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Efficient Multiple-Description Image Coding
Using Directional Lifting-Based Transform
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Baocai Yin

Abstract—This paper proposes an efficient two-description
image coding technique. The two side descriptions of an image
are generated by quincunx subsampling. The decoding from any
side description is done by an interpolation process that exploits
sample correlation. Although the quincunx subsampling is a
natural choice for the best use of sample correlations in image
multiple-description coding (MDC), each side description is not
amenable to existing image coding techniques because the pixels
are not aligned rectilinearly. We show how this difficulty can be
overcome by an adaptive directional lifting (ADL) transform that
is particularly suitable for decorrelating samples on the quincunx
lattice. The ADL transform can be embedded into JPEG 2000 to
construct a practical MD image encoder. Experimental results
demonstrate that the proposed image MDC scheme can achieve
good coding performance.

Index Terms—Image compression, lifting-based transform, mul-
tiple-description coding (MDC), wavelet.

I. INTRODUCTION

MULTIPLE-DESCRIPTION coding (MDC) has recently
gained popularity as an effective technique to cope with

transmission errors when compressed media contents are deliv-
ered via error-prone channels/networks [1], [2]. The typical sce-
nario of MDC with two descriptions, and two side decoders and
one central decoder is depicted in Fig. 1. An input signal is
compressed by MDC into two descriptions of rates and .
If both descriptions are received, then the central decoder can
reconstruct the signal at distortion . But if either one is lost,
the side decoder can still reconstruct the signal at a higher dis-
tortion or .
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Fig. 1. Typical scenario of MDC with two descriptions and three decoders.

A core theoretical problem of MDC is the set of achievable
values for the five-tuple . Assume that the
distortion-rate function of the signal is . The side de-
coder 1, when receiving bits, cannot have distortion less than

. With similar arguments for the other two decoders, the
bounds for the MD distortions are given as

(1)

To provide protection against channel losses, there has to
be some redundancies between the two side descriptions. This
makes it impossible to achieve the equalities in three equations
of (1) simultaneously. Therefore, making side descriptions good
enough and yet sufficiently different is a tradeoff to be optimized
in MDC design. The MDC problem was first studied by infor-
mation theorists back in the eighties [3]–[5].

Many works have also been reported on the design of prac-
tical MDC systems, which mainly focus on quantization and
transform parts of a signal compression system. MD scalar
quantization (MDSQ) is one of the most popular techniques [6],
[7]. It creates two coarse side quantizers, each of which pro-
duces acceptable side distortion by itself. The two coarse side
quantizers can be combined to produce a finer central quantizer,
which provides lower distortion than the side quantizers. In [8],
the universality of MDSQ was studied, and MDSQ was shown
to achieve almost the same performance as the fully optimized
entropy-constrained MDSQ [7]. To take the advantage of vector
quantization, MD vector quantization is also investigated and
reported in [9]–[11].

Most of the MD image coding schemes are implemented in
a transform domain. Vaishampayan proposed an image MDC
technique that applies MDSQ to the quantization of wavelet co-
efficients in JPEG 2000 [12]. Wang et al. used the pairwise cor-
relating transform to generate multiple correlated descriptions
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in the framework of standard DCT-based image coding [13],
[14]. Goyal et al. extended the pairwise correlating transforms
to more than two descriptions [15]. Chung et al. introduced a
JPEG-like MDC scheme based on lapped orthogonal transforms
[16]. MDC versions of many popular image coding techniques
were also studied, such as SPIHT [17], subband coding [18],
[19], and wavelet coding [20], [21].

The simplest way of generating MDs is interleaved down
sampling in the image domain. For instance, the checker board
down sampling scheme forms two descriptions, each being a
quincunx lattice. Unlike other MDC techniques this approach
will not produce any extra samples or symbols to code in
the sense that the total number of the samples of the two
descriptions is the same as in the input image. The correlations
between spatially interleaved descriptions are utilized by the
decoders to improve robustness of compressed code streams
against channel/network errors. Wang et al. proposed to split an
image into four subsampled versions prior to the JPEG coding
[22]. Unfortunately, the results in [22] have coding efficiency
losses over 3 dB compared with those of the single-description
JPEG. This is apparently due to that the subsampling process
greatly deteriorates the sample correlation within each side
description. Bajic et al. proposed to perform subsampling after
subband/wavelet transform [23]. The resulting MDs in the
transform domain can benefit from the decorrelation function
of the transform, and the loss of coding efficiency is smaller
than [22].

