Journal of Theoretical and Applied Information Technology
10™ March 2014. Vol. 61 No.1 N

© 2005 - 2014 JATIT & LLS. All rights reserved-

SATIT

ISSN: 1992-8645 www.jatit.org E-ISSN17-3195

DESIGN OF A UWB WIRELESS INDOOR RAKE RECEIVER
USING CONTINUOUS AND DISCRETE WAVELET
TRANSFORM APPROACHES

'RASHID A. FAYADH, °F. MALEK, *HILAL A. FADHIL, “SAMEER K. SALIH, AND *FARRAH
SALWANI ABDULLAH

'Ph.D Student, School of Computer and Communicdfiegineering, University Malaysia Perlis, Malaysia
Assoc. Prof., School of Electrical Systems EngiimggrUniversity Malaysia Perlis, Malaysia
3Dr., School of Computer and Communication EngimegrUniversity Malaysia Perlis, Malaysia
*Ph.D Student, School of Computer and Communicdfiogineering, University Malaysia Perlis, Malaysia
°Dr., School of Electrical Systems Engineering, nsity Malaysia Perlis, Malaysia

E-mail: 'r_rashid47@yahoo.confmfareq@unimap.edu.myhilaladnan@unimap.edu.my ,
“sameerksalih@yahoo.com , farrahsalwani@unimap.eghu.c

ABSTRACT

In this paper, four levels of analysis and synthdiier banks are proposed to create, coefficidotsa
continuous wavelet transform (CWT), a discrete vetvieansform (DWT), and an inverse, discrete wetvel
transform (IDWT). The main property of these watvetansform schemes is their ability to constringt t
transmitted signal across a log-normal fading ckhower additive, white Gaussian noise (AWGN). Eher
are many applications of wavelet transforms in legs communication systems, and we chose the design
of rake receivers as a major application to midgaterferences and reduce the noise. In this relsea
new scheme of rake receivers was proposed to eededoor, multi-path components (MPCs) for ultra-
wideband (UWB) wireless communication systems. Raaeivers consist of a continuous wavelet rake
(CWR) and a discrete wavelet rake (DWR), and they lnuge bandwidth (7.5 GHz), as reported by the
Federal Communications Commission (FCC). The indduannel models chosen for analysis in this
research were the line-of-sight (LOS) channel m¢@ai1l from O to 4 meters) and the non-line-of-sight
(NLOS) channel model (CM3 from 4 to 10 meters). Tiyoes of rake receiver were used in the simulation
i.e., partial-rake and selective-rake receiversilie maximal ratio combining (MRC) technique tptcae

the energy of the signal from the output of theetaingers. In the simulation, the transmitted aeckived
radiations are presented with UWB single-in, sirglé (SISO) with Walsh matrix coding.

Keywords: UWB Indoor Wireless Communication Systems, LOSMraS Channel Models, Continuous
Wavelet And Discrete Wavelet Rake Receivers, Asaiysl Synthesis Filter Banks.

1. INTRODUCTION capturing most of the signal’s energy [4]. Many
papers have been published on rake receivers with
The UWB wireless communication system is &hannel estimation, and they have used different
technology that uses short pulses (ns) for thHechniques for combining signals with the three
transmission and reception of data, so it is slétabmain types of rake receivers, i.e., all rake (Aejak
for high-speed, wireless, indoor systems [1, 17elective rake (S-rake), and partial rake (P-rgke)
According to reports provided by the FCC, thés]. Recently, the wavelet transform scenario has
UWB of 7.5 GHz, ranging from 3.1 GHz- to 10.6been used in the UWB communication field to
GHz as shown in Figure 1, spreads the energy afialyze and synthesize the UWB signal in order to
the pulse across this 7.5 GHz wideband [2]. Theonstruct the desired signal from the background
transmission power’s spectral density (PSD) is lowoise [7, 27] and was used to detect the breast
(-41.3 dBm/MHz), therefore it decays easily in a&ancer [21]. The wavelet transform (WT) technique
short time and over short ranges [3]. A rake rezrivis a modern area of mathematics that is applied for
with several fingers was designed to collect copiesompressing signals and images and removing
of the resolvable, multi-path components (MPCsjoise from their coefficients [8, 22]. The signai-t
that were received as a supporting technique fowise ratio (SNR) can be improved by using a WT

s
118




Journal of Theoretical and Applied Information Technology
10™ March 2014. Vol. 61 No.1 N

