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ABSTRACT

In this paper we introduce a new type of asymmetric multi-
view video coding, when H.264/AVC is used for even views,
while 3-D DWT is used for odd views. Taking into account
that block-based motion estimation in H.264/AVC provides
better visual quality for fast moving objects while wavelet
scheme is free from blocking artifacts and provides better
quality for background, we experimentally show that the
human visual system is able to fuse the different distortions
so that the subjective quality of the proposed asymmetric
scheme is always higher than the average sum of quality for
3-D DWT and H.264/AVC, and in some cases can be even
better than the quality resulting from the use of H.264/AVC
for all views. Herewith, the computational complexity is
reduced by up to 35%.

1. INTRODUCTION

A real-time multi-view video capturing, coding and stor-
age/transmission are an important components of new ap-
plications such as 3D television, free viewpoint video, 3D
videoconferencing [1], multi-view video surveillance [2],
3D Reconstruction of under water images using multi-view
cameras [3] and so on. In these applications a scene is cap-
tured simultaneously by several video cameras generating
a huge amount of data. For example, uncompressed multi-
view video source with 8 views, 640×480 frame resolution
and frame rate 30Hz requires more than 880 Mbps channel
rate which exceeds throughputs of majority existing wire-
less and wired channels. A real-time storage of the long
time uncompressed multi-view video is also a challenge, be-
cause it requires special architectures including a high data
rate bus and hard drives with large capacity and high speed
of data writing. Thus data compression is needed for trans-
mission as well as for storage of multi-view data.

Since all the cameras capture the same scene, a high
inter-view similarity can be exploited for an efficient com-
pression. In the multi-view extension of the H.264/AVC
standard (or H.264/MVC) this is achieved by using a com-
bined temporal/inter-view prediction, which allows to re-
duce the video bit rate up to 50% [4] in comparison with

simulcast case when all the views are compressed indepen-
dently exploiting the video source temporal and spatial re-
dundancies only. In the wavelet-based video coding a simi-
lar compression improvements are achieved due to an ad-
ditional disparity-compensated view filtering utilizing the
inter-view correlations [5, 6]. However, due to high compu-
tational complexity, the techniques described above can be
used either for off-line coding, or for compression of multi-
view video with small frame resolution/frame rates/views
number or require a special equipment like multi-core plat-
forms, CUDA, GPU’s etc [7, 8, 9, 10]. Therefore, the devel-
opment of low-complexity algorithms which can be used for
real-time multi-view video encoding with high frame reso-
lution and a large number of views is a very important issue.

In this paper we extend our previous work related to a
mono-view video compression based on the three-dimensional
discrete wavelet transform (3-D DWT) [11], propose a low-
complexity multi-view video coding with global disparity
compensation and inter-view wavelet transform with cyclic
shifting of the video frames and use this scheme as a basic
multi-view video encoder based on 3-D DWT. In addition to
the previously proposed temporal, spatial and PSNR asym-
metric multi-view video coding [12, 13, 14] we propose
a new type of asymmetric multi-view video coding, when
H.264/AVC in low-complexity mode is used for even views,
while 3-D DWT is used for odd views in each stereo pair.
We show that, in comparison with the case when H.264/AVC
is used for all views, the proposed asymmetric coding re-
duces the computational complexity by up to 35% and pro-
vides similar or even better subjective quality.

The rest of the paper is organized as follows. Section 2
introduces the basic multi-view video encoding scheme based
on 3-D DWT. Section 3 proposes a new type of asymmetric
multi-view video coding. Simulations results is presented
in Section 4. Finally, conclusions are drawn in Section 5.

