
  
Abstract—An experimental analysis of multi-view video coding 

for various temporal and inter-view prediction structures is 
presented. The compression method is based on the multiple 
reference picture technique in the H.264/AVC video coding 
standard. The idea is to exploit the statistical dependencies from 
both temporal and inter-view reference pictures for motion-
compensated prediction. The effectiveness of this approach is 
demonstrated by an experimental analysis of temporal versus 
inter-view prediction in terms of the Lagrange cost function. The 
results show that prediction with temporal reference pictures is 
highly efficient, but for 20% of a picture’s blocks on average 
prediction with reference pictures from adjacent views is more 
efficient. Hierarchical B pictures are used as basic structure for 
temporal prediction. Their advantages 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 average 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. 
 

Index Terms—Multi-view Video Coding, 3D television, free 
viewpoint video, hierarchical B pictures, H.264/AVC. 
 

I. INTRODUCTION 
HE deployment of 3D techniques is one of the most 
promising fields regarding the development of new 

applications for natural video scenes. Convergence of 
technologies from computer graphics, computer vision, 
multimedia and related fields together with rising interest in 
3D television (3DTV) and free viewpoint video (FVV) lead to 
the promotion of these types of new media [1][2]. While 
3DTV offers a 3D depth impression of the observed scenery, 
FVV allows for interactive selection of viewpoint and 
direction within a certain operating range as known from 
computer graphics. Both technologies do not exclude each 
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other and can be combined within a single system. Such 
systems are under investigation including the complete 3D 
processing chain, from capturing, representation, 
compression, transmission to interactive presentation. 

One common characteristic of many of these systems is that 
they use multiple camera views of the same scene, often 
referred to as multi-view video (MVV), which is implemented 
by simultaneously capturing the video streams of several 
cameras. Since this approach creates large amounts of data to 
be stored or transmitted to the user, efficient compression 
techniques are essential for realizing such applications. The 
straight-forward solution for this would be to encode all the 
video signals independently using a state-of-the-art video 
codec such as H.264/AVC [3][4][5]. However, multi-view 
video contains a large amount of inter-view statistical 
dependencies, since all cameras capture 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, 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 receives N temporally synchronized video 
streams and generates 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. A lot of approaches are based on 
predictive coding from reference pictures and therefore 
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Fig. 1.  Overall structure of a MVC system. 



closely related to classic video coding, but take advantage of 
multiple views of the same scene. This includes compression 
techniques [6]-[10] as well as appropriate image correction 
methods [11]. An analysis of potential gains from combined 
temporal/inter-view prediction has been presented in [12]. 
Further, scene geometry can be exploited to improve 
compression efficiency. Based on disparity or depth 
estimation view-interpolation or 3D warping can be 
performed as additional source for inter-view prediction 
[13][14].  

To ensure interoperability between different systems, 
standardized formats for data representation and compression 
are necessary; these interchangeable formats are typically 
specified by international standardization bodies such as the 
ITU-T Video Coding Experts Group (VCEG) or the ISO/IEC 
JTC 1 Moving Picture Experts Group (MPEG) [15]. In recent 
years, MPEG has been investigating the needs for 
standardization in the area of 3D and free viewpoint video in a 
group called 3DAV [16]. The results of an in-depth 
investigation of multi-view coding approaches were promising 
and MPEG decided to issue a �Call for Proposals� (CfP) for 
MVC technologies along with related requirements [17]-[22]. 
As a consequence of the various responses, currently a new 
standard for multi-view video coding is developed by the Joint 
Video Team (JVT) of VCEG and MPEG [23], which is 
scheduled to be finalized in early 2008. 

This paper focuses on an experimental analysis of 
prediction structures for multi-view video coding. First, 
requirements, test data and conditions are described in section 
II. Section III investigates temporal versus inter-view 
correlations in multi-view video data. The prediction 
structures are presented in section IV, followed by the results 
of objective and subjective evaluation in section V. Finally, 
section VI concludes this paper.  

II. REQUIREMENTS AND CONDITIONS FOR MVC 
The prediction structures and coding schemes presented in 

this paper have been developed and investigated in the context 
of the MPEG and later JVT standardization project for MVC. 
Therefore, most of the requirements as well as test data and 
evaluation conditions are defined by the MVC project [19] as 
presented in the next sections. 

