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Abstract—In this study, we introduced a novel scheme based on Transmitted References (TR) and Frequency Shifted Reference (FSR) for
ultra-wideband (UWB) system. By taking into account tracking loop-based particle filtering together with a data collecting approach for single
and multi-path channel situations, the suggested method is an enhanced model. Each particle’'s location is determined using this filtering
technique, which is then utilised to calculate the timing inaccuracy and regulate the UWB system's timing pulse. Also, it can tackle the
multimodal distribution of errors then effectively approximate the optimal solution. The data distribution is discretised via a number of particles
that are weighted samples evolving concerning time duration. The simulation results show that, in terms of error rate, number of particles, and
delay response, the recommended model of FSR-UWB with particle filter performs better than the TR-UWB with and without considering

particle filter.

Keywords-Communication system, transmitted and frequency-shifted reference ultra-wideband, multi-path channels.

I. INTRODUCTION
WSN has numerous applications in Intelligent
Vehicular Systems, military sensing, data broadcasting,
multimedia, environmental monitoring, agriculture, patient
monitoring, industrial automation, etc. But it has some
limitation such as smaller storage device, very low battery
power, lower computing power, and narrow network
bandwidth. A new MAC protocol is designed, and it named
Wide-MAC for WSN by using ultra-wideband Impulse Radio
(IR-UWB) transceivers. This system's key benefit is its lower
power consumption, which is comparable to the energy
consumption model for IR UWB-based transceivers [1]. Ultra-
wideband is the guarantee technology for low complexity, low
power and short distance communication. UWB system is an
alternate potential way to a traditional communication system
specific to the low power and short-range wireless applications
[2].
The significance of the wideband system offers a vast
diversity in frequency for combating multiple path fading, high
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data rates, mitigates both non-system and multiuser
interference. But the enormous bandwidth of UWB systems
creates a system more complicated in the conventional UWB
system, which employs either pulse-position modulation or
antipodal with extremely short duration pulses. Also, the UWB
system limits the system performance such as BER,
throughput, and node flexibility in UWB receiver design. These
challenges may be led to synchronization errors [3]. In order to
solve the receiver complexity issues, impulse-based UWB
system that specific to the low-data-rate systems via
transmitted reference (TR) UWB system [4, 5] and frequency-
shifted reference (FSR) UWB system; but synchronization and
timing error has not been considered. The present study has
overcome the shortcomings of traditional suggested solutions
and investigates and designs a new UWB system for efficient
synchronization and fine timing at low transmit power. Also, a
particle filter is utilized with an acquisition method for
multipath channel conditions. The various bands and wireless
sensor networks are briefly described in this section. The next
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section discussed the related work and gives a research gap.
Section 3 discusses the methodology with respect to the timing
acquisition, TR and FSR. Section 4 gives the results for the
work with and without particle filter and has discussed the
results. The final chapter concludes the entire research.

Il. RELATED WORK

Presently, many researchers have attracted the
impulse radio ultra-wideband (UWB) technology to apply
position location and different communication purposes [6].
The UWB includes some properties such as high penetrability,
fine time resolution, and low fading margin in dense multi-
path and low probability of intercept. Moreover, it used
numerous applications, which led to a rise in the government
agencies and companies working in UWB [7]. In traditional,
most of the designing of UWB is used in indoor environment
applications. The indoor UWB system comprises several
channels for characterising numerous resolvable multi-path
components [8],and the UWB pulse duration is shorter than
the magnitude of delay spreads. The UWB transmission
provides the possible user location accurately for transmitting
the synchronised data, power, traffic routed data, and rate
allocation in a wireless ad hoc environment. The challenges
are limit the system performance such as BER, throughput,
and node flexibility in UWB receiver design. These challenges
may be led to synchronisation errors [3]. Particularly the
signal detection process, interference mitigation and
synchronisation error in the UWB system.