© 2005 - 2014 JATIT & LLS. All rights reserved-

SATIT

ISSN: 1992-8645 www.jatit.org E-ISSN17-3195

approach that decomposes the signal into differefdr a positive-polarity pulse and bit O for a négat
scales and different levels of resolution. Wavelgtolarity pulse. The M-array BPSK signal X(t) and
video compression was evaluated and achieved timnsmitted signal S(t) are defined as [11]:
[9], [29] for wideband, multi-carrier, code- divisi, "
multiple access (MC-CDMA) and a rake receiver _ _
over additive, white Gaussian noise (AWGN) and X(1) = z dPGZ(t p_ﬁ)
the Rayleigh fading channel. A novel wavelet rake
receiver (WR) based on continuous wavelet
transform (CWT) was presented in [10], and it i
showed a great enhancement in performance with &9 = z G(t- pT- G I- m D 2
less complex receiver. The proposed CWT and p=-c
DWT rake receivers were designed with CWT and where G is the second derivative Gaussian pulse
DWT template references of the transmitted pulséat is transmitted as shown in Figure 2 in thmeti
at different scales and different frequency centerand frequency domains. % the chip duration, (Tis
These receivers depend on the algorithm fahe frame duration, df-1, +1} is a bit stream, cp
wavelet signal decomposition that converts thg the p-th integer value of the pseudo-random code
signal to four levels to produce the approximateftom 0 to N-1, and it is assumed that /&TT;. Each
and detailed coefficients. transmitted bit with a number of pulses(Mas a

40- duration of T = NsT; of time division for the TDSS-
Il UWB characteristic, as shown in Figure 3.

@

p=—c

450
In indoor multipath propagation, the Saleh-
-60} L Valenzuela (S-V) model [12] provides two channel
—Jl g o 0.6 models, i.e., CM1 for a range of 0 to 4 m and CM3
for a range of 4 to 10 m. The parameters of the
60/ . models are defined in Table 1, and they were used
in MATLAB simulation with a log-normal
distribution [13]. The channel impulse response

[h(t)] for each of these models can be modeled by

-651

UWB Emission Power (dBm)

-85
GPS
-T0- Band
K-1L-1
096 Lol | h(t) :ZZa’kJé—(t—Tc—Tk’l) )

1 s Frequency (GHz) 1L k=0 1=0

whereay, is the channel gain of theh multipath

component in the k-th cluster, K is the total numbe
of clusters, L is the total number of rays in each

The remainder of the paper is organized aduster,§ is the diarc function, and, is the delay
follows. Section 2 addresses UWB transmissioaf I-th ray within each cluster.
signals and channel models. Section 3 presents & or the receiving sianal (t) model, we consider
brief discussion of wavelets transform (WT) and 9 sl '

continuous wavelets transform (CWT). Section gne user With a tqtal energy that IS equal to le Th
. . noisy signal that is received consists of the digna
introduces four levels of discrete wavele

; ‘transmitted by the user S(t) and the adaptivetewhi
transforms (DWTs) for analysis and synthesi Olaussian noise (AWGN) n(t) of zero mean and

processing. Section 5 presents the structures e : .
CWR and DWR rake receivers. The simulatior%véowsrliigi ggwer spectral density/R, which can

results are presented and discussed in sectiamd6, a
our conclusions are given in section 7 while the r¢)=S()*HH+ ) (4)
acknowledgment is produced in section 8.

