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ABSTRACT

Recent works have proposed the combination of Multiple De-

scription Coding (MDC) schemes with the novel Distributed

Video Coding (DVC) paradigm in order to enable robust

video transmission over lossy channels. The paper presents

a Multiple Description Distributed Video Coder (MDDVC)

that combines a polyphase-subsampling MDC approach with

a novel hybrid Distributed Source Coding technique that pro-

cesses the video signal both in the pixel and in the transform

domain. The proposed approach is applied to the transmis-

sion of stereo video sequences in order to avoid an exceeding

visual quality degradation in presence of losses. Tests on sim-

ulated lossy channels show that at high loss probabilities the

PSNR value of the reconstructed video sequence improves

with respect to its traditional MDC counterpart.

1. INTRODUCTION

The transmission of video sequences over wireless networks

presents several issues due to the presence of delays, packet

losses and bandwidth limitations. Their drawbacks are signif-

icantly amplified whenever transmitting stereo or multiview

video sequences since the visual quality of each view has to

be preserved together with the quality of the disparity infor-

mation [1]. In order to overcome these problems, different ro-

bust video coding strategies have been proposed in the recent

literature. Among these, Multiple Description Coding (MDC)

schemes [2] have proved to be significantly more efficient

with respect to traditional single description coding (SDC) ar-

chitectures for wireless networks, where channel conditions

are time-varying and the bursty nature of packet losses can

lead to a significant distortion of the reconstructed sequence.

In relation to the transmission of stereo sequences, the MDC

schemes have been recently employed generating different

descriptions for each view or depthmap. Each description is

associated to other descriptions from the other views in order

to create separate independently-decodable streams that per-

mit reconstructing the multi-view sequence at a lower quality.

In addition, several video coding architectures based on

the information-theoretic concept of Distributed Source Cod-

ing (named Distributed Video Coding or DVC schemes) have

been proposed during the last years [3]. DVC approaches per-

mit an independent coding of the data at the transmitter, and a

predictive decoding at the receiver using any predictor among

a set of possible candidates. In this way, the coded bit stream

results more robust to losses with respect to traditional coding

methods since decoding can be performed successfully pro-

vided that at least one of the candidate predictors is available.

These schemes have also been adopted for the transmission of

multi-view video sequences, since the DVC solution enabled

the coded bit stream both with robustness and flexibility as

it is possible to switch from one view to another more easily

[4].

Recent works have been focusing on combining these two

techniques in Multiple Description Distributed Video Coders

(MDDVC) since coding the prediction residual using DVC

permits reducing the drifting problem in traditional MDC [5].

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 transform domain. More precisely, the cor-

relation between blocks is estimated in the spatial domain, but

the generated syndromes are compressed via a transform cod-

ing algorithm. Experimental results will show that the pro-

posed approach permits improving the PSNR of the sequence

reconstructed by the original MDC scheme up to 1 dB. More-

over, the proposed scheme proves to be extremely effective

when applied to the transmission of stereo sequences. The

DVC approach embedded in the coding architecture permits

a successful decoding of the coded sequence exploiting the

correlated information coming from the other view.

In the following, Section 2 provides an overview of differ-

ent DVC and MDC solutions adopted for the robust transmis-

sion of stereoscopic sequences. Then, Section 3 presents the

implemented codec, while Section 4 describes the Distributed

Source Coding (DSC) scheme that have been adopted to char-

acterize the prediction residual signal. Section 5 presents how

the proposed coder is employed for the transmission of stereo

video sequences over wireless channels affected by packet

losses. Experimental results in Section 6 show how the pro-

posed DSC approach improves the quality of the coded se-

quences at high loss rates. Conclusions are drawn in Sec-

tion 7.
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Fig. 1. Block diagrams for the proposed encoder and decoder for a single view of the stereoscopic video sequence.

