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ABSTRACT

Multiview video coding (MV C) playsacritical rolein 3D-
TV systems. However, MVC regquire much more memory
bandwidth and computational complexity relative to mono-
view video coding. Therefore, an efficient prediction scheme
is necessary for computation reduction. In this paper, a new
fast prediction algorithm, computation-free motion estima-
tion (ME) with inter-view mode decision, is proposed. By
utilizing disparity estimation to find corresponding blocks be-
tween different views, the coding information, such as modes
and motion vectors, can be effectively reused from the coded
view channel. Therefore, the computation for ME can be al-
most totally neglected in most view channels. Besides, the
proposed a gorithm also provides the computation scal ability.
Experimental results show that compared with the full search
block matching algorithm (FSBMA), the proposed algorithm
not only save 61-72% computation with near-FSBMA qual-
ity, but save amost 100% computation with a little quality
drop of 0.23-0.36 dB. Thus, computation-freeME isachieved.

Index Terms— Multiview video coding, motion estima-
tion, disparity estimation, 3-D video, H.264/AV C.

1. INTRODUCTION

Multiview video can provide users with a sense of complete
scene perception by transmitting several viewsto the receiver
simultaneously. It can give users a vivid information about
the scene structure. With the technology of 3D-TV and free
viewpoint TV (FTV) getting more and more mature [1][2],
multiview video coding (MVC) draws more and more atten-
tion. In recent years, MPEG 3D auido/video (3DAV) group
has worked toward the standardization for MV C [3], which
also advances the multiview video applications. From the
discussion of MPEG 3DAV meeting, the developed coding
scheme for multiview video settings mainly uses H.264/AVC
to exploit temporal and inter-view dependencies [4]. There-
fore, many coding aspectsof MV Cintherelated research area
are based on the hybrid coding scheme and highly related to
the H.264/AVC.

Although MV C is an emerging technology, huge amount
of video data and high computational complexity makeit dif-

ficult to be realized. Different from mono-view video coding,
disparity estimation (DE) is utilized to exploit inter-view de-
pendencies in MV C. According to our instruction analysis,
the prediction part which consists of ME and DE occupies
95% computational complexity in a MVC system. Conse-
guently, the prediction part becomes the most computation-
consuming part in a MV C system. Ultra-high computational
complexity isacritical design challengefor MV C.

InaMVC system, ME removes the temporal redundancy
while DE removes the inter-view redundancy. In addition to
temporal and inter-view redundancies, another kind of redun-
dancy called “computational redundancy” exists because of
the close relation between motion vectors (MV's) and dispar-
ity vectors (DV's) in neighbor frames. Accordingto the corre-
lation, afast prediction algorithm have been proposed to save
the computation of ME for stereo video coding in our pre-
vious work [5]. However, the coding structuresin MV C are
more complicated than those in stereo video coding. In this
paper, an new fast prediction algorithm, computation-freeME
with inter-view mode decision, is proposed for MV C. Based
on the fact that the video content is highly related between
view channels, the proposed algorithm greatly reduces com-
putational complexity while maintains video quality. Therest
of the paper is organized as follows. The computation-free
ME with inter-view mode decision is presented in Section 2.
Section 3 showsthe simulation results. Finally, Section 4 con-
cludes this paper.

2. PROPOSED COMPUTATION-FREE ME WITH
INTER-VIEW MODE DECISION

The computation-free ME agorithm with inter-view mode
decision is proposed to retrieve the correlation between view
channels. The proposed algorithm is based on the concept
that MB prediction modes and their corresponding MV's can
be predicted with the aid of DE and the coding information of
neighboring views. Therefore, ailmost all the computational
complexity of ME can be reduced. In this section, the system
architecture of the multiview hybrid coding system is intro-
duced first. Then the details of the proposed algorithm are
presented.
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Fig. 1. Block diagram of the proposed multiview video en-
coder.

2.1. System Architecture

The block diagram of the proposed multiview video encoder
isshownin Fig. 1. There are two kinds of view channels, the
primary channel and the secondary channel. The main differ-
ences between the primary and secondary channel are DE and
mode pre-decision part, which isintroduced later. Thereisno
DE operation in the primary channel. The number of primary
and secondary channels depends on the coding structure. The
block engine includes quantization, transform, and deblock-
ing filter, etc.. After encoding, the compressed bitstream of
each channel istransmitted. In addition, in the proposed algo-
rithm, the prediction modes are clasified into four categories,
that is, INTER_ME, INTER.DE, INTRA, and SKIP modes.
I n the subsection bel ow, the mode pre-decision schemeis pro-
posed to predict these modes.

