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ABSTRACT

Recent works have proposed the combination of Multiple
Description Coding (MDC) schemes with the novel Dis-
tributed Video Coding (DVC) paradigm in order to enable ro-
bust video transmission over lossy channels. DVC schemes
permit mitigating the drifting of channel distortion that char-
acterizes the traditional MDC schemes and prove to be ex-
tremely effective at high packet loss rates. The paper presents
a Multiple Description Distributed Video Coder (MDDVC)
that combines a polyphase-subsampling MDC approach with
anovel hybrid Distributed Source Coding technique that pro-
cesses the video signal both in the pixel and in the transform
domain. Tests on simulated lossy channels show that at high
loss probabilities the PSNR value of the reconstructed video
sequence improves with respect to its traditional MDC coun-
terpart. Moreover, an adaptive approach is also presented
combining both the traditional and the DSC-based MDC
schemes in order to maximize the quality of the sequence
reconstructed at the decoder for all the network conditions.

1. INTRODUCTION

The transmission of video sequences over wireless networks
presents several issues due to the presence of delays, packet
losses and bandwidth limitations. In order to overcome these
problems, different robust video coding strategies have been
proposed in the recent literature. Among these, Multiple De-
scription Coding (MDC) schemes [1] have proved to be sig-
nificantly more efficient with respect to traditional single de-
scription coding (SDC) architectures for wireless networks,
where channel conditions are time-varying and the bursty na-
ture of packet losses can lead to a significant distortion of the
reconstructed sequence. In addition, several video coding
architectures based on the information-theoretic concept of
Distributed Source Coding (named Distributed Video Coding
or DVC schemes) have been proposed during the last years
[2]. DVC approaches permit an independent coding of the
data at the transmitter, and a robust predictive decoding at
the receiver, which can be performed correctly provided that
at least one predictor is available from a set of possible can-
didates.

Recent works have been focusing on combining these
two techniques in Multiple Description Distributed Video
Coders (MDDVC) since coding the prediction residual us-
ing DVC permits reducing the drifting problem in traditional
MDC [3]. In [4] Crave et al. propose an MDDVC approach
based on motion compensation temporal filtering. In this
case, the adopted DVC solution is able to mitigate the in-
efficiency of the original MDC scheme reducing the amount
of redundancy introduced in the data stream. The solution
proposed in [5] applies a Wyner-Ziv coding technique to a
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multiple description scalar quantizer, while the approach by
Fan et al. [6] associates to each description some hash in-
formation, which is transmitted with the packet stream of the
other description. In addition, the approach presented in [7]
by Wang et al. adopts a zero-padding of DCT coefficients
to generate the different descriptions, which are coded by
a SPIHT-based Slepian-Wolf coder. Most of the proposed
MDDVC approaches process the video signal in the trans-
form domain, which permits obtaining high compression ef-
ficiency, but implies a difficult modeling of the correlation
between coefficients belonging to different blocks.

The paper proposes a novel MDDVC scheme that adopts
a hybrid DVC unit that processes the video signal both in the
spatial and in the temporal domain. More precisely, the cor-
relation between blocks is estimated in the spatial domain,
though the generated syndromes are compressed via a trans-
form coding algorithm. The scheme generates a set of “dis-
torted” syndromes, which can be efficiently compressed and
permit reconstructing the coded signal with a satisfying vi-
sual quality. Experimental results will show that the pro-
posed approach permits improving the PSNR value of the
reconstructed sequence of 1 dB at most with respect to the
original MDC scheme.

In the following, Section 2 provides an overview of
the implemented codec, while Section 3 describes the
Distributed Source Coding (DSC) scheme that have been
adopted to characterize the prediction residual signal. Sec-
tion 4 presents an enhanced adaptive solution that combines
both traditional MDC and MDDVC techniques in order to
obtain an enhanced MDC strategy that adapts to the channel
characteristics. Experimental results in Section 5 show how
the proposed DSC approaches improves the quality of the
coded sequences at high loss rates. Conclusions are drawn in
Section 6.

2. THE PROPOSED MDC ARCHITECTURE

Many MDDVC schemes that have been presented in liter-
ature are derived from previous traditional MDC counter-
parts replacing the traditional temporally-predictive video
coder with a Wyner-Ziv Video coding scheme (see [3] as an
example). Similarly, the proposed coder relies on a tradi-
tional polyphase-subsampling MDC architecture and adopts
anovel DVC video coding paradigm to code each description
separately.

Figure 1 shows the block diagrams of the employed en-
coder and decoder. The input sequence is split into two
descriptions sampling odd and even rows of pixels, which
are sent to two separate H.264/AVC-based DVC coders.
Each coder has been designed reusing the block structure of
H.264/AVC, where the residual coding adopts a DSC-based
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Figure 1: Block diagrams for the proposed encoder and decoder.

algorithm in place of the traditional solution based on the
Displaced Frame Difference (DFD).