In this paper, we reexamine the image MDC approach of gen-
erating MDs directly in image domain rather than performing a
decorrelation transform first. The previous method of [22] down
samples an image by dropping every other row and column,
and creates four side descriptions each of which remains to be
a square lattice. Note that the square lattice is a poor spatial
sampling scheme that is widely used solely for device reasons.
However, when designing image MDC, we have the freedom
to partition an image of square lattice into sublattices of any
structure. A good lattice structure for image MDC should make
each side description a correlated source so that it can be com-
pressed well, while also leaving sufficient inter-description cor-
relations so that a side decoder can estimate any missing side de-
scription(s). The above reasoning naturally leads us to the MDC
design of partitioning an image into two quincunx subimages.
Quincunx lattice is not only a superior spatial sampling scheme
than square lattice. It also keeps maximum correlation between
two resulting side descriptions. As an example, quincunx lattice
has been adopted in the MD of motion vectors of video [24]. A
limitation of the quincunx scheme seems to be that it only allows
for two descriptions. However, one can combine quincunx sub-
sampling scheme with MD quantization to produce more than
two descriptions.

For natural images the correlation between two quincunx
subimages is very strong. A side decoder can reconstruct the
input image via interpolation when the other side description
is missing. The key to the rate-distortion performance of the
proposed image MDC system is how to best compress each
quincunx subimage, which is the main focus of this paper.
It may be tempting to apply an existing good image coding
technique, such as JPEG 2000 [25], to the quincunx subimage.

But any separable 2-D transform designed for rectilinear pixel
grid will perform poorly on quincunx subimages. The cause is
pixel misalignment, i.e., a pixel is not in the same column or
row as its closest neighbors. For instance, conventional wavelet
transform cannot effectively pack signal energy when acting
on quincunx, resulting in severe loss in coding efficiency. To
overcome this difficulty, we propose an adaptive directional
lifting-based transform tailored to the quincunx lattice. The
new transform can effectively decorrelate samples on the quin-
cunx lattice. It can replace the conventional wavelet transform
in JPEG 2000 and significantly improve its rate-distortion
performance on quincunx subimages. Similar ideas of adaptive
directional lifting (ADL) have also proven to be successful on
conventional images of square lattice [26], [27]. Our prelimi-
nary results about applying the ADL to the MD coding have
been reported in [28].

The rest of this paper is organized as follows. Section II dis-
cusses the quincunx subsampling scheme and exposes the hand-
icap of conventional wavelet transform on quincunx subimages.
Section III proposes the adaptive directional lifting transform on
the quincunx lattice and discusses its implementation details, in
particular the organization and compression of directional in-
formation. Section IV describes the MDC decoding operations,
which are essentially adaptive image interpolation using a 2-D
piecewise autoregressive image model. Experimental results are
given in Section V. Finally, Section VI concludes.

II. SUBLATTICE ON MDC

This section first discusses the sublattice issue on the pro-
posed MDC scheme and then points out the problem after the
quincunx subsampling. Assume that a signal is defined as ,
which is typically a subset of the lattice in the case of digital
image. In the proposed MDC scheme, the signal samples will
be partitioned into two descriptions ( , 2) subject to

(2)

In general, some redundancies may be introduced in these
two descriptions, i.e., information in one description is also con-
tained partially in another description and vice versa. It will def-
initely enhance the effect of error concealment when one de-
scription is corrupted or lost. In this paper, we do not intend to
introduce any redundancy into these two descriptions because
the spatial correlation among samples should be strong enough
for error concealment. In other words, the descriptions are dis-
joint, i.e.,

if (3)

Obviously, there are two different methods to partition input
image into two parts in pixel domain as shown in Fig. 2, where
the horizontal subsampling is taken as an example. Fig. 2(a) il-
lustrates the quincunx subsampling and Fig. 2(b) illustrates the
orthogonal subsampling. After the splitting process, each de-
scription is transformed vertically and independently to gen-
erate its low subband and high subband.
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Fig. 2. Illustrated subsampling and the first 1-D transform. (a) Quincunx sub-
sampling. (b) Orthogonal subsampling.

