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Abstract—In this paper, a novel coding scheme is proposed for 
switching viewpoint in multiview video streaming, which can 
switch freely and efficiently between any two adjacent views of 
multiview video even if the switching point is not an intra 
frame. The proposed scheme implements the switch function at 
the predictive frames and improves the efficiency of the 
switched frames by limiting the mismatch between the 
references for the prediction and the reconstruction. Interview 
prediction based on global motion model is used to reduce the 
differences between two adjacent views and the global 
disparity parameters are transmitted. To further improve the 
switching efficiency, a new rate-distortion optimization model 
is proposed to give the smart inter/intra selection when 
encoding. H.264 coding scheme is employed as the platform. 
Experimental results show that, compared to switching directly, 
the proposed scheme can improve the coding efficiency up to 2 
dB in PSNR. 

I. INTRODUCTION 
Multiview video consists of video sequences captured by 

multiple cameras at the same scene and time but different 
positions. The key characteristic of multiview video is 
interaction, which can give users the opportunity to choose 
their favorite viewpoints freely and get the three-dimensional 
panoramic scene. Because of the large data amount, 
multivew video needs much more bandwidth than traditional 
video in transmission. However, the Internet, which was 
initially designed for data transmission and communication 
among computers, is inherently a heterogeneous and 
dynamic network. The channel bandwidth may usually 
fluctuate in a wide range from bit rates below 64 kbps to well 
above 1 Mbps. Therefore, how to satisfy the viewpoints 
choosing requirement while using bandwidth as low as 
possible in multiview video streaming is important and 
practical. 

In the past years, some work has been done on multiview 
video coding based on improving overall compression 
efficiency. Due to the high correlation between adjacent 
views, interview prediction has become the main goal of the 
researchers. In [1], Grammalidis uses a multiview matching 
cost as well as pure geometrical constraints algorithm to 
estimate disparity and to identify the occluded areas in the 
views. In [2], a sprite generation algorithm in multiview 

sequence is proposed to improve coding efficiency. A 
multiview video compression method based on 2D mesh 
model is proposed in [3]. Recently, MPEG/3DAV ad-hoc 
group has started the work on 3DAV standardization. Some 
preliminary study and experimental results of multiview 
video coding have been reported [4]-[6]. However, with 
these methods, multiple views have to be transmitted for 
decoding a single view. 

Viewpoint switching method is an intuitive settlement for 
the contradiction, which switches viewpoint bitstream when 
necessary instead of transmitting all the views. In general, 
the switching between these bitstreams is restricted only on 
the key frame, at which the encoding does not depend on the 
information from any previous frames, e.g., at I frames, to 
avoid severe drifting problem. As we know, the more I 
frames, the worse coding efficiency. Key frames are 
normally encoded periodically far apart from each other in 
the bitstream, and therefore switching cannot take place at 
any desired frame. This greatly reduces the flexibility of the 
viewpoint choosing function. 

In this paper, we propose an efficient multiview video 
streaming scheme based on global motion model, which 
offers the feature of free view switching at every desired 
position. H.264 [8] coding scheme is employed as the 
baseline. In the proposed scheme, only one of the multiview 
bitstreams is transmitted, and sometimes the additional 
global motion parameters are transmitted for switching 
purpose. These parameters are used to limit the mismatch 
between the reference and the reconstruction of the switched 
P frame. The global motion estimation (GME) from MPEG-
4 [7] is employed to compute the global information between 
corresponding frames of the two views at the encoder. When 
switch happens, the reconstructed frame of the current 
bitstream is warped according to the global motion 
parameters and set as the reference of the switched frame. To 
further improve the switching efficiency, a new rate-
distortion optimization (RDO) model based on the warped 
adjacent frames is used to select inter/intra coding modes.  

The remainder of this paper is organized as follows. 
Section II describes the general structure of multiview video 
streaming system as well as the problem statements. Section 
III describes the multiview video streaming architecture in 
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detail, including the encoding and decoding processes when 
switching. Section IV describes how to further improve the 
performance with smart encoding techniques. In section III, 
some experimental results are given. Finally, conclusions are 
drawn in section IV. 

II. PROBLEM STATEMENTS 
A general mutliview video streaming scenario can be 

described as follows. The multiple views encoded with the 
standard-compliant coding scheme, e.g. H.264, are stored at 
the server side. The user at the client side freely selects the 
preferred view to watch, and the selection is transmitted to 
the serve via a feedback channel. Then the server sends the 
bitstream corresponding to the selected view to the client. 
During the streaming, the uses can freely switch from one 
view to another. Figure 1 shows the general streaming 
architecture and an example of the view switching process, 
respectively.  

