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ABSTRACT 

Multiple description coding (MDC) is a well-known robust data compression algorithm designed to minimize the 
distortion caused by data loss in packet-based communication systems. Several MDC schemes for transmitting wavelet 
compressed images have been developed. However, these MDC schemes cannot be adopted for digital mobile wireless 
applications where both packet loss and bit error are present, because individual description in these MDC schemes 
usually does not have adequate error resilience capability to combat the bit error in transmission. In this paper, we 
propose an algorithm to achieve robust communication over error prone transmission channels with both packet loss and 
bit error. We integrate the multiple description scalar quantization (MDSQ) with the multiple wavelet tree image coding 
method in order to provide an excellent error resilient capability. Two descriptions are generated independently by using 
index assignment of MDSQ. For each description, multiple sub-sampling is applied to split the wavelet coefficients of 
the source image into multiple sub-sources. Each sub-source is then entropy coded using the SPIHT algorithm and 
followed by a channel coding scheme that combines cyclic redundancy code (CRC) and rate compatible punctured 
convolutional (RCPC) code to offer unequal error protection to the entropy coded bits. The unequal error protection 
channel coding rate is designed based on the bit error sensitivity of different bit planes to achieve maximum end-to-end 
quality of service. Experimental results show that the proposed scheme not only exhibits an excellent error resilient 
performance but also demonstrates graceful degradation over error prone channels with changing rate of packet loss and 
bit error. 
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1. INTRODUCTION 

The rapid growth in the number of mobile phones and Internet users has resulted in spectacular development in 
multimedia communication, particularly in advanced image and video communication systems. However, over mobile 
wireless channels, the high channel error rates and transient channel shutdowns at the receiver still remain as significant 
obstacles to enable reliable communication. For current digital mobile wireless systems, these channel impairments are 
reflected as both packet loss and bit error during the multimedia data transmission. 

Multiple description coding (MDC) of image and video has recently attracted significant attention as an effective 
way to combat possible channel impairments over packet loss networks. In MDC, two descriptions are usually separately 
generated and transmitted over different channels. At the destination, if both descriptions are received, a maximum 
quality signal reconstruction is possible. Otherwise, the receiver can still reconstruct image and video with lower quality, 
but may still be acceptable to the user. 

The first practical results on multiple descriptions were presented by Vaishampayn [1] with simple procedure to design 
MD scalar quantizers. Wang et al. [2] and Goyal et al. [3] proposed MD transform coding that necessitates another 
correlation transform besides the conventional decoding transform. Servetto et al. [4] proposed an MD wavelet based 
coding and Jiang and Ortega [5] developed an MD extension to the SPIHT coder of Said and Pearlman [6] by separating 
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Zerotrees into polyphase components. They showed simplified encoding and decoding processes compared to the other 
MD coders. However, these MDC schemes share one common shortcoming: individual description lacks of adequate 
error resilience capability for channel bit error. In the scheme proposed by Jiang and Ortega, two descriptions are created 
by polyphase transform. Each of these two descriptions is quantized independently and constitutes the primary part of 
information for its corresponding channel. For reconstruction of the other channel in case of loss, each channel also 
carries information about the other channel, a coarsely quantized version of the same source input. With such an MDC 
approach, however, if we consider more realistic channel model in which both packet loss and bit error present, then, 
when an uncorrected bit error occurs, we may not be able to completely reconstruct the input source even if there is no 
packet loss in a given channel. 

Variable length coding (VLC) and the wavelet tree structure dependence have been widely adopted in image 
compression schemes, such as the embedded zerotree wavelet coding (EZW) [7] and the set partitioning in hierarchical 
trees (SPIHT), to design efficient algorithms. However, to transmit images compressed with these techniques, additional 
care needs to be taken since their sensitivities to the channel error cannot be explicitly incorporated into the R-D 
function. Any bit error in the variable length coded bitstream may propagate the error impact until the next 
synchronization symbol. Sherwood and Zeger [8] proposed a scheme for cascading the SPIHT source coder with the 
CRC/RCPC channel coder for image transmission over noisy channels. This scheme has a relatively low computational 
complexity and is applicable to mobile applications.  Furthermore, this scheme achieves a better end-to-end performance 
than all previous coding systems for the known and fixed channel bit error rate (BER) over binary symmetric channels 
(BSC). This excellent performance primarily comes from the high efficiency of the set partitioning, the structure 
dependence, and the entropy coding used in the SPIHT source coder. In order to ensure the success of the source 
decoding, however, it requires that the designed channel coding must be able to remove all the channel errors. Otherwise, 
any uncorrected bit error may cause the decoder to discard all subsequent bits even though these subsequent bits may be 
decoded correctly.  

