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Fig. 2 Prediction modes in Intra 16x16 luma and Intra 8x8 choma blocks.

& (horzontal up)

8
200 7 MlalB[c|olE[F[o[d] [MJalelc o le [F [c 0]
/f ! Ila blcld Labelling of 17/,
/" T 1 f gl h prediction ]—/
\ T i e ifeiipiil samples K_/
3 / 1Y 4 Llminjolp (L
T 0 5
2 (diagonal downdefil) 2o 4 (diagonal down-right) 1 thorizontal)
Mla e lc D JE JF |G JH MlalElcDIE[F [c[H] [M[e Blc o E[F o H]| M[alelc o lE [F |G [H ]
1 I 1 1 [Fe—
1| || e R \\ \J e oo
| | |K | (A D LL1L) L\\. K |
IL_| LL_| L™ [ [

7 (wertical left) 0 (vertical) 5 (vertical-right ) 6 (horizontal dow)
MlalElcDIElF[6[H] [MlalBlcDlE[FlolH] M[alelcloplelF [oH] [M[alelc D JE [F [ [H |
IL_| 1L 1L I_‘\\
11| R RN R
K K | L\ L\

L L L L e

Fig. 3 Prediction modes in Intra 4x4 luma block.
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Fig. 7 The mode correlation for a macroblock between adjacent frames.
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Table 1. Probabilities for the mode of a macroblock on P-frame #2 is similar to the modes of
the neighboring macroblocks centered at the same position on P-frame #1.

Sequences QP28 QP32 QP36 QP40
Akiyo 95.11% 96.02% 97.22% 98.26%
Container 93.35% 94.88% 96.40% 97.55%
Hall_Monitor 95.28% 96.62% 97.16% 97.51%
Moth&Daug 91.77% 93.59% 95.11% 96.42%
News 92.90% 93.63% 94.52% 95.73%
Salesman 94.63% 95.10% 96.00% 97.31%
Carphone 88.54% 90.16% 92.32% 94.40%
Coastgrd 86.05% 87.31% 89.17% 92.70%
Foreman 87.28% 88.29% 89.22% 90.90%

# Tablel ¥ - 4 & A& 200 frame 5 video sequences #& i# * A4 47 H-5% B B4 o b ok
£ it estep size 4 w3k i QP=28, 32, 36 40 - ¥+ * QP=28 =7 Foreman video
sequence > macroblock sz 3+ H050 e v Gy MR T - %k 2 frame ¢ ARt 0
macroblock 4p fr = ¥ e1¢ o FiT el 3R §.87.28% - & _Table L s 478 % ¢ o L
FIHCGN BB MY o B 4P #8490 frame o macroblock B ® e ¥ b o ¥ A0S RE B
R IRt S sbpor o Table2 {3 ¢ o & Table2 fv 3 ¢ > skip v 16x16 -5 4L &
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#25V IF - #F o Table 2 fv 3 P macroblock enfe - 38 4p 1030 % - Ldem = & 4 W] e
- 3% %% frame #4817 macroblock z_ 2+ o8 # % o

Table 2. Probability that the estimation mode of a macroblock is similar to the top one mode
sorted from the neighboring macroblocks centered at the same position on the previous frame.

Sequences QP28 QP32 QP36 QP40
Akiyo 90.10% 93.78% 96.76% 98.57% Table
Container 89.18% 93.38% 96.46% 98.49% 3.
Hall_Monitor 91.58% 92.65% 93.74% 95.60% Proba
Moth&Daug 78.31% 87.71% 93.86% 97.30% bility
News 81.11% 85.39% 90.04% 93.76% that
Salesman 85.52% 87.99% 92.64% 96.69% the
Carphone 64.70% 76.14% 85.99% 92.74% estima
Coastgrd 53.23% 65.31% 78.79% 89.42% tion
Foreman 54.29% 63.22% 74.78% 84.00% mode

of a
macroblock is similar to the top two modes sorted from the neighboring macroblocks centered
at the same position on the previous frame.

