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Abstract 
Multi-view video sequences are recorded by multiple 
cameras simultaneously. In view direction the images 
captured by different cameras in the same time instant 
form the view image sequences. The view sequence 
represents the geometry changes of the scene in space. The 
compression of view sequence provides the great 
contribution to the whole multi-view video compression. 
This paper discusses the view sequence coding (VSC) and 
proposes a warping-based alignment technology to 
improve the compression performance. Proposed method 
caters to the traits of view sequence and adopts the affine 
model to warp reference image. Image inpainting making 
use of information from adjacent warped image is 
proposed to process the missing regions formed while 
warping. The aligned multi-hypothesis disparity prediction 
is employed to further improve the prediction effects. The 
experiment shows that the coding efficiency of the 
proposed scheme keeps head and shoulders above all the 
intra coding in simulcast coding scheme and the proposed 
scheme also improves the coding efficiency by up 0.3 ~ 0.5 
dB at low bit rates when compared with the standard 
coding method. 
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1 Introduction 
With the rapid development of 3D display and capturing 
technology, multi-viewpoint video is becoming popular 
because it captures a single dynamic scene simultaneously 
from different view directions and provides a 3D depth 
impression of the observed visual scene (A. Smolic 2005). 
A variety of applications, such as interactive free 
viewpoint video, 3D television (3DTV), surveillance, etc, 
are typical and potential markets for multi-view systems. 
For efficient transmitting the multiple signals, many new 
compression technologies besides traditional video coding 
methods are explored. Inter-view prediction and disparity 
compensation are key technologies for multi-view video 
compression. Most coding scheme established on 
traditional block-based hybrid coding adopts coding 
structure in Figure 1 (ISO/IEC JTC1/SC29/WG11 N6909 
2005). Because the same scene is captured by multiple 
cameras, the images recorded in the same time instant 
from different cameras form a view direction sequence 
which represents the change of scene in geometry, such as 
Time T0 in Figure 1. In Figure 1, at time instant T0 and TN 

view direction coding is used and the reconstructed view 
sequence images will be used as reference images for 
coding each view with temporal prediction and inter-view 
prediction. It is illustrated that view sequence coding 
(VSC) provides great contribution for the whole 
multi-view video compression compared with simulcast 
coding, where standard video coding technique are applied 
to compress each view independently. 

 

Figure 1 The general multi-view coding structure (8 
views, N is the temporal GOP length) 

Image alignment, namely establishing 
correspondence in space between the two or more images, 
has been extensively studied in literature of computer 
vision (H. Sawhney 1997 and Y. Caspi 2000). These 
methods focus on improving the visual quality of all 
sequences in space and time. A geometry transform based 
alignment method is first proposed in (ISO/IEC 
JTC1/SC29/WG1 M11700 2005) to preprocess the input 
multi-view sequences to improve the coding performance, 
but this method does resample the original data and 
changes them. Thus, the method is not very appropriate for 
video compression. In this paper we shall improve the 
coding efficiency of view direction sequence by adopting 
the warping-based alignment to compensate the global 
camera shift, simplifying the correspondence search 
computation and improving the disparity coding efficiency. 
The warped image is just used as the coding reference 
image and the original image is not changed. Affine model 



or perspective model employed in MPEG-4 for the 
background sprite coding (ISO/IEC 14496, 2000) is used 
here to warp one image from another image. Though the 
alignment is not very accurate, it compensates the global 
disparity between two adjacent images and reduces the bits 
of coding disparity, thereby, increase the coding 
efficiency. 

The paper is organized as follows .In Section 2 we 
propose a novel view sequence coding scheme utilizing 
warp-based image alignment and disparity compensation; 
In Section 3 we interpret the key technologies used in the 
proposed coding solution in detail; Experiment results are 
provided in Section 4. Finally, Section 5 concludes the 
paper with some remarks.  

2 Proposed view sequence coding scheme 
In a multi-view system all cameras have to look at the 
same central scene from different positions. The images 
captured simultaneously by multiple cameras reflect the 
scene structure changes in geometry. The disparity is 
generated due to relative geometry relation and different 
parameters of the cameras and it reflects the depth 
information of the scene, so it is a little different from the 
object’s temporal motion in physical model. The standard 
video coding methods, which are suitable for coding 
motion information, are not fully efficient for coding 
disparities in view sequence. According to the 
characteristics of multiple camera geometry, we propose a 
warping-based image alignment to compensate the global 
disparity. We first establish the global relation between 
two adjacent images by estimating the affine model and 
project one image into another image plane. This 
processing course is named warping. Secondly, after 
warping the corresponding image would miss some pixels 
at the image boundary (holes). The missing areas will be 
filled via the inpainting technology using adjacent warped 
image information. At last the aligned image will be used 
as reference image for coding current image. The 
additional warping model coefficients are coded using 
entropy coder. The general VSC structure is shown in 
Figure 2. In the figure, variable-size block-based disparity 
estimation is just done as block-based motion estimation, 
but the search range is enlarged. To further strengthen the 
effects of disparity compensation, warping-aligned 
multi-hypothesis disparity prediction is also introduced 
into the VSC scheme. 

