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Abstract— The objective of multiple description coding (MDC) 

is to encode a single information source into multiple 

bitstreams, in a manner that the reconstructed source can be 

produced at different qualities according to the amount of 

bitstreams received at the decoder. In this paper, we propose to 

employ an optimal filtering strategy as a post processing 

method for a multiple description transform coding (MDTC) 

approach which utilizes discrete wavelet transform (DWT). 

Experimental results show that the proposed approach 

provides better results compared to existing approaches in the 

literature. 
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I.  INTRODUCTION  

Nowadays the sharing of multimedia information such as 
image or video over packet switched networks like the 
Internet is growing fast. Therefore, when transmitting data 
over such unreliable networks, packet losses and sometimes 
complete channel failures are practically inevitable. 
Moreover, packet loss and time delay may cause serious 
problems in applications that require real time data 
transmission, and may lead to a severe degradation of the 
received signal [1]. To alleviate these problems, multiple 
description coding (MDC) aim at splitting a data source into 
multiple bitstreams, called descriptions [2, 3]. The MDC 
coder is designed so that each description can be 
independently decoded, and the quality of the recovered 
signal increases smoothly with the number of received 
descriptions.  

In the literature, there are several different MDC 
approaches that have different redundancy adding schemes 
and complexity. The multiple description scalar quantization 
(MDSQ) approach proposed by Vaishampayan [4], creates 
descriptions using index assignment. The method in [5], 
which is referred to as polyphase downsampling (PD), 
performs encoding by adding redundancy to subsampled 

data to make the system robust in case of packet loss. These 
methods have also been applied to video coding [6-8]. PCT 
based MDC approaches, used in image coding, can be 
broadly classified into two main categories. The first class 
addresses MDTC for the case of two descriptions in the 
DCT domain [9]-[11].  A generalization of the scheme 
presented in [11], to more than two descriptions, is 
described in [12]. The approach falling into the second 
category uses a correlating transform in the discrete wavelet 
transform (DWT) domain instead of the DCT [13], [14]. In 
real applications, different network paths may have 
dissimilar channel capacities. Accordingly, Saitoh and 
Yakoha [15] suggested a scheme, referred to as ratio 
configurable multiple description correlating transform 
coding (RMDCTC), where the data size is adjusted among 
the descriptions to fit the inequality of channel bandwidth. 
Based on compressive sensing (CS), the authors in [16] 
proposed a rather new MDC approach for the case of two 
descriptions. In this technique, the input image is divided 
into two sub-images using quincunx downsampling and then 
DWT is applied to generate the two descriptions. In [17], the 
issue of designing near optimal down-sampling filter and 
interpolation filters, to improve block-based coders such as 
JPEG, is explored. It has been shown that using such a 
scheme may results in significant improvement over existing 
approaches.  

In this paper, it is proposed to use an optimal filtering 
approach with the wavelet based MDTC technique reported 
in [13] to improve the reconstruction quality of the source 
image. In this method, least-squares estimation is utilized to 
obtain the filter coefficients [17] minimizing the difference 
between encoded and original data, for each description. 

In other words, packets that are lost, due to channel 
failures, are generated using the received descriptions and 
the quality of the image, obtained by combining all the 
descriptions, is enhanced further through optimal filtering.   



The rest of the paper is organized as follows. In Section 
two, the wavelet-based MDTC coder is examined and the 
proposed optimal filtering based scheme is described. 
Experimental results are presented in the third section and 
finally conclusions are provided.  

II. OPTIMAL FILTERING OF WAVELET-BASED MDTC 

A. Image Coding using Wavelet-based MDTC 

Generally, in conventional transform coding, the 
transformation is used in order to decorrelate the input 
variables [8]. Here, the transformation is applied to embed a 
certain degree of correlation among the transformed 
coefficients to enable estimation of lost components from the 
received ones [9]-[11]. The MDTC scheme, for the case of 
four descriptions, presented in [13] is illustrated in Fig. 1. 
First, DWT transformation and uniform quantization are 
applied to each block of � independent, zero-mean variables 
with different variances to produce block of � transformed 
coefficients. Then, using a correlating transform, statistical 
correlation is added among the previously obtained 
transformed components (descriptions). Finally, the different 
descriptions are entropy coded and transmitted over erasure 
channel. Such DWT-based multiple description approach is 
referred to as MDTC/DWT coder [13]. 