In order to exploit the characteristics of the bit dependence in the source coded bitstream, unequal error protection 
(UEP) using CRC/RCPC channel coder has been proposed [9] so that bits in different bit-layers are protected unequally 
to take into account the different sensitivities of each bit-layer. However, only one single SPIHT coded bitstream is 
generated in [9], the correct decoding of a given bit in such a bitstream is dependent on whether or not the bits before the 
current bit are decoded correctly. As one solution to this problem, multiple bitstreams are proposed in [10] by splitting 
the compressed bitstream into multiple subsources without much loss of the source coding efficiency. 

In this paper, we propose an algorithm to achieve robust communication over mobile wireless channels with packet 
loss and bit error by integrating the multiple description scalar quantization (MDSQ) with the multiple wavelet tree 
image coding in order to provide an excellent error resilient capability. Two descriptions are generated independently 
using index assignment of MDSQ. For each description, multiple subsampling is applied to split the wavelet coefficients 
of the source image into multiple subsources. Each subsource is entropy coded into multiple independent packets of 
roughly equal length using the SPIHT algorithm and CRC/RCPC code have been employed as the channel coding 
method to offer unequal error protection to the source coded bits. The channel coding rate is designed based on the bit 
error sensitivity of different bit planes. 

The rest of this paper is organized as follows. In Section 2, we describe the proposed system in detail. This section 
will include MDSQ, multiple SPIHT structure, and the UEP channel coding strategy. In Section 3, we present the 
experimental results to verify the performance of the proposed scheme. In Section 4, we conclude this paper with some 
discussion. 

2. SYSTEM DESCRIPTION 

The proposed image transmission system is shown in Figure 1. A given image is decomposed into subbands by 
discrete wavelet transform (DWT), and then each of the subband coefficients is quantized and two descriptions are 
created by two index assignments. For each description, to further reduce error propagation, the wavelet coefficients are 
grouped into multiple blocks and SPIHT is applied on each block to generate bitstreams. In channel coding, as the bit 
error sensitivities vary with bit planes, unequal error protection is applied to achieve graceful degradation in PSNR over 
a range of channel bit error rates and packet loss rates. 
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2.1 Multiple Description Scalar Quantization 

The first practical multiple description was introduced by Vaishampayan [1] and MD quantizer consists of two 
factors: a scalar quantizer and an index assignment. The scalar quantizer maps continuous-valued random variables to 
points in a countable set and the index assignment splits the information about each sample into two complementary and 
possibly redundant descriptions of the same sample. One example of two index assignments is shown in Figure 2. To 
applying MDSQ to image coding, a given image is decomposed into subbands, and then a uniform scalar quantizer is 
applied to each of the subband coefficients, thus producing a quantized field. The bins of a quantized field are placed in a 
matrix and two descriptions are created by mapping each quantized coefficients to a pair (row/column) of numbers, using 
the index assignment component of a MD quantizer. Row and column indexes are sent over each channel. If both 
descriptions are available, the original quantization bin can be recovered; if not, the original quantization bin is known to 
be one of those in the received row/column indexes. Unlike a single channel scalar quantizer, the performance of a 
multiple description is dependent on the index assignment. In [1], the problem of designing good index assignment is 
thoroughly studied. The desirable property of this scheme is that the descriptions be made equally important or balanced. 

Figure 1. Diagram of the proposed system. 

Figure 2. Illustration of index assignments. 

2.2 Multiple SPIHT Structure 

The proposed source compression is based on the discrete wavelet transform (DWT). The decomposition of the 
subsources is accomplished in the transform domain by subsampling wavelet coefficients from all subbands to form 
multiple new hierarchies of image subsources. The left of Figure 3 shows an example of such a decomposition for an 
image of size 32 × 32  using 3 levels of DWT. Subsampling is done at every other coefficient in each direction. All 
coefficients labeled with the same pattern are grouped together to form a spatial orientation structure suitable for coding 
with the scheme of SPIHT. Therefore, the proposed scheme is able to maintain highly efficient source compression 
performance. In this case, each subsource will result in a full resolution of the original image. We can also subsample the 
coefficients at different intervals to form more subsources up to the number of coefficients in the lowest subband. 
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    The subsampling can also be implemented in a block fashion in the subbands shown in the right of Figure 3. Such 
block-based subsampling can retain the original image wavelet trees so that a higher source coding efficiency can be 
achieved. In this case, because of the relationship between the image domain and the transform domain, each wavelet 
tree will represent a particular block in the original image. Consequently, each coded subsource will no longer be a 
coarse representation of the original image. Any corruption in a wavelet tree due to channel errors will result in an 
erroneous block in the reconstructed image. For many applications, the coarse representation of the whole image is more 
desired in each subsource. Eventually, individual coefficient-based subsampling, as opposed to the block-based 
subsampling, is adopted in our scheme. Even though the source coding efficiency may be slightly decreased due to the 
break of the wavelet trees, channel corruption will not result in the loss of an entire block. Therefore, the overall visual 
quality may be preserved. 