A. Requirements 
The central requirement for any video coding standard is 

high compression efficiency. In the specific case of MVC this 
means a significant gain compared to independent 
compression of each view. Compression efficiency measures 
the trade-off between cost (in terms of bit rate) and benefit (in 
terms of video quality), i.e. the quality at a certain bit rate or 
the bit rate at a certain quality. However, compression 
efficiency is not the only factor under consideration for a 
video coding standard. Some requirements of a video coding 
standard may even be contradictory such as compression 
efficiency and low delay in some cases. Then a good trade-off 
has to be found. General requirements for video coding such 

as minimum resource consumption (memory, processing 
power), low delay, error robustness, or support of different 
pixel and color resolutions, are often applicable to all video 
coding standards [5].  

Some requirements are specific to MVC as highlighted in 
the following. Temporal random access is a requirement for 
any video codec. For MVC also view random access becomes 
important. Both together ensure that any image can be 
accessed, decoded, and displayed. Random access can be 
provided by insertion of Intra-coded pictures that do not use 
any prediction from other pictures. Scalability is a desirable 
feature for some video coding standards. This means that a 
decoder can access a portion of a bit-stream in order to 
generate a low-quality video output. This may be a reduced 
temporal or spatial resolution, or a reduced video quality. For 
MVC, additionally view scalability is required. In this case a 
portion of the bit-stream can be accessed in order to output a 
limited number out of the N original views. Also backward 
compatibility is required for MVC. This means that one bit-
stream corresponding to one view that is extracted from the 
MVC bit-stream shall be conforming to H.264/AVC. Quality 
consistency among views is also addressed. It should be 
possible to adjust the encoding for instance to provide 
approximately constant quality over all views. Parallel 
processing is required to enable efficient encoder 
implementation and resource management. Camera 
parameters (extrinsic and intrinsic) should be transmitted with 
the bit-stream in order to support intermediate view 
interpolation at the decoder. 

B. Test Data and Test Conditions 
The proper selection of test data and test conditions is 

crucial for the development of a video coding standard. The 
test data set must be representative for the targeted area of 
applications, and therefore cover a wide range of different 
content properties. For MVC eight different multi-view test 
data sets have been used with 5 to 16 camera views, including 
linear, arc, and array arrangements. Picture resolutions are 
either 640x480 or 1024x768 samples, and picture rates are 15, 
25, and 30 Hz. The applications rather target high quality TV-
type video than limited channel communication-type video. 
Therefore smaller resolutions like CIF or QCIF are not 
considered. The MVC test data set covers a wide range of 
different content types, indoor and outdoor scenes, fixed and 
moving camera systems, different complexities of motion and 
spatial detail. Fig. 2 shows some examples. 

In order to perform comparative evaluations also the test 
conditions have to be specified. For each test sequence three 
bit rates have been chosen corresponding to low but 
acceptable, medium and high quality, depending on the 
properties and content of the particular sequence. These fixed 
bit rates allow a fair comparison of different approaches for 
multi-view video coding in objective and subjective tests as 
described below. 

The main goal of MVC is to provide significantly increased 
compression efficiency compared to individually encoding all 



video signals. Therefore encoding all views using H.264/AVC 
with the same test conditions was considered as the reference 
for coding performance comparison. The resulting decoded 
video signals (anchors) serve as reference for objective and 
subjective comparison. Encoding was done using typical 
settings and parameters with an IBBP� picture coding 
structure as described in [24]. 

C. Evaluation 
Evaluation of video coding algorithms can be done using 

objective and subjective measures. The most widely used 
objective measure is the peak-signal-to-noise-ratio (PSNR) of 
the luma signal which is given as  
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with MSE being the mean squared error between the 
original and decoded video samples. Typically PSNR values 
are plotted over bit rate and allow then comparison of the 
compression efficiency of different algorithms (e.g. anchor 
encoding vs. a proposed MVC scheme). This can be done in 
the same way for MVC. 

