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Multi-view video coding (MVC) uses various prediction modes and exhaustive mode
decision to achieve high coding efficiency. However, the introduced heavy computational
complexity becomes the bottleneck of the practical application of MVC. For this, an
efficient early Direct mode decision for MVC is proposed in this paper. Based on the
observation that the Direct mode is highly possible to be the optimal mode, the proposed
method first computes the rate distortion (RD) cost of the Direct mode and compares this
RD cost value with an adaptive threshold for providing an early termination chance as
follows. If this RD cost value is smaller than the adaptive threshold, the Direct mode will
be selected as the optimal mode and the checking process of the remaining modes will be
skipped; otherwise, all the modes will be checked to select the one with the minimum RD
cost as the optimal mode. Note that the above-mentioned adaptive threshold is
determined as the median prediction value of a set of thresholds, which are derived by
using the spatial, temporal and inter-view correlations between the current macroblock
(MB) and its neighboring MBs, respectively. Experimental results have demonstrated that
the proposed method is able to significantly reduce the computational complexity of MVC
with negligible loss of coding efficiency, compared with the exhaustive mode decision
in MVC.

& 2013 Elsevier B.V. All rights reserved.
1. Introduction

In recent years, new multimedia systems, such as the
three dimensional TV (3DTV) and the free-view point TV
(FTV), etc., have attracted increasing attention in both
industry and academy communities, since they can pro-
vide customers with the highly-welcome experience of 3D
perception and the freedom of selecting the viewpoint
[1,2]. With better interactivity and reality, these new
multimedia systems could be widely used in various
All rights reserved.

. Du).
domains, such as home entertainment, education, broad-
casting, and so on.

These new multimedia systems lie at the multi-view
video, which is acquired by multiple cameras simulta-
neously capturing the same scene but from different
viewpoints. Compared with the traditional single-view
video, the amount of the multi-view data is very huge
and increased with the number of cameras. Hence, devel-
oping an efficient multi-view video coding (MVC) method
is very important. Meanwhile, the successful development
of these new multimedia systems has contributed to the
standardization of MVC. For this, the joint video team
(JVT), consisting of video coding experts group (VCEG) and
motion picture experts group (MPEG), has standardized
MVC as an Amendment of H.264/AVC (i.e., Annex H) [3].
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To achieve high coding efficiency, not only many techni-
ques offered by H.264, such as various prediction modes,
enhanced intra prediction, variable block sizes, motion
estimation (ME), exhaustive mode decision, etc., but also
the new techniques, e.g., disparity estimation (DE), hier-
archical B picture prediction structure, are exploited in
MVC to fully exploit the spatial and temporal correlations
within a single view and the inter-view correlation
between two neighboring views [4]. However, these tech-
niques used in MVC introduce very heavy computational
complexity, which has hindered the practical application
of these multi-view video systems.

It is well-recognized that fast mode decision method is
an effective solution to reduce the computational com-
plexity of encoder without sacrificing the coding efficiency
[5–9]. For single-view video coding, a fast inter mode
decision method for H.264 is proposed based on the
observation that the optimal mode of a macroblock (MB)
should be intimately related to its motion activity [5].
Considering the optimal mode of a MB is closely depen-
dent on its smoothness and edge direction, a fast intra
mode decision method for H.264 is presented to speed up
the intra prediction process [6]. In [7], a two-level classi-
fication-based fast inter mode decision for H.264 is pre-
sented. In this method, the first classifier is exploited to
detect the SKIP/Direct modes, while the second one
determines to check the large block sizes or the small
block sizes. For scalable video coding, Jung et al. [8]
exploited all zero-block (AZB) detection technique to
determine whether to select the SKIP mode as the optimal
mode, in which the AZB block in enhancement layer is
predicted from the base layer in order to further reduce
the computational complexity. Lin et al. [9] proposed a fast
context-adaptive mode decision algorithm and a reduced
motion search strategy by using the correlation of mode
distribution and motion information between the base
layer and enhancement layer. Unfortunately, all the above-
mentioned methods are specifically proposed for H.264
and scalable video coding. It might be inefficient to
directly apply these methods to MVC, since there exist
new research problems to be tackled, for example, how to
make full use of the particular inter-view correlation
existed in multi-view video. Hence, it is worthwhile to
study a new fast mode decision method for MVC.