In order to evaluate these two subsampling methods in sta-
tistics, here we define a Euclidian distance criterion. Assume

Fig. 3. Sublattice is converted from the input description and that used in
transform.

that is a sample of one description, where and are
the coordinates in the original input image. The correlation of

with its four neighbors in the same description plays an
important role on coding efficiency. In general, the smaller the
Euclidian distance among them is, the stronger the correlation
will be. Therefore, the Euclidian distance function is defined as

(4)

Here is the set of four-link neighbors around and is
the number of neighbors. and are also the coordinates in the
original input image. The function is the Euclidian distance
between two samples. According to the criterion (4), sample in
one description has the distance with its four neighbors after
the quincunx subsampling, whereas the distance is 3/2 after the
orthogonal subsampling. Therefore, the proposed MDC scheme
adopts the quincunx subsampling.

In this paper, we select JPEG 2000 as a codec for each de-
scription compression. However, after the quincunx subsample,
odd rows of one description are misaligned with even rows as
shown in Fig. 2(a). Obviously, JPEG 2000 is not designed for
such sampling images. The straightforward way is to shift odd
rows right or left and align them with even rows first. Then the
1-D transform is performed vertically on samples of each de-
scription. In this way, the sublattice of each description is ac-
tually converted to another sublattice in the coding process, as
shown in Fig. 3. If the 5/3 filter is used in the vertical wavelet
transform, the samples of odd rows are predicted from those of
even rows as indicated by the arrows with solid lines in Fig. 3.
Unfortunately, the samples of odd rows do not locate at the same
column with the corresponding samples of even rows. It will
greatly deteriorate the energy compaction property of wavelet
transform, thus resulting in low coding performance.

III. DIRECTIONAL LIFTING TRANSFORM ON

QUINCUNX LATTICE

As discussed above, the quincunx subsampling makes sam-
ples of one description to have smaller distance in statistic
with its neighbors. However, the subsequent wavelet transform
cannot take this advantage because of sample misalignment.
To solve this problem, this section first discusses the proposed
adaptive directional lifting-based transform on the quincunx
lattice and then explains how to estimate and compress direc-
tional data.
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Fig. 4. Directions used in the proposed directional lifting transform at the quin-
cunx lattice.

A. Directional Lifting Transform

Consider one description as . It will be first de-
composed into high and low subbands by a 1-D vertical wavelet
transform. With the technique given in [29], each 1-D wavelet
transform can be factored into one or multiple lifting stages. A
typical lifting stage consists of three steps: split, prediction, and
update. First, all samples of one description are split into two
parts: the even polyphase samples and the odd polyphase
samples

(5)

Second, the samples at odd rows are predicted from the sam-
ples at the neighboring even rows to produce the high subband
coefficients , i.e.,

(6)

where is the predicting value. Finally, the samples at even
rows are updated with the updating value to produce the
low subband coefficients , i.e.,

(7)

The proposed directional lifting technique aims at fully ex-
ploiting the spatial correlation among neighboring samples at
the quincunx lattice. The fundamental difference lies in the pre-
dicting and updating. Instead of always making prediction and
update operations in the horizontal or vertical direction, the pro-
posed transform can adapt to the quincunx lattice and choose a
direction of prediction and update to minimize the prediction
error. As shown in Fig. 4, eight different directions are pre-de-
fined for prediction and update in the proposed transform, il-
lustrated by 0 7. White circles denote the samples in this de-
scription and black circles (denote the half-pixels) the samples
in another description that is not available in the coding of this
description. The mark “ ” denotes the quarter-pixel. When a
sample is predicted from neighboring samples according to (6),
each candidate direction is checked and the direction with the
smallest prediction error is finally selected. Except for the di-
rections 0 and 4, the pixels that all other directions point to do
not exist or are not available in the description. The Sinc inter-
polation is employed in this paper to get these missing sample
values.