2. PREVIOUS WORKS ON MDC AND DVC

SCHEMES FOR STEREOSCOPIC VIDEO

TRANSMISSION

The adoption of MDC schemes for the robust transmission

of stereo video sequences has been recently exploited in dif-

ferent ways. In [1] the authors proposed an MDC scheme

for stereoscopic video transmission based on spatial upsam-

pling/downsampling. In the same paper the authors presented

an MDC based on a temporal polyphase subsampling of the

odd and even frames from different views, which is adopted

in [6] to transmit a single view together with the relative

depth map. Concurrently with MDC solution, several DVC

schemes have been proposed for multiview video transmis-

sion. In [4] Yeo and Ramchandran presented a robust coder

that can use different frames from different views to achieve

a successful decoding of the transmitted data. In [7] a robust

DVC coding scheme for 3DTV applications was proposed.

Unfortunately, the computational complexity required at the

decoder is significantly higher with respect to MDC schemes

since the decoding process has to perform a motion-search on

a huge set of candidates.

Many MDC schemes have been recently improved by in-

cluding a DVC coding unit within their architecture. In [8]

Crave et al. proposed an MDDVC approach based on mo-

tion compensation temporal filtering. In this case, the adopted

DVC solution is able to mitigate the inefficiency of the orig-

inal MDC scheme reducing the amount of redundancy intro-

duced in the data stream. The solution proposed in [9] applies

a Wyner-Ziv coding technique to a multiple description scalar

quantizer, while the approach by Fan et al. [10] associates to

each description some hash information, which is transmitted

with the packet stream of the other description. In addition,

the approach presented in [11] by Wang et al. adopts a zero-

padding of DCT coefficients to generate the different descrip-

tions, which are coded by a SPIHT-based Slepian-Wolf coder.

The improved results obtained with the MDDVC ap-

proaches suggest that the application of these techniques

for the transmission of stereoscopic and multi-view video

sequences is an interesting field of research.

3. THE PROPOSED MDC ARCHITECTURE FOR

SINGLE VIEWS

Many MDDVC schemes that have been presented in litera-

ture are derived from previous traditional MDC counterparts

replacing the traditional temporally-predictive video coder

with a Wyner-Ziv Video coding scheme (see [5] as an ex-

ample). Similarly, the proposed coder relies on a traditional

polyphase-subsampling MDC architecture and adopts a novel

DVC video coding paradigm to code each description sepa-

rately.

Figure 1 shows the block diagrams of the employed en-

coder and decoder for a single view of the stereo sequence.

The input sequence is split into two descriptions sampling

odd and even rows of pixels, which are sent to two sepa-

rate H.264/AVC-based DVC coders. Each coder has been de-

signed reusing the block structure of H.264/AVC, where the

residual coding adopts a DSC-based algorithm in place of the

traditional solution based on the Displaced Frame Difference

(DFD).

Each 4 × 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 4) creating two packet streams that are independently

sent to the receiver. Each packet stream is decoded using two

separate DVC decoders, which are helped by a Multiple De-

scription Error Concealment unit that estimates the lost infor-

mation. More precisely, in case one description is missing, it

is possible to recover the lost rows interpolating the rows of

the other description. In this way, the decoder obtains a de-

graded version of the coded description, which permits block-

ing the distortion propagation to the following frames. In fact,

the generated Motion Vectors for the two description are quite

close, and therefore, it is possible to assume that the motion

information is completely recovered whenever at least one de-

scription is available. In case the concealed image proves to

be sufficiently correlated with the lost data, the motion com-

pensated blocks result close to the ones at the encoder, and the

transmitted syndromes permits decoding correctly the video

signal. The following section will provide more details about

the syndrome generation and decoding units.

4. 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 sig-

nal in the pixel domain (see [12] as an example) and schemes

that operate in the transform domain (like the coder by Aaron

et al. [13] and the PRISM coder by Puri et al. [14]). The

former require a lower computational complexity and prove

to be effective when no feedback channel is available, but

they have a limited compression efficiency. The latter provide

higher compression ratios, but the needed computational ef-

fort is considerably higher. 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 × 4 block xm of pixels for descrip-

tion MDm (m = 1, 2) and its predictor xp,m, for each pixel

xm(i, j) of block xm at position (i, j), i, j = 0, . . . , 3, we

compute the number of bits nm(i, j) as

nm(i, j) =

{

⌊log2 (dm(i, j))⌋ + 2 if dm(i, j) < δ
0 otherwise,

(1)

where dm(i, j) = |xm(i, j) − xp,m(i, j)| and δ is a threshold

value depending on the Quantization Parameter (QP) chosen

for the current block (in our setting, we have set δ = ∆/12
where ∆ is the quantization step associated to the current QP).