On the other hand, a study by Huo et al. [9] have
proposed a model for the UWB transmitter, which provides the
modulation scheme of the new Transmitted-Reference Pulse-
Cluster (TRPC). The simulated results show that variable data-
rate is obtained for a significant operating frequency between
10 and 300 Mbps, with effective sideband suppression,
reduced carrier-leakage, and linearity, thereby achieving
efficient energy efficiency and consuming low power.
Research by Liang et al. [10] has also presented TRPC
signalling and developed for non-coherent UWB
communications. The simulated results show that the
suggested model's carrier frequency offset remains constant.
Using a pass-band transmitter and a non-coherent receiver also
demonstrates how phase offset may be removed. Moreover, a
semi-analytical BER derivation has been obtained to show the
effect of phase noise on system error performance. It is seen
from the results that the proposed method is better than the
traditional TR and coherent UWB Rake receivers.

A study by Djapic et al. [11] presented a
synchronisation approach for multiple user TR-UWB systems.
The suggested model distributes data packet offsets with a
better resolution by analysing the blocks containing the
transmitted data. The complicated algorithm is simplified by
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using the right property. The complete transceiver data
sequence is considered along with the obtained channel
impulses for a university structure. When the number of users
is increased, the performance is improved. By choosing the
user codes with reduced cross-correlation qualities across all
code offsets, the issue may be resolved. Also, a study by Franz
and Mitra,[12] Yi-Ling Chao & Scholtz,[13], reported that the
conventional TR-UWB system is complex for building on
lower power applications for TR UWB receiver. For normal
TR-UWAB, the delay element must thus be avoided [14].S. L.
Bangare et al. [28-30] worked in the disciplines of ML and loT
also for code parser. S. Gupta et al. [31] demonstrated
effective extraction techniques. Campus navigator work
proposed by P. S. Bangare et al. et al. [32]. The network
security work was proposed by Xu Wu et al. [33]. Deep neural
networks were employed well for brain tumor research by A. S.
Ladkat et al. [34]. L.M.I. Leo Joseph et al. [35] proposed use
of the Deep learning.To overcome the above issues like
interference mitigation, synchronisation error, throughput,
time delay in conventional UWB system, we are implementing
the frequency translation of a wideband signal with an
adaptation of particle filter in both TR-UWB and FSR-UWB
that is simple when relating to the delay of the same signal. On
the other hand, in the frequency domain, the references are
translated relatively concerning time orthogonal to the data-
bearing signals and attain a small frequency shift. This
recognises the orthogonality of data and reference signals for a
sample period. Henceforth the frequency offset among the data
and reference impulse trains is modelled in the inversed
symbol period. This shift in the frequency is less than the
frequency coherence of channels; hence, the references are
compatible with low data rate applications as desired.

I1l. PARAGRAPHS & ITEMISATIONS

Initially, the input parameters are initialised in the
UWB system, including a dynamic array of particle states,
number of particles, numerical fusion positioning result, noise
variance, weight array and particle score. Then particle weight
is calculated based on acquired value from the collected UWB
data. Generally, the particle filter is used for estimating the
state of dynamic system performance. A person's position and
velocity in the UWB system are represented by the state xt, i.e.,
xt = [xt, yt, zt, vxt, vyt, vzt]. The particle utilises the N
particles, which denotes various possible conditions toward
estimate this state level. The acceleration and velocity of each
particle are set to zero, and particle position spread over a test
area. Subsequently, the condition of every particle is updated
along with the movement models. In this regards, particles
with more weight are measured. At last, the particles are
resampled which means that new particle sets will be selected
on the basis of old set whereas, heavier particles have more
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chance of appearing multiple times in this new set.

Algorithm 1: Particle filter
Initialise particles
while true do
Update particles with the movement model
Determine weight for every particle based on the
UWB measurement
Return the particle with the highest weight
Resample
end while
In order to model the particle movement, distinct
time-noise accelerating model has been utilised for x::
X141 = Fx +Gng 1)
Here the term xt+1 is a new state at timestamp t+1,
AT is the difference in time between the timetand t + 1
Xt is the previous version of t
The acceleration n, is modelled based on the standard
deviation o, and noise ratio that may be utilised to reduce the
acceleration rate between the two different times. Each particle
weight is assigned on the basis of timestamp with regards to
the particle movement model. Let us consider ranging error
has Gaussian distributions. The weights of the particles may be
obtained using equation (2), where n € [1, N]. Here, N
represents the total particles. pi and o; are the calculated range

and the standard deviation for the i measurement,
respectively.
1 [z e 2
X|U,0) = ex
f(x|p o) — P2
(3)

