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Abstract

In this paper, we propose a joint source channel coding (JSCC) scheme to the transmission of fixed images for wireless
communication applications. The ionospheric channel which presents some characteristics identical to those found on
mobile radio channels, like fading, multipath and Doppler effect is our test channel. As this method based on a wavelet
transform, a self-organising map (SOM) vector quantization (VQ) optimally mapped on a QAM digital modulation and an
unequal error protection (UEP) strategy, this method is particularly well adapted to low bit-rate applications. The
compression process consists in applying a SOM VQ on the discrete wavelet transform coefficients and computing several
codebooks depending on the sub-images preserved. An UEP is achieved with a correcting code applied on the most
significant data. The JSCC consists of an optimal mapping of the VQ codebook vectors on a high spectral efficiency digital
modulation. This feature allows preserving the topological organization of the codebook along the transmission chain
while keeping a reduced complexity system. This method applied on grey level images can be used for colour images as
well. Several tests of transmission for different images have shown the robustness of this method even for high bit error rate
(BER > 1072). In order to qualify the quality of the image after transmission, we use a PSNR% (peak signal-to-noise ratio)
parameter which is the value of the difference of the PSNR after compression at the transmitter and after reception at the
receiver. This parameter clearly shows that 95% of the PSNR is preserved when the BER is less than 1072,
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1. Introduction are very important. Their consequences, such as

fading, Doppler effect and spreading delay, produce

Nowadays, there is a constant increase in services
offered by mobile phone providers. The quantity
and diversity of information to be transmitted
requires increasingly complex coding and transmis-
sion technologies. The constraints linked to mobility
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transmission errors, which can have a dramatic
impact on the quality of the signal content. The
currently available channel coding and decoding
methods linked to equalization, allow the correction
of most of these errors, thereby guaranteeing a good
quality of service. However, the use of these
techniques results in an increase of the quantity of
data to be transmitted. This results in an increase
of the transmission time if the bit rate is constant, or
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of the bandwidth for variable bit rate. In this
context, image compression algorithms represent a
useful alternative since they allow the reduction in
size of the transmitted files, whilst ensuring an
excellent visual quality.

Amongst all these image coding methods, discrete
cosine transform (DCT) and discrete wavelet trans-
form (DWT) are widely used. Their usefulness
comes from their capability to compress informa-
tion to a relatively small number of coefficients and,
of course, from their reversibility. When the
compression rate is high, there are different types
of distortion or artefacts depending on the compres-
sion methods. JPEG [24], which is based on DCT,
suffers from blocking artefacts. JPEG-2000 [14],
SPIHT [12] and EBCOT [6] which are based on
DWT suffer from ringing around edges.

Unfortunately compressed images are very sensi-
tive to transmission errors and this sensitivity
increases with the compression rate. Fig. 1 below
shows the impact of these errors on the quality of a
reconstructed image with a bit error rate (BER) in
the order of 10™*. This results from the arithmetic
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coding used at the last compression algorithm stage,
necessary for the binary coding of quantized
coefficients. Due to this variable length coding
(VLC) any error occurring in the bit stream results
in a desynchronisation of the decoding algorithm.
In most cases, this produces an increasing series of
errors, preventing image reconstruction [26].

In order to counteract this phenomenon, marks
are introduced in the compression process, which
allow the synchronisation of the decoding process
for these VLC when transmission errors occur
[5,11,28]. Fig. 2 shows the image resulting from
the introduction of such marks in a JPEG image.
However, as the BER increases so does the number
of required marks resulting in a strongly degraded
image.

Channel coding or error correcting codes (ECC),
which aims at detecting and correcting transmission
errors, can also be introduced. The correcting
capability of these codes is linked to the redundancy
introduced in the transmitted bit stream. Their
performance has been widely demonstrated. In
order to achieve an efficient image transmission
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Fig. 1. Images reconstruction when BER is about 10™* and file header not corrupted.
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Fig. 2. Resynchronised binary stream for a JPEG image: (a) BER = 107, (b) BER = 4.12 x 1073,
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