Design

Our proposed architecture should meet the bit width
requirements of three types of transform. Both the speci-
fication of H.264 [3] and the analysis [7] guarantee that
the 16 bits arithmetic is enough, so the datapaths and
transpose array in our architecture are implemented with
16 bits.

IMPLEMENTATIONS AND COMPARISION

The proposed architecture in this paper is designed
and simulated by Verilog HDL. The logic is synthesized
by Synopsys’ DC with the Verisilicon standard cell li-
brary [12] on SIMIC 0.18um 1P5M process. In order to
compare the implementation results to Wang’s architec-
ture fairly, the version of Wang’s multi-transforms archi-
tecture on the same technology and constraint as us is also
implemented.

The other individual architectures proposed by Wang
are not implement, because the multiple transforms are
always required by H.264 but not any individual trans-
form. The gate count and delay are listed in Table 1.

Table 1
Implementation results of our proposed parallel
and Wang’s
Architecture | Technology | Critical Area
path delay | (gates)
(ns)
Wang’s[7] | TSMC 11.35 6538
0.35um
Wang’s SIMIC 5.35 6305
0.18um
Proposed SIMIC 4.27 5625
0.18um

CONCLUSIONS

In this paper, we propose a novel parallel 4x4 multiple
transforms architecture for H.264. This architecture sup-
ports Forward/Inverse transforms for luma residual blocks
and DC coefficients used in H.264 and can process 4 in-
puts in parallel. We have mapped the architecture to
SMIC 0.18um technology.

The architecture can run on a system clock of more
than 300MHz and achieve 1,200M pixels/sec throughout.
Compared with the previous architecture [7], its area de-
creases about 10% and critical path delay decreases about
20%. The architecture proposed in this paper can be ap-
plied to a hardware accelerator or dedicated design for the
H.264 video codecvideo codec design of H.264.
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