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Abstract: An effective communication application necessitates the cancellation of
Impulsive Noise (IN) from Orthogonal Frequency Division Multiplexing (OFDM),
which is widely used for wireless applications due to its higher data rate and greater
spectral efficiency. The OFDM system is typically corrupted by Impulsive Noise,
which is an unwanted short-duration pulse with random amplitude and duration.
Impulsive noise is created by humans and has non-Gaussian characteristics, causing
problems in communication systems such as high capacity loss and poor error rate
performance. Several techniques have been introduced in the literature to solve this
type of problem, but they still have many issues that affect the performance of the
presented methods. As a result, developing a new hybridization-based method is
critical for accurate method performance. In this paper, we present a hybrid of a
state space adaptive filter and an information coding technique for cancelling impul-
sive noise from OFDM. The proposed method is also compared to Least Mean
Square (LMS), Normalized Least Mean Square (NLMS), and Recursive Least
Square (RLS) adaptive filters. It has also been tested using the binary phase-shift
keyed (BPSK), four quadrature amplitude modulation (QAM), sixteen QAM, and
thirty-two QAM modulation techniques. Bit error Rate (BER) simulations are used
to evaluate system performance, and improved performance is obtained. Further-
more, the proposed method is more effective than recent methods.

Keywords: Impulsive noise; adaptive filter; OFDM; NLMS; RLS

1 Introduction

The Orthogonal Frequency Division Multiplexing (OFDM) is a digital modulation technique which
splits single wideband into narrowband or smaller dividing into parallel bit streams. The narrow band
stream of each is modulated separately on different orthogonal sub-carriers and is then frequency
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multiplexed. OFDM is extensively used in wireless applications due to its high data rate and higher spectral
efficiency. Moreover there is more resistance of orthogonal frequency-division multiplexing (OFDM) to IN
inherently than the modulation of single carrier, still performance of system is degraded if the power of IN is
exceeded with specified threshold and it affects all subcarriers [1]. OFDM smartly deals with mitigating the
effect of multipath, thus making it best suited for higher data rates in wireless applications [2]. Over the past
decade number of wireless standards including worldwide interoperability for microwave access (WiMAX),
4G mobile systems using long term evolution (LTE) and uses OFDM technique; it is adopted for digital
audio/video broadcasting due to its higher data rate [3].

OFDM based communication systems are usually corrupted by Impulsive noise, unwanted pulses of
short duration that have random amplitude at random duration. Impulsive noise is human made noise
having non Gaussian characteristics, exhibiting adverse effects in communication systems such as great
capacity loss and poor error rate performance [4,5]. In [6—9], authors are taking benefit of the processing
in analog domain whereas IN is separable and broadband. But for analog domain technique, finding
thresholds s is not trivial. For reducing impulsive noise from OFDM, linear error correcting codes such as
low-density parity-check (LDPC) and adaptive filters can be used. LDPC is used for transmitting a
message signal over a noisy channel. One of the great uses of this code is that it performs near to
Shannon limit and thus has Low Decoding Complexity. An adaptive filter, is self-optimizing filter that
uses its own design by adjusting its internal parameters upon estimating the characteristics of its input
output signal. Adaptive algorithms are being used for the reduction of noise.

The paper’s organization is as follows, in Section 2 related work is described. Section 3 explains
proposed methodology, Section-4 presents decoding via Sum product Algorithm (SPA). Results of
simulation are elaborated in Section-5, which is followed by comparative analysis of adaptive filters and
LDPC codes. Finally, Section-6 gives the conclusion.

2 Related Work

Various techniques have been presented in literature for the suppressing impulsive noise from OFDM
systems. Researchers are finding solutions for mitigating impulsive noise from OFDM systems, thus
improving performance of the system by means of Bit Error Rate (BER) and Mean square error (MSE).
Impulsive noise mitigation through conventional method is median filter with some signal degradation was
proposed in [10]. In OFDM, for suppressing impulsive noise, Clipping and nulling methods was proposed
in [11,12]. Moreover by the combination of clipping and nulling the BER was improved in OFDM systems
[13]. Removing multiple impulsive noises from received OFDM through sample replacement algorithm was
presented in [14]. Although the replica signals subtraction method for OFDM in time domain was proposed
for cancellation of noise [15]. Further, for impulsive noise cancellation, copy of impulsive noise was
produced and same was subtracted from received signal, is presented in [16] Impulsive Noise suppression
in time as well as frequency domain has been proposed for OFDM in [16], where it has been showed that
the combined time/frequency domain performs better and significantly reduces the impulsive noise than
nonlinear methods under power line communication (PLC) systems. Removal of impulsive noise from
multiple-input multiple-output (MIMO) fdm based system using adaptive filters NLMS, RLS and visual
sequence Normalized Least Mean Square (VSNLMS) was proposed in [17]. In OFDM based OFDM, the
Notch and Least Mean Square methods were proposed for reduction of impulsive noise in [18]. An
impulsive noise canceller was proposed in [19] for sinusoid and state space recursive least square (SSRLS)
method for ECG signals Whereas the same work in [19] was presented in time domain [20]. Another
technique for reduction of impulsive noise using clipping and adaptive filters was presented in [21].