Sequences QP28 QP32 QP36 QP40
Akiyo 93.48% 95.74% 97.76% 98.94%

Container 93.08% 95.37% 97.30% 98.70%
Hall_Monitor 96.01% 96.48% 96.41% 97.22%
Moth&Daug 86.42% 92.06% 95.95% 97.85%

News 87.86% 90.41% 93.16% 95.51%

Salesman 91.85% 92.35% 95.19% 97.80%

Carphone 78.22% 84.90% 90.51% 94.81%

Coastgrd 73.61% 79.11% 86.36% 93.32%

Foreman 72.11% 77.30% 84.31% 89.66%
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Fig. 8 Distribution of motion vectors for a macroblock on P-frame #2.
Table 4 The number of the available motion vectors in Fig. 8
No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 T
16 0 4 8 16 0 0 0 0 44

Current prediction
corresponding block

.\ Motion estimation block

Preview block

Motion vector after
calculating Eq. (2)

Fig. 9 The prediction block from previous block.
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Fig. 10 The mode histogram for each tracked macroblock (P-frame #2) may be obtained by
calculating the number of each mode among the neighboring macroblocks centered at the
position of the tracked macroblock on previous frame (P-frame #1).

Table 5 Five categories for the block mode classification.
Mode Category
SKIP / 16x16
16x8 / 8x16
8x8
8x4 [ 48
4x4

g b W N -
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Fig. 11 The drift compensation process.
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Table 6 The motion estimation speed up analysis of proposed and Lien’s method.

AT

_ Time[JM]—Time[ proposed]

Time[IM]

_ BitRate[ proposed ] — BitRate[JM ]

AR

BitRate[ proposed ]

x100%

x100%

Moiton : .
.. | Video Clip Type 28 32 36 40
Estimation
i Proposed method | 73.0% | 73.7% | 72.5% | 71.2%
akiyo
Y Lien’s method [14] | 74.5% | 73.1% | 72.0% | 71.2%
_ Proposed method | 73.7% | 73.8% | 73.6% | 74.7%
container -
A Lien’s method [14] | 73.1% | 72.7% | 73.7% | 74.7%
) Proposed method |72.3% | 72.4% | 70.4% | 71.4%
hall monitor —
Lien’s method [14] | 74.9% | 73.4% | 72.6% | 71.1%
Proposed method |71.1% | 71.4% | 71.1% | 69.8%
Moth&Daug —
Lien’s method [14] | 71.3% | 71.1% | 71.0% | 68.3%
Proposed method | 72.5% [ 71.0% | 71.8% | 72.4%
news
B Lien’s method [14] | 70.3% | 68.7% | 70.6% | 71.7%
Proposed method |72.2% | 72.2% | 71.1% | 70.6%
salesman -
Lien’s method [14] | 72.5% | 71.2% | 70.2% | 71.0%
Proposed method | 71.7% | 70.4% | 70.7% | 70.5%
carphone )
Lien’s method [14] | 70.9% | 70.6% | 70.1% | 70.7%
Proposed method | 71.5% [ 71.9% | 72.2% | 71.2%
C coastgrd -
Lien’s method [14] | 70.8% | 71.2% | 71.6% | 72.7%
¢ Proposed method | 70.8% | 70.1% | 70.1% | 70.1%
oreman
Lien’s method [14] | 69.5% | 70.3% | 71.0% | 69.8%
Table 7 The PSNR (dB) analysis of proposed and Lien’s method.
Y PSNR | Video Clip Type 28 32 36 40
K Proposed method | -0.07 | -0.12 | -0.1 [ -0.07
akiyo
Y Lien’s method [14] | -0.07 | -0.12 | -0.1 | -0.07
. Proposed method | -0.08 | -0.11 | -0.11 | -0.09
A container :
Lien’s method [14] | -0.08 | -0.11 | -0.1 | -0.09
) Proposed method | -0.07 | -0.09 | -0.1 [ -0.08
hall monitor —
Lien’s method [14] | -0.05 | -0.09 | -0.09 | -0.08
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Proposed method | -0.06 | -0.06 | -0.05 | -0.02
Moth&Daugr—
Lien’s method [14] | -0.07 | -0.06 | -0.04 | -0.01
Proposed method | -0.09 | -0.1 | -0.11 | -0.09
news
B Lien’s method [14] | -0.08 | -0.1 | -0.1 | -0.09
Proposed method | -0.07 | -0.08 | -0.06 | -0.04
salesman -
Lien’s method [14] | -0.06 | -0.07 | -0.06 | -0.04
Proposed method | -0.1 |-0.14 | -0.11 | -0.13
carphone -
Lien’s method [14] | -0.1 | -0.12 | -0.09 | -0.11
Proposed method | -0.02 | -0.02 | -0.05 | -0.06
C coastgrd )
Lien’s method [14] | -0.02 | -0.02 | -0.05 | -0.06
Proposed method | -0.11 | -0.15 | -0.14 | -0.1
foreman ;
Lien’s method [14] | -0.1 | -0.14 | -0.12 | -0.11
Table 8 The bit-rate analysis of proposed and Lien’s method.
Total : .
: Video Clip Type 28 32 36 40
BitRate
K Proposed method | 3.7% | 0.8% | 0.0% | -0.2%
akiyo
Y Lien’s method [14] | 3.8% | 0.8% | 0.0% | -0.2%
. Proposed method | 3.8% | 0.9% [ -0.3% | -0.9%
container -
A Lien’s method [14] [ 3.5% | 0.9% | -0.1% | -0.9%
) Proposed method | 6.9% | 6.3% | 4.5% | 3.0%
hall monitor —
Lien’s method [14] | 6.9% | 6.2% | 4.5% | 2.7%
Proposed method | 5.1% | 3.4% | 1.7% | 2.0%
Moth&Daug—
Lien’s method [14] | 4.8% | 2.9% | 1.7% | 2.0%
Proposed method | 6.8% | 5.5% | 3.9% | 2.3%
news
B Lien’s method [14] | 6.2% | 4.7% | 3.0% | 1.8%
Proposed method | 6.5% | 3.6% | 1.4% | 0.1%
salesman -
Lien’s method [14] | 6.4% | 3.4% | 1.4% | 0.3%
Proposed method | 6.9% | 4.1% | 2.0% | 1.1%
carphone )
Lien’s method [14] | 6.5% | 4.0% | 1.9% | 1.0%
Proposed method | 7.7% | 7.5% | 4.8% | 2.5%
C coastgrd -
Lien’s method [14] | 7.7% | 7.6% | 4.7% | 2.6%
Proposed method |[10.1% | 7.3% | 5.1% | 3.5%
foreman -
Lien’s method [14] | 9.7% | 6.8% | 4.6% | 2.7%

