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Abstract

H.264/AVC, the newest international video coding standard
achieves higher compression efficiency as compared to all
other existing coding standard such as MPEG-4 and H.263.
However this efficiency comes with a dramatic increase in
computational complexity due to several advanced
techniques, such as inter mode and intra mode prediction
with variable size motion compensation. It adopts rate
distortion optimization (RDO), while maximizing visual
quality and minimizing the required bit rate. In this paper,
we propose a fast inter mode selection algorithm. The aim
is to reduce the number of modes in intra and inter mode
prediction. Experimental results show that this algorithm
reduces the total encoding time with little loss of bit rate
and visual quality.
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1. Introduction

H.264/AVC 1is a transform based, block-based,
motion compensated video format jointly developed
by the International standards organization (ISO)
Moving Picture Expert Group (MPEG), and
Telecommunication standardization Sector (ITU-T).
H.264/AVC is composed of many advanced video
coding techniques. The main goal of this
standardization  effort has been  enhanced
compression, provision of network-friendly video
representation addressing both ‘conversational’
(video conferencing, video telephony) and ‘non-
conversational’ (storage, broadcast or streaming)
applications. H.264/AVC encoder has 5-10 times
computation complexity compared to MPEG-2. This
makes it a must to reduce the computational
complexity of algorithm in H.264/AVC.

For Inter-frame prediction, the H.264 encoder
performs motion estimation of blocks with variable
sizes, such as 16x16, 16x8, 8x16, and 8x8, for each
16x16 macroblock[9][4]. In the case of 8x8 block,
the macroblock is divided into four 8x8 blocks and
each of these 8x8 blocks can be encoded into
8x8,8x4,4x8, or 4x4 blocks, as shown in fig.1.
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Submacroblock partitions: 8x8, 4x8, 8x4 and 4x4.

Fig.1.Macroblock and Submacroblock partitions.

H.264/AVC supports various techniques among
which intra-mode and inter-mode prediction mostly
contribute to the coding efficiency. The Rate
Distortion Optimization (RDO) mechanism is used to
select the best coding mode among all of the block
modes[6][7].However, the computational complexity
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of the RDO technique is extremely high since the
encoder has to encode the target block by searching
all possible modes for the best mode. Therefore there
is an obvious need for reducing the amount of modes
that are evaluated in order to speed up the encoding
and hence to reduce the complexity of the encoder.

2. Intra-And Inter Prediction for
H.264/AVC

H.264/AVC defines two coding modes which are
intra-frame coding and inter-frame coding. Intra-
frame coding supports two classes which are Intra
4x4(14MB) and Intra 16x16(/16MB). Intra-prediction
is based on the observation that adjacent macroblocks
tend to have similar properties. When the subsequent
frames of the video sequence have comparably large
difference among them, Intra coding [1] is selected.
For prediction of 4x4 luminance blocks, the 9
directional modes consist of a DC prediction (Mode
2) and 8 directional modes: labeled 0,1,3,4,5,6,7, and
8 as shown in Fig. 2, the block (values of pixels “a”
0 “p”) is to be predicted using A to Q. The pixels
“A” to “Q” from neighboring blocks have already
been encoded and may be used for prediction.
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Fig.2.Labelling and direction of intra-prediction modes.

For regions with less spatial details(i.e. flat regions),
H.264/AVC supports 16x16 intra-coding; in which
one of four prediction modes[2] (DC, vertical,
horizontal, and planer) is chosen for the prediction of
the entire luminance component of the macroblocks
as shown in Fig. 3.
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Fig.3.Intra 16x16 prediction modes.

Inter-frame selection supports the following modes:
SKIP, 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, and 4x4.
The mode decision is made by choosing the mode
having minimum RDO[10] cost.
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J(s, ¢, MODE|QP, Amode) = SSD(s, ¢, MODE|QP) +
Mvope R(s, ¢, MODE|QP) (1

Where QP is the quantization parameter of the
macroblock, J(s, ¢, MODE|QP, Z,04) is the mode
cost, Apoge = 0.85x2€F 1253 s the Lagrangian
multiplier[3], and MODE indicates a mode chosen
from the set of macroblock modes: {SKIP, 16x16,
16x8, 8x16, 8x8, 8x4, 4x8, 4x4, Intra 4x4, Intra
16x16}, R(.) represents the rate i.e. the number of bits
associated with chosen MODE, SSD denotes the sum
of squared differences between the original block s
and its reconstructed signal ¢, computed as,

SSD(s, ¢, MODE|QP) = [x, y]-Cyl[x,

ya MODE |QP])2 [Xs y]'Cu[Xs Y»

MODE |QP]) *+ [x, y]-Cv[x, y, MODE
IQP])* (2)

Where c,(x, y, MODE|QP) and s,(x, y) represent the
reconstructed and original luminance values; ¢, c,
and s, s, indicates the corresponding chrominance
values.

