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Abstract

H.264 is a video compression standard being jointly developed by the ITU-T
video coding experts group and the ISO/IEC motion picture expert group. The main
goal of this standardization effort is enhanced compression performance. The H.264
video coding standard achieves considerably higher coding efficiency than previous
standards by using advanced: intra-prediction. ‘and variable block size motion
compensation with multiple reference frames at quarter-pel accuracy. One of the most
challenging problems in implementing this encoder is variable block size motion
estimation. Motion Estimation in h.264 takes 60%~80% process time. For each block
size mode, motion estimation must be done for each partition block independently.
For a macroblock, there are 41 partition search processes needed to be done. All
modes need to do search once then select one best RDcost result for encoding. In this
thesis, we propose an adaptive algorithm that adjusts search distance cap for motion
estimation of each mode to skip unnecessary search point outside the search distance
cap. This algorithm is implemented in JM10.1 with FME. Experimental results have
shown that the proposed algorithm can adaptively predict the search distance cap to
various video sequences with almost the same rate-distortion performance and save
20% - 50% motion estimation time compared to original fast motion estimation

algorithm.



F &

H. 264 &4 ITU-T ¥ i snsB w52 IS0/TECH (felf] & & Fle ok b sk eh
B ATH R AR o o R en &R e 5 B R R P aL & TRo 1. 264
%%@ﬁ%?ﬁf@?m@wﬂ SR L FEG TR HBERR - EER
EEERVEN'S § iR TATAR I - BRGARE B R S fE o o 1T
T ERRAE? B A PRE-ARHTITR [ PB& R - & H 264
A B R VRIE PE R g 0 R AR e 60%-80% o FF B R HenE B A
Qs BB E R A 3 A ApM e BB TH AT P S 5
AL B R B s PR GBS E R R P EN - BH A A
BEB N FHNCEB B RS N%BiR Y « AighHy A AP
To— B RN EF R L B 2 A BRI o f R BAZIE I B
UpE i H v L B P F B BIR R 2 AT R A h 264 ch Y R
AL0.1 Y PR BERRFLEZEZFRDED FREFHE T AP RDN D

g
o

-L}%*

B RAEN I R DR R S BRI D EROF R A8 R AR
2H AL E Fd M AROEFRT o &4 20%% 50% 0 H i R EF R o



=t

RHRFEFEERY AL EWEIFOIGFERE RS s & g
TA2 BN ETF BV I RS DR S d e PR R

AP F A BARG BEZE N AR AR AR A E
FEHEETRAETIEL s B A R EE T ESE L > R Atk
PR AL SRR T 0 TARFT R Se b o B F R F it EA A

PE%] 5 iR g e ¥ o

& 5L



Contents

CHAPTER 1 INTRODUCTION......ciiiiiiiiiiii e L

CHAPTER 2 BACKGROUND........itiiiiiii i e e e 000D

2.1 INTERMODE DECISION INH.264/AVC ...t e e e e et 5

2.2 VARIABLE BLOCK SIZE MOTION ESTIMATION ... ...ttt i e e et e e eenees 7

2.3 LITERATURES REVIEW OF MODE PREDICTION, FAST MODE DECISION ... ... iviit ittt eieeeeteiieeece e eaeaen 8
CHAPTER 3 PROPOSED ALGORITHM....c.iiii e 10
BTN O {15172y T PPN 10

K1Y/ [0 1AV B T U S PR 15

3.3 PROPOSED ALGORITHM. .. ...t e s eetas s i aise aas e e e stk o8 e sea e ses s set e seataan s aesean e e en e s 16

3.3.1 THE FIXED SEARCH DISTANGEISCHEME... . .oiithaafun it ciiie vt e it e e e 16

3.3.2 THE PREDICTIVE SEARCH DISTANCE SCHEME ... ...uuiiiiii i it v e 19

3.3.3 THE PREDICTION-CORRECTION SCHEME ... ... tittiit ittt caitie eet e set s sea e e e e eaa e sanans 23

CHAPTER 4 EXPERIMENTAL RESULT .....ccoiiiiiii 30

CHAPTER 5 CONCLUSION. ....cii i e e e 42

BIBLIOGRAPHY ... e A3



List of Figures

Figure 2.1 different partitions in a MB. (a) MB partitions. (b) MB subpartitions
Figure 3.1 distribution on selected (best mode) and un-selected (non-best mode)
Figure 3.2 the percentage of mode 16x16 un-selected as best mode along mv length
Figure 3.3 the percentage of mode 16x8 un-selected as best mode along mv length
Figure 3.4 the percentage of mode 8x16 un-selected as best mode along mv length
Figure 3.5 the percentage of mode 8x8 un-selected as best mode along mv length
Figure 3.6 the percentage of each best mode in all modes along mv length

Figure 3.7 RD-curve of fixed search distance and origin search result for “akiyo”
Figure 3.8 RD-curve of fixed search distance.and origin search result for “foreman”
Figure 3.9 RD-curve of fixed search distance and origin search result for “stefan”
Figure 3.10 the diagram of the search distance cap

Figure 3.11 RD-curve of the predictive search distance and origin search result for
"akiyo"

Figure 3.12 RD-curve of the predictive search distance and origin search result for
"foreman"

Figure 3.13 RD-curve of the predictive search distance and origin search result for
"stefan"

Figure 3.14 the motion transient diagram

Figure 3.15 RD-curve performance of foreman with IME-only scheme

Figure 3.16 RD-curve performance of foreman with IME+FME scheme

Figure 3.17 the system structure of original VBSME (a) and proposed algorithm (b)
Figure 3.18 the flow chart of search distance cap determination

Figure 4.1 RD-curve of the adaptive scheme and the origin one for “akiyo”



-Vi-

Figure 4.2 RD-curve of the adaptive scheme and the origin one for "foreman”
Figure 4.3 RD-curve of the adaptive scheme and the origin one for “stefan”

Figure 4.4 comparisons of overhead operation between proposed algorithm and ref. [1]



