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Abstract

The objective of multiple description coding (MDC) is to represent a source into multiple descriptions such that various
reconstruction qualities are obtained from different subsets of the descriptions. In this paper, we propose a simple scheme
that combines the multiple descriptions transform coding (MDTC) method with the discrete wavelet transform (DWT). We
compare the performance of the proposed scheme with a discrete cosine transform (DCT)-based scheme prevalent in other
papers. Simulation results show that our proposed DWT technique outperforms both objectively and subjectively the method
based on DCT in the case of packet loss.
� 2006 Elsevier GmbH. All rights reserved.
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1. Introduction

The main problem encountered in transmitting visual in-
formation over heterogeneous packet switched networks is
the rapid degradation in the reconstructed image quality due
to packet loss [1]. If packet retransmission is not guaranteed
as opposed to the TCP protocol [1], then we should think
of another appropriate mean to receive meaningful data de-
spite the loss of packets. This problem finds its natural so-
lution in the so-called multiple description framework [1].
Recently, multiple description coding (MDC) has taken con-
siderable attention as a method of communication over unre-
liable packet switched networks. MDC is a technique which
can be considered a joint source-channel coding (JSC) code
for erasure channels [2]. It can efficiently combat packet
loss without any retransmission, thus not only guarantee the
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real-time communication, but also relieve the network con-
gestion. In the MDC scheme, several representations of the
source, called descriptions, are generated. The descriptions
are designed in such a way that the quality of the received
signal degrades gracefully with the increase in the number
of descriptions that are lost. Also, the descriptions are de-
signed so that the quality of the reconstructed image is de-
pendent only on the number of received descriptions and not
on which descriptions are actually received.

One of the first MDC coder was designed by Vaisham-
payan [3] in which multiple description scalar quantizers
were used in an extension of the old JPEG coder. Other
methods for the design of MDC coders use correlation-
inducing transforms. Wang et al. [4–7] proposed applying a
pairwise correlating transforms to introduce dependencies
between two descriptions. Goyal et al. further generalized
Wang’s work to any number of descriptions, and coined the
term generalized multiple description coding (GMDC) [2,8].
GMDC was later applied to image coding with correlating
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transforms [8,9]. Servetto has designed and implemented
error-resilient data compression algorithms based on the use
of wavelets and MD scalar quantizers [10]. Pereira [11]
and Sumohana [12] have studied MDC techniques based
on wavelet transform, but not considering correlating trans-
forms in wavelet domain.

In the first method proposed in [8,9], a vector of in-
dependent source samples (discrete cosine transform –
(DCT) coefficients of the image) is transformed into an-
other vector of correlated components. However, the re-
dundancy introduced by the correlating transform will be
assigned mostly to the DC coefficient. To alleviate this
problem, the author assumes that the DC coefficient can
be communicated reliably by some other means. As we
will show later in this paper, the performance on real
images of this technique is limited. The reconstruction
image quality degrades significantly with the number of
packet loss.

In this paper, we propose a new and simple MDC scheme
based on the one described in [8,9] where we employ the
discrete wavelet transform (DWT) instead of the DCT. Ex-
perimental results show that the proposed approach leads to
a more graceful degradation of image quality with an in-
crease in the loss in descriptions. Also with this technique,
we do not need to consider reliable transmission of the DC
components by other means.

The rest of this paper is organized as follows. In Section
2, we give a brief description of the multiple description
transform coder. Section 3, presents our proposed wavelet
transform-based MDC coder and the simulation results ob-
tained. Finally, a conclusion is presented in Section 4.

2. Multiple description transform coding
(MDTC)

We propose to use the standard transform coding frame-
work to realize the objective of MDTC. In conventional
transform coding, the transform is used to decorrelate the
input variables. Here, we use a transform to introduce a con-
trolled amount of correlation among the transformed coeffi-
cients. In other words, a block of N independent, zero-mean
variables with different variances is mapped to a block of N

statistically correlated transform coefficients. The transform
coefficients are distributed to different packets so that in the
case of packet loss, the lost coefficients can be estimated
from the received coefficients.