3. The Proposed Improvement of Fast
Mode Selection Algorithm

The proposed algorithm of mode decision analyzes
texture of an image and the motion characteristics for
choosing a group of effective predicting modes to
reduce the searching modes.

The texture characteristics of the current macroblock,
the definition of variable ¥, which is complexity
level of the texture for the current macroblock can be
found as:

A
Var =

Sl -———33 ray @

x=0 y=0 A * B x=I

) y=

In the above equation, f{x, y) is a pixel of (x, y), 4 and
B are used to calculate the block size of variable V,.
A macroblock with well-proportioned texture, V. is
very small. If V,,. is less than threshold ;. which is
a given threshold in the experiment shows that the
current macroblock belongs to flat background. For
which 16x16 inter-frame coding mode is selected for
motion estimation and motion compensation rest of
all other coding mode. If W er/<Viy< Winers, then it
shows that the macroblock belongs to complex area.
So the Inter-frame coding mode such as 16x16, 16x8,
8x16, 8x8 is selected. Otherwise if V,> Wiy the
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current macroblock belongs to motion area, and small
inter-frame mode[8] such as 8x8, 8x4, 4x8, 4x4 are
selected.

The two parameters of texture direction which are
horizontal texture direction D, and vertical texture
direction D,,, are also calculated. D, and D,,, are
calculated as follows:

£

-1 B-1

2
Du=NN[f(,»)-f(x-1Ly)] @

x=1 y=0

1 B-1 2
Q@)= fxy-n] O

A-
x=0 y=1

Dver =

The steps of implementation of the proposed
algorithm are as follows:

1. First we compute the variable through equation

3).

2. If V< Winsers» it shows that the current macro block
belongs to background area. So mode SKIP is
selected .Then equation V,< ;. is checked, if it is
satisfied, it indicates that the current macroblock
belongs to complex background area. If not satisfied
then the current macroblock is motion area.

3. Dy, and D,,, is calculated using eqn. (4) and (5)
respectively.

4. Mode selection should chosen according to the
estimation of Dy, and D,,, ,if D;.,>D,.,, then mode
16x16, 16x8 should be selected, otherwise mode
16x16, 8x16 should be the best choice. If D,,>D,,,
and is in the motion area then mode 8x8, 8x4, 4x4,
INTRA 4x4, INTRA 8x8 should be selected,
otherwise mode 8x8, 4x8, 4x4, INTRA 4x4, INTRA
8x8 should be selected.

5. Rate Distortion Cost of all modes in the coding
mode are calculated, and the mode which has
minimal Rate Distortion Cost is selected.

4. Expected Results

H.264/AVC reference software JM 11[7] is applied
to validate the efficiency of the proposed fast
algorithm. The international standard sequences,
which are QCIF video sequences i.e. Foreman,
Salesman, Container and Coastguard, are used for
simulations.

42

The test condition [1] is shown in Table I. For
simulation we used recommended sequences with
various quantization parameters, i.e. QP = 28, QP =
32, QP =36, QP = 40.

The ABit, ATime and APSNR were used for the
performance evaluation.

T,ris the coding times used by JM11 [7] encoder and
Tyroposea b€ the time taken by the proposed algorithm.
The ATime% is defined as:

Timeproposed—Timeref

ATime% = x 100

Timeref

Also the ABit value is defined as:

Bitproposed—Bitref

ABit% = -
Bitref

x 100

APSNR = PSNR roposed — PSNR o

Table I. Simulation Parameter

GOP IPPP
Codec IM11
MvSearch Range 16
QP 28,32,36,40
Transform Hadamard Transform
ProfileIDC 66,30
Coding Method CAVLC
RDO Enabled
Size QCIF

The experimental results are shown in Table II. From
Table we can see that the proposed algorithm reduces
the encoding time by 81.91% for slow motion videos
and 64.2% for fast motion videos.

Table II. Simulation Results for IPPP Type Sequences

Video ATime | APSNR(d | ARate
Sequences % B) %
Container_qcif.yu -82.70 -0.02 0.32
v
Salesman_qcif.yu -79.19 -0.01 0.83
v
Foreman_qcif.yuv -66.45 -0.10 1.30
Coastguard qcifly -59.63 -0.08 1.34
uv
5. Conclusion

The algorithm of mode decision is key to image
compression. The full search algorithm is too
complex. A fast mode selection algorithm for
H.264/AVC is proposed, which is based on image
texture analysis with a simple algorithm to decrease
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the computational complexity. The experiment
results show that the fast mode selection algorithm
can increase the calculating speed of H.264/AVC
coding greatly, which is helpful for real time
application of H.264/AVC coding standard.
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