B. Description of the proposed scheme 

The key idea of the proposed approach in this paper is to 
combine the MDTC DWT-based technique of [13] with the 
optimal filtering approach given in [17]. Detailed description 
of the proposed scheme is given in Fig. 2. Initially a 1-level 
DWT using 9/7 biorthogonal filters [19] is applied to the 
original input image to obtain four subbands, referred to as 
LL, HL, LH and HH. Secondly, uniform quantization is 
applied to all subbands, and four 
descriptions 	���, ��, ��, �	
	 are then created through a 
pairwise correlating transform	� as: 
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(1) 

The components		��
 , ��
 , ��
 , and	��
  represent uniform 

quantized uncorrelated subbands obtained after application 
of DWT. The pairwise correlating transform T allows 
adding statistical correlation among the 
descriptions	���, ��, ��, �	
, so that lost descriptions may be 
reasonably computed from the received ones. For example, 
the descriptions D1, D3, and D4, when lost, may be 
reconstructed using the received description D2.  After 
correlating transformation, the four descriptions 
	���, ��, ��, �	
	  are entropy coded and sent over lossy 
channel.  

Simultaneously, at the encoding stage, descriptions are 
grouped using a description lost selector 	�� , where � =
1	to	4, for all possible loss combinations. Note that there are 

fourteen different loss scenarios for the case of four 
descriptions. In other words, the lost description selector 
simulates all the 14 loss possibilities during transmission in 
order to compute the corresponding 14 optimal filter kernels 
which will be multiplexed with the four descriptions and 
communicated reliably through some other means. 
Therefore, for each loss scenario, lost descriptions are 
estimated from the received ones, and subbands 
(LL� q, 	LH� q, 	HL� q, 	HH� q) are formed using inverse pairwise 
correlating transform. Then, uniform dequantization and 
inverse DWT are employed to obtain a reconstructed 
image	��. 

Hence, the coefficients of each optimal filter are 
computed as described in [17]. Minimizing the difference 
between original image 	�  and reconstructed image 	�� ,  the 
filter kernel	�� of size  x  is obtained through The Iterative 
Preconditioned Conjugate Gradients method (IPCG) [20, 
21] based on least square estimation: 
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ˆmin I I min I I*G− = − %  (2) 

where ∗ denote 2-D convolution operation.  
  
At the receiver, the image is reconstructed using the 

received descriptions and optimal filtering. First, the lost 
descriptions are estimated using the received ones. Then, all 
the descriptions are combined together to reconstruct the 
entire image, simply, by performing the inverse operations 
of the encoder. Finally, optimal filtering is applied to 
improve the reconstructed image quality. 

                nÎ=I*G%
 (3) 

Here, ��	#$%	�&  represent respectively the reconstructed 
image and the enhanced image after optimal filtering. 

 

III. EXPERIMENTAL RESULTS 

In this section the performance of our optimal filtering 
MDTC coder, referred to as MDTC/DWT-OPT, is 
compared to the existing MDTC/DWT approach presented 
in [13]. In order to show the efficiency of the proposed 
scheme, numerical simulations have been carried out 
employing images ‘Lena’, ‘Barbara’, ‘Peppers’ and 
‘Goldhill’ of dimension 512 × 512. In these experiments, the 
cases of 0, 1, 2 and 3 description loss are considered, and a 
target coding bitrate in the range of 0.6 − 2.0	bpp is used. 
The corresponding plots for the different test images and for 
all packet loss cases are reported in Fig. 3-6. From the 
obtained results, it can be easily noticed that our proposed 
coder allows better reconstruction quality in case of 
description loss. 

For the case of one description lost, the two schemes 
exhibit practically the same performance. Whereas, if two or 
three descriptions are lost, an average gain of nearly 2	%. is 



observed for the four test images used. Moreover, evaluating 
the performance for the "Barbara" image, which has rich 
texture and edge information, shows that our method 
performs significantly better thanks to the optimal filtering 
approach. The situation is similar for the "Pepper" image, 
which mostly contains smooth textures. In order to show 
visual effect of the optimal filtering approach, Fig. 7 
illustrates visual results for the "Barbara" test image encoded 
at 1.6	/00 for the case of three descriptions lost. It can be 
seen that our technique achieves better reconstruction of 
textures and edges compared to MDTC/DWT. 

IV. CONCLUSION 

In this article, we have introduced the combination of 
PCT based MDC which utilizes DWT as the transform 
coding approach and optimal filtering method. The optimal 
filter coefficients computed at the encoder are multiplexed 
into the descriptions and utilized at the decoder by simply 
performing linear filtering. The proposed coder has been 
applied on four typical test images. Through simulation 
experiments, a considerable improvement in image 
reconstruction quality is obtained by the proposed 
MDTC/DWT-OPT approach compared to the MDTC/DWT 
coder. 
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Fig. 3 MDC results for Lena test image. 

 
Fig. 4 MDC results for Barbara test image. 



Fig. 5 MDC results for Peppers test image.
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Fig. 7  Visual results for optimal filtering based MDC approach.
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(b) 3 descriptions lost 
PSNR=23.38dB [13] PSNR=25.96dB (Proposed)

Visual results for optimal filtering based MDC approach. 
. 

 
Fig. 6 MDC results for Goldhill test image. 
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PSNR=25.96dB (Proposed) 
 


