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ABSTRACT

The free viewpoint switching is one of the most important features of multi-view video streaming. The key problem lies
in how to achieve the best performance when the camera processing capability and the network bandwidth are limited. In
this paper, we propose a novel free viewpoint switching scheme for multi-view video scenario, in which the distributed
video coding technique is employed. In this scheme, the multi-camera video sources are encoded separately with the
traditional hybrid video coding scheme, and meanwhile an alternative bitstream is produced for every frame based on the
Wyner-Ziv coding method for the purpose of error correction when the viewpoint switching occurs. When switching
happens, the Wyner-Ziv bits corresponding to the actual reference frame at the switching point is transmitted and used to
recover the true reference. Instead of completely removing the mismatch, the proposed switching scheme tries to reduce
the mismatch to an acceptable level so as to save the bits for the switching frame. A wavelet transform domain Wyner-
Ziv coding method is proposed to produce the Wyner-Ziv bits for the switching frame. Conclusively, with the proposed
scheme, the inter-camera communication can be avoided and the drifting error can be controlled efficiently when the
viewpoint switching occurs.
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1. INTRODUCTION

The key characteristic of multi-view video lies in the interactivity, which can give users the opportunity to choose their
favorite viewpoint freely and get the three-dimensional panoramic scene. Because of the large data amount, multi-view
video needs much more bandwidth than traditional video in transmission. In the past decade, a number of multi-view
video coding (MVC) techniques have been proposed [1]-[4], which usually employ the multi-hypothesis prediction
scheme to utilize either temporal or view correlation in terms of the coding cost. With the inter-view prediction, multiple
views have to be transmitted for decoding a single view. Therefore, it is not a practical way to adopt these MVC
techniques in the real multi-view video streaming systems. Intuitively, it is desirable to develop a free viewpoint
switching scheme, which can switch between the different views upon request instead of transmitting all the views. In
general, the switching between these bitstreams is restricted only on the key frames to avoid the drifting problem. As we
know, the more key frames the worse coding efficiency. Thus, key frames are normally encoded periodically far apart
from each other in the bitstream, which will reduce the flexibility of the viewpoint switching.

Recently, a multi-view video streaming system has been reported in [5], which offers the feature of free viewpoint
switching at any desired position. In this system, only one of the multi-view bitsreams is transmitted if the viewpoint
switching does not occur. When the viewpoint switching occurs at the P frame, the additional global motion parameters
between the two cameras are transmitted to reduce the mismatch. A new rate-distortion optimization (RDO) model
considering both the source distortion and the potential distortion caused by the viewpoint switching has been employed
in the motion vector and coding mode selection in [5]. However, this system also has some disadvantages in the practical
applications. Firstly, the RDO scheme with error control will inevitably decrease the absolute coding efficiency, which is
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not good if the viewpoint switching never or seldom occurs. Secondly, the optimization process requires the data
exchange between two cameras, which is also unpractical in many real applications. And thirdly, the above RDO scheme
requires forecasting the potential switching points based on some user model, which is also a difficult task. Besides the
technique directly developed for multi-view video streaming, some other algorithms developed for the multiple bit-rate
(MBR) streaming, e.g. the SP frame in H.264, can also be employ in the free viewpoint switching scenario. However,
they still suffer from the similar problems. For example, in the SP frame based switching, the coding efficiency of the SP
frames is worse than the regular P frames.

Therefore, a desirable free viewpoint switching scheme should meet the following two requirements. Firstly, it should
not lower the absolute coding performance of the original bit-streams. Secondly, it should support the viewpoint
switching at any desired frame. Distributed source coding (DSC) may be a promising technology to solve the above
problems. Theory of Slepian-Wolf shows that, even if the correlated sources are encoded without getting information
from each other, the coding performance can be as good as joint encoding if the compressed signals can be jointly
decoded [6]. Wyner and Ziv have extended this theory to the case of lossy source coding [7]. Recently, several practical
Slepian-Wolf and Wyner-Ziv coding techniques have been proposed in the field of video coding, namely, distributed
video coding (DVC), e.g. the techniques in [8] and in [9].