Table 9 The total encoding cost speed up analysis of proposed and Lien’s method.
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Total e cli Type 28 | 32 | 36 | 40
encoding P P
K Proposed method | 74.3% | 73.8% | 73.4% | 72.9%
akiyo
Y Lien’s method [14] | 40.7% [ 42.1% | 43.7% | 44.3%
. Proposed method | 72.0% | 72.3% | 73.1% | 73.5%
container -
A Lien’s method [14] [ 41.8% | 42.9% | 44.9% | 46.4%
) Proposed method | 73.6% | 73.1% | 72.4% | 72.2%
hall monitor —
Lien’s method [14] [ 39.6% | 40.4% | 42.4% | 43.5%
Proposed method | 70.5% | 70.5% | 70.5% | 70.3%
Moth&Daug—
Lien’s method [14] | 44.7% [ 45.7% | 45.7% | 44.3%
Proposed method | 72.0% | 71.9% | 71.8% | 71.6%
news
B Lien’s method [14] | 41.1% [ 42.5% | 44.2% | 45.7%
Proposed method |[73.1% | 72.6% | 72.5% | 71.9%
salesman -
Lien’s method [14] [ 41.0% | 44.0% | 46.3% | 46.8%
Proposed method |[67.6% | 68.0% | 68.3% | 68.4%
carphone )
Lien’s method [14] | 45.7% [ 46.7% | 47.1% | 46.5%
Proposed method | 66.8% | 67.3% | 68.2% | 68.8%
C coastgrd -
Lien’s method [14] | 51.4% [ 52.1% | 52.7% | 52.7%
¢ Proposed method |[66.5% | 66.7% | 66.8% | 66.8%
oreman
Lien’s method [14] | 48.4% | 49.1% | 50.1% [ 50.0%