M
on = | Fmdus o
i=1

Here the term p - measured range,

X — The range between the anchor and the particle.
o - SD of the error range

M — The measured variables available

Xn,i - the seperation between the nth particle and the
anchor that corresponds with the ith measurement,

A. Timing Acquisition Method

The Timing Acquisition Method is based on a
detection method. It is usually analysed the candidate phase by
first getting correlation measurements between the template
signal (locally generated) and received signal where the
template signal balances the stages of the candidate [15]. The
correlation measurement is then compared to the threshold for
decision making. Such candidate phases can be assessed on a
parallel, serial or hybrid basis. For UWB acquisition, many
systems depend on detection. Among that, some system
focused on creating effective search techniques, which quickly
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evaluates the search space of the candidate phases. Some other
systems suggest two-stage methods of acquisition to reduce
the search space itself. The timing estimation is generally
acquired by increasing the statistics over a set of candidate
phases in the estimation-based methods. Typically, this statistic
is extracted from the received signal correlation with the
template signal [16].

In wireless communication systems, the timing
synchronisation usually relies on the sliding correlators
between the transmit clean waveform template and the
received signal. Moreover, this method takes a long time to
synchronise, accrues high computational complexity and sub-
optimum in the existence of a dense multipath. Recently,
multiple timing algorithms for UWBIR systems were proposed.
They are the Coded-beacon sequence together with a
correlators bank approach, transmitted reference (TR)
approaches, and the inherent Cyclo Stationarity (CS) method
[17]. Every solution works as per these assumptions:

e The lack of multiple paths

e The shortage of TH (time-hopping) codes

e  The multi-path channel is identified

e Longer synchronisation time and higher
computational complexity

e Bandwidth and power efficiency loss

e The reduction of power efficiency and
bandwidth

Timing acquisition in the UWB structure is a
particularly difficult task. It is due to insufficient transmitted
power and multipath high-resolution. Low transmission power
requires a long searching time for reliable synchronisation. If
the signal is received with the muti-path components, then the
outcome will be in many phases with the search interval.
Further, it makes the decision far more complicated. In general,
time acquisition is not a new issue in the system of UWB. But
it is a significant limitation in receiver design [18].

At the receiver,

Iy — used to detect the received signal

ns— Used to identify the symbol-level offset

Where ns is accomplished utilising the timing
acquisition algorithms that are supported by DT data.

M - training symbols were sent which has the same
value {s[k] = 1}’,:’;51 , thus M; received during [z, T +
M, T,]. The first process is to track N (>Mj3-1) that is the
received waveform sections of time Ts.

Under miss of timing (z, # 0), the any Ts-long
received section of r(t) could be described as two consecutive
parts of symbols, as stated below,
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x(t +nTy)
=w(t + nT,) 4
{\/s—ss[n —ng — 1pp(t + Ts — neTy — €): te[o, neTy
\/e_ss[n —nglpr(t — neTy — €) : te[nfo +€
Where X - received a section of time Ts. The
following stage is to accomplish the cross-correlation to
produce neighbouring sectionRy, as below:
With the occurrence of the training symbols M, the
consecutively received symbol has similar values. The optimal
i, could be evaluated through a line-search for increasing the

objective function J(n)[19] as below:
Ts

R, x[n] = J. x(t +nTHx(t + (n+ VT,)dt
0

= @[n]

T
+Af PE(t+ T, —nTy — €)dt
0

Ty
+B f PZ (t — n;Ty — €)dt ®)
0
Ts Ts—nfo_E
= &[n] + Af P2 (t)dt + Bf P2 (t)dt.
Ts—nfo—E 0
(A =¢gs[n—ng—1].5[n—ng]
Where: {B = g,s[n —ngl.s[n — ng + 1]
-~ max ](ns);
ns = TlSE[O,N R Ml]](ns) ( )
6

1 ns+M1—1R 2
= Z exlnl

The occurrence of rg) in the receiver is avowed when
J(#s) =, Where 77 the optimal probability of false alarm

