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ABSTRACT

In the output of the state-of-art embedded wavelet image en-
coder SPHIT, three kinds of bits, namely the significance in-
formation bits, sign bits and refinement bits are interleaved,
making unequal error protection(UEP) ineffective. In this
work, we observed a beautiful property of SPIHT. The syn-
chronization in decoding is of no influence if we split the
original embedded bit stream into three in transmission. Based
on this observation, we proposed an new unequal error pro-
tection scheme for SPIHT, which requires the least modifi-
cation of the SPIHT algorithm. Experimental results showed
the superiority of this UEP scheme to equal error protec-
tion(EEP) scheme.

1. INTRODUCTION

With the explosion in multimedia applications involving im-
age and video communication, a lot of research has been
focused on error protection of progressive image transmis-
sion[2][3][4][5][6]. recently. Most systems in the work
were based on a class of wavelet zero-tree image encoders
because they provide embedded bit streams. Among them,
the implementation based on set partitioning in hierarchical
trees(SPIHT)[1] is a competitive candidate due to its fast-
ness and high performance.

However, due to its high complexity, SPIHT is extremely
vulnerable to channel errors. A single bit error in the source
bit stream could result in a complete decoding failure due
to the loss of synchronization between the encoder and de-
coder caused by that bit error. So researchers have been
looking for methods to improve the error resilience of SPIHT.
Packetization is the main technique used so far. The idea is
to break the embedded source bit stream into packets and
apply channel codes to the packets separately so that error
propagation is limited to one packet. In [2], Sherwood and
Zeger proposed a concatenated channel coding scheme in
which an inner RCPC code and an outer CRC code are con-
catenated to protect each packet. This method requires no
modification to the SPIHT coder. In addition, unequal er-
ror protection can be performed by varying channel code
rates according to the order of the bits appeared in the bit

stream since ouptput bits are ordered in their contributionto
the decoded distortion in SPIHT. Other work involves mod-
ifying the SPIHT to accommodate error resilience. In [6],
Rogers and Cosman proposed to reordering the SPIHT bit
stream in such a way that complete trees of wavelet coeffi-
cients were contained within packets. Thus each packet is
independently decodable, lost packets do not lead to loss of
synchronization.

In this paper, we proposed an unequal error protection
scheme from a different point of view. It separates the orig-
inal source bit stream into three bit streams by their class.
Providing unequal protection to the three bit streams makes
the SPIHT decoding process more robust. In addition, it re-
quires the least modification of SPIHT because it is based
on the inherent beauty of SPIHT.

2. UNEQUAL PROTECTION OF SPIHT

2.1. Observation of SPIHT

In order to improve the error resilience of SPIHT, we need to
first investigate why SPIHT is so vulnerable to errors. Tak-
ing a careful study of the SPIHT, we know that the essence
of SPIHT is based on three concepts[1]: 1) partial order-
ing of the transformed image elements by magnitude, with
transmission of order by a subset partitioning algorithm that
is duplicated at the decoder, 2) ordered bit plane transmis-
sion of refinement bits, and 3)exploitation of the self-similarity
of the image wavelet transform across different scales. As
a result, the output bit stream of SPIHT encoder is com-
posed of three kinds of bits, namely the significance in-
formation bits, the sign bits and the refinement(magnitude)
bits. Among them, the significance information bits are the
most important because each of them specifies a tree of co-
efficients and thus defines the encoding and decoding path.
An error occurred in the significance bit will cause the de-
coder to lose synchronization with encoder and hence the
complete decoding failure of subsequent process. On the
other hand, the sign bits and refinement bits decide the sign
and magnitude of the wavelet coefficients. Although an er-
ror of any of them will cause a distortion in the decoded



image, it will not lead to loss of synchronization. This dif-
ference in influence on decoding implies a scheme of un-
equal channel error protection is suitable for SPIHT. We
should give more protection to the significance information
bits than to the sign and refinement bits. However, in the
output bit stream of SPIHT encoder, all the three kinds of
bits are interleaved. Which kind of bits occur in which lo-
cation is dynamically decided by the encoder. This makes
the UEP difficult in this case.

