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Abstract

H264/AVC is the newest international video coding standard developed by the joint ITU-T and ISO/IEC standards
organizations. This newest video coding standard offers much higher coding efficiency than the H.261, H263 and MPEG-4.
But it has high computing complexity and high H/W resources wasting problem. This paper described the two umit
parallel pipeline structure. This new structure comparing with standard model decreased the computing complexity of 67%

79

and the H/W resources waste of 3%.

Keywords : H.264/AVC, intra mode, parallel, pipeline structure

1. Introduction

H.264/AVC the newest international video coding
standard is developed by the joint ITU-T and
ISO/IEC. H264/AVC used many new technologies
such as the intra spatial prediction, the variable block

motion compensation, the multiple reference frames
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and so on. By this reason, the H.264/AVC offers
much higher coding efficiency than the H.261 and
H.263". Comparing with other codec, H264/AVC
saves the average bitrate up to 50% and has
significantly better performance in terms of PSNR.

In H264/AVC, the MD(mode decision) operation is
performed to increase compression rate by finding
minimmum RDcost(Rate Distortion cost) of all possible
modes.

Nowadays many algorithms have been proposed to
reduce the complexity such as Pan et al®. Pan’s
algorithms reduced the computing complexity of intra
MD by using the edge detection histogram and the
local edge detection. However, it needed the
additional coding time to calculate the edge direction
information.
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The hardware waste problems are occurred when
the intra predictions and reconstructions are
performed for 4x4 blocks serialized”. To solve this
problem, many -algorithms adopted the changing of
encoding order. However, there are two prediction
modes not used in some blocks.

In this paper, we proposed the parallel pipelined
execution algorithm for H.264/AVC intra prediction.
The proposed algorithm combined above two methods
and dramatically reduced a processing time of 67%
compared with standard model.

The rest of this paper is organized as follows:
Section I described the intra mode decision of
H264/AVC. In section I, we proposed an intra
prediction algorithm in detail. In section IV, the
analysis results are described. Finally, conclusion is
described in section V.

II. Intra 4x4 prediction of H.264/AVC

1. RDO(Rate—distortion optimization)
technique for an intra prediction
In H264/AVC, the RDO technique used to select
the best mode with the smallest RDcost for all
macroblocks. But this technique costs high
computational complexity. The Lagrangian function of
RDcost for the best intra mode is defined as follows:

J(s,c, MODE |QP’ﬂMaDE )=
+ /1“005 R(s,c, MODE |QP)

SSD (s,c, MODE | QP)

oy

Where @P is the macroblock quantization

Asiops = 0-85% 20005 e Lagrange
multiplier for mode decision, SSD the sum of squared
difference between the original signal s and its
reconstruction ¢, and R(s,c, MODE|QP) the
number of bits associated with the chosen mode®.

And the SSD is defined as follow:

parameter,

SSD(s,c, MODE /| QP) = i[s(x. ¥) —c(x, y, MODE [ QP)]

x=l,y=1

@

Figure 1 shows the RDO process, the RDO
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Fig. 1. Computation of RDcost.

technique requires a lot of computations because it
calculates all possible coding modes of intra to select
the minimum cost.

Therefore, the number of mode prediction for
luminance and chrominance of an MB was defined as
MBx(M4x16+M16) where the M8, M4 and MI6 is the
number of prediction modes. For an MB, the RDO
calculation number is 4x(9x16+4)=592 before decide a
best mode. It needs a high computationB].

2. 4x4 intra prediction mode

There are nine prediction modes in the each 4x4
block show in figure 2. The values of each block of
luminance samples are predicted from the neighboring
pixels above or left of a 4x4 block. The pixels from
samples a to p are predicted from samples A-L and
M. The eight directions mode and a DC mode are
defined as below:

Mode 0: Vertical Prediction

Mode 1: Horizontal Prediction

Mode 2: DC Prediction

Mode 3: Diagonal down left Prediction

Mode 4: Diagonal down right Prediction

Mode 5: Vertical right Prediction

Mode 6: Horizontal down Prediction

Mode 7: Vertical left Prediction

Mode 8: Horizontal up Prediction
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Fig. 2. Intra prediction of 4x4 block.
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3. Previous intra prediction methods

Currently, in order to reduce the computational
complexity of RDcost for intra mode, many methods
have been proposed during these years. There are
two approaches in generally. One approach is to
reduce the candidate modes, and another approach is
simplification of cost function.

For the first approach, the representative approach
is a fast mode decision algorithm. It uses the current
MB and the feature pixel of neighbor to exclude
which have small possibility for
prediction modes. As we known, Pan et al proposed a
fast intra mode decision algorithms based on edge
detection histogram and local edge detection.
Although it can save much calculate time and with a
negligible loss of PSNR. However, Pan's algorithms
still need a coding time to detect the edge direction
and to classify it into a limited direction.