(FA) is set at a threshold. When the training symbols (M1) size
increases, then its support to integrate the effects of additive
noise and help to increase the performance of the
synchronisation, but this will reduced bandwidth price and
energy efficiency. [20]

B. Synchronisation

The advantage of ultra-wideband (UWB)
communication systems is high Ultra-wideband (UWB)
communication systems benefit from higher data density by
transmitting shorter pulses and lower duty cycles. The strict
power restrictions and shorter durations of pulse make UWB
output more susceptible to timing errors. Hence,
synchronisation of time brings more challenge in these
systems [21]. TR modulation has addressed the issue of
narrow and low-powered synchronisation to some extent.
Removing the need for a specific pulse with locally generated
models avoids the extreme synchronisation requirements
available in traditional pulse detection methods [22], [23] a.
But in the existence of channel noise, the performance of the
TR receivers largely depends on accurate timing acquisition
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and monitoring of the integration window.

C. TR-UWB and FSR-UWB

In this study, the baseband ultra-wideband system is
considered. The symbol interval for TR-UWB systems is
specified as Ts and the display interval as Tr. Every frame
period has an impulse for UWB, and Ts = N¢Ts, N¢ "1. In the
traditional TR-UWB system in the I™ symbol period, the
transmission signal can be defined as below,

Nf—l
E
k=0

E
+ bl\/;p(t —IT, — kT; — D)

Where E;s - transmitted energy per symbol period

bie {-1, +1} - information bit to be transmitted
during the Iy, symbol period.

P (.) - normalised UWB pulse shape and is the delay between
reference and data pulse.

The requirement for a locally generated reference
(LGR) and the complex issue of LGR sync can be eliminated
by transmitting a link (reference) with the data. Because TR
systems use the portion of the energy output for the signal's
reference part, The elimination and difficulty of LGR are at the
expense of losing the potential for data transmission [24].

To prevent the recipient's wideband delay feature,
Goeckel and Zhang,[25] and Zhang and Goeckel,[26], has
been suggested the marginally frequency-shifted reference
(FSR) system of UWB. It is much easier to develop a
wideband frequency translation signal than the latency of the
similar signal. The strategy is used very carefully to choose a
frequency translation reference. In other phrases, the reference
is translated among frequency instead of time to the data-
bearing signal, thereby eliminating the factor of delay. There is
no need to enforce the reference and data signal orthogonality
over each frame time, even over a symbol period. A frequency
offset is therefore proposed between the input data and the
reference impulse train, which is just the reverse of symbol
duration. Far below the channel's reliability level, the
frequency shift is positioned and, therefore, an accurate
approximation of the data-bearing signal. Because the data
pulse and reverse pulse will traverse precisely in the same
channel, the frequency orthogonality obtained by merely
moving the pulse pulse is meaningless even though the
frequency difference among the pulses exceeds every rational
fading channel's consistency rate. Therefore, an orthogonal
reference is acquired by the technique with a mixer.

A simple model signal could be described in the FSR-
UWB method as x(t), consisting of a generic pulse form with

()

272


http://www.ijritcc.org/

International Journal on Recent and Innovation Trends in Computing and Communication

ISSN: 2321-8169 Volume: 10 Issue: 2s
DOI: https://doi.org/10.17762/ijritcc.v10i2s.5943

Article Received: 08 October 2022 Revised: 24 November 2022 Accepted: 26 December 2022

N;-1
unmodulated Nf UWB pulses form X(t) = Zp(t -kT;) .

k=0
The reference waveform is a proportionate x(t) version. A
frequency-shifted version of this signal that is generally
orthogonal to it across the long Nf symbol period is considered
to represent the data waveform. Establishing fO= 1/T; as the
frequency shift between the data signal and the reference, the
signal transmitted can be represented as[27],

Ne=1 [ |E
xpsr(t) = Zk:o Tp(t —IT; — ka)
+ b JEsp(t — IT, ©)
— kT¢)cos (21f,t)

The probability of flaw across a multipath fading
channel for the suggested system is

PFSR—UWB,MP

/ E; Yi=y hicos 2rfoT)) \ (9)
=Ep|0Q
BN S + TNGW

Thus the mathematical justification is derived for
attaining the lowest possible frequency difference among
reference signals and data signals. The probability error ratio
for the generic TR-UWB maodel is,

PTR—UWB,MP

_E, [ 0 ( Es Yiso hi )] (10)
JAEN, Sz B + 2T,NGW

Where Ep[.] is the channel-impulse
assumption[25].

