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Absract

In the last decade much research effort has been dedicated to ded with the issues of wirdless multimedia communications, in
particular bandwidth limitation and channd impairment. We have recently proposed a new scheme for blind equdization
cdled sinusoidaly-distributed dither signed-error constant modulus agorithm (SDSE-CMA). In this paper, we test this
scheme for wirdess image trangmisson. Smulation showed that the low complexity of implementation and fast
convergence rate are the major advantages of employing the new scheme for multimedia gpplications. It is dso shown, from
perceptua-based andysis aswell as objective measurements using pesk signd-to-noiseraio (PSNR) of the recovered image,
that the recently-proposed blind adaptive equdization dgorithm outperforms existing methods, e.g., uniformly-distributed
DSE-CMA.
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Absrak

Dalam beberapa tahun terakhir, usaha-usaha penditian dilakukan untuk menydesaikan permasalahan-permasalahan yang
ada pada bidang multimedia untuk komunikas nirkabel. Permasalahan-permasalahan tersebut misalnya keterbatasan lebar
jalur dan distors kanal komunikasi. Dalam paper ini, sebuah algoritma baru dibuat untuk ekualisas secara buta terhadap
kanal komunikas nirkabel. Algoritma tersebut disebut sebagai snusoidally-distributed dither signed-error constant modulus
algorithm (SDSE-CMA). Pengujian dilakukan dengan mengirimkan informas dalam bentuk gambar yang ditransmisikan
pada kanal komunikas nirkabel. Dari pengujian didapatkan bahwa dengan menggunakan algoritma baruini terdapat dua

kdehihan dibandingkan algoritma yang telah ada (uniformly-distributed DE-CMA) yaitu: komplekstas algoritma lebih

rendah dan kecepatan konvergens dari algoritmaiini lebih tinggi.

Katakunci;: Ekualisag, interferens antar smbol, algoritma constant modulus, multimedia.

Introduction

Over the past decade, the demand for multimedia
gpplications and services over wireess networks such
as 3G mobile communication sysems has grown
considerably. Reported sudies into next-generdtion
(NG) wirdess mobile networks [1] have shown a
sgnificant trend towards persondized mobile com-
munications-ubiquitous computing-and a dronger
need for wirdess multimedia-equipped devices. This
has dimulated a Sgnificant increase in the amount of
wireless data transmitted due to multimedia content,
causing a mgor shift from traditiond wired
telephony-oriented services, which have predomi-
nantly supported the transmission of voice data

The processing of digitd video, images, and audio
ggnads usng sophidicated and quite complex
dgorithms (codecs) are at the heart of many modern
communication products, from persond digitd
assigants (PDAS) to video-capable cdl phones.

Note: Discussion is expected before December, 1% 2006. The
proper discussion will be published in Electrical Engineering
Journal volume 7, number 1, March 2007.

Undergtanding the characteridtics of wirdess digitd
communication systems designed for the transmission
of multimediasigndsis essentid for developers of the
sysemsthat target multimedia gpplications.

One of the main issues with mobile multimedia
communicetion, however, is the degradetion in both
communicetion channd performance, system latency,
and acceptable qudity of multimedia datareceived on
wireless terminds devices. Thisis mainly due to the
inherent characteridics of wirdess communication
sysems — the time-varying nature of wireless channd
conditions and propagation environments [2].

Despite the ongoing devel opment of key communica
tion technologies to ded with multimedia applica
tions, such as adaptive compression [3] and adaptive
modulation and coding [4], the trangmisson of
multimedia data over wirdess communicetion
channds il introduces sgnificant bottlenecks. This
is mainly due to the fact that representing multimedia
data such as digital audio images video requires a
large amount of information, leading to high
bandwidth, computation energy, and communication
energy requirements.
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The communication bandwidth available to wirdess
mobile systems for the transmisson of multimedia
data, and the processing capatiilities of the commu-
nication sysem/devices, are often severdy limited.
Mobile radio channds mugt, therefore, tranamit user
information in a highly compressed form, while
making efficient use of available frequency spectrum
and communication power.