Inspired by the basic idea of DVC, we propose a new free viewpoint switching scheme for multi-view video streaming in
this paper. Wyner-Ziv coding method is employed for the purpose of error correction when the viewpoint switching
occurs. In the proposed system, the different views are coded independently with the traditional hybrid video coding
method. Each inter frame is also encoded with Wyner-Ziv encoder and the coding bits are stored in a buffer. If there is
no switching in this frame, the stored bits are discarded after the normal coding bits are transmitted. If switching
happens, the stored bits are transmitted as Wyner-Ziv frame and used to limit the mismatch between reference frames in
encoding and decoding to the maximum extent. Actually, the Wyner-Ziv frame can also be on-line generated only at the
switching point for the real-time multi-view video streaming scenario.

The rest of this paper is organized as follow. Section 2 describes the proposed viewpoint switching system including two
practical implementations and the Wyner-Ziv coding employed in this scheme. Experimental results and the
corresponding analysis are given in section 3. Conclusions are drawn in section 4.

2. PROPOSED VIEWPOINT SWITCHING SYSTEM

2.1 Problem statement

Figure 1 shows the working flow of a typical multi-view video streaming system. The multiple views are encoded with
standard-compliant coding scheme, e.g. H.263+. The normal bitstream of one view is transmitted when there is no
switching. The user at the client can freely select the preferred view to watch, and send the selection to the server via a
feedback channel. Then, the server sends the new bitstream corresponding to the selected view to the client hereafter.
Throughout the streaming process, the user can switch from one view to another freely.
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Figure 1: Typical multi-view video streaming system.

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 2. 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.



000 e

Figure 2: Switching at the key frame.
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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. But as we
know, in many cases, the processing ability of the cameras is limited. If inter-view prediction is done between two
cameras when encoding, the large data exchange will become the main problem. Therefore, we propose a novel multi-
view switching system based on Wyner-Ziv coding. The inherent characteristic of Wyner-Ziv coding that can be intra
encoded and inter decoded can solve the problem gracefully. The mismatch between different references can be
compensated without adding much complexity in encoder.

2.2 Proposed DVC based switching scheme View 1 P

Figure 3 illustrates the proposed viewpoint switching scheme in terms of the above multi-view video streaming scenario.
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Figure 3: Free viewpoint switching in multi-view video streaming.

As shown in the figure, frames of all views are coded as the traditional intra or inter frames. When the viewpoint
switching happens, bitstream from the new selected view will be transmitted instead of the current bitstream. Supposing
the switching occurs at a P frame, the key problem lies in how to limit the mismatch between the reference and
reconstructed frames of the switched frame with the least cost at any position. We tackle this problem with the
distributed video coding technique. In particular, besides the traditional inter frame coding, we also encode each inter
frame with Wyner-Ziv encoder. The produced Wyner-Ziv bits are stored along with the corresponding traditionally inter-
coded frame, as described with the dashed block in Figure 3. If the viewpoint switching does not occur at this frame, the



Wyner-Ziv frame will be dropped; otherwise, the Wyner-Ziv frame will be transmitted prior to the next inter-coded
frame so as to correct the mismatch.

In this paper, we propose two practical implementation methods based on the above viewpoint switching framework, as
shown in Figure 4. The switching is from View 1 to View 2 and the switching paths for the two methods are different.
One is from Py n.q t0 Popso, @another is from Py . to Popnis. We will describe the two methods in details as follows.

Method 1

The left diagram in Figure 4 shows this method. The start point of the switching is Py .1 and the end point is Py, psz.
When switching happens, the encoder transmits frame Py n.; and Wyner-Ziv frame W, ., corresponding to Py, .1 to the
decoder. At the decoder, the decoded P, n.; is warped toward P; n., using global motion model. A six-parameter affine
model is used in this paper. The warped version of Py n.1, i.e. Y1 n4, iS Used as the side information of Py, .;and is sent
to the Wyner-Ziv decoder together with W, ,.1. After decoding, the reconstructed frame P’, ., that is the prediction P,,
n+1 Can be used as the reference of P, n.. Thus, the following frames in View 2 can be almost correctly decoded
continuously.

