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ABSTRACT: In this work, a genetic algorithm (GA) based fregeiedomain equalization (FDE-GA) scheme was progdse
direct sequence ultra wideband (DS-UWB) wirelesamainication systems. The proposed FDE-GA schems noierequire a
guard interval (Gl) and the output of the RAKE tligee is used as the input to our GA. The scheméeseld much higher
bandwidth efficiency than conventional FDE methbdsause of the removal of the inter block interiee2(IBI) within each
block before the GA. The FDE-GA receiver was shdwrsignificantly outperform the RAKE receiver arttetRAKE-GA
receiver proposed in a previous work, in terms ibfebror rate (BER) at a similar complexity. An inopement in the mean
square error (MSE) was observed from simulationltepresented, as a result of increase in the puwipilot symbols.
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|. INTRODUCTION 2013). The scheme was termed structured chanrieiagigin
is ASCE) and direct adaptation (DA).

Joint FD channel estimation and equalization folUWB
systems with short cyclic prefix (CP) and a nowerative
receiver employing soft IBI estimation and candala within
Both its FD channel estimator and FD equalizer aomapts
was considered by (Bahceci and Koca, 2010).

Sato and Ohtsuki, (2005), evaluated the computaltion
(e,omplexity and the performance of the RAKE recesvior
the DS-UWB considering the accuracy of channehesion
in a multipath channel. Also, the performance ffiat RAKE
and minimum mean square error equalizer (MMSE)ivece
for high data rate UWB communications, to combatI®l by
taking advantage of the RAKE and equalizer strectwas

roposed in (Eslami and Dong, 2005). (@i al, 2003)
mbined a RAKE receiver and MMSE equalizer stmecfor
UWB systems.

GA implementation in UWB and code division multiple
access communication systems can be found in (Cleard,
2012), and (Hung and Chen, 2012). GA has also bpplied
to UWB communications systems in (Geztial, 2005) and
(Wanget al, 2008). In our previous works, a GA based FDE,
without a guard interval (Gl), was proposed for D@/B

Ultra-wideband (UWB) wireless communication
revolutionary technology for transmitting large amts of
digital data over a wide frequency spectrum ushmgytspulse,
low-powered radio signals. UWB commonly refers to
system that either has a large relative bandwiddh ¢xceeds
20% or a large absolute bandwidth of more than BBz
(Kshetrimayum, 2009). UWB technology is one of th
promising solutions in terms of high-speed shongea
wireless communication systems (Porcino and H0©3).

Genetic algorithm (GA) is an effective search teghe,
which works on the Darwinian principle of naturalestion
called "survival of the fittest” (Maret al, 1999). GA
presumes that the potential solution of any problsman
individual, represented by genes of a chromosomd
structured by a string of values in binary form.

In an impulse-based DS-UWB system, the transmitegd
bit is spread over multiple consecutive pulses efyviow
power density and ultra-short duration. This introgs
resolvable multipath components having differentielays in
the order of nanoseconds. Thus the performance DfSa
UWB system is significantly degraded by the intkipc

interference (ICl) and inter-symbol interferenc&ljldue to . | . Suraiud Bakiat]
multipath propagation (Liu and Elmirghani, 2007) wireless communication systems (Surajudeen-Bakiatal.,
' ’ 2011). Also in (Surajudeen-Bakindet al, 2009), GA was

T_he channel impulse response (CIR) of l.JWB ha}:Sombined with a RAKE receiver to combat the ISI doehe
multipath delay spread which is greater than theprecal

bandwidth of the transmitted message waveform e frequency selective nature of UWB channels for higta rate

. X s transmission.
the r_ecelved signal is dlgtorted due to atten_uatuﬂ delayed In (Kaligineedi and Bhargava, 2008) low-complexity
versions of the transmitted waveform. This posegreat

. . frequency domain MMSE turbo equalization schemas f
challenge in the design of UWB and so lots of restess have _. . : : .
been done to combat this problem. single-user binary phase shift keying (BPSK) andteumary

