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Abstract—The aim of this paper is to present an efficient
scheme to transmit a compressed digital image over a non
frequency selective Rayleigh fading channe. The proposed
scheme is based on the Locally Adaptive Resolution (LAR)
algorithm, and the Reed-Solomon error correcting code is
used to protect the data against the channel errors. In order
to optimize the protection rate and ensure better protection
we introduce an Unequal Error Protection (UEP) strategy,
wher e we take the hierarchy of the information into account.
The digital communication system also includes appropriate
interleaving and differential modulation.

Simulation results clearly show that our scheme presents an
efficient solution for image transmission over wireless
channels, and provides a high quality of service,
outperforming the JPWL scheme in high bit error rate
conditions.

Keywords: Fading channels, Locally Adaptive Resolution
(LAR), scalability, Unequal Error Protection (UEP), (JPWL).

I. INTRODUCTION

Nowadays, wireless communications and their apipica are
undergoing major expansion and have captured & gttemtion
of media attention as well as the imagination c# ftublic.
However, wireless channels are known to generatkiga
number of errors which perturb
applications such as image or video transmissiar. these
reasons, designing a suitable system for imagsriesion over
wireless channel remains a major issue.

A number of solutions have already been designedfixed

image and video transmission over wireless chaniheld], the
SPIHT image coding scheme is protected by usindysrocodes

which consist of concatenated RCPC/CRC and Reed-Solom

codes. The protection of SPIHT bitstream can alsadhieved
using both an UEP strategy and an iterative protesptimize
these product codes [2]. A scheme dedicated to 2P&G
transmission over a wireless channel has beenidedcin [3]:
optimized product codes consisting of turbo coded Reed-

Solomon codes have been implemented for that parpos
JPEG2000 wireless (JPWL) [4] was tested over a WCDM

wireless channel [5], through a memoryless Binargni@gtric
Channel (BSC) and Gilbert-Elliot channel in [6]. Ahese
solutions need low code rates ranging from 1/3 /® &d a
scalable compression algorithm. The scheme proposetis
paper relies on a scalable version of the Locallyapgtive
Resolution (LAR) image coder [7], named Interleaved SThe
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main characteristics of the Interleaved S+P alborjtbased on
the LAR coding method, are lossy and lossless cossfme
modes, and high scalability together with advarsmdices such
as progressivity in representation and transmissioth Region
Of Interested (ROI) coding. Moreover, Interleaved PS+
algorithm offers better coding results than JPE®2Qiksless
mode. In order to provide robust LAR code streant high
code rate, we exploit the intrinsic scalabilitylnferleaved S+P
coder together with a UEP strategy.

This paper is structured as follows: both Rayleidgramnel
constraints and the methods based on different@dutation
used to circumvent them are presented in sectio@dttion Ill
details the scalable Interleaved S+P solution. APUsfrategy
applied to the LAR codestream with Reed-Solomon cases
described in section IV. Experimental results witAR and
JPWL are reported in section V, and finally conidos are
given in section VI.

II. FADING CHANNELS

In mobile radio communications, the electromagnatiaves
often do not reach the receiving antenna direcdgaose of
obstacles blocking the line-of-sight path. In faitte received
waves consist of a superposition of waves comimgnfrall

directions: this property is essentially due to lesfon,

diffraction and scattering caused by buildingsesrand other
obstacles. This effect is known rmiltipath propagation8]. As

a result, the received signal is equal to the sfirattenuated,
delayed, and phase-shifted replicas of the tramshisignal,
with each replica affecting the others. Dependingte phase of
each partial wave, the superposition can be coctsteu or

destructive. Moreover, as far as of digital trarssign is
concerned, the shape of the transmitted impulssf itan be
distorted. In this case, because of multipath pyapan, several
individually distinguishable impulses can be detdciat the

YRceiver. This effect is calledmpulse dispersion Impulse

distortion depends on propagation delay differerares on the
relationships between of the partial waves. Theseqonence of
this effect is a distortion of the frequency resgmeharacteristic
of the transmitted signal.

