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ABSTRACT 
Based on the idea to exploit the statistical dependencies 
from both temporal and inter-view reference pictures for 
motion compensated prediction, this paper presents a sys-
tematic evaluation of multi-view video coding with opti-
mized prediction structures. The compression method is 
based on the multiple reference picture technique in the 
H.264/AVC video coding standard.  The advantages of hier-
archical B pictures for temporal prediction are combined 
with inter-view prediction for different temporal hierarchy 
levels, starting from simulcast coding with no inter-view 
prediction up to full level inter-view prediction. When using 
inter-view prediction at key picture temporal level average 
gains of 1.4 dB PSNR are reported, while additionally using 
inter-view prediction at non-key picture temporal levels av-
erage gains of 1.6 dB PSNR are reported. For some cases 
gains of more than 3 dB, corresponding to bit rate savings of 
up to 50%, are obtained. 

1. INTRODUCTION 

The development of new applications for natural video 
scenes is one of the most promising fields for the employ-
ment of 3D techniques. Rising interest in 3D television 
(3DTV) and free viewpoint video (FVV) lead to the promo-
tion of these types of new media [1][2]. While FVV allows 
for interactive selection of viewpoint and direction within a 
certain operating range as known from computer graphics, 
3DTV offers three-dimensional depth impression of the ob-
served scenery. Both technologies do not exclude each other 
and can be combined within a single system. Such applica-
tions are enabled through convergence of technologies from 
computer graphics, computer vision, multimedia and related 
fields on one hand and by research and development, re-
garding the complete processing chain from capturing, rep-
resentation, compression, transmission to interactive presen-
tation on the other. 

Efficient compression techniques are essential for realiz-
ing such applications, because most of them employ multiple 
camera views of the same scene, often referred to as multi-
view video (MVV). Basically MVV creates large amounts of 
data to be stored or transmitted, but contains a large amount 
of inter-view statistical dependencies, since all cameras cap-
ture the same scene from different viewpoints. These can be 
exploited for combined temporal/inter-view prediction, 

where images are not only predicted from temporally 
neighboring images but also from corresponding images in 
adjacent views [3]-[6], referred to as multi-view video coding 
(MVC). The overall structure of MVC defining the interfaces 
is illustrated in Fig. 1. Basically the multi-view encoder re-
ceives N temporally synchronized video streams and gener-
ates one bit-stream. The multi-view decoder receives the bit-
stream, decodes and outputs the N video signals. 

Various researchers have reported their results in the 
field of multi-view video coding. Besides approaches for 
efficient compression, appropriate image correction methods 
[7] as well as an analysis of potential gains from combined 
temporal/inter-view prediction [8] have been presented. Fur-
ther, scene geometry can be exploited to improve compres-
sion efficiency. Based on disparity or depth estimation view-
interpolation or 3D warping can be performed as additional 
source for inter-view prediction [9][10]. To ensure interop-
erability between different systems, standardized formats for 
data representation and compression are necessary. These 
interchangeable formats are typically specified by interna-
tional standardization bodies such as the ISO/IEC JTC 1 
Moving Picture Experts Group (MPEG) [11]. Currently a 
new MPEG standard for MVC is developed, which is sched-
uled to be finalized in early 2008. 

2. PREDICTION STRUCTURES 

In this section the configurations, properties and features of 
the different developed prediction structures for MVC are 
presented, starting from temporal prediction up to inter-view 
prediction over the complete multi-view sequence. 

Figure 1 – Overall structure of a MVC system 
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The main goal of MVC is to provide significantly in-
creased compression efficiency compared to individually 
encoding all video signals. Therefore encoding all views us-
ing H.264/AVC [12] with the same test conditions was con-
sidered as the reference (anchors) for coding performance 
comparison. Encoding was done using typical settings and 
parameters with an IBBP… picture coding structure and the 
resulting decoded video signals serve as reference for objec-
tive and subjective evaluations. 

 
2.1 Temporal Prediction 
Encoding and decoding each view of a multi-view test data 
set separately can be done with any existing standard-
conforming H.264/AVC codec. This would be a simple, but 
inefficient way to compress multi-view video sequences, 
due to not exploiting the inter-view statistical dependencies.  

