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Abstract— In contemporary wireless communication
systems, orthogonal frequency division multiplexing, or
OFDM, is frequently used to split high-speed data streams into
several low-speed streams. Impulse noise significantly impairs
OFDM communication systems' performance. These days, a
variety of techniques are used to improve the performance of
OFDM systems by lowering impulse noise and implementing
channel equalization. In the meanwhile, when estimating
Channel State Information (CSI), these methods recorded
minimum  throughput and experienced performance
degradation issues. This paper develops an adaptive weighted
zero forcing equalizer (adaptive weighted ZFE) for impulsive
noise reduction and channel estimation in OFDM systems.
Initially, channel estimation is done using the Space-
Alternating Generalized Expectation-Maximization (SAGE)
algorithm. Adaptive weighted ZFE then does the impulsive
noise reduction and channel equalization. Here, the weighted
ZFE and the adaptive idea are combined to create the adaptive
weighted ZFE. Furthermore, the superiority of adaptive
weighted ZFE in impulsive noise reduction and channel
estimation is examined. With a Bit Error Rate (BER) of 1.87
x10-4, Mean Square Error (MSE) of 0.0001, throughput of
94.976 Mbps, and Symbol Error Rate (SER) of 0.0013, the
experimental results show that the Adaptive weighted ZFE
achieved higher performance.

Keywords: Orthogonal Frequency Division Multiplexing,
Impulse Noise, Adaptive weighted Zero Forcing Equalizer, Space-
Alternating  Generalized Expectation-Maximization, channel
estimation.

1. INTRODUCTION

In recent years, significant changes in wireless networks
have been underway due to the increasing advancement of
diverse on-demand services [12]. OFDM is a multipath
method with various communication standards because of
its effects in mitigating multipath distortion in the wireless
channel [9]. OFDM is a widely used method in wireless
communication systems due to its ease of implementation
and enabling the utilization of available bandwidth [14].
OFDM is considered a digital modulation method that
divides the single wideband signal into smaller or narrower
bands of parallel bit streams. In OFDM, each narrowband
stream is separately modulated on wvarious orthogonal
subcarriers, and then, the frequency is multiplexed. Due to
its high spectral efficiency and high data rate, OFDM is
widely utilized in wireless applications [10][13]. Also,
OFDM modulation has attained huge success in
communications because of its advantages in mitigating
inter-carrier and inter-symbol interferences, resistance to
multi-path fading, and computational complexities. Various
OFDM variations are developed over the years to address
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the challenges in diverse communication environments. For
instance, Cyclic Prefix (CP) OFDM, Time-Domain
Synchronous OFDM, Zero Padding OFDM, and so on are
designed for optimizing the performance under unique
scenarios [11][12]. The channel estimation methods are
commonly used to increase the performance of OFDM
system, where the received signals of multipath channels are
corrupted by co-antenna interferences and Inter-Symbol
Interference (ISI) [9]. Usually, the CSI is estimated
accurately to provide effective OFDM communication [9].
Ideally, OFDM-based communication systems are corrupted
by impulsive noise, which is a man-made noise that exhibits
adverse effects and non-Gaussian characteristics in
communication systems with poor error rate performance
and great capacity loss [10]. The impulsive noise is
generated by various sources, namely various maritime
operations, switches for electrical equipment, ignition noise
in automobiles, and so on. The impulsive noise occurs
randomly with high-power impulses under short duration
compared to Additive White Gaussian Noise (AWGN) [8].
In general, various multicarrier modulations engaged in
wireless communication systems are highly resistant to
impulsive noise. However, the degradation of performance
caused by impulse noise is becoming a challenging research
area for communication engineers [15]. Thus, efficient
impulsive noise suppression techniques are employed to
increase the performance of OFDM communication systems
in the presence of additive impulsive noise [8]. At present,
various noise reduction algorithms are introduced into the
communication systems are received considerable attention
[6][7]. The accuracy of channel estimation is increased in
two main ways under time-varying conditions. One is to
utilize suitable denoising algorithmic techniques for
reducing the available noises, and the other is the utilization
of suitable deep-learning techniques to directly estimate the
response of channels accurately [2]. A self-optimizing filter,
called an adaptive filter, is used to estimate the
characteristics of the input-output signal by adjusting its
internal parameters, whereas adaptive algorithms help to
significantly reduce noise presented in signals [10].