However, PSNR values do not always capture video quality 
as perceived by humans. Some types of distortions that result 
in low PSNR values do not affect the human perception in the 
same way. One example is a shift of the picture by one sample 
side wards. Therefore any video coding algorithm can finally 
only be judged in subjective evaluations. The formal MVC 
tests were conducted by MPEG using a Single Stimulus 
Impairment Scale (SSIS) test. This method has proven to 
deliver reliable results when used for evaluation of the visual 
quality of video codecs and is specified in ITU-R Rec. 
BT.500-11 [25]. In this subjective test, subjects are being 
shown the decoded video signal from a candidate codec. The 
subjects judge the quality of decoded video on a scale from 
bad to excellent. The votes of the subjects are statistically 
analyzed to quantify subjective quality. For statistical 
confidence, a large number of subjects need to be involved. 
Display conditions, viewing room conditions (including 
lighting and view distance), and execution of test sessions 
(order of presented video, display time, etc.) require careful 
design. In consequence such formal subjective tests require a 
tremendous effort. 

III. TEMPORAL AND INTER-VIEW CORRELATION  
As denoted in the introduction, the main difference between 

classic video coding and multi-view video coding is the 

availability of multiple camera views of the same scene. As 
coding efficiency of hybrid video coding depends on the 
quality of the prediction signal to a great extent, a coding gain 
can be achieved for MVC by additional inter-view prediction. 
If there is no such gain, independently encoding each camera 
view with temporal prediction would already provide the best 
possible coding efficiency. 

Therefore this section shows an analysis of the properties of 
temporal and inter-view correlation by investigating the 
statistical dependencies that can be exploited for prediction. 
Fig. 3 shows the eight possible first order spatial and temporal 
neighbor pictures of a picture in a MVV sequence with linear 
camera arrangement, where S indicates the cameras and T the 
subsequent time-points. The purpose of the analysis is to 
determine by which percentage a rate-distortion optimized 
encoder such as H.264/AVC would choose either one of these 
prediction modes, if all of them are available. In Fig. 3 the 
investigated prediction modes are indicated by different colors 
and indices of the reference pictures, where black indicates 
temporal, blue inter-view, and red and green mixed inter-
view/temporal prediction. 

Many of today�s video codecs like H.264/AVC are based 
on predictive coding between one or more reference pictures 
and the currently encoded picture [26]. Motion estimation is 
conducted by minimizing a Lagrangian cost function [24]  

RDJ ⋅+= λ   (2) 
This Lagrangian cost function J is the sum of rate R and 

distortion D, weighted by the Lagrange parameter λ. For each 
block Si of a picture, the motion estimation algorithm chooses 
the motion vector mi within a search range M in the reference 
picture that minimizes J. 

{ }),(),(minarg mSRmSDm iii ⋅+= λ  (3) 
Here the distortion is calculated as the sum of squared 

errors between the current picture s and the previously 
decoded reference picture s�. 
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The rate R is the number of bits to transmit all components 
of the motion vector. 

To analyze the temporal and inter-view statistical 
dependencies of multi-view video sequences, every picture P 

 
 
Fig. 3. Prediction with first order spatial and temporal neighbor images. 

 
Fig. 2.  Examples of multi-view video test data with linear camera 
arrangement. 



of a multi-view data set is encoded with each of the four 
reference pictures IT,S,R,L for motion-compensated prediction, 
as depicted in Fig. 3. 

If the same settings are used, the prediction mode 
associated with the smallest J can be identified for each block 
of the picture P. Table I and Fig. 4 show the results of this 
analysis over five multi-view data sets, where the percentage 
values give the portion of blocks (labeled as T, S, R, and L in 
Fig. 3) that are chosen for prediction with the reference 
picture of the corresponding mode in terms of the lowest 
Lagrange cost function value J. The last column in Table I 
shows the decrease of the average J in comparison to temporal 
prediction only. For this analysis an H.264/AVC encoder was 
used with the following settings: Disabled intra prediction-
modes for the P pictures together with a fixed motion 
compensation block size of 16x16 samples, a search range of 
±32 pixels and a Lagrange parameter of 29.5. 

The results of this analysis over several multi-view data sets 
show, that often inter-view prediction is more efficient than 
temporal prediction for a significant number of blocks, 
although for all sequences temporal prediction is the most 
often chosen mode. A comparison between inter-view 
prediction only and combined inter-view/temporal prediction 
modes shows that inter-view prediction is more efficient than 
mixed inter-view/temporal prediction modes. These results 
indicate that coding gains can be expected with a prediction 
structure optimized for multi-view video, especially as the 
characteristics of the presented results did not change 
significantly, if the size of the search range and the Lagrange 
parameter were varied in supplementary experiments. 