- Vii -

List of Tables

Table 4.1 simulation condition list

Table 4.2 PSNR degradation of all CIF format clips

Table 4.3 motion estimation time saved of all CIF format clips

Table 4.4 bits increment of all CIF format clips

Table 4.5 PSNR degradation of all D1 format clips

Table 4.6 motion estimation time saved of all D1 format clips

Table 4.7 bits increment of all D1 format clips

Table 4.8 PSNR degradation of all HD format clips

Table 4.9 motion estimation time saved. of all HD format clips

Table 4.10 bits increment of all HD format clips

Table 4.11 the search point count of the original VBSME for CIF format

Table 4.12 the search point count of the proposed.algorithm for CIF format

Table 4.13 the percentage of the searchipoint saved by proposed algorithm for CIF
format

Table 4.14 the search point count of the original VBSME for D1 format

Table 4.15 the search point count of the proposed algorithm for D1 format

Table 4.16 the percentage of the search point saved by proposed algorithm for D1
format

Table 4.17 the search point count of the original VBSME for HD format

Table 4.18 the search point count of the proposed algorithm for HD format

Table 4.19 the percentage of the search point saved by proposed algorithm for HD
format

Table 4.20 overhead operation list (unit: add ops.)



Chapter 1 Introduction

H.264 is a video compression standard being jointly developed by the ITU-T
video coding experts group and the ISO/IEC motion picture expert group. The main
goal of this standardization effort is enhanced compression performance. The H.264
video coding standard achieves considerably higher coding efficiency than previous
standards by using advanced intra-prediction and variable block size motion
compensation with multiple reference frames at quarter-pel accuracy. One of the most
challenging problems in implementing this encoder is variable block size motion
estimation. Motion Estimation in h.264 takes 60%~80% process time. For each block
size mode, motion estimation must be, done for each partition block independently.
For a marcoblock, there are 41 partition search processes needed to be done. All
modes need to do search once then select one best RDcost result for encoding. This is
the reason why the motion estimation in-h.264 takes more time than previous video
coding standard.

Doing search for all modes then selecting one best mode is optimal for final
encoding. But it does cost a lot of computation. In order to reduce computational load
in variable block size motion estimation, there are numbers of fast mode
decision/prediction algorithm proposed for h.264/avc. In [1], they classify macroblock
into homogeneous and stationary by whole frame edge map. By experimental result,
setting edge vector amplitude threshold is used to classify macroblock type and to
select mode. There is additional calculation to generate the edge direction histogram
before doing motion search. In [2], early termination algorithm that detecting zero
motion block by threshold value is proposed. Selecting the threshold of a set of clips

by experimental result is adopted. This method is using threshold as an early



termination criterion. Statistics result to determine the threshold is needed. If a MB is
homogenous, it may tend to be coded as a larger block type. By using MAD (mean
absolute difference) and MAFD (mean absolute frame difference) in [3], current MB
is classified as homogenous or not. And the larger block size .mode motion search is
chosen if the current MB is homogenous. These algorithms proposed in literature
need to predefine threshold value setting by experimental result or perform
calculation to gather information for mode prediction before motion estimation. They
turn off certain block mode search options or early terminate search to reduce the
computational load with the information gathering computation cost. In this thesis, we
choose alternative way to reduce computational load by skipping search step but
without overhead calculation for information.

In the motion estimation of.h.264/avc, best. search point for each partition is
determined by choosing the candidate ones.with the minimal value of the sum of
SADcost and MVcost in the same search-window, After motion estimation for each
partition is done, one best block mode.is selected in all modes by choosing search
result with the minimal value of RDcost among all modes. The result of each mode
except the lowest RDcost mode is finally discarded by mode decision making process.

It means that the rest best candidate search points in other modes are discarded
by mode decision procedure. Because the RDO procedure lists the RDcost of all
modes and chooses the lowest RDcost mode, every mode has chance to be discarded
in the final RDO mode selection procedure. Doing the search becomes meaningless
because the search result is discarded by final RDO stage: mode selection. It comes a
thought:

Is it necessary to search all candidates even the result is finally abandoned?



Our observation find that the chance of the mode discarded is larger when the
search point is further from start point. The result of the best mode is center-biased.
When each mode doing search, compared to its candidate only, the minimal SAD and
MYV cost search point candidate is selected. But when doing mode selection procedure,
mode result with the further distance search point candidate is less chance to be
selected as the final encoding mode. It means that the longer MV length result one
mode has, the more possibility the result is discarded in mode selection. This
tendency makes us consider that the search may be skipped by distance check.

We also find that MV result has the similar distance distribution characteristic
among all modes. The meaning of the similar distance distribution tells that the
correlation about distance from start point for all block modes is high. This correlation
among modes may reveal some information about'search distance.

In order to save search steps.in search process-that may be discarded in mode
selection procedure, we propose an adaptive-algorithm that adjusts search step range
for motion estimation of each mode-to reduce.the computational load.

The main ideas are:

1. Best mode result is center-biased; we try to find the range that mode result is

discarded outside this range.

2. By using the neighbor motion vectors result, we predict the distance cap that

limits the search steps.

3. When certain mode search is end but final encoding mode is not determined,

there is some information from the search result of the search-end mode.
From the observation, the similar motion vector distance distribution of each

block help us to adjust this range.



In this thesis, a prediction—correction search range scheme for VBSME is
proposed as follow. First, we predict the search range by neighbor MVs result by the
concept of mv predictor and the correlation of neighbor marcoblock. Second, without
limiting 16x16 mode search range, we do 16x16 mode search and get its mv length
result. Then, we compare the predicted search range and mv length of 16x16 mode,
take larger one as limited search range of other modes. When doing other mode
search, if the search point is outside the limited search range, this search point is not
searched. By using this algorithm, we can achieve 20%-50% me time saving

compared to FME result with PSNR loss about 0.01-0.02 dB.



Chapter 2 Background

In this chap the technical overview of intermode decision and VBSME of
H.264/avc will be introduced. The literatures about fast mode prediction / decision are

reviewed as well.