This paper presents an Adaptive weighted ZFE designed for
channel estimation and reducing impulsive noise in OFDM
communication systems. Here, the channel estimation is
initially performed in the OFDM system by utilizing the
SAGE algorithm. Following this, the channel equalization
and reduction of impulsive noise is performed by utilizing
the Adaptive weighted ZFE model.

The major research contribution is summarized below,
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e Designed Adaptive weighted ZFE for channel
equalization and impulse noise reduction: In this
research, the Adaptive weighted ZFE is designed for
channel equalization and for reducing impulsive noise
in OFDM communication systems. Here, the
Adaptive concept is integrated with the weighted ZFE
to design the Adaptive weighted ZFE.

The remnant portion of the paper are structured as, section 2
elucidates the existing models employed for channel
estimation and impulsive noise reduction in OFDM systems.
In section 3, the Adaptive weighted ZFE model designed in
this research is demonstrated. Section 4 portrays the results
and discussion performed, and the article is concluded with
future research findings in Section 5.

II. MOTIVATION

In modern wireless systems, OFDM is used to provide high
bandwidth utilization and data rate. OFDM was more
robust against multi-path delays. OFDM has attained huge
success in communication because of its advantages in
mitigating inter-carrier and ISI, resistance to multi-path
fading, and complexities. In recent years, OFDM-based
communication systems have mainly been degraded by
impulsive noise. Thus, various efficient impulsive noise
reduction methods were employed to increase the
performance of OFDM  communication systems.
Meanwhile, these methods recorded minimum throughput
and suffered from performance degradation issues during
the estimation of CSI in OFDM systems. Thus, it
encourages designing a novel technique for channel
equalization and impulsive noise reduction in OFDM
systems.

III. LITERATURE REVIEW

Xing, C., et al. [1] developed Joint estimation of Channel
and Impulse noise-Temporally Multiple Sparse Bayesian
Learning (JCI-TMSBL) to mitigate impulse noise and
estimate channel state in OFDM systems. The JCI-TMSBL
significantly minimized the computational complexities
during channel estimation and impulse noise reduction in a
cyclic prefix-based OFDM system. Meanwhile, this model
was not successful in balancing the errors that occurred
during channel estimation. Li, Y., ef al. [2] introduced
NDR-Net to reduce impulsive noise and channel estimation
in OFDM systems. This approach computed the noise level
of OFDM communication systems under high convergence
speed from real-time varying multipath channels. However,
this scheme was not successful in minimizing the
complexities by performing deep research and analysis, and
it failed to reduce the noise introduced by pilot and channel
estimation under high-order modulation. Mirsalari, S.H., et
al. [3] designed a Least Squares Support Vector Regression
(LSSVR) for reducing impulsive noise and channel
estimation in OFDM systems. The LSSVR model attained
minimum simulation and processing time while estimating
multipath channels in the presence of impulse noise.
Nevertheless, due to the unpredictable impulses and their
high energy level, this scheme obtained poor estimation
accuracy. Zhao, Y., et al. [4] established Sparse Bayesian
Learning (SBL) and Forward-Backward Kalman filter (FB-
Kalman) algorithm to reduce impulsive noise and perform

channel estimation in OFDM systems. This model captured
the time correlation of sparse time-varying channels and
effectively improved the signal channel estimation
performance by exhibiting rapid convergence and recording
less computational cost. However, this approach was not
successful in utilizing advanced algorithmic models for
increasing the robustness in detecting the presence of noise.
Tseng, D.F., et al. [5] devised a Deep Neural Network
(DNN) for the reduction of impulsive noise and performing
channel estimation in an OFDM system. The DNN was
more significant in reducing the computational complexities
and was robust against impulse noise. Although this model
was not successful in preventing the performance
degradation arising from the unknowing occurrence of
impulse noise. Also, this model suffered from high
frequency of anomalous occurrences during the estimation
of CSI.