So far as MVC is concerned, multiple fast mode decision
methods can be found in [10–14]. Ding et al. [10] proposed
a content-aware inter-view mode decision by fully utiliz-
ing the inter-view correlation, namely, reusing the coding
information including rate-distortion (RD) costs, coding
modes and motion vectors. Based on the observation that
the contribution of DE to the coding efficiency depends on
the temporal levels of the current picture, Huo et al. [11]
proposed a scalable prediction structure to skip the DE
process adaptively. Peng et al. [12] presented a three-stage
early termination method according to three developed
thresholds, which are computed from some statistical
measurements obtained from multiple multi-view video
sequences with various kinds of motion contents. Zhu
et al. [13] proposed a fast inter mode decision based on
the textual segmentation and inter-view correlation. Zeng
et al. [14] proposed an early SKIP mode decision for MVC.
The proposed method starts with checking whether the
RD cost of SKIP mode is below an adaptive threshold for
providing a possible early termination chance. This adap-
tive threshold is computed by using the mode correlation
between the current MB and a set of adjacent MBs in the
current view and its neighboring view.

In this paper, an efficient early Direct mode decision for
MVC is proposed based on the following two observations:
(1) Direct mode has the highest chance to be the optimal
mode; and (2) there exists a large amount of spatial,
temporal and inter-view correlations in multi-view video.
The main contribution of the proposed method is to provide
an early termination scheme by comparing the RD cost of
the Direct mode with an adaptive threshold, which is
derived by individually using the spatial, temporal and
inter-view correlation in multi-view video. Hence, the
speed-up gain is achieved by skipping the checking process
of the remaining modes in case that the early termination
condition is met. Experimental results have shown the
effectiveness of the proposed method on runtime reduction
and coding efficiency maintenance.

The rest of this paper is organized as follows. In Section
2, the overview of mode decision in MVC is presented. In
Section 3, the proposed early Direct mode decision method
is presented in detail. Experimental results are shown in
Section 4. Finally, conclusion is given in Section 5.

2. Overview of mode decision in MVC

2.1. Hierarchical B picture prediction structure

In MVC, the hierarchical B picture (HBP) [15] prediction
structure is provided to efficiently exploit the spatial,
temporal and inter-view correlations inherited in multi-
view video. An example of HBP prediction structure with 8
views and the group of length (GOP)¼12 is shown in Fig. 1.
In this HBP prediction structure, there are two kinds of
pictures: the anchor pictures (i.e., the pictures at T0 and
T12) and the non-anchor pictures (i.e., the pictures at T1, T2,
…T10, T11). There are two kinds of views: the temporal
views (i.e., V0, V2, V4 and V6) and the inter-view views (i.e.,
V1, V3, V5 and V7). In the temporal views, the temporal
prediction via ME is performed for the non-anchor pictures
by referring the neighboring temporal pictures within the
same view. In the inter-view views, besides temporal
prediction via ME, the inter-view prediction via DE, which
is a new feature of MVC, is further conducted by referring
the neighboring pictures at the same time instant but from
the neighboring views to improve the coding efficiency.
Note that the temporal prediction via ME and the inter-
view prediction via DE are enabled by using the flexible
reference picture management scheme, in which the pre-
viously decoded temporal pictures and the previously
decoded view pictures are included in the reference list [4].

2.2. Various prediction modes

Besides the HBP prediction structure, MVC exploits
various prediction modes provided by H.264 to achieve
high coding efficiency. For temporal prediction via ME and
inter-view prediction via DE, there are seven block sizes as



Fig. 1. Hierarchical B-picture (HBP) prediction structure in MVC.

