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ABSTRACT

The Rake receiver has become very popular in wireless communication in recent years, but it has several
drawbacks, including complexity, high noise, poor performance, and a slow transmission rate. As a result,
a system with high performance, low complexity, low noise, and high efficiency is required. In this paper,
a proposed adaptive transmitted reference receiver with dual-tree complex wavelet transform (DTCWT)
was produced and analyzed by complex discrete wavelet transform (DWT). This proposed receiver
achieves high performance, low complexity, higher transmission rate, and lower noise than previous rake
receivers or wavelet transform systems. High frequencies that caused noise in the system were cut off
using DWT. To remove these frequencies, DTC-DWT uses two types of FIR filters. To get a better result,
use three levels in this system. A maximal ratio combiner (MRC) is used to capture most of the multipath
components, and an adaptive filter of recursive least squares (RLS) is used to update MRC input. High
gain UWB antenna was applied as single-in multi-out (SIMO) and multi-in multi-out (MIMO) to give a
more powerful link for data to maximize channel capacity. The simulation results show that when dual-
tree complex filters of three levels of noise reduction are used, the effect is to remove high frequencies
that cause noise in the TR UWB received signal. The bit error probability is reduced according to the
peak-average-power ratio (PAPR) compared with the conventional transmitted reference (TR) receiver.

Keywords : PAPR, DTC-WT_UWB receiver, channel capacity, RLS adaptive filter, multipath components
1.0 Introduction

The bandwidth of the UWB (Ultra Wide Band) communications system is from 3.1 to 10.6) GHz. The
bandwidth of UWB will be given a chance for very high data rate communications. There are two types of
applications for UWB based on data rates: low data rate applications and high data rate applications. In
UWB techniques, the different impulses are assumed for low power, low complexity, and low data rate
application. There is some challenge for UWB transceiver, low power and low cost [1]. The Rake receiver
of UWB is highly complex because it consists of several fingers, so the system performance is lost [2].

It subsequently proposed a new system known as transmitter reference Ultra-wideband (TR-UWB)
receiver that has some advantages such as low complexity until it has known a low-complexity alternative
to rake receiver, less noise, higher transmission rate, no channel estimation and no need to generate a pulse
in the receiver with information data as compared with the rake receiver [3, 4]. Nevertheless, this type has
some disadvantages, such as it cannot efficiently reduce the noise of received signal, so a new type of
receiver is proposed to remove noise.

Many papers have been published on using Wavelet Transform (WT) to overcome low complexity for
receivers. WT in UWB communication has been used to synthesize and analyze the UWB signal to create
the signal needed for noise detection [5, 6]. WT was also used to diagnose breast cancer using UWB
contact [7]. The Wavelet Transform is a modern mathematical technique for compressing signals and
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images and eliminating noise from their coefficients [8, 9]. The wavelet video pressure was evaluated for
multi-carrier, multiple access, wideband, code division, and a rake receiver over additive [10, 11]. In [12],
Continuous Wavelet Transform (CWT) was used in the rake receiver, which showed a significant
improvement in performance and a less complex receiver.

This paper used Dual-Tree Complex Wavelet Transform (DTCWT) based on an adaptive TR receiver that
contains Low Pass Filter (LPF) and High Pass Filter (HPF). A part of LPF is used only to cut off high
frequencies that cause internal noise for the TR-UWB receiver and then procure the received signal with
less deformity. This receiver depends on the wavelet signal decomposition algorithm, which divides the
signal into three levels and generates approximated and detailed coefficients. A maximal ratio combiner
(MRC) was used to combine the train of received signals from multipath (line of side and non-line of side)
to support the amplitude of a required signal. To minimize the MSE (mean squared error), an algorithm of
recursive least squares (RLS) is applied in the adaptive filter to update the weak input coefficients of the
combiner.

The rest of this paper is structured as follows: section two presents a system model analysis. While section
three detailed the wavelet transform process. The transmitted Reference (TR) system is the subject of
section four. Sections five and six deal with proposed TR receiver performance and channel capacity. In
addition, sections seven and eight analyze simulation results with their discussions and conclusions,
respectively.