5.2 The Rate-Distortion Analyses

& F & 4.2-rate-distortion en4 47 4+ 44 bit-rate 100K ] 2500K bit/sec iF . - rate-distortion
ST T AT A]A BRER A ()T auE R G A IM-14.0 ¢ AR 0 (2)
FI* Len 07 & o j&_Fig. 13 | Fig. 15 > #i4#.% % &1 PSNR #cie 174 IM-14.0 %
A IE T b B o
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Fig. 13 Rate-distortion curves for Akiyo video sequence obtained by JM-14.0, our proposed
method, and Lien's method.
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Fig. 14 Rate-distortion curves for Foreman video sequence obtained by JM-14.0, our
proposed method, and Lien's method.
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Fig. 15 Rate-distortion curves for News video sequence obtained by JM-14.0, our proposed
method, and Lien's method.
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Fig. 16 The computation time of the total encoding cost for (a)Akiyo, (b)News and

(c)Foreman video sequences using the JM-14.0 reference software, our proposed method, and
Lien's method.
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Abstract represents the demanded bit-rate. In order to obtain the
optimum motion estimation mode, we must calculate
the R-D cost for each motion estimation mode 1 which
some fime-consunung processes, e g the motion
estimation, DCT transformation and quantization are
involved. In addition. seven motion estimation modes
from 4x4 to 16x106 (see Fig. 1) are used to deternune
the optunum motion estimation mode for each
macroblock. For ntra prediction coding four prediction
modes shown in Fig. 2 are used to encode the 8x8
chroma and 16x16 luma blocks. eight prediction
directions and one DC prediction shown i Fig. 3 are
used to encode the intra 4x4 luma block. Hence. the
high computation cost for the full search method used
i the reference software JM-140 [2] make the
encoding process inefficient.

I the H.204/4AVC coding standard, there are seven
motion estimation modes from 4 =4 to 16=106 are used
fo find the mininnon motion compensation error for
each macroblock in the inter frame coding. For intra
prediction coding, four prediction modes are used to
encode the 8=8 clhroma and 10=16 luma blocks and
aight prediction divections and one DC prediction are
used to encode the intra 4 =4 luma block. In this study,
the spatial-temporal corvelations between the curvent
frame and the reference frame are analvzed fo develop
a fast mode decision method for inter/intra frame
encoding in which no extra image processes are used.
The experimental results show that the iotal
computation cost can be reduced above 70%, the total
bit rafe just increase less than 3.7 %o and the average
PSNR is only dropped abour 0.08 dB. ——

patitions .
Keywords: H264, JM-140, mode decision, ntra [ | | | ' | : ‘
prediction, spatial-temporal correlation. R-D Cost.

B B

1. Introduction

Recently, the new wideo coding standard H 264/AVC
[1] 1s proposed by the Joimnt Video Team (JVT) to

W ! ] = . = ! - ! - o
. . S I | == i, [ -
develop the new low bit-rate video compression ¢ JJ H ‘—+ “HIEH |Vl ;“
technology. ].ﬂ the H_64 AVC coding standard, there Fig. 2. Prediction modes m intra 16> 16 luma and ntra 8#8 choma
are seven motion estimation modes from 4=4 to 16x16 blocks.
are used to find the minimum motion compensated

error for each macroblock. In the current JVT reference ; . Rl Tar e Talnl e e ro T

software [2]. seven modes (the various kinds of block RN
sizes) are applied to perform the motion compensation T '_I" ) ' ) §
process such that the R-D cost defined in Eq. (1) 1s W B o '

optimzed.

Tatege = D+, ‘R . (]) EEE D MRt S L
where D den:tes the m::l)b:o)n compensated error of a E 7/// _ :.I ” | \\\“

7

macroblock, Aypg is the Lagrange multiplier and R Fig. 3. Prediction modes in intra 4x4 luma block.
O78-0-7693-3737-3/09 $25.00 & 2009 [EEE 194 b COPI:'I%UTEI'
DOT 101109 UIC-ATC 200971 society
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Recently. many researches [3-10] addressed on the
fast mode decisior methods are proposed. In [3]. the
SAD (sun of absolute dilference) belween the cuttent
frame and previoas frame for each macroblock 1s
calculatzd to evaluate which kind of block size 1s
appropriate for the motion estimation process. In [4],
the  edee delecoon 1s apphied o classily (e
homogeneous and non-homogenecus regions and then
the rate-distortion optimization 1s used to determune the
motion estimation mode. In [5], Pan et zl. applied the
edge dection histogram to reduce the compuration
cost of the decision of intra-prediction modes. In [6],
Zhu et al. applied the low-resolution image and edge
detection to determune the motion estimation modes
(8%4, 4«8 and 4+4). However, the efficiency of the
motion compensation process will be reduced by the
extra image processes for determining the appropriate
motion estimation mode. In [7]. Meng et al. applied
two methods to reduce the mode decision complexiy.
First, macroblock decimation 1s used to estimate the
mode with minimum rough R-D cost. Second, if the
R-D cost 15 smaller than a predefined threshold. we can
choose this mode and ifs two neighboring modes as the
candidate modes.