As a reault, new ways of 'adgptively' compressing,
modulaing, encoding and tranamitting multimedia
daa (by dynamicdly controlling communicetion
parameters to suit variaions in channg conditions,
computationd requirements, and available processng
resources) have emerged [5], [6], [7], [8]. Further-
more, due to the demand for high data rae
trangmisson of multimedia signals over video-
cgpable wirdess networks, channd eguaization has
become essentid in deding with the problems
asociaied with inter-symbol interference (IS). On
the other hand, spacetime coding (STC) and
orthogond frequency divison multiplexing (OFDM)
have emerged as powerful techniquesto minimizethe
system hit eror rate, and hence opened the way
towards increasing daa rates to support multimedia
goplicationsaswe have shownin [9].

Blind egudization has been extensvely used in
communicaion systems to remove the IS produced
by dispersve channds [10], and has become
increedngly important where full bandwidth
utilization of the channd is necessary. It is well
known that conventiona equdization techniques rely
on the trangmission of training sgnals which leads to
a reduction in channd bandwidth and dlocated
resources. The main advantage of using a ‘blind'
system is gpparent where the use of training sgnalsis
both unredlistic and coglly to implement.

The Congtant Modulus Algorithm (CMA) that was
origindly proposed in [11], has atracted the main
research effort as a suitable blind wirdess channd
equdizer; due to its robustness over the violation of
perfect blind equdization (PBE) conditions [12]. To
achieve the low complexity requirement of the CMA
dgorithm, recent dudies associated with the
fractiondly-spaced equdization congant modulus
(FSE-CM) dgorithm have lead to the devel opment of
the dithered signed-error constant modulus agorithm
(DSE-CMA) [13]. In this scheme, the input signa to
the equdizer is dithered by a non-subtractive
snusoidally-distributed signa before a Sign operation
isapplied.

In this paper, we invedtigate the characterigtics and
sydem peformance of a wirdess multimedia
communicaion sysem using the DSE-CMA blind
equdizaion technique in the agpplication of

compressed imeges. The framework developed can
be extended to sudy the trangmission of other types
of multimedia Sgnas such as, high rate digital video.
Empiricd results obtained are used to determine
subjective (perceptua-based) quality issues, without
the need for an extensve numericd andysis, as is
often required in mogt research Sudies.

System Modd

Bl e
Iorrating sed dals
DR

Fgure2. Transmitter block for T/2 baseband com-
municetion system

Fg. 1 and Fg. 2 depict a multirate modd of a
baseband communication system comprising of a
trangmitter and receiver pat, where subscript n
denotes baud-spaced quantities and subscript Kk
represents T/2 fractionaly-gpaced quantities. Through
this system, a sequence of formatted multimedia deta
symbolized as x, with T symbol period is transmitted
through the T/2-spaced channd ¢ of alength N.. In
many communication systems, even in the absence of
noise the effects of filtering and channd-induced
disortion lead to inter-symbol interference (1S).
Therefore, in addition to the white Gaussan noise the
received dgnd is dso corrupted by IS, These
distorted signas can only be removed by employing
an equalizer in the recaver. Following the figures, the
system output of the equdization may be expressed

LETES
s rha ks

Figurel. Recever block with a linear equaizer for
T/2 baseband communication system

Yo =" ()(n)+w" (n)(n),
x"(n)ct (n)+w " (n)f(n),

where X(n) = [X,, X, 4,7, X, v+ | denotesafinite
length source symbol vector of a length
N, =[(N, + N, =1)/2], while f is representing a
column vector of fractiondly-spaced equdizer
coefficients with a length Nr. A column vector r(n)

@
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and w(n) be the symbol of time-decimated of N
receved samples and white Gaussan n0|se
respectively. A Hermitian operator is denoted bzy

and matrix trangpogtion is symbolized by ()% The
matrix ¢ symbolizesa Ny x Ny time-decimated channel
convolution, defined asfollows:

G G

c, | @

A Blind Adaptive Algorithm

Most of blind adaptive equalizers update their coeffi-
cient vectors utilizing the sochagtic gradient descent
minimization method, which has dso been usad in
this paper. The equdizer coefficients are updated
according to the following agorithm:

f(n+2)=f(n)+ 11 (N)y gna(¥n ) ©
where 1 is a smdl congant cdled the step-sze, and
Vema (V) iSthe CMA error function.