Besides multipath propagation, the Doppler effect hiso a
negative influence on the transmission characiesisvf the

%obile radio channel [8]. Because of the receiverbility, the

Doppler effect causes a frequency shift of eactigiawvave. As
a result, the spectrum of the transmitted signatleogoes
frequency expansion during transmission. This effeccalled
frequency dispersionThe value of the frequency dispersion
mainly depends on the maximum Doppler frequency ted
amplitudes of the received partial waves. In theetdomain, the



Doppler effect implies that the impulse respons¢hefchannel
becomes time-variant. Multipath propagation, coratiwith the
movement of the receiver and/or the transmitteddea drastic
and random fluctuations in the received signal.eSaaf 30 up to
40 dB and more below the mean value of the recesigdal

level can occur several times per second.

In digital data transmission, the momentary fadiofy the

received signal causeburst errors i.e. errors with strong
connections with each other. Therefore, a fadinterial

produces burst errors in which burst length is reitged by the
duration of the fading. Given this situation, thevelopment of
efficient error protection for digital transmissiorystems
naturally implies in-depth knowledge of the fadimhannel
statistics.

A. Statistical fading channel models

Choosing a transmission technique and designing gitali
receiver require the simulation of the effects ¢dding channel.
Since the pioneering work of Clarke [9] in the lateties, a lot
of theoretical works has been completed throughsomeanent
testing showing that, in the case of non frequesalgetive
channels, the fluctuations in the received signcés be
modelled by multiplying the transmitted signal yappropriate
stochastic model process. In this paper we use stteof
COST207 channel models established for the deplolyraén
second-generation mobile telephony [10] and from #et we
choose the COST207 TU (Typical Urban) channel model.

B. Differential modulation Star 16QAM

Differential modulation/demodulation techniques é@voved to
be very robust because they can mitigate the ptasertions
caused by fading. Moreover, as no channel estimasimeeded,
system complexity is reduced significantly. In thigplication,
we use a high spectral efficiency 16-point conatielh that may
be differentially encoded and decoded. This schisrhkeown as
Star 16QAM (Quadrature Amplitude Modulation) [11$tar
16QAM uses a combination of independent
(Differential Amplitude Shift Keying) and 8DPSK (figrential
Phase Shift Keying). Three of the four bits are olatkd by a

2DASK

implicitly gives the nature of the block. Small bks are
naturally located on contours whereas large onesianated in
smooth areas. In a lossy context, this image coméormation
controls a quantization of the luminance that cpoads to
visual perception: large blocks require fine queation (in
uniform areas, human vision is strongly sensitivebtightness
variations) while coarse quantization (low sengiv is
sufficient for small blocks.

B. Scalable LAR coder: the Interleaved S+P

The “Interleaved S+P” algorithm is designed to jueva
fully scalable representation of images [12]. The&sv method
keeps the same main structure as the Flat LAR mefficil),
namely a two-layer codec, so that the first pathefcompressed
bitstream allows for the reconstruction of the LARdk image.
The Interleaved S+P outperforms state-of-the-arthaus both
in terms of lossless and lossy compression. Thiaimeance of
our algorithm stems from the initial quadtree pimi. As it is
perfectly correlated to local activity, the methages the
information to adapt the prediction process in sachay as to
decrease coding cost. Moreover, we split the kisns into
different substreams according to the nature, iogaind local
activity of the corresponding pixel. Implicit cortemodeling is
then used, reducing the final entropy.

C. Functionalities

1) Scalable representation

The pyramidal description of the images resultimgmnf
Interleaved S+P encoding provides various scatgbiévels.
The conditional decomposition (the constraint ob successive
descent processes by the initial quadtree partifotine image)
provides a highly scalable representation in temfisboth
resolution and quality. Figure 1 shows an exampkhese LAR
method characteristics. This feature is definitely major
advantage for applications such as remote datajmassiltation
or other advanced client-server solutions.

Gray encoded 8DPSK. The remaining bit is amplitude-

modulated by a 2DASK scheme.