Then, the coding unit computes the maximum value

nm = max
i,j=0,...,3

nm(i, j) (2)

within the current block and, in case nm is higher than 0,

it generates a block of syndromes sm(i, j) via the following

equation

sm(i, j) = xm(i, j)&(2nm − 1) (3)
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Fig. 2. Example of syndrome generation and decoding. Note

that using the original syndrome sm(i, j) leads to a lossless

reconstruction of xm(i, j). The proposed scheme transforms

and quantizes sm(i, j), and as a consequence, the final quan-

tizer is Q4+em(i,j) in place of Q4.

where the symbol & denotes a bitwise AND operator. In this

way, the nm least significant bits of each pixel are selected

to generate the block sm. The value sm(i, j) is called “syn-

drome” (as in [14]), while the parameter nm is the number

of syndrome bits. The block sm is then transformed via the

4 × 4 H.264/AVC integer DCT into the block Sm, which is

quantized into the block Sq,m, dequantized, and inversely-

transformed into the block sr,m. The syndrome sr,m(i, j) is

a lossy version of the original syndrome sm(i, j) such that

sr,m(i, j) = sm(i, j) + em(i, j), where em(i, j) is the dis-

tortion introduced by the quantization in the transform do-

main. Each lossy1 syndrome sr,m(i, j) identifies a differ-

ent quantizer Qsr,m(i,j) with quantization step 2nm and offset

sr,m(i, j) such that the reconstruction levels can be expressed

as sr,m(i, j) + k 2nm , k ∈ Z.

Given the predictor block xp,m, it is possible to recon-

struct the coded pixel xr,m(i, j) = xm(i, j) + em(i, j) by

quantizing xp,m(i, j) using the quantizer characteristics asso-

ciated to sr,m(i, j) (an example is shown Figure 2). Note that

it is also possible to reconstruct the signal xr,m(i, j) using a

different predictor x′

p,m(i, j) 6= xp,m(i, j) provided that the

correlation between xm and x
′

p,m is the same or higher (i.e.

replacing dm(i, j) with the difference d′m(i, j) = |xm(i, j)−
x′

p,m(i, j)| in eq. (1) brings to the same value nm(i, j) or

lower). The higher is nm, the more robust is the stream since

a larger number of possible candidate predictors can be used

in a successful decoding. However, the bit rate increases as

nm increases since the energy of the syndrome signal to be

coded is higher.2

1Here the term “lossy” in relation to the syndromes refers to the lossy

coding scheme adopted to characterize them.
2Note that for nm = 8 we have Intra coding for uncompressed video

signals sampled with 8 bits/pixel.
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(b) PRISM-like coding.

Fig. 3. Standard deviation (Std.) for the number of syndrome

bits coded for the proposed approach and the PRISM-like ap-

proaches (sequenceforeman). Note that each standard devi-

ation value is reported as a function of the Mean Square Error

(MSE) of the current block (quantized into 7 classes for the

sake of simplicity) and of the Quantization Parameter (QP).

The decoding scheme of the proposed DVC approach is

similar to the scheme adopted in the PRISM coder (see [14]),

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, modeling the correlation of transform coeffi-

cients is not easy since the variances of coefficient distribu-

tions significantly change depending on the spatial frequen-

cies, and therefore, the robustness and the compression effi-

ciency of the scheme can be seriously degraded by a wrong

modelization. As an example, the PRISM-like coder in [15]

achieves high compression ratios comparable to those of the

H.264/AVC coding standard, but specifies different syndrome

bits nm(i, j) for each coefficient and requires modifying the

context structure of the arithmetic coder since the statistics of

the coded data is completely changed. In the proposed ap-

proach, the modelling of the correlation results easier since

the correlation level does not vary significantly for the dif-

ferent pixels within a block, while the temporal correlation

of transform coefficients strictly depends on the spatial fre-

quency. As an example, in Fig. 3 we report the standard de-

viation of parameter n(i, j) as function of the Mean Square

Error (MSE) and the adopted Quantization Parameter (QP)

for the proposed approach and for the PRISM-like approach

in [15].

