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Abstract— In this paper, a novel multiple description image 

coding scheme is proposed to facilitate the transmission of 

images over unreliable networks. The target is to minimize the 

received image distortion over error prone channels. The pro-

posed method is based on adding redundancy to multiple de-

scriptions coding structure to increase correlation between 

descriptions. The novelty of the paper is that optimal recon-

struction filter coefficients are obtained, that will be used to 

combine the multiple descriptions in an optimal way, based on 

least squares minimization of the reconstruction error. It is 

shown that the proposed method provides better results com-

pared to existing approaches in the literature. 

Index Terms— image coding, multiple description coding 

(MDC), polyphase downsampling, post-processing 

I. INTRODUCTION

Nowadays wired and especially wireless networks are 
widespread, and therefore transmitting data packets over 
error-prone networks is very important. Moreover many 
multimedia applications such as video conferencing, digital 
video broadcast require large bandwidth and limited delay 
time. These constraints may cause important problems in 
some applications that require real time data transmission 
[1]. Multiple descriptions coding (MDC) approaches pro-
vide a reasonable solution for such mediums. MDC creates 
self decodable data packets, so called descriptions, to trans-
fer data over unreliable networks [2].  In the case of packet 
loss some of the descriptions might not reach the decoder. In 
such cases, the decoder utilizes only the received descrip-
tions to reconstruct the original data as good as possible. If 
all descriptions are received, a higher quality signal can be 
reconstructed. However, since certain level of redundancy 
to is introduced to recover lost data, the overall coding effi-
ciency may be degraded.   

The purpose of MDC is to effectively transmit data such 
as voice, image and video, over error-prone networks. Mul-
tiple description scalar quantization is presented in [3] to 
provide rate distortion bounds. It is proposed to use MDC 
for voice communication in [4] creating two descriptions 
using odd and even samples of the speech signal. Then, 
these descriptions are encoded using two separate differen-
tial pulse code modulation (DPCM) encoders. The method 

in [5], which is referred to as Pairwise Correlating Trans-
form (PCT) performs encoding on the transformed vari-
ables.
Typically if one of the two transformed input variables        
is not received, the original signal is estimated making use 
of the other received variable. The lapped orthogonal trans-
form is used for multiple description image coding in [6]. 
Some polyphase down-sampling (PD) based approaches are 
also presented in the literature. PD based MDC approaches 
can be grouped into two main categories. The first one in-
troduces the redundancy by employing different quantiza-
tion levels for each description as described in [7]. The 
second approach is to insert the redundancy using a zero-
padding approach in the DCT (Discrete Cosine Transform) 
domain, as in [8]. Then, multiple descriptions are generated 
by simply sub-sampling the oversampled image data. MDC 
can also be used for 3-D model coding. The method in [9] 
employs a wavelet subdivision surfaces strategy for 3-D 
model coding and introduces 3-D multiple description capa-
bilities. 

In the literature, it is shown that down-sampling prior to 
image coding at the encoder, and succeeding up-sampling 
after decoding at the decoder provides better results com-
pared to conventional image coding at low bit-rates. In [10], 
an optimal filtering approach is investigated for the minimi-
zation of the difference, introduced by decimation and en-
coding, between the original and decoded image. Hence, it 
is shown that the performance of standard JPEG coding can 
be improved in this way. In [11], the optimal filtering con-
cept presented in [10] is applied for MDC, employing a PD 
framework. Four sub-images are created by simply down-
sampling the original image. Next, each sub-image is en-
coded using standard baseline JPEG and using the optimal 
filtering concept a total of sixteen optimal filters are ob-
tained. The sub-images and related filter coefficients are 
combined to create equally important and independent mul-
tiple descriptions. It is shown that such a scheme can pro-
vide better performance with respect to standard schemes.  

In this paper it is proposed to combine the zero padding 
based PD approach in [8] with the optimal filtering based 
MDC approach in [11] to enable even better performance 
for multiple description coding. Following this idea we 
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present a MDC approach that is superior compared to the 
methods presented in [8] and [11].  

II. PROPOSED METHOD

This paper proposes to combine the PD based approach 
presented in [8] with the optimal filtering approach pre-
sented in [11]. The method in [8] firstly introduces redun-
dancy simply inserting zeros in the DCT domain and taking 
the inverse DCT to return to the image domain again. This 
process accomplishes oversampling of the original image. 
This process is depicted in Fig. 1 where D and M show the 
original image size and the number of inserted zeros in both 
directions, respectively. 

Fig. 1. Redundancy insertion by zero-padding in the DCT 
domain [8]. 

After oversampling, i.e. zero insertion, a larger image of 
size ( ) ( )D M D M  is obtained. The oversampling ratio 

( OSR ) can be defined as the ratio of original image with 
respect to the zero padded image. This stage can be regarded 
as a pre-processing step as demonstrated in Fig. 2. Next, 
multiple descriptions are generated by simply sub-sampling 
the oversampled input image. Typically two or four descrip-
tions are generated for MDC. It is possible to simply use 
odd and even samples of the input image as the descriptions. 
Subsequently, these images are encoded using JPEG and the 
resultant compressed descriptions are dispatched over the 
channel. The decoder uses the received description to recon-
struct the original image as good as possible. If some of the 
descriptions are lost, received descriptions are utilized for 
the reconstruction. Fig. 3. shows all steps of this process in 
detail. 