2. THE BASIC MULTI-VIEW VIDEO CODING
SCHEME

In this paper we use an extension of mono-view video codec
based on 3-D DWT proposed by the authors in [11]. First, a
group of frames (GOF) of length N of each view are accu-
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Fig. 1: The basic multi-view video coding scheme
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Fig. 2: Illustration of cyclic shifting for inter-view transform. a) Left view b) Right view c) Right view after cyclic shifting

mulated in the input frame buffers (see Figure 1). Then, for
each view, a one-dimensional multilevel Haar transform of
length N in the temporal direction is applied. For inter-view
redundancy removal we also use multilevel Haar transform
in the following way. At the first level of decomposition the
disparity between low-frequency temporal frames of luma
component is estimated for each pair of nearest views. For
low-complexity coding we use a simple global linear dispar-
ity model with horizontal dx and vertical dy components.
The minimum number of bits which is needed for lossless
compression of the differential frame by entropy encoder is
used as estimation criteria. To avoid the use of directional
transforms and appearance of uncovered areas we propose
to use cyclic shifting for one low-frequency temporal frame
in decomposition pair. Figure 2 illustrates this approach,
when the horizontal and vertical disparity between left and
right views are dx = 11, dy = 0. Here, the right 11 columns
of the right view are placed at the left side of this view, or
cyclically shifted. After that we apply Haar decomposition
for left and modified right views. Then we repeat the de-
scribed above approach for the second and subsequent de-
composition levels. Finally, the encoder chooses one of the
following options for each spatial subband:

1. It permits a calculation of 2-D spatial transform, se-
lects the Lagrange multiplier (which defines the rate-
distortion trade-off for the subband) and then permits
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Fig. 3: Example of wavelet subbands encoding order

an entropy encoding for the subband;

2. It prohibits a calculation of the 2-D spatial DWT and
entropy coding for the subband. At the decoder side,
the corresponding transform coefficients in the sub-
band are considered to be zero.

To realize it, all frames in the GOF of each view are pro-
cessed starting from low-frequency to high-frequency tem-
poral frames. For each frame, the spatial subbands are also
processed from low-frequency to high-frequency spatial sub-
bands (see Figure 3). From the rate-distortion point of view
it can be more efficient to not include the highest signifi-
cant bit-plane into the output bit stream. In this situation the
encoder is wasting computational resources to calculate the
2-D DWT and to form a subband bit stream which is not in-
cluded in the output bit stream. Therefore, it is important to
find a criterion which can guarantee with a high probability
that the current subband will be skipped before processing
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Fig. 4: A posteriori skipping approach

of this subband. In [11, 15] the authors have proposed the
following criteria. If for any subband of the current view,
the Lagrange sum is minimized when the current subband
bit stream is not included in the output bit stream, then

1. All corresponding temporal-spatial child-subbands in
this view are skipped.

2. All corresponding spatial subbands in sequel views
(with its child subbands) are skipped as well.

Figure 4 illustrates the skipping approach for three views
and a GOF size N = 4 with two-level temporal and two
level spatial wavelet decomposition. Frames after tempo-
ral wavelet decomposition are denoted as L1, H1, H0, H0,
where L1 is the low-frequency frame. In this example, if the
spatial subband HH1 in the frame H1 of view 0 is skipped
then the corresponding child-subbands HH0 in the frame
H1, HH1 and HH0 in the frames H0 are skipped without
any processing. Additionally, corresponding HH1 subbands
in views 1 and 2 are skipped together with their child sub-
bands.

3. ASYMMETRIC DCT/DWT MULTI-VIEW VIDEO
CODING

As it was shown in our previous works [11, 15], under the
given bit rate constraint the proposed 3-D DWT codec is
significantly less complex than x264 for the same objective
quality. However, during the subjective quality assessment
test we found that artifacts, introduced by the wavelet trans-
form, especially ”ghosting” effects at moving objects, can
be more annoying to the subjects compared to traditional
blocking and motion compensation artifacts introduced by
the x264, even if the PSNR value achieved by the 3-D DWT
codec is higher.
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Fig. 5: The proposed asymmetric DCT/DWT multi-view
video coding example for 4 views

In order to overcome this problem we propose a new
type of asymmetric multi-view video coding, when x264 is
used for even views, while 3-D DWT is used for odd views
in each stereo pair (see Figure 5). The motivation behind
this approach is the fact that the block-based motion estima-
tion in x264 provides better visual quality for fast moving
objects while wavelet scheme is free from blocking artifacts
and provides better quality for the background (see Figure 6
or detailed illustration in [21]). Herewith, the complexity of
the asymmetric scheme should be less than complexity of
x264 codec when it is used for all views.