=75

Figure 1: FCC-UWB Spectrum Corresponding To
Wireless Indoor Propagation

K-1L-1
2. TIME-HOPPING, SPREAD-SPECTRUM, re) =22ak,,8(t—'||'—rky,) +1() (5)
ULTRA WIDEBAND (THSS-UWB) k=0 1=0

SCHEME

We considered the transmitted pulse trains that
are modulated by the binary-phase, shift-keying
(BPSK), modulation technique that represents bit 1

s
119




Journal of Theoretical and Applied Information Technology
10™ March 2014. Vol. 61 No.1 N

© 2005 - 2014 JATIT & LLS. All rights reserved-

SATIT

ISSN: 1992-8645 www.jatit.org E-ISSI817-3195
1 Tine duman 1 Freguency domen o To analyze the signal on the wavelet function,
I /\ P multiplication and integration must be implemented
ol " \ oo using MW to change the size of the analysis
: / \ o function to get more resolution [15].
05 , A D
E : L B B R ®
3 | i I \ o d:S(t),z/)a,b(t)FIS(t)l//a,b(t) dt (7)
i S \ o -
L The continuous time wavelet transform (CWT),
| | \ | Gi(a,b), of the received continuous-time transmitted
12 0

e — Tr 5 Pulse S(t) can be expressed as:
Time in nangsecands Frequency in GHz

(a) (b) G(ab)= j% Q7 (%) df ®)

Figure 2: Second Derivative Gaussian Pulse In (A)

The Time Domain And (B) The Frequency Domain ) . )
wherey* is the complex conjugate of function

NT. and the signal is expanded when scakl and
|<—>| compressed when scaleh The CWT is regarded
as the inner product of the signal r(t) with a basi
function y*, ((t), and it represents the same signal,
but with different frequency bands and different
frequency centers Jf for each existing band at
what time interval. These bandsgBwhich have
better time localization, are shown in Figure 4 to
' make a wavelet transform that is suited for most

Te

1t

N

Smm————p————

| f 2Tt [Nsl'l)Tf signal and image applications, so thati®double
|< T #l B,, Bsis double B, and B, is double B.The inverse
Figure 3: Thss-Uwb Scheme wave let transform (IWT) cab be expressed as
shown bellow:
3. WAVELET TRANSFORM 12 1 tb  da
g= ] 2yP) a2 o
The wavelet transform technique is aS() Cw O_wW(ab Y a ) & @)

mathematically-suitable tool that makes the wavelet _ i
proprieties useful for signal processing byAnd G is defined as:

converting the signal into a series of waveletd.[30 ® |lP(w)|2

The information can be extracted from many kinds Cw = I— dw, (10)
of data by using multi-resolution analysis in both , W

the frequency and time domains at different scales,
In order to be more flexible in extracting time an
frequency information, there is a function callbd t
mother wavelet (MW) functiong(t), that was
derived with continuous scaling and shift
parameters, a and b, respectively [14, 19, 20, 24].

here G is the Fourier transform of MW(t) and
also is called the admissibility condition.

W) = %w(%) ©
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Table 1: Channel Model Parameters Provided by tB€F removing some of the sample signal [28]. Since