3 Key technologies for VSC 
Section 2 illustrates the proposed coding scheme. The 
whole coding structure is compatible with the standard 
video coding method, but the interesting techniques, 
including image warping process, inpainting process and 
warping-aligned multi-hypothesis disparity prediction, 
which are catering to the traits of view sequence, are 
proposed in this section to enhance the coding efficiency. 
We shall interpret these techniques in detail. 

3.1 Affine model estimation and reference 
image warping 

In current study, the affine model is employed to perfectly 
represent the geometry relation of adjacent views. The 
model can describe camera motions such as translation,  

 

Figure 2 Proposed VSC scheme 

pan and zoom using six parameters. The model is 
parameterized by the following equation: 

3211 ayaxax ++=       ,      6541 ayaxay ++=       (1) 

Equation (1) describes the transformations of a coordinate 
(x, y) in the reference image into a coordinate ( 11 , yx ) in 
the current image. In multi-view geometry .the model 
parameters ),,,,,( 654321 aaaaaa could be directly 
derived by camera parameters. Generally, it is very 
difficult to achieve the accurate camera parameters, so we 
adopt global motion estimation method to acquire the six 
parameters (F. Dufaux and J. Konrad 2000). Since the 
warping is aiming at aligning the different view images 
toward one base image, the images recorded by other 
cameras will warping toward current view image via 
achieved affine model parameters. The pixels which are 
not situated in integer coordinate will be processed by 
bilinear interpolation. Figure 3 illustrates the warping 
process and warping result of the “ballroom” sequence 
(ISO/IEC JTC1/SC29/WG11 M12077 2005 ) is shown in 
Figure 4   

1I 2I21−I
 

Figure 3 Warping process: 1I : left view image, 2I : 

current view image, 21−I : warped image from left 

image toward current image ( 1I  toward 2I  warping) 



3.2 Inpainting missing regions 
During the course of warping, blank regions, such as the 
white areas in the middle image ( 21−I ) of Figure 3, will be 
possible to appear in the warped image. It is because the 
pixels in one image could not find the corresponding 
pixels in another view. These regions are defined as 
occluded regions in computer vision. In MPEG-4 
object-based video coding the low-pass extrapolation 
(LPE) padding is utilized to fill the blank regions 
(ISO/IEC 14496, 2000). 

  
(a) (b) 

  
(c) (d) 

  
(e) (f) 

Figure 4 The original images and warped images: (a), 
(b) and (c): the first images of ballroom sequences view 
0, view 1 and view 2. (d): (a) toward (b) warped image. 
(e): (c) toward (b) warped image. (f) : the inpainted 
version of (d). 

Though LPE technology improves the quality of warped 
image, LPE just makes use of spatial information in the 
current warped image and unfortunately, the method does 
not perfectly represent the original image areas. Inpainting 
technology is a common method to fill the missing image 
regions. The basic ideas of inpainting are propagating the 
local structure information from image to the region to be 
filled and keeping the global or local consistence of 
color/intensity, so the technology is also called image 
completion. In literature (Wen-Yi Zhao 2004 and 
Y.Matsushita 2005) the sophisticated inpainting methods 
including the space-time partial differential 
equations(PDEs) and motion inpainting, are proposed to 
reasonably represent the missing regions, but the methods 
don’t fit for our coding purpose. Because the warped 
image is used as reference image during encoding and 
decoding, the complicated filling method will bring 

additional bits to signal to the decoder in order to keep the 
match of encoder and decoder. Here, we make use of 
superiority of the multi-view images to solve the missing 
regions by simplified inpainting technology. Our method 
has roughly two phases: copying and smoothing. It is 
assumed that we process the intermediate image between 
the adjacent three view images. We first warp the left 
image toward intermediate image and then warp right 
image toward the intermediate image. Because the fixed 
viewing areas are extended toward opposite directions 
between two adjacent views, the missing areas in the 
warped image from left view is definitely different from 
that in the warped image from right view. Thus, we can 
copy the corresponding pixels from the right warped 
image to fill the missing region in the left warped image 
and oppositely we copy the corresponding pixels from left 
warped image to fill the missing areas in the right warped 
image. The copying from 2I to 1I  is defined as  
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Ox  is the characteristics function of O , which represents 

missing regions and O/Ω is non filling regions. The first 
term of (2) is to keep the information of O/Ω from 
image 1I  and the second term is to copy the missing 

information from 2I . 