For mtra coding m H264AVC, Cheng et al [8]
applied three step hierarchal searching method to
predict 4%4 intra prediction modes. In each step, the
minimum RD-cost 1s acquired to decide the next one to
compute and 1t can reduce the computatien cost from 9
modes o 6 modes. In [9]. Ewang et al. applied the
temporzl information to predict the intra mode on P
frames. For each tlock the previous prediction modes
at the same position and its neighboring blocks are
regarded as the candidate prediction modes to reduce
the mode searching signmiticantly.

In this paper, the spatial-temporal correlations
among the reference frames and neighboring
macroblocks are not only used to develop a fast mode
decision (motion estimation) method, but also used n
the intra prediction on P frames. The proposed method
doesn’t need extra 1mage processes and can save more
computation cost than the previous work [10]. By
comparmg with JM-140 reference software. the
experimental results show that the total computation
cost may be reduced above 70%, the total bit rate just
increase than 3.7 % and the average PSNR 1s only
dropped about 0.08 dB.

2. The fast mode decision method

The full searching process (16x16, 16%8,+++, 4x4) for
determiming the estimation mode in the reference
software JM-14.0 will make the enccding process
mefficient. In this section, the spatial-temporal mode

195
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correlations among the spatial and  temporal
macroblocks sre analyzed to develop the fast mode
deasion method.

2.1 The spatial-temporal mode correlation

By the careful observation of the mode decision
process m JN-14.0 1efoence sollwae, (he motion
estimation mode of a macroblock 1s highly correlated
with the modes of the mzcroblocks neighboring to the
same position on the previous reference frames
(mulrple reference frames). The mode correlztion is
described in Fig. 4.

QCTF Farman 176=144 [PFP

ME_16°16 .
HITT1 [T
| HH f1 1T 41
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TR THATL IT
1T 1TH
+
I H =
Prram Al P A2
Fig. 4. The mode correlation for a macrobleck between adjacent
frames.

The probability that the mode of a macroblock on
P-frame #2 1s simular to the modes of the neighboring
macroblocks centered at the same position on P-frame
#1 (The number 1~9 of P-frame #1 in Fig. 7) 15 high.
Based on the JM reference soffware, the mode
correlation 1s analyzed and listed 1n Table 1. Here, the
estimation modes includng 16%16, 16x8, 8x16, 8x8
and skip mede are used to analyze the mode
correlation.

Table 1. The probabilities for the mode of a macroblock on P-frame

#1 iz emailar to the modes of the neighboring macroblocks centered at
the same position on P-frame #1

Sequences QP32 QP36 QP40
Alkiyo 96.02% | 97.22% | 98.25%
Container 04.88% | 95.40%
Hall Moniter 06.62% | 97.16%
Moth&Daug 03.39% | 95.11%
News 03.63% | 94.52%
Salesman 05.10% | 93.00%
Carphone 00.16% | 92.32%
Coastgrd 2731% | BR.17%
Foreman B8R 20% | B2.22%

In Table 1, mine video sequences with length of 200
frames are used to analyze the mode correlation.
Furthermore, the quantization step size 1s set as QP=28,
32, 36 and 4D 1especiively. For e Foreman video
sequence with QP=28, the possibility that the
estimation mede of a macroblock is closed to the
estimation modes of the neighbonng macroblocks
centered at the same position on the previous frame is



87.28%. From the analysis results in Table 1, 1t was
observed that the mode correlation for a macroblock
between adjacent frames 1s high Furthermore, two
additional experiments for the mode correlation
analysis are given m Tables 2 and 3. In Table 2 and 3
the skip and 16x16 modes are regarded as the same
class. Table 2 and 3 illustrate the probabilities that the
estimation mode of a macroblock 1s sumilar to the top
one and two estimation modes ameng the neighboring
macroblocks centered at the same posttion on the
previous frame respectively.