In OFDM, for correction of impulsive noise based on Reed Solomon (RS) code for broadband power
line transmission has been proposed where the decoding algorithm with emphasis on low implementation
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and complexity [22]. The impulsive noise was reduced for OFDM based PLC systems using turbo decoding
adaptive noise compensation was proposed in [23] showed good performance than well-known noise
reduction methods. In [24], for OFDM based PLC, the periodic impulsive noise was suppressed with and
without filtering method. Two methods have been presented i.e., adaptive notch filter and LMS algorithm.
Adaptive LMS algorithm showed better result for noise mitigation.

In the [25], An approach of a deep neural network (DNN) is followed for detecting the IN, and the IN
after detection has been alleviated in the suppression’s stage to cancel the harming outliers outcomes. In [24],
An OFDM based system impulsive noise canceller had been proposed while comparing two different
algorithms that is SSRLS and Bhagyashri algorithm. An impulsive noise suppressor for OFDM system
while comparing different adaptive algorithms such as SSRLS, NLMS and RLS had been proposed in
[26]. In our work we investigate impulsive noise mitigation in OFDM systems with encoding techniques:
i.e., Low density parity check code and SSRLS.

3 Proposed Methodology

In this research, suppression of impulsive noise is investigated by implementing hybrid LDPC code and
SSRLS on OFDM system.

3.1 SSRLS And LDPC Based OFDM System

A multicarrier modulation (MCM) system i.e Orthogonal Frequency Division Multiplexing (OFDM),
with multiple sub bands and multiple sub carriers where transmission is parallel. This multi carrier
transmission divides the single wideband into number of narrowband or smaller dividing into parallel bit
streams. Narrow band stream of each is modulated on carrier and then is frequency multiplexed. The
proposed block diagram of SSRLS and LDPC coded OFDM system is demonstrated in Fig. 1. Message
signal is first coded with LDPC and using QAM technique the same is modulated. QAM modulated data
symbols are converted into parallel data stream. OFDM transmitter and receiver is efficient in terms of
using fast algorithms such as Fast Fourier Transform (FFT) and Inverse Fast Fourier Transform (IFFT).
Modulated symbols are then converted into time domain by means of IFFT. These symbols are
multiplexed and then passed through channel where the signal is deteriorated because of impulsive noise
and Additive White Gaussian Noise (AWGN). Impulsive noise, an unwanted signal of short duration on/
off pulses that have random amplitude produced at random duration. It is human made noise having non
Gaussian characteristics, exhibiting adverse effects in communication systems [4].
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Figure 1: LDPC and SSRLS based OFDM system
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Impulsive noise results in different type of sources like inadequate synchronization in communication,
electromagnetic system, switching noise etc. The Impulsive noise sequence can be demonstrated by
modelling it using Bernoulli Gaussian model. In this model, Gaussian distribution is used to model
amplitude and occurrence of all impulses via Bernoulli distribution [10]. Mathematically,

ni(m) = n(m)b(m) 6]

From the above equation, n(m) and b(m) represents a binary Bernoulli process, which is random noise
process constituting random ones and zeros. The impulsive noise ni(m) probability density function of a
Bernoulli-Gaussian model can be written as [10]

VO (ni(m)) = (1 = @)d(ni(m)) + afy(ni(m)) )

Probability density function of a Gaussian model of impulsive noise with zero mean having amplitudes
distributed randomly and ¢?,, the variance of noise amplitude is written as [10]

o) = ——exp |- 20 o)
The mean g, and variance o1,? of Bernoulli process in [5] can be expressed as

w,=E[(b(m))]=ax14+(l —a)=u0o 4)