The case of two descriptions is depicted in Fig. 1 where
the input source is encoded as description1 and description2.
When only description1 or description2 is received, x̂1 or
x̂2 can provide low but acceptable reconstructions quality at
the receiver end. When both description1 and description2
are received, x̂0 provides better reconstruction.

Generally, the forward transform with quantization step-
size Q of a source vector, whose components are assumed
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Fig. 1. Correlating transform structure for MD coding of a
two-tuple source.

to be independent, zero-mean and Gaussian, is implemented
as follows [8,9]:

(1) [x1 x2 · · · xn]t (t stands for transposition) is uni-
formly quantized: xq = [x]Q with [·] denotes rounding.

(2) The quantized vector [xq1 xq2 · · · xqn]t is trans-
formed with a discrete transform T̂

y = T̂ (xq). (1)

(3) The components of y are independently coded.

Where T̂ is a discrete version of a continuous transform
T. The derivation of T̂ from T is by first factoring T into
a product of upper and lower triangular matrices with unit
diagonals. The discrete version of the transform is then given
by [8]

T̂ (x) = [T1[T2 . . . [Tqxq ]Q]Q]Q. (2)

When all the components of y = [y1 y2 · · · yn]t are
received, the reconstruction is obtained from the inverse
transform. The distortion is precisely the quantization error
from step 1. If some components of y are lost, they are es-
timated from the received components using the statistical

correlation introduced by the transform T̂ . Consider k > 0
components of y are erased, the reconstruction procedure is
as follows [2,8].

Assume that ỹr = [y1 y2 · · · yn−k]t are received and
ỹnr = [yn−k+1 yn−k+2 · · · yn]t are lost. The vector could
be partitioned in “ received” and “ not received” components
as y = [ỹr ỹnr]t . The minimum mean square error (MSE)
estimate of x given ỹr is E[x/ỹr].

Using the linearity of the expectation operator we have

x̂ = E[x/ỹr] = E[T −1T x/ỹr] = T −1E[T x/ỹr]
= T −1E

[[
ỹr

ỹnr

]
/ỹr

]
= T −1

[
ỹr

E[ỹnr/ỹr]
]

. (3)
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Fig. 2. Cascade structure for MDTC coding of four variables.

If the correlation matrix of y is partitioned in a way com-
patible with the partition of y as

Ry = T RxT
t =

[
R1 B

B t R2

]
(4)

with Rx and Ry denote, respectively, the correlation matrices
of the vectors x and y.

Then it can be shown that ỹnr/ỹr is Gaussian with mean

B tR−1
1 ỹr. Thus, E[ỹnr/ỹr] = B tR−1

1 ỹr and

x̂ = T −1
[

ỹr
B tR−1

1 ỹr

]
. (5)

The optimal design of the transform T̂ for Gaussian
sources, where arbitrary (unequal, dependent) packet loss
probabilities are allowed, is discussed in [8]. Here, we con-
sider the simpler case where packet losses are independent
and identically distributed (i.i.d.) and the transform is im-
plemented as parallel and/or cascade combinations of 2 × 2
transforms.

It is shown in [4] that for coding a two component vector
source, where each is likely to fail, it is sufficient to consider
transforms of the form

Ta =
[

a 1/2a

−a 1/2a

]
. (6)

Such transforms give components with equal rate (or,
equivalently, power) [2]. In the transform given by Eq. (6), a
is a parameter determined from the redundancy introduced
by the transform and the variances of the two components.
This is used to build larger transforms as in Fig. 2 which
illustrates the case of 4 components (descriptions) [8]. This
is equivalent to the use of a transform of the form [8]

T =
[
Tc 0
0 Tc

] ⎡
⎢⎣

1 0 0 0
0 0 1 0
0 1 0 0
0 0 0 1

⎤
⎥⎦

[
Ta 0
0 Tb

]
. (7)

The coder implementation is completed by designing the
transform T through numerical optimization of the parame-
ters a, b and c given the total redundancy and the variances
of the four components (descriptions). For more details, the
reader is referred to [2].

For the coder of our application, the structure shown in
Fig. 2 will be used in conjunction with wavelet transform to
generate the descriptions.

