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Abstract. Wireless communication services have been in high demand, increas-
ing the capacity of the system. Increasing bandwidth would be the most straightfor-
ward solution. However, the electromagnetic spectrum is becoming increasingly
congested, making this a more and more challenging task. In this paper, we present
a standard LMS algorithm that can detect taps based on NLMS and active detec-
tion. The proposed scheme takes advantage of refining the convergence rate and
special filtering to reduce data transmission bandwidth requirements. The NLMS
algorithm which is based on the frequency domain was simulated with a MAT-
LAB simulator under multipath effects and multiple users. Comparing the results
of the simulations with those of previous work suggests an improvement in the
convergence rate, which leads to better efficiency of the system.
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1 Introduction

The idea behind smart antennas is to increase the gain in a chosen direction to sys-
tematically improve wireless communication performance. The primary lobes of the
antenna-beam patterns can be directed in the direction of the intended users to accom-
plish this. The radiation and/or reception pattern of a smart antenna system are automat-
ically optimized in retort to the indication environment by combining several antenna
rudiments with a signal processing capacity. The smart antenna system can automati-
cally guide one or more nulls of the directivity pattern towards one or more sources of
interference in addition to pointing the main lobe’s direction in the direction of a selected
user. Consuming a smart antenna system for a wireless system has several advantages,
including greater coverage, better SNR and capacity, using less energy for equivalent
performance, giving spatial diversity, etc. Long projected to perform significantly better
than smart antenna systems [1, 2] Smart antennas need the Direction-of-arrival (DOA)
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algorithm to be able to determine upon arrival, the direction of the signal is determined
and, consequently, aim the array beam in that direction with the help of adaptive beam
shaping. Earlier work on DOA estimation typically fails to consider the mutual cou-
pling between isotropic parts [3—7]. Systems of multiple inputs and outputs (MIMO)
and smart antennas provide performance improvements over omnidirectional antennas
as well as communication on 5G systems thanks to their advantages over omnidirec-
tional antennas[8]. Various experimental works using directional antenna arrays and
DOA algorithms, including Bartlett [9], MUSIC [10-12], and Matrix Pencil [11], are
also available. The management of nonlinear adaptive smart antenna resources for 5G
communications through surveillance systems was well described by Subha et al. [13].
A new technology called 5G evolution in mobile telecommunications can transmit data
at a rate of about 10 Gbps. High-frequency waveforms with increased bandwidth are
needed to achieve such high-speed data. 5G uses a technique called massive MIMO
beam forming (BF) for providing higher frequency and it uses Millimeter Wave (mm).
Printing antennas are integrated into a multifunctional composite structure called a skin
antenna structure. An antenna structure embedded with fiber Bragg grating strain sensors
is described in [14].

Using the same channel, smart antennas can broadcast (or take delivery of) several
packets simultaneously in diverse beams. Nevertheless, transmission scheduling greatly
affects network performance. There are two transmission scheduling schemes proposed
to improve the throughput of networks and reduce transmission delays [15]. It takes
into account communication restrictions and packet sizes as well as exploits parallel
transmission opportunities to ensure network throughput is maximized and latency is
minimized. Mobile ad hoc networks (MANETS) require DMAC tactics to overcome the
restrictions caused by omnidirectional antennas. The overall MAC performance can be
enhanced by a sectorized antenna approach and a frame scheduling mechanism [16].
Channel equalization is the major criterion in a communication channel. There is some
research work proposed by Mohapatra et al. [ 17-22] on channel equalization problems.In
this work, the purpose of this study is to examine how the frequency domain normalized
LMS method is used for the identification of active taps and beam patterns for two white
signals with three DOAs each.

The following is the organization of this paper. The smart antenna system describes
in Sect. 2. Section 3 describes the NLMS and FDNLMS algorithms followed by active
tap detection in Sect. 4. Simulation and conclusion describe in Sects. 5 and 6.

2 Smart Antenna Systems (SAS)

Among the various types of SAS are phased array, adaptive antenna systems, and digital
beam shaping systems. However, switching beam or adaptive array systems are the
typical classifications for smart antennas. Regarding the manner of operation, smart
antennas may be categorized into two groups.