A. Challenges

The limitations of previous works utilized for channel
equalization and impulsive noise reduction in OFDM
systems are depicted below,

e The JCI-TMSBL algorithm introduced in [1]
reduced the computational complexity and
improved the accuracy of channel estimation by
utilizing a high-precision method under impulse
noise environment for channel estimation in
OFDM systems. However, this model failed to
perform well in sparse channel scenarios, being
outperformed by tradition Minimum Mean Square
Error (MMSE) or Least Squares (LS) estimators.

e The NDR-Net approach designed in [2] was robust
to channel estimation after signal clipping and
performed well under minimum local oscillation
offset condition. Meanwhile, this scheme failed to
consider a threshold mechanism or weighting
function to suppress and detect impulsive
components.

e The SBL and FB-Kalman algorithm designed in [4]
improved the estimation performance in an
impulsive noise background. Meanwhile, this
model recorded high algorithm complexities and
was not successful in avoiding excessive
amplification of both impulsive noise and AWGN.

Channel estimation and impulsive noise reduction in
OFDM systems aim to accurately recover transmitted signals
by mitigating the effects of multipath fading and bursty
noise, where the performance of the system is severely
degraded by non-Gaussian noise. Real-time challenges, such
as low-latency demands, high noise unpredictability, and
dynamic channel variations, require adaptive and innovative
models to ensure reliable, efficient, and robust
communication.

B. Maintaining the Integrity of the Specifications

The template is used to format your paper and style the
text. All margins, column widths, line spaces, and text fonts
are prescribed; please do not alter them. You may note
peculiarities. For example, the head margin in this template
measures proportionately more than is customary. This
measurement and others are deliberate, using specifications
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that anticipate your paper as one part of the entire
proceedings, and not as an independent document. Please do
not revise any of the current designations.

IV. DESIGNED ADAPTIVE WEIGHTED ZERO-FORCING
EQUALIZER MODEL FOR CHANNEL ESTIMATION
AND IMPULSIVE NOISE REDUCTION IN OFDM

In this research, the Adaptive weighted ZFE is designed
for channel estimation and impulsive noise reduction in
OFDM systems. Initially, the channel estimation in the
Multiple-Input Multiple-Output (MIMO)-OFDM system is
performed using the SAGE algorithm [14]. After that, the
channel equalization and impulsive noise reduction are
executed using the proposed Adaptive weighted ZFE model.
Here, the Adaptive weighted ZFE 1is designed by
incorporating the Adaptive concept and the weighted ZFE
[15]. The block diagram of the proposed Adaptive weighted
ZFE for channel estimation and impulsive noise reduction in
OFDM is given in Fig 1.
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'
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Fig 1. Illustration of Adaptive weighted ZFE for channel estimation and
impulsive noise reduction in OFDM

A. MIMO-OFDM Model

MIMO-OFDM [15] communication systems are
equipped with various reception and transmission antennas.
Let us consider, X . be the number of reception antennas,

and X , be the number of transmission antennas. In OFDM
systems, the total receiving antennas is greater than or equal
to the total transmitting antennas, i.e. X, = X, . Then, the

input data is demultiplexed by the transmitter for the
generation of data streams using serial-parallel conversion
followed by data coding. After that, the modulation is
performed using a Discrete Fourier Transform (DFT)
modulator, then the symbol streams are passed for
constellation mapping and perform cyclic prefix. The

transmission of transmitted signals X, of OFDM signals via
transmitter antennas is finally performed. On the receiver
side, the parallelization process is executed, and the removal

of the added cyclic prefix is performed. Then, the signals are
dem

odulated in order to permit signal reception on the
receiver antenna by using an Inverse DFT (IDFT) modulator.