Table 2. The probability that the estimation mode of a macrobleck 13
similar to the top one mode sorted from the neighboring macroblocks
centered at the same

osition on the previous frame.
Sequences QP28 QP32 QP36 QP40

Akiyo 00.10% | 93.78% | 96.76% | 98.57%
Container B018% | 9338% | 96.46%
Hall Moenitor | 91.58% | 92.63% | 93.74%
Moth&Daug | 78.31% | 87.71% | 93.86%
Mews 81.11% | 85.39% | 90.04%
Salesman 835.52% | 87.99% | 92.64%
Carphone 64.70% | 76.14% | 83.09%

Coastgrd 53.23% | 65.31% 8042%

Foreman 5429% | 63.21% 84.00%

Table 3. The probability that the estimation mode of a macroblock 15
similar to the top twe modes sorted from the neighbering
macroblocks centered at the same position on the previous frame.

Sequences QP28 QP32 QP36 QP40
Akiyo 93.48% 374% | 97.76% | 9B04%:
Container 03.08% | 9337% | 97.30% | 98.70%:
Hall Momitor | 96.01% [ 96.48% | 26.41% | 97.22%
Moth&Dang | 26.42% | 92.06% | 93.95% | 97.85%
News 8786% | 00.41% | 93.16% | 95.51%
Salesman O1.85% | 9235% | 95.19% | 97.80%:
Carphoene 78.22% | 84.90% 0.51% | 9481%
Coastgrd 73.61% | 79.11% | 86.36% | 9332%
Foreman T211% | 77.30% | 8431% | BO.66%

From the observation in Tables 1. 2 and 3, we found
that the motion estimation mode of a macroblock 1s
highly correlated with the motion estimation modes of
the macroblocks neighboring to the same position on
the previous reference frame. According to the above
mode correlation analwsis, we propose a new method of
fast mode decision to improve the computation cost of
the mode decision process in the H.264/AVC encoding
systemn
1.2 TFast intra/inter mode decision
spatial-temporal mode correlation

For each GOP, the mode decision process for first
P-frame is determined by using the full search method
in IV reference software and the determined estimation

using
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modes for each macroblock are used to predict the
modes for next P-frame. The algorithm of the fast
mode decision method 1s described as follows.

2.2.1 Tracking of the macroblock
To find the mode histogram for each macroblock, the
corresponding position on previous frame for each
macroblock should be tracked. The position of each
macroblock on the current P-frame 1s tracked with the
weighted motion vectors of the macroblocks
neighboring to the same position on the previous
reference frame shown mn Fig. 5. The weighted motion
vector 1s calculated as
famral jmp=l
MV(x)=(2 > mE.i)/T-

fmr-1

2

]

where MV 15 the predicted motion vector, x and y
denote the block coordinates of current frame and m(7, j)
is the motion vector of block (7, /) on previous frame.
Fig. 5 illustrates the method of estimating the motion
vector. The precise prediction of the motion vector may
be calculated by weighting each block according to the
area proportion of the block to 44 block. For example,
Table 4 illustrates the area proportion of each block to
44 block for the macroblock shown m Fig 5. The
value of T in Eq. (2) 1s obtained by summing all the
weighting factors. However, when the value of the MT”
1s not mteger, we select the nearest macroblock shown
in Fig. 6 to calculate the mode histogram.

QCTF Formal 176+144 [PFP
MIB_IF6 -

H [T [T
I-Hf | \{Hl
I :i o
[T T
. = Hfw | =
[~ =

Fiz. 5. Distribution of motion vectors for a macroblock on P-frame

=1

Table 4. The mumber of the available motion vectors n Fig. &

No. | No. | No. | No. | No. | No. | No. | No. | Ne.
1|2 |3 | a5 |6 | 7] s |9 |l
16 0 4 g 16 1] 0 0 [{] 4

Crorent prediction comesponding block
L I Motion estimation
I [ | || Brevious block

*., Motior vector after calculating Eq. ()

Fig. 6. The pradiction block from previous block.

1.2.2 Calculation of the mode histogram

Once each macroblock on current frame 1s tracked.
we may find the position of the tracked macroblock on
previous frame shown in Fig. 7. Then, the mode



histogram for each tracked macroblock mav be
obtaimned by calculating the number of each mode
among the neighboring macroblocks centered at the
position of the tracked macroblock on previous frame.
However, to reduce the computation, all the modes
shown tn Fig. 1 are classified into five categories listed
i Table 5 according to their block size. Then, mstead
of calculating the mode histogram, the category
histogram 1is calculated and sorted. Based on the sorted
category histogram we select the block modes in the
top two categories as the candidate modes for the mode
decision process.