Figure 3. Illustration of subsource decomposition in wavelet domain. 

2.3 Multiple Bitstreams Compared to a Single Bitstream 

Fig. 4 shows the scheme adopted in [9] for hierarchical error correction that first organizes the coded bitstreams into 
hierarchical bit-layers and then applies UEP to each bit-layer according to its bit error sensitivity. The scheme proposed 
in [9] provides more than necessary channel coding protection to higher bit-layers to ensure error-free reception of these 
more important layers. Therefore, unlike the equal error protection proposed in [8] in which an uncorrectable error may 
appear in any bit-layer, the unequal error protection scheme implicitly shifts any uncorrectable error to lower bit-layers 
that receive less error protection from the channel coding. As a result, for time-varying wireless channels, the 
hierarchical error protection offers better transmission performance than equal error protection. However, in the case of a 
single bitstream, when an uncorrected error occurs at the beginning of the bitstream, we are still not able to decode 
anything at all. 

Figure 4. Hierarchical error correction strategy proposed in [9] 
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In general, the proposed multiple hierarchical coding is able to reduce the error dependence to 1/L as compare with 
the single hierarchical approach, where L is the number of multiple subsources. Such benefit in image transmission has 
already been demonstrated in [10]. Consequently, the maximum range of error propagation is limited to the length of the 
subsource bitstream. The extreme case of multiple bitstream image coding would be to form as many hierarchical 
subsources as the number of pixels at the highest levels of the pyramid decomposition. Evidently, such a decomposition 
will result in significant source coding performance degradation in terms of source compression since the correlation has 
been reduced to minimum. In this research, eight hierarchical structures are formed by appropriately subsampling the 
decomposition of the image source. We will then form eight bitstreams; each of them is crude representation of the 
single description image. These hierarchical structures are illustrated in Figure 5.  

Such a multiple bitstream image coding scheme, combined with MDSQ is very suitable for mobile wireless 
communication when the channel noise is of burst nature. For a fixed BER, the channel errors are often clustered within 
a small segment of the bitstream. As a result, it is unlikely that the beginnings of all eight bitstreams are corrupted by the 
channel noise. If some bitstreams cannot be completely decoded because of the uncorrected channel error, then we will 
be able reconstruct each description based on the other completely decoded bitstreams as well as some bitstreams that 
may be partially decoded. Therefore, we can reconstruct a high-quality image combining two descriptions. 

Figure 5. Bitstream formation of multiple hierarchical error correction strategy. 

3. EXPERIMENT RESULTS AND DISCUSSION 

We have conducted experiments on the 512 × 512 gray-scale Lena image. The given image is decomposed into 
hierarchical subbands by discrete wavelet transform (DWT), and then each of the subband coefficients is quantized with 
the MDSQ scheme. Two descriptions are generated by two index assignments and, for each description, eight bitstreams 
which are roughly equal length are created by multiple SPIHT. Therefore, a total of 16 packets are independently 
generated from a given image. First, we consider only the source coding. As is adopted in [5], the total coding rate is 
0.25 bpp/channel (1/32 bpp/packet). When there is no packet loss during image transmission, the results of two-channel 
decoder and one-channel decoder are shown in Figure 6. We measure the average achieved PSNRs when there are 
independent packet losses (1000 loss patterns in our simulation) and compare the performance attained by our MD coder 
against MD image coders developed by Jiang and Ortega [5]. The PSNR of our proposed system depends on the packet 
loss patterns. For example, when there are two packets lost, if the same order bitstreams of two descriptions are lost, this 
subsource cannot be recovered. However, if the different order bitstreams of two descriptions are lost, we can recover 
two bitstreams using one-channel decoder. The resulting PSNRs are shown in Figure 7. In this experiment, we have 
demonstrated that the proposed multiple description multiple bitstream coder is able to achieve a more graceful 
degradation when the packet loss rate increases. 