2.2. INTER_DE/SKIP/INTRA Mode Pre-decision

In the proposed encoder, the best prediction mode is decided
by the Lagrangian mode decision, which contains the distor-
tion part and therate part. Accordingto thecriterion of sum of
absolute difference (SAD), the DV which results in the mini-
mum distortion is computed by

DV:argr‘S{/n{ D ||S(t)—|p(t/)||B'peswp(Bs)}- )
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Bs represents the current MB in a secondary channel. B/p
represents the search candidates located in the SW in the pri-
mary channel. Notethat the cost for the rate part isnot consid-
ered herefor finding the best matching disparity-compensated
(DC) block in the primary channel. However, the best DC
block for coding is still searched by the L agrangian mode de-
cision. The cost, Costpg, which contains both the distortion

and rate part, is stored. Then the threshold of early termina-
tion for ME in the secondary channel is chosen as following,

THeosye = &g Max {Rp(MB1),Rp(MBz), ... Rp(MBa)}.

CostmEe
@
Rp(MB) means the overlap region of the MB which is over-
lapped by the DC block. After THcog,,. is decided, the early
termination is activated and described by the following equa-
tion,

. true
Sk'pMEs:{ false

Therefore, INTER_DE mode pre-decision is achieved with
early termination of ME. It usually exists color mismatch be-
tween view channels due to the mismatch of sensors and pre-
processing units in multiple cameras. The mismatch affects
the performance of the scheme. Therefore, the purpose of the
adjustable parameter o is to solve this problem.

SKIP mode is a useful and simple coding tool in H.264/
AVC. MV predictor is adopted for the current MB to generate
a compensated block in this mode. Therefore, the computa-
tion of ME can be entirely saved if SKIP mode can be pre-
decided. SKIP modeis powerful aswell in MV C. According
to our analysis, SKIP mode is chosen by 50%-90% MBs in
the conditions of median and low bit-rates. In the same way,
INTRA modeis chosen by most MBsin aframein the condi-
tion of high bit-rate. Therefore, many computation operations
for ME are wasted and required to be saved. The inter-view
correlation can be utilized to save the unnecessary ME com-
putation.

Figure 2 shows the decision and data flow of the proposed
algorithm. Solid lines and grey blocks represent the decision
flow, and dotted lines represent the data flow. First, Costpg
and the cost of SKIP/INTRA mode, Costsp/CostiNTRA, @€
computed and compared. If Costsp or CostinTRa IS SMall€r,
the mode of the MB which is overlapped mostly by DC block,
called“twin-MB” (MB), ischecked. If TMB is also predicted
by SKIPor INTRA mode, its cost, Costtms, iscompared with
Cogscip or CostinTra Of the current MB. Finally, the cur-
rent MB is predicted by SKIP or INTRA mode if Costskp/
CostinTRa IS still smaller than Costtiyg. On the other hand,
if Costpe is smaller in the beginning, the INTER _DE mode
pre-decision schemeis applied.

if Costpg < oL X THCOQME ,
otherwise.

©)

2.3. INTER_ME Mode Pre-decision

To further reduce the computational complexity of ME in sec-
ondary channels, INTER_ME mode pre-decision scheme is
proposed. After the decision flow of INTER DE/SKIP/ IN-
TRA mode pre-decision is executed, if the current MB mode
is not classified to INTER_DE, SKIP, or INTRA mode, IN-
TER_ME mode pre-decision starts. Thereare seven MB types
according to their block size such as 16 x 16, 8 x 8, 4 x 4,
etc.. It occupies over 90% computational complexity in video
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Fig. 2. Decision and data flow of the proposed algorithm.

coding. Thus, INTER_ME mode pre-decision schemeis pro-
posed to predict the mode partition and the corresponding
MVs of the current MB.

Theillustration of INTER_ME mode pre-decision scheme
isshowninFig. 3. Thelocation of DC block has been derived
from DE in the process of INTER_DE/SKIP/INTRA mode
pre-decision and is shown as the grey areain Fig. 3. Then
the grey areais split into sixteen 4 x 4 sub-blocks. Each sub-
block coversa 4 x 4 areain the reference frame, and the cod-
ing information of the reference frame can be also extracted.
Then each sub-block is assigned a MV which is the same as
the MV inthe 4 x 4 area. Notethat if the 4 x 4 area contains
more than one MV, the MV of the coded sub-MB with the
largest overlapping area which is covered by the 4 x 4 grey
sub-block is assigned. To prevent the prediction error propa
gation, there is not any early termination and fast prediction
scheme applied in the primary channel. It means all kinds
of cost must be calculated in the primary channel. No mat-
ter what kind of mode are chosen, the best inter prediction
mode and its corresponding MVs are stored. Therefore, if the
covered MB in the reference frame is predicted by INTRA
or SKIP mode, the MB partition and its corresponding MVs
can be still adopted for INTER_ME mode pre-decision for the
secondary channels.