The approach cfficient hardware
architecture® %, To reduce the calculated time, some
methods were proposed to improve the hardware

some modes

second 18

architecture efficiently. Such as [4], there is an
interleaved intra prediction that divided the 16x16
into sixteen parts
corresponding 4x4 image is reconstructed. But it need

intra prediction when the

to be stored in the register and the cycles are also
the 4x4
reconstruction cycles, so the hardware computational

not accurate as intra predication
complexity would be increased. And some methods
change the encoding order but there were not
compatible with the standard. In Wonjae Lee et al'”,
a novel pipelined intra prediction is proposed for intra
4x4 prediction and it is compatible with the standard.
it need to exhaustively searching all
this the

complexity increased.

However,

possible modes, made computational

III. Proposed intra prediction algorithm

In this paper, we proposed an efficient paraliel
execution algorithm for H.264/AVC intra prediction.
Through this method, the processing time can be
reduced by changing the encoding order. We do not
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exclude some modes for pipelined processing and this
changed encoding order is also compatible with the
standard.

1. Decision of the intra mode block size

In this paper, the pipelined method is based on the
intra sixteen 4x4 blocks. Because of the encoding
order is for sixteen 4x4 blocks in a macroblock show
in figure 3. At first, we decide the intra prediction
block which is 4x4 block.
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Fig. 3. Encoding order of 16 4x4 blocks in one MB.

In order to decide the block size we must calculate
all modes in H.264/AVC, it takes high computational
complexity., The sixteen 4x4 blocks are encoded for
more details with 4x4 intra prediction; and the 16x16
intra prediction for the 16x16 block is applied for
region with less spatial detail. If the region is not
smoothness, we will use the 4x4 intra mode. In this
paper, we determine a discrepancy of a macroblock to
scale the block whether 4x4 or not. The expressions
as below:

15 15

Discrepanc  y = \/Z Z

x=0 y=0

In expression (3), L,, denotes a pixel of luma in a

macroblock. But this expression has squared root that
will makes the calculation become complexity. So we
use the expression (4) instead of (3) to avoid the

square.,
4)

This discrepancy of a macroblock can describe the
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difference of block. In order to select the block size is
4x4 or 16x16, we adopt this discrepancy to decide the
threshold value'®,

2. Fast mode decision for 4x4 intra prediction
In order to reduce the processing time, we select
so that the
reconstruction process of the previous 4x4 block need
not to calculate all modes. Because it has to perform
4x(9x16+4)=592 different RDO calculations before
selected a best RDO mode.

In this paper, we improve Pan's algorithm. Since
Pan’s algorithm is a fast intra mode decision based
on edge detection histogram and local edge detection.
Therefore, it can decrease the number of candidate
modes and the RDO calculations form 592 to 132 or
198. But it also take high complexity, so in this
paper, our improved algorithm only need 100 for RDO
calculation. For 4x4 intra mode, it just needs 3 modes
instead of 9. It is shown in table 1.

In Pan’s algorithm, they use the Sobel edge
operators to obtain the edge information of each
pixel. Analyzing the local edge information then
constitute an edge directional higtogram which was
distributed of each pixel in a block. The edge
direction histogram of a 4x4 luma block is decided by
5)

the mode before encoding process,

a, = (-103.3°,-76.7°]; a, = (-13.3°,13.3°]
a, = (35.8°,54.2°]; a, = (~54.2°,-35.8°]
as =(-76.6°,-54.2°] ;a, = (-35.8°,-13.3°]

a, =(54.2°,-76.7°]; a, =(13.3°,35.8°]  (5)

It can be made of edge directional histogram about
8 directional prediction modes. For 4x4 MB, there are
4 modes that one is the best candidate of edge
directional histogram and its two neighbors plus DC
mode. Because of DC mode would be chosen as one
of the candidate all the time. Using this method, we
can perform 4 modes RDO calculation instead of 9
for 4x4 MB. In this paper, only performs 3 modes
instead of 9 modes for 4x4 MB.

The fast intra mode decision algorithm for 4x4 MB

H.264/AvCel QIER} 0% HE mo|Z2iol A8 L2 F
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Table 1. Number of candidate modes.
T | TR | afiin | it
4x4 9 4 3
16x16 4 2 2
8x8 4 3or2 lor2

E 2 44 3T E2cof oist Z4xdy

Table 2. The angles for modes of 4x4 luma block.
Mode 1 & 6 -2.6°< 8 <0
Mode 1 & 8 0<8s2.6°
Mode 4 & 6 -45°< 8 < -26.6°
Mode 4 & 5 —63.4°< 8 < —45°
Mode 0 & 5 -90°<f < —63.4°
Mode 0 & 7 63.4°< 8 < 90°
Mode 3 & 7 45°< @ < 63 .4°
Mode 3 & 8 26 .6° < 6 < 35.8°

the table was shown as follows:

Form the above table, if the amplitude is in one of
these angles we just chose two modes instead of 3
modes. if the angles belong to
—45°<0<-26.6°, we wil decide mode 4 and
mode 6 for this pixel and plus DC mode.