3. Image coding using wavelet-based MDTC

The discussion before assures that random variables have
Gaussian distribution, which is a base condition for using
correlating transform. Theoretically, Mallat [13] has proved
that the histograms of wavelet transform coefficients of nat-
ural images can be modeled by a family of Gaussian distri-
bution. So we can use MDTC within wavelet domain on a
strong basis.

The wavelets have often been employed in transform
image coders. Although wavelets share many properties
with the DCT (e.g. decorrelation), they also allow better
localization in both frequency and space [14]. The DWT
decomposes the original spatial-domain signal into vari-
ous decomposition levels [15]. The decomposition levels
comprise a number of subbands, each of them consists
of coefficients that indicate the horizontal and vertical
spatial frequency characteristics of the original samples.
The first level decomposition, which will be used in our
coder, includes four subbands, LL1, HL1, LH1 and
HH1 [15].

We consider the case of four descriptions. This method
is designed to operate on source vectors with uncorre-
lated components [8,9]. Such condition is obtained by
forming vectors from DCT or DWT components. We re-
fer to DCT-based coder used in [8,9] as MDTC/DCT
coder.

The implementation of the MDTC/DCT coder proceeds
in the following steps:

(1) The source image is transformed by an 8×8 DCT trans-
formation.

(2) The DCT coefficients are uniformly quantized.
(3) The quantized DCT coefficients are split into 4 vectors.
(4) Correlating transform is applied to the 4 vectors, obtain-

ing therefore the four descriptions.
(5) Entropy coding similar to that of JPEG is applied to

each vector.

In step 3, the four vectors are formed from quantized
DCT coefficients separated to the maximum in frequency
and space with the DC coefficients assumed to be commu-
nicated reliably by some other means.

Our coding process based on DWT is implemented as
follow

(1) The source image is transformed by the 1-level biorthog-
onal B9/7 wavelet transform [16] obtaining therefore the
four subbands: LL1, HL1, LH1, and HH1.

(2) The four vectors are formed:

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

LL1 → vector 1

HL1 → vector 2

LH1 → vector 3

HH1 → vector 4
(3) The DWT coefficients (the four vectors) are uniformly

quantized.
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(4) Correlating transform, as described in Section 2, is ap-
plied to the 4 vectors, obtaining therefore the four de-
scriptions.

(5) Entropy coding similar to that of JPEG is applied.

This technique is referred to as MDTC/DWT.

Fig. 3. Average PSNR versus bits per sample, ‘Lena’ image.

Fig. 4. Average PSNR versus bits per sample, ‘Goldhill’ image.

Table 1. PSNR as a function of the number of packets lost for Lena, Goldhill and boat images

No. of packets lost Lena image Goldhill image Boat image

MDTC/DCT MDTC/DWT MDTC/DCT MDTC/DWT MDTC/DCT MDTC/DWT
PSNR (dB) PSNR (dB) PSNR (dB) PSNR (dB) PSNR (dB) PSNR (dB)

0 52.89 46.88 48.34 46.80 49.30 41.98
1 32.65 43.12 31.97 40.86 31.45 40.41
2 27.62 36.12 27.35 30.34 26.06 33.20
3 25.82 32.67 25.28 28.12 23.71 28.48

Fig. 5. Average PSNR versus bits per sample, ‘boat’ image.

Redundancy of 0.1 bit/sample is evenly allocated to the
four descriptions. The bit rate is estimated by sample scalar
entropies.

Simulation results for the 512 × 512 ‘Lena’, 512 × 512
‘Goldhill’ and 512 × 512 ‘Boat’ test images for the two
coders are, respectively, given in Figs. 3–5.

In all figures, the average PSNR is reported as a function
of the bit rate for the case of one packet dropped. We can
observe that the MDTC/DWT performance increase rapidly
with the bit rate and outperforms MDTC/DCT for higher bit
rates, but the reconstruction quality of MDTC/DWT is worse
than MDTC/DCT slightly at lower part of about 1 bit/sample.