In this paper, results are demonstrated for four sub-images 
obtained as follows: 
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where X  represents the original image, while 

nX , 1, 2,3, 4n show the sub-images. After creating the 

sub-images, each sub-image can be encoded using standard 
baseline JPEG at the desired quality level for MDC, creating 

the resultant nX  image. At this stage we employ the optimal 

filtering approach presented in [11]. 

Fig. 2. Pre-processing block: it consists of DCT, zero-
padding and IDCT steps [8].  

Fig. 3. Block representation of oversampling based MDC 
approach. (1): preprocessing, (2): multiple description, and 
(3) post-processing [8].  

We use only the first sub-sampled image 1X   to demon-

strate the idea of the optimal filtering concept, which is 
basically the same for all other multiple descriptions as well. 
The idea is to create estimates of all sub-images, 

i.e. 1 2 3
ˆ ˆ ˆ, , ,X X X and 4X̂ ,  using the 1X  and related filters as 
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where * represent the convolution operation in the image 
domain. The optimal filters, i.e. 1,nG , have a dimension of  

l l  and are obtained in least squares sense as in (3).    

1, 1,

2 2

1 1 1, 22

ˆmin min *
n n

n n n
g g

X X X X G (3)

The Iterative Preconditioned Conjugate Gradients method 
(IPCG) [12] is used to solve (3). IPCG is capable of solving 
large systems fast. The reader is referred to [12, 13] for the 
details of IPCG. 
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Fig. 4. Reconstruction of the lost descriptions using received descriptions. 

The method presented in [11] utilizes a total of sixteen 
optimal filters to effectively reconstruct the image at the 
receiver. The lost descriptions are created using the received 
description and optimal filtering. This situation is demon-
strated in Fig. 4 when the third and fourth descriptions are 
lost. In this case the lost descriptions are estimated from the 
first and second descriptions and the average of these esti-
mations is used as the final estimation. On the other hand, 
for the received descriptions only the related, ,n nG  is used to 

create the descriptions at the decoder. Finally all created 
descriptions are combined to reconstruct the image at the 
decoder by simply performing the inverse of the operation 
given in (1). 

III. EXPERIMENTAL RESULTS

We use several test images to show the effectiveness of the 
proposed approach with respect to the methods we com-
bined. Rate distortion plots are generally used to assess the 
performance of MDC methods. We used the Peak Signal to 
Noise Ratio as distortion measure. Fig 5. shows rate distor-
tion results for different OSR and different description re-
ception cases for the Lena image. The first column in Fig 5. 
shows the results when only one description is received. 
Following columns show the two, three, and four descrip-
tion reception cases respectively. 

(a) (b) (c) (d) 

(e) (f) (g) (h) 

(i) (j) (k) (l) 

Fig. 5. (a-e-i) One description reception case, (b-f-j) Two description reception case,
(c-g-k) Three description reception case, (d-h-l) Four description reception case. 

Description #2Description #1 Description #3 Description #4 

G1,1

G2,1 G3,1 G4,1

G2,2 G3,2
G4,2G1,2
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(a) (b) (c) (d) 

(e) (f) (g) (h) 

Fig. 6. (a-e) One description reception case, (b-f) Two description reception case,
(c-g) Three description reception case, (d-h) Four description reception case. 

In the figures, BLI and BCI show bilinear and bicubic in-
terpolation cases. It is clear from Fig. 5 that the proposed 
combined approach provides mostly the best results. Only, 
the method presented in [11] provides better results if all 
descriptions are received at the decoder and the image is 
encoded at high bit-rates. The main reason for this situation 
is that the introduced redundancy in the proposed method is 
not efficient at high bit-rate ranges. When we evaluate the 
effect of OSR on the performance it is clear that at very 
low-bit rates higher OSR is not efficient and results in a 
degradation in performance. Therefore we set the OSR to 
0.25 for following experiments since this value balances the 
performance for both low and high bit-rate ranges. BLI and 
BCI provide lower performance since these approaches only 
employ simple interpolation schemes. 

Fig. 6 show rate-distortion results for the Barbara and 
Peppers images, in the first and second rows respectively. 
As seen from these results in the case of high image detail, 
i.e. for the Barbara image, the method in [11] provides bet-
ter results for high bit-rates. This means that oversampling 
is not very appropriate for images with high details at high 
bit-rates. On the other hand, in the case of the Peppers im-
age, which contains mostly smooth areas, oversampling 
works well and the proposed method provides the best re-
sults.  

IV. CONCLUSIONS

In this paper we present an efficient MDC approach based 
on a PD based scheme and optimal filtering. The redun-
dancy insertion is carried out using a zero padding based 
oversampling approach. Experiments show that the pro-
posed approach provides better results with respect to sev-
eral compared methods in most cases. 
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