Ill. INTERLEAVED S+P: SCALABLE IMAGE
CODING

This section describes the LAR (Locally Adaptive Reton)
method. The scalable version of this image codespexified
and the associated functionalities are presented.

A. Flat LAR Coder

The LAR compression method is a two-layer codetatacbdec
and a complementary spectral one. Images can tsdesaed as
a superposition of global information and texturlcdl
information). The flat LAR codec is designed to pdava low
bit-rate compressed image, whereas the spectraleanedes
textures [7].

The basic idea is that local resolution, in otherdg pixel
size, can depend on local activity. This leadshtodonstruction
of a variable-resolution image based on a quadtlata
structure. Thanks to this type of block decompositithe size

Quadtree
partitionning
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| |
Blockimage
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| |
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Figure 1. Interleaved S+P and Scalable coding



2) Hierarchy and Robustness

When errors occur during transmission, visual inp&c
dependant on the error location in the bitstreahe hterleaved
S+P method introduces intrinsic hierarchy that banfurther
exploited for cryptography or hidden data insergmposes. In
particular, the quadtree partition information ai@ highest
level of the pyramid are mandatory for the recartton of any
visually coherent image [13].

IV. HERARCHICAL PROTECTION

Limited bandwidth and distortions are the main deas of a
wireless channel. Therefore, both compression aecdurs
transmission of sensitive data are simultaneoustyiired. The
LAR method and a UEP strategy are applied respégtiere to
compress and protect the original image. The UERegty takes
account of the sensitivity of the ten substreamguireng
protection and then optimizes the redundancy ratee first
class which contains both grid data and informatiesulting
from level 4 of our representation is the most gies The
second one contains the substreams resulting feweld 3, 2
and 1 of the first pyramid and level 3 of the setone. Finally,
the substreams corresponding to the levels 2 asfdHe second
pyramid, and the remaining substreams, namelyasielével of
each pyramid are assigned to the third class. Ttategy of
protection is then specifically defined for eachss described
previously: the code rate varies according to theell of
sensibility of each class. More precisely, we altec more
channel symbols to the classes that carry impoitdatmation
and fewer to other classes.

In our application, we used the Reed Solomon Erraregting
Code (RS-ECC). We denote it as RE(, wheren is the
codeword symbol length ank the number of the information
symbol. The code associated with the first classRS(255,185)
one which provides a high correction capabiliffhe second
class which contains the most important informatidmout the
image, is protected with an RS(255,192) code. Tharmation
carried by the third class is protected with an BS(205) code.
All these RS-ECCs are interleaved by using an apfaiepblock
interleaver. This technique spreads the burst igenerated by
the fading channel over a large number of symtsaisas not to
exceed the RS code burst error capability. Therdiagn Figure
2summarizes the different layers of our transmissigsiem.

LAR image coder Interleaving

—
(Interleaved 5+P) <

Differential Modulation

I _ _ SouweEncoder _ _ |

De-Interleaving |

LAR image decoder
(Interleaved S+P)

Differential Demodulation

Figure 2: Overall layout of the multi-layers trarission/compression
system.

V. RESULTS

In this section, we compare the performance of.the scheme
with the standardized JPWL image coding systemoj&ir the
non frequency selective fading channel. The trassiom
conditions we have adopted are those found on imniyed
bandwidth resources channels such as the one loeddn [14].

In those situations, the amount of ECC added torttage is an
important factor: this is the reason why we adapteghigh rate
ECC (typically R > 0.6).

The proposed layout for the transmission of Intertel S+P
streams over the COST207 TU channel was experinhental
evaluated for the Lena image (512*512). Without aryor
correction code, the compression rate was fixe®.32 bpp.
Following the UEP strategy defined in section 4e thverall
protection rate chosen was R=0.77.

For the JPWL coder, the Lena image was compressedtiree
layers: 0.1bpp for the base layer, 0.2 bpp forskeond layer,
and 0.32 bpp for the third layer. The overall petityn rate is
R=2/3, and the selected Reed-Solomon codes are: B3]Fdr
the base layer, RS(46,32) for the second layerRs8@3,32) for
the third layer. One can notice that the protect®higher for
the JPWL image (R=0.67) than it is for the LAR codmte
(R=0.77). Using the same ECC, the ratio R can sligbsiry
from one image to another depending on its natilme gize of
each layer).

