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Abstract. The newest video coding standard H.264/AVC provides multiple ref-
erence frames motion estimation in the spatial region, and the optimal frame is
selected by RDO (Rate Distortion Optimization) with high coding complexity.
However, the coding efficiency only depends on the attribute of sequences, not
on the number of reference frames. In this paper, statistical characteristics of the
best reference frame with variable block size are studied, and a fast algorithm
that takes into account the correlation is proposed. The reference frame of block
mode may be chosen based on the computing result of the above block mode.
Experimental results show that with similar Distortion performance, the algo-
rithm can efficiently reduce the computational complexity by 19% averagely.

1 Introduction

The newest video coding standard H.264/AVC [1] is developed by the Joint Video
Team (JVT) which was organized by ITU-T Video Coding Experts Group (VCEG)
and the ISO/IEC Moving Picture Experts Group (MPEG) in 2001, which can typically
outperforms all existing standards. H.264/AVC is similar to other standards such as
MPEG-4 Video, which consists of a hybrid of temporal and spatial prediction, in
conjunction with transform coding. But H.264 includes a number of new techniques
such as variable block size, enhanced intra/inter prediction, 4 x 4 integer transform,
adaptive in-loop deblocking filter, refined motion-compensated prediction, and new
entropy coding, etc. Compared with the H.263 and MPEG-4(advanced simple profile),
H.264/AVC can reduce 40%~50% bits-rate while keeping the equivalent video quality.
However, the compression performance comes at a high computational cost [2].

In order to enhance the compression efficiency of P type frame, the motion estima-
tion in H.264/AVC uses variable block size and multiple reference frames, which can
greatly reduce prediction errors and obtain better performance. Reference software of
H.264 adopts full search mode for each encode size block in every reference frame,
and the optimal result is selected based on RDO, which contributes to heaviest com-
putational load. To satisfy the requirement of real time, studying the fast algorithms
how to reduce the code complexity becomes a key issue for specific encoder/decoder
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applications. Currently the research and implementation work mainly focus on
mode decision process and achieves fairly good results. The main idea is as follows:
forecasting the most coding mode based on the nature of sequences (Movement,
venation, etc.); then using effective threshold value mechanisms for early with-
drawal, which thereby reduces predictive modes and improves coding speed. In [3],
candidate modes for current macroblock are first inferred from given coded adja-
cent macroblocks by adopting motion information and ratios of defined mode, and
the final selection is made by a RDO approach. In [4], the threshold value is dy-
namically updated for each block mode in order to stop prediction quickly and cor-
rectly. Similar ideas are also explored in [5~6]. However, it can be seen that the
computation is in proportion to the number of search frames, so it is necessary to
reduce the multiple reference frames number. In [7~8], a fast motion estimation
algorithm is proposed that takes into account the correlation of motion vectors in
multiple frames, and a minor search windows is needed. [9] proposed a new idea
that several conditions are used to decide whether it is necessary to search more
reference frames. But algorithm simply adopt full search when the rest reference
frame is beneficial.

A fast selection algorithm for multiple reference frames (FSAMR) in H.264/AVC
is proposed in this paper, which reduces the encoding time by 19% averagely and can
be combined with other methods such as [3~6] to further improve the speed. The
paper is organized as follows: Section 2 briefly introduces the mode decision algo-
rithm of multiple reference frames in H.264/AVC and gives the benefits of multiple
reference frame prediction. In section 3, we analyze the statistical characteristics of
the best reference frame among variable block size, and describe the details of our
proposed fast algorithm for multiple reference frames selection. Finally, experiment
results and concluding remarks are given in Section 4 and 5, respectively.

2 Opverview of Multiple Reference Frames Prediction

2.1 Description of Multiple Reference Frames Prediction

H.264/AVC standard has extended the block based motion compensation by introduc-
ing tree structured variable-block size to approximate the shape of the moving objects
within the MB more accurately. The size of a block can be 16 x16 ,16 X8 ,
8x 16 and 8x 8 for motion compensation. In case 8 X 8 size is chosen, it can be
further divided into smaller block size 8x 4, 4x 8 and 4 x4 . Besides the seven
different sizes, an inter macroblock can also be coded in the Intra mode (Intra 4 x 4
and Intral6 X 16 ) and so-called SKIP mode. For this mode, neither a quantized pre-
diction error signal, nor a motion vector or reference index parameter, has to be
transmitted. H.264/AVC also supports multi-frame motion-compensated prediction.
That is, more than one prior-coded frame can be used as a reference for motion-
compensated prediction. The reference software of H.264/AVC JM94 performs full
search to find the motion vector for each block in different sizes from previous one to
five reference frame, shown as Fig.1 .
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Fig. 1. Variable block size and multiple reference frames motion estimation

H.264/AVC selects the best mode and reference by using the RDO, which means
that the final decision is made by minimizing the Lagrange formula (1):

J vonE :DMODE(ref)+lXRMODE(ref) (1

Where ref being the reference frame position; s, being R-D cost of the corre-

sponding mode; A being the Lagrange multiplier; R being the total bits-rate

MODE

including the motion vectors, block mode, all transform coefficients, etc; D,opr being
the distortion between original frame and reconstructed frame.