TR Farmar 176144 [FPP
ME_1528

Fig. 7. The mode histogram for each tracked macroblock (P-frame #2)
may be obtained by caleulating the number of each mode among the
neizhboring macroblocks centerad at the position of the tracked
macroblock on previous frame (P-frame #1).

Table 5. Five categorues for the block mede classification.

Mode Category
1 SKIP/ 16%16
2 16=8 /8216
3 §=8
4 84/ 4=8
5 Axd

1.2.3 Drift compensation

In order to prevent the dnift phenomenon in the mode
decision and motion estimation processes, the
candidate categories need to be refined when the R-D
cost for a macroblock 1s larger than predefined
threshold. The mode decision process 1s refined as the
following rules.

Firstly, to replace the mode category that composed
of the largest block with the next one that composed of
smaller blocks as the new candidate mode category.
But, the new chosen mode category should not be the
same as the one in the candidate mode categones.
Secondly, if the candidate mode categories can’t be
updated with the one with smaller blocks, i1e.. the
candidate mode categories are composed of categories
#4 and #5, then the candidate mode categories stop
updating. Thirdly, once the motion estimation modes
each macroblock are determined, the partition scheme
and corresponding motion vectors are recorded.

For example, if the R-D cost of macroblock #2 on
the P-frame #2 1s greater than the R-D cost of
macroblock #1 on P-frame #1 i Fig 8, then the
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candidate modes for the macroblock #3 on P-frame #3
will be determined by the above rules.

GETF Foermat 1764084 IFFE___
B 16l6 — - ——

L1 |
bl |
L4 |

"'2. é_“l-].l& drift cﬁﬁlpensa?ion p.'on:esli..

2.2.4 Fast intra prediction

In H264/AVC, the mode decision i intra prediction
1s very complex and time consuming. Here, the M full
mode searching 1s applied to the first P frame for each
GOP, and then the determined mode for mtra coding of
each macroblock 1s recorded. The tracked macroblack
in the successive P-frame can refer to the determined
mode of the corresponding macroblock m previous
frame. The proposed mode decision method 15 applied
to both the mitra 1616 prediction modes and intra 4x4
prediction modes. In the M full searching method, the
number of mode estimation 15 about 592=4x{16x9+4).
However, using the spatial-temporal prediction scheme,
the number of mode decision can be reduced to
17=1x(16+1).

Fiz 9. The block diagram of fast ntra/inter mode decision using
spatial-temporal mode correlation.

2.2.5 Mode recording

Once the mofion esttmation modes within each
macroblock are determuned, the partition scheme, ntra
prediction modes, and corresponding motion vectors
are recorded. After the calculation of each RD-cost, we
will get the best prediction mode. The block diagram of
mtra/inter mode decision method wusing the



spatial-temporal correlation 1s illustrated in Fig. 9. It
consists of two parts: one i3 the fast inter prediction
mode decision process and another 1s fast intra
prediction mode decision process.

3. Experimental results

Here, all the efficiency and rate-distortion analyses are
constructed on the basis of IM-14 0 reference software

and the simulation environments are defined as
follows;
(1) The length of video frames for the simulation 15

200.

The number of reference frames 1s 5.

(3) The search range for the motion estimation 1s 32
pixels.

The Hadamard transform for
components 1s used.

encoding DC

(5) The rate-distortion optimzation 1s applied.
(6) The length of GOPis 13.
(7) Nine video sequence of QCIF format are used as

the testing video (Low motion including akiyo,
container; Regular motion including Hall Monitor,
Mother and daughter, News and Salesman; High
motion including Carphone, Coastgrd and
Foreman).
(8) Disable the “FastCrlntraDecision”.
Based on the above environment setting, the efficiency
and rate-distortion analyses for the proposed system are
tllustrated.