Channel Parameters M1 CM3 the signal is a discrete time function with a
(LOS 0-4 | (NLOS 4-10 sequence that is denoted by r[j] (j is an integer),
m) m) the convolution operation is defined as follows
A (L/ns)- cluster arrival rate| 0.0233 0.0667 [16. 18, 23]:
A (1/ns) -ray arrival rate 2.5 21 h[ J] = Z I’[ j]f‘[ J _i] (11)
i=—o0
I'- cluster decay factor 7.1 14.00 o
rljl.oljl = > il-dj -l . 12
y -ray decay factor 4.3 7.9 [J] g[ J] i:Z_m [j] g[J ] ( )
o1 standard deviation of 3.3041 3.3941 where hl[j] is the impulse response of the half band
C(ljtéster lognormal fading tern low-pass filter and g[j] is the impulse response of
(dB). the half band high-pass digital filter. The DWT
o-standard deviation of ray | 3.3941 3.3941 coefficients are sampled from CWT as shown in
lognormal fading term (dB) Figure 5 by an algorithm, which is called the sub-
0. standard deviation of 3 3 band, coding algorithm, to sub-sample the output
lognormal shadowing term signal Y[j] from each filter by two (divide by two)
'Eert)Otal muiltipath realization and they are mathematically expressed as:
Yhigh[[l = Z . d2i-]] (13)
j
106 Youl 1= M 1.H2i -1, (14)
= Better time resolution i
5 e A andpoorfrequency  where, Yygn [I] @nd Y [I] are the outputs of the
> resolution high-pass and low-pass filters, respectively. As
c . . . N
g 685 shown in Figure 6, the reconstruction or inverse
g ; discrete wavelet transform (IDWT) to signal r[j] is
¢ ’ a process that consists of up sampliy ( 2) and
4.975 Better frequency reconstruction or inverse discrete wavelet tramsfor
B2 resolution and poor  (IDWT) filtering that can be done depending on the
4'03715 B =i resolfion relationship between the impulse responses of the
' tins) ~ low-pass and high-pass filters by the following

Figure 4: Time-Frequency Representation of the UWBye|ated expressions:
Wavelet Transform

g[D-1- j1=(-1) hlj] (15)
4.  DISCRETE WAVELET TRANSFORM  r[j] = i(Yhigf[ﬂ' d-j+20) HY[1h-j2)
(DWT) =
(16)

The DWT is used to provide adequat&yhere D is the length of the filter (number of

information during the analysis and synthesi%oims) and (-1)j is a term that provides convnrsi
process while decreasing the computation timgqn, low-pass to high-pass.

required [25]. The implementation of DWT consists

of filters of different cutoff frequencies that are

used to analyze the signal at different scaleshthig

pass filters to analyze high frequencies and low-

pass filters to analyze low frequencies). These

filters operate to enhance the resolution of the

signal by changing the scale by a factor j to abtai

sub-sampling by reducing the sampling rate or
R ——————
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Level 1 DWT coefi

n _n_n Level 2 DWT coeff. Level 3 DWT coeff. Level 4 DWT coeff.
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2 4 2 F==0 _ T
fj E Y y2
—Pp

4 F:O[ﬂ
2 8 16

Figure 5: Analysis Filter Bank for the Sub-Bandd@w Algorithm to Create DWT Coefficients

(3 56875-4.0357)GHz (4.50625-4.975)GHz (5.9125-6.85)GHz (8.725-10.6)GHz 7 5GHz
-
(3.1-3.56875)GHz (4.0375-4.50625)GHz (4.975-5.9125)GHz (6.85-8.725)GHz

Figure 6: Synthesis Filter Bank for Computing ID\@defficients

5. THE PROPOSAL DESIGN FOR
CONTINUOUS WAVELET RAKE Since the proposed rake receiver uses MRC to
(CWR) AND DISCRETE WAVELET maximize the SNR, the total output signaly{Yof
RAKE (DWR) RECEIVERS the combiner for the first arriving pathsfLand
The proposed rake receivers consist of severaglective paths (. can be written as:
correlators (fingers) followed by a maximal ratio

combiner (MRC) that combines the outputs of the Yor = z Z(h g, (18)
fingers. The types of rake receivers were assumed Lp=0

to be partial and selective rake receivers, which L-1

select the first non-zero arriving paths)(land the Yot = z Z(NB, . (19)
strongest propagation arriving paths (L Ls=0

respectively. In the CWR and DWR receivers thawheref, is the gain factor for th€" finger under
are shown in Figure 7 and Figure 8, respectjvelyhe conditionti=# g, = 1
the template waveforms are CWT J)Gof the

transmitted pulse &) at different center

frequencies (f) and different scales (a of thelth

rake correlators ( | = 0... L-1). These template

signals are highly correlated with the transmitted

pulse, and they are separated by thg that

matches the center frequency [26]. The output

mathematical expression for each correlator over

the frame duration is:

T .
gt —»
2(1) = [ 100G (t ~7,) + Gy (t=7,) (D] e B e o
0 .
Ind C .
@) (. oo | & S P
s Channe T G«é T
122 .
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Figure 7: Continuous Wavelet Rake (CWR) Receiver

—p J dt P
Gawy) Pa-1y
Received signal Ly I jl de —»
AWGN GaO{ ﬁao}’\
‘ Indoor > ¢ \?v — > JI dt ——pC— Yo owr Decision | 9 )
Multipath T ' > Boa) Circuit
Channel Goay
—>

e
nt

._Gto‘( > Jlun’t

DWT generated pulses

Figure 8: Discrete Wavelet Rake (DWR) Receiver

6. SIMULATION RESULTS AND approximation of the signals and the detailed
DISCUSSION signals are shown for CM1 and CM3 to denote the

) ~amount of noise that can be canceled in order to
One thousand random bits are generated in the < ct the desired signal.

transmitter, and they use PPM for modulation. The
spreading factor is 16, and the data are codetéy t
Walsh matrix. The encoded pulses are added to
AWGN and the noisy signal, as shown in Figure 9,
and the combined signal and pulses pass through
multi-path (50 paths), log-normal, fading channels
(CM1 of LOS and CM3 of NLOS). First, the noisy
signal is supplied to the CWT rake receiver of the
template of the continuous wavelet transform signal
with four levels of significance in order to operat
with the data stream of information. MATLAB ‘ ‘ ‘ ‘ ‘ ‘ ‘
simulation was used to simulate the four levels of ° 200 R er of enovated and codeg bits o 0 100
filters with partial and selective rake receiveffs o Figure 9: Encoded, Noisy, As-Received Data Stream

the MRC combiner over AWGN and log-normal Figure 12 shows the results of the four

fading channels._ The_ WaveIeF dec_:ompos't'o%ecomposition levels using CM1, and Figure 13
structure of the Coiflet3 filter (IIR filter witthree shows the results using CM3 and the FCC channel
coefﬁm_ents_) was use_d to reconstruct _arbarameters in Table 1, i.e., (a) level 1 to extthet

a_pproxmatlon of the signals and the detalle‘i!lpproximate and detailed coefficients from the
signals at levels 1 -to 4 composed Of. scales 2, 4, griginal received signal as shown in Figure 9, (b)
and 16. From Figure 10 and Figure 11, @R, 5 produces new approximate and detailed

N
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<
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coefficients from the signal of level 1, and (cyde

3 shows the expressing coefficients of the signa; ‘ T = —
from level 2, and level 4 reads out the coefficsent T 0

of the signal from level 3. So, from these results! W 20 30 & & i 1

the design of the filter bank of the three levelsi
discrete wavelet transform is sufficient to minimiz

noise and interference.
Hlevels pproximation coefficients for Coi Hlevels detal coefficients for coi

T T T T T 5

IS
J)

Level 1 Approximatin coeff. for cof Level 1 Detail coeff, for coif3

" Level 2 Approximation coeff, for coii3 . Levefoz0 Detaﬁogoeﬁ. ?g? coif3500 w

vl bl | o

i L L L L L
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Figure 10: CWT 4 Levels Of Decomposition Using CM1
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Figure 11: CWT4 Levels Of Decomposition Using CM3
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Figure 12: DWT 4 Levels Decomposition Using CM1
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Figure 13: DWT 4 Levels Decomposition Using CM3