Each 4 x 4 block of each description is approximated by
the motion estimation unit generating a predictor block iden-
tified by a motion vector. The residual signal is then coded
using a Distributed Source Coding paradigm (described in
Section 3) creating two packet streams (associated to the
two descriptions) that are independently sent to the receiver.
Each packet stream is decoded using an independent DVC
decoder, which is helped by a multiple description error con-
cealment whenever some information is lost. In case one
description is missing, it is possible to estimate the lost rows
interpolating the pixel rows of the other description. As a
result, the corresponding decoder can use a degraded version
of the missing information, which nevertheless permits a cor-
rect decoding of the following frames in case it is sufficiently
correlated with the lost data (more details will be given in
Section 3).

3. A DISTRIBUTED SOURCE CODING APPROACH
FOR CODING THE PREDICTION RESIDUALS

In the technical literature DVC approaches can be divided
into two main groups: schemes that process the video signal
in the pixel domain (see [8] as an example) and schemes that
operate in the transform domain (like the coder by Aaron et
al. [9] and the PRISM coder by Puri ef al. [10]). The former
require a lower computational complexity and prove to be ef-
fective when no feedback channel is available, but they have
a limited compression efficiency. The latter provide higher
compression ratios, but the needed computational effort is
considerably higher, since the motion search in the decoding
process is performed in the transform domain. In our work,
we adopted a hybrid pixel-transform domain DVC scheme
that permits reducing the decoding complexity and improves
the robustness of the video stream to packet losses with high
compression gains.

Given the current 4 x 4 block x,, of pixels for description
MDm (m = 1,2) and its predictor X, for each pixel x,, (i, j)
of block x,, at position (i, j), i, =0,...,3, we compute the

number of bits n,,(i, j) as

llog, (dm(i, /)| +2  if dw(i,j) < 8
wir=|

0 otherwise,

where d, (i, j) = |xm(i, j) —xpm(i,j)| and & is a threshold
value depending on the Quantization Parameter (QP) chosen
for the current block (in our setting, we have set § = A/12
where A is the quantization step associated to the current
QP). Then, the coding unit computes the maximum value

nm = max ny(i,J) 2)
i,j=0,...,3

within the current block and, in case n,, is higher than O,
it generates a block of syndromes s,,(i, j) via the following
equation

Sm(iyJ) = Xm (i, j)&(2" — 1) 3)

where the symbol & denotes a bitwise AND operator. In
this way, the n,, least significant bits of each pixel are se-
lected to generate the block s,,. The value s,,(i, j) is called
“syndrome” (as in [10]), while the parameter n,, is the num-
ber of syndrome bits. The block s, is then transformed
via the 4 x 4 H.264/AVC integer DCT into the block S,,,
which is quantized into the block S, ,,, dequantized, and
inversely-transformed into the block s;.,,. In our implemen-
tation, we adopt the same set of quantization steps adopted
in the H.264/AVC standard [11]. The syndrome s, (i, j) is
a lossy version of the original syndrome s,,(i, j) such that
Sem(iy ) = sm(i, ) + em(i, j), where ey (i, ;) is the distor-
tion introduced by the quantization in the transform domain.
Each lossy syndrome s,,,(i, j)! identifies a different quan-
tizer Qy,, (i,j) With quantization step 2" and offset s, (i, /)
such that the reconstruction levels for the adopted quantizer
can be written as s,.,,(i, j) + k 2™, where k € Z is the associ-
ated index of the quantized value.

"Here the term “lossy” in relation to the syndromes refers to the lossy
coding scheme adopted to characterize them.
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Figure 2: Example of syndrome generation and decoding.
Note that using the original syndrome s, (i, j) leads to a loss-
less reconstruction of x,,(i, j). The proposed scheme trans-
forms and quantizes s,,(i, j), and as a consequence, the final
quantizer is Q4 + e,,(i, j) in place of Q.

Given the predictor block x,, ,,, it is possible to recon-
struct the coded pixel X, (i, ) = xm(i, j) + em(i, j) by quan-
tizing x, (i, j) using the quantizer characteristics associated
to s-m(i, ). As an example, Figure 2 reports the syndrome
generation and reconstruction processes for the pixel x,, (i, j)
of description MDm. According to the distance d = 7 from
its predictor x,, ,(i, j), the syndrome s,,(i, j) = 0100 (asso-
ciated to the shifted quantization characteristics Q4) is made
of the n,, = 4 least significant bits of x,,(i, j). After coding
sm(i, j) into the syndrome s,.,, (i, j) (associated to the charac-
teristics Qu +em (i, j)), it is possible to reconstruct a distorted
version of x(i, j) by quantizing x,, (i, j) with Q4 + e (i, j).

