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a b s t r a c t

Reduction of high computational complexity of multi-view video coding (MVC) is necessary for realiza-
tion in consumer electronics. Since mode decision is one of the key computational bottlenecks of multi-
view video encoders, this paper proposes a coding statistics based fast mode decision algorithm. First of
all, a rate–distortion cost based fast DIRECT mode decision algorithm early terminates the mode decision
process if possible. Next, the candidates for Inter modes are reduced by taking the advantage of the cor-
relation between an optimal mode and motion cost. The proper thresholds to reduce the candidates for
the above two fast algorithms can be easily derived from exponential functions at run time. Finally,
motion vector difference based motion characteristics is referred to further speed up the mode decision
process of Inter modes. The experimental results show that the proposed scheme reduces up to 70.82% of
encoding time with negligible degradation of RD performance.

� 2012 Elsevier Inc. All rights reserved.

1. Introduction

Multi-view video coding is essential to the success of 3D appli-
cations such as free viewpoint television (FTV) [1] and three-
dimensional television (3DTV) [2,3]. Joint Video Team (JVT) has
finalized the multi-view video coding standard extended from
the single view video coding, H.264/AVC, in early 2008 [4]. The en-
coder complexity distribution of AVC has been analyzed in [5].
Thus, fast mode decision is important and examples of fast mode
decisions for H.264/AVC can be found in [6,7]. Different from single
view video coding, MVC provides both temporal and inter-view
predictions to reduce data redundancy. For each MB, the best
motion vector, disparity vector, and block mode are decided by
rate–distortion optimization (RDO) [8]. Although the optimal RD
performance can be achieved with full search, motion and dispar-
ity estimations along with mode decision are the most time-
consuming modules of a MVC encoder. Our analyses show that
their time complexity occupies about 97% of the total MVC encoder
complexity. Therefore, significant time saving can be achieved with
fast mode decision and motion estimation.

In recent years, several fast encoding algorithms have been
proposed for MVC. In [9], a two-stage neural classifier is adopted
to decide the candidate modes based on block partitions and mode
distribution analysis of stereo video coding. In [10], four fast mode
decision algorithms are proposed to reduce the computational com-
plexity of motion estimation and disparity estimation for MVC. The
candidates are reduced according to the coding information of the
corresponding MB and neighboring MBs in the neighboring view.

In [11], fast mode decision analyzes the average RD cost and mode
proportion of mode category in non-anchor frames of the base view.
Then, it reduces modes by comparing RD cost with an adaptive
threshold that varies with QP and average RD cost. In non-anchor
frames of the other views, fast mode decision uses the mode corre-
lation between neighboring views for early termination of coding
process. Since DIRECT mode occupies the dominant proportion of
optimal modes and requires the least encoding time, a fast DIRECT
mode decision algorithm can effectively boost the mode decision
process. In [12], the early DIRECT mode decision is achieved based
on the statistical characteristic of RD cost, variance property of
DIRECT mode, and neighboring modes along both temporal and
inter-view prediction directions. In [13], DIRECT mode is deter-
mined to be the optimal mode or not by comparing the RD cost of
DIRECT mode with an adaptive threshold, derived from the coding
information and weighting factors of the neighboring blocks in
the previously coded view and the co-located block in the reference
frame. In addition to fast mode decision algorithm for MVC, Micallef
et al. [14] propose a fast motion and disparity estimation algorithm
by using the depth information of the video sequence and multi-
view geometry to reduce the motion and disparity vector search
windows.

Since the RD cost of mode decision is highly related to the RD
cost of motion estimation (i.e., motion cost), in [15], a motion cost
based early termination algorithm is designed for fast decision of
Inter modes in H.264/AVC. According to the conditional probabil-
ity of each mode, the corresponding threshold of early termina-
tion is derived for each MB. The algorithm is further extended
in [16] to enable the fast mode selection of Inter modes and
sub-MB modes in H.264/AVC, where the correlation of mode deci-
sion and motion cost is explored. Inspired by Ma et al. [16], for
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each multi-view video, Chan et al. [17] decides a set of dynamic
thresholds for each view individually using the on-line statistical
analysis of motion and disparity costs of the first GOP. The set of
candidates for Inter mode decision in the rest of frames is deter-
mined by these thresholds. Fast mode decision can be also
achieved by classifying the image content using the coding infor-
mation. For example, RD costs of Intra4 � 4 and Intra16 � 16
from neighboring views can be used to classify a textural region
into a low region, medium region, or high region. Inter8 � 8 mode
will not be considered if the current MB is a low region or median
region [18]. In [19], according to the motion vectors of the corre-
sponding MB and neighboring MBs in the previously coded view,
the classes of motion homogeneity of blocks are divided into
homogeneous motion and complex motion and thus the candi-
dates of Inter modes are selected.

Motivated by the previous work, this paper proposes a coding
statistics based fast mode decision algorithm for MVC, where can-
didates including DIRECT, Inter, and Intra modes are considered to

be reduced during the fast mode decision process. The inter-block
motion information and RD costs of motion estimation and mode
decision are referred since all of them have high correlation with
mode decision. The proposed algorithm is stated as follows. Ini-
tially, a novel fast DIRECT mode decision algorithm, using the RD
cost of DIRECT mode of the current MB and the histogram of RD
cost of Inter16 � 16 mode obtained off-line, early terminates the
mode decision process if possible. Next, candidates of Inter modes
can be reduced using motion costs of MB and sub-MB modes. The
adaptive thresholds for fast mode decision process can be easily
derived from exponential functions given QP, where the parame-
ters of exponential functions are analyzed off-line. Finally, candi-
dates of Inter modes can be further filtered out based on the
temporal coding information and the characteristic of motion vec-
tor difference that describes the inter-block motion variation. The
rest of the paper is organized as follows. Section 2 describes the
overall fast mode decision algorithm that combines the algorithms
proposed in Sections 3 and 4. In Section 3, we describe the pro-

Fig. 1. Our adopted prediction structure for multi-view video coding.

Fig. 2. The flowchart of proposed coding statistics based fast mode decision for multi-view video coding.
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