A complex-vdued eror function of CMA is
decribed in[11] as:

V/cma(yn): y; (7/_|yn|2)’ (4)
where y isadisperson congant defined as

7 = E[x(n)" [ Elx(n)?

Ehx(n) J ©)
The objective that the equdizer minimizes the CM
cog function (under a perfect blind equdization
(PBE) condition [12]) is to remove dl the linear
digortion incurred by the channe such that the the
output of the origina source symbols are recovered
for some sysem delay 5(0< 5 <N, —1) and phase

shift 6(0 € [0,2z]). Hence, the filter output for
perfect equdization becomes

Y, =€"%, ;. ©)

Recently, advanced study of blind equaizers moved
towards the achievement of complexity reduction.
Primarily it is motivated by low cost implementation
of the blind sygsems One of the methods is
transforming the error function in eg. (4) into a sign
function. Asit can be seen dlearly, the multiplication
of every regressor dement with the error function
becomes a multiplication with +1 and -1 only.
However, in order to preserve information logt in the
quantization process, a andl perturbation random
sgnd is added; this is cdled dithering [14]. Thus the

error function in eg. (4) for complex-vaued case is
modified to:

o S (pba(¥, )+ 04 () X

where « is adither amplltude sdected lar enough
0 Sy @2 max{y b (v, )y yn%e

and v} (cr) are redl-valued i.i.d process snusolddly-
distributed in (- &, r)[13], where the superscripts r

and i refer to the red and imaginary components,
respectively.

M oddling of Multimedia Data

To enable the smulation of multimedia data over the
multirate communication modd, a process for
converting multimedia signds from various data
sources (such as, compressed audio, image, video
files), which may be sored on a PC, has been
developed. This has been integrated together with the
DSE-CMA hlind equdization scheme, to form the
overdl multimedia communication framework. Fig. 3
depicts the generd dructure of the converson
process.

Figure3. Framework for wirdess multimedia com-
munication usng DSE-CMA

The principd idea behind the multimedia data model
developed isto first consider the source file (digitized
verson of the origind multimediasgna with N -bit
resolution) as a vector aray containing integer
quantization levels. For digitd audio, these corres-
pond to sampled amplitude vaues, and for digita
image and video coding they correspond directly to
pixel vaues [16]. Before the multimedia data can be
processed by the multirate communication modd, the
source datais converted into amatrix array containing
N bit-words which correspond to the sample pixe
levels. Thus, a bitstream representing the origina
multimediadatais created.
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Our research framework includes the smulaion of a
'data compression’ block for sysem development
dong with invesigating new adaptive compresson
dgorithms. A channd encoder to convert the
bitstream to the required baseband modulated data
symbols as gpecified by the multirate mode has been
implemented. In the receiver path, the reverse is
performed on the modified data symbols produced by
the DSE-CMA equdizer. Whereby, the data symbols
are firg converted back to a bitstream by the channd
decoder, and are subsequently recongtructed (via the
de-compressor) to the origind multimedia data format
applied to the system.

To evduae the peformance of the DSE-CMA
equdization dgorithm in the application of multime-
dia data, a tes image is trangmitted over various
wireless communication channds, moddled using the
geometricaly-based hyperbolicaly digtributed scatte-
rers (GBHDS) channd [18]. Two kind of channds
dmulated urban environments are used, where
Channd A generated with a path lost exponent p =
28 and Channd B generated with a path lost
exponent p = 4. The frequency and phase responses of
the channds are depicted in Fig. 4. It can be seen
dearly that the channds ae frequency sdective
fading channd with a very deep null produced by
Channd A. Such kind of channels obvioudy giverise
to the inter-symbol interference, which deteriorated
therecaived signd sgnificantly.

Magnitude response (dB)

Magnitude response (dB)

Phase response (radian)
Phase response (radian)

Fgure 4. Frequency responses of Channd A and
Channd B with path lossexponent p=2.8

and p =4, repectively.

A gtandard version of the 512 x 512 size gray scde
Lena image with 8 bits/pixel resolution™ was used as
the multimedia source data. However, due to practica
computationd limitations, the image was resized to

! located at http:/imww.dsp.ecerice.eduiwakinimagesenab12

128 x 128 using hilinear’ interpolation. The re-9zed
Lenaimage used for transmisson is shown in Fg. 5.
The overdl communication framework was confi-
gured for QPSK baseband modulation. The remain-
ning parameters of the fractionaly-spaced equdizer
were & as follows Ny = 16 and o = 1. The dither
amplitude « was st to be large enough to guarantee
the exisence of the zero-forcing solutions of the
equdizers.