2.1 Intermode Decision in H.264/AVC

As specified in H.264/AVC, there are in total 7 different block sizes (16x16, 16x8,
8x16, 8x8, 8x4, 4x8, and 4x4) that can be used in interframe motion
estimation/compensation. These different block sizes actually form a two-level
hierarchy inside a MB. The first level comprises. block size of 16x16, 16x8, or 8x16.
In the second level, the MB is specified as P8x8 type, of which each 8x8 block can be
one of the subtypes such as 8x8, 8x4, 4x8 or 4x4. The relationship between these

different block sizes is shown in Fig. 1. The procedure can be defined as follow:
J(S,¢,MODE | 4,,50c ) = SSD(S, ¢, MODE | QP) + 4,,00c ® R(S,C, MODE | A,,00e) (1)

where s and c are the source video signal and the reconstructed video signal,
respectively, QP is the quantization parameter, A moc iS the Lagrange multiplier, SSD

is the sum of the squared differences between s and ¢, MODE indicates a MB mode
which can be any one of 16x16, 16x8, 8x16 or P8x8. R(s,c,MODE|QP) is the number
of bits associated with the chosen MODE and QP. There is also a SKIP mode in P
slice referring to the 16x16 mode where no motion and residual information is

encoded. SSD is given as
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where sy[x,y] and cy[x,y,MODE|QP] represent the original and reconstructed

luminance component; cu,cv, and su,sv are the corresponding chrominance

components. The Lagrangian multiplier A mo is given by

QP/3
0.85x2 forP — frame

A =
MODE, P {max(2, min(4,%))X/1MODE,P forB — frame

The mode decision for 8x8 sub-type-is.done similar to the MB mode decision by
minimizing the Lagrangian function of (1), with MODE indicating a mode chosen
from the set of potential prediction modes such as 8x8, 8x4, 4x8, and 4x4. Notice that
intermode decision is an extremely time consuming process. For each position in the
search window, motion estimation has to be performed in order to find the motion

vector that minimizes
J (m’ ﬂ“MOTION) = SA(T) D(S’ C(m)) + X’MOTION 'R(m - p) (4)

where m = (mx,my)" is the motion vector, p=(px,py)" is the prediction for the motion
vector, and SA(T)D representing sum of absolute difference (SAD) or sum of absolute

difference of Hadamard-transformed coefficients. The rate term R(m-p) represents the



motion information only and is computed by a table-lookup.

16x16 type 16x8 type

Y

8x16 type P8x8 type \
Level One (a) \

- Y
—— B - _-___\____IIL__\___""—\-.
- H >
M
m_,q_q___ ____F__d_d___,ﬂ.

8x8 subtype 8x4 sub_type 4x8 subtype 4x4 subtype
(b)

Figure 2.1 Different partitions in a MB. (a) MB partitions. (b) MB subpartitions

2.2 Variable block size motion estimation

Unlike the previous video coding standards such as MPEG 1 and H.263, the
H.264 standard allows variable block sizes to be used in motion estimation. It permits
seven different block sizes namely 16x16, 16x8, 8x16, 8x8, 8x4, 4x8 and 4x4. A
separate motion vector is transmitted for each block size. Thus for a 16x16

macroblock, a maximum of 16 motion vectors can be sent assuming that 4x4 blocks



are used. The blocks with higher motion detail can be coded using smaller block size
that helps in improving the prediction by taking into consideration fine details in
motion. Similarly, the blocks with less motion detail can be encoded using larger
block sizes. It can be easily observed that as the block size is reduced, there is an
increase in the number of encoded bits since the motion vector for each block has to
be transmitted. The VBS scheme aims to produce the minimum number of bits for
encoding all kinds of video sequence. This improved compression performance albeit
comes with additional computational complexity. Currently, in the intermode RDO
implementation of H.264/AVC, motion estimation is performed using ALL the
possible block sizes to find the one with the least RD cost using Lagrangian multiplier.
Therefore, only the motion vectors belonging to the best size blocks are actually used
and the rest of the motion vectors are discarded at'the end. Therefore, it is obviously a

waste of computational resources by trying all-the block sizes exhaustively.

2.3 Literatures review of mode prediction, fast mode decision

In order to save the huge computation of the VBSME, there are several algorithm
proposed. In [4], the proposed algorithm uses the property of an all-zero coefficients
block that is produced by quantisation and coefficient thresholding to effectively skip
unnecessary modes. In [2], in order to reduce the complexity of motion estimation, an
early termination algorithm is proposed. It predicts the best motion vector by
examining only zero motion vector search point. With the proposed method, some of
the motion searches can be stopped early, and then a large number of search points
can be skipped. In [1], a fast intermode decision algorithm is proposed. It makes use

of the spatial homogeneity and the temporal stationarity characteristics of video



objects. Specifically, spatial homogeneity of a MB is decided based on the MB’s edge
intensity, and temporal stationarity is decided by the difference of the current MB and
its collocated counterpart in the reference frame. Based on the homogeneity and
stationarity of the video objects, search modes are reduced in the RDO process. In [5],
the proposed scheme is based on a 3D recursive search algorithm and takes into
account the motion vector cost and previous frame information. The best mode for the
current macroblock is obtained by analyzing the modes for neighbor four
macroblocks in the current and previous frames. In [3], a fast intermode decision
method that depends on only the absolute differences between consecutive frames is
proposed. It uses the absolute frame difference information about the motions in
successive frames. Large amplitudes will appear on the moving edges or boundaries
of moving objects while small amplitudes in-hemogeneous areas. Therefore if the
amplitudes in a MB are small,.it is most likely that this MB belongs to a
homogeneous region and using-only:larger-block sizes in motion estimation will be
accurate. Otherwise, this MB may+contain.complex motions and using more block
types can achieve better rate distortion performance. These methods can be classified
as two categories: using MB content information or using mode correlation of
neighbor coded MBs. They predict the possible modes that may be encoded as best
mode and turn off certain modes by using info provided by the two categories. The

purpose that save computational load is achieved by reducing search modes.
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Chapter 3 Proposed Algorithm

In this chap, we describe the proposed algorithm in detail. From the viewpoint of
observation to experiment result, we collect the characteristic of the best mode result
in the intermode decision. By using the feature of mode decision and motion search
result, we propose a prediction-correction scheme algorithm to save the search point
that is discarded in mode decision. Two methods are addressed and implemented in

JM 10.1 reference model.