2.0 System Model for Transmission and Reception Bits

The model is shown in Fig. 1 with UWB-generated binary symbols ( S= +1 ) transmitted as a train of
ultra-short pulses. The pulse shape is a Gaussian pulse of 2nd derivatives modulated by binary phase shift
keying (BPSK). Transmission is repeated over the number of frames (Ny). Each takes a time duration of Ty,
and the symbol time (Ts) is Ts = N¢ x T; [13]. The UWB indoor channel contains multipath propagation
over the line of side (LOS) and non-line of side (NLOS). The UWB transmitted reference system must
capture most of the multipath components of satisfactory resolution, which arrived in clusters and rays
caused by indoor obstacles, as shown in Fig. 2 [14]. According to the strength of each path, there is a
technique to combine the match filter output signals called maximal ratio combining (MRC). This
technique combines the current symbols after correcting the phase rotation caused by channel fading
before the decision circuit. The PAPR is the ratio of signal power (Ps) and noise power (P,) over Ts
duration and can be calculated by the following equations [15].

P E
PAPRyrc = a = Ln= 1Nb hy (1)

where E;, is transmitted bit energy, No is the noise power spectral density of AWGN, and hn is the gain
of N-th paths. The channel power ratio over N elements of the path is measured below:

CPAPRyprc = §=1(PAPRMRc)n (2)

In the system, an adaptive filter is connected to the output of the combiner to maximize the PAPR with an
impulse response of h(T-t). The matched filter is sampled at t=T and 0 <t < T, containing the desired
signal and noise component.

h(T-1) A s
UWB Channel .
3 \\ \‘\\ Cluster
Adaptive TR % ~e T =______i
Receiver qFE N ~~. . Tps :
AWGN B b~ | Tos
e 1 T —
Pulse Generator equired bits ]\] ‘:J [ i|( _________
Symbol Decision ~ 1
[ | S | e
T, T, Delay
Figure. 1 TR System Model Figure. 2 Wireless AWGN channel model.

3751

Eur. Chem. Bull. 2023,12(10), 3750-3762



UWB Transmitted Reference Receiver Based on Adaptive Dual-Tree Complex Wavelets Transform

ISSN 2063-5346 Section A-Research paper

3.0 Wavelet Transform Process

The wavelet transform was introduced by Morletetal and displayed at the start of 1980. Morletetal
used the wavelet transform to estimate seismic data. The wavelet theory is distinguished from the Fourier
theory. It can express a signal of Fourier theory, such as the added compilation of cosines, sines, and
possibly infinite. This sum can express Fourier expansion. The Fourier expansion has a significant
disadvantage, it has no time resolution, but it has frequency resolution. At the same time, the problem of
Fourier theory cannot define both frequency and time domains for signal [16]. Later, different kinds of
wavelet transform were developed and found plentiful implementations, such as continuous time wavelet
transform (CWT). The discrete wavelet transform (DWT) has distinguished signal compaction
characteristics for many real-world signals while the calculation is extraordinarily active. Therefore, it has
been utilized in nearly every technical domain, including pattern recognition, denoising, numerical
integration, and image compression. The wavelet transform has a goal: defining signals such as linear
conjunction of functions for the wavelet at sundry scales and functions for scaling the broadest asked
scale. The goal of the wavelet is to transpose the signal from the time domain to the time-scale domain
(time-frequency) that decides the subscriber time with frequency [17]. It involves specific kinds of waves
to define the signal. These are called wavelets. For CWT analysis, the signal can be defined as decay into
wavelets that can be expressed below:

CWT = b(s, 1) = [ f(t). Pg. * (D)dt (3)
ICWT = f(t) = [ [ b(s,T). Y5 (D)ds dt (4)

where * is the denoted difficult conjunction, f(t) is decayed into group of rule functions, . (t)=named
the wavelet signal. s, T are incoming dimensions. The wavelet transform has t many essential attributes,
such as the systematic, stipulations, and permissibility that express below.