To illustrate further the robustness of our approach for
erasure channels, we have measured the PSNR of the re-
stored images in the cases of 1, 2 and 3 packets dropped at
a bit rate of 2 bits/sample. The corresponding results are re-
ported in Table 1. We clearly see from the table that using
MDTC/DWT results in an improvement in the reconstructed
image quality when compared to MDTC/DCT.

For a qualitative comparison, the subjective qualities of
Lena, Goldhill and boat images, for different levels of re-
construction with MDTC/DCT and MDTC/DWT coders are
depicted in Figs. 6–11. In both cases, Figs. (a)–(d) illustrate
respectively the situations of 0, 1, 2, and 3 packet loss. It is
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Fig. 6. Lena image reconstruction results for MDTC/DCT at
2 bits/sample: (a) reconstructed image from the 4 received pack-
ets (PSNR = 52.89 dB); (b) reconstructed image from 3 received
packets (PSNR = 32.65 dB); (c) reconstructed image from 2 re-
ceived packets (PSNR = 27.62 dB); (d) reconstructed image from
1 received packet (PSNR = 25.82 dB).

Fig. 7. Lena image reconstruction results for MDTC/DWT at
2 bits/sample: (a) reconstructed image from the 4 received pack-
ets (PSNR = 46.88 dB); (b) reconstructed image from 3 received
packets (PSNR = 43.12 dB); (c) reconstructed image from 2 re-
ceived packets (PSNR = 36.12 dB); (d) reconstructed image from
1 received packet (PSNR = 32.67 dB).

Fig. 8. Goldhill image reconstruction results for MDTC/DCT at
2 bits/sample: (a) reconstructed image from the 4 received pack-
ets (PSNR = 48.34 dB); (b) reconstructed image from 3 received
packets (PSNR = 31.97 dB); (c) reconstructed image from 2 re-
ceived packets (PSNR = 27.35 dB); (d) reconstructed image from
1 received packet (PSNR = 25.28 dB).

Fig. 9. Goldhill image reconstruction results for MDTC/DWT at
2 bits/sample: (a) reconstructed image from the 4 received pack-
ets (PSNR = 46.80 dB); (b) reconstructed image from 3 received
packets (PSNR = 40.86 dB); (c) reconstructed image from 2 re-
ceived packets (PSNR = 30.34 dB); (d) reconstructed image from
1 received packet (PSNR = 28.12 dB).
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Fig. 10. Boat image reconstruction results for MDTC/DCT at
2 bits/sample: (a) reconstructed image from the 4 received pack-
ets (PSNR = 49.30 dB); (b) reconstructed image from 3 received
packets (PSNR = 31.45 dB); (c) reconstructed image from 2 re-
ceived packets (PSNR = 26.06 dB); (d) reconstructed image from
1 received packet (PSNR = 23.71 dB).

Fig. 11. Boat image reconstruction results for MDTC/DWT at
2 bits/sample: (a) reconstructed image from the 4 received pack-
ets (PSNR = 41.98 dB); (b) reconstructed image from 3 received
packets (PSNR = 40.41 dB); (c) reconstructed image from 2 re-
ceived packets (PSNR = 33.20 dB); (d) reconstructed image from
1 received packet (PSNR = 28.48 dB).

easily noticeable that for the wavelet transform based sys-
tem, and even in the case of three packet loss, the system
can still provide a better and more useful reconstruction of
the original image (Figs. 7d, 9d, and 11d) compared to the
DCT-based system (Figs. 6d, 8d, and 10d).

4. Conclusions

In this paper, we have considered a wavelet transform-
based MDTC coder for coding still images for the case of
four descriptions. We have carried out a comparative study
of DCT- and DWT-based coding on Lena, Goldhill and boat
test images. Our proposed approach shows to be more ro-
bust when transmitting images through unreliable networks.
Through some experiments, we conclude that even if the
wavelet-based MDTC system receives only one descrip-
tion (the three other descriptions being lost), it can still re-
store image with better reconstruction quality with respect
to DCT-based MDTC system. Also, the same significant su-
periority in reconstruction quality applies if two descriptions
are lost (and with a lower difference if only one is lost).
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