To achieve the desired UEP for the three kinds of bits,
we must explicitly separate them so that we can apply dif-
ferent rates of channel codes. This may seem impossible at
the first sight. However, our study shows that it is not only
possible, but also easy to implement with few modification
to SPIHT. The justification lies in the observation that the
synchronization between encoder and decoder is of no in-
fluence if we split the encoded source bit stream into three
in transmission.

We know that the SPIHT decoder duplicates the encod-
ing process. In doing this, the executing path of encoding
algorithm is recovered by the decoder, provided that each
significance information bit is decoded correctly. Although
the three kinds of bits are interleaved in the encoded source
bit stream, their class information(whether they are signifi-
cance bit, sign bit or refinement bit)are recovered by the de-
coder. If the decoder decode a significance information bit
correctly, it will know then what kind of bits it is in need for
the next bit. So, if we output the encoded source bit stream
into three buffers by their class, then the decoder can stillde-
code correctly with the three separated bit streams because
as soon as it decodes a significant information bit from the
significance buffer, it will know which buffer it should go
next to fetch the following bit. This beautiful property of
SPIHT enables us to separate the three kinds of bits and ap-
ply different rates in channel coding in transmission.

2.2. Proposed scheme

Based on our observation in previous subsection, we pro-
pose the following transmission and channel coding scheme.
First, little modification is made to the SPIHT. In the en-
coding algorithm, we replace the oneoutput function with
threeoutput function corresponding to the three kinds of
bits. Thus we get three bit streams instead of one bit stream.
We name them the significance buffer, sign buffer and re-
finement buffer. In the decoding algorithm, we simply re-
place the oneinput function with threeinput function di-
rected to the three buffers respectively. In order to simplify
the encoding/decoding process, we skip the arithmetic en-
coding/decoding in the original SPIHT algorithm because
only a 0.3-0.6dB loss in PSNR is observed[1].

Next, in channel coding, we take a fixed portion of each
of the three buffers, apply different rate of channel codes(we
use block codes here)to them and concatenate them to form

one packet to transmit. We apply lower rate of channel code
to the significance part and higher rate to sign part and re-
finement part. Details will be given in the next section.

At the receiver, channel decoding is performed first. Be-
cause the length of each part in a packet has been predefined
when we form the packet, the channel decoder can decode
them easily. After each part is decoded, it place the bits
into their corresponding buffers, supplying for the SPIHT
decoder. At last, a reconstructed image is obtained through
decoding by the modified SPIHT decoder.

3. EXPERIMENTAL RESULTS

In this section we give the detail of our experiment system
and channel code rates used. The system model is shown
in Figure 1. The image used is the ”lena” image which
is 512x512 pixels in size and each pixel is represented by
256 level grayscale. Following the SPIHT encoder, BCH
channel codes are applied to add channel bits to the bit
stream before transmission. The channel model is chosen
as a BSC memoryless channel with crossover probabilitype. To show the effectiveness of UEP, two transmission
schemes are presented for comparison, equal error protec-
tion(EEP) and unequal error protection(UEP). We have dif-
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Figure 1: Image Transmission System Model

ferent ways of packetizing the bit stream for the EEP and
UEP. This is illustrated in Figure 2. In equal error protec-
tion, the output bit stream of SPIHT is broken into packets
of equal length and the same rate of channel code is ap-
plied for all the bits in transmission. Within each packet,
the three kinds of bits are mixed as they are in the origi-
nal SPIHT encoded bit stream. In unequal error protection
scheme, each packet is composed of three parts, the sig-
nificance part, the sign part and the refinement(magnitude)
part. Each part are filled with bits coming from the three bit
buffers generated from the modified SPIHT encoder. Due
to their different importance, significant part is applied with



Bit rate(bpp) 2.0 1.0 0.5 0.25 0.2 0.125 0.1
Sig bits 4.32 4.33 4.48 4.78 4.92 4.93 5.14
Mag bits 1.78 1.71 1.68 1.61 1.54 1.395 0.91
Sgn bits 1 1 1 1 1 1 1

Table 1: Ratio of three kinds of bits in different source coding rate

the lowest rate of channel codes, the magnitude part is ap-
plied with the highest rate of channel codes. An interesting
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Figure 2: Frame forming of EEP and UEP

question arising for the UEP is how to decide the ratio of
the amount of each kind of bits in one packet? The basic
criterion is to try to keep as the same ratio as in the original
SPIHT bit stream. Unfortunately, this ratio is time varying
in the original SPIHT bit stream. In Table 1 we list the ratio
computed from SPIHT compressed bit stream of the lena
image under different source coding rate. We can see from
Table 1 that although the ratio varies from rate to rate, the
range is limited. So we choose a ratio that falls in the middle
of the range.