2.1 Switched Beam

Patterns with a fixed number of predefined and fixed parameterswithout channel feed-
back. Multi-beam systems with high sensitivity in desired directions are used in this
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system. As the mobile moves through the sector, the antenna switches from one beam to
another depending on the signal strength. Rather than combining the output of multiple
antennas into finely directional beams with more spatial selectivity than conventional,
single-element approaches can, switched beam systems combine the output of multi-
ple antennas to form finely directional beams with the metallic properties and physical
design of a single element, as shown in Fig. 1.
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Fig. 1. Switch beam

2.2 Adaptive Array

Variable parameters, such as channel noise conditions, can modify this pattern in real
time. The most advanced smart antenna approach is based on adaptive array antenna
technology. The adaptive system uses an array of new signal-processing algorithms to
dynamically minimize interference while maximizing intended signal reception by effec-
tively locating and tracking various types of signals. The adaptive system provides opti-
mal gain while simultaneously detecting, tracking, and minimizing interference while
simultaneously identifying, tracking, and optimizing gain based on the location of the
user. Figure 2 shows a main lobe that extends toward a co-channel interferer and a null
pointing toward it.

Multiple fixed beams can be formed in some directions by switching beam antennas.
A mobile device moving about a specific area can switch between a fixed, predefined
beam and one of these antenna systems, which monitor signal strength. As a result, they
create a static beam that becomes automatically controllable. A more efficient approach
to locating and tracking signals is to use adaptive antenna technology, which relies on
adaptive algorithms to dynamically reduce interference and improve signal reception.
In this instance, the shaped beam is changeable and adjusts to the state of the broadcast
channel with a dynamically changing weight array over time. In this situation, nodes
estimate the DOA or AOA using the spatial structure. However, both systems make
an effort to boost gain based on the user’s location. The following graphic provides a
summary of the fundamental SAS operation principle.
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Fig. 3. Principles of SAS operation

Figure 3 inputs s1(¢), s2(¢), ....... sm(t) are multiplied by elements of the weight
vector w = Wi, W, ...... wy,, The output is y(t) and the error is e(t), and both are
functions of discrete time t, a version of the algorithm using adaptive arrays is the only
one that uses the adaptive algorithm. Switching beams can, however, be compared to
not running an adaptive algorithm at all, since there is no weight array involved. SAS
can be divided into several categories according to the type of created geometry pattern.
The circular, hexagonal, and rectangular arrays are the most prevalent types. In contrast,
antenna arrays in 5G technology must be adaptive and must be able to guide the key
beam in the required path while directing the nulls in the unwanted interfering directions.
When this adaptive mechanism is adjusted, the system’s output will always attain the
best signal-to-interference noise ratio [23]. An efficient and dynamic genetic algorithm
was developed based on the received signal strength indicator (RSSI) of the node to find
its optimal location value with the smallest localization error [24].

3 Normalized Least Mean Square Algorithm

The stability, convergence time and volatility of the LMS and step size is always deter-
mining factor in the adaptation process. The update step size can be effectively overcome
by the normalizing variance of the input signal, o, (). Therefore, the following equation
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shows the weight update formula:

M *
w4+ 1) =w(l) + ——x()e™ (¢ @))
(t+1) =w@) Now(1)? (De” (1)

This results in the LMS algorithm’s asymptotic performance being independent of the
N number of taps, it has a significant impact on the convergence rate. Poorer convergence
rates are the result of more taps.

3.1 Modified Form of LMS [25]

Figure 4 shows the suggested algorithm which is a modified form of LMS(FDLMS) with
active taps detection. Adaptive processes and active tap detection make up the suggested
approach. Active tap detection determines what taps need upgrading, while adaptive
processes update tap weights.

Equation 1 can be modified to give the following weight update equation:

k
wk+1) =wk) + M 2)

Here, the weight vector, and waveform of error are denoted as W(k), and e(k)respectively.
The parameters w, N are identified as step size, and the number of taps mentioned in the
figure, whereas X(k) is used as FFT of the acknowledged signal.