Since the percentages of the mixed inter-view/temporal 
prediction modes are relatively low, an additional analysis was 

carried out, which simply included temporal and inter-view 
prediction modes. The results of this analysis in Table II and 
Fig. 4 clearly indicate that prediction quality does not degrade 
much without using mixed mode reference pictures, but leads 
to a considerable complexity reduction concerning a real 
multi-view encoder. Especially the values for ∆J decrease just 
slightly and thereby indicate the minor influence of mixed 
mode reference pictures on coding efficiency.  

The fact that temporal prediction is on average the most 
efficient mode for all analyzed sequences results from the 
global displacement and distortion between the pictures of 
different camera perspectives. Especially, static image areas, 
like the background, cause a fundamental disadvantage for 
inter-view prediction. In general, the relationship between 
temporal and inter-view prediction strongly depends on the 
properties of the multi-view video sequence, particularly the 
temporal and spatial density on one and scene complexity on 
the other hand. Additional effects, that should be mentioned, 
are differences in brightness and color between the video 
streams of the individual cameras. 

IV. 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. 

A. Temporal Prediction 
As mentioned previously, 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 

 
Fig. 4. Probabilities prediction modes in terms of providing the prediction 
signal with the lowest Lagrange cost factor. (top: temporal, inter-view and 
mixed prediction, bottom: simplified temporal vs. inter-view prediction) 

TABLE II 
RESULTS OF THE SIMPLIFIEDTEMPORAL AND INTER-VIEW CORRELATION 

ANALYSIS 

Sequence 
Name T [%] S [%] ∆J [%] 

Ballroom 83.24 16.76 -4.07 

Exit 86.42 13.58 -1.66 

Uli 95.65  4.35 -0.33 

Race1 98.26  1.74 -1.34 

Breakdancers 70.93 29.07 -6.16 

 

TABLE I 
RESULTS OF THE TEMPORAL AND INTER-VIEW CORRELATION ANALYSIS 

 

Sequence 
Name T [%] S [%] R [%] L [%] ∆J [%] 

Ballroom 74.98 12.12 6.86 6.04 -5.65 

Exit 76.96 8.66 7.49 6.90 -2.99 

Uli 93.06 2.23 2.58 2.13 -0.52 

Race1 96.64 1.35 1.06 0.96 -1.84 

Breakdancers 57.95 19.30 12.15 10.60 -7.71 



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 
hierarchical B pictures (see [27] for a detailed description). 
These types of prediction schemes benefit from the increased 
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 [3][24]. 
A typical hierarchical prediction structure with three stages of 
a dyadic hierarchy is depicted in Fig. 5. The first picture of a 
video sequence is intra-coded as IDR picture and so-called 
key pictures (black in Fig. 5) 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. 5 for a GOP of eight pictures. 

The temporal hierarchy levels of the prediction structure are 
denoted by the indices in the figure and it has to be ensured 
that all pictures are predicted by using only pictures of the 
same or a higher temporal hierarchy level as references, to 
support several temporal scalability levels. As depicted in 
Fig. 5, the B pictures of such a hierarchical structure are 
typically predicted by using the two nearest pictures of the 
next higher temporal level as references. Regarding the coding 
order, this prediction structure implies the constraint that a 
picture�s reference pictures have to be encoded before this 
picture itself is encoded, which especially affects the key 
pictures. Besides some minor changes to the encoder control, 
the new strategy of cascading the quantization parameter (QP) 

depending on the temporal hierarchy level should be 
mentioned, because it essentially contributes to the improved 
coding efficiency with hierarchical B pictures. For QP 
cascading, key pictures get assigned the highest fidelity with a 
successive decrease in fidelity when moving down the 
temporal hierarchy [27]. 
 The concept of hierarchical B pictures can easily be applied 
to multi-view video sequences as illustrated in Fig. 6 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 random access, all 
key pictures are coded in intra mode. Simulcast coding with 
hierarchical B pictures will be used as a reference to compare 
highly efficient temporal prediction structures with prediction 
structures that additionally use inter-view prediction. 

B. 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 prediction, 
results in considerable higher bit rates than in inter prediction 
[3]. Consequently replacing intra-coded (or I) pictures 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. 6 leads to the prediction scheme in Fig. 7. The prediction 
structure of the first view S0 remains the same and is called 
base view, as it is identical to the simulcast prediction 
structure with hierarchical B pictures for temporal prediction 
only. But 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 to be 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 consequence of 
using inter-view prediction, the video sequences of individual 

 
Fig. 7. Inter-view prediction for key pictures.  