Fig. 2. Variable block sizes for temporal prediction via ME and inter-view
prediction via DE in MVC.
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shown in Fig. 2, i.e., 16�16, 16�8, 8�16, 8�8, 8�4,
4�8 and 4�4, where the last four block sizes are jointly
called as P8�8 [5]. The various intra prediction modes
offered by H.264, including Intra 4�4, Intra 8�8 and Intra
16�16 (jointly denoted as Intra in this work), are also
used in MVC to effectively reduce the spatial redundancy
[6]. In addition, similar to H.264, the SKIP and Direct
modes, particular cases of block size 16�16, are exploited
in MVC to further improve the coding efficiency of P slices
and B slices, respectively [16,17]. The SKIP mode is used in
P slices, where neither the texture residual, nor motion
vector or reference index is transmitted. In this case, the
motion vector is derived as the median prediction of
motion vectors of the spatial neighboring MBs. While the
Direct mode is used in B slices and need not transmit any
motion vector and reference index information, its motion
information is inferred from the motion data in the spatial
neighboring MBs, or in the previously decoded temporal
pictures or in the previously decoded view pictures. Note
that the proposed method is applied on the non-anchor
pictures of inter-view view, which are all B slices as shown
in Fig. 1. Therefore, only the available prediction modes for
B slices are concerned in this work, including Direct,
16�16, 16�8, 8�16, P8�8, Intra.

2.3. Exhaustive mode decision

In MVC, the exhaustive mode decision as provided in
H.264 is exploited to identify the optimal mode among the
various prediction modes, in which the rate distortion
optimization (RDO) function [18,19] is used as the mode
decision criterion, that is:

Jmode ¼ SSDþ λmode R ð1Þ
where λmode is the Lagrangian multiplier, R means the
amount of the bits that are needed to code the headers,
motion/disparity vectors, the texture residual etc., SSD
measures the distortion that is the sum of the square
differences between the original and the reconstructed MB.

According to this RDO function, the exhaustive mode
decision for B slices is to exhaustively check all the prediction
modes and compute the RD cost of each mode by following
the order of “Direct, 16�16, 16�8, 8�16, P8�8, Intra”, and
then select the one with the minimum RD cost as the optimal
mode. Obviously, the computational complexity of the
exhaustive mode decision is very heavy, and it is necessary
to develop a fast mode decision method for MVC.

3. Proposed early direct mode decisionmethod for multi-
view video coding

3.1. Motivation

Intuitively, the Direct mode is fit for coding those
homogeneous regions with motionless or slow motion.
And these scenes often appeared in the nature video
sequences. It means that the Direct mode should be more



Table 1
Multi-view video sequences.

Sequence From Resolution Frame rate (fps) Frames no. Characteristic

Flamenco1 KDDI 320�240 30 250 Medium local motion
Race1 KDDI 640�480 30 250 Outdoor, fast camera movement
Ballroom MERL 640�480 25 250 Large disparity, rotated motion
Exit MERL 640�480 25 250 Large disparity, smooth motion
Akko&Kayo Tanimoto Lab 640�480 30 250 Medium detail and object motion
Rena Tanimoto Lab 640�480 30 250 Medium detail and object motion
Uli HHI 1024�768 25 250 Complex background

Table 2
Distribution of optimal mode in MVC (%).

QP Direct 16�16 16�8 8�16 P8�8 Intra

16 52.15 12.63 5.76 6.17 15.48 7.81
28 74.49 10.22 3.44 3.23 5.52 3.10
40 86.36 4.97 1.92 2.21 3.41 1.13
Average 71.00 9.27 3.71 3.87 8.14 4.01

Current
View

Current Picture

2 3

01

Fig. 3. Spatial-adjacent MBs of the current MB.
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likely to be the optimal mode. To verify this observation,
extensive experiments are conducted to obtain the dis-
tribution of optimal mode in the non-anchor pictures of
the inter-view view in MVC by using the exhaustive mode
decision on a set of multi-view video sequences with
various kinds of motion contents as shown in Table 1
[20]. The experimental setup is described as follows: (1)
each video sequence is encoded with GOP¼12; (2) Quan-
tization parameter (QP)¼16, 28 and 40; (3) HBP prediction
structure is used; (4) RDO and context-adaptive binary
arithmetic coding (CABAC) are enabled; (5) the search
range of the ME and DE is 764. The corresponding
statistical result averaged on these multi-view video
sequences under different QP values is shown in Table 2.