Since the IBBP… structure used for anchor coding is 
not the most efficient temporal prediction structure possible 
with H.264/AVC, this section introduces the concept of hi-
erarchical B pictures (see [13] for a detailed description). 
These types of prediction schemes benefit from the in-
creased flexibility of H.264/AVC at picture/sequence level 
in comparison to former video coding standards through the 
availability of the multiple reference picture technique. A 
typical hierarchical prediction structure with three dyadic 
hierarchy stages is depicted in Fig. 2. The first picture of a 
video sequence is intra-coded as IDR picture and so-called 
key pictures (black in Fig. 2) are coded in regular intervals.  
A key picture and all pictures that are temporally located 
between the key picture and the previous key picture are 
considered to build a group of pictures (GOP), as illustrated 
in Fig. 2 for a GOP of eight pictures length. 

The concept of hierarchical B pictures can easily be 
applied to multi-view video sequences as illustrated in Fig. 3 
for a sequence with eight cameras and a GOP length of 8, 
where Sn denotes the individual view sequences and Tn the 
consecutive time-points. To allow synchronization and ran-
dom access all the key pictures are coded in intra mode.  

Simulcast coding with hierarchical B pictures will be used 
as a reference to compare highly efficient temporal predic-
tion structures with prediction structures that additionally 
use inter-view prediction. 
 
2.2 Inter-view Prediction for Key Pictures 
A universal property of video coding based on motion-
compensated prediction is that coding pictures in intra 
mode, where no reference pictures are available for predic-
tion, results in considerable higher bit rates than in inter 
prediction [12]. Consequently replacing intra-coded I pic-
tures with inter-coded P or B pictures has the potential to 
achieve a substantial coding gain. 

Adapting this approach to the multi-view video example 
of Fig. 3 leads to the prediction scheme in Fig. 4. The predic-
tion structure of the first view S0 remains to be temporal pre-
diction and is called base view, as it is identical to the simul-
cast prediction structure with hierarchical B pictures for tem-
poral prediction only. However, for the other views all intra-
coded key pictures are replaced by inter-coded pictures using 
inter-view prediction. For the remaining pictures of each 
GOP the prediction structure does not change and remains 
temporal prediction with hierarchical B pictures. Furthermore 
synchronization and random access features are provided by 
still coding the key pictures of the base view in intra mode. 

Introducing this prediction scheme has a fundamental 
effect on the encoding and decoding process. As a conse-
quence of using inter-view prediction the video sequences of 
individual views Sn can not be processed independently any 
more as they share reference pictures and rather have to be 
either interleaved into one bit-stream for sequential process-
ing or signaled and stored in a shared buffer for parallel 
processing. 

Fig. 5 presents alternative coding structures for multi-
view video data with inter-view prediction for key pictures. 
It depicts the inter-view reference frame selection at the tem-
poral level of key pictures, and again for a data set with 
eight linearly arranged camera views. The left figure repre-
sents the prediction structure of Fig. 4 which will be referred 
to as KS_IPP prediction mode. Since the base view position 
is not necessarily determined to be the first view, the middle 
figure illustrates a variation of the upper scheme, referred to 
as KS_PIP mode. This configuration, where the base view is 
one of the centre views, might benefit from the fact that not 
one but two of the inter-view predicted key pictures directly 

 
Figure 2 – Hierarchical reference picture structure for temporal 

prediction 

 
Figure 3 – Temporal prediction using hierarchical B pictures

 
Figure 4 – IPP inter-view prediction for key pictures 
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use the I picture as reference. The right figure presents a true 
alternative, because in addition to temporal prediction it uses 
B pictures also to inter-view prediction, called KS_IBP 
mode. Again, this prediction structure might have coding 
efficiency advantages over the other configurations, as the 
experimental results for hierarchical B pictures with tempo-
ral prediction indicate [13], but for the disadvantage of being 
more complex. 

 
2.3 Inter-view Prediction for Non-Key Pictures 
Analyses of temporal and inter-view prediction efficiency in 
MVV data sets indicate that using temporal and inter-view 
reference frames at the same time, has the potential to im-
prove coding efficiency. In order to exploit all statistical 
dependencies within a multi-view test data set, inter-view 
prediction can be extended to non-key pictures. 