After each sub-block is assigned a MV, the process of
partition grouping begins. The MB partitioning defined in
H.264/AV C follows a hierarchical and symmetric rule. Thus,
the partition grouping also follows a hierarchical and sym-
metric manner. It is abottom-up grouping processfrom 4 x 4
sub-block to 16 x 16 block. The neighboring four 4 x 4 sub-
blocks with the same label are merged to a 8 x 8 sub-block,
and so forth. On the other hand, when the neighboring four
4 x 4 sub-blocks belong to different labels, the costs of more
possible MB partition are calculated according to a decision
rule. From this manner, all MVsin acurrent MB can be pre-
dicted.
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Fig. 3. Theillustration of INTER_ME mode pre-decision.

3. SSMULATION RESULTS

The proposed method isimplemented by modifyingthe MV C
-configurationin JSVM4.5 released from HHI [6]. It is com-
pared with coding structures in which the full search block
matching algorithm (FSBMA) is applied to both ME and DE.
Rate-distortion performance of only secondary channels are
compared because the ME parts in the primary channels in
both cases are implemented with FSBMA. Sequences “Exit,”
“Ballroom,” “Rena,” “Akko&Kayo,” with size 640x480 are
tested. Two, three, and five view channels of these sequences
are chosen for simulation. Note that the search ranges of
DE and ME are both in [-64, +63] in the horizontal direc-
tion, while the search range of DE is[-16, +15] in the vertical
direction.

Figure 4 shows the complexity-quality plots under differ-
ent conditions of bit-rates. The computational complexity of
ME in the secondary channel is considered. Note that in the
simulation of ME complexity ratio, “search point per MB”
is adopted as the unit of computation to make the results in-
dependent of different platforms. The computational com-
plexity and coding performance of FSBMA is regarded as a
criterion for comparison. Because there are four pre-decision
schemes, it results in sixteen configurations for computation
reduction for ME. By modifying different mode configura-
tions, the coding performance varies case by case. Therefore,
a computation-scalable ME can be achieved to fulfill various
video quality under the conditions of different computational
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Fig. 4. Complexity-quality plots of various test sequences
with various bit-rates. (a) “Akko&Kayo” at 102.5 Kbps. (b)
“Exit” at 228.5 Kbps.

budgets. After removing some unnecessary combinations of
mode pre-decision schemes. There are nine computation-
scalable configurationsshownin Fig. 4. Take“Exit” inFig. 4
(b) as an example, if only SKIP mode pre-decision schemeis
turned on, 72% computational complexity can be saved with
only 0.03 dB quality loss. Therefore, near-FSBMA quality is
maintained.

In addition to the computation-scal ability of the proposed
algorithm, computation-free ME can be realized in secondary
channels. Table 1 shows the comparison of rate-distortion
performance between the proposed algorithm and FSBMA.
Because the number of search candidates for refinement is
negligible, almost 100% ME computation in secondary chan-
nels can be saved. According to the proposed agorithm, FS-
BMA isonly performed for ME in the primary channel. The
prediction modes and MVs in the primary channel become
good reference for the proposed mode pre-decision schemes.
Therefore, computation-free ME is achieved in most view
channels. Even the penalty isthe quality degradation of 0.23—
0.36 dB in PSNR, the proposed algorithm still provides better
coding gain than simulcast coding, that is, every channel is
encoded independently, in most case. Note that because the

Table 1. Statistics of average quality drop and complexity
reduction of computation-free ME

Sequences Quality Complexity = Comparison  Complexity Ralative
Drop Reduction  with Simulcast to Simulcast

Akko&Kayo 0.36dB  99.96% +0.55 dB 62.5%

Ballroom 0.23dB  99.99% +0.01 dB 50%

Exit 025dB  99.99% -0.12dB 40%

Rena 032dB  99.97% +0.74 dB 40%

computational complexity of DE is 25% of that of ME, the
proposed algorithm requires less computation than simul cast
coding. The degree of computation reduction depends on the
view numbers. Therefore, it means that the “ computational
redundancy” can be effectively exploited by the proposed al-
gorithm.

4. CONCLUSION

This paper presents an efficient fast mode decision algorithm
for the prediction part in MV C. The computation-free compu-
tation ME with inter-view mode decision is proposed to over-
come the design challenge of ultra-high computational com-
plexity in MV C. Based the concept of high inter-view cor-
relation between views and the feature of mode distribution
different from that in mono-view video coding, the proposed
algorithm effectively reduces near 100% computational com-
plexity for ME in most view channels. Thus computation-
free ME is achieved with little quality degradation. More-
over, the configurations of INTER _DE/SKIP/INTRA mode
pre-decision and INTER_ME mode pre-decision can be de-
termined to be turned-on or not to fulfill the requirements of
desired video quality or computational resource allocation.
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