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Abstract—We investigate the rate-distortion efficiency of motion
and disparity compensated coding for multiview video. Disparity
compensation exploits the correlation among the view sequences
and motion compensation makes use of the temporal correlation
within each view sequence. We define a matrix of pictures with N
view sequences, each with K temporally successive pictures. For
experimental coding purposes, a scheme based on H.264/AVC is de-
vised. We assess the overall rate-distortion efficiency for matrices
of pictures of various dimensions N, K . Moreover, we discuss
the impact of inaccurate disparity compensation within a matrix
of pictures. Finally, we propose and discuss a theoretical model
for multiview video coding that explains our experimental obser-
vations. Performance bounds are presented for high rates.

Index Terms—Motion and disparity compensated coding, multi-
view image sequences, video camera arrays.

|I. INTRODUCTION

ODAY'’S advances in display and camera technology en-
able new applications for 3-D scene communication. In
free viewpoint video, image sequences recorded simultaneously
with multiple cameras are transformed into a special data rep-
resentation that enables interactive 3-D navigation through the
dynamic scene [1]. Driven by multiview video, autostereoscopic
3-D displays can produce both stereo and movement parallax
with a small number of views [2]. Other researchers have ex-
perimented with densely packed camera arrays [3]. Large video
camera arrays may also be part of a 3-D TV system which en-
ables users to view a distant 3-D world freely [4]. Such sys-
tems may be based on a ray-space representation as used for
free viewpoint television (FTV) [5], [6]. Others may utilize the
concept of a multivideo-plus-depth data representation [7]. An
overview of 3-D video and free viewpoint video is given in [8].
For coding and transmission of multiview video, statistical
dependencies within the multiview imagery have to be ex-
ploited. The captured images are characterized by disparities
between views and motion between temporally successive
frames. These are important parameters of the dynamic scene.
The problem of structure and motion estimation in multiview
teleconferencing-type sequences is discussed in more detalil
in [9]. To achieve a good tradeoff between scene quality and
N views, each withK” temporally successive pictures and its
Manuscript received January 20, 2007. This work was supported by the Mlggpact on the overall coding perfo'rmance. Finally, the‘?e model
Planck Center for Visual Computing and Communication. This paper was pf@Sults are compared to data obtained from actual coding exper-
sented in part at the Picture Coding Symposium, Beijing, China, April 200fiments with selected multiview video sequences. To emphasize
is appealing. . o o the experimental observations, this paper rst presents the ex-
The rate-distortion ef ciency of multiview video coding is . . .
perimental results. Then, we study the observations in more de-

of great interest. For single-view video coding, theoretical per-
formance bounds have been established for motion-compen- tail with the help of the mathematical model.
sated prediction [19] as well as motion-compensated subband

coding [20]-[22]. Obviously, the simplest approach to mult351-8215/$25.00 © 2007 IEEE

view coding is to encode the individual video sequences inde-

pendently [23]. But for ef cient multiview video coding, the

similarity amona the views should also to be taken into ac-
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Fig. 8. Rate difference to independent encoding of each view sequence versus temporal GOP size K for eight view sequences of (left) histogram matched Ballet
and (right) original Ballet. The performance is plotted for a GOV size of N 2,4, and 8, where NV is the reference. Both disparity and motion compensation
are quarter-pel accurate. The PSNR is 40 dB.
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Fig.9. Rate difference to independent encoding of each view sequence versus temporal GOP size X for eight view sequences of (left) histogram matched Ballroom
and (right) Racel. The performance is plotted for a GOV size of N 2, 4, and 8, where [NV is the reference. Both disparity and motion compensation are
quarter-pel accurate. The PSNR is 40 dB.
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Fig. 10. Rate difference to independent encoding of each view sequence versus temporal GOP size K for eight view sequences of (left) Breakdancers and (right)
Exit. The performance is plotted for a GOV size of N 2, 4, and 8, where NV is the reference. Both disparity and motion compensation are quarter-pel
accurate. The PSNR is 40 dB.

the rst view. We assume that the position of each camera is  vector at each time instant. For example, consider the multiview
constant in time. Hence, we observe the same disparity error video of a resting object. As the displacement errors are zero,
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Fig. 12. Rate difference to independent encoding of each view sequence versus disparity ingt@frdigparity compensation for GOV sizes Wf. The
displacement inaccuracyof motion compensation amoig = 8 picturesis 2 (quarter-pel accuracy) and the RMVNL is10 dB. The RVNL is (left) 30 dB
and (right) 10 dB.

parameters like the size of the MOP or the accuracy of the eigensignals for independent coding, for Gaussian wide-
disparity compensation. This will help us to explain the expesense stationary signals for the same mean square reconstruc-
imental observations. tion error [40].

At high rates, rate-distortion bounds can be determined by asin the following, we plot the average rate difference for GOV
suming optimal transform coding with the KLT. For that, we calsize  to independent coding of view sequences as a function
culate the eigenvalues ofthe PSD matrix ~ in(4). Note that of the temporal GOP size as well as of the disparity inaccu-

the eigenvalues of a matrix resulting from a Kronecker produdcy . For both graphs, theesidual video
are simply the Kronecker product of the eigenvalues of the indioise level is 30 dB, which is typical
vidual factors. The eigenvalues of are for low-motion video sequences. We show both graphs also for
and . ahighresidual video noise level ofLt0 dB. Theresidual multi-
The eigenvalues of are and view noise level is 10 dB re ecting
. Hence, the normalized eigenvalues o# large disparity model error to capture new scene content. Note
with their respective occurrences are that the root picture is normalized as . The motion in-
accuracy o is a function of the variance of
the displacement error components. The value repre-
- sents integer-pel accuracy, half-pel accuracy,

quarter-pel accuracy, etc. For the graphss chosen to be
®) Fig. 12 depicts the average rate difference to independent en-