3.1 Observation

In Joint Model, the RDO «(rate-distortion optimization) procedure includes two
parts: mode decision and motion search.-Motion search for each mode executes first
and then mode decision. For each mode; motion.search executes independently. There
are 41 partitions for one macroblock to do motion search. After the motion search is
done, mode decision procedure chooses the best mode that has lowest RDcost as
encoding mode for a macroblock. When RDO procedure is end, the only one mode is
selected. The mv length data and best mode result for each macroblock are collected.
We observe the mv length distribution and best mode result. We take the “foreman”
sequence as example. There are some characteristics:

Best mode is center-biased compared to the un-selected result. Selected result (square
shape line) is more concentrate than un-selected result (diamond shape line) in figure
3.1. We illustrate mode 16x16 best mode and non-best result distribution over mv
length here. Form the viewpoint of choosing minimal RDcost mode as the best

encoding mode it is easy to understand that the search point near the start point has
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less mv coding bits. And the rate cost term in RDcost formula is smaller. The smaller

rate cost term is preferred under the similar distortion cost.

16x16

100

90

80

70 1
o 60 1
§ —— un-selected
% —®— gelected
o

1 5 9 1317 21 25 29 33 37 41 45 49 53 57 61 65

mv length

Figure 3.1 distribution on selected (best mode) and un-selected (non-best mode)

When search result exceeds certain distance, the possibility of the result discarded is
high. Figure 3.2, 3.3, 3.4, 3.5 are shown that the further search point goes, the less
chance it has to be selected. All macroblock partitions and sub-macroblock partitions
have this tendency. Under the RDcost consideration, although these results are the
best motion vector candidates of each partition during motion estimation procedure,
the less rate cost one is preferred under the similar distortion cost level. In figure 3.2,
we can find that there is 90% of mode 16x16 block search result is not selected as best
mode when mv length exceeds 13. It is a lot of percentage that the motion estimation
result is discarded in mode decision process. It means that the only 10% result is
useful for encoding and the rest 90% search result is total a waste! The same tendency

is also found in figure 3.3, 3.4, 3.5. the formula of the figure 3.2, 3.3, 3.4, 35 is
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64
Z N not—selected (X)
Pm — 100)( mv _length=x

i Ntotal (X)

mv_ length=x

()

P is the percentage of mode m, m={16x16 16x8 8x16 8x8}
X is the mv length x=[0 64]
Nhot-selected(X) 1S the number of mode m not-selected as best result at mv length = x

Niotar (X) is the number of mode m result at mv length = x
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Figure 3.2 the percentage of mode 16x16 un-selected as best mode along mv length
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Figure 3.3 the percentage of mode:16x8 uh-selected as best mode along mv length

8x16

100
98
96
94
92
90
88

86 1

84

82

80 IS e
1 4 7 101316 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64

mv length

——0
—-—]

Psyi6

Figure 3.4 the percentage of mode 8x16 un-selected as best mode along mv length
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Figure 3.5 the percentage of mode 8x8 un-Selected as best mode along mv length

Mode 16x16 has more possibility selected as the best'mode when its best search point
goes further than the rest modes. From the figureé 3.6, we can find that the mode
16x16 result take a lot of percentage along mv length. For all mode decision result,

mode 16x16 is 40% or more percent. The formula of figure 3.6 is

64
ZNm X =mv _ length
X

64 64

Np, is the number of mode m selected as best result at mv length = x

Pm is the percentage of best mode beyond mv length = x
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the percentage of best mode beyond mv length for all best modes

100%
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20%
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1357 9111315171921 23252729 3133353739 41 43 45 47 49 51 53 55 57 59 61 63 65

mv length

FA= o o2
Figure 3.6 the percentage-of each best mode.in-all modes along mv length
3.2 motivation

the mode prediction/fast mode decision algorithms in previous literatures use the
indicator like SAD, edge vector, all zero coded block of the current macroblock or the
coded mode correlation of the neighbor macroblocks. In order to reduce the
computational load, these algorithms predict the possible modes for the current
macroblock before motion estimation. After predicting the possible modes for the
current macroblock, motion estimation executes. The main idea of these algorithms is
that various block types are not efficient for each macroblock. Because each
macroblock has different content and motion characteristic, so the search modes are

predicted. As [1] mentions that if one macroblock is homogenous, the possibility of
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best mode is skip mode or 16x16 mode is high. Motion search of the other modes
becomes meaningless. Such methods that turn off certain modes to reduce VBSME
complexity are addressed versatilely. Based on our observation, efficient modes for
motion search should be changed with the distance from start point. In other words,
there should be different modes turned on with different distance between start point
and search point. Which modes should be turned on is based on the distance. The idea
of prediction mode based on the distance is implemented in motion estimation. That
candidate search points are skipped or not depends on that the search point is outside
or inside the predictive search distance. The skipped search points are probably
discarded in mode decision procedure. Because of the skip mechanism, the

complexity of VBSME is reduced.

3.3 proposed algorithm

3.3.1 The fixed search distance scheme

We first use the fixed search distance cap to limit the search step. The fixed
search distance is used for motion estimation. When the search point is outside the
fixed search distance, this search is skipped. We test this mechanism for 3 clips:
“akiyo”, “foreman”, “stefan”. The experimental environment setting is listed at Table
4.1. The experimental results are shown in Figures 3.7, 3.8, 3.9. We find that scheme
with the fixed search distance can save the unnecessary search but causes one

problem. It causes that the difference PSNR degradation for different clips. Figures

3.7, 3.8, 3.9 show that fixed search distance causes difference of PSNR degradation
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for “akiyo”, “foreman”, “Stefan”. Especially in “stefan” case, the PSNR degradation
is worse than other two. Because “Stefan” is fast motion clip, the motion vector length
is longer. The fixed search distance causes erroneous search result because the
motion search is limited in too small range. So the fixed search distance scheme is not

suitable for all clips because of the difference motion characteristic among clips.