Fig. 6 illustrates how the advantages of hierarchical B 
pictures can be combined with inter-view prediction, without 
any changes regarding the temporal prediction structure. 
Again, the example shows a multi-view sequence with eight 
cameras and a GOP length of 8. At key picture level and for 
view S0 the prediction structure is identical to the right 
scheme in Fig. 5, but for all non-key pictures inter-view ref-
erence pictures are additionally used for prediction. Accord-
ing to the prediction structure of key pictures, prediction is 
extended by two inter-view reference frames for every sec-
ond view. View S7 demonstrates how inter-view prediction is 
realized with just one reference view, for example if using an 
IPPP… structure at key picture temporal level. In contrast to 
the prediction structures of Fig. 4, where the maximum num-
ber of reference pictures is two, now the non-key pictures 
have up to four references. Thus coding efficiency is im-
proved, but at the cost of increased coding complexity.  

Synchronization and random access features are still 
provided by coding the key pictures of the base view in intra 

mode. Furthermore backward compatibility is provided by 
these prediction structures, as the base view can be extracted 
and the resulting bit-stream is conforming to the H.264/AVC 
standard. 

3. EXPERIMENTAL RESULTS 

The prediction structures and coding schemes presented in 
this paper have been developed in the context of a 
MPEG/JVT standardization project for MVC, which defines 
most of the requirements as well as test data and evaluation 
conditions [14][15]. Therefore the next section explains how 
experiments with the presented MVC prediction structures 
can be implemented and how to configure them in order to 
achieve comparable results. In a second section the experi-
mental results are presented and analyzed.  

 
3.1 Setup of coding experiments and test conditions 
The most important aspect regarding the coding experiments 
using the prediction structures presented in section 2 is that 
they can be carried out with a standard-conforming 
H.264/AVC encoder with an extended amount of memory 
for reference pictures. For that the multi-view video se-
quences are combined into one single uncompressed video 
stream as illustrated in Fig. 7, using a specific scan. This 
uncompressed video stream is used as the input of the 
H.264/AVC encoder software and the resulting bit-stream as 
the input of the decoder software respectively. Afterwards 
inverse reordering is applied to the decoded video stream in 
order to separate the individual view sequences. 

The prediction structure itself is controlled by appro-
priate settings of the encoder’s parameters for reference pic-
ture selection and memory management. Because this is 
pure encoder optimization, the resulting bit-stream is stan-
dard-conform and can be decoded by any standard 
H.264/AVC decoder. The only change this approach requires 
relative to a conforming H.264/AVC codec is the increase of 
the Decoded Picture Buffer (DPB) size to store all reference 
pictures necessary for prediction with the proposed struc-
tures, and a potentially larger number of output pictures per 
second than the currently allowed 172 frames in 
H.264/AVC. All the presented experiments and results are 
based on the eight test data sets together with the coding 
conditions specified by MPEG. Therefore the multi-view 
prediction schemes are adapted to the specific camera ar-
rangements of the test data sets as well as the random access 
specifications by customizing the GOP length. 

 
Figure 5 – Alternative structures for inter-view prediction 

 
Figure 6 – Hierarchical inter-view prediction for all pictures 

 
Figure 7 – Frame interleaving for compression with H.264/AVC 
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3.2 Objective Evaluation 
Example results using the different prediction structures of 
section 2 are shown in Fig. 8. The PSNR-Y values are plot-
ted over bit rate as the average over all views of a data set. 
In Fig. 8 Anchor refers to the reference IBBP… coding pro-
vided by MPEG, Simulcast to simulcast coding with hierar-
chical B pictures, KS_IPP/KS_PIP/KS_IBP to the three al-
ternative multi-view structures for key picture inter-view 
prediction and MVC to multi-view coding with inter-view 
prediction for both key and non-key pictures. Apparently all 
those schemes using inter-view prediction outperform the 
ones using no inter-view prediction. However a good por-
tion of the gain already originates from temporal prediction 
with hierarchical B pictures, the results show that exploiting 
inter-view statistical dependencies by multi-view prediction 
structures significantly improves compression performance 
for these two multi-view sequences. 

In order to sum up the objective results of all the tested 
multi-view data sets, Fig. 9 presents the average PSNR im-
provements between each of the proposed prediction struc-
tures and Anchor coding, calculated from the difference of 
PSNR-Y values at three fixed bit rates. Depending on the 
specific sequence, coding improvements up to 3.2 dB are 
obtained, but basically depend on the temporal and inter-
view correlations. These correlations are strongly influenced 
by attributes like temporal and spatial density as well as 
scene complexity. For example for the Uli test sequence 
almost no gain has been achieved, as the inter-view statisti-
cal dependencies are limited, or the encoder is not able to 
exploit them, because of too large disparities between the 

pictures of neighboring camera views that result in ex-
tremely large motion vectors, causing high bit rates. 