Two adaptive detection schemes based on singIém:arbI_Orthm‘:’omle keying DS-UWB systems was derivede Th

frequency domain channel estimation problem for 8@
frequency domain equalization (SC-FDE) for multiudieect- . .
sequence DS-UWB systems were proposed in (Li andal FDE over UWB channels was investigated by (Wang and
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Dong, 2006). In all the aforementioned works, G leeen here a, =p, X, are the multipath gain coefficients,
used to cancel the IBI caused by the multipath obbn . . T . _
In this work, we propose FDE-GA detection approachith P, | {il} denoting the random polarity (the possible

which does not require any Gl for DS-UWB wirelesphases for real coefficients) with equal probability and the

communication systems where equalization is peréolrrin . . . _ :
the frequency domain. This work is different fronther fading amplitudex;  being log-normal-distributed; is the

research work on FDE becguse of the absence 0ﬁ¢tkm delay of thei th cluster and,, is the delay of theh path

use of GA for FDE and so it is more spectrum edfitithan ’

all other conventional FDE methods. At the timemdsenting within the i cluster relative tol;, . T, and ¢, are

this work and to the best of our knowledge, no waak been ; ; :

done to implement GA based FDE for DS-UWB witholit G described V\-llth a do_uble—P0|sson process and all of them are
The use of a few numbers of variables, which resuih rounded to integer times of the delay resolutign (Chu and

medium size of search space, for our algorithmrasmpted, Murch, 2006).

by the high complexity and simulation time of thé,Gvhen The total numbers of observed clusters and the number of

large numbers of variables are used. Meanwhileusieeof Gl,

with a few number of variables lead to very highdBérhead,

which is not desirable in wireless communication. respectively. Thus, witlf ... denoting the multipath delay
This paper is a revised and expanded version céperp —

entitted “Genetic Algorithm based Frequency Domaiﬁprea{j’l‘tOt =Zexe! T denotes the total number of paths. Let

Equalization for DS-UWB Systems without Guard Iut#? I denotes the sum of al?,, at time index| , where

presented at the IEEE International Conference n ’ ) )

Communication, Kyoto, Japan. 5th — 9th June, 2011. = (T| i )/Tc . Due to the clustering of multipath
The remaining part of the paper is organised asvisl components, the channel does not necessarily have multipath

Section Il is system model. We propose the FDE-Gdrivals within each delay bin. This is accounted for byrggtt

equalizati_on approach in Section 1ll. Section I\ésmn';s the_ hl =0 for any |-|-c that has no path arrival (Chu and Murch,

computational complexity of the FDE-GA receiver in ) o

comparison to the other receivers. Simulation sangresults 2006). Therefore, the CIR in (1) can be simplified to:

multipath contribution within thé"™ cluster areC, and K

are presented in Section V. Section VI draws thelusion. h(t) _ L‘°"1h| a’(t ) ITC) @)
) 1=0
Il. SYSTEMMODEL where L, is the total number of path, (= ITC) is the
A. Transmitted Signal delay of thel™ path component anb, is thel™ path gain

A non-guard interval (Gl) based DS-UWB system FDE-oerster, 2003). It is assumed tHaJ;n = |\/|Nc in our
over UWB channels is considered in this work. Ak th

transmitter, each block consists of M symbols. Eaghbol is Simulation, therefore the CIR is of orddN, with taps
first spread by the Ternary orthogonal spreadingzlecoh= [ho h ]T
sequence (Zhu and Murch, 2003), due to its orthalifignand 7T MNG-1

itis of length N . Letd, T {+1} denote C. Received Signal
mth(m=Q...,MN, - 1) chip in thekth signal block. Assuming timing is acquired, the received signal blogk,
can be expressed in matrix form as given by Wang and Dong,
B. Channel Model 2006.
The Saleh-Valenzuela channel model with a couple of = HS#+n, 3)