Once one direction is selected, the prediction value in
(6) is taken as a linear combination of the samples at even rows
indicated by the arrows in Fig. 4. In particular, we have

(8)

where the weights are given by the filter taps, denotes the
prediction direction from 0 to 7, and , which is in half-
pixel or quarter-pixel precision, is interpolated using adjacent
integer samples by the function. The corresponding finite
impulse response function is

(9)
where and delimit the finite support of the FIR wavelet filter.
Since the prediction is still calculated from the samples at even
rows, if the prediction direction is known, the proposed lifting
transform can still perfectly reconstruct the samples at odd rows
without any quantization.

The updating step is carried out in the same direction as that
in the prediction step. Note that the proposed directional lifting
technique is very general, and it does not have any restriction on
the update direction. We would like to use the same direction for
both prediction and update so as to save the bits for coding di-
rectional information. Actually, the optimal updating direction
should also be consistent with the prediction direction in most
cases. Consequently, in the updating step, the updating signal is
generated by

(10)

where depends on the employed filter taps. The corre-
sponding finite impulse response function is

(11)
where and specify the kernel of the FIR wavelet filter.

Equations (8)–(11) show how to introduce direction of pre-
diction and update into a lifting step. It is no difficult to derive
the directional lifting transform with a special filter. In JPEG
2000, the performance of the 9/7 filter is usually much better
than those of the 5/3 filter and the Haar filter. Therefore, it is
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Fig. 5. Results of the quincunx subsampled description after 1-D vertical trans-
form: (a) low subband and (b) high subband from the conventional lifting; and
(c) low subband and (d) high subband from the proposed lifting.

adopted in this paper and the proposed FIR functions of 9/7 fil-
ters are given as (12), shown at the bottom of the page.

Fig. 5 depicts the Lena’s results of one quincunx subsampled
description after 1-D vertical transform. The low subbands gen-
erated by the conventional lifting and the proposed directional
lifting look very similar. But the high subbands demonstrate the
significant difference between them. The high subband gener-
ated by the conventional lifting contains much texture informa-

Fig. 6. Multilevel decomposition structures. (a) Mallat’s structure. (b) Pro-
posed structure.

tion. However, the texture information with the proposed direc-
tional lifting is almost removed from the highpass subband.

After 1-D vertical transform on each description from the
quincunx subsampling, the generated low subbands and high
subbands are already sample alignment. In the following de-
composition, two structures can be applied in the proposed
MDC scheme. In the first one, the highpass subband is also
further decomposed, as shown in Fig. 6(a), which results in
the Mallat’s decomposition structure. Since the correlation
of samples in the high subband has been removed well by
the proposed directional lifting, it is usually not necessary to
decompose it again. Therefore, we prefer the second structure
for the multilevel wavelet transform in this paper, as shown
in Fig. 6(b), where the highpass subband is not decomposed
further.

From the second level decomposition, the conventional hori-
zontal and vertical wavelet transform can be employed because

(12)
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Fig. 7. Directions used at the square grid lattice.

the samples are already aligned. But from the results reported
in [27], the directional lifting is able to outperform the conven-
tional lifting transform up to 2.0 dB on images with rich orienta-
tion features. Therefore, the directional lifting transform is still
applied to the later decompositions. The difference is that the
directional lifting transform is designed on the orthogonal lat-
tice, which is exactly the same as that in [27]. Particularly, the
first level of decomposition is done on the quincunx lattice with
eight directions ranging from 0 to 360 in the quarter-pixel pre-
cision. The following levels of decomposition are done on the
square grid lattices with nine directions ranging from 135 to

45 and from 45 to 135 , as shown in Fig. 7.

