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ABSTRACT

One important problem in distributed video coding is to
estimate the variance of the correlation noise between the
video signal and its decoder side information. This variance
is hard to estimate due to the lack of the motion vectors at
the encoder side. In this paper, we first propose a linear
model to estimate this variance by referring the zero motion
prediction at the encoder based on a Markov field
assumption. Furthermore, not only the prediction noise
from the video signal itself but also the additional noise due
to wireless transmission is considered in this paper. We
applied our correlation estimation method in our recent
distributed wireless visual communication framework called
DCAST. The experimental results show that the proposed
method improves the video PSNR by 0.5-1.5dB while
avoiding motion estimation at encoder.

Index Terms—distributed video coding, wireless video
multicast, correlation noise estimation, confidence interval

1. INTRODUCTION

Distributed source coding (DSC) [2] stands for independent
encoding and joint decoding of multiple correlated sources.
Distributed video coding (DVC) [8] [9] or Wyner-Ziv video
coding (WZVC) is one of the earliest and most advanced
applications of DSC. In WZ coding, the encoder does not
know or use side information (SI), which make it possible to
perform predictive coding without encoder motion
estimation (ME) and motion compensation (MC). In a word,
a block of pixels or coefficients in the current frame is WZ
encoded into a stream without using any information of
previously encoded data, and the decoder use all available
information to generate side information to decode the
current compressed stream.

Note that an important difference between conventional
WZ video coding and DVC is that the estimation of the
correlation noise are known to both the encoder and decoder
and does not change over time in the former. In DVC,
however, the decoder has to generate SI using what the
information it has. No matter how SI is generated, the
estimation of correlation noise is unknown and dynamically
changes over time. Indeed, due to the nonstationarity of real

scenes, WZ video coding in DVC has to deal with varying
correlation noise estimation.

The estimation of correlation noise has been regarded
as an important challenge in DVC. Usually, the authors used
a Laplacian distribution to model the correlation noise
between the original frame and the corresponding SI frame
[5] [6]. It has been shown however that these models are not
accurate enough if there are occluded regions in the scene
[7]. Under this situation, the correlation noise should be
concentrated in the occluded areas, which are usually at the
moving objects’ boundaries.

In [10], the correlation noise is modeled as Laplacian,
but to capture the nonstationary nature of the scene, the
correlation parameter was varied from pixel to pixel.
Similarly, in [11], the Laplacian distribution is used with the
parameter estimated online at the sequence level, frame
level, block level, and pixel level from decoded frames at
the decoder. In [12] and [13], improved online channel
estimators are proposed that attempt to address the issue of
difficulty in adaptive correlation in smaller spatial regions
due to the difficulty in acquiring sufficient statistics.

The above correlation estimation methods are just
generating more accurate SI at decoder, and ignore the
encoding efficiency. In a recent distributed wireless visual
communication frame work, which is called DCAST [1] [4],
the correlation estimation is also needed at encoder. Unlike
the previous transmission mode does, DCAST does not
perform quantization, FEC and modulation to the video
signal. To wuse the inter frame redundancy, DCAST
introduced the DVC at encoder to achieve high inter frame
compression efficiency and avoid error drifting. More than
those, DCAST utilizes coset coding [3] and transmit the
coset code of the video signal by raw OFDM channel. At the
decoder, the video signal can be decoded with the help of
inter frame prediction.

In DCAST, quantization step size in coset coding is
calculated according to the correlation noise between video
signal and its side information. As in DVC the side
information is not available at encoder, to solve this
problem, DCAST performs motion estimation and motion
compensation to generate current frame’s prediction, i.e. the
side information. The ME and MC module makes the coset
coding can be accomplished at encoder, it also increases the



coding complexity significantly. To support more and more

convenient mobile devices, we should reduce the encoding
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Fig.1. DCAST codec framework

complexity and remove the ME and MC module from the
encoder. To support the coset coding at encoder, we have to
find another way to estimate the correlation noise at
encoder.

As the decoder needs side information to reconstruct
the received video signal in DCAST, in this paper, we
propose a new method to estimate the variance of the
correlation noise between the video signal and its decoder
side information at encoder. Firstly, we propose a linear
model to estimate the variance with zero motion prediction
at the encoder based on a Markov field assumption.
Secondly, we take the noise caused by wireless transmission
into account.

The rest part of the paper is organized as follows:
section 2 introduces the correlation noise estimation in
DCAST. The proposed method is presented in section 3.
Experimental results are given in section 4. Conclusions are
given in sectionS5.

2. DCAST CODEC FRAMEWORK

At the encoder, DCAST utilizes linear transform and
distributed source coding to remove both intra frame
redundancy and inter frame redundancy. Fig.1 describes the
codec framework of DCAST.

On the encoding side, DCAST performs traditional
DCT, quantization, coding and transmitting on the first
frame of original video. For the rest of the frames, DCAST
preforms motion estimation (ME) and motion compensation
(MC) on the previous frame to get the predicted frame of
current frame. Then makes DCT transform of current frame
and the predicted frame, use the two DCT coefficients to
estimate the step size which is used in the following coset
coding. As the step is estimated, then performs coset coding
on the DCT coefficients of current frame. The coset values
are scaled for optimal power allocation. Then, DCAST
applies Hadamard transformation on the signal to redistrict

energy. In the end, the signal is directly transmitted by the
raw OFDM channel.