akiyo

41
39 /
37

35
——fix_6
33

psnr

31
29
27
25

0 200000 400000 600000 800000 1000000 1200000 1400000

bits

Figure 3.7 RD-curve of fixed search distance and origin search result for “akiyo”
(Fix_6 means that the fixed search distance is set as 6. Ori means that the search is

original FME search.)
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Figure 3.8 RD-curve of fixed search. distance and,origin search result for “foreman”
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Figure 3.9 RD-curve of fixed search distance and origin search result for “stefan”
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3.3.2 The predictive search distance scheme

Because the fixed search distance scheme is not suitable for different motion
characteristic clips, determining the search distance cap adaptively is necessary for
keeping the same quality. In order to save the search point that may be discarded in
mode decision, the idea of the predictive search distance is first come to us. Just like
motion vector predictor, the median of neighbor MVs is used as predictive search
distance. The reason using predictor is based on the correlation of neighbor MBs
motion information. There is a difference that motion vector predictor give motion
search procedure a good initial start point. Here we use predictor to provide a cap to
limit search steps. When each motion search begins, every search point needs to
check the distance between start point and the-predictive search distance. If the search
point is inside the predictive search distance,-the search continues. If not, the search
point is skipped. Figure 3.10 show the.concept that the search point marked as dash
line arrow outside the predictive search distance is skipped and marked as the solid

line arrow
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[]SD

— Search window

Figure 3.10 the diagram of the search distance cap
Again, we test the scheme for 3 clips: “akiyo”, “foreman”, “stefan”. The experimental
environment setting is listed at*table 4:1:; The figure 3.11, 3.12, 3.13 show the
RD-curve of the three clips: “akiyo”, “foreman”, “Stefan”. The prediction scheme is
work well at “akiyo” and “foreman’,.The‘RD-curve figure shows only a little bit
PSNR loss at the same bits for both “clips.'But for “stefan” clip, RD-curve shows
about 0.4-0.5 dB at the same bits. The reason that causes significant PSNR loss is

prediction error of the search distance cap.
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Figure 3.12 RD-curve of the predictive search distance and origin search result for "foreman"
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Figure 3.13 RD-curve of the predictive;search distance and origin search result for "stefan"

The figure 3.14 explains how this error happens. When neighbor MB motion feature
is slow motion, the prediction tends.to predict a small search distance. If the current
MB is fast motion, that it has longer mv length, the search distance cap limits motion
search. It leads to erroneous search result. Even worse this error will propagate. When
slow to fast transient happen then prediction error occur, the error search result cause

succeeding MBs searching in the small search distance.

.......... ] FaSt

SN motion

Figure 3.14 the motion transient diagram
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3.3.3 The prediction-correction scheme

In order to avoid the prediction error condition and improve the performance for
fast motion clip, the prediction-correction scheme is proposed. According to the
observation for the figure 3.6 that 16x16 mode has the more possibility that is selected
as best mode when the search point goes further than the result of the rest modes. The
result of 16x16 mode for current macroblock is adopted as the correction factor to
avoid the prediction error. The search distance cap is predicted by median value of
MVa, MVg, and MVc. Then the search distance cap is corrected when the MV length
of 16x16 mode search result is longer than median value of MV, MV, MVc. The
search distance cap (SDC) is corrected by 16x16 mode search result because the
current macroblock has fast motion. property.-\When the current MB has slow motion
property, the center-bias search algorithm-will self-regulate the search distance to
shorter MV. And the median of neighbor MV shrinks the SDC. The adaptive SDC
mechanism is achieved by this prediction-correction scheme. This scheme doesn’t
limit the search distance of 16x16 mode because the 16x16 mode search result is the
correction indicator to verify the motion property of the current macroblock. If we
limit the search distance of 16x16 mode, the search result may be erroneous.

The motion estimation in h.264 joint model is two-stage search, that is, the
integer pixel search is done in predefined search range and then the fractional pixel
(half-pel and quarter-pel) search is used to refine the int. pel ME result. The proposed
algorithm adjusts the search distance in integer pixel motion estimation. But we don’t
apply the SDC to the fraction pel motion estimation. Because the fractional pel
motion estimation is local search. It affects the rate-distortion cost of the best mode

but its search points are near the neighborhood of the integer pel search result. The
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integer pixel search result is not necessarily chosen as the best mode result. Our
experiment result shows that. Figure 3.15, 3.16 show the RD-curve of the two cases:
IME (integer pel motion estimation) only, and IME + FME (fractional pel motion
estimation). The proposed and original algorithms are applied to experiment. The
RD-curve performances of the two-stage ME for original and proposed scheme are

close.
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Figure 3.15 RD-curve performance of foreman with IME-only scheme
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Figure 3.16 RD-curve performance of foreman with IME+FME scheme

The original system structure of ME in h:264 Is two-Stage motion estimation: integer
pixel motion estimation and fractional pixel motion estimation. It is showed as figure
3.17(a). When encoding start, the coding procedure chooses the block size mode and
then set the subblock number for integer pixel motion search loop. After the integer
motion search, the coding procedure goes to the fractional pel motion search
refinement. All modes of VBSME are looped to get their SAD and MVD cost by
two-stage motion estimation. Then RDO procedure determines the best mode of
current macroblock. We implement the proposed algorithm in h.264 joint model as
figure 3.17(b). The proposed algorithm determines the search range distance cap by
using the search result of 16x16 mode. So we separate the search progress into two
parts: 16x16 mode and the rest modes. The search distance cap determination chooses
a cap to limit the rest mode search distance. The mechanism of search distance cap

determination block is described in figure 3.18. Unlike the original VBSME
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procedure, the SDC limit search distance of the rest search mode. When the search

point goes further than the SDC, the search is stop.
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Figure 3.17 the flow chart of original VBSME (a)
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Figure 3.18 the flow chart of search distance cap determination

The flow chart of search distance cap determination is shown as figure 3.18. And the
procedure of the adaptive search distance-adjustment using prediction-correction
scheme is described as follows.
Step 1: search distance prediction

Predict SDotner modes, Search distance cap of the all block mode except 16x16 type,
and the median value of the neighbor macroblocks’ motion vector length is chosen as
SDother_modes-
Step 2: motion estimation for 16x16 mode

Do motion estimation of 16x16 mode, and then MV 416 Value is got.
Step 3: search distance correction for rest modes

We use max criterion to choose SDgthers mode 8N MV16x16 @S the search distance cap
for rest modes. If SDgtners_mode 1S ChOsen, then the procedure goes to step 5, else goes
to step 4.