B. Direction Estimation and Compression

How to select the directions in the proposed directional lifting
is a rate-distortion optimization problem. Similar to [27], for
easy implementation, we partition the image recursively into
blocks of variable sizes of quad-tree. All pixels in a quad-tree
block will be subject to the same directional lifting transform.
The finer the segmentation, the greater degree of gradient uni-
formity in the resulting blocks. This leads to better directional
prediction of the image signal, hence lower distortion. However,
the improved signal approximation of the proposed directional
lifting transform is achieved at the expense of increased side in-
formation to describe the segmentation tree and the lifting direc-
tions of individual blocks. To find the quad-tree of optimal bal-
ance between the cost of coding the segmentation tree and the
cost of coding transform coefficients, we apply the well-known
BFOS algorithm for optimal tree pruning [30]. Fig. 8 shows the
partitioning results of Lena at different rates. Obviously, the par-
titions will become finer with the rate increasing.

The coding of directional data is also an essential part in the
proposed MDC scheme. The direction of the current block is
highly correlated with the directions of the up and left adjacent
blocks. Therefore, it is coded after prediction. If the up or left
block is outside the image, we set the prediction direction as 2 or
4. The coding method of predicted direction residues is similar
to that of intra prediction modes in H.264/MPEG-4 AVC [31].

IV. PROPOSED DECODING PROCESS

In this section, we describe the decoding process of the pro-
posed image MDC system, including the side decoding when a

Fig. 8. Quadtree partitions of Lena at different rates. (a) 0.5 bpp. (b) 1.0 bpp.
(c) 2.0 bpp.

description is received and the central decoding when two de-
scriptions are received.

A. The Side Decoding

Our design of the quincunx-based image MDC reduces the
side decoding to a problem of image interpolation, which has
been extensively studied [32], [33]. When only one side descrip-
tion is received, the MDC decoding task is to interpolate the ab-
sent quincunx subimage from the received quincunx subimage.
This appears to be relatively easy because each missing pixel
has the decoded values of its four 4-connected neighbors. For in-
stance, the method of [33] can be directly used to perform the re-
quired image interpolation. It can be done fairly easily in smooth
regions but suffer from the artifacts of block effects, blurred de-
tails, and ringing effect around edges. Although the proposed
directional lifting transform contains directional data, all pixels
of a partitioned block share a common direction. They may be
not accurate enough for interpolation pixel by pixel. Therefore,
we adopt the so-called texture orientation map interpolation in
this paper [34].

The decoded description is first analyzed by a bank of Gabor
filters to detect the presence or lack of an edge at each pixel and
determine the direction of the edge. We choose the following
bank of Gabor filters

(13)

with , ,
and , .

and are standard deviations of the Gaussian envelope,
and is the frequency of the sinusoid. As we have done in di-
rectional lifting transform, we use eight directions because such
an angular resolution is sufficient for our purpose. The scale pa-
rameters and should be properly chosen to make the de-
tected texture orientation more robust to noises. In fact, this is
the main reason for choosing Gabor filters instead of conven-
tional gradient operator. For the application of image interpola-
tion we are mainly concerned about direction of high frequency
signal, and hence choose cycles per pixel, which is
the highest frequency suggested in [35].
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TABLE I
COMPARISONS BETWEEN JPEG 2000 MDC AND THE PROPOSED MDC SCHEME WHEN ONLY ONE DESCRIPTION IS RECEIVED

TABLE II
COMPARISONS BETWEEN THE CUBIC INTERPOLATION AND THE TEXTURE ORIENTATION INTERPOLATION ON DECODED SAMPLES FROM THE DESCRIPTION 1

Fig. 9. Visual quality comparison on the interpolated images (the left is the
result of Cubic interpolation and the right is that of the texture orientation
interpolation).

Given a decoded description , we define its texture ori-
entation map (TOM) by the magnitudes of the
responses of Gabor filters

(14)
where is a threshold for smoothness, and stands for the
angle perpendicular to . Namely, for the pixel position ,
if the responses of all eight directional filters are close to each
other in magnitude, then , indicating that the image
waveform is smooth at ; otherwise, the pixel is deemed tex-
tural and the texture orientation is set to be perpendic-
ular to the direction in which the Gabor filter has the maximum
response. Finally, the interpolation direction is determined by
a local window of TOM according to the method proposed in
[34].