After the copying process, the undesired boundary 
line maybe occurred around the previous missing region 
and it affects the inpainting effects badly. The occurrence 
of the undesired boundary line in the missing regions is 
due to the non concatenation of pixels at boundary in 
optical flow field because of the imprecise warping. The 
spatial smoothing process using 5x5 filter is done for 
removal the boundary line. The filtering is very efficient 
and it makes the resulting image look natural and coherent. 
Figure 4 provides the inpainting result of warped image. 

3.3 Multi-hypothesis disparity prediction 
In the coding solution from Figure 1, the referenced image 
will be warped toward the current image while coding the 
current image. The warping-based alignment can improve 
the correspondence of two view images, but the warping is 
not perfectly executed to fulfil the accurate 
correspondence of pixels in two images. Thus, inaccuracy 
of warping has a great influence on the disparity prediction. 
In standard video coding, multi-hypothesis motion 
prediction chooses multiple signals for the linear 
combination to generate a prediction signal (Markus Flierl, 
Thomas Wiegand, and Bernd Girod 2000). The combined 
image signal could limit the noise error and improve the 
efficiency of prediction. In our work we continue to adopt 
the multi-hypothesis prediction in B frames, but the 
reference images of B frame are warping-aligned toward B 
frame. The jointly estimated two hypothesis signals from 
the two warped reference image would compensate the 
inaccuracy of warping in some extent and reduce the bit 
rate. To increase the coding gains we also introduce the 



multi-hypothesis disparity prediction in P frames, and the 
frame is allowed to use multiple past warped images to 
combination as a prediction signal for the current image. 

4 Experiment result 
To investigate the proposed coding scheme for VSC, we 
extract the view images recorded in the same time instant 
from the standard multi-view video sequences and 
organize the images into a view sequence. The test 
sequences of the experiment are “ballroom” from MERL 
and “Akko&Kayo” from the Nagoya University 
(Tanimoto Laboratory). The coding condition for 
“ballroom” sequence is shown in Table 1. Figure 5 
provides the coding performance of first ballroom view 
sequence (the all view images at T0 in Figure 1). It shows 
that the coding performance of our proposed scheme keeps 
head and shoulders above standard intra frame coding 
(When simulcast coding is used to encode multi-view 
video, the corresponding frames in regular temporal access 
position are encoded as intra frames, such as all view’s 
frames at time T0 or TN), and the coding performance is 
about 0.3 dB higher than that of the standard coding. It can 
be seen that at very low bit rates the warping-based 
alignment will provide more contribution to coding 
performance. As shown in Figure 6 the coding gains can 
increase 0.5 dB compared with H.246/AVC coding for 
Akko&Kayo view sequence. The coding conditions, 
including 5 view images with parallel camera setup 
(Akko&Kayo sequences are captured by 2D camera array 
and the 5 views in the horizontal direction is utilized in the 
experiment) are adopted in Figure 6. In the experiment we 
observe that the accurate warping has the great influence 
on prediction efficiency, so efficient estimation of warping 
model is the key to the whole compression scheme. 
Though the multi-hypothesis disparity prediction can 
improve the prediction effects, its profit lies on the more 
precise warping. 

 

View number 8 

Setup of views Parallel 

Baseline between views 19.5cm 

Search range 32 (full pixel) 

Basis QP 36，39，42 

Entropy coding CABAC 

Rate control No 

RD optimization Yes 

Direct mode Spatial 

Table 1 Coding parameters in the experiment for 
“ballroom” sequence 

28
28.5
29

29.5
30

30.5
31

31.5
32

32.5
33

100 300 500 700 900 1100

Rate(kbps)

P
S
N
R
(
d
B
)

H.264/AVC(JM10.1)

Warping based coding

Intra coding

 

Figure 5 The R-D curves of ballroom view sequence at 
T0 (the first images of all views) 
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Figure 6 The R-D curves of Akko&Kayo view 
sequence at T0 

5 Conclusions 
In this paper we have discussed a warping-based image 
aligned VSC scheme to improve the coding performance. 
During the encoding process, reconstructed adjacent view 
image is warped toward current image using the affine 
model and the warped images are sent to the coding buffer 
as the current reference images. Novel image inpainting 
technology is introduced to fill the missing regions formed 
in the warping transformation. The warped image with 
inpainting processing brings more information to predict 
the coding image. To further improve the prediction 
effects, aligned multi-hypothesis prediction is used to 
compensate the inaccuracy of warping. It is shown by the 
experimental results that the proposed coding method 
provides the coding performance far and away higher than 
all intra coding in the simulcast coding scheme and it also 
achieves coding gains up to 0.3~0.5 dB compared with the 
standard H.264/AVC based coding. In future work, we 
will investigate how to improve the whole multi-view 
video compression performance via the proposed method. 
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