One can see from Table 2 that the Direct mode has the
highest probability (i.e., 71.00% on average) to serve as the
optimal mode over a wide range of QP values and multi-
view video sequences. In addition, with the increment of
QP value, the percentage that Direct mode is chosen as the
optimal mode is increased. Note that the checking process
of the Direct mode occupies very small computational
complexity while the checking process of the remaining
modes “16�16, 16�8, 8�16, P8�8, Intra” via ME, DE
and Intra prediction are time consuming. Therefore, it is
very desirable to design a method that is able to early
determine the Direct mode as the optimal mode so that
the checking process of the remaining modes can be
skipped to save the computational complexity.

3.2. Proposed method

Since multi-view video contains a large amount of
spatial, temporal and inter-view correlations, the coding
information of the current MB, including the optimal
mode and the corresponding RD cost, are highly correlated
to that of its spatial, temporal and inter-view adjacent
MBs. By making full use of this correlation, an early Direct
mode decision method is developed as follows. For the
current MB, the RD cost of the Direct mode is firstly
computed and then compared with an adaptive threshold.
If this RD cost is smaller than the adaptive threshold, the
Direct mode is selected as the optimal mode and the
checking process of the remaining modes is skipped.
Otherwise, all the modes are checked to select the one
with the minimum RD cost as the optimal mode. Note that
the above-mentioned adaptive threshold is the key to
achieve a good trade-off between the computational
complexity and the coding efficiency. Obviously, with
larger threshold, more computational complexity can be
reduced while more coding efficiency will be sacrificed. In
this work, this adaptive threshold is determined as the
median prediction value of a set of thresholds, including
the spatial, temporal and inter-view thresholds, which are
respectively developed by exploiting the corresponding
spatial, temporal and inter-view correlations between the
current MB and its neighboring MBs.

Based on the above analysis, we first use the spatial
correlation to compute the spatial threshold TS as follows.
Fig. 3 shows the current MB, MB0, and its spatial-adjacent
MBs (i.e., left, top and top-right MBs). One can easily
perceive that these MBs have high spatial correlation.
Therefore, we compute the spatial threshold TS as the
weighted average of the RD cost values of these spatial-
adjacent MBs that exploit the Direct mode as the optimal
mode, that is:

TS ¼
∑3

i ¼ 1wiBi RD cost ðDirectÞi
∑3

i ¼ 1wiBi
ð2Þ

where i denotes the index of MB, RD cost ðDirectÞi and
wi are the RD cost of Direct mode and the weights for the
corresponding spatial-adjacent MBi in Fig. 3, for i¼ 1;2;3.
The weights wi are designed based on the observation that
the closer the adjacent MB to the current MB, the larger
the weight should be assigned. In other words, the weight
wi is inversely proportional to the distance (i.e., di)
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between the current MB (i.e., MB0) and the adjacent MBi

(where i¼1, 2, 3):

wi ¼
1
di

ð3Þ

The distance di is defined as follows. For a given MBi

shown in Fig. 3, its four-dimension coordinate is defined
based on its own spatial, temporal and view position as:

MBi ¼ ðxi; yi; ti; viÞ ð4Þ
where ðxi; yiÞ; ti; vi individually denotes the spatial coor-

dinates, the temporal index and the view index of MBi, for
i¼0, 1, 2, 3. Furthermore, considering the spatial, temporal
and inter-view correlations between the adjacent MBs and
the current MB, the coordinate of each MBi is empirically
determined as:

MB0 ¼ ð0;0;0;0Þ MB1 ¼ ð−1;0;0;0Þ
MB2 ¼ ð0;−1;0;0Þ MB3 ¼ ð1;−1;0;0Þ ð5Þ

Hence, the distance di between MBi and MB0 can be
computed as:

di ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðxi−x0Þ2 þ ðyi−y0Þ2 þ ðti−t0Þ2 þ ðvi−v0Þ2

q
ð6Þ

Furthermore, it can be assumed that all the initial
weights wi are equal to 1, for i¼1, 2, 3; therefore,

∑
3

i ¼ 1
wi ¼ 3 ð7Þ

By combining Eqs. (3) and (7), the value of the weights
wi can be computed and the results are documented in
Table 3.