[2 BWE Gy < oo (5)

© |w
The DWT reduces the calculation time and supplies information during synthesis and analysis operations.
The WT consists of two kinds of filters used to the cutoff frequency that cause signal noise. There are two
types of filters, HPF used to cutoff low frequencies and LPF used to cutoff high frequencies, as shown in
Figure (1). Used filters to confirm the signal degeneration by varying the scale by a factor (j) as expressed

below [18].

h{jl = X2_o x[jl.h[j — 1] (6)

r[jl- glil = X2 x[j1. glj — il (7)

where, h[i] is the impulse response of LPF and g[i] is the impulse response of HPF.
Yhign [i] = 2 x[j]. g[2i — j] (8)

Yeowli] = Zjx[j]. h[2i — j] (9)

While the inverse of the wavelet transform (IDWT) makes building on the relation between the HPF and
LPF, which can be defined below.

x[j] = 220 (Ynign (- 8[—j + 2i]) + (Yiow (D). h[—j + 2i]) (10)

gD —1—j] = (=1).h[j] (11)
where (-1) is translated from LPF to HPF, D is the filters' tallness.
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The dual-tree complex wavelet transform (DTCWT) enhances DWT with additional properties, shifting
invariant and direct selection to two or more dimensions. So the transformation comprises two parallel
DWT filter banks. The design of a complex dual-tree is shown in Fig. 3, which gives 2N points of DWT
coefficients to make tree A and tree B over three levels of high pass and low pass filters of order 10. Tree
Asignals act as real parts of complex transform, and tree B signals act as imaginary components [19].

Tree A
@
ST}~ @D~ [Eom} D

Level 3

—{pomI}—>C2D— — @
il — —Bm 2 o3
—{=1n]] 32 &2 i

e [Bifml}—GE2
Fig. 3 HPF and LPF of dual-tree architecture.

4.0 Transmitted Reference (TR-UWB) System

In this wireless system, the used pulse is based on a second derivative Gaussian pulse p(t) can express
in equation (10). The Gaussian pulse has a zero DC component. The Gaussian pulse is chosen over a
rectangular pulse because it has less energy outside the allocated frequency band [20].

p(t) = [1 —4An ((t - %)Zﬂ exp [—Zn ((t - %)Zﬂ (12)

The TR signaling technique consists of an unmodulated reference signal and a modulated data signal for
each information bit. In conventional TR systems, the modulated signal is transmitted after an unavoidable
delay following the unmodulated signal to ensure no interference between the two signals. A Binary Phase
Shift Keying (BPSK) modulated TR signal pair is below.

So(t) = ger(t) + boger (t — Ty) (13)

where g..(t) is represents an ultra-wideband pulse with a non-zero value in the interval [0, T;,]; the
energy of g.-(t) is defined as % and b0 € {-1,1}. A binary PSK-modulated TR signal pair is illustrated in
Fig. 4. In this research, the delay T, between the unmodulated and modulated pulses is set to equal the
data transmission time frame Ty . Therefore, TR signal pairs are transmitted at intervals of 2Ty . To

improve transmission reliability, the same TR signal pair can be sent. N, Times. The circuit of the TR-
UWAB transmitter signal can be shown in Fig. 5 and represented below [21].

Ser(t) = T2 ger(t — 2iTf) + bl iyer(t = (20 + DTy) (14)
Ns
Il'1 . ﬂ BPSE, b=—1 TX
I e T
! \,ulI I‘. v I K JJI Li,‘..l" ‘ ge::rl:ion ap[;z::ils L+ Modulation L _[
!'I: — BESE. b1 T I
I II‘I Iil Tﬂ=_r! :f )l{! - 1
Fif E”'H I Transmitter

Figure. 4 The BPSK modulated TR system signal pair.  Figure. 5 TR-UWB transmitter.
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Since the unmodulated signal is transmitted together with the modulated signal as a pair on the same
channel, the unmodulated signal will undergo the same channel distortion as the modulated signal
assuming the channel remains unchanged during the period. T; [22]. Thus, the received unmodulated
signal can be used as a noisy reference to detect the modulated signal and avoid the need for explicit
channel estimation. The received signal pair is expressed in the equation below. The channel receiver
signal will go to the transmitted reference receiver [23].