slight modifications is implemented in this work. A 409, tare H=1H ...hT n is the AWGN whose elements
normal distribution rather than a Rayleigh distributionthe o---Pun-2]:

multipath gain magnitude is recommended in this modBAve zero mean and single-sided power spectral dengitis S
because the log-normal distribution seems to better fit thekth signal block which is a matrix expressed as:
measurement data as stated in the Saleh-Valenzuela channel dk'O dk’l deMN 1
model. In addition independent fading is assumed for each q q q ’
cluster as well as each ray within the cluster (Foerste3)200 k-10 k,0 Tt TKMNG-2
The channel model recommended by the IEEE 802.15.3a . . ) .
channel modelling sub-committee is defined by the followirg= (4).
channel impulse response (CIR): . . ' .

C. K

h(t) = ai,ka(t -T- l‘i,k) (1)

1=0 k=0 dk—l,MNC dk—l,MNc—l dk,o
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Figure 1: Block diagram of FDE-GA receiver for DS-UNB Systems.

Whereék is thekth transmit signal block with the elements of

Ill. FDE-GAWITHOUT Gl FORDS-UWBSYSTEMS the matrix of Size(MN 7 MN c) expressed as

The FDE-GA receiver without Gl is as illustrated in Figlire

As shown in the block diagram, IBI cancellation process is dk,O dk,l dk,MNc—l
carried out on the received signal with IBI as a result of the 0 d d
absence of GI, to increase the spectrum efficiency of the k.0 kMN-2

system. Also input to the IBI cancellation block is the har . . .

estimate that is fed back into the system to be used in tRe = (6)
cancellation of the IBI in the received signal. After the IBI ) ' '
cancellation, the output is passed through the fast Fourier
transform (FFT) block for conversion into the frequency
domain.

The GA does not accept complex functions and so they
frequency domain signal is separated into two real vectors
before sending them into the GA where the vectors are besige (l\/lNC ’ MNC) and is derived as:
converted into binary 1 and 0 before the fitness evaluaion 0 0 0
done. After the fithess evaluation, the GA optimizatioresak
place by the implementation of the GA operations which are dk_ 10 0 ... 0
later on enumerated and explained. At the end of the GA
optimization, two vectors are returned which are thenme _ 7)
combined into a complex signal before passing it through thk — . . .
inverse fast Fourier transform (IFFT) block to convert it
time domain.

The time domain signal is now de-spread and quantised to d d 0
obtain the hard estimates. The hard estimates is not thedlesir K-IMNe  Zk-1MNe-1
signal because of the absence of GI and resulting into IBI, thee IBI cancellation process is carried out on gﬁ% which
signal is then fed into the IBI cancellation block at the sal € the kth signal block ofM transmitted symbols with IBI,

time as the received signal with no GI. The input data is t : .
current data block and the hard estimate, which is the previ §Qerated from the input data block. Assuming perfect IBI

data block, is used to remove the IBI in the current datekb removal tr)en S =5, and with perfect channel
as explained later. The IBI free data block is now fed into thetimationH = H , the output received signal after the IBI
FFT block and all the other operations already explained tdi@&s been removed is now obtained and expressed as :
place and the desired signal is now obtained.

0 0 .. d,

SLB' is IBI to the kth transmit signal block, a matrix of

A. IBI Cancellation for FDE-GA Receiver yk=rc- HS® = HS«+H ( B g )+ n, ®)
Equation (3) can be rewritten as tkih received signal R
block with IBI and is thus: where H is an estimate of the CIR Hjefined as
—4go IBI A~ er ~T ~
rk_HSk +Hsk +nk (5) H —|.h ""hMNc'll' SiBl is an estimate 0.|:S||(B| which is