To create the symbol timing o in the system of FSR-
UWB, the key have the capability. One technique of showing
the scheme's capacity to be synched to demonstrate a quantity
dependent on the output occurs, if reduced as a feature of x,
resulting in the correct symbol timing. Therefore, it is possible
to use adaptive algorithms to reduce these quantities and
achieve the right timing.

For 6 € [0, Ts], define the receiver output as

response

Ts+8
A(S) = f r2(tV2 cos(ano(t - s)) dt (11)
8
= A5(8) + 4,(8)
Ts+8

A,(6) = f (h(@®) = x(t))*V2 cos(2nfy(t — 8))dt (12
S5
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To+6

A4,(6) = 6[ () + 2(h() .
* x(t)) X V2cos (2nf0(t - 8))dt
It is the approximately Gaussian noise component.
Essential trigonometric functions could be used for
Gaussian noise channels to demonstrate that there is zero mean
and variance provided by any specified index & as (d),

1 5 &2
E[A2(8)] = [ +—+—]

_+_
2 4m? T, T2

Lp|(to L8
s\\2 4n? T,

52 (14)
+ T_52> cos(4rnf, 6)

1 /26 )
N ﬂ (Ts — 1) Sll’l(47‘[f06)]

This has a low-frequency concept(Eqn. 11) 6=0, and
&= Tsare the two peaks we have, and a term (Eqgn. 12) is 2 fo
for frequency. an (8) can be interpreted as having zero
variance and mean given by the noise expression,
E[A2(8)] = T,WNE + 2E,N,
1 (15)
+ Ecos(47rf0 6)EsN,

ELA(®)] = EL2(®)] + E[43(8)] 16)

A low-frequency is also required; it is not based on &
and the frequency period2f,. Furthermore, it is unrelated
between the as (8) and an (3). Consequently, A (8) has zero
mean and variance.

IV. NUMERICAL RESULTS

This section presents simulation results toward
evaluating the BER efficiency of the TR- UWB schemesand
FSR -UWB schemeshy considering with and without particle
filter. The input parameter for both with and without particle
filter is listed in table 1. In the frequency domain, the data
modulated and reference signals are separated at the analogue
carrier signal requirement cost.

In the frequency and time domains, the frequency-
shifted pulse decays quickly. To examine the effect of fine-
tuning and Eb on noise efficiency, Eb / NO are set to 10 dB.

Table 1: Input initialization

Parameters TR FSR
Delay effect 2 2
Frequency Translation/Shift 50 50
Data transmission rate 800 kbps | 800 kbps
Frames Count 10 10
SNR 10DB 10DB
Number of particles 5000 5000

273


http://www.ijritcc.org/

International Journal on Recent and Innovation Trends in Computing and Communication

ISSN: 2321-8169 Volume: 10 Issue: 2s
DOI: https://doi.org/10.17762/ijritcc.v10i2s.5943

Article Received: 08 October 2022 Revised: 24 November 2022 Accepted: 26 December 2022

A TR-UWB with and without particle filter

The primary objective of the TR-UWB scheme is to
recommend a system that evades the delay component on the
receiver side. In addition, the frequency-translated comparison
is also be chosen depending on the applied frequency
conversion of a wideband signal, and this is far easier than the
delay signal; the methodology discussed here is used very
carefully to select a frequency-translated relationship; in other
terms, the frequency (instead of time) relation is interpreted to
the data-bearing signal as orthogonal.

The main insight is that these data signals and
reference orthogonality must be applied over a symbol period
but not over each frame period. A frequency offset between the
impulse train of the data and the reference is therefore
recommended, which is only the reverse of the duration of the
symbol. This frequency paradigm shift is well below the
channel frequency consistency to low-data-rate apps that is
100 kb / s and thus serves as a reference for the data-bearing
signal as required. In the research, we introduce and
characterises the particle filter system using this probably
marginally frequency-shifted reference (FSR) UWB.