Moreover, considering only the adjacent MB selecting the
Direct mode as its optimal mode has the reference value to
the current MB, only the RD cost value of the adjacent MB
choosing the Direct mode as its optimal mode will be used to
compute the threshold. Hence, Bi is defined as:

Bi ¼
1
0

iftheoptimalmodeofMBiisDirectMode
else

(
ð8Þ

For the special case that all the Bi are equal to 0, the
spatial threshold TS does not exist.

Second, the temporal threshold TT is computed by
using temporal correlation as follows. Fig. 4 shows the
Table 3
The weights of the spatial-adjacent MBs.

MBi 1 2 3
wi 1.11 1.11 0.78

Current PicForward Picture T-1

48 9

65 7

1110 12

0

Fig. 4. Temporal-adjacent M
current MB, MB0 and its temporal-adjacent MBs. The MB4

is the MB with the same position as the current MB in
forward or backward pictures and MBi (where i¼ 5;
6;⋯12) are the 8-neighbors of MB4. Considering that the
current MB has strong temporal correlation with those
temporal-adjacent MBs in forward picture, the forward
temporal threshold TT−1 can be computed as the weighted
average of the RD cost values of these temporal-adjacent
MBs in forward picture that exploit the Direct mode as the
optimal mode. Similarly, the backward temporal threshold
TTþ1 can be obtained. And the average value of the forward
and backward temporal thresholds is determined as the
temporal threshold TT , that is:

TT ¼ TT−1 þ TTþ1ð Þ=2 ð9Þ
Third, the inter-view threshold TV is computed by using

inter-view correlation, which is in a similar manner to that
of temporal threshold TT as follows. Fig. 5 shows the
current MB,MB0 and its inter-view-adjacent MBs. It should
be pointed out that MB4 is the corresponding MB of the
current MB in forward or backward view, which is identi-
fied by using global disparity vector (DV) as described in
[21]. And MBi (where i¼ 5;6;⋯12) are the 8-neighbors of
MB4. Since two pictures at the same time instant from two
neighboring views usually present the same content in
multi-view video, there exists high inter-view correlation
between the current MB and its inter-view adjacent MBs.
Moreover, it can be seen that two corresponding MBs can
be found from forward and backward views. Therefore,
similar to the design of temporal threshold TT , the inter-
view threshold TV is also computed as the average value of
the forward inter-view threshold TV−1 and the backward
inter-view threshold TVþ1. And the forward inter-view
threshold TV−1 and the backward inter-view threshold
TVþ1 are computed as the weighted average of the RD cost
values of those inter-view-adjacent MBs that exploit the
Direct mode as the optimal mode in forward and backward
inter-view pictures, respectively.

TV ¼ TV−1 þ TVþ1ð Þ=2 ð10Þ
As above-mentioned, the forward temporal threshold

TT−1, the backward temporal threshold TTþ1, the forward
inter-view threshold TV−1 and the backward inter-view
threshold TVþ1 can be computed as:

Tx ¼
∑12

i ¼ 4w
x
i B

x
i RD cost ðDirectÞxi
∑12

i ¼ 4w
x
i B

x
i

ð11Þ

where x denotes the neighboring pictures, including the
forward temporal picture T−1, the backward temporal
ture T Backward Picture T+1

48 9

65 7

1110 12

Bs of the current MB.
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Current View V Backward View V+1Forward View V-1

Fig. 5. Inter-view-adjacent MBs of the current MB.