Method 2

The right diagram in Figure 4 shows this method. Different from method 1, the goal of this method is to avoid
transmitting the whole frame P, n... As shown in the right diagram in Figure 4, the Wyner-Ziv frame W, ., correspond
to frame Py, n+ iS transmitted instead of P, n.;. In the meanwhile, the motion vectors of P, ., and some intra-coded
blocks are also transmitted to help producing the side information frame. At the decoder, the reconstructed frame Py 1. iS
warped towards P n+1. The warped frame, the motion information M, ., and the intra-coded blocks in frame P, ., are
jointly used to produce the side information frame Yy n+1. Then, Y; 1 and W, 4, can be sent to the Wyner-Ziv decoder
to achieve the reconstructed frame P’ .1, which can serve as the reference to decode frame P, n.3 as well as the
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Figure 4: Structures of two switching methods.

2.3 Wyner-Ziv coding scheme

For the coding of the Wyner-Ziv frame, we employ the basic idea proposed in [7], i.e. source coding with side
information using the turbo codes. Figure 5 shows the Wnyer-Ziv encoder/decoder diagram used in our system. At the
encoder, the reconstructed frame of the current inter frame is coded with a low complexity method, including wavelet
transform, scalar quantization and turbo encoder. The wavelet transform is used to decompose the frame into several
levels. Uniform scalar quantization is employed to quantize the low-pass and high-pass subband coefficients into M
levels. Note that the Wyner-Ziv encoder is independent of the side information in the proposed system. The quantized
wavelet coefficients are input into turbo encoder, and only parts of the produced parity bits are selected based on a
puncture matrix. Without the feedback information from the decoder, the rate allocation may not be very accurate. In
other words, sometimes we have to waste some bits to guarantee the convergence in the turbo decoder. However, it is
still valuable in the viewpoint of flexibility.
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At the encoder, the reconstructed frame, e.g. P, n+1 in method 1, is taken as the source frame of Wyner-Ziv coding. It is
firstly decomposed into several levels by wavelet transform. In this paper, we use 9/7 wavelet filter and 3 decomposition
levels. Then, the transform coefficients are quantized into M levels using a uniform scalar quantizer. Note that different
subbands may have different M values. M is related to the selection of quantization step size for each subband. The
quantized coefficients are input into turbo encoder bit-plane by bit-plane. Coefficients of the same subband are encoded
together. Only the parity bits are stored in the parity buffer and transmitted to the decoder. A puncture matrix is
employed to select parity bits.

At the decoder, both the side information frame, e.g. Y1 n+1 in method 1, and the Wyner-Ziv bits, e.g. W, .1, are available.
The key problem is how to reconstruct the Wyner-Ziv frame using the side information and the Wyner-Ziv bits. As shown
in Figure 5, the turbo decoder and the reconstruction module assume a Laplacian residual distribution between the frame X
to be decoded and the side information frame Y. Let d be the difference between the corresponding coefficients in X and

Y. Then, the distribution of d can be approximated as f (d) = %e*“"" for each subbands [9]. Let ¢;' denotes the ith bit

of a coefficient c;, and c,-i’ denotes the estimated reconstruction value for c,-‘. The probability P can be computed using the
residual distribution model as follows:

—ald ;
Cj

P=ze

with d, = (m;1(c})+offset) - 1(y,)- (6]

Here m; represents the magnitude at ith bitplane. | (c,-i’) indicates the possible value of cj‘, which is equal to 1 or 0. y; is the
coefficient of side information corresponding to c;. offset is a estimated value used to compensate the lower part of c;,
because the lower bitpane of ¢; is still not decoded now. The value of offset is according to the distribution parameter and
the quantization step size. After the current bitplane is decoded, it will be used to help decoding the next bitplane.
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Figure 5: Block diagram of the Wyner-Ziv coding scheme used in the proposed system.

The advantages of the proposed scheme are summarized as follows:

1) The communications between the different cameras can be removed. In the previous bitstream switching schemes,
e.g. the SP frame in H.264, the reconstructed frames from both bitstreams should be jointly analyzed and processed
at the encoder. However, in proposed scheme, in addition to the traditional intra/inter coded frames, the Wyner-Ziv
frame is also independently encoded. Thus, no data has to be exchanged in cameras. This advantage will be enlarged
in the case of dense multi-view system.