Table 2 Effect of delay (Td)

Analysis and simulation for different Td values

T = —&— TR-UWB Td1
e —#— TR-UWB Td2
— & —TR-UWB Td3

o
w 10! o
w10

102
10 15 20 25 30 35 40 45 50

SNR(dB)

(b) With particle filter
Fig 1. Simulated results for varying delay response

Table 3Effect of various frames (Nf) response

Without filter With particle filter
SNR BER BER
Ta Ta2 Tas Ta Ta2 Tds
10 | 10.8279 | 9.4386 | 9.1000 | 9.7451 | 8.4947 | 8.1900
20 7.2648 | 6.1486 | 5.4869 | 6.5383 | 5.5337 | 4.9382
30 3.1986 | 2.1785 | 2.1700 | 2.8787 | 1.9607 | 1.9530
40 0.0956 | 0.0567 | 0.0333 | 0.0860 | 0.0510 | 0.0300
50 | 0.00245 | 0.0019 | 0.0015 | 0.0022 | 0.0017 | 0.0014

The above table 2shows effect of different time

delays on the performance. In both the parts it can be noted
that with increase in SNR, the BER decreases for all.

. Analysis and simulation for differant NT values
: i i =g 2l S TRALIWE Tt | :
— +— TR-UWE Tz | |
T |— & - TRAWE Ta3| |

B S

10 15 20 ) 40 ]
SHR{DB)

(a) Without particle filter
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Without filter With particle filter
SN BER BER
R Nri=2 | Ne=3 | Ne=4 | Nu=2 | Np=3 | Np=4
10 12.3789 | 12.148 | 11968 | 11.141 | 10.933 | 10.771
6 6 7 1 7 8
20 8.1475 | 7.5812 | 6.4869 | 7.3328 | 6.8231 | 5.8382
30 3.1986 | 2.2785 | 1.7618 | 2.8787 | 2.0507 | 1.5856
40 1.2256 | 0.8621 | 0.6987 | 1.1030 | 0.7759 | 0.6288
50 0.6985 | 0.3689 | 0.2150 | 0.6287 | 0.3320 | 0.1935
Analysis and simulation for different Nf values
—S—TR-UWB N =2
T 5w -4

10 15 20 25 30 35 40 45 50
SNR(dB)

(a) Without particle filter

Analysis and simulation for different Nf values

—S5—TR-UWB N = 2
—#— TR-UWB Nf2 = 3
— & —TR-UNBNI3 = 4

BER

10 15 20 25 30 35 40 45 50
SNR(dB)

(b) With particle filter
Fig 2.Simulated results by considering the number of
frame rate
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Table 3 provides different frames using SNR's bit
error rate. It is evident that when SNR increases, the BER
decreases. The BER likewise lowers as the number of frames
rises.

In a similar fashion, the table above shows that for
various dataspeeds, the bit error rate drops as the SNR
increases.

Table 4Effect of data rate/bit rate (Br)

Without filter With particle filter
SNR BER BER
Ro1 Ro2 Ros Ro1 Ro2 Ro3
10 | 0.4956 | 0.4964 | 0.4969 | 0.4460 | 0.4468 | 0.4472
20 | 0.4758 | 0.4812 | 0.4901 | 0.4282 | 0.4331 | 0.4411
30 | 0.4317 | 0.4527 | 0.4784 | 0.3885 | 0.4074 | 0.4306
40 | 0.3569 | 0.3974 | 0.4512 | 0.3212 | 0.3577 | 0.4061
50 | 0.3014 | 0.3642 | 0.3942 | 0.2713 | 0.3278 | 0.3548
Analysis and simulation for different Br values
DD\S; —&— TR-UWB Br1

0.6 —#— TR-UWB Br2
— & —TR-UWB Br3

10 15 20 25 30 35 40 45 50
SNR(dB)