4. SIMULATION RESULTS

For performance comparison we have used x264 codec [18]
which, as shown in [19], provides close to optimum rate-
distortion performance for the H.264/AVC standard when
the computational complexity is significantly restricted. There-
fore, this codec can be used as an upper bound of the rate-
distortion performance which can be achieved by H.264/AVC
standard in a low complexity case. x264 codec was run in
a very low complexity mode (ultrafast preset) which cor-
responds to the Baseline profile of H.264/AVC with intra-
frame period 16. The proposed codec was run with GOF
size N = 16 using the Haar wavelet transform in the tem-
poral direction and the 5/3 spatial lifting wavelet transform
at three decomposition levels1.

Subjective quality evaluation was conducted for Kendo
(4 views) [16] and Ballroom (8 views) [17] multi-view videos.
For the test unification, all sequences were converted to 640×
480 frame resolution (if needed). For subjective visual qual-
ity assessment the DSCQS method [20] was applied. All
tested videos were played back on Hyundai LCD display,
model VVuon E425D, with preliminarily re-scaling to the

1The codec can be found at http://www.cs.tut.fi/

˜belyaev/3d_dwt.htm



Table 1: Performance comparison for 1000 kbps per view
Ballroom KendoCoding scheme

Y-PSNR, dB MOS bit rate, kbps complexity,
cpp

Y-PSNR MOS bit rate complexity,
cpp

3-D DWT for all
views

33.66 58±7 1000 36 36.36 61±8 1000 38

x264 ultrafast for
all views

32.53 83±8 984 105 37.73 84±5 951 110

Asymmetric
x264/3-D DWT

33.10 69±7 992 70 37.31 81±6 975 74

Table 2: Performance comparison for 500 kbps per view
Ballroom KendoCoding scheme

Y-PSNR, dB MOS bit rate,
kbps

complexity,
cpp

Y-PSNR, dB MOS bit rate,
kbps

complexity,
cpp

3-D DWT for all
views

31.07 38±7 502 25 33.15 36±7 500 28

x264 ultrafast
for all views

29.76 42±11 538 96 34.46 49±7 499 97

Asymmetric
x264/3-D DWT

30.41 45±7 520 60 33.87 52±7 500 62

display resolution 1920×1080 keeping the original horizontal-
to-vertical aspect ratio. 17 male and 6 female have partic-
ipated in the tests. All subjects have no prior significant
experience with 3D video and coding artifacts. At the be-
ginning of the test each subject watched other 3D videos for
a few minutes until 3D perception had been felt. During the
test each subject was seated in front at a distance of 3 me-
ters from the display. In case a person was wearing normal
glasses or contact lens, he was asked to wear the 3D polar-
ization glasses on top without removing them. The mean
opinion score (MOS) refers to the average of the scores of
all assessors and was normalized within the range of 0–100.

As a complexity metric we use the number of CPU cy-
cles per pixel (cpp) which is needed for compression of the
video by the processor Intel Core i3M 2.1 GHz. Average
CPU Cycles software2 was used for the measurement. In
all cases, the CPU cycles were measured without any use of
processor oriented software optimization techniques such as
assemblers.

Tables 1–2 show the objective quality (Y-PSNR), sub-
jective quality (MOS), bit rate per view and complexity com-
parisons for different coding schemes. The results show that
the human visual system is able to fuse the different distor-
tions so that the subjective quality of the proposed asymmet-
ric scheme is always higher than the average sum of qual-
ity for 3-D DWT and x264, and in some cases, it produces
even a higher quality video compared to the case when x264

2http://user.tninet.se/˜jad615g/averagecpu/

is used for all views (see results at 500kbps). Herewith,
the complexity of the asymmetric scheme is about 35% less
than that of x264 codec.

5. CONCLUSION

In this paper, we have proposed a novel DCT/DWT asym-
metric multi-view video coding approach. Due to the fusion
of the DCT and DWT distortions by the human visual sys-
tem, its subjective quality is better than 3-D DWT and sim-
ilar or better than H.264/AVC. Herewith, its complexity is
about 35% less than H.264/AVC. Therefore, the DCT/DWT
asymmetric multi-view video coding can be more preferable
in many applications where real-time multi-view video cap-
turing, encoding, and storage or transmission are needed.
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