3.1 The efficiency and PSNR analyses for fixed QP
parameters

In this section, the efficiency and rate-distortion
analyses for fixed QP parameters are illustrated. Here
the QP parameters in H.264/AVC are fixed as 28, 32,
36 and 40 respectively for the above analyses. The
computation efficiency is analyzed with Eq. (3) and the
fransmuission rate 1s analyzed with Eq. (4). The
efficiency analysis is performed by computing the
saving tume for the proposed method to the M full
searching method and illustrated in Table 6. It 1s
obviously that the mode decision wusing the
spatial-temporal  correlation can  reduce  the
computation time about 70% for the listed video
sequences. The PSNR analysis 1s illustrated in Table 7.
The average PSNE of the fast mode decision method 1s
decreased about 0.08dB. The bit-rate analyses are
illustrated 1n Table 8 It 1s shown that the proposed
method 1s only ncreased about 3.7%. In Table 9, we
show that the computation time can be reduced about
70% with the proposed method. In general. the degree
of the efficiency improvement for the video sequences
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with high motion {Carphone, Coastgrd and Foreman) 1s
less than the one with low motion (Akivo., Container,
Hall Monitor and Moth&Daug).

i Nl —#i TP
AT = Time[ JM | —time proposed) < 100% - (3)
Time[ JM ]
AR= BitRate] proposed] — BitRate[ JM ] «100% (4

BitRate] proposed ]

Table ¢. The motion estimation speed up analysis for the proposed
method and the method in [10].
Video Clip Type 32 | 36
akivo PIoposed.methcd T3.0%|73.7%|72.5%
- method in [10] Yol 73.1%|72.0%
Proposed method |72 2% | 72.2%|71.1%
method in [10]] 5%|71.2%|70.2%
Proposed method |70.8%| 70.1%6|70.1%:
method in [10]] Y| 70.3%|71.0%

40
71.2%
71.2%
T0.6%
71.0%
70.1%
69.8%

A

B/ salesman

C

foreman

Table 7. The PSNE. (dB) analysis for the proposed method and the
method in [10].
Video Clip

28
-0.07
-0.07
-0.07
-0.06
-0.11
-0.1

32
-0.12
-0.12
-0.08
-0.07
-0.15

-0.14

36

-0l
-0.1
-0.06
-0.06
-0.14
-0.12

40
-0.07
-0.07
-0.04
-0.04
-01
-0.11

Type
Proposed method
method m [10]]
Proposed method
method m [10]]
Proposed method
method m [10]]

A

akivo

B|zalesman

C |foreman

Table 8. The bit-rate analysis for the propesed method and the
method in [10].
Video Clip

akiyo

Type
Proposed methed
method m [10]]
Proposed methed
method m [10]]
Proposed methed
method m [10]]

28
37%
3.8%
6.3%
6.4%
10.1%
9.7%

32
0.8%
0.8%
3.6%
34%
1.3%
6.8%

36
0.0%
0.0%
1.4%

40
-0.2%
-0.2%
0.1%
1.4%] 0.3%
3.1%] 3.5%

4.6%|2.7%

A

B| salesman

| foreman

Table 9 The speed up analysis for the proposed method and the

method in [10].

Video Clip Type 28 [ 32 | 36 | 40
& skive Proposed method |74.3%|73.8%|73.4%|72.9%
- method n [10]] [40.7%|42.1%|43.7% [44.3%
8| calesman Proposed method |73.1% | 72.6%|72.5% [71.9%
method m [10]] [41.0%]4£.0%|46.3% [46.8%
C| foreman Proposed method |66.5% | 66.7%|66.8%: [66 8%
method i [10]] [48.4%|49.1%:)50.1%|30.0%

3.2 The rate-distortion analyses

In this section. the rate-distortion analyses from
bit-rate 100K to 2.500K bits/sec are illustrated. From
Fig. 10 to Fig. 12, the simulation results show that the
PSNE value 1s closed to the optimal value obtained
from the IM-14.0 reference software.
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In Fig. 16, the mode decision of our purposed can
improve the compression efficiency significantly.
Finally, we can find the spatial-temporal correlation not
only improve the efficiency of the motion estimation
process. but also reduce the computation complexity on
the intra prediction process on the P frames.
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4. Conclusion

In this paper, the spatial-temporal correlations
between the current frame and the reference frame are
considered to develop a fast mode decision method 1n
which no exftra image processes are used. Furthermore,
the concept of drift compensation is adopted to avoid
the error accumulation phenomenon during the mode
decision process. The expenimental results show that
the total computation cost may be reduced about 70%
and average PSNE. 1s ouly dropped about 0.08 dB.
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