Note that a correct decoding is also possible using a dif-
ferent predictor ), , (i, /) # xpm(i, j) provided that the cor-

relation between x,, and x;,‘m is the same or higher (i.e. the

difference d,, (i, j) = |xm(i, j) — X}, ,, (i, j)| in eq. (1) leads to a
value n, (i, j) < np(i,j)). The higher is n,,, the more robust
is the stream since a larger number of possible candidate pre-
dictors can be used in a successful decoding at the expense
of increasing the coded bit rate.”

The decoding scheme of the proposed DVC approach is
similar to the scheme adopted in the PRISM coder (see [10]),
made exception for the fact that it codes syndromes with a
lossy technique and operates in the pixel domain. However,
this difference permits reducing the computational complex-
ity at the decoder since the motion search is performed in the
pixel domain and the inverse quantization and transform are
not strictly related to syndrome decoding.

Moreover, the variances of coefficient distributions sig-
nificantly change depending on the spatial frequencies, and
therefore, the robustness and the compression efficiency of
the scheme can be seriously degraded by a wrong modeliza-
tion. As an example, the PRISM-like coder in [12] specifies
different syndrome bits n, (i, j) for each coefficient and re-
quires modifying the context structure of the arithmetic coder
since the statistics of the coded data is completely changed.

2Note that for n,, = 8 we have Intra coding for uncompressed video sig-
nals sampled with 8 bits/pixel.

In the proposed coder, we simplify the characterization of
the correlation between x,, and x,, , since n,, does not sig-
nificantly vary depending on (i, j). Moreover we are able
to easily reuse the coding contexts and several blocks of
the H.264/AVC coder [11] since the coded signal S, (i, j)
presents a statistics similar to the Intra coefficients.

The adoption of a DSC coding technique in place of a
traditional residual coding scheme, like that of H.264/AVC,
reduces the compression efficiency (as syndromes need more
bits to be coded), but improves the robustness of the coding
scheme at high loss rates (see results in Section 5), which
correspond to the channel conditions where MDC provides
a better video quality to the end-user with respect to tradi-
tional FEC techniques, like the adoption of channel codes
[13]. However, for sequences with high vertical correlation
the traditional MDC scheme provides a better performance
with respect to the DSC-based scheme since the lost infor-
mation can be estimated quite well by the error concealment
algorithm. The same outcome can be noticed at low loss
rates since the introduced distortion is quite small. In these
cases, the error drifting is limited, and the lower source cod-
ing distortion introduced by traditional MDC schemes per-
mits a better estimate of the lost parts. As a consequence, it
is possible to design an effective adaptive strategy that em-
ploys both the DSC unit and the traditional residual coding
methods.

4. A HYBRID DFD/DSC APPROACH FOR
MULTIPLE DESCRIPTION VIDEO CODING

The previous section has presented a novel DVC scheme that
significantly improves the quality of the reconstructed se-
quence at high packet loss rates and for sequences with a
medium or low vertical correlation. As a consequence, it is
possible to design an MDC coding strategy that adapts itself
to the channel conditions and the characteristics of the video
sequence in order to maximize the video quality of the signal
reconstructed at the decoder.

For each 32 x 16 block B of the input sequence (corre-
sponding to one macroblock per description), the adaptive
strategy evaluates the vertical gradient measure

1 15
—— Y BQij)-B2i+1,j) 4
256”2:"0' (2i,j))—B2i+1,)) 4)

G,

Depending on the value G, and on the estimated packet loss
probability Pr, the coding strategy adopts either the DSC
based or the DFD-based coding approach for the current
macroblock according to the following rule
if (Gv <THyOR P, < PThl) OR (GV < Ti AND P, < PThZ)
then
use DFD-based coder;
else
use DSC-based coder;
end if.

On the basis of an extensive set of simulations, we have set
the threshold 7y equal to 3.5 and 77 equal to 7. As for the
loss probability, an extensive set of simulations have lead to
set the threshold Prj; to 0.1 and the threshold Prj, to 0.12.
In this way, the coding mode adapts itself to the changing
characteristics of the signal and of the channel. The loss per-
centage P, can be estimated from the control packets of the
transmission protocol (e.g it is possible to use the data from
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Figure 3: Experimental results for different MDC algorithms
with different residual coding units. The graphs report the
average values of PSNR, VQM and SSIM metrics for the
reconstructed sequences vs. the packet loss probability Pr»
for description MD2 (the loss probability Pr; for description
MD1 is set to 0.05). The solid lines denote the data for the
DSC-based coder, the dashed line those for traditional DFD-
based coder, and the dash-dotted line those for the PRISM-
like coder.

RTCP packets in case we are using RTP for video transmis-
sion or we can rely on the IEEE 802.1 1k protocol that reports
the number of lost frame from which it is possible to estimate
the percentage of lost packets). Experimental results in the
following section show how this adaptation significantly im-
proves the performance of the scheme permitting the encoder
to find out the optimal setting.