Table 4
The weights of the temporal-adjacent and inter-view-adjacent MBs.

MBi 4 6, 8, 9, 11 5, 7, 10, 12
wx

i 1.48 1.03 0.85
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picture T þ 1, the forward inter-view picture V−1 and the
backward inter-view picture V þ 1, i.e., x∈fT−1; Tþ
1;V−1;V þ 1g , i denotes the index of MB, i.e., i¼ 4;5;
6;⋯12, RD cost ðDirectÞxi and wx

i denote the RD cost of
Direct mode and the weights of the neighboring MBi

located in picture x as shown in Figs. 4 and 5, respectively.
Moreover, the weights wx

i are documented in Table 4,
which are determined in a similar manner to the weights
wi in Eq. (2). And like Bi defined in eq. (8), Bx

i is also used to
denote whether the MBi located in picture x selects the
Direct mode as the optimal mode. If so, Bx

i is equal to 1,
otherwise, Bx

i is equal to 0. For the special case that all the
Bx
i for picture x are equal to 0, the corresponding threshold

Tx does not exist.
In the above process, a set of thresholds (i.e., the spatial

threshold TS, the temporal threshold TT and inter-view
threshold TV ) are developed by using the spatial, temporal
and inter-view correlations, respectively. Now the ques-
tion is how to determine the suitable adaptive threshold T ,
which should be dependent on the content of the current
MB. In other words, if the current MB contains complex
texture or scene change, the spatial correlation could be
stronger than the temporal and inter-view correlations,
therefore, TS is more suitable to be the threshold T; if the
current MB is located in the homogeneous region with
slow motion, the temporal correlation could be stronger
than the spatial and inter-view correlations, thus, TT is
more fit to be the threshold T; if the current MB is located
in the complex region with fast motion, the inter-view
correlation could be stronger than the spatial and tem-
poral correlations, hence, TV is more likely to be the
threshold T . In order to achieve a good trade-off between
the computational complexity and the coding efficiency,
this adaptive threshold T is determined as:

T ¼median ðTS; TT ; TV Þ ð12Þ

For the special case that all the thresholds TS, TT and TV

do not exist, the checking process of early termination is
skipped and the exhaustive mode decision is performed to
find the optimal mode.

In summary, the proposed early Direct mode decision
method can be depicted as below:
(1)
 Check whether the current MB is located in an anchor
picture. If so, the exhaustive mode decision is per-
formed on the current MB to identify its optimal
mode; otherwise, go to next step.
(2)
 Check the Direct mode and compute its RD cost
(denoted as RD cost ðDirectÞ).
(3)
 Compute a set of thresholds (i.e.,TS, TT and TV ) based
on Eqs. (2), (9) and (10), respectively, and then derive
the adaptive threshold T according to Eq. (12).
(4)
 If RD cost ðDirectÞoT , the Direct mode is selected as
the optimal mode and the mode decision process is
early terminated. Otherwise, the remaining modes are
further checked to select the one with the minimum
RD cost as the optimal mode.
4. Experimental results

To evaluate the performance, we implement the pro-
posed method in the MVC reference software—Joint multi-
view video coding (JMVC 8.0) and test it on seven
commonly-used multi-view video sequences as shown in
Table 1, which covers a wide variety of motion contents
and resolutions. Note that three views of each test
sequence are chosen for experiments. The first and third
views are used as the reference views (i.e., the forward and
backward views), respectively. The second view is used as
the inter-view view (i.e., the current view) for the imple-
mentation of the proposed method. The experimental
setup is described as below: (1) Each test sequence is
encoded using the HBP prediction structure with a GOP
length¼12; (2) The QPs are set as 24, 28, 32 and 36,
respectively; (3) RDO and CABAC entropy coding are
enabled; (4) The search range of ME and DE is 764.