Ter(8) = X2 g (£ — 2iTf) + blijgtr(t — (20 + DTy) + (1) (15)
Ng
where n(t) is the zero mean additive white Gaussian noise (AWGN) with variance %

5.0 The Proposed Transmitted Reference (TR.) Receiver Performance

Two TR receiver designs are analyzed in this section: conventional TR receiver and adaptive DTCWT
transmitted reference receiver based on 3 levels of DWT.

5.1 Conventional transmitted reference (TR-UWB) receiver

The received signal is passed through an ideal low pass filter with a one-sided bandwidth of W and unit
magnitude at the receiver. The output of the low pass filter at the ith symbol interval (with duration 2NsTf)
can be expressed in the equation below.

ri(6) = 2750 [9ra(t = 25Tf) + bigrn(t — 20+ DTP] + A(E) (16)

where g,..(t) corresponds to the received pulse shape. The use of different representations for pulses is to
indicate the possible shape difference between the received g,..(t) and the transmitted pulse g, (t) due to
channel distortion. The bandwidth of the low pass filter is designed to limit the white Gaussian noise to
within the filter bandwidth and allow the pulse pair to pass through without distortion. The term n(t)
indicates the band-limited noise. The following section will present two autocorrelation detectors and their
performance analysis. Autocorrelation correlates the unmodulated reference signal with the modulated
data signal to demodulate the data signal. The autocorrelation takes the received signal r,.(t) and multiply
it with a Ty Delayed received signal and integrated it over some time Ty,.(t) [24]. The proposed circuit of
the TR-UWB receiver can be shown in Fig. 5. The autocorrelation output for one symbol duration is
expressed below [25].

Ng—1 (2j+1)Tp+Ter
b= ZJ'=SO (2j+1)Tff+TttT ri(Or(t — Tp)dt

= 5 S {|[eae = 217) + bigea(t = @1+ DI + 1) | gl = 2777) +
bigr(t — (2j + DT — Tf)| + n(t - Tf)] dat (17)

ecisio
cct

Adaptive
filter

Fig. 5 The Proposed DTCWT-based adaptive transmitted reference receiver architecture.
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The variance exists when a=jand v = t — (2j — 1)T; Can express bellow.
-1 (Ter (Ter
of, ~ X5 [N [, RE(v, — vy)dvy dv,  (18)
2~ Nw M T 19
Tx, = Vs 2 tr (19)

To decision, variable D can then be an approximate Gaussian RV conditioned on the bit and . Its mean
and variance are expressed below [25].

Var[D|t] = NsNoR(0) + oy, (21)
where,
R = [} gre(©)gr (b — D)t (22)

The conditional probability of error for the autocorrelation receiver can express below.

NgR(0)

}NSNOR(O)ﬂr,Z(4

At the output of the combiner, an adaptive filter is connected to maximize the power ratio using the RLS
algorithm to reduce the difference (e(n)) between desired signal (d(n)) and the model filter output. So, in
every iteration, there is an update to the adaptive filter weights by the recursive form of the cost function

Jm)-
J) =X, A" (e(n))? (24)

Where e(n) is the error signal, and A (0 < A < 1) is the forgetting factor. To calculate the output signal of
the adaptive filter with combiner out (Y(n)) and desired signal (d(n), follow the bellow equations:

P(elt) =P(D <0lp; =1,7) =Q (23)

e(n) =d(n) —Y(n) (25)

At the adaptive filter coefficients vector of W(n) = [wi(n), wa(n),-------- wm(n)]"  and input signal
information vector of

r(n) = [r(n), r(n-1), r(n-2),-----r(n-m)]" (26)

Y(n) = r'(n) W(n) (27)

To recursively update the values of w(n) according to the RLS algorithm and Kalman gain vector (K(n)),
the filter coefficients are changing and controlling each tap coefficient.

W(n) = w(n-1) + K(n) a(n) (28)
where a(n) = d(n) — r'(n) w(n-1) (29)

5.2 Dual-Tree complex transmitted reference (DTCTR-UWB) receiver

In this system, the proposed DTCTR — UWB receiver is based on DWT because all applications need a
system with low cost and reduced complexity. This circuit is based on DWT and can be shown in Fig. 6.
For starters, remove some components that can build a system without having to, such as LPF, Amplifier,
Integrator, and Decision output. Thus, propose a system with no significant component; this component is
not expensive. Autocorrelation correlates the unmodulated reference signal with the modulated data signal
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to demodulate the data signal. The autocorrelation takes the received signal. r.,.(t) and multiply it with a
Ty Delayed received signal and the autocorrelation can be expressed as below.