(a) Without particle filter

Analysis and simulation for different Br values

0.65 —&— TR-UWB Br1
0.6 —#— TR-UWB Br2
— & —TR-UWB Br3

10 15 20 25 30 35 40 45 50
SNR(dB)

(b) With particle filter
Fig 3. Simulated results by considering various data rate
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Single-channel- TR UWB

diakddii LT

I
.5 3.5
Distance (m) =101

o 0.5

(a) With particle filter

Multi-channel-TR UWB

count
o 2+ N w & @ © N o ©

il ™
1.5 2 25 3 3.5

distance [m] x101°

o 0.5 1

(b) With particle filter
Fig 4.Simulated results for single and multi-channel
conditions

Figure 4 (a) and (b) illustrates that the obtained results of
single and multi-channel communication while considering a
particle filter. From this, we observed that TR-UWB system
with particles filter hires several carries and offers an additional
performance increase with carriers compared to the standard
TR-UWB of the single-channel system along with the delay
line in the receiver. A potential enhancement is the acquisition
of frame timing, which might allow the connection interval [0,
Ts] to be reduced to specific times that aid the noiseless
received signal. This is especially true for Gaussian noise
networks or multipath streams with a small delay range.

B. FSR-UWB with and without particle filter

The bit error rate for the SNR for various time delays
is shown in Table 5. As the SNR rises, it can be observed that
the BER falls. The frequency shift (f0) of the data signal to the
reference signal is conveyed during the Ith symbol interval.
Both the frequency and time domains of the frequency-shifted
pulse decrease quite smoothly. To confirm the impact of t and
Eb on the effectiveness of noise, Eb/NO is set at 10 dB.

Table 5 Effect of frequency shift

Without filter With particle filter
SNR BER BER
Ta1 Ta2 Tas Tn Tr Tt
10 | 8.6376 | 8.7269 | 8.3200 | 6.4967 | 4.7193 | 3.6400
20 | 7.9439 | 6.2541 | 6.3414 | 4.3589 | 3.0743 | 2.1948
30 | 5.2791 | 2.1986 | 3.2750 | 1.9192 | 1.0893 | 0.8680
40 | 1.0561 | 0.1056 | 0.06993 | 0.0574 | 0.0284 | 0.0133
50 | 0.0126 | 0.0245 | 0.01280 | 0.0015 | 0.0010 | 0.0006
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Fig 5. Simulated results for varying delay response

Figure 5 shows the impact of frequency changes on
BER, when the receiver noise bandwidth is set at 600 MHz.
We can see from the simulated results that the potential energy
detention period was lowered to 30 in order to improve
receiver noise performance. The receiver's characteristics are
then precisely adjusted to minimize noise performance.

The bit error rate for the SNR for various numbers of
frames (Nf) is provided in the table 6. It is evident that when
SNR rises, the BER decreases. The BER likewise lowers as
the number of frames rises. A Ts = NfTf period of symbol
consists of one UWB transmission data pulse and Nf>>1
frame for each length in order to achieve low-data-rate
implementations' goals. The results of changing the frame rate
while altering the signal to noise ratio from 10 to 50 dB are
discussed in Table 6.

Figure 6 displays the measured FSR-UWB scheme
efficiency for various number of frames and Tf=40 ns set
frame time on an AWGN channel. Similar to Table 5, Table 6
shows how Bit Error Rate reduces when SNR rises for various
number of frames.

Table 6: Effect of the number of frames

Without filter With particle filter
BER BER
SNR N1 Ntz Nt3 N1 Ntz Nt3

10 | 10.3260 | 10.1789 | 9.0432 | 7.4274 | 6.0743 | 4.7875
20 9.0435 | 7.5157 | 6.4869 | 4.8885 | 3.7906 | 2.5948
30 55916 | 3.7568 | 2.1249 | 1.9192 | 1.1393 | 0.7047
40 3.2191 | 2.8461 | 0.7516 | 0.7354 | 0.4311 | 0.2795
50 0.6375 | 0.1397 | 0.0931 | 0.4191 | 0.1845 | 0.0860
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Fig 6. Simulated results for various frame rates

Table 7: Effect of data rate/bit rate (Rb)