In this wok, we compare the proposed method with the
method presented in reference [14] and show the results
in Table 5. It should be pointed out that each method is
compared with the exhaustive mode decision in MVC and
the corresponding time-saving ratio, peak signal-to-noise
ratio (PSNR) and bit rate changes are computed as:

ΔT ¼ Tproposed−TJMVC

TJMVC

ΔPSNR¼ PSNRproposed−PSNRJMVC

ΔBitrate¼ Bitrateproposed−BitrateJMVC

BitrateJMVC
ð13Þ

where TJMVC , PSNRJMVC and BitrateJMVC are the encoding
time, PSNR and bit rate resulted from the exhaustive mode
decision in MVC; Tproposed, PSNRproposed and Bitrateproposed



Table 5
Experimental result comparison between Ref. [14] and the proposed early Direct mode decision method.

Sequence QP Method ΔPSNR (dB) ΔBitrate (%) ΔT (%)

Flamenco1 24 Ref. [14] −0.05 −0.38 −60.12
Proposed −0.03 −0.73 −73.84

28 Ref. [14] −0.06 −0.96 −63.91
Proposed −0.05 −0.96 −74.01

32 Ref. [14] −0.09 −0.56 −66.18
Proposed −0.06 −1.05 −76.97

36 Ref. [14] −0.11 −0.47 −67.30
Proposed −0.08 −1.21 −78.97

Average Ref. [14] −0.04 +0.93 −64.38
Proposed −0.01 +0.24 −75.95

Race1 24 Ref. [14] −0.05 −0.66 −63.14
Proposed −0.05 −0.57 −75.45

28 Ref. [14] −0.07 −0.76 −67.59
Proposed −0.05 −0.73 −77.11

32 Ref. [14] −0.07 −1.10 −70.13
Proposed −0.06 −0.90 −78.01

36 Ref. [14] −0.08 −0.92 −70.76
Proposed −0.07 −1.02 −81.52

Average Ref. [14] −0.03 +0.96 −67.90
Proposed −0.02 +0.68 −78.02

Ballroom 24 Ref. [14] −0.02 −0.58 −53.31
Proposed −0.01 −0.72 −63.13

28 Ref. [14] −0.03 −0.54 −57.29
Proposed −0.02 −0.88 −66.22

32 Ref. [14] −0.05 −0.65 −60.01
Proposed −0.03 −1.05 −68.43

36 Ref. [14] −0.08 −0.98 −62.31
Proposed −0.05 −1.25 −71.37

Average Ref. [14] −0.02 +0.56 −58.23
Proposed 0.01 −0.24 −67.29

Exit 24 Ref. [14] −0.04 −1.45 −62.37
Proposed −0.02 −1.15 −72.56

28 Ref. [14] −0.08 −1.32 −67.05
Proposed −0.04 −1.26 −75.61

32 Ref. [14] −0.14 −1.93 −69.00
Proposed −0.06 −1.48 −78.04

36 Ref. [14] −0.15 −1.88 −70.51
Proposed −0.07 −1.59 −80.11

Average Ref. [14] −0.05 +2.12 −67.23
Proposed −0.01 +0.34 −76.58

Akko&Kayo 24 Ref. [14] −0.04 −0.75 −59.64
Proposed −0.03 −0.73 −70.89

28 Ref. [14] −0.05 −0.65 −62.88
Proposed −0.04 −0.84 −72.41

32 Ref. [14] −0.06 −0.79 −64.78
Proposed −0.05 −0.94 −73.79

36 Ref. [14] −0.09 −0.98 −65.61
Proposed −0.07 −1.09 −75.26

Average Ref. [14] −0.02 +0.34 −63.23
Proposed +0.00 −0.02 −73.09

Rena 24 Ref. [14] −0.05 −0.62 −55.50
Proposed −0.05 −0.93 −68.40

28 Ref. [14] −0.07 −0.71 −59.45
Proposed −0.05 −1.15 −70.65

32 Ref. [14] −0.09 −0.77 −61.89
Proposed −0.07 −1.31 −71.66

36 Ref. [14] −0.10 −0.80 −62.73
Proposed −0.07 −1.58 −72.64

Average Ref. [14] −0.04 +0.88 −59.89
Proposed 0.00 −0.01 −70.84

Uli 24 Ref. [14] −0.05 −0.47 −46.21
Proposed −0.03 −0.61 −62.30

28 Ref. [14] −0.08 −0.73 −50.96
Proposed −0.05 −1.01 −64.11

32 Ref. [14] −0.13 −0.92 −57.13
Proposed −0.06 −1.31 −65.00
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Table 5 (continued )