D= ZNS_lri(t)Ti(t - Tf)dt

j=0
= %050 Ugrx(t = 2/T) + bigr(t — 2 + DTp)] + n(0)]
[ gr (6 = 2jTF = T5) + bigp (¢ — 2j + DT — T5) + n(t — Tf) 1} (30)
AWGN Correlator
Received HPF =
Signal The output signal of
-1 DTC-TR-UWB receiver
on 3 level of DWT

Doty .,

TR-UWB Receiver 3 Level of dual tree of DWT

Fig. 6 The Circuit of DTC-TR-UWB Based on DWT.

After that, Integrator and Decision output were removed, and 3 levels of DWT were used. The DWT
consists of two types of filters HPF and LPF. In this receiver, we need to analyze high frequencies. So,
these levels can express below by using only LPF for 3 levels of DWT to remove high frequencies that
caused the noise signal.

cAl =Yk _h(k)D(2n + k),level 1 of DWT (31)

cA2 =Yk _ h(k) cA1(2n + k), level 2 of DWT
(32)
cA3 =Yk _oh(k) cA2(2n + k), level 3 of DWT (33)

6.0 Channel Capacity at Single and Multiple Antennas

For the application of this proposed receiver, the system was simulated over Rayleigh channel fading
through indoor propagation. As the bit rate of communication plays a crucial role, the performance of
channel capacity has to be shown. The antenna'’s gain is one of the most important benefits of a wireless
system: it increases the channel's capacity without adding extra bandwidth or increasing the signal power
at the transmitter. Increasing the channel's capacity will support improving the multiple-input multiple-
output (MIMO) technique in transmitters and receivers, reducing the bit error probability. In a MIMO
system, two random signal vectors were considered, one for the input signal (s) to the channel and one for
the output signal (q) from the channel. Depending on Fig. 7 shows the configurations of the selected
antennas at both sides of transmission and reception. As the UWB power is -41.3 dBm\MHz or 75
nNW\MHZz, the antenna of high gain reflectors (11-18) dB is used to cover the dual polarization of SIMO
and MIMO systems [26, 27].

Q=Hs+w (34)

where s = [ sy, S, Ss, .....sm]' is the transmitted signal vector up to M (number of omnidirectional
transmitted antennas), q = [q1, 02, s, ....qn]" is the received signal vector up to N (the number of
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omnidirectional received antennas), w is the Gaussian noise vector with zero mean and equal variance,
and H is the M x N channel matrix.

hl,l hl,N
H=|: =~ (35)

hM,l hM,N

SIVIO 1 MIMO
| - hyy(1)
(1) haz(t)
nlt) 0: I 51 Y hawfthy 0
I T ha(t)
| Nof 22
5 1 0z 1 Sz u gz
I Smo hian(t) g
|

Fig. 7 Configuration of single and multiple antennas.

Assuming that the channels are noiseless means that their realizations are independent. The capacities of
the SIMO and MIMO systems (bits per sample) for indoor and UWB wireless bandwidth (B) are given by
[28]:

Csimo = BLog, (1 4+ PAPR ¥3_1 Ay) (36)

where L is the number of channels, PAPR is the peak-to-average-power ratio, and A is a non-zero
eigenvalue of the M x N matrix. The PAPR at the receiving antennas is defined as the ratio of the desired
power of the received signal to the noise plus interference power so that the PAPR is related to and is
proportional to antenna gain G(0, ¢) when the noise distribution is uniform, where 8 is the elevation
angle, and ¢ is the azimuth angle for the antenna radiation patterns [29].