 
Fig. 5. Hierarchical reference picture structure for temporal prediction. 
  

 
Fig. 6. Temporal Prediction using hierarchical B pictures.  



views Sn cannot be processed independently any more, as they 
share reference pictures and rather have to be either 
interleaved into one bit-stream for sequential processing or 
signaled and stored in a shared buffer for parallel processing. 

Fig. 8 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 
temporal level of key pictures, and again for a data set with 
eight linearly arranged camera views. The left figure 
represents the prediction structure of Fig. 7 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 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. This prediction structure might have 
coding efficiency advantages over the other configurations, at 
the disadvantage of being more complex.  

A question arises with regards to the use of hierarchical B 
pictures for inter-view prediction. Please note that the QP 
cascading is very important for the efficiency of hierarchical B 
pictures. When hierarchical B pictures are applied in temporal 
direction, the varying fidelity between the pictures is not 
disturbing to the viewer as each picture is shown only a 
limited amount of time. However, if we would apply the 
hierarchical B picture approach including QP cascading to 
inter-view prediction, some views are coded with much lower 
fidelity than others. Since the viewer may be looking at one 
particular view for a long time, this may result in disturbing 
artifacts. 

C. Inter-view Prediction for Non-Key Pictures 
The analysis of temporal and inter-view prediction 

efficiency in Section III indicates that using temporal and 
inter-view reference frames at the same time, has the potential 
to improve 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. 9 illustrates how the prediction structure of Fig. 7 can 

be extended to inter-view prediction with non-key pictures, 
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 left scheme in Fig. 8, but for all non-key pictures inter-
view reference pictures are additionally used for prediction. 
According to the prediction structure of key pictures, 
prediction is extended by one inter-view reference frame for 
every view, referred to as AS_IPP mode. Additionally the 
other alternative structures for inter-view prediction at key 
picture level presented in Fig. 8 can similarly be extended to 
non-key pictures, referred to as AS_PIP and AS_IBP 
accordingly. In contrast to the prediction structures of section 
IV.B, where the maximum number of reference pictures is 
two, now the non-key pictures have up to four references. 
Thus coding efficiency is improved at the cost of increased 
coding complexity. Furthermore synchronization and random 
access features are still provided by coding the key pictures of 
the base view in intra mode. Further 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][4][5]. 

V. EXPERIMENTAL RESULTS 
This section presents the results of coding experiments with 

the prediction structures described in the previous section. As 
already denoted in section II, it is necessary to perform both 
objective and subjective evaluation of the coding quality for 
new MVC techniques. First of all the next section explains, 
how experiments with these MVC prediction structures can be 
implemented and how to configure them in order to achieve 
comparable results. 

A. Setup of Coding Experiments and Test Conditions 
The most important aspect regarding coding experiments 

using the prediction structures presented in section IV is that 

 
Fig. 9. Inter-view prediction for key and non-key pictures pictures.  

 
 
Fig. 8. Alternative structures of Inter-view prediction for key pictures.  



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 sequences 
are combined into one single uncompressed video stream as 
illustrated in Fig. 10, using a specific scan. This uncompressed 
video bit-stream is used as the input of the H.264/AVC 
encoder. The prediction structure itself is controlled by 
appropriate settings of the encoder�s parameters for reference 
picture selection and memory management [28]. This kind of 
encoder configuration is well-established for hierarchical B 
pictures with temporal prediction.  

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 structures and a 
potentially larger number of output pictures per second than 
the currently allowed 172 frames in H.264/AVC. In addition, 
the presented schemes for multi-view video coding simply 
require some high level syntax specification to signal that the 
bit-stream represents a multi-view sequence with N views. 
Then the decoder can set the Decoded Picture Buffer size 
appropriately, decode the bit-stream with existing tools, and 
knows how to invert the reordering in Fig. 10.  

All presented experiments and results are based on the eight 
test data sets together with the coding conditions specified by 
MPEG (as described in section II). One task is to adapt the 
multi-view prediction schemes to the specific camera 
arrangements of the test data sets. The examples in section IV 
already demonstrated the inter-view prediction structures for 
one-dimensional linear or arched setups. Fig. 11 and Fig. 12 
illustrate the customized inter view-prediction structures for a 
crosswise camera arrangement and for a 5x3 array of cameras 
respectively. 