On the decoding side, the channel superimposes the
raw signal and channel noise in received signal. To decode
the signal, three steps are performed: Firstly, DCAST
performs motion compensated extrapolation (MCE) to get
the predicted frame of current reconstructed frame, and
transform the predicted frame into DCT domain. Secondly,
Linear Least Square Estimator (LLSE) is performed to
reconstruct the coset value with minimum distortion. Finally
the decoder refines the frame by syndrome decoding.

At the encoder side in DCAST, the correlation noise is
just the predicted noise between the predicted frame and
current frame, actually the correlation noise also contains
the noise caused by the wireless transmission, so we need a
new method to estimate the correlation.

3. PROPOSED METHOD FOR CORRELATION
ESTIMATION

As we introduced in section 2, both the encoder and decoder
has ME and MC module, so we can just keep the decoder’s
and removes the encoder’s to reduce the coding complexity
significantly. The encoder of DCAST without ME and MC

is shown in Fig.2.
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Due to the lack of motion vectors at the encoder side,
it’s hard to estimate the variance between the video signal
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and its decoder sider information. To estimate the variance
at encoder, firstly we assume the variance satisfy Markov
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field, i.e. the variance between current frame and its decoder
SI is only correlated with the variance between current
frame and its encoder side information. Thus at encoder, we
take a zero motion prediction on the frame before current
frame to get current frame’s side information, i.e. the former
frame, and calculate the variance between current frame and
its encoder SI:
D=EX-y)* (1)

X is current frame, Y is X’s zero motion prediction, and then
the variance between current frame and its decoder side
information can be described as:

D’ =b*D +k (2)

As the correlation noise also contains the noise due to
wireless transmission, we have to take this part into account:
D’ =a*N + b*D +k 3)

N is the channel noise. The left problem is to calculate a, b
and £.

Firstly, we assume the channel has no noise, so the
noise is only as (2) described. We can simulate the decoder
at encoder and transmit 3 frames to calculate b and k. after
that we can simulate to transmit 2 frames to calculate a, then
we can calculate other variances of other frames, as we
know the channel noise N and can calculate D at encoder.

Now let us review how the correlation noise is used in
DCAST. At DCAST, the encoder generates video signal’s
side information to calculate coset coding’s quantization
step size:

q:2|_max(|X-S'|)+|NL+NS|+e_| 4)

The X is current frame, S’ is the predicted frame at
encoder, N, is the reconstruction noise when coset coding is
correct and Ny is the reconstruction noise of the previous
frame, both N; and Ng can be estimated by the channel SNR.
In our method, we have to use the variance we calculated to
estimate the max(|X-S’|) in (4).

In our following step, we assume we can get the
decoder’s SI X’ at encoder, then we can calculate X-X~

Fig.3. Gaussian fitting for the 3" frame’s Z, SNR=10dB
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easily. We let Z=X-X", so for each frame, we can get a set of
Z:
Z= {Z], Z) Z3) eennnn } (5)

For each z;and z;, 1, j=1, 2, 3,...... and i #j, z;#z. We can
get an occurrence probability p; for each z;. After various
attempts, we find that we can assume p; and z; meet the
Gaussian distribution, and the fitting results are showed in
Fig.3.

As we know the z; satisfied a certain distribution, we
can estimate the distribution arrange of z; through the
concept of confidence interval. In our estimation, we only
concern 95% of all possible values that Z will takes, then we
can calculate the confidence interval of the average value of
Z with a confidence level of 0.95. The confidence interval
can be described as:

X-Z,*0,X+Z,*0) (6)
2 2

X is the mean of a sample, a=1-0.95, 6=D ol 2, then the

length of the confidence interval is 2*Z; y,5*o. To ensure the
coset coding is correct, 2*Zggys*o>max (/X-S’/) must be
satisfied, then we can let max(|X-S’|)=2*Z y,5%o.

In DCAST, the noise |Ng+N;| were estimated based on
the assumption that the channel SNR is 5dB. This
assumption did not consider the change of the channel
condition. As we can estimate the distortion that caused by
the noise, then we can use it to calculate the step size to
make it more accurate.

4. EXPERIMENTAL RESULTS

In experiments, we evaluate the performance of our method,
and we compare it with DCAST and 3D-DCT based
Softcast (Softcast3D). Softcast3D is another wireless video
broadcasting approach, and it partially introduce 3D-DCT to
achieve inter frame compression.

All the three methods, our method, DCAST, Sofecast-3D,
encode the video into packets by soft compression. The
video test sequences are ‘foreman qcif.yuv’, ’mother-
daughter qcif.yuv’ and ‘salesman qcif.yuv’. The video
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number of video pixels per second) .The experiments is
video multicast to users with diverse SNR.

The video packets are transmitted to OFDM. The

OFDM signal is transmitted over AWNG channel. The
receiver passes the signal to the OFDM module to perform
CFO corrections, channel estimation and correction, and
phase tracking. Then it inverts the operations of the
transmitter and forwards the soft information to video
decoding layer.
The results are given in Fig.4. DCAST is 1-4dB better than
softcast3D. Our method is 0.5-1.5dB better than DCAST.
The visual quality comparison is given in Fig.5. The channel
SNR is set to be 10dB. It is clear that our method has better
visual quality than DCAST and sofecast3D.

5. CONCLUSIONS

In this paper, we propose a new method to estimate the
variance of correlation noise between current frame and its
decoder side information. As the encoder lacks the motion
vector in DVC, the variance is hard to estimate. We applied
our method in DCAST, the experimental results show that
the method improve the performance and meanwhile reduce
the encoder complexity significantly.
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