7.0 Simulation Results and Discussions

7.1 Data pulses in the receiver

The proposed system produces reference pulses and two types of pulse data, with only the reference pulse
being modulated. Fig.7 (a) shows the magnitude of the pulses in the time spectrum, and (b) illustrates the
noise signal through the AWGN channel. Fig. 7(c) shows that the channel spectrum contains data pulse for
noise and information signals, and (d) represents the spectrum of the correlator signal phase. Fig. 8(a)
shows the time spectrum of the received signal, and after subtracting or separating the reference pulse
from the data signal, Fig. 8(b) illustrates the precise pulses for the proposed system, which leads to a
reduced probability of bits error and to decrease incorrect bits.
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Fig. 7. (@) The magnitude of the received noisy spectrum, (b) Amplitude of noisy time signal, (c) Time
signal, one symbol period, and (d) The carrier signal phase.
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Time (ns) Time (ns)_

(@) (b)
Figure. 8 (a) The spectrum of the received signal, and (b) The magnitude of the carrier signal.
7.2 Cumulative distribution function (CDF) probability results

Three DTC-DWT levels were used to reduce the noise in the output of the received signal. Fig. 9(a) shows
the CDF of the original signal versus PAPR, which is 15 dB at zero CDF. Fig. 9(b) shows the evaluated
signal with reduced noise with no adaptive filter, and (c) shows the PAPR reduction level of 5.5 dB at zero
CDF with an adaptive filter. The proposed adaptive system has superiority in reducing PAPR, which is 9.5
dB, to be more suitable in the design of the UWB TR receiver.
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Fig. 9 (a) The original signal of TR-UWB, (b) The signal with no adaptive filter, and (c) the signal with an
adaptive filter.

7.3 Channel capacity simulation results

Over Rayleigh fading channel, Fig. 10 and Fig. 11 show the proposed system characteristics with high
gain microstrip wireless UWB antenna are connected in an array to illustrate SIMO and MIMO scenarios.
The CDF is increasing to maximize the channel capacity indicated in bits per sample with PAPR equal to
5 dB, and increasing bit rates of indoor wireless communication evidence multiple antennae at the

transmitter and receiver.
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7.4 Probability of bit error reduction results

The performance analysis of the proposed system is shown in Fig. 12 and Fig. 13 in terms of the
probability of bits error versus PAPR ratio in dB for conventional TR, TR with complex wavelet transform
(CWT), and adaptive DTCWT receivers. The simulation was done with generated random Gaussian pulses
(2™ derivative) of 0.5 ns width and frame duration of 20 ns with 0.05 ns sampling interval and 10 pulses
per frame. The gain of using CWT is 3.5 dB at an error probability of 10 while that of using DTCWT is
6 dB at an error probability of 10° compared with conventional TR receivers. So, the performance of the
TR-CWT receiver is improved by almost 2.5 dB PAPR when applying dual-tree complex filters.

10°

[— ¢ ional TR
| — TR with cwt

Probability of bit error

\

|

|
| \
4 5 6 7 8 9 10 11 12
PAPR (dB)

Figure. 12 The probability of bit error performance for conventional TR and TR-CWT.

10°

i— Conventional TR

| ——TRwith DTCWT

|

Probability of Error Bits

LT

-
~

10'3 \;

2 3 4 5 6 7 8 9 10 11
PAPR (dB)

Fig. 13 The probability of bit error performance for conventional TR and adaptive TR-DTCWT.

8.0 Conclusions

As can be seen from the output received signal, it contains noise, bit error, and is very fuzzy. As a result, a
new system based on the DWT known adaptive DTCWT- TR UWB system was proposed. This system
employs dual-tree complex DWT, comprising LPF and HPF filters. The LPF was then used in all levels of
DWT to obtain the output of the received signal with very little, high relief, and minimal disruption. Also,
because there is no need for channel estimation, amplifier, and pulse generation at the receiver, this system
does not require extensive or expensive components.

Furthermore, the adaptive TR receiver is low in cost, low in power, and light in weight. MRC was used to
combine the maximal ratio of the out signals of the integrator and the adaptive filter of the RLS algorithm
to support the weak input signal of MRC. This proposed research improved capturing of the signal energy
at different components. So, the performance of this proposed receiver is evaluated by a PAPR gain of an
average of 3.5 — 6 dB compared with a conventional transmitted reference receiver. As an application of
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this proposed receiver with a high gain antenna, the channel capacity was increased at SIMO and MIMO
cases to make this system more suitable for indoor propagation of UWB applications.
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