The data symbols of the individual transmitter are
transmitted in a data vector form, designated as,

a, a, a, a, a, 1%
0" =[0".0".0",..0" |, a,=123,..5, (D

In the expression, the number of data symbols is signified
as n . Following this, the transmission of OFDM symbols
over the transmit antennas is performed, and model the
received signal for all sub-carriers. Thus, the signal received

by the a” sub-carrier is given by,

5

Ky =Y HL 0k v @
a,=1

Here, the diagonal channel matrix is signified

as H (@ ’ag), the diagonal element is represented as W, the

receiver and transmitter antenna is symbolized as @, anda, .
The expression of the transmitted symbol vector of
dimension (WX 1) is given in equation (2), where the
number of transmit antennas is represented as w. Likewise,
the acknowledged symbol vector by the receiving antenna is
signified as K (a) , and the symbol vector at the receiver

side is given by (i xl) . The impulse noise vector of
dimension(i ><1) is given byV(a), and H (a )represents

the channel matrix of dimension (i X W) .

B. Channel Estimation

In order to accurately estimate the channel coefficients, the
CSI under mobile fading and multipath conditions is
estimated during channel estimation. Here, the channel
estimation in the OFDM communication system is
performed using the SAGE [14] algorithm. Generally, the
time domain SAGE algorithm helps to neglect the inversion
of the matrix required with non-constant envelope
modulations in the channel estimator, whereas decisions for
an iterative solution of the LS estimator are provided by the
frequency domain SAGE algorithm. In the time domain, the
signal received is viewed in the form of complete data “ 4 ”
and incomplete data “ /" > that is modified with the channel

estimate nAiX ¥ b (l ) . Thus, the channel estimate with
>3

c" iterations of the b” path at time / computed by time
domain SAGE is expressed as follows,

~(c ~(c S S c
A§(,),X,,b = A&,),X,,b + F x, = Z —g(,'),X,. b A3)
X]=15'=0
A (c+ S;(r b;lﬁ(c)X (l)
sy, (1) ===
Sx,.08x.0

A(c+1) _ P A (c+1)
AX,,X,,b = Swath,X,,b Q)
A(c+1) _ A(c)
AX,”,X, b AX;’,X, b (6)
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Here, the length of channel impulse response is signified
as B, the distorted transmitted signals is indicated as X, , and

the column vector is denoted by Sx,.». Following this, the
initialization of the channel estimator with the channel

()

. ~ (0 . -
estimate 11, ,is performed from the prevailing OFDM

symbol, and is given by,

Agf(j),X,.,b (l ) =Sy, ’bn%gg)a)fwb @

C. Channel Equalization And Impulsive Noise Reduction

In OFDM communication systems, channel equalization and
impulsive noise reduction are performed in order to ensure
the reliability of recovered data in the presence of impulsive
noise and distortions. In this research, the Adaptive
weighted ZFE is used to reduce impulsive noise and
perform channel equalization. Here, the Adaptive weighted
ZFE is designed by incorporating the Adaptive concept with
the ZFE [15]. The process carried out is briefly exemplified
as follows,

(i). Zero Forcing Equalizer

The ZFE [15] is a linear equalization algorithm used in
communication systems for reversing the frequency
responses of the channels. In zero forcing, the multiplication

of the signal vector of the receiver K with the filter matrix
[ is performed at the receiver end. Here, the filter matrix is
given by,

-1
f=H'=(H'H) H" ®)
In the expression, the Hermitian transpose function is

H
signified as( ) , and the generalized inverse matrix based

on the matrix f is given by H " . Then, the transmit signal

vector received by the channels undergoes a linear
processing mechanism in order to recover the signals. Thus,
the process performed during linear processing is expressed
as,

~ d
N'=1(H) ©
Here, the output of the equalizer is signified as N d, and

r represents a selection matrix. The quantification of entity
output is based on the adjacent symbols. Thus, the selection

matrix L’ of the ZFE is designated as,

L=y (10)
Let us consider, the ZFE never operates perfectly in the
presence of impulsive noise. Thus, effective equalization
strategies are followed to operate the equalizer under

Minimal Mean Output-Energy (MMOE) conditions and
impulsive noise. The MMOE is minimized by the equalizer

based on the condition X, = X, for the e” data symbol
stream. The MMOE is expressed by,

MMOE, = ¢| N[ H | (1)

where, the constraint of zero forcing is given by,

L ~ MMOE = arg min g| K| H | (12)
By substituting Ly =7, , and the solution is given by,
-1
L, —MMOE =(y"'n,/H) "7, (13)
n, =g " [=yy el eyt (14)

Thus, the correlation matrix is determined from the received
data by using the equation (14).