given as
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0 0 .0 complexities for the FDE, FDE-GA, RAKE and RAKE-GA
~ receivers are tabulated in Table 1.
dk. 10 0 .. 0 The complexity of each operation for all the receivers is
tabulated in Table 2 using the symbolic complexity derived
Sl ' ' T and given in Table 1. All the complexity analysis is &3

with perfect channel state information (CSI) assumed. This
shows that the complexity of the RAKE-GA receiver is highly
influenced by the number of RAKE fingers.
In Table 3, the complexities of the RAKE and RAKE-GA
~ receivers are normalised to the FDE-GA receiver since it is the
where dkmis an estimate of dkm_ Equation (8) is passedleast complex in this case. It is shown that the RAKE receiver
' ' ) .. at L =10 is 1.14 times more complex than the FDE-GA
through the FFT block to convert to the time domain S'gr\@ceiver, while the RAKE-GA receiver at L = 2 is just about
into frequency domain. The frequency domain signal th@de same complexity as the FDE-GA receiver, while the

dk—l,MNC dk—lMNc—l .. 0

resulted is: RAKE-GA receiver at L = 10, is over five times more
complex than the FDE-GA receiver.
Y..=H.D. +N, 9) Figure 2 further confirms the complexity values of the
m mekm m " FDE-GA receiver in comparison to the RAKE-GA receiver
MN-1, - JMﬂm _ _ where it is shown that the RAKE-GA receiver at L = 10 is
whereH = _ " he ™ , R is thelth path gain of much more complex than the FDE-GA receiver at P = 100. In
i2pm this same figure, it is shown that FDE-GA receiver and
. — MNe1 TN RAKE-GA receiver at L = 2 are almost of the same
CIR already defined, Dy, = de and complexity values.
MN.-1 - j'\iﬁm Table 1: Symbolic Complexity for the Receivers.
Nk,m = 1=0 nk,ie C Receivers Order of Complexity
FDE ( )
FDE-GA

B. Algorithm Description of the FDE-GA Receiver

The GA evaluates the fitness of individuals within the
population of the receive signal using the objective function RAKE

derived in the expression that follows: RAKE-GA
MN,-1 -
J= Yk,m_ Hka,m| (10)
m=0 Table 2: Symbolic Complexity of Operations for allReceivers

The GA does not accept Comp]ex functions ||ke we have irﬁ(_Ben = Number of generations, P= Populations SiZE,.= RAKE finger
(10) and so all the frequency components are first separat§fe M = Number of symbols per block, Nc = Spreadg code length).
into two real vectors before the fithess evaluations, like we

. Operations _ RAKE RAKE-GA FDE FDE-GA

have inY,, and it is expressed &, = Y, + Y}, Where ~Fitness 0  Gen(PlogP+PLN 0 2Gen(PlogP+

) Evaluations MN
Y. Iisthe real part and,,, is the imaginary part. The twoFinger LM LM 0 0

' ' Derivation

vectors are passed to the GA where they are treated separgiely 0 0 0 2(MNY)
and then their elements are converted into binary 1 andCéhcellation
~ . . . . FFT 0 0 (MNJogM  2(MN.JogMN)
D, is the FFT of candidate solution of signals No)
~ ) . IFFT 0 0 MNJogM  2(MNJogMNc)
dk'i (I =0.MN, - 1). At the end of the fitness function No)

evaluation using the equation in (10), all the GA operation
proportional fithess scaling, stochastic selection, scatteredTable 3: Normalised Complexity for the Receivers aNc = 24.
crossover and Gaussian mutation are implemented

(Surajudeen—Bakindet al 2011) Receivers Parameters Normalised
Y ) Complexity
FDE-GA M =10, P =100, Gen = 10 1.00
IV. COMPUTATIONAL COMPLEXITIES
A complexity analysis | ided for the FDE, FDE-GA, <0 M =100, =10 L
complexity ahalysis 1S provided for the ! . ' RAKE-GA M =10,P =100, Gen=10,L=2 1.02