B. The Central Decoding

When two descriptions are simultaneously available at the de-
coder, a straightforward method of central decoding is to decode

the two descriptions respectively and then merge the two de-
coded quincunx subimages and . However, since each
side description is compressed after a certain quantization, any
decoded pixel value from one description is only an approxi-
mation of the original. Therefore, the central decoder has two
approximations for each pixel. One is that from a decoded quin-
cunx image and the other is the interpolated pixel value from
the description , or vice verse. It can improve the quality of
the joint description by optimally fusing these two approxima-
tions, instead of simply spatially interleaving and . In this
paper, we adopt a simple linear minimum mean-square data fu-
sion technique. Suppose and denote the pixels
in the interpolated images from description and description

, respectively. Specifically, the final reconstruction value is
calculated as

(15)

where and are the weighing factors which are determined
at the encoder and coded into the streams of and ,
respectively.

V. EXPERIMENTAL RESULTS

Experiments are conducted and the results are presented in
this section to evaluate the performance of the proposed image
MDC scheme. The implementation of the new MDC scheme
is integrated into the JPEG 2000 reference software VM9.0,
with the directional transform replacing the original 2-D sep-
arable rectilinear wavelet transform. Naturally, similar to [22],
the JPEG 2000 MDC scheme is used as a benchmark for per-
formance comparisons in terms of peak signal-to-noise ratio
(PSNR), where input image is first split into two descriptions
by quincunx subsampling and then they are coded individually
by JPEG 2000. To make fair comparison, we also adopt the pro-
posed texture-oriented interpolation and data fusion algorithms
in the central decoding of JPEG 2000 MDC.
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Fig. 10. PSNR and rate curves of side decoding.

Four JPEG test images (Lena, Barbara, Baboon and Finger)
of the resolution 512 512 are used in our experiments. They
are split into two descriptions, each of which is a quincunx
lattice. Each description is compressed by JPEG 2000 MDC
and the proposed scheme, respectively. In the case of JPEG
2000 MDC, images are decomposed into five levels by the 9/7
filter. In the proposed scheme, the first level of decomposition
is done by the proposed directional lifting transform on the
quincunx lattice, and the following levels of decomposition are
done by the adaptive directional lifting transform on the square
grid lattice.

Table I shows the PSNR results of JPEG 2000 MDC and the
proposed MDC scheme when only one description is received.
The number “1” and “2” after the image name indicate the first
description and the second description, respectively. The PSNR
is calculated on all samples of one description and the rate is
also that for coding these samples. One can observe that the
proposed MDC scheme can outperform JPEG 2000 MDC by up
to 2.0 dB (e.g., Lena at 0.5 bpp, Barbara at 1.0 bpp, and Finger
at 1.0 bpp), because the proposed directional lifting transform
can exploit the pixel correlation in the quincunx lattice much
better. Baboon is a very difficult test image for its rich facial
hire texture. Even in this case, the proposed MDC scheme still
outperforms JPEG 2000 by 0.5 dB or higher at 1.0 bpp or higher
bit rates.

Next we evaluate the PSNR performance of a side decoder
when only one description is received. As proposed the full-res-
olution images are reconstructed from the received side descrip-
tion by the texture orientation interpolation method depicted in
Table II. For comparison purpose, we also compute the PSNR
results of the popular cubic interpolation when applied to the
received quincunx image. These two methods are compared in
Table II. Since the two descriptions are balanced in our exper-
iments, it suffices to list the PSNR values for the description 1
of the proposed MDC scheme. The PSNR values in this table
are calculated over all samples including both the decoded and
the interpolated. The rates are also calculated over all samples
in terms of full-resolution image. One can observe that, at low
rates (e.g., 0.125 bpp), the two interpolation methods perform
roughly the same, with only a small advantage to the texture ori-
entation method. This is due to the lack of high frequency com-
ponents in the received side description of low rate. As the side
rate increases, the text orientation interpolation offers signifi-
cant gains over the cubic interpolation in PSNR. This is because
the former, being adaptive and directional, can reconstructed the
edges and textures much better than the latter.