_ *coding of each view sequence over the disparity inaccurady
The reference coding scheme encodes the sequences '”deﬁﬁ'ﬁarity compensation for a temporal GOP size of . The
dently a_nd does not .exploit the correlation across theiews. RyNLis (left) 30dBand (right) 10 dB. Toimprove the read-
Hence, it encodes eigenvalues  as follows: ability of the graph, the disparity inaccuracy —

is a function of the variance of the disparity error components
—_— 9) . The value represents integer-pel accuracy,

half-pel accuracy, quarter-pel accuracy, etc. We observe
that for each GOV size the rate efciency over independent
encoding improves for more accurate disparity compensation.

We assess the performance of the multiview video codirld!!S Improvement is larger if we perform disparity compen-

scheme by using the average rate difference to independent¥#ion among views when compared to compensation
coding of  view sequences among views only. Experimental results in Figs. 4 and

6 show the same effect.
Fig. 13 depicts the rate difference in bit per sample per camera
—_— — - _ (10) toindependent encoding of each view sequence versus temporal
GOP size for various GOV sizes . The RVNL is (left)
30 dB and (right) 10 dB. The displacement inaccuracy
It represents the maximum bit rate reduction (in bit/samplef motion compensation among pictures as well as the dis-
camera) possible by optimum encoding of the eigensignalsparity inaccuracy of disparity compensation among views
the case of joint coding, compared to optimum encoding &f 2 (quarter-pelaccuracy). We observe that the coding scheme

Note that the eigenvalues sum to
for both schemes.
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Fig. 13. Rate difference to independent encoding of each view sequence versus temporal GOP size K for groups of N views. The displacement inaccuracy 3
of motion compensation among X pictures as well as the disparity inaccuracy ¥ of disparity compensation among N views is —2 (quarter-pel accuracy). The

RMVNL is —10 dB. The RVNL is (left) —30 dB and (right) —10 dB.

with a temporal GOP size of K = 8 and GOV size of N = 8
shows a much smaller improvement over its reference scheme
with K = 8 and N = 1 than the coding scheme with a temporal
GOP size of K = 2 and GOV size of N = 8 over its reference
scheme with K = 2and N = 1. This effect becomes weaker for
smaller GOV size N. Experimental results in Figs. 8—10 show
the same effect.

Note that there is a tradeoff when exploiting the correlation
in temporal and view direction. If the residual video noise level
is small, the reference coding scheme performs ef ciently when
exploiting temporal correlation. Hence, only a small margin
is left for multiview video coding. On the other hand, if the
residual video noise level is large, the reference coding scheme
performs poorly when exploiting temporal correlation. Hence,
a large margin is left for multiview video coding.

C. Special Cases

Finally, we are interested in the performance bound for very
large MOP sizes, i.e., very large temporal GOP sizes K and
GOV sizes N. In the limit, the eigenvalues Az(w) and Ay (w)
dominate the average rate difference

ARy oo = 4%_
[ (1, Lta) PWIL G+
_[_[ 2 log, 1+ a(w) Pw)+vy(w) dw. (1)

Obviously, if we choose additionally very inaccurate dis-
parity compensation, i.e., ¥ — , and hence, G(w) — 0, the
average rate difference approaches zero

ARN, s =0. (12)

This is reasonable as very inaccurate disparity compensation
is not able to exploit the view correlation. A joint coding scheme
with such an inaccurate disparity compensation will not provide

any bene t. On the other hand, very accurate disparity compen-
sation, i.e., ¥ — , and hence, G(w) — 1, will offer rate
savings according to

A-RN, o00;G 1

1
a1z

With very accurate motion and disparity compensation, i.e.,
P(w) — 1 and G(w) — 1, the performance bound for very
large MOP sizes simpli es to

1 [ [1 ~y(w)
ARy, wpc 1= | [ 5log ——l —dw.
N, PG 1 4 2 / / 2 Og2 a(t/.)) 'Y(W) w

7(w)
P(w) +7(w)

dw. (13)

3

11
g 082 1+ a(w)

3

—T =T

(14)

Thus, the average rate difference depends on the relative
strength of video noise and multiview noise. In case the nor-
malized power spectral density of the video noise is equal to
that of the multiview noise, i.e., a(w) = y(w), the average rate
difference to independent encoding is 0.5 bit per sample per
camera. This can be seen in the right plot of Fig. 13.

If the multiview noise is substantially larger than the video
noise, joint encoding provides only a limited advantage over in-
dependent encoding. On the other hand, if the multiview noise
is substantially smaller than the video noise, joint encoding of-
fers a substantial bene t over independent encoding of the view
sequences.

IV. CONCLUSION

We experimentally and theoretically study the problem of
coding N multiview video sequences. We de ne a matrix of pic-
tures with N view sequences, each with K temporally succes-
sive pictures. We devise a coding scheme based on H.264/AVC
and utilize histogram matching to compensate for inter-view in-
tensity variations. For groups of IV views (GOV), we discuss the
impact of both inaccurate disparity compensation and temporal
GOPsize K on the overall rate-distortion ef ciency. We observe
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that the ef ciency improves with accurate disparity compen-
sation. Moreover, the relative ef ciency grows with increasing
GOV size N. But with increasing temporal GOP size K, the rel-
ativeef ciency grows slower with GOV size N. Finally, we pro-
pose and discuss a high-rate model for multiview video coding
that explains our experimental observations.
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