The above scheme can gain better coding efficiency, but the RD cost of every
mode and reference frame should be computed based on the actual rate and distortion,
which are obtained only after compression and decompression. So the trans-
form/inverse transform, quantization/inverse quantization, entropy coding have to be

used repeatedly, and the complexity of computation is enhanced notably.

2.2 Benefits of Multiple Reference Frame Prediction

The video compression standard such as H.263 and MPEG-4, use single decoded
frame as the reference frame, which can achieve better predictive results in most
cases, except that there are some non-compensation regions in some special circum-
stances. However, multiple reference frames can gain better prediction result. The
major reasons are described as follows, and the further details can be referred to [7,9]:

1) Due to the repetition of motion, objects or veins may have a better appearance at
previous several frames than the latest reference frame.

2) Some parts of the objects or background may be covered by a moving object,
which happens in many sequences, the hidden parts can not find a proper match in the
latest reference frame, and may be found in the previous pictures when they were
uncovered.

3) The shake and telescopic of the camera will lead to a rapid scene switch, and the
same object position is in the difference reference frame.

4) Other reasons, why motion estimation of multiple reference frame get better per-
formance than single reference, include the change of lighting and shadow, the sam-
pling of picture, etc.
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3 A Fast Multiple Reference Frames Selective Algorithm

3.1 Analyze of Multiple Reference Frames Prediction

In order to statistic and analysis of multiple reference frames motion estimation, we
did some experiments on different sequences based on the H.264/AVC reference
software IM94. we selected six typical sequences which are QCIF format (176X 144)
provided by MPEG standard: type A sequence, Mthr_dotr, Container with simple
veins or slow movement; type B sequence, Foreman, Coastguard with middle veins or
movement; type C sequence, Mobile, Bus with complex veins or intense movement.
Table 1 lists the main parameters, and the conditions for all tests will be consistent.

Table 1. Test conditions

UseHadamard On
SearchRange 16
SymbolMode UVLC
ReferenceFrames 5
LoopFilter On
AllMode On
RDOptimization On

We encoded 15 frames for each sequence, the structure of GOP (Group of picture)
is IPPP (I type frame and P type frame), and the fixed QP is set to 28. Table2 shows
the experimental result of coding efficiency with different reference frames. Com-
pared with the single reference frame, A PSNR represents the benefits in luminance
PSNR and A Bits (%) denotes the percent of bit-rate variety with further reference
frames. From Table2, we can conclude that the coding efficiency only depends on the
nature of sequences, not on the number of reference frames. Generally, most benefits
depend on the previous two reference frames obviously. We can also find that with
the increased number of reference frames, the coding efficiency gain little, but the
computational complexity increased sharply.

The mode decision result after motion estimation and intra prediction is also a very
important cue [9].In Table3, in the expression AIB, A represents the possibility of a

Table 2. Comparison of the encode with different reference frame

2 Reference

3 Reference

4 Reference

A PSNR(dB)I A Bits(%)

5 Reference

Mthr_dotr +0.0481 +0.7 +0.0591+0.9 +0.0591+0.9 +0.0991+1.7
Container -0.028 1-6.1 +0.0151-12.6 +0.0251-21.5 +0.0491-19.8
Foreman +0.0811-3.0 +0.1341-2.4 +0.152I-1.8 +0.1741-1.7
Coastguard ~ +0.0821 +0.6 +0.0921+0.5 +0.1041+1.8 +0.0991+1.4
Mobile +0.0691-6.9 +0.129 |-13.5 +0.1801-16.5 +0.1891-19.0
Bus +0.1221-2.6 +0.1401-4.3 +0.158I-4.5 +0.1771-4.1




462 Q.-1. Meng, C.-1. Yao, and B. Li

mode that can be chosen after the latest reference frame estimation, B is the possibility
of A mode that can keep unchanged after 5 frame searched. Compared with [9], we
added the analysis of SKIP mode. From Table3, we can see that: 53% of macroblocks
need the latest reference frame; furthermore, when macroblock is split into smaller
block size of 8 x4, 4x 8 and 4 x 4, there will be a better match on other reference
frames; if macroblock adopt 16 Xx16 mode or SKIP mode, there is simply circum-
stance and no further search is needed; Intra mode is seldom used. Summarily, the
multiple reference gains better prediction for some special non-compensation region,
and the efficiency depends on the nature of sequences such as veins and movement.