A distinct advantage of the texture orientation interpolation
when used in side decoding is its superior visual quality to
other interpolation methods at the same side bit rate. The visual
quality comparison of the interpolated images is given in Fig. 9.

Authorized licensed use limited to: IEEE Xplore. Downloaded on December 22, 2008 at 22:33 from IEEE Xplore.  Restrictions apply.



654 IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS FOR VIDEO TECHNOLOGY, VOL. 18, NO. 5, MAY 2008

Fig. 11. PSNR and rate curves of central decoding.

By inspecting the reconstructions of Lena images at 0.5 bpp by
the cubic interpolation and texture orientation interpolation we
see that the feathers reconstructed by the cubic interpolation (the
left side of Fig. 9) have jagged and broken edges. In contrast, the
feathers reconstructed by the texture orientation interpolation
(the right side of Fig. 9) appear very close to the original.

For further evaluation, we compare the proposed MDC
scheme with the original JPEG 2000 single description coding
(SDC). For the proposed scheme, the full-resolution images are
reconstructed from the received single side description by the
texture orientation interpolation method. For the JPEG 2000
SDC scheme, the whole image is coded into a single code
stream, without offering MDC protection against packet losses.
The PSNR-rate curves of different coding schemes are plotted
in Fig. 10, where the rates in bpp are calculated in terms of the
full-resolution images. It can be seen that the proposed scheme
significantly outperforms the JPEG 2000 MDC solution in side
decoding. It even outperforms the JPEG 2000 SDC scheme at
low rates in some cases. Understandably, the latter outperforms
the former at high rates since the JPEG 2000 SDC scheme does
not have the redundancy of MDC. But the JPEG 2000 SDC
risks complete decoder failure if one of the two transmission
channels is broken, whereas the MDC decoder can still survive.

The last experiment is designed to evaluate the performance
of the proposed image MDC when two descriptions are re-
ceived. As we have discussed in previous section, each pixel has
two estimates in this case. The fusion method in (15) is used to
form the final pixel value. The parameters and calculated at
the encoder side are listed in Table III. One can observe that
and increase with the rate of the side description. This should
be expected. When the side rate is high, the decoded samples
are of higher quality and thus should have a larger weight
on the final result. In addition, the weights in the proposed
MDC scheme are usually larger than those in the JPEG 2000
MDC, because the decoded samples have a better quality in
the proposed scheme. In this evaluation, the JPEG 2000 SDC
results are taken as the upper bounds. It should be noted that the
JPEG 2000 SDC does not own the advantages of the MDC in
error-robust video transmission. The PSNR and rate curves of
different coding schemes are depicted in Fig. 11. In the central
decoding, the proposed scheme also significantly outperforms
the JPEG 2000 MDC solution (up to 2.0 dB in Lena, Barbara,
and Finger).

VI. CONCLUSION

This paper proposes a new image MDC scheme based on di-
rectional lifting transform. The input image is directly split into
two descriptions in pixel domain by the quincunx subsampling
because it is a natural choice for best use of sample correlations.
The correlations of pixels of one description at the quincunx lat-
tice can be exploited very efficiently by the proposed directional
lifting transform. The experimental results have shown that the
proposed MDC scheme can outperform the JPEG 2000 MDC
scheme by up to 2.0 in both side decoding and central decoding.

There are some issues to be further investigated in the fu-
ture. First, the proposed directional transform already contains
the direction of a block. It should be used with the estimated
direction of each pixel together for interpolation of side de-
coding. Second, only the two-description case is investigated in
this paper. We should consider how to efficiently combine the
sample splitting and the MDSQ together so that more descrip-
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TABLE III
PARAMETERS � AND � FOR DATA FUSION WHEN THE DESCRIPTIONS ARE RECEIVED

tions can be provided in applications. Finally, the fusing tech-
nique should be further investigated in the central decoder.
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