Sequence QP Method ΔPSNR (dB) ΔBitrate (%) ΔT (%)

36 Ref. [14] −0.18 −1.23 −62.71
Proposed −0.08 −1.56 −68.07

Average Ref. [14] −0.07 +1.65 −54.25
Proposed −0.01 +0.11 −64.87

Average Ref. [14] −0.04 +1.06 −62.16
Proposed −0.01 +0.16 −72.38

Fig. 6. RD curves of two multi-view video sequences “Rena” and “Uli”.

Fig. 7. Time-saving ratio on various multi-view video sequences resulted
from the method in Reference [14] and the proposed method,
respectively.
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are the encoding time, PSNR and bit rate resulted from the
corresponding fast mode decision methods (i.e., the
method in reference [14] and the proposed early Direct
mode decision method). Moreover, in Table 5 (i.e., the row
filled with “Average”), the Bjøntegaard delta PSNR (i.e.,
BDPSNR) and Bjøntegaard delta bit rate (i.e., BDBR) [22]
are further used to evaluate the averaged PSNR and bit rate
changes, respectively.

From the experimental results shown in Table 5, one
can see that the proposed early Direct mode decision
method can significantly reduce the computational com-
plexity (i.e., 72.38% on average) while keeping almost the
same coding efficiency (only 0.01 dB BDPSNR loss and
0.16% BDBR bit rate increment), compared with the
exhaustive mode decision in MVC. For a better illustration,
Fig. 6 shows the RD curves of two sequences “Rena” and
“Uli” as examples. One can easily see that the proposed
method is able to yield almost the same coding efficiency
as that of exhaustive mode decision in MVC. Furthermore,
compared with the method presented in Ref. [14], 10.22%
higher runtime reduction, 0.03 dB BDPSNR improvement
and 0.90% BDBR bit rate reduction are achieved by the
proposed method. For a better illustration, Fig. 7 shows the
time-saving ratio comparison between the method in
reference [14] and the proposed method. It can be easily
seen that for various kinds of test sequences, the proposed
method can reduce much more computational complexity.
In other words, the proposed method outperforms the
method in Ref. [14] in terms of both coding efficiency
maintenance and runtime reduction. Some insightful com-
ments for our superior performance are provided as
follows. The proposed method computes the adaptive
threshold by respectively using the spatial, temporal and
inter-view correlations in multi-view video. On the con-
trary, the threshold in reference [14] is calculated by
simply exploiting a mixture of all these three types of
correlations. Obviously, a better threshold is able to better
adapt to the content of the current MB. For example, if the
current MB is located in the homogeneous region with
slow motion, the temporal correlation could be stronger
than the spatial and inter-view correlations; therefore, we
should only use the temporal correlation to determine the
threshold. Hence, it can be seen that compared with the
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reference [14], the threshold computation in the proposed
method considers the characteristic of the current MB and
thus can utilize the spatial, temporal and inter-view correla-
tions more efficiently, leading to a superior performance.

5. Conclusion

In this paper, an efficient early Direct mode decision
method is proposed for multi-view video coding. For the
current MB, the proposed method provides an early
termination chance by checking whether the RD cost of
the Direct mode is smaller than an adaptive threshold,
which is determined by individually using the spatial,
temporal and inter-view correlations in multi-view video.
If the early termination condition is met, the Direct mode
is selected as the optimal mode. Consequently, the runtime
reduction is achieved by skipping the follow-up time-
consuming ME, DE and intra prediction process. Experi-
mental results have shown that compared with the
exhaustive mode decision in MVC, the proposed method
not only greatly reduces the computational complexity but
also keeps almost the same coding efficiency.
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