Although the MVC prediction structure achieves the 
highest average coding gain of 1.6 dB, the comparison to the 
KS_xxx prediction structures (1.4 dB in average) shows that 
additionally predicting from inter-view references for non-
key pictures does not always perform better, e.g. Exit and 
Race1 in Fig. 9. In fact, this is not so much related to 
whether or not employing inter-view prediction for non-key 
pictures, but to having an inter-view prediction structure 
using hierarchical B pictures at key picture temporal level. 
For some sequences, prediction over two views and cascad-
ing the QPs according to prediction hierarchy levels turns 
out to be a disadvantage and if so, always both KS_IBP and 
MVC perform worse than KS_IPP/KS_PIP.  

Regarding the quality distribution among the individual 
views, basically multi-view data sets with larger camera 
distance and higher scene complexity, e.g. the Race1 se-
quence, show larger deviations, while sequences like Rena 
with very small camera distance show small deviations due 
to more similar content across all the views. Besides these 
data set dependent aspects, the quality distribution is also 
affected by the inter-view prediction structure. The corre-
sponding experiments confirm, that using an inter-view pre-
diction structure with hierarchical B pictures at key picture 
temporal level results in larger deviations. In addition to 
that, the aspect of coding complexity should be mentioned. 
Unsurprisingly, for the eight tested multi-view data sets the 
average encoding complexity for MVC is almost three times 
higher than for those structures that omit inter-view predic-
tion for non-key pictures, as motion-compensated prediction 
from inter-view reference pictures is required. 

Overall the presented results clearly indicate the pros 
and cons of this multi-view video coding approach. By addi-
tionally using inter-view reference pictures for disparity-
compensated prediction an average gain of 1.5 dB is 
achieved, but for some test data sets, such as the Uli se-
quence, neither of the tested prediction structures resulted in 
a significant coding gain. One problem with multi-view 
video coding is illumination and color inconsistency be-
tween the camera sequences, which affects the exploitation 
of inter-view statistical dependencies. Usually such effects 
should be minimized by proper setting of the conditions, but 
a MVC algorithm should be able to cope with this as well, 

 
Figure 8 – PSNR results (top: Ballroom, bottom: Race1 sequence) Figure 9 – Average coding gains 
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since perfect white-level and color balancing of the input 
can not be guaranteed. For MVC compensation of differ-
ences in illumination and color can be realized by modifying 
the prediction process of H.264/AVC on a block level 
[16][17], whereby additional coding gains of up to 0.6 dB 
are reported.  

4. CONCLUSIONS 

The presented prediction structures for multi-view video 
coding are based on the fact that multiple video streams, 
showing the same scene from different camera perspectives, 
show significant inter-view statistical dependencies. The 
combined temporal and inter-view prediction structures util-
ize inter-view prediction at different degrees, without losing 
the advantages of temporal prediction with hierarchical B 
pictures. The resulting multi-view prediction structures have 
the advantage of achieving significant coding gains and be-
ing highly flexible regarding their adaptation to all kinds of 
spatial and temporal setups at the same time. These predic-
tion structures for multi-view video coding are very similar 
to H.264/AVC and require only minor syntax additions. Be-
sides the presented sequential processing approach of the 
interleaved multi-view video sequences, parallel processing 
is supported as well. For this purpose multiple parallel en-
coder/decoder instances are combined in one framework that 
supports shared memory buffers and signaling for inter-view 
reference pictures.  

Besides the problem with color and illumination incon-
sistencies the occurrence of large disparities between the 
different views of multi-view video sequences is an essential 
problem of multi-view video coding. The difficulties with 
large disparities concerning coding efficiency could be over-
come by depth-based view interpolation prediction [9][10]. 
The idea is to estimate depth either at the encoder, which 
requires overhead for sending the depth, or the decoder(this 
may reduce estimation accuracy because only decoded sig-
nals are available), and to perform view interpolation or 3D 
warping for prediction. For example, if every other view is 
transmitted in a first step and depth information is available, 
it is possible to generate intermediate views from these data 
in a second step. Such an interpolated view might not be 
perfect for the whole image in terms of picture quality, but it 
might provide a useful additional source for prediction with 
significantly reduced disparity (ideally without any). Algo-
rithms for both view interpolation prediction and illumina-
tion compensation are under investigation in MPEG and will 
most probably be included in the final MVC standard. 
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