A second task is to adapt the prediction structures to the 
random access specifications. This can be done without any 
problems by customizing the GOP length, as the presented 
schemes provide all the features of hierarchical B pictures for 
temporal prediction. Fig. 13 illustrates possible settings for 
GOP lengths of 12 and 15 pictures. B. Objective Evaluation 

The experiments presented in this section are performed 
with H.264/AVC conforming encoder/decoder software, using 
typical settings for multi-view video coding (see [19] for 
details), like variable block size, a search range of ±96, 
CABAC enabled and rate control using Lagrangian 
techniques. 

Example results using the different prediction structures of 
section IV are shown in Fig. 14. The PSNRY values are 
plotted over bit-rate averaged over all views of a data set. In 
Fig. 14, Anchor refers to the reference IBBP� coding 
provided by MPEG, Simulcast to simulcast coding with 
hierarchical B pictures, KS_IPP/KS_PIP/KS_IBP to the three 
alternative multi-view structures for key picture inter-view 
prediction and AS_IPP/AS_IBP 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 

 
 
Fig. 11. Adapted prediction structure for a crosswise camera arrangement
(Flamenco2 test sequence). 

 
Fig. 13. Flexible length of multi-view GOPs (top: 12 pictures, bottom: 15 
pictures). 

 
 
Fig. 12. Adapted prediction structures for a camera array (AkkoKayo test 
sequence). 

 
Fig. 10. Frame interleaving for compression with H.264/AVC. 



a good portion 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. 15 presents the average PSNR 
improvements between each of the proposed prediction 
structures and Anchor coding, calculated from the difference 
of PSNRY values at three fixed bit rates. Depending on the 
specific sequence, coding improvements up to 3.2 dB are 
obtained, but strongly depend on the temporal and inter-view 
correlations.  

As mentioned in section III, attributes like temporal and 
spatial density as well as scene complexity strongly influence 
these correlations. For example for the Uli test sequence 
almost no gain has been achieved, as the inter-view statistical 
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 extremely large 
motion vectors, causing high bit rates. 

 By comparing the coding gains in Fig. 15 with the analysis 
results in section III the following correlation can be found: 
The ∆J values presented in section III only indicate the ratio 
between the gains for coding with and without inter-view 
prediction and are not directly related to the total coding gain.  

Although the AS_xxx prediction structures achieve the 
highest average coding gain of 1.7 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. 15. 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 B pictures at 
key picture temporal level. For some sequences, prediction 
over two views and cascading the QPs according to prediction 
hierarchy levels (see section IV.A) turns out to be a 
disadvantage and if so, always both KS_IBP and AS_IBP 
perform worse than KS_IPP/KS_PIP and AS_IPP.  

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 
sequence, shows larger deviations, while sequences like Rena 
with very small camera distance show small deviations due to 
more similar content across all the views. But besides these 
data set dependent aspects, the quality distribution is also 
affected by the inter-view prediction structure. The 
corresponding experiments confirm, that using a xx_IBP 
multi-view structure results in larger deviations than for the 
corresponding xx_IPP structure without B pictures at key 
picture temporal level. 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 the AS_xxx prediction structures is almost three times 
higher than for those structures that omit inter-view prediction 
for non-key pictures, as motion-compensated prediction from 
inter-view reference pictures is required. 

C. Subjective Evaluation 
Normally PSNR already provides a very good indication 

about performance of a compression method. However, the 
final judgment can only be done by subjective tests, where 
humans evaluate visual quality. For this purpose MPEG has 
conducted exhaustive formal subjective tests to evaluate the 
performance of the responses to the CfP [22]. The tests were 
conducted at the Technical University of Munich.  

From each of the 8 test data sets, 2 views were selected 

 
Fig. 15. Average coding gains. 