Fgure 5. Lena image source file (8-bit gray scae)
after resizing to 128 x 128.

Fig. 6 shows the recovered image from the output of
the channd with p = 2.8 where there was no an
equdizer a the input of the receiver. It Smulated with
SNR = 50 dB. As expected, this results an image
which is severdy didorted (saturated by noise).
Through visud ingpection we can confirm thet even
in the absence of noise, channd-induced digtortion
leadsto 1S, and corruption of the origina image.

In order to determine the effectiveness of the
proposed DSE-CMA technique the multirate model
was configured and smulated for SNR = 20 dB over
a GBHDS channd (p = 2.8), and usng a blind
adaptive equdizer based on two schemes. In the first
scheme, we used the uniformly-distributed dithered
sgned-eror CMA, and in the second one we
employed our proposed snusoiddly-distributed
dithered signed-error CMA dgorithm. Fig. 7 and Fig.
8 depict the ggnificant improvement of using
snusoiddly-digributed DSE-CMA  dgorithm  as
compared to the uniformly-distributed DSE-CMA
method. This is due to the faster convergence rate of
snusoidaly-digributed DSE-CMA as compared to
the uniformaly-digtributed DSE-CMA [17].

Clearly, for different channe the results obtained are
dmilar. FHg. 9 and Fig. 10 show the equdized images
recovered after employing the two dgorithms,
smulated over the GBHDS channd p = 4. Under the
condition when the therma noise heavily corruptsthe
channd, Fg 11 shows the degradation in user
perceived qudity of the received images. However, it
can be seen that the equdizer is efficient in removing
the effect of 1S.
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Figure 6. Received Lenaimage file (8-bit gray scae)
after passing it through the GBHDS channd
p = 2.8 without employing an equdizer,
SNR=50dB.

Figure 7. Equalized Lena image file after passng it
through the GBHDS channd p = 2.8, SNR
= 20 dB with blind adaptive equdization
utilizing Snusoiddly-distributed DSE-
CMA.
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Figure 8. Equaized Lena image file after passing it
through the GBHDS channd p = 2.8, SNR
= 20 dB with blind adaptive equdization
utilizing uniformly-distributed DSE-CMA.

20 40 60 80100120

Figure 9. Equaized Lena image file after passng it
through the GBHDS channd p =4, SNR =
20 dB with blind adaptive equdization
utilizing snusoidaly- distributed DSE-
CMA.

20 40 60 80100120

Figure 10. Equdized Lena image file after passng it
through the GBHDS channd p = 4, SNR
= 20 dB with blind adaptive equdization
utilizing  uniformly-distributed  DSE-
CMA.

Further andysis was performed using an objective
performance metric such as, the peek sgna-to-noise
ratio (PSNR), commonly used in image processng
literature [3]. The PSNR performance curves of the
received images transmitted over various wireess
GBHDS channds using the two blind equdization
schemes, are plotted againg different vaues of SNR.
Each vdue of the PSNR for certan SNR was
averaged over 100 redizations. It can be seenin Fig.
12, tha the snusoiddly-digributed DSE-CMA
agorithm outpaforms the uniformly-distributed
DSE-CMA dgorithm in both cases.

100
120 |

I'_"'

20 40 60 80100120

Figure 11. Equdized Lena image file after passng it
through the GBHDS channel p = 4, SNR
= 5 dB with blind adaptive equdizaion
utilizing snusoidaly-digributed DSE-
CMA.
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Figure 12. Pesk sgnd-to-noise ratio (PSNR) of the
received Lenaimage after equdization for
different vaues of SNR.
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Concluson

In this paper, we presented a multimedia communi-
cation framework to investigate the characterigtics of
DSE-CMA blind equdization in the trangmission of
compressed images over wirdess communicaion
channels. Simulation results (based on both user-
perceived qudity and the PSNR performance metric)
showed that the sinusoidally-didributed DSE-CMA
dgorithm outperforms the exigting blind equdization
technique (the uniformly-distributed DSE-CMA).
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