Without filter With particle filter
SNR BER BER
Ro1 Rb2 Ros Ro1 Ro2 Ros
10 | 0.4398 | 0.4290 | 0.4331 | 0.4291 | 0.4130 | 0.3938
20 | 0.4213 | 0.4190 | 0.4219 | 0.4136 | 0.3991 | 0.3811
30 | 0.4131 | 0.3844 | 0.3527 | 0.4096 | 0.3731 | 0.3312
40 | 0.3969 | 0.3592 | 0.3168 | 0.3714 | 0.3497 | 0.3263
50 | 0.3200 | 0.3109 | 0.2816 | 0.3169 | 0.3009 | 0.2509
07 ‘Analysi‘s and sivmu|atiori| for different BI" values‘
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Fig 7. Simulated results by considering various data rate

Figure 7 compares the data rates of UWB technology
to those of other wireless technologies. Table 7 contains the
acquired SNR (10 to 50) to data rate findings. We simulated a
high data rate UWB communication using Tf = 4, 6
ns,and data rate 30 Mbit/sand 25 Mbit/s. When data rate
increases (Tf = 6 ns), the advantage of an optimised code
series arrangement becomes clear and leads to better noise,
data rate, and delay performance.

The presented system's BER performance is
examined in a variety of multi-path channel scenarios. Even in
the case of a transmission system with several paths, the
suggested approach can minimise the bit error rate. To fine-
tune the timing and frequency domain equalisation coefficients,
it depends on the impulse response of timing error.
Synchronization with the channel estimation function is made
possible by this structure in conjunction with the preface
overhead. In the end, the FSR-UWB system's single path and
multipath channel circumstances are used to compare the
findings.

Figure 8a shows the statistical behavior of single-
channel and multi-channel communication systems. The
single-channel system's variance is spread out considerably.
Additionally, the mean single-channel offset is greater than the
mean offset for the multi-channel technique. In Figure
8b, standard deviation (sd) is comparable to that of Figure 8a.
But, only spread slightly increased due to the change in
frequency.
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Fig 8. Simulated results for single and multi-channel
conditions

Because there is no delay line from the receiver line,
an FSR-UWB system employs multiple carriers and performs
even better than the FSR-UWB reference system. The possible
improvement, especially for small delay spread AWGN or
multipath channels, is to gain frame synchronisation such that
the connection interval [ 0, Ts ]. Certain phases for which the
received noiseless signal is allowed could be reduced.
C. Multipath Effect

During the implementation, the multi-path
components are captured via a received signal that enhances
the system performance when relations with the conventional
TR-UWB system by performing multi-path diversity or
number of correlators. The performance of multi-path channel
communication has been observed in both the UWB system,
TR and FSR, with and without particle filter. The results are
illustrated in figure 9 (a) and 9(b).
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Fig 9. Multipath Observed results at UWB System

Some signals may come via reflections to the
destination through various paths and could even boost
productively or destructively. This multi-path impact may
trigger the received signal to have major variations. To test the
power loss from a simulator, contrast it with the results from
the study below and ensure that they suit. Improving the
bandwidth of a network improves its channel ability. It allows
for higher data levels for UWB applications in communication
systems and more comprehensive scope resolutions. The
improved bandwidth for both devices may also boost
reliability to multipath fading. Wideband systems usually work

with such a bandwidth approaching 5% of the centre frequency.

V. CONCLUSION

In this study, TR-UWB and FSR-UWB techniques
have been introduced, which provided fine synchronisation
and timing error using a tracking loop based particle filter with
the acquisition method. The suggested approach increases the
transmission rate while considering three different time delay
and frequency ranges than the traditional TR-UWB and FSR-
UWB without particle filter. Moreover, the performance of the
suggested model has been validated in terms of data rate,
multi-channel condition, delay and frame rate. The simulation
results illustrate that the proposed model of FSR-UWB with
particle filter gives better performance over different channel
models when relating with the FSR-UWB of without particle

IJRITCC | December2022, Available @ http://www.ijritcc.org

filter and TR-UWB with and the particle filter. Thus the
obtained result showed a reduction in the receiver complexity
and increased the date rate with fine synchronisation.
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