Another factor in deciding the ratio is the fairness of
comparison. To compare the result of the EEP and UEP
scheme, we need to let the overall channel rates be the same.
We choose the BCH code rate as follows� For EEP, we use(39; 63) BCH block codes for each

block, and transmit 22 blocks together in one packet.� For UEP, we use(36; 63) BCH codes for the signif-
icance part, which comprises of 15 blocks,(39; 63)
BCH codes for the sign part, which comprises of 3
blocks, and(51; 63) BCH codes for the refinement
part, which comprises of 4 blocks.

Thus the over all channel rate can be computed for the two
schemes. For the EEP, the overall channel rate isREEP = 3963 = 0:6190 (1)

For the UEP, the overall channel rate isRUEP = 36� 15 + 39� 3 + 51� 463� (15 + 3 + 4) = 0:6212 (2)

the ratio among the three bits in the UEP packets isSig : Mag : Sign = 36�15 : 51�4 : 39�3 = 4:6 : 1:7 : 1
(3)

We can see that it agrees with table 1. Although the overall
channel rate of the UEP is a little bit higher than the EEP,
we will see later that it achieves a better decoded image for
the same channel.

The results of simulation are shown in Figure 3. We
fix the source rate to be0:123bpp, transmit and receive the
lena image 100 times with EEP and UEP scheme across a
BSC channel with crossover error probabilitype, calculate
the average decoded PSNR.pe was varied to study the per-
formance of both scheme under different channel condition.
From Figure 3, we can see that the UEP scheme obtain an
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Figure 3: Average decoded PSNR for EEP and UEP at same
channel rate and source rate

extra3� 5dB in PSNR than the EEP scheme, no matter thepe is high or low.

4. DISCUSSION AND CONCLUSION

Our notion of UEP is different from the UEP proposed in
[2], where the early transmitted packets were given more
protection than the later transmitted packets. This is in con-
sistent with SPIHT in that the SPIHT orders the coefficients
by magnitude and outputs the most significant bits first. How-
ever, as the authors declared, the decoder must stop at the



first detected but uncorrected error because the SPIHT de-
coder does not know whether it is a significance bit or not.
In our work, we care more about if the decoding process can
be continued when an error occurs and is not corrected. In
other words, our goal is to maximize the throughput. If the
error is a sign or refinement bit error, the decoder can con-
tinue decoding without correcting it. This error resilience
feature can be easily implemented in our scheme since we
have explicitly separated the three kinds of bits. The dis-
tortion caused by ignoring the bit error could be reduced
by some post processing technique such as interpolation or
filtering, which is called ”error concealment”. In addition,
in our scheme, more channel bits are saved to give more
protection to the significance bits, making the SPIHT more
robust. Unlike the modified SPIHT proposed in [6], our
scheme makes the least modification to the original SPIHT
algorithm, maintaining the same complexity and high per-
formance.

The major weakness of our scheme lies in using fixed
proportion of the three kinds of bits in transmission. As we
can see from Table 1, the difference in ratio of the three
kinds of bits at different source rates can not be neglected.
It is difficult and impossible to choose a ratio that is suitable
for all target rate. This might lead to some problem. For ex-
ample, if we transmit more significance bits in a packet, we
could have stalls in SPIHT decoding because corresponding
sign and refinement bits have not yet arrived. If we trans-
mit more sign and refinement bits in a packet, they could
be wasteful because the necessary significant bits have not
been ready. One way to alleviate this effect is further com-
press the significance part by arithmetic coding. Then the
deviation of the ratios in Table 1 will be reduced.

In this paper we proposed a new UEP protection for the
SPIHT embedded image coder. Unequal error protection for
SPIHT can be explored from the view in both Sherwood and
Zegers paper[2] and our paper. We believe a better approach
can be developed when combining the two together.
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