It is possible to notice that the variance of the number

of syndrome bits n(i, j) is much lower for the proposed ap-

proach, making the classification task easier and the coded

stream more robust at the same time.

In the proposed coder, we simplify the characterization

of the correlation between xm and xp,m since dm(i, j) does

not significantly vary depending on (i, j). Moreover we are
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Fig. 4. MDDVC scheme for stereoscopic video transmission

able to easily reuse the coding contexts and several blocks of

the H.264/AVC coder [16] since the coded signal Sq,m(i, j)
presents a statistics similar to the Intra coefficients.

The adoption of a DSC coding technique in place of a tra-

ditional residual coding scheme, like that of H.264/AVC, re-

duces the compression efficiency (as syndromes need more

bits to be coded), but improves the robustness of the cod-

ing scheme to losses. Experimental results in Section 6 show

that the DSC solution proves to be extremely effective at high

packet loss rates, which correspond to the channel conditions

where MDC provides a better video quality to the end-user

with respect to traditional FEC techniques, e.g. the adop-

tion of channel codes [17]. 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 information can be estimated quite well by the

error concealment algorithm. The same result can be no-

ticed at low loss rates since the introduced distortion is quite

small. In these cases, the error drifting is limited, and the

lower source coding distortion introduced by traditional MDC

schemes permits a better estimate of the lost parts. As a con-

sequence, it is possible to design an effective adaptive strategy

that employs both the DSC unit and the traditional residual

coding methods.

5. AN MDDVC SCHEME FOR STEREO VIDEO

TRANSMISSION

The proposed MDDVC system can be effectively applied to

the robust transmission of stereo video sequences since the

spatial correlation existing between odd and even lines, to-

gether with the correlation between different views, can be

exploited to estimate the lost signal. In our approach, we ap-

ply the MDDVC scheme separately to each view in the en-

coding phase, while the decoding of all the descriptions for

all the views is performed jointly at the decoder. More pre-

cisely, the MDDVC coder generates for the description MDd
of the view v the packets pMDd,v

i , where i denotes the packet

index. In order to avoid an ineffective reduction of packet

lengths and a possible impairment between the data available

for the different views, we merge the original 4 description



into 2, concatenating pMDd,v
i in the packets pCd

i according to

the following rule:

pC1
i ←

[

pMD1,0
i , pMD2,1

i

]

pC2
i ←

[

pMD1,1
i , pMD2,0

i

]

.

(4)

The packets pCd
i are sent via two separate channels to the re-

ceiver, where they are decoded by 4 parallel decoders. In case

some information has been lost, it is possible to exploit the

spatial correlation existing between odd and even lines and

between the different views to estimate the lost data. This es-

timation can be performed in different ways. In case the view

v is missing either the packet pMD1,v
i or the packet pMD2,v

i , it is

possible to estimate the missing lines interpolating the avail-

able ones within the same view. In case it is not possible to

apply these concealment methods, the missing information is

copied from the previous frame. The adoption of the MDDVC

scheme proves to be highly effective, since the DVC decoder

permits a correct decoding whenever the signal used for ref-

erence is sufficiently correlated with the signal to be decoded.

The availability of different views increases the possibility of

finding an adequate predictor for the blocks to be decoded and

permits an accurate recovering of the transmitted information

even in case of previous losses. Experimental results show

that the adoption of the MDDVC scheme permits improving

the quality of the reconstructed sequence at high loss rates

both in terms of visual quality for each view and in terms of

distortion in the disparity between each view.

6. 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

model with burst length LB = 4. The loss probability PL2

for description MD2 varies within the range [0.05, 0.45] with

steps of 0.05, while the loss probability PL1 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 Ri
b, i = 1, 2, with GOP

structure IPPP, slices of 22 macroblocks, and CABAC entropy

coding. The adopted rate-distortion optimization strategy and

the rate control algorithms are those defined within the JVT

for the H.264/AVC coder.