Step 4: motion search for the rest modes using the MV gx16 as cap.
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When doing motion search procedure, if the distance between candidate search point
and start point is longer than MV 6x16, this search point calculation is skipped. After
motion search is done, the procedure goes to step 6.

Step 5: motion search for the rest modes using the SDother modes &S cap.

When doing motion search procedure, the procedure is just like step 4 described. But
the search distance cap iS SDother modes t0 determine that the search point is skipped or
not. When motion search is done, the procedure goes to step 6.

Step 6: mode decision

Compute the RDcost of all modes and select the lowest RDcost mode as encoding

mode. And then the procedure goes to step 7.
Step 7: next macroblock
After encoding the macroblock,.change the macroblock to next one. And then the

procedure returns to step 1.
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Chapter 4 Experimental Result

In our simulation, the proposed algorithm is simulated in H.264/MPEG-4 AVC
with software model JM10.1 on sun ultra-20. The proposed algorithm is implemented
with FME. All intermode is on. Motion vector precision is quarter-pel. The default
search window for CIF (352x288 pels) is £32, and for D1 (720x480 pels) is £64 in
both horizontal and vertical directions. Encoding frame type is P-type except the first
I-frame. The tested clips are “akiyo”, “bus”, “container”, “coastguard”, “dancer”,
“foreman”, “mobile”, “news” and “stefan” for CIF and “akiyo”, “container”,
“coastguard”, “football” and “mobile” for D1. We scan QP value to encode each clip
and get the result to draw RD-curve of each clip and record its motion estimation time
in processor tick count. The experimental results of the proposed algorithm are
evaluated by 3 factors as (6) (¥) (8). Because we want to reduce the complexity of
VBSME under the similar rate-distortion-performance, so the terms: APSNR and
Abits(%) are as small as possible with.the term_‘Ame _time(%) is larger.

APSNR = PSNR, e ~ PSNR e (6)

—bits

original

bits
Abits(%) =100 x (DItS yoposeq

original )
7
bits ()

original

_ me _time,;;,, —Me _time
Ame _time(%) =100 x -
me _time

proposed (8)

original

The definition of APSNR , Abits(%) and Ame _time(%) is listed above.

The meaning of APSNR is the degradation of PSNR between original FME and
FME with proposed algorithm under the same QP. If APSNR is positive value, it

means that the proposed result has worse quality compared to the original result. The

meaning of Abits(%) is percentage of bits-increment to the original FME result. If
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Abits(%) is positive value, the proposed one produces more bits to the original one.
The meaning of Ame _time(%) is percentage of motion estimation time saved to the

original FME result. The me time is the processor computation tick consumed in the

motion estimation procedure. If Ame _time(%) is positive value, it means that the

proposed algorithm saves more ticks compared to original one.

Table 4.1 simulation condition list

Frame Frame Encode Motion Search Motion Inter- QP
clip size numbers frame estimation window vector mode | range
type algorithm precision
akiyo 300
bus 150
container 300
coastguard 300
dancer CIF 250 +32 16x16 28
foreman | 352x288 300 16x8 | 32
mobile 300 IPRP FME 1/4 8x16 36
news 300 (UMHexgon) pel 8x8 40
stefan 300 8x4 44
akiyo 300 4x8
container 300 ax4
coastguard D1 300 +64
football 720x480 260
mobile 300

The figure 4.1, 4.2, 4.3 are the RD-curve of “akiyo”, “foreman”, and “stefan”. We can
find that the performance between the original FME and the FME applied with the
proposed algorithm is close. Under the same bits, the degradation of PSNR for
*akiyo” is about 0.02 dB, for “foreman” is about 0.01 dB and for “stefan” is about
0.02 dB. The saved motion estimation time is 16.86 % compared to original algorithm

for “akiyo” clip, 26.32% for “foreman” clip, and 32.168% for “stefan” clip.
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Figure 4.3 RD-curve of the adaptive scheme and the origin one for “stefan”

The all test sequence results are-all listed at table 4.2 ~ 4.10. Take CIF format result as
example. If we classify all CIF clipstinto-three-categories: fast, medium, slow motion
characteristic types, “akiyo” and “container”-are slow ones. And “coastguard” and
“foreman” are medium motion clips. Fast motion clips are “bus”, “dancer”, “mobile”
and “stefan”. We can find that tests of fast motion clips with the proposed algorithm
are saving more percentage of the motion estimation time than tests of the medium
and slow motion clips. Tests of medium motion clips save more time than tests of
slow motion ones. The explanation of this phenomenon is just the advantage of
adaptive search distance cap. As we know the motion vector length of fast motion
clips is longer, it means that search takes longer time to find the best position of each
mode for fast motion estimation algorithm. Because the results of the rest modes
except the best mode are discarded, the search time consumed is a waste. But the
proposed algorithm suppresses this waste. The original fast motion estimation scheme

just let the search go and finally discard the result. From the RD performance of the
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tests, the proposed algorithm did good performance and saved the motion estimation

time.
Table 4.2 PSNR degradation of all CIF format clips
APSNR(dB)

clip\QP 28 32 36 40 44
akiyo -0.01 0.00 0.03 -0.04 0.04
bus 0.00 0.00 -0.01 0.01 0.02
container -0.01 -0.01 0.00 0.00 0.01
coastguard 0.00 0.00 0.01 0.00 0.02
dancer -0.01 0.01 0.01 0.01 0.01
foreman 0.00 0.00 0.01 0.02 0.00
mobile 0.00 0.00 0.00 0.01 0.02
stefan 0.00 0.01 0.00 0.00 0.01