Table 3. Comparison of the encode with different reference frame

SKIP 16X 16 16 X8 8X16 8X8 Intra
Mthr_dotr 51190 19154 11173 08149 09162 21100
Container 80195 10153 03131 05131 02144 010
Foreman 31165 27152 10136 17147 15153 010
Coastguard 19151 40168 14137 12140 15154 010
Mobile 06125 27142 11128 10134 46158 010
Bus 08151 36154 17141 10139 28178 1177

33153 27154 11154 11140 18158 0130

Average
33X 53+27X54+11X54+11X40+18X58=53%

Now we try to find out the correlation of variable block sizes. After motion estimation
with 5 reference frames, we can get one best reference for 16 X 16 block mode, two best
references for 16 x 8 block mode, and two best references for 8 x 16 block mode. From
Table4 result, we can get some very useful information that about 84.5% blocks of 16 x 8
and 8 x 16 mode have the same reference frame which is consistent with 16 X 16 mode,
and the percentage in 8 X 8 mode and further smaller block sizes is 89.8%.

Table 4. Correlation of the best reference frame among variable mode

16X16116X8 and 8X 16 8X818X4 and 4 X8

Mthr_dotr 88.8% 91.7%
Container 95.6% 97.5%
Foreman 81.2% 89.1%
Coastguard 86.7% 90.8%
Mobile 76.2% 83.5%
Bus 78.4% 85.9%
Average 84.5% 89.8%

3.2 Description of Fast Reference Frame Decision

Based on the above statistic and analysis, we propose a fast multiple reference frames
selection algorithm for H.264/AVC, which is composed of the following steps:
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Step 1: Perform the 16 X16 block mode motion estimation referring to previous
one to five reference frames, and obtain the best reference frame, noted as F-

Step 2: Do motion estimation on size of 16 X 8 and 8 X 16 , and only the latest
reference frame and F, frame need to calculate the R-D cost.

Step 3: If 8 x 8 size is chosen, it can be further divided into smaller block size
8x 4, 4x8 and 4 x 4, and a macroblock will loop four times for sub-macroblock
mode. Perform the 8 X 8 block mode motion estimation for each reference frame,
and obtain the best reference frame f, and R-D cost. j_, respectively.

Step 4: Calculate the R-D cost Jous and J s of the latest reference frame and F,

frameIf j, >y, /7 the 4 x 4 mode block search not only the latest reference

4x8?
frame, but also reference frames between F, and available furthest reference frame.

Otherwise select the best reference between the latest reference frame and Fy-

Step 5: If all block mode have been processed, then process the next macroblock,
otherwise jumps to step 3.

In the steps above, only the reference frame selection is modified during motion
esti-mation, and it can be integrated with other fast algorithms to reduce complexity
further.

4 Experimental Result and Discussions

The proposed FSAMR has been implemented based on JM94. The sequences and
encoder condition are the same as shown in section 3.1. We encode 60 frames for each
sequence, the structure of GOP is IPPP, the frame rate is 15f/s and the fixed QP value
is set to 28. Peak signal noise ratio (PSNR), total motion estimation time, and total
bits-rate of P-type frame are used as measurement. The results achieved by FSAMR
and full search algorithm are presented in Table 5 and Figure 2. APSNR represents
the difference in luminance PSNR, A Bits and A Time is defined as the formula (2):

Ratio = Mx 100% @

full

Where Tfuzz and Tpm denote the result of full search and FSAMR, respectively.

Table 5. Comparison results

Sequence APSNR(dB)  ABits (%) ATime (%)

Mthr_dotr -0.022 +0.26 -20.8
Container -0.022 -0.21 -20.0
Foreman -0.037 +0.20 -19.2
Coastguard +0.001 +0.17 -194
Mobile -0.012 +1.70 -15.0

Bus -0.024 +0.73 -19.6
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As shown in Table5, our proposed algorithm reduces the computational complexity
by 19%, meanwhile PSNR only decreases 0.02 slightly, and bits-rate increases only
0.47%, averagely. Besides, it can be seen that algorithm has a high content correlation
between image sequences and FSAMR. Because the FSMAR algorithm uses statisti-
cal characteristics of the best reference frame among variable block size. Generally,
simple veins or slow movement sequence has the stronger relativity, and this algo-
rithm gains the better benefits; conversely, the effect of the fast reference frames
selection algorithm may decrease.
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Fig. 2. Rate distortion curves and average searched frame

Fig.2 is the rate-distortion curves and average searched frames between 5 refer-
ence frames with full search, 1 reference frames with full search and 5 reference
frames with FSAMR for different sequences. It is shown that compared with 5 refer-
ence frames with full search, FSAMR can efficiently reduce the number of searched
reference frames with similar R-D, and the number of searched frames is no more
than 3.
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5 Conclusions

In this paper, we propose a new a fast selection algorithm, called FSAMR, for multi-
ple reference frames in H.264/AVC. It is based on an analysis of statistical character-
istics of the best reference frame among variable block size. The reference frame of
block mode may be chosen based on the computing result of the above block mode.
Experimental results show that compared with 5 reference frames search method, the
algorithm can efficiently reduce the computational complexity, and meanwhile the
degradation of the reconstructive video quality and the increase of the bits-rate are
controlled under a reasonable level. Besides, this algorithm can be combined with
other methods such as [3~6] to further improve the speed. How to perform a fast
mode selection will also be our further work.
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