The COST207 TU channel is characterized by two peiens
the Signal-to-Noise Ratio (SNR), and the Doppleqdiency §
normalized to the symbol time; TipxTs). The proposed system
was optimized for a normalized Doppler frequengyT, =10°
and for a variable SNR. The JPWL and LAR imagesewer
transmitted in exactly the same conditions.

Figure 3 shows variations of the received Peak &igm Noise
ratio (PSNR) versus Signal-to-Noise Ratio (SNR), when
transmitting LAR and JPWL images over the COST207 TU
channel. For the same SNR value but different célann
characteristics, the visual quality of a recongedcimage can
differ widely from one simulation to the other. $hs the reason
why each point in Figure 3 corresponds to an aweEdfifty
simulations.

LAR and JPYWL image perormance on Fading channel
40
—— Received LAR image !

—<— Received JPWL image i
S5

s N
25

20

Decoded image guality - PSNR (dB)

18 19 20 2 2 23 24 25 26 27
Channel SMNR (dB)

Figure 3: LAR and JPWL image performance through@®ST207 TU
channel.

Although the ECC protection adopted for the JPWL iesa
higher than that of the LAR images, Figure 3 cleatpws the
superiority of the proposed layout in the case afdb
transmission conditions (SNR<21 dBThis observation is
confirmed by the visual quality of images shownFigure 4. In



the LAR image, the residual errors in the streameapms an
impulse noise on the reconstructed image. It caneasly
discarded by applying simple post-processing ssch median
filter. Such post-processing improves our resulty
approximately 3 dB and produces a better visudlityua

With a very high amount of binary errors, JPWL isahle to
provide any visually acceptable reconstructed im@agure 4).
For intermediate SNR values (21.5 dB), if the PSNRthef
received images are comparable, the visual quafithhe LAR
image still remains higher than JPWL (Figure 5).wduaer,
when the value of SNR exceeds 22 dB, the JPWL sclyatus
better results in terms of PSNR, whereas it isdiffito notice
any difference between LAR and JPWL received imggegire
6).

These results can be easily explained. Firstioalgh objective
metric PSNR is widely used in the image coding comityuits
results are removed from subjective quality assestsn In
particular, the lowest block resolution of the LARage is here
about 2x2, eventually implying a natural contouiftsthat is
imperceptible to the human eye but dramatic for SNR
measure. Secondly, for the LAR scheme, no synchatioiz
mechanisms were added, contrary to the JPWL laygetause
of the entropy coding stage (arithmetic coder), emer bit that
is not corrected leads to the total desynchrorapatif the rest of
the substream. A simple synchronization solutiomddncrease
the quality level without over-increasing the laite.

Finally, if we compare the amount of transmittedagaPWL
requires a higher quantity of bits for the samelqay. If we use
the same bit rate for the JPWL as fbhe LAR, we obtain even
worse results for JPWL in terms of visual quality.

VI. CONCLUSION

A novel image transmission scheme was proposed
compressed LAR image streams through frequency elents/e
fading channels. The intrinsic scalability providdyy the
Interleaved S+P coder makes it possible to useER &trategy
which takes the sensitivity of each substream @mwount. They
are then more resilient to error by matching thedecoate to
sensitivity and a high code rate. The transmisssults showed
that our system provides a good quality of serviben BER is

lower then 2x16 (SNR<18 dB) and clearly outperforms JPWL

in poor transmission conditions even at lowest EC@egtion
level.
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Figure 6: LAR and JPWL image transmission through COST207 TU
channel, SNR = 25 dBp%Ts = 0.001,
BER = 3.5x1G.
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Figure 4: LAR and JPWL image transmission overGsT207 TU
channel SNR =19 dBpkTs = 0.001,
BER = 1.6x1G.
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Figure 5: LAR and JPWL image transmission trough@DST207 TU
channel SNR = 21.5 dBp#Ts = 0.001, BER = 8x18
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