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ABSTRACT

In this paper, we propose a novel bit-stream switching
scheme for the multiple bit-rate (MBR) video streaming, in
which a Wyner-Ziv coded frame is used to overcome the
mismatch between the MBR streams when the switching
occurs. With the proposed technique, the MBR streams can
be independently encoded without losing any coding
efficiency. Similar to distributed video coding, the proposed
Wyner-Ziv switching scheme also faces the challenge of
rate allocation at the server side. To solve this problem, we
propose a new correlation model based on the analysis on
the reconstructed frames from the streams with different bit
rates. Accordingly, the number of transmitted bits can be
on-line calculated based on the correlation model without
any feedback from the decoder. With the proposed
technique, the actually transmitted Wyner-Ziv bits are only
few more than the truly requested bits. However, the delay
due to the bit requesting process can be avoided.

Index Terms — video coding, video streaming
1. INTRODUCTION

Multiple bit-rate (MBR) video streaming is a concise and
efficient method to cope with bandwidth variations while
video is transmitted over the Internet, which has been
extensively used in some commercial streaming systems
such as Windows Media Services, RealSystem, QuickTime,
etc [1][2]. In MBR video streaming, the identical content is
encoded into a group of streams with pre-defined bit rates
[3]. During the streaming session, the server dynamically
selects the most appropriate stream to send according to
available bandwidth. Obviously, the user experience greatly
depends on the seamless switching between bit-streams.

In general, the MBR technique has to avoid the
mismatch between the two bitstreams under switching due
to the inherent feature of hybrid video coding. The existing
switching schemes using Intra or SP-frames [4] can only be
performed at some specified points. As we know, the more
inserted Intra or SP frames the worse coding efficiency.
Moreover, for one candidate switching point, a group of SP
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frames should be pre-encoded so that the switching from
any other stream is allowed. In other words, the multiple bit-
streams must be encoded collaboratively due to exploiting
the correlation of streams at the encoder.

In this paper, we proposed a new bit-stream switching
scheme using Wyner-Ziv (WZ) coding. In the switching
scenario, we consider the reconstructed frame in the bit-
stream to be switched to as the source X and the
reconstructed frame in the bit-stream from which to switch
as the side information Y. Then, the switching frame is
generated from X with WZ coding, in which we employ the
widely recognized turbo codes based WZ coding developed
in [5]. Thus, X can be reconstructed from the WZ frame as
long as a correlated Y is available, no matter which stream
Y is gotten from. In other words, the proposed switching
scheme only needs one switching frame at a switching point
for all switching towards the current bit-stream. It is
unnecessary to include the WZ frame in the regular
bitstream, and hence it will not sacrifice the original coding
efficiency of the bit-stream.

The basic idea of utilizing WZ coding in MBR video
stream has been reported in our previous work [6]. In this
paper, we target at proposing a practical solution. As we
know, the estimation of the proper number of WZ bits at the
encoder is a tough problem in distributed video coding
(DVC). However, this problem can be solved in the
proposed switching scenario based on some theoretical
analysis. We statistically analyze X and Y from their
residual signal and propose an algorithm to characterize
their correlation. The novel feature of the proposed
correlation model lies in that we only need to pre-calculate
very few statistical parameters, which will be used to on-
line calculate the number of WZ bits at the server side when
switching occurs. Thus, while the number of WZ bits can be
accurately estimated, the data exchanging between source X
and side information Y is avoid at the encoder.

The rest of this paper is organized as follows. The
stream switching using WZ coding is presented in Section 2.
The analysis of the correlation is presented in Section 3.
Section 4 introduces the technology of calculation of the
number of requested bits. Section 5 gives the experimental
results. Finally, Section 6 concludes this paper.
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2. WZ-BASED BIT-STREAM SWITCHING
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Fig. 1. Proposed bit-stream switching scheme. 7r denotes
a WZ decoder that takes F; ,; as side information, and
denotes the motion-compensated prediction.

Fig. 1. depicts the proposed bit-streaming switching scheme
using WZ coding in MBR video streaming. Let Py, (k = 1,
2) represent the coded bits of frame n in bit-stream k, and let
Fyn (k=1, 2) represent the reconstructed frame in bit-stream
k at the decoder. Assume that the server initially sends bit-
stream 1 up to time (n-1), and then turns to bit-stream 2 due
to the variance of bandwidth. With the proposed bit-stream
switching scheme, the WZ frame W,,; that has been
produced with WZ coding is used for the purpose of bit-
stream switching. WZ bits of bit-stream 1 are not needed in
the down-switching case.