RAKE and RAKE-GA (Surajudeen-Bakindet al, 2011)
receivers in terms of the floating point multiplication. The RAKE-GA M =10, P =100, Gen =10, L =10 5.01
complexity of all the receivers depends on the derivation of
the finger weights, the fitness function evaluation, FFT and
IFFT operations and the IBI cancellation. The symbolic
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aided channel estimation as given by (Sato and uRhts

-GA Receivers N
b omeedy AT T R _ : 2005), can be expressed as h- i
{1 —+—FDE-GA ] MSEhanneI: E MN.-1), |2
7] —&— RAKE-GA, L=2 |] B. Resul -
........ rooodiooen...] —B—RAKE-GA, L=10 |] - Results

The results obtained from this work are compareth wi
previous works (Surajudeen-Bakindet al, 2011) and
(Surajudeen-Bakindest al, 2009), where the RAKE-GA
receiver was implemented in time domain. The sitrahaof
FDE-GA and RAKE-GA results in Figure 3 is a plotBER
against the number of generations at SNR of 20 ltbs
shown in the figure that the FDE-GA receiver cogear at
Gen = 8 while the RAKE-GA receiver converges at GelD
forL=2&10.

The FDE-GA receiver is of improved BER values atRSN

; : ; : : : : = 20 dB for all the number of generations considexeGen =
- : : : : ' ? : 0 to 20 than the RAKE-GA receiver at L = 2. The FGE
3 4 5 6 7 8 9 10 receiver also converges earlier than the RAKE-Geeneer at
Number of Generations L = 2. The RAKE-GA receiver at L = 10 is only ofttex BER
Figure 2: Complexity of RAKE-GA receiver and FDE-GA receiver t2h0an FDE-GA receiver at number of generations af €& to
for CM3. .

Complexity

RAKE-GA and FDE-GA Receivers

V. SIMULATIONS 3] 4+ RAKE-GA, L=2 [}

1i7] —&— RAKE-GA, L=10
A. Setup :| —=—FDEGA
The performance of the proposed FDE-GA receiver, in 442l ; : :
comparison with the RAKE, RAKE-GA, and FDE-GA
receivers was given in (Surajudeen-Bakingteal, 2011) and
(Surajudeen-Bakindeet al, 2011). All systems use BPSK
modulation, with ternary orthogonal spreading cedquence
of lengthN, = 24, to spread the transmit symbol and a chipg
duration ofT, = 0.167ns. This results in a symbol duration of

T.=N.T, = 4 ns, with a transmission rate d& = 77 = 250 "

Mbps (Sato and Ohtsuki, 2005).

The simulated IEEE 802.15.3a UWB multipath channel
model for a single user scenario is employed foe th , i S s SR e .
simulation. The channel model 1 (CM1), a model Hase 10"’0 > 4 5 5 0 w7 T h
line of sight for a distance of 0 to 4 m, mean asscgéelay of 5 Number of Generations
ns, root mean square (RMS) delay of 5 ns and chanodel
3 (CM3), a non-line-of-sight (NLOS) environment, thvia
distance of 4 to 10 m, mean excess delay of 158hdsRMS | Figure 4, the BER performance of the proposedE+D
delay of 15 ns are considered in this work (Foer2@03). GA receiver, in a perfect CSI for CM3 scenariodsnpared to

A data-aided approach used in (Lottiei,al, 2002) is also the FDE, RAKE and RAKE-GA receivers. The FDE reeeiv
implemented in estimating the CIR, and this implieat the \ith G| overhead of 25% has the best performandglevihe
transmitted signal is known to the receiver. Th&is§ FDE-GA receiver without GI, at P = 100, Gen = 1Mighe
window correlator method according to (&f al, 2003) and same BER only at 0 to 5 dB. The FDE-GA receivebatter
(Mielczarek, et al, 2003) is used in estimating the channghan the RAKE receiver at L = 10, at all Eb/No \esduand
gains and delays using pilot symbols of B = 10 @9.1B gjso of lower BER than RAKE-GA receiver at P = 1G&n =
known pilot symbols are sent for the trainigg (k= 12..,B) 10, L = 10 at Eb/No = 0 to 12 dB. The FDE-GA reeeihas
in order to estimate the channel. The estimatet! gains of an Eb/No gain of 4 dB at BER = favhen compared to the