 
 
Fig. 14. PSNR results (top: Ballroom, bottom: Race1 test sequence). 
 



randomly for subjective evaluation for all 3 specified rate 
points. A method called Single Stimulus Multimedia (SSMM) 
was selected, which is a modified version of the Single 
Stimulus Impairment Scale (SSIS), and has proven efficiency 
and reliability in prior tests conducted by MPEG. In a Single 
Stimulus test, the test subjects have to rate the decoded video 
in the absence of an unimpaired reference. To minimize the 
influence of the videos shown previously each test case was 
shown twice. Showing all test cases twice also helped to 
verify that all subjects (20 �naïve viewers�) were able to 
reproduce their votes. A modified mean opinion score (MOS) 
with values from 0-10 was used to capture all the votes. 
Basically the subjects judged the quality for each example 
individually by giving marks. Then the results were evaluated 
statistically.  
 Fig. 16 shows the MOS results of the presented AS_IBP 
prediction scheme in comparison to the MPEG anchors for 2 
examples. These are the MOS values for the 2 randomly 
selected views at each bit-rate. Note that different bit-rates 
were selected for the different data sets. Obviously, the 
AS_IBP prediction structure outperforms the anchors 
significantly in terms of subjective quality.  

Fig. 17 compares the average MOS values over all test data 
sets and selected views. These were averaged for the low, mid 

and high bit-rate separately. Note that these bit-rates were 
different for all data sets. In summary, the presented MVC 
proposal outperforms the MPEG anchors significantly. The 
gain decreases slightly with higher bit-rates. 

D. Influence of Camera Density  
This section presents an experimental evaluation on the 

influence of camera density for MVC. In order to simulate 
different camera distances, the experiments are realized with 
the setups depicted in Fig. 18. Starting from the right-hand 
side in Fig. 18 with 9 camera views of a linearly arranged 
MVV data set, moving to the left in Fig. 18, camera views are 
removed by omitting every other camera view successively 
obtaining 5, 3, and 2, and 1 camera views. The experiments 
are carried out using the Rena sequence, which is the densest 
of the available MVV sequences, consisting of 16 linear 
arranged cameras with a 5 cm distance between the centers of 
two adjacent cameras. To obtain a regular camera distance 
refinement, we used 9 adjacent cameras. Since 16 camera 
views are available, the experiments depicted in Fig. 18 were 
repeated for each shifted set of 9 adjacent cameras. This 
approach minimizes irregular influences of individual camera 
views by averaging over the individual results of the 
repetitions, each shifted by one camera. 

Since it is intended to analyze the influence of camera 
density on inter-view predictive coding, the structures of 
Fig. 18 are applied to every time instance of the MVV 
sequence without temporal prediction. The coding 
experiments presented in this section are performed with 
H.264/AVC conforming encoder/decoder software, using the 
typical settings for multi-view vide coding (see [19] for 
details), i.e. variable block size motion compensation, a search 
range of ±96, CABAC and rate control via Lagrangian 
techniques..  

The experiments are realized by encoding the sequences 
applying the different inter-view prediction structures when 
varying over QP values. From every resulting bit-stream for 
one combination of prediction structure and QP value, the 
average bit-rate is computed. In order to have a reference bit-

 
Fig. 17. Average subjective results over all test sequences. 

 
Fig. 16. Subjective results (top: Ballroom, bottom: Race1 test sequence). 



rate for each of the 9 cameras involved in the coding 
experiments with inter-view prediction, the 1-camera method 
is applied to all of them and the result is averaged. Thus a pair 
of bit-rate values is obtained for each combination of 
prediction structure and QP value, one for encoding with 
inter-view prediction and one reference bit-rate for encoding 
without inter-view prediction.  

For the analysis presented in Fig. 19, each bit-rate of an 
inter-view prediction case is divided by its reference bit-rate. 
The resulting relative rates that are given as percentage 
increase make it possible to sum up all results in one diagram, 
starting at 100% for coding each view independently. 
Consequently the results for different QP values can directly 
be compared with each other. While the top diagram in 
Fig. 19 shows the relative rate for all cameras, the bottom 
diagram shows the relative rate per camera and therefore the 
derivate of the functions in Fig. 19 top. Both diagrams contain 
the curves for four different QP values (dashed and solid), 
representing different reconstruction qualities, and the straight 
line for the reference method (dotted). According to the 
structures in Fig. 18 the achieved rates are plotted over the 
number of cameras used for inter-view prediction. As 
aforementioned the results are averaged over the individual 
shifted repetitions of 9 adjacent cameras along the 16 cameras 
of the Rena sequence.  