The plots in Figure 5 report the values of the PSNR,

VQM [18] and SSIM[19] metrics averaged over 10 chan-

nel realizations for a given PL2. In each figure we compare

the proposed MDDVC algorithm (referenced as DSC-based)

with the traditional MDC scheme based on DFD (referenced
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Fig. 5. 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 PL2

for description MD2 (the loss probability PL1 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.

as DFD-based) and the MDDVC algorithm obtained replac-

ing the syndrome generation unit in the scheme of Fig. 1(a)

with the PRISM-like DSC coding scheme in [15] (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 sequences whenever the loss probability

becomes significant. As an example, Fig. 5(a) shows that

for PL2 > 0.1 the PSNR value for the DFD-based scheme



is always lower with respect to the proposed coder (the dif-

ference is approximately 1 dB for PL2 = 0.4). The same

improvement can be noticed using the other quality metrics

VQM and SSIM (see Fig. 5(e) and 5(f)). Note that the perfor-

mance 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 correlation of transform

coefficients (the DSC scheme we are considering do not have

a feedback channel).

The same behavior can be noticed for other sequences

too (see Fig. 5(b) and 5(c)), despite the crossing point be-

tween the DFD and the DSC plots depends on the character-

istics of the video sequences. As a matter of fact, for the se-

quence bus, which presents a higher vertical correlation, the

DSC-based approach becomes competitive for a higher PL2

value with respect to the sequence foreman. This fact is

utterly evidenced by the results for the sequence news (see

Fig. 5(d)), where the high vertical correlation and the low

amount of motion allow the error concealment to perform

quite well, and therefore, the PSNR values of the traditional

DFD scheme are always higher or equal to those of the DSC

scheme.

In the end, we tested the proposed MDDVC scheme with

the transmission of stereoscopic sequences where the views

taken by two cameras are independently coded and jointly

decoded as described in Section 5. The captured video se-

quences were coded with varying target bit rate at 30 frame/s

and GOP structure IPPP of 15 frames. We considered views

0 and 1 for multiview video sequences breakdancers and

ballet from [20] and the sequence exit from [21]. The

visual quality was evaluated using both traditional 2D met-

rics for coded video signals (like PSNR, SSIM, and VQM)

and enhanced 3D visual metrics for stereoscopic videos. In

this case, we adopted the SSIM Ddl1 metric discussed in [22],

which computes the SSIM metric on each view and combines

its local value with a distortion measure evaluated on the dis-

parity signal. In our approach, the disparity estimation was

performed using a more traditional block matching algorithm

in place of the belief propagation approach to reduce the over-

all computational complexity required to calculate the SSIM

Ddl1 value.

Figure 6 reports the average PSNR values for different se-

quences showing that for PL2 > 0.1 the MDDVC permits

obtaining a higher PSNR value with respect to the traditional

MDC (up to 0.5 dB). In Figure 7 we report the average values

of different metrics for the sequence ballet. It is possible

to notice that the proposed approach improves the quality of

the reconstructed sequence according to the other metrics as

well. The value of SSIM metric for the proposed scheme is

always higher or equal to the value for the traditional MDC

(see Fig. 7(c)). Moreover, the results related to SSIM Ddl1
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Fig. 6. Comparison of MDC and the proposed MDDVC

scheme. The graphs report the PSNR values averaged over

time and point-of-view of the reconstructed sequences vs. the

packet loss probability PL2 for description MD2 (the loss

probability PL1 for description MD1 is set to 0.05).

(see Fig. 7(d)) show that the MDDVC scheme is able to mit-

igate the distortion in the disparity information permitting a

better 3D video experience to the end user. In this case, the

SSIM Ddl1 value related to the proposed MDDVC is always

the highest.

7. 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 is applied to the transmission

of stereoscopic sequences over lossy channels exploiting the

intrinsic robustness of the coding scheme. Experimental re-

sults show that for single view sequences the MDDVC ap-

proach outperforms its traditional MDC counterpart (up to 1
dB in PSNR) and other DSC solutions at high loss rates and

whenever the vertical correlation of the input sequence is not

too high. In the case of stereo video signals, the proposed so-

lution preserves better the disparity information between the

different views since its is able to mitigate the error drifting

that characterizes predictive coding. Future work will be de-

voted 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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Fig. 7. Comparison of MDC and the proposed MDDVC

scheme for the sequence ballet. The graphs report the av-

erage PSNR (a), VQM (b), SSIM (c), and SSIM Ddl1 (d) val-

ues vs. the packet loss probability PL2 for description MD2

(the loss probability PL1 for description MD1 is set to 0.05).
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