5. EXPERIMENTAL RESULTS

The proposed DSC and hybrid DFD/DSC coders have been
tested simulating the transmission of different video se-
quences in a scenario where packet streams are affected by
losses. More precisely, each description is transmitted on an
independent channel, which is simulated using a Gilbert two-
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Figure 4: Experimental results for different MDC algorithms
with different residual coding units. The graphs report the
average PSNR values of the reconstructed sequences vs. the
packet loss probability Py, for description MD2 (the loss
probability Pr; for description MDI1 is set to 0.05). The
dash-dotted lines denote the data for the DSC-based coder,
the dashed line those for traditional DFD-based coder, and
the solid line those for the Hybrid DFD/DSC coder.

state model with burst length Lp = 4. The loss probability P,
for description MD2 varies within the range [0.05,0.45] with
steps of 0.05, while the loss probability P for description
MD1 is fixed to 0.05. In this way, it is possible to grant a
certain diversity between loss patterns that improves the per-
formance of MDC schemes. In our tests we coded different
CIF sequences at different bit rates R}, i = 1,2, with GOP
structure IPPP, slices of 22 macroblocks, and CABAC en-
tropy coding. The adopted rate-distortion optimization strat-
egy and the rate control algorithms are those defined within
the JVT for the H.264/AVC coder.

The plots in Figure 3 report the values of the PSNR,
VQM [14] and SSIM[15] metrics averaged over 10 chan-
nel realizations for a given Pr,. In each figure we compare
the proposed MDDVC algorithm (referenced as DSC-based)
with the traditional MDC scheme (adopted in [13]) based
on DFD (referenced as DFD-based) and the MDDVC algo-
rithm obtained replacing the syndrome generation unit in the
scheme of Fig. 1(a) with syndrome generation strategy of the
DSC coding scheme in [12] (referenced as PRISM-like). It
is possible to notice that for most of the sequences the DSC-
based scheme improves the quality of the reconstructed se-
quences whenever the loss probability becomes significant.
As an example, Fig. 3(a) shows that for Pr» > 0.1 the PSNR
value for the DFD-based scheme is always lower with respect
to the proposed coder (the difference is approximately 1 dB
for Pip = 0.4). The same improvement can be noticed us-
ing the other quality metrics VQM and SSIM (see Fig. 3(e)
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and 3(f)). Note that the performance of the PRISM-like coder
is either the same or worse than the performance of the DFD-
based approach. This fact is partly due to the adopted rate-
distortion and rate-control algorithms, whose parameters are
optimized and tuned for the H.264/AVC coder, and partly due
to the difficulties in estimating and characterizing the corre-
lation of transform coefficients (the DSC scheme we are con-
sidering do not have a feedback channel).

The same behavior can be noticed for other sequences
too (see Fig. 3(b) and 3(c)), despite the fact that the crossing
point between the DFD and the DSC plots depends on the
characteristics of the video sequences. As a matter of fact,
for the sequence bus, which presents a higher vertical cor-
relation, the DSC-based approach becomes competitive for
a higher P, value with respect to the sequence foreman.
This fact is utterly evidenced by the results for the sequence
news (see Fig. 3(d)), where the high vertical correlation and
the low amount of motion allow the error concealment to per-
form quite well, and therefore, the PSNR values of the tradi-
tional DFD scheme are always higher or equal to those of the
DSC scheme. Therefore, the adaptive algorithm presented in
Section 4 proves to be an optimal solution since it is able to
switch from the DSC setting to the DFD setting depending
on the correlation measure G, and on the estimated channel
loss probability. Figure 4 reports the average PSNR values
vs. Ppp for the DSC-based, the DFD-based and the hybrid
algorithms. It is possible to notice that for all the sequences
the algorithm is able to always choose the best configuration
permitting also a small improvement for the sequence bus
near the crossing point at Prp = 0.17 (see Fig. 4(b)). This
fact is possible since the adaptivity of the approach makes
possible to find the optimal configuration according to the
characteristics of the channel and of the sequence at different
time intervals.

6. CONCLUSION

The paper proposed an MDDVC scheme that generates two
descriptions using a polyphase subsampling of odd and even
rows and codes them using a DSC coder based on lossy syn-
dromes. The proposed scheme outperforms its traditional
MDC counterpart (up to 1 dB in PSNR) and other DSC solu-
tions at high loss rates and whenever the vertical correlation
of the input sequence is not too high. An adaptive approach,
which switches from the DSC coding scheme to the tradi-
tional one, compensates this drawback maximizing the qual-
ity of the reconstructed sequence at the decoder in all the
cases. Future work will be devoted to extend the designed
approach to more effective MDC schemes and to a scalable
coding of the input sequence in terms of temporal resolution
and visual quality.
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