Table 4.3 motion estimation‘time-saved. of all CIF format clips
A me time(%)

clip\QP 28 32 36 40 44
akiyo 16.14 12.74 12.30 20.05 18.22
bus 35.13 29.19 32.28 35.09 33.01
container 20.26 26.67 31.02 28.90 29.83
coastguard 27.83 29.55 35.19 26.32 28.97
dancer 30.91 27.88 28.88 19.52 32.73
foreman 26.41 26.08 24.88 26.95 27.26
mobile 34.51 31.10 40.00 34.15 35.21
stefan 32.38 32.37 32.31 32.84 30.94




Table 4.4 bits increment of all CIF format clips

A bits(%)

clip\QP 28 32 36 40 44
akiyo 0.18 0.62 -0.28 1.01 -0.27
bus 0.26 0.17 0.20 0.45 0.61
container -0.04 -0.07 -0.20 -0.55 -0.78
coastguard 0.04 -0.05 -0.35 0.10 -0.72
dancer 0.33 0.16 0.21 0.43 0.13
foreman -0.03 0.11 0.79 0.27 0.56
mobile 0.05 0.18 0.11 0.10 0.60
stefan 0.19 0.33 0.22 0.31 1.12

Table 4.5 PSNR degradation of all D1 format clips
APSNR(dB)

seq.\QP 28 32 36 40 44
akiyo 0 0 -0.01 0.01 0.01

container 0 0 0 -0.01 0
coastguard 0 0.01 0.01 0 0.01
football 0.01 0.01 0.01 0.02 0.06
mobile 0 0 0.01 0.02 0.01

Table 4.6 motion estimation time saved of all D1 format clips
A me time(%)

seq.\QP 28 32 36 40 44
akiyo 15.68 22.11 26.40 21.99 28.50
container 41.85 43.35 41.62 37.82 39.83
coastguard 52.70 51.99 51.13 49.46 46.87
football 47.36 47.79 47.36 45.15 42.61
mobile 49.27 48.83 48.92 48.09 47.87
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Table 4.7 bits increment of all D1 format clips

A bits(%)
seq.\QP 28 32 36 40 44
akiyo 0.339 -0.465 0.862 0.235 0.440
container 0.035 0.077 -0.141 0.272 -1.079
coastguard 0.017 0.064 0.096 0.007 -0.415
football 0.287 0.242 0.126 0.340 0.268
mobile 0.137 0.251 0.200 0.372 0.339
Table 4.8 PSNR degradation of all HD format clips
APSNR(dB)
seq.\QP 28 32 36 40 44
mobcal 0 0.01 0.02 0.01 0.03
parkrun 0 0.01 0 0 -0.02
shields 0 0 0.01 0 0.01
stockholm 0 0 0 0 0.01
Table 4.9 motion estimation-time saved of all HD format clips
A'me time(%)
seq.\QP 28 32 36 40 44
mobcal 43.30 41.66 40.76 40.11 38.94
parkrun 45.10 44.66 44.46 43.97 43.17
shields 40.51 39.95 39.35 38.94 38.15
stockholm 38.86 37.13 36.61 36.67 36.50
Table 4.10 bits increment of all HD format clips
A bits(%)
seq.\QP 28 32 36 40 44
mobcal 0.206 0.248 0.269 0.272 0.215
parkrun 0.004 0.000 0.064 -0.022 -0.001
shields 0.008 0.119 0.083 -0.205 0.162
stockholm 0.061 0.169 -0.122 -0.646 0.771
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The ME execution time is CPU occupation time of ME process. It contains the data
loading time and computation time. The other complexity measure unit is search point
counts. The search point counts exclude the data loading time. They reflect the real
computation load for the usage of CPU. The search point results are listed at Tables
4.11~4.19. Tables 4.11, 4.14, 4.17 are the search point counts of the original FME
algorithm for the three frame formats. Tables 4.12, 4.15, 4.18 are the search point
counts of the proposed algorithm for three frame formats. Tables 4.13, 4.16, 4.19 are
the percentage of the search point counts saved by proposed algorithm for the three
frame formats. The percentage of the search points saved by proposed algorithm is
better than the percentage of motion estimation time saved for all format. The search
point counts can be considered as a more precise indicator to represent the actual

computation loading.

Table 4.11 the search point count-of the-original VBSME for CIF format

clip\gp 28 32 36 40 44
akiyo 24579931 | 27174905 | 29646785 | 33054389 | 33300304
bus 50895213 | 50294033 | 50503794 | 51192035 | 50425643
container 39810571 | 41353513 | 43193423 | 45504705 | 46207518
coastguard | 86316257 | 88136021 | 89408780 | 84677799 | 78210876
dancer 77810756 | 73211137 | 69652856 | 66619466 | 61921852
foreman 75714710 | 73606852 | 73551977 | 74053605 | 76689236
mobile 1.02E+08 1.02E+08 1.03E+08 1.03E+08 1.03E+08
stefan 1.01E+08 | 98627136 | 97341252 | 94444397 | 93666806
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Table 4.12 the search point count of the proposed algorithm for CIF format

clip\gp 28 32 36 40 44
akiyo 15892992 | 16745185 | 17630384 | 18485618 | 18530538
bus 25913272 | 25810599 | 25952039 | 25941349 | 25120671
container | 20997096 | 21710904 | 22545474 | 23544738 | 23762065
coastguard | 43217457 | 43781612 | 44063793 | 41969050 | 38316320
dancer 36023645 | 34313212 | 32769153 | 31646937 | 30096468
foreman 39302324 | 38429091 | 38333612 | 38235450 | 38432205
mobile 50165945 | 49938036 | 50070438 | 49972409 | 49351950
stefan 49793313 | 49004757 | 48618251 | 47458440 | 46891287

Table 4.13 the percentage of the search point saved by proposed algorithm for CIF format

clip\QP 28 32 36 40 44
akiyo 35.34159 38.37997 40.53189 44.07515 4435325
bus 49.08505 48.68059 48.61368 49.32542 50.18275
container 47.25749 47:49925 47.80346 48.25867 48.57533
coastguard | 49.93127 50.32495 50.71648 50.43677 51.00896
dancer 53.70351 93.13116 52.95361 52.49596 51.39605
foreman 48.09156 4779142 47.88228 48.36787 49.88579
mobile 50.83378 50.85826 51.29839 51.41219 52.00829
stefan 50.77362 50.31311 50.05381 49.74986 49.9382