(ii). Channel equalization using designed Adaptive weighted
Zero Forcing Equalizer

The channel equation is executed using the Adaptive
weighted ZFE model, where the Adaptive weighted ZFE is
designed by incorporating the Adaptive concept with the
weighted ZFE [15]. The adaptive concept is integrated with
weighted ZFE to significantly generate the noise correlation
matrix by interpreting the previous instance values. The
mathematical modelling of the Adaptive weighted ZFE
model is given by,

Initially, the mitigation of noise effect is performed at the
equalizer output, and the modelling of noise correlation is
performed, and is designated as,

Tss :7§TX, (15)

Here, the identity matrix is represented as 7 , and the

. . . 2 . .
variance is symbolized as g . Further, the noise correlation

matrix is rewritten for increasing SNR, and is given by,

,

| |
Mss =57§TX +57§TX,_ (16)

Then, the smoothing factor is used to redefine the second
term in the noise correlation matrix. Here, the smoothing
factor is designed based on the DFT of the received signal at
the receiver. Thus, the generated noise correlation matrix is
designated as,

T 2 2
Nss =KysTy +6ysTy (17)
In the expression, the kernel impulse noise interpolator is

represented as X', and the smoothing term is given by O .
Further, the smoothing factor is articulated as,

8= DFT(z)*P(z)] (18)
L ifz<z,
P(Z)_{O, . (19)

In the expression, the pilot signal is expressed as z,, and
the DFT of the received signal z is given by DF'T (Z ) .
By substituting equation (18) in equation (17), we get

T 2 2
nis = DFT(K)*P(K)|yiT, +x73T,  (0)
The resultant output of smoothing term based on noise
correlation matrix is given by,

Nes =wy" +(|:DFT (K)*P(K)J}/;TXF +K7/52'TX,.) 2D
Thus, the equalization output is expressed as,

Le=(v' i H] v | s/ ([ DFT(R)P(K) T, a7, ) [22)
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Since the channel is time varying, the output of equalization
is articulated as,

LAy 0 0] |/ [ DFTR) R K i, i )| 23)

Let us consider K’ is adaptive and varies from [0,3], where
K is given by,

2 4
k=|cos?[ 2 g+ ;9 el
4 9 +4 |2

In the expression, ¢ 42 ()e[o.1],

24

c [0’1], and

8% +4
His any real number.

V. RESULTS AND DISCUSSION

The analysis executed for the validation of the efficacy of
Adaptive weighted ZFE while estimating CSI and reducing
impulsive noise in OFDM communication systems is
demonstrated in this section.

A. Authors Experimental Set-Up

The Adaptive weighted ZFE employed for channel
estimation and impulsive noise reduction in OFDM is
implemented in the MATLAB tool with simulation.

B. Evaluation indicators

In order to validate the efficacy of the Adaptive weighted
ZFE, the analysis is performed using different indicators,
which are detailed below.

a) MSE: The MSE is used to estimate the deviation
between the output of the equalizer from the actual
transmitted signal, and is designated as,

MSE = E(HW; - WPHZ) 25)

In the expression, the original transmitted signal is
*
represented as W, , and W, is the estimated output.

b) BER: The BER is used to identify the robustness of
Adaptive weighted ZFE in reducing impulsive noise, and is
used to accurately determine the quality of communicated
channels. The BER is given by,

1

BER =— 26
7 (26)

Here, [ is the number of error bits, and J symbolize the
number of transmitted bits.

¢) SER: SER is used to estimate the interference of
the channels, which is designated as,

i)

where, the weight is signified as & , the dominant

@7

interference is represented as /7, the noise variance is given

by A, the Q function is symbolized as g , and E is the
expectation.

d) Throughput: The rate at which the data is
transmitted or processed over a specific time period is
termed throughput.

C. IdentiComparative Models

The efficacy of Adaptive weighted ZFE is validated by
comparing it with prevailing channel estimation and
impulsive noise reduction schemes, like SBL+FB-Kalman
[4], Successive JCI (SICI) [7], Ant Colony Optimization
(ACO) [13], and Bayesian matching pursuit-Moth-Flame
algorithm (BMP-MFA) [9].