The data rate for inter-view prediction increases less than 
N-times the number of cameras, which results in a coding gain 
due to inter-view prediction. This coding gain increases with 
both parameters: decreasing camera distance and decreasing 
reconstruction quality. This characteristic is best highlighted 
in the bottom diagram. As expected, the gain strongly depends 
on the reconstruction quality, namely a larger QP value leads 
to a larger coding gain with respect to the reference method 
for any camera distance. For example the bit rate reduction for 
coding with QP42 results in about twice the amount for 
coding with QP30, i.e. 32% vs. 59% for a camera distance of 

1. Since the relative rates per camera in the bottom diagram 
tend to saturate with an increasing number of cameras, the 
relation between camera distance and coding gain has a 
logarithmic superimposed by a linear characteristic. For 
example the relative rate per camera for coding with QP24 
tends to saturate at a value of about 70%. 

Our experiments indicate that if the camera distance is 
decreased to a very small practical value (like 5cm), the rate 
per camera tends to saturate at a certain value and the 
saturation value itself only depends on the reconstruction 
quality. This implicates, that even the densest practical camera 
settings require a data rate linearly proportional to the number 
of cameras, if MVC with inter-view prediction is applied the 
way described in this paper. 

 

 
Fig. 19. Results of coding experiments on camera density with Rena test 
sequence in terms of average rate (top) and average per camera rate (bottom) 
relative to the one camera case. 

 
 
Fig. 18. Setup of coding experiments on camera density using 1, 2 3, 5, and 9 
original cameras (from left to right). 
 



VI. CONCLUSION 
The presented prediction structures for multi-view video 

coding are based on the fact that multiple video bit-streams, 
showing the same scene from different camera perspectives, 
show significant inter-view statistical dependencies. The 
corresponding evaluation pointed out, that these correlations 
can be exploited for efficient coding of multi-view video data. 
The combined temporal and inter-view prediction structures 
are based on the idea that inter-view prediction is supported 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 being highly flexible regarding 
their adaptation to all kinds of spatial and temporal setups at 
the same time. These prediction structures for multi-view 
video coding are very similar to H.264/AVC and require only 
very minor syntax changes. Besides the presented sequential 
processing approach of the interleaved multi-view video 
sequences, parallel processing is supported as well. For this 
purpose multiple parallel encoder/decoder instances are 
combined in one framework that supports shared memory 
buffers and signaling for inter-view reference pictures. 

Regarding coding efficiency, the reported results clearly 
indicate the assets and drawbacks of this multi-view video 
coding approach. Coding gains up to 3.2 dB and an average 
gain of 1.5 dB could be achieved by additionally using inter-
view reference pictures for disparity-compensated prediction. 

However for some test sequences neither of the tested 
prediction structures resulted in an improved coding 
efficiency, addressing two basic problems of multi-view video 
coding. One problem is large disparities between the different 
views of multi-view video sequences. The problem of large 
disparities could be solved by depth-based view interpolation 
prediction [13][14]. The idea is to estimate depth either at the 
encoder (this requires overhead for sending the depth) or the 
decoder (this may reduce estimation accuracy because only 
decoded signals are available), and to perform view 
interpolation or 3D warping for prediction. For instance, if 
every other view is transmitted first and depth information is 
available, it is possible to generate prediction for the views in-
between the available views. 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). In 
terms of varying the camera distance, it was found, that even 
for the densest practical camera setting a non-vanishing data 
rate per camera was obtained, leading to a primarily linear 
dependency of total data rate vs. number of cameras. Thus, 
methods beyond pure image-based coding, as shown in this 
article, are required to further improve coding efficiency. 

The second problem of multi-view video coding is 
illumination and color inconsistencies across views that also 
affect the exploitation of inter-view statistical dependencies, 
for instance with the Uli test sequence. Usually such effects 
should be minimized by proper setting of the conditions; 

however, an MVC algorithm should also be able to cope with 
this as well, since perfect white-level and color balancing of 
the input can not be guaranteed. Also, the illumination 
(spotlights, shadows, etc.) varies largely over the multi-view 
images due to the lighting conditions. For MVC, 
compensation of differences in illumination and color is 
realized by modifying the prediction process of H.264/AVC 
on a block level [29][30], whereby additional coding gains of 
up to 0.6 dB are reported. Algorithms for both view 
interpolation prediction and illumination compensation are 
under investigation in MPEG and will most probably be 
included in the final MVC standard. 
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