Table 4.14 the search point count of the original VBSME for D1 format

clip\QP 28 32 36 40 44
akiyo 83079340 | 84286690 | 93311870 | 103118540 | 121195140
container | 222406460 | 202736130 | 196019860 | 195132050 | 192414840
coastguard | 577841830 | 588426749 | 580971922 | 539526711 | 472794942
football 687919154 | 680753189 | 671905556 | 599602180 | 508226435
mobile 572104821 | 564269992 | 567303604 | 564714883 | 558513153
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Table 4.15 the search point count of the proposed algorithm for D1 format

clip\QP 28 32 36 40 44
akiyo 47180600 | 46643280 | 49019140 | 50145930 | 53942240
container 77855740 | 74666590 | 74070320 | 74300450 | 73846300
coastguard | 185949742 | 187004029 | 185303581 | 174114464 | 155160244
football 235947975 | 227044732 | 219546846 | 199958524 | 176683877
mobile 199870967 | 197414243 | 197214650 | 195174739 | 191416750

Table 4.16 the percentage of the search point saved by proposed algorithm for D1 format

clip\QP 28 32 36 40 44
akiyo 43.210189 | 44.661156 | 47.467412 | 51.370597 | 55.491417
container | 64.993939 | 63.170556 | 62.212849 | 61.92299 | 61.621307
coastguard | 67.819958 | 68.219659 | 68.104555 | 67.728296 | 67.182338
football 65.701206 | 66.648011 | 67.324746 | 66.651468 | 65.235205
mobile 65.063925 | 65.014223' | 165.236489 | 65.438358 | 65.727441

Table 4.17 the search point count of the original VBSME for HD format

clip\QP 28 32 36 40 44
mobcal 2145182047 | 2144642469 | 2030339643 | 1919390013 | 1868048734
parkrun | 2015963221 | 1935207386 | 1954974772 | 1988722670 | 1977699979
shields 1830692900 | 1817177498 | 1843539751 | 1856337737 | 1926092016
stockholm | 1585841341 | 1452619488 | 1468439366 | 1504667930 | 1581782406

Table 4.18 the search point count of the proposed algorithm for HD format

clip\QP 28 32 36 40 44
mobcal 797849353 | 749403276 | 714531441 | 674360040 | 644933868
parkrun 670864757 | 650867855 | 653100119 | 654263284 | 649684212
shields 658396635 | 651588011 | 658381868 | 657971170 | 665347916
stockholm | 596383656 | 561255906 | 562451741 | 563761632 | 570419070
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Table 4.19 the percentage of the search point saved by proposed algorithm for HD format

clip\gp 28 32 36 40 44
mobcal [62.80738252 |65.05695999 | 64.807295 | 64.8659191 |65.47553304
parkrun  [66.72237122| 66.367023 | 66.5929132 |67.10133123|67.14950605
shields |64.03565912|64.14285276 |64.28708046 | 64.555417 |65.45606801
stockholm |62.39323313|61.36249647|61.69731253|62.53248835 | 63.9382087

In [1], edge calculation and previous frame difference is an important indicator to
classify what kinds of image the current frame is. These two factors must be
calculated for each frame. The overhead to mode prediction is significant. The
overhead is needed to consider as a computational complexity loading.

The edge vector:

EJ :{dxi‘j 1dyi‘j}:{pi—1,j+1 +2x Pigjid + P 7. Py ja — 2x Pi j-1 — Pisajoas

Pisja T 2% Pistjit Pt jor — Py ja — 2x Pitj— pi—l,j+1}
This operator contains 10 times-addition operation. N, , N, are operation counts of

the edge vector. The total overhead operations ¢an formulate as follow:

Edge detection: M x N x (N, + Ny ) +(M +N)
Stationary region detection: M x N
Edge operation: N, =5 N, =5
M x N is frame size dimension. All units are addition operator. N, and N, are

number of edge calculating operation.

The overhead formula for each frame in proposed algorithm as follow:

Median of neighbor MVs: 3x M xN
256
. N x N
Search distance cap determination: 256

M x N is frame size dimension. All units are addition operator.
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Figure 4.4 comparisons of overhead operation between proposed algorithm and ref. [1]

we can find the overhead of proposed algorithm is few. Under the same computational

efficiency of motion estimation, proposed algorithm has smaller overhead calculation

than [1].

We simulate our algorithm in H.264 software model JM 10.1 for FME. We can

save 20% ~ 50% motion estimation time compared to the original fast motion

estimation time with the close RD-curve performance to the original JM software for

FME. Therefore, the proposed algorithm can effectively reduce the complexity of the

VBSME by saving the unnecessary search outside the search distance cap.
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Chapter 5 Conclusion

In h.264/avc, variable block size is the feature for better coding efficiency to
previous coding standard. For searching the best mode of one macroblock, variable
block size motion estimation does the 41 times search procedure for each macroblock.
Therefore VBSME becomes the heaviest computational load part of an encoder. In
order to reduce this loading, many methods to predict the most possible modes that
one macroblock may be encoded are addressed to reduce the loading of VBSME.
Unlike these proposed methods trying to predict the most possible modes for a
macroblock before motion estimation, we propose a prediction-correction scheme to
determine search distance cap adaptively for search procedure. This algorithm is
based on the observation of the relationship of best mode result and its motion vector
length distribution. The unnecessary search.point is skipped if the location of the
search point is outside the search distance-cap. The algorithm we proposed can be
easily implemented to fast motion -estimation algorithm without any overhead
calculation. All information for determining search distance cap already exists. From
the experimental result, our algorithm can achieve the motion estimation execution
time saving about 20-50% compared to original FME result under almost the same
RD-curve performance. And our algorithm can merge existing mode-prediction
algorithm to achieve the better result to ease VBSME complexity under the close

RD-curve performance.
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