In particular, the bit-stream switching is performed as
follows. When the streaming comes to the switching point,
Py, is transmitted. Then F, ., is reconstructed using F;
as the reference frame. Subsequently, W5, is transmitted to
inform the receiver for the purpose of switching. At the
receiver, a turbo decoder is employed to decode W, ., using
Fin1 as the side information. The decoded frame F';,,
should be identical or very close to F,,; depending on the
quantization step-size used in WZ coding system.
Afterwards, the subsequent frames P,,, Py, are
transmitted to the receiver. In summary, in the proposed
scheme, the server transmits W5, and P,, in total at the
switching point.

Nevertheless, there are some practical issues about the
WZ-based MBR video streaming. When the WZ encoder
generates the switching frames, it does not know what the
side information Y is. In other words, it is hard to know the
proper number of WZ bits that are enough to decode the WZ
frame. In DVC, it is a very tough problem. As is
implemented in [5], if the decoder cannot reliably decode X
with the received subset of bits, it requests additional parity
bits from the encoder buffer through feedback. The request
and decode process is repeated until an acceptable
probability of symbol error is guaranteed. This will increase
the network burden and often causes long latency that is
totally unacceptable in streaming scenario. Therefore, we
propose an elegant solution for the problem in this paper.
The detail technologies are discussed in the following two
sections.
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3. CORRELATION ANALYSIS

The correlation between X and Y can be described by the
conditional probability function p(ylx) = Pr[Y=y|X=x] [7].
Here, X and Y are two reconstructions from two streams
generated by encoding the same sequence with different
coding parameters i.e. quantization parameter (QP). It can
be defined as Y = X-D, where D is the residue between
them. A reasonable assumption made here is that X and D
are statistically independent, so p(yjx) = p(dlx) = p(d).
Therefore, the distribution of residue could be used to
describe the mutual correlation, which can be approximated
by a Laplacian probability distribution function (PDF):
A
p(d)=gexp(—/1|dl), (1)

where 4 =+2/var and var denotes the variance of the
residue.

The variance can be analyzed as follows. Let N be the
number of pixels in one frame, and rec;, (rec; ;) be the i
pixel value of reconstruction of high (low) bit rate stream.

1 N

2
var=— Y (rec, .-—rec, .
N i=1( h_i lil) @
1 N 2 1IN 7 2N
=— > vrec, . +— 2rec; . —— > rec; .*rec; .
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where the first two items can be computed and written into
streams during encoding. If the two reconstructions are
taken as two vectors, the third item can be computed by

N *
j:lrech,i rec; ;
where p reflects the degree of relevance between two
vectors. Note that the capital letters denote the vectors, the
subscript / (/) specifies the high (low) bit rate stream, the
superscript ¢ indicates the transpose of a vector, and ||.||
expresses the module of a vector.

For the case of up-switching that we are concerned
with, the original frame and the reconstruction of high bit
rate stream has such strong correlation that the relevance
parameter of the reconstruction from low bit rate stream
(REC)) and the original frame (ORIG) p, can be used as the
estimate of p. Thus, while encoding low bit rate stream, p;
can be computed and written into the stream as follows.

t
= REC, REC; = p*|| REC, || *|| REC; ||, (3)

t
ORIG REC
py = I 4)

IORIG[[*[[REC ||

Actually, the variance counts on the QPs of the two
involved bit-streams and the content of the current frame.
As we know, it is very hard to model the content
quantitatively. In the proposed algorithm, we tackle this
tough problem by converting the influence of the content to
some intermediate parameters, which is proven to be very
effective in the modelling of the relationship between two
correlated signals.



4. THE TECHNOLOGY OF CALCULATING THE
NUMBER OF REQUESTED BITS
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Fig. 2 The adopted WZ coding system

The adopted WZ coding scheme is shown in Fig. 2. Let R
denote the amount of ideally needed bits per pixel. In DVC,
for lossless coding (without quantization), R is determined
by the conditional entropy H (X]Y) computed as follows:

H(XIY)=XZyP(XIy)*p(y)*10g( ) - O

p(x[y)
Assume Y is statistically independent of D. Then, we can
get

1
H(X|Y)= X p(d)* p(y)*log(—)
d.y pd) . (©)
=H(Y-X)=H(D)
For lossy coding (with quantization), as is proposed in [8],
R(é):mfpeM(ﬁ) I(X;Z|Y). @)

For 6>0, define M(J) as the set of p(x, y, z), which satisfy
%p(x,y,z) =p(x,p),0r p(x,y,z) = p(x,y)* p(z | x) . It

has the property that there exists a function AY,Z) = X’ such

that the average distortion E/Dis(X, f(Y,Z))] < 4. p(z|x) can

be thought of as the transition probability of a “test channel”

whose input is X and whose output is Z. Clearly, if z is the

result of quantizing x, p (z| x) =1; otherwise, p (z| x) =0. 1(.)

denotes the ordinary Shannon mutual information. Hence,
R(&)=I(X;Z|Y)

=H(X|Y)-H(X | ZY)

=HXI[Y)- X p(x,y,z)*log( . ®
X,,Z p(x]zy)
=HX|Y)-2 p(y) X  plx=p*
X,y z=quant(x
x" uant(x')—zp(x’_y)
log(T Y )
p(x=y)

Particularly, R(0) equals to H(X]Y) reaching the maximum
value, when the quantizer is disabled. R(d,,,,) equals to zero,
when only one-level quantization is performed.