 
(a) 

(b) 

Figure 1.   Multiview video streaming. (a) General structure, and (b) an 
example of view switching. 

Since only one bitstream is transmitted at one time during 
the streaming process, the above scenario can be effortlessly 
implemented with the existing streaming system and network 
conditions. However, the limitation of this architecture is that 
the view switching can only occurs at the key frames, i.e. at 
the Intra frames, as shown in Figure 1(b). If the switch point 
happens to be a P frame, the mismatch between the received 
and reconstructed reference frame at the decoder and the 
originally reconstructed reference frame at the encoder may 
result in severe drifting problem. Therefore, in order to 
provide more flexibilities of viewpoint switching to the users, 
it is very desirable to reduce this kind of mismatch.  

An efficient solution to the mismatch problem described 
above is to add the inter-view prediction information into the 
bitstream. When the switch happens, the embedded side 
information should be helpful to generate the new reference 
frames that are equivalent or very similar to the original 
reference frames of the current frame to be decoded. Since 
the displacement between the corresponding pictures of two 
adjacent views is mainly caused by the displacement of the 

two cameras, global motion compensated prediction can 
overcome most of the mismatch. Therefore, firstly, we 
propose a general multiview video coding structure based on 
global motion estimation. Secondly, since some regions, e.g. 
those located at the boundaries, still can not be compensated 
with GME, we propose a smart encoding scheme that can 
further reduce the potential drifting caused by these regions. 

III. PROPOSED CODING ARCHITECTURE 

A.  Proposed Coding Scheme 
Figure 2 shows the general structure of viewpoint 

switching with global motion information. Assume that view 
1 is being transmitted to users and there is a switch to view 2 
at time t. If the decoder can obtain exactly the same reference 
as the normally decoded P2 after the P1 decoded, it would 
continually decode the P frame of view 2 at time t+1 nearly 
seamlessly. 

 

Figure 2.  switching between two views with GME 

In the proposed scheme, GME is used to compensate the 
displacement between the two references. Affine motion 
model is employed. The GME is performed at the encoder, 
and three pairs of global motion vectors are encoded as the 
global motion information. When the switch happens, P1 is 
warped according to the received global motion vectors, and 
the decoder can get a reference similar to P2. H.264 coding 
scheme is employed as the baseline. Only the situation with 
one reference frame is discussed here. It is very easy to 
extend the proposed scheme to the situation with multiple 
reference frames.  

B. Proposed Encoding Process   
Figure 3 shows the block diagram of the proposed 

encoding process. In detail, the multiple views are encoded 
in parallel as follows: 

1. When the current frame is an Intra frame, it is encoded 
with the traditional coding scheme, and then decoded as the 
reference of the subsequent frames. Then, the GMEs are 
performed between the current frame at the frame buffer and 
the corresponding decoded frames at its adjacent views. The 
estimated global motion parameters are represented with 
three pairs of motion vectors. Notice that the GME results 
after inverse can be shared by the adjacent views. 

2. When the current frame is an Inter frame, the global 
motion vectors of its reference frame have been known a 
priori. Then, the global motion vectors are encoded into the 
bitstream with the method developed in MPEG-4. Notice 
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that these motion vectors are useful only when the switch 
happens. Therefore, they are mandatory to be transmitted 
only when the switching happens. Afterwards, the current 
frame is decoded, and the GMEs with the frames at its 
adjacent views are performed as well.  

 The high correlation and similarity between pictures of 
adjacent views make that the global parameters can 
efficiently predict the motion between two adjacent pictures. 
When switch happens, the difference between P1 and P2 can 
be efficiently limited by warping P1 with the global 
parameters and the drifting error taken by switch can be 
reduced efficiently. To further improve the switch efficiency, 
a new RDO method is used to consider the information of 
the warped P1 in mode selection which is described in the 
following section. 

 
Figure 3.  The proposed encoder for viewpoint switching 

 

Figure 4.  The proposed decoder for viewpoint switching 

C. Proposed Decoding Process 
Figure 4 shows the block diagram of the proposed 

decoding process. The decoding method is almost the same 
as the original H.264, except that sometimes the pre-
processing has to be done on the reference frames. In details, 
when there is no switch, the original decoding process is 
performed, and the decoded frame is saved in the decoder 
buffer; when the switch happens, the global motion vectors 
corresponding to the reference frame are received and 
decoded, afterwards, the reference frame in the buffer is 
warped according to the global motion parameters prior to 
motion compensation. 

