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Abstract—Current research towards 3D video compression
within MPEG requires the compression of three texture and
depth views. To reduce the additional complexity and bit rate of
the depth map encoding, we present a fast mode decision model
based on previously encoded macroblocks of the texture view.
Meanwhile we present techniques to reduce the rate based on
predicting syntax elements from the corresponding texture view.
The proposed system is able to get a reduction in complexity of
71.08% with an average bit rate gain of 4.35%.

I. I NTRODUCTION
Currently, MPEG is standardizing 3D Video [1]. The goal
is to improve compression compared to the Multiview Video
Coding (MVC) extension of MPEG-4/AVC -H.264 (annex H)
[2]. Next generation 3D devices are targeted. Such devices,
like autostereoscopic displays, might require depth information
to generate a large amount of intermediate views using view
interpolation [3], [4]. Also more common stereo displays will
benefit from the standard. However, these displays might not
require depth information. Consequently, the depth is encoded
solely for a limited set of users. Therefore the overhead, both
in complexity and rate distortion (RD), should be limited. This
preliminary research is based on the MVC extension and is
aimed to reduce both the complexity and bit rate in H.264/AVC
based 3D video standardized encoders.
Current research is focusing on 3D video encoding using
the MVC extension, a base view is encoded as a regular
H.264/AVC (AVC) bitstream, while additional views are encoded using the decoded output of the base view as an additional prediction frame. Additionally, depth can be encoded
although this requires a relatively high complexity. In [5]
the complexity of the depth map encoding is reduced, but
the RD is not improved. An even more complex scheme is
presented in [6], where the views are warped before prediction.
However, such system require an even higher complexity, and
also hardware design is more complex. Moreover, the applied
warping should also be standardized. Optimizations have been
proposed to reduce the syntax [7], however, the complexity is
not reduced. Therefore we propose a model to reduce both
depth map encoding complexity and the bit rate, while the
only minor implementation changes are required.
II. M ETHODOLOGY
The MPEG CfP considers a three and two view case, for
eight sequences and four rate points per sequence (resulting in
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64 encoded bit streams). Our system is evaluated for the three
view case, therefore the data of two sequences (Poznan Hall2
and Kendo) is analyzed for the highest and lowest rate point.
This analysis results in our proposed model. Study of the
syntactical overhead showed potential RD improvements. Both
the reduced complexity and syntactical improvements have
been evaluated with eight HD sequences (Poznan Hall2, Poznan Street, Undo Dancer, GT Fly, Kendo, Balloons, Loverbird1, and Newspaper) and four rate points for the three view
case. The test conditions (GOP size, quantization, intra period)
from the MPEG CfP are used.
III. P ROPOSED M ETHOD
A. Complexity Reduction
An analysis of the mode distribution of the depth map
results in the probability that a mode is selected in the depth
view based on the mode in the co-located macroblock of
the corresponding texture view. This probability is given by:
p = P (M ODEDepth |M ODET ex ). Where M ODEDepth is
the macroblock mode used in the depth and M ODET ex the
macroblock mode used in the co-located macroblock in the
corresponding texture view. The analysis shows that when
M ODE Skip or M ODE 16×16 are selected in the texture,
this mainly results in M ODE Skip or M ODE 16 × 16
being selected in the depth. Based on this analysis, the set
of probable modes for the depth is given by :

S if M ODET ex ∈ S
M ODEDepth =
A if M ODET ex ∈
/S
Where S is the subset of unpartitioned modes S =
{M ODE Skip, M ODE 16 × 16} and A the set of all
modes A = {M ODE Skip, M ODE 16×16, M ODE 16×
8, M ODE 8 × 16, M ODE 8 × 8, M ODE Intra}. After
evaluating the probable modes, the most RD-optimal mode
is selected. The analyzed sequences achieve a high accuracy,
96.76%, using this model (Table I).
B. Rate Distortion Improvement
Due to the low bit rate of depth maps, syntactical data has
a high impact. For the low rate points of the MPEG CfP
sequences, the syntactical data in depth maps accounts for
approximately 50%. Next to the complexity reduction, our
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TABLE I
ACCURACY

Poznan Hall2

accuracy (%)

TABLE III
C OMPLEXITY REDUCTION OF THE PROPOSED MODEL ( AVERAGE =71.08%)
FOR L EFT (L), C ENTER (C), R IGHT VIEW (R) AND TOTAL SEQUENCE .