The probability p(x-y) can be obtained utilizing (1) with
the estimated variance. Thereby, ideally required amount of
bits for one frame could be computed by multiplying R by
the number of pixels. As can be observed in Fig. 3, the
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number of needed bits has a stable relationship with the
variance. There is a gap between the amount of actually
required bits and the ideal bound, mainly due to the amount
of data. For lossless coding, more input data means a larger
interleaver is gained so that more random code-words are
generated, and the amount of actually needed bits gets closer
to the conditional entropy [7]. Furthermore, for lossy
coding, the degree of approaching the Wyner-Ziv rate-
distortion function [8] is attributed to the practical design of
the quantizers. The ideal bound and the amount of required
bits share the common function of variance, just with
different parameters because of the gap.

ideal —bound (bits _required) = a*var’ )
In particular, for bits_required vs var model and 16-level
quantization adopted during WZ coding, ¢=8120.977. To
improve the accuracy, in the bits_required vs. var model,
parameter b is linear with var, i.e.

b=s+t*var , (10)

where s=0.3883, and =0.00035418.

After extensive experiments, it is found that the model
is not sensitive to the content. The period of puncturing
turbo codes in our scheme is 1/32 of the total parity bits.
The results of allocated bits can also be found in Fig. 3.
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Fig. 3. The training results of Akyio, News, Foreman,
Bus, Football sequences.

5. EXPERIMENTAL RESULTS

In order to verify the efficiency of proposed algorithm,
some experimental results are presented. 8 test sequences in
QCIF format and 30 fps are used to evaluate the accuracy of
our scheme. For each sequence, two streams with QP 20 and
QP 32 are generated with IPPP structure and GOP size
being 30. 16-level quantization is used in WZ encoding.
When switching happens, WZ bits are delivered. We assume
that each GOP has an up-switching point at the middle
position, i.e. 15" frame. Table 1 gives the comparison
between the real variances and the estimation. The effect of
error is reasonably evaluated in terms of the ideal amount of



bits. Only around 4% bits are more or less than the ideal
number computed using the real variances. The
experimental results of the calculation of number of bits are
shown in Table 2. From the table, we can see that with about
10% bits wasted, the frame of high quality bit-stream at the
switching point can be decoded successfully without
requesting process.

We also compare the performance of proposed
switching scheme with SP-switching, given in Figure 4. The
up-switching happens at 150" frame of foreman sequence.
The bit rates for these two streams are 103k and 236k
respectively. Only the first frame is intra coded. In order to
support comparable flexible switching, every fifth frame is
set as SP frame. For WZ switching, 31248 bits are needed
totally and 40704 bits are required for SP switching. It can
be observed that the SP switching inevitably sacrifices the
coding efficiency of the regular coding by inserting the
primary SP frames. Besides, for the switching from different
streams to the same target, various SP frames are demanded.
However, WZ switching just needs to transmit different
amount of bits of the identical WZ switching stream.

6. CONCLUSIONS

In this paper, we have presented a new algorithm in the
interest of solving the tough problem of rate allocation in
the practical applications of WZ coding. In particular, we
have introduced a new application scenario of MBR-based
video stream with WZ switching. The residue of the
reconstructed frames from the streams with different bit
rates is well fitted with a Laplacian PDF. Our proposed
approach takes into account the effect of QP and the
content, and gives good estimate of the variance. The
amount of actually needed bits can be modelled as the
function of the variance, based on which the required bits
can be allocated accurately at the encoder so that the request
process and the possible delay can be removed.
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Table.1. The comparison of the real variance and the
estimated one (o = Vvar )

Sequence | Real Estimated | Number Number
c c of bits | of bits
with real | with
o (bpp) estimated
o _(bpp)
Akyio 4.29 4.47 0.7028 0.7315
News 5.11 5.37 0.8205 0.8593
Foreman 5.42 5.79 0.8616 0.9175
Bus 6.81 7.28 1.08 1.1439
Football 6.33 6.69 0.9938 1.0448

Table.2. The comparison of the calculated numbers of bits
and the real ones

Sequence Required WZ | Estimated Estimation
bits WZ bits Errors (%)

Akyio 25027 27086 8.23
News 28195 31680 12.36
Foreman 31205 34056 9.14
Bus 36749 41818 13.79
Football 34848 38610 10.8
Coastguard | 36907 40867 10.73
Mobile 43085 49421 14.71
Table 29621 33106 11.76
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Fig. 4. The performance of our bit-stream switching
scheme.