With the above decoding scheme, the resultant 
reconstructed reference frame is very similar to that decoded 
from the bitstream switched to. Since the information of the 

warped frame has been considered in smart mode decision at 
encoder, a nearly drifting-free switch from view 1 to view 2 
is achieved. Moreover, the proposed scheme can achieved 
the double-direction switch. That is, the switch from view1 
to view2 and the reverse one both can get good performance. 

IV. INTER/INTRA MODE SELECTION 
The proposed mutliview video coding architecture with 

GME involved in the encoding process provides an 
opportunity to freely switch the preferred views at the 
client/decoder. However, due to the displacement between 
the views, there are always some regions that cannot be 
compensated with GME, e. g. the border regions that only 
exist in one frame. Therefore, with the traditional encoding 
scheme, the drifting problem may still exist. 

To solve this problem, we propose to use the content 
adaptive inter/intra mode selection. Supposing a block in the 
current frame cannot be properly decoded if its reference 
blocks can not be recovered from its adjacent views, it is 
better to be encoded as an intra block in case of viewpoint 
switching. These intra blocks may also decrease the overall 
coding efficiency. Therefore, we propose a new RDO model 
for intra/inter coding mode selection. The proposed model is 
implemented at the encoder as follows.  

After the GME is performed, the pictures of left view and 
right view are warped according to the global parameter. If 
switch happens to the left view or the right view at current 
time in transmission, the warped left-view or right-view 
picture would have to be set as the reference frame. 
Therefore, they should be considered when rate-distortion 
optimization is done. The mode decision is done by 
minimizing the Lagrangian function: 

RDFFFppC proposedrightpredleftpredcurpredrl λλ +=),,,,,( ___  

Where Pl/Pr is the frequency the left/right view is switched to 
current view. Fpred_cur is the prediction reference of current 
frame and Fpred_left and Fpred_right are the warped reference 
from left view and right view respectively. λ  is the 
Lagrange multiplier for this mode decision. Dproposed is 
computed as follows: 

rightrleftlcurrlproposed SADpSADpSADppD ++−−= )1(  

where SADcur is the prediction error between current frame 
and Fpred_cur, SADleft and SADright are the prediction errors 
between current frame and Fpred_left and Fpred_right respectively. 

V. EXPERIMENTAL RESULTS 
In order to verify the performance of the proposed coding 

scheme, we present the experiment results on some 
multiview sequences in this section. Our algorithm is 
implemented based on H.264 reference software JM 8.2. JM 
8.2 scheme without inter-view prediction is taken as the 
reference. We use the multiview test sequences Race1 and 
Golf2 provided by KDDI Lab. There are 8 views in each 
sequence. In each view, 3000 frames (YUV 4:2:0, 320x240) 
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are coded. I frames are inserted every 30 frames. The 
parameters are set as follows: 

• RD optimization:                             on 
• Hadamard transform:                       on 
• Reference number:                           1 
• Entropy coding:                                CABAC 

Pl and Pr are set to 1%. Switching points are chosen in 
average position at every percentage, and new switched 3000 
frame-bitstream consists of all views is generated and all 
points are chosen at P frames. Figure5 gives the experimental 
results of the H.264 and the proposed scheme. “H.264” 
represents the directly switching method with bitstream 
encoded by H.264, while “GME” and “GME RDO” 
represent the proposed scheme. The switch points within a 
GOP are chosen in two positions: beginning of the GOP and 
middle of the GOP. Each curve consists of five points 
corresponding to the QP equals to 28, 30, 33, 37 and 40. 
Compared with the directly switching method, the proposed 
method can get better reference quality, and the switch 
efficiency can be improved up to 2 dB. 

VI. CONCLUSIONS 
In this paper, an efficient and flexible scheme has been 

proposed to achieve high quality viewpoint switching at 
predictive frames with limited drifting errors. Global motion 
estimation model is used to predict the similarity between 
adjacent views and a new rate-distortion optimization model 
is used to selection proper inter/intra coding mode. And 
drifting error taken by switch can be efficiently reduced by 
this model. Compared to switch directly with H.264 coding 
scheme, the proposed method provides more functions and 
higher switch efficiency. These features are very desirable 
for the network currently used in most streaming systems.    
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(a) Race1 with switch points in the beginning of GOP 
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(b) Race1 with switch points in the middle of GOP 
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(c) Golf2 with switch points in the beginning of GOP 
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(d) Golf2 with switch points in the middle of GOP 

Figure 5.  Experimental results between the proposed scheme and H.264 
scheme 
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