For example,

3. Parallel pipelined execution algorithm

Recently, the efficient hardware architectures were
proposed for the fast intra prediction of H.246/AVC.
In this paper, we propose pipelined intra prediction
method that can reduce much more processing time
compare with the other pipelined intra prediction
method. The encoding order has been changed, but it
compatibles with the standard. Because of the
changed order is based on the decoding process of
standard.

Figure 5 shows the new encoding order which has
been changed and the steps will be shown in the
figure 4.

In order to increase the hardware utilization we
proposed a parallel method. As shown in figure 3, the
encoding steps have two pipelined processing in
parallel execution of intra prediction. One 1s 0, 1, 2, 3,
8,9, 10, 11 and the other is 0, 1, 4, 5, 6, 7, 12, 13, 14,
15. From the flow chart, we can gain the total 10
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Fig. 4. Fiow steps of encoding processing.
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Fig. 5. Changed order of 16 4x4 block.

steps. Because this is a parallel pipelined method, the
left step of 8 steps is less than the right 10 pipelined
step, we just need to calculate the 10 steps instead of
the all steps. But in this proposed method there are 3
blocks also need to wait for the reconstruction results
of the previous blocks. The three blocks are block 1,
block 14 and block 15 and they have to wait for
previous block 0, block 13 and block 14, respectively.
Form the figure 2, we can obtain block 1 and block
15. The two blocks need to get the left pixel of I to
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Fig. 6. Parallel pipelined encoding process of intra 4x4
prediction.
E 3 1644 252 H#x =8
Table 3. Reference blocks for 16 4x4 blocks.
4x4block {Reference 4x4block |Reference
Index 4x4block index|Index 4x4block index
0 None 8 2,3
1 0 9 2,368
2 01 10 89
3 012 11 89,10
4 1 12 36,79
5 4 13 6,7,12
6 1345 14 9,11,12,13
7 456 15 12,13,14

L, and block 14 need to get the upper right pixel of
E to H Figure 6 shows the parallel pipelined
encoding process of intra 4x4 prediction. Therefore
the total required processing time is defended as
below:

tmtul = 10tp + 10tr (6)

From table 3, the required pixels for each intra 4x4
prediction modes, we divide the three blocks which
are block 1, block 14 and block 15 into two parts.
One part is block 1 and block 15, which has to wait
for the left pixels of reconstruction block predict the
mode 1, 2, 4, 5, 6 and 8 And another part is block 14
which has to wait for the upper right pixels of
reconstruction block predict the mode 3 and 7. Figure
7 shows the proposed parallel pipelined process of
4x4 intra prediction with prediction mode scheduling.
Therefore the proposed total required processing time
is defined as below:
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Fig. 7. Proposed parallel and pipelined process of 4x4 intra prediction with prediction mode scheduling.

Lo =107, + 61 '+3¢ "+¢, 7
'— —_—
Where t'=t —t, t,>1t, ®)
LU=t -1, t,>t,,

Here, t. denotes the reduced time for block 1, 4,
5 7, 13 and 15, and ¢, denotes the reduced time for
block 6, 12 and 14.

IV. Analysis results

In this paper, we proposed a parallel intra
prediction algorithm. It can reduce the processing
time about 20% to 30% compare with the pipelined
mtra prediction algorithm in [9]. Because a fast mode
decision method is used that can save the processing

time about 25% to 35%.

Analyze the perdition time (tp) and the
reconstruction time as below:
t,=A4 t, €)

Where the parameter A denotes the relationship
between t, and t.. Using this order, the total

standard processing time can be defined as below:

tstandard = 16(A t+ l)tr (10)

And the proposed total processing time also can be
defined as follow.

17

tproposed = (A_3‘+ 10)tr (11)
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Fig. 8. Processing time reduction ratio depending on A.

The reduction ratio 7,,,,,5cs beEtWeen ¢y;4n40rq and
tproposea Can be defined as below:

_ tstandara' - tpropa:ed

r proposed - ¢

(12)

proposed

Put the expressions (11) and (12) into expressions

(13), the 7,,4,05cq can be account as follow:

31 4 +18
Tooposed = 17 30 4 <1 (13)
V. Conclusion
In this paper, a parallel pipeline execution
algorithm for H264/AVC intra prediction was

proposed. By using the parallel of two unit and
rearranged encoding order, the hardware utilization

(492)
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was increased and the processing time of encoding
could be reduced about 67% compared with the
standard process.
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