The error is nothing but the difference between transmitted u(k) and received signal
x(k) which also mentioned in Eq. (3).
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Fig. 4. LMS algorithm with frequency domain normalization

However, when there are a lot of adaptive taps, it is noted that the NLMS method
has a poor convergence rate and high processing requirements. For mobile communica-
tion situations with extensive multipath components, this poses a serious issue because
the numerous active taps needed could result in a lower convergence rate. To solve
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this issue, researchers suggested a detection-guided NLMS estimator. To distinguish
between dynamic and sedentary sections or taps inside the channel is the function of the
detection technique. We only need widely spaced elements since the taps or elements of
a smart antenna correspond to various DOAs in the spatial domain to develop an NLMS
algorithm in the spatial frequency domain, we propose to:

pX (k)e* (k)
3 Aj k)
Here, the tap number is A;(k), while tap j is the active tap. If the tap is active then A; =
1, or else for an inactive tap A; = 0.

wk +1) =w(k) + 3

4 Detection of Active Tap

The key to using the “active” tap detection method is figuring out if a certain unknown
channel tap is active or not. Similar to research, this strategy is based in part on intuition.
As was already noted, different DOAs correlate to various Smart Antenna elements or
taps in the spatial domain. Using the active taps that match the required signal, we can
then create an activity measure and to understand the unknown channel, we begin by
assuming that it’s linear, time-invariant, and stationery.

x(k) = r(k) + n(k) “)

Here, the acknowledged signal is r(k), noise n(k) at sampling prompt k from the activity
measure M. Now, we have

T =[Y1,Y2,....TN] )
k
T =) ulk)x* k) (6)
k=1

At sampling instant k, a measure of activity M is derived from a signal r(k) and noise
nk). I,

F=[I,Ty,....TW] @)
Finally, the spatial angle activity metric M is given by,
M =T &) * (k) ®)

Here, the Iis the discrete Fourier transform of y.
Based on the following threshold, active and inactive taps can be distinguished.

2log(KN) (Zf.‘: X (i)X*(i)) (Zj.‘: . u(i)u*(i))
KN

Therefore, the j tap at the instant k is active if, the threshold spread is controlled
by this parameter.

T(k) = €))

M > aT (k) (10)

The active tap detection which is based on FDNLMS is described in Fig. 5. A sample
interval of k is measured separately in the array utilizing Eq. 10.
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5 Simulation and Results

Based on the suggested algorithm (FDNLMS), we estimate its convergence rate, active
tap number, and beam pattern. For those simulations with many multi-paths, each
multipath experiences a variable gain, which incorporates both amplitude and phase
components to recreate genuine mobile settings.

Receiving 2 signals with 3 DOA will allow us to evaluate the performance of the
suggested algorithm critically. Figures 5 & 6 shows received signal error and beam
pattern for white Signals with DOAsThe Smart Antenna system used for analysis is
displayed in this choice. To maintain a level of accuracy, the following will be kept
constant throughout all smart antenna simulations:

e To imitate a transmitter delivering binary values, each of the 640 input signals has a
signed value of 1 or -1.

Convergence parameter y was taken as 0.006

400MHz is the carrier frequency, fc

Here, 0.84m is considered as the wavelength (\)

A value of 0.375 is set for element spacing

Transmission to the first antenna element is delayed by 100 ws for simulations with
a single transmitted signal, and 150 ws for simulations with a second transmitted signal.
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Fig. 5. Received Signal error for FDNLMS algorithm, with o = 0.1

Figure 6 illustrates four beam patterns from both signals, with the third multipath
pattern having two lobe-like projections pointing in the right direction for the second
and third multipath. Figure 6 describes different Beam patterns for FDNLMS, a = 0.1
with respect to DOA’s of signal 1 and signal 2. Figure 7 shows FDNLMS-based active
tap detection with respect to DOA’s of signal 1 and signal 2.
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Fig. 7. Number of active taps for proposed algorithm, a = 0.1

6 Conclusions

The idea of smart antenna systems and how they affect mobile communication networks
has been effectively discussed in this research. This paper analyses active tap detection,
beam pattern, and signal error of two signals. Our goal was to develop an algorithm for
Smart Antenna systems that integrates frequency domain normalized LMS algorithms.
The proposed activity threshold for the detection-guided FDNLMS algorithm, however,
yields a variety of results. The system’s performance is considerably hampered by the
narrower threshold levels, although it exhibits noticeably quick convergence rates and
reduced computational cost.
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