2) The drifting errors can be limited to a minimum extent. This is also one of the most significant features of the
proposed scheme. Assuming P, .. Or its global warped version is used as the reference frame after the viewpoint
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switching, there are probably some large local errors, which will propagate to the following inter-coded frames.
However, in the proposed system, the Wyner-Ziv coding can correct most of the large local errors.

3) Switching point can be selected at any frame without the needs of forecasting the switching position and frequency.
And also, the coding efficiency as well as the transmission efficiency is the same as the traditional single view
streaming if the viewpoint switching has never occur.

3. EXPERIMENTAL RESULTS

In order to verify the efficiency of the proposed scheme, experiments on the real multi-view video sequence are carried
out. Test sequences, racel and golf2 provided by KDDI Lab are used in the test. In each sequence, two views with 300
frames each are selected. IPPP structure with GOP size 30 is used in the H.263+ coding. Each reconstructed P frame is
also encoded with the Wyner-Ziv encoder and the punctured parity bits are stored in a buffer. We assume that each GOP
has a switching point at the middle position. According to the application scenario without inter-camera communication,
four switching methods are compared, including the direct switching, global warping-based switching and the two
proposed Wyner-Ziv switching methods. Note that the proposed methods require extra bits to be transmitted at the
switching point. The numbers of bits for different QP are shown in Table 1, in which W-Z represents Wyner-Ziv bits,
and P/MV means P frame or MV bits. In method 1, Wyner-Ziv bits and a P frame are transmitted when switching
happens. While in method 2 Wyner-Ziv bits are transmitted together with some MV bits and intra-coded blocks.

Figure 6 shows the last reconstructed frames of a GOP through the three different schemes. Because the visual qualities
of the two Wyner-Ziv methods are similar, only the result of method 1 is given. Based on Figure 6, both direct switching
and the global warping-based switching suffer from the error propagation. Actually, although sometimes the global
warping can achieve visually acceptable reference frame at the switching point, the mismatch between it and the true
reference frame usually concentrates on some local regions, which will inevitably propagate to the following frames, as
shown in Figure 6. The testing results along the whole sequences at different bitrates are shown in Figure 7. Note that the
anchor results, noted by “Theory bound”, are calculated by always using the perfect reconstructed frames, which cannot
be achieved in practice. Obviously, the proposed viewpoint switching scheme can achieve the best rate-distortion
performance.

4. CONCLUSIONS

In this paper, a novel free viewpoint switching scheme has been proposed for the multi-view video streaming, in which
the distributed video coding technique is employed to reduce the mismatch between the available reference frame and the
true reconstruction frame when the switching happens. In particular, a wavelet transform domain Wyner-Ziv coding
method is proposed to produce the switching frame. With the proposed scheme, inter-camera communication is avoided,
and the drifting error can be controlled efficiently.
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Table 1: Number of bits for switching frame.

Switching Bits

Method Type Racel Golf2
QP QP
4 6 8 10 12 4 6 8 10 12

W-Z bits | 144880 | 110400 | 91392 | 86400 | 73200 | 96000 | 73200 | 57024 | 50688 | 44352

Method 1 | P/MV bits | 73438 | 45268 | 31359 | 23654 | 19053 | 15224 8688 5784 3912 3032
Total 218318 | 155668 | 122751 | 110054 | 92253 | 111224 | 81888 | 62808 | 54600 | 47384

W-Z bits | 186920 | 144880 | 110400 | 104064 | 91392 | 104064 | 86400 | 66048 | 59712 | 47040

Method 2 | P/MV bits | 31435 | 22306 | 19201 | 15233 | 13230 8723 5960 3920 2124 1911
Total 218355 | 167186 | 129601 | 119297 | 104622 | 112787 | 92360 | 69968 | 61836 | 48951

Figure 6: Comparison of the visual quality of the three last P frames in a GOP after switching occurs. Direct switching (a), Global
warping-based switching (b) and Wyner-Ziv switching (c).
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