In the simulation process, four rake fingers were
chosen in both receivers, i.e.,, Lp = 4 and Ls = 4,
and two users also were chosen. Figure 14 shows
the performance of the partial and selective
continuous wavelet rake receivers (P-CW-rake and
S-CW-rake) with the conventional partial and
selective rake receivers (C-P-rake and C-S-rake) fo
the multi-path channel model CM1. The goal of
using these proposed receivers is to reduce the BER
in comparison with conventional rake receivers, at
8 dB SNR, The BER decreases from 0.1668 in C-P-
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rake to 0.00218 in P-CW-rake and from 0.0645 in 1
C-S-rake to 0.00067 in S-CW-rake. Figure 15

shows BER versus SNR with multi-path CM1
channel model parameters to display the behavior |
of the BER for different values of SNR using 3
partial and selective discrete wavelet rake recsive=
(P-DW-rake and S-DW-rake). The simulation'“ﬂ‘m,3
results indicated that the S-DW-rake receiver
outperformed the P-DW-rake receiver in reducing | -

1 —-C-P-rake receiver
the BER, because it used the strongest paths for |+ CSiakereceiwer

selecting the MPCs. The efficiencies of these Zﬁmﬁiﬁil :E ———————
proposed receivers were compared with those offs 2 ¢ 5 & 0 1 % 1 1 2
conventional rake receivers (C-P-rake and C-S-
rake) through LOS channel conditions. In 8 dB
SNR, the value of the BER reduces from 0.1959 in
C-P-rake to 0.0004 in P-DW-rake and from 0.1600 For a multi-path, NLOS, channel model CM3
in C-S-rake to 0.0007 in S-DW-rake receivers. Invith a range of 10 m with the parameters presented
order to determine the advantage of using DW-raké Table | of the FCC report, Figure 16 shows that
receiver instead of CW-rake receiver, for exampldh® BER was minimized for the partial-rake and
at a BER of 10-3, the SNR is 13dB for P-CW-rakeSelective-rake CW-rake receivers. The BER was 0.2
4.5dB for P-DW-rake, 6.3dB for S-CW-rake, andfor the C-P-rake and 0.17 for C-S-rake selective-
1.8dB for S-DW-rake. So that, the advantages af@ke receiver at an SNR of 8 dB, these values are
presented about 8.5 dB with respect to partidéduced to be 0.00176 and 0.00097 for the P-CW-
combining strategy and 4.5 dB with respect tdake and S-CW-rake, respectively. Figure 17 shows
selective combining strategy. the enhanced performance of the P-DW-rake and S-
DW-rake over the P-CW-rake and S-CW-rake
receivers. At an SNR of 8 dB, the BER of the
partial rake receiver was reduced from 0.1668 with
B TTEES-T::5 C-P-rake to 0.0006 with P-DW-rake and from
0.0644 with C-S-rake to 0.00031 with S-DW-rake.
To calculate the gains of using DW-rake over CW-
rake receivers, for example, at a BER of 10-3, the
=2=25 SNR is 10.8dB for P-CW-rake, 6.2 dB for S-CW-
rake, 7.8 dB for P-DW-rake, and 2.3 dB for S-DW-
rake. The gains are 4.6dB for partial rake receiver
and 55 dB for selective rake receiver. From
simulation results in Figures 14, 15, 16, and ¥7, a
Figure 14: Scenario for BER Performance in the CWR expected, the selective rake strategy has better
Scheme of CM1 with Four Fingers and Two Users  performances than the partial rake strategy in both
presented CW-rake and DW-rake receivers over
CM1 and CM3 channel model parameters.

Figure 15: Scenario for BER Performance in the DWR
Scheme of CM1 with Four Fingers and Two Users
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Figure 16: Scenario for the BER Performance in the

and, in a agreement with the simulation results, it
was observed that the BER was decreased at low
SNR values. By using the two proposed receivers,
we reduced the probability of error in constructing
the desired signal for the decision circuit of thke
receiver was executed by these proposed receivers.
The results of our research confirmed the
performance enhancement that resulted from the
use of the two proposed receivers in that there was
a high correlation between the transmitted signal
and the wavelet signal, and there was a poor
correlation with the noise signal.
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