OF THE PROPOSED MODEL .

Kendo

R1

R4

R1

R4

Test Sequence

L

C

R

overall

98.76

96.34

97.59

94.37

Poznan Hall2
Poznan Street
GT Fly
Undo Dancer
Kendo
Balloons
Loverbird1
Newspaper

72.62
76.10
71.61
66.15
69.16
74.91
78.87
77.38

70.80
70.35
72.43
68.29
68.49
73.00
70.29
73.64

70.81
72.16
71.66
70.55
67.90
72.45
69.29
71.22

71.16
72.18
72.03
68.46
68.45
73.20
71.59
73.41

TABLE II
N UMBER OF MACROBLOCKS FOR WHICH THE PROPOSED MODEL RESULTS
IN LESS SYNTACTICAL DATA .
Poznan Hall2

Accuracy (%)

Kendo

R1

R4

R1

R4

37.09

59.48

59.54

68.09

proposed technique is also able to reduce the mb type signaling. The syntax element mb type indicates the macroblock
type and mb skip flag indicates whether a macroblock is a
skip macroblock. Since mb type of the depth map is based
on the mode of the texture the mb type does not have to be
transmitted for every macroblock. When M ODET ex ∈ S,
the depth map macroblock type can be determined based on
the mb skip flag in the depth. When mb skip flag = 1, the
macroblock type of the depth is skipped, otherwise it will be
M ODE 16 × 16. Consequently, mb type can be omitted for
such cases. Table II shows the accuracy of this reduction for
the analyzed sequences.
Furthermore, for each macroblock an end of slice flag is
transmitted, indicating if the current macroblock is the last
macroblock of the slice. We propose to use the same slice configuration for texture and depth, so the data corresponding to
the end of slice flag should not be transmitted. Additionally,
all data corresponding to chroma prediction can be neglected.
This include the intra chroma pred mode flag and chroma
residual data.
IV. E XPERIMENTAL R ESULTS
Results are calculated on a cluster consisting of 2.27 GHz
dual quad core nodes. The software is compiled in g++ 4.1.2
for 64 bit. Each sequence is executed as a single thread. The
complexity reduction is expressed as the time saving (T S) for
encoding with our proposed model (TF ast ) compared to the
reference encoder (TOriginal ), and is given by (1).
T S (%) =

TOriginal (ms) − TF ast (ms)
TOriginal (ms)

(1)

Results of the complexity measurements can be found in
Table III, the average complexity of four rate points per
view is given because the complexity reduction is relatively
constant. The overall complexity reduction is 71.08%, so only
28.92% of the complexity is required compared to the original
encoder. Since the enhancement layer complexity depends on
M ODET ex , the complexity reductions are not constant.
Metrics to evaluate the quality of multiple 3D depth maps
are not yet commonly used and available. Therefore, the
proposed system is evaluated by the RD. Significant bit rate

gains (up to 13.52%) are noticed, while a comparable quality
is maintained. Worst case, a reduction of 2 dB is measured(33.1 dB to 31.1 dB for Newspaper). On average, 4.35%
in bit rate reduction is achieved. In general, the proposed
system results in higher bit rate reduction for low rate points
due to the impact of the syntactical data.
V. C ONCLUSIONS
To lower the cost for depth maps in 3DTV systems, the
encoding complexity and bandwidth of depth maps should
be reduced. Based on an analysis of encoded depth maps we
propose a model to reduce the number of modes for depth map
encoding depending on the selected mode in the corresponding
texture view. Because of the nature of the proposed scheme,
we are also able to reduce the bandwidth of the resulting bit
stream. An implementation of our model shows that an average
complexity reduction of 71.08% is achieved. Meanwhile, the
total bit rate for the depth maps shows an average reduction
of -4.35%, with a negligible quality loss.
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