~ [~ A ~ u RAKE receiver, whereas the RAKE-GA receiver at BER
the channel vectoh = [ho’ By hLes‘-l] » can be expressed104, has an Eb/No gain of only 2 dB when comparech® t

~_ 1 Ba1, . . FDE-GA receiver. The proposed FDE-GA receiver withGl
ash =§ o dkmYicm USINg the cross-correlation methodis™ e pandwidth efficient than the FDE receivethvGl
where L, is the number of paths to be estimated and it Ipssgiréi?éagd igr:[:; aFr): ;fotrr:r;an; ee rf((d)lrffn(i;?]r;cee ﬂhug]lsetlﬂggt_e A
assumed that the receiver knows the optimal valfie receiver to the FDE, RAKE and RAKE-GA receiverd, atl
L.(ieL, =MN,) . The mean square error (MSE) of the pilahe same simulation parameters as presented imethets

________________

age BER

Figure 4: BER vs Number of Generations for CM3.
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shown in Figure 4. The UWB channel model considdred receiver with Gl has only 2 dB gain in Eb/No oviee tFDE-

this figure is CM1 and so the Gl overhead in thiseis also GA receiver without Gl at BER = 0 The RAKE receiver at
25%; though the number of Gl is less than the CM8ec L = 2 has the lowest numerical complexity value4800 in

because the total number of paths in this chanoeleins less this figure, followed by the FDE receiver which has
than CM3 used in the last results presented. Thmesanumerical complexity value of 8113. The FDE-GA ligee

performance trend observed in Figure 4 is also sedhis and the RAKE-GA in this figure are of the same nrioat

figure except that the BER performance is all bettieCM1 complexities of 17804 and 17800 respectively.

for all the receivers considered. The FDE-GA reeeivas an

Eb/No gain of 4 dB at BER = F0over the RAKE receiver,

and the RAKE-GA receiver has an Eb/No gain of at%dB

over the FDE-GA receiver at BER =10

Avera

0 5 10 15 20 25 30
Eb/No(dB)
Figure 6: BER vs. Eb/No for all the receivers withsimilar complexity
values for CM3.

Figure 7 is a plot of BER against the Eb/No for plagtion

sizes of P = 20 to 100 at Gen = 8 for CM3 with petfCSI

Figure 4: BER vs Number of Generations for CM3. assumed for the FDE-GA receiver. Gen = 8 is useduse it

is the number of generations where the FDE-GA xecdias

In Figure 6, the complexity values of the FDE-GAawer been presented to converge in earlier result pteden Figure

at P = 100, Gen = 8 and the RAKE-GA receiver at P08, 3. There is improvement in the BER as the popufatze

Gen = 8, L = 2 are the same, but the FDE-GA receivacreases from P = 20 to P = 100 as shown in taplgrThe

significantly outperforms the RAKE-GA receiver withgain average BER of the FDE-GA receiver at P = 80 ar@lid¢@he

in power of 4 dB at BER = 10 The FDE-GA receiver, at same at Eb/No = 0 to 15 dB, with the FDE-GA receateP =

same complexity also has an enormous gain in pofvabout 100 having a gain of about 2 dB over the FDE-G/Aeieer at
15 dB over the RAKE receiver at BER =4@he FDE P = 80 both at BER = 10

FDE-GA Receiver

Average BER

10 i i i i
0 10 15 20 25 30
Eb/No(dB)

Figure 5: BER vs. Eb/No for all the receivers for ®11. Figure 7: BER vs. Eb/No for FDE-GA receiver for CM3
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