Second, we consider both source coding and channel coding. The total transmission rate is 0.45 bpp/channel (0.056 
bpp/packet). The RCPC rates assigned to different bit layers are as follows: {8/24, 8/24, 8/22, 8/20, 8/18, 8/16, 8/14, 
8/12, 8/12,…}. The source coding rate and channel coding rate are 0.25 bpp/channel and 0.2 bpp/channel, respectively. 
We measure the average achieved PSNRs over BSC channels when there are independent packet losses and channels 
with BER. The resulting PSNR depends on both the packet loss pattern and BER. From Table 1, we note that our 
proposed scheme is able to achieve not only an excellent error resilient performance but also graceful degradation over 
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error prone channels with changing rate of packet loss and bit error. Two types of subsampling for multiple SPHIT 
methods are shown in Figure 8. In the left of Figure 8., individual coefficient-based subsampling is implemented for 
coarse representation of each description. In the right of Fig. 8., subsampling is implemented in a block fashion. Even 
though the source coding efficiency may be slightly decreased due to the break of the wavelet trees, channel corruption 
and packet losses will not result in the loss of an entire block. Therefore, the overall visual quality may be preserved. The 
reconstructed sample images over error prone channels with changing rate of packet loss and bit error are shown in 
Figure 9. In Figure 9 (a), as three packet losses occur in the different order bitstreams of two descriptions and with low 
BER, we can recover good quality image. In Figure 9 (f), high BER is causing partial bitstreams loss, then four packet 
losses occur in the same order bitstreams and two packet losses occur in the different order bitstreams. Although the 
PSNR of this image is only 20.87 dB, it is evident that the image is of relatively good visual quality. 

Fig. 6. Reconstructed images , for Lena, at 0.25 bpp/channel (1/32 bpp/packet),  (left) two-channel decoder, PSNR : 35.56 [dB] (right)
one-channel decoder, PSNR : 31.89 [dB]

Fig. 7. Performance with independent packet losses. 
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Table 1. Performace with independent packet losses over BSC channel 

PSNR [dB] with Packet Loss (%) 
BER

0 (0%) 1 (6.3%) 2 (12.5%) 3 (18.7%) 4 (25%) 5 (31.3%) 6 (37.5%) 

0.00 35.56 34.93 33.63 32.06 29.60 28.20 24.80 

0.01 35.56 34.93 33.63 32.06 29.60 28.20 24.80 

0.02 35.43 34.75 33.20 31.52 29.31 27.94 24.57 
0.03 33.03 32.91 31.95 29.74 28.48 26.36 24.39 
0.04 28.76 28.67 28.38 27.12 26.42 24.55 22.96 
0.05 25.15 25.11 24.88 24.29 23.88 22.89 21.72 

Fig. 8. Reconstructed images, 0.45 bpp/channel (0.056 bpp/packet) (left) individual coefficient-based multiple SPIHT, BER 0.05, 
6 Packet loss, PSNR : 21.54 [dB] (right) block based multiple SPIHT, BER 0.05, 6 Packet loss , PSNR : 21.92 [dB] 

4. CONCLUSION 

We have developed an algorithm to achieve robust communication over mobile wireless channels with packet losses 
by integrating the multiple description scalar quantization (MDSQ) and the multiple wavelet tree image coding method 
to provide an excellent error resilient capability. A given image is decomposed into subbands, and then a uniform scalar 
quantizer is applied to each of the subband coefficients, thus producing a quantized field. Two descriptions are created 
by mapping each quantized coefficients to a pair of numbers, using the index assignment component of a MD quantizer. 
The fragile structure of SPIHT-coded bitstream is split into multiple subsources to break the sequential dependence of 
the SPIHT-coded bitstream for each description. In a BSC channel, that means the probability of complete failure in 
decoding (uncorrected error occurs at the beginning of the bit stream) has been utilized to offer unequal error protection 
to the bits in each coded bitstream. In each substream, all the bits in the same bit-layer are protected with the same 
channel code rate. The higher the bit-layer, the more the channel coding protection is applied. Therefore, the bits in the 
beginning of the bit-stream receive more protection than the subsequent bits. Both analysis and experimental results 
show that this new scheme has an excellent error-resilient capability over mobile wireless channels with packet losses. 
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(a)                                                             (b) 

(c)                                                             (d) 

(e)                                                             (f) 
Fig. 9. Sample reconstructed images, 0.45 bpp/channel (0.056 bpp/packet),  (a) BER 0.01, 3 Packet loss, 33.95 [dB] (b) BER 0.02, 
3 Packet loss, 33.81 [dB], (c) BER 0.03, 3 Packet loss, 30.31 [dB], (d) BER 0.04, 2 Packet loss, 28.23 [dB], (e) BER 0.05, 2 Packet 
loss, 25.47 [dB], (f) BER 0.05, 6 Packet loss, 20.87 [dB] 
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