D. Comparative Assessment

The quantitative validation to assess the supremacy of
Adaptive weighted ZFE, is performed based on Rayleigh
channel by varying SNR. The investigation performed is
demonstrated below,

For Rayleigh Channel:

Figure 2 portrays the evaluation of Adaptive weighted
ZFE model designed for channel estimation and
reduction of impulsive noise based on SNR for
Rayleigh channel. Figure 2(a) depicts the
investigation of Adaptive weighted ZFE using
throughput by varying SNR. For SNR of 10dB, the
Adaptive weighted ZFE measured throughput of
95.898Mbps, and the throughput recorded by existing
schemes, like SBL+FB-Kalman, SJCI, ACO, and
BMP-MFA is 75.098 Mbps, 81.978 Mbps, 86.876
Mbps, and 91.876 Mbps. In figure 2(b), the analysis
of Adaptive weighted ZFE utilizing BER by varying
SNR is elucidated. The BER of 6.55 x10-4 is
observed by Adaptive weighted ZFE, whereas the
BER recorded by previous works is 5.76 x10-3 by
SBL+FBKalman, 3.67 x10-3 by SJCI, 1.78 x10-6 by
ACO, and 8.68 x10-4 by BMP-MFA for SNR of
10dB. The valuation of Adaptive weighted ZFE by
means of SER under varying SNR is demonstrated in
figure 2(c). The Adaptive weighted ZFE attained SER
of 0.0050, and the SER observed by baseline
techniques, such as SBL+FB-Kalman is 0.0083, SJCI
is 0.0079, ACO is 0.0075, and BMP-MFA is 0.0064
for 10dB SNR. Moreover, the validation of Adaptive
weighted ZFE utilizing MSE by varying SNR is
shown in figure 2(d). The MSE of 0.0006 is recorded
by Adaptive weighted ZFE for SNR of 10dB, whereas
the MSE recorded by existing schemes is 0.0065 by
SBL+FB-Kalman, 0.0046 by SJCI, 0.0023 by ACO,
and 0.009 by BMP-MFA.

BER

SNR(dB)
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Fig 2. Investigation of Adaptive weighted ZFE utilizing (a) Throughput (b)
BER, (c) SER, and (d) MSE for Rician channel

TABLE L COMPARATIVE DISCUSSION
Evalu Table Column Head
ation Proposed
BMP- Adaptive

Indica | JCI SJICT | ACO MFA | weighted

tion ZFE

For Rayleigh channel
BER | 576x10° | 367 | L7810 868 XI0" | gsga
x10

MSE 0.0065 0.0046 0.0023 0.0009 0.0006

SER 0.0083 0.0079 0.0075 0.0064 0.0050
Throu

ghput | 75008 | 81978 | 86.876 91.876 95898
(Mbps)

V1. CONCLUSION

The impulsive noise is becoming a main threat to OFDM
communication systems because of the inevitable corruption
of signals across all subcarriers, which also degrades the
performance of the OFDM system. Nowadays, various
impulsive noise reduction techniques are used to reduce the
performance of OFDM systems. In this article, the Adaptive
weighted ZFE model is designed to accurately perform
channel equalization and reduce impulsive noise in an
OFDM communication system. Here, the MIMO-OFDM
system is initialized, and the channel estimation in the
OFDM system is executed using the SAGE algorithm. After
that, Adaptive weighted ZFE is designed for channel
equalization and impulsive noise reduction. Here, the
Adaptive weighted ZFE is designed by incorporating the
Adaptive concept with the weighted ZFE. Furthermore, the
supremacy of Adaptive weighted ZFE is investigated by
comparing it with previous works employed for comparison.
The Adaptive weighted ZFE yielded high performance with
BER, MSE, throughput, and SER of 6.55x10, 0.0006,
0.0050, and 95.898 Mbps for Rayleigh channel. Future
endeavors will focus on the utilization of hybrid deep
learning techniques to accurately reduce impulsive noise in
OFDM communication systems.
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