05* = E[(b(m) — ,)’] = a(1 — ) )
Auto correlation of impulsive noise as binary state can be expressed as

rnn(k,m) = E[ni(m)ni(m + k)] = o> (k)b(m) (6)

As Kronecker delta function is represented by symbol (k). For a sequence of Impulsive noise, power
spectrum PNINI can be achieved, by applying Fourier transform on autocorrelation function [10], thus it can
be written as

PNIN2(f,m) = on*b(m) (7

3.2 Adaptive Filter Algorithm

Adaptive filters are used for the reduction of noise. Fig. 2 shows basic adaptive noise cancellation block
diagram. There are many adaptive algorithms, the concise overview of each adaptive algorithms used in this
research is discussed below.

Desired
Signal

i ﬂ +
received / Error Signal

signal Y(n) -
S Adaptive Filter

VA |

Figure 2: Adaptive noise cancellation system [16]
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3.3 Recursive Least Square

The Recursive Least Square (RLS) adaptive filter finds coefficient of filter recursively, useful for
minimizing a cost function that is concerning to deterministic input signal. In RLS estimation of matrix
autocorrelation is utilized for de correlating the present (current) input data. RLS exhibits computational
complexity and extremely fast convergence when compared with all variants of Least Mean Square. In
RLS, where wt denotes the filter weights are recursively updated using the equations below [20],
mathematically, it is defined as follows:

wt(n+ 1) = wt(n) + k(n)x(n) (8)

AT = )x(n)
1+ "% () (n — 1)x(n)

') =2 (n—1)=2"k(n)x" ()T ' (n— 1) (10)

k(n)

©

From equation, A shows forgetting factor, ! depicts cross correlation matrix.

3.4 State Space Least Squares

An extension to RLS method is State Space Recursive Least Squares (SSRLS). Usually represented
using state space and used for noise reduction. Its performance can be evaluated in presence of impulsive
noise background. The sinusoidal model for implementation of SSRLS form II filter is given in [4].

x[n] = X[n] + ¢[n]k(n] (11)
R[] = Ax[n — 1] (12)
¢[n]= y[n]—y[n] (13)
y[n] = Cxln] (14)
D) =24 "Sm—1))a" +Cc'C (15)
Kn) =@ ' (n)CT (16)

where X[n| denotes input state, k[n] representing the gain of observer, &[n] shows the prediction error, the
predicted input is denoted by n, estimated state is represented by n, the predicted output and correlation
matrix are denoted by y[njand J[n] respectively.

3.5 Low Density Parity Check Codes

Low Density Parity Check codes (LDPC), linear error correcting codes used for purpose of transmitting
an input signal over a noisy channel. One of the great uses of this code is that it performs near to Shannon
limit and thus has low decoding complexity. A low-density parity-check code is one that is described by a
parity-check matrix that has the following attributes: Each column has a small fixed number j geq 3 of I’s, but
each row includes defined number k > j of I’s. For a fixed amount and fixed j, the usual minimum range of
these codes rises linearly with block size. When combined with maximum likelihood decoding over just a
sufficiently silent binary-input symmetric channel, the normal rate of decoding error decreases
exponential with block length for a fixed rate and fixed j. In this paper, we consider a random sequence
of bits generated and coded bits are modulated using 4 array QAM symbols and orthogonally is
maintained by applying fast Fourier transform on OFDM signal. LDPC codes are represented by a matrix
having almost O’s and very small number of 1’s. LDPC code mentioned here by parity check matrix H as
illustrated an example in Fig. 3.
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Figure 3: Parity check matrix

Suppose N(m) represent set of symbol nodes i.e., 1’s positions in the m™ row parity check equation.
M(n) represent the constituent nodes i.e., 1’s position in n" column of parity check equation.
Consequently, the received codeword denoted by y = {yl,y2,y3....... yN} equivalent to code word
C={C1,C2,C3...... CN}.

In this paper SPA algorithm is used for decoding, where Initialization is based on the probabilities of the
modulated signal and probabilistic properties of the channel noise. The next step is to update the message,
where the message bits are based on the observed value of the bit nodes by computing bit to constituent nodes
and some of the messages transmitted to that bit nodes from the corresponding constituent nodes. The last
step is decision, where the decoding is successfully done if and only if decision condition is satisfied or
otherwise it switches direct to upcoming message update iteration.

dl.:{l if Zamda(1)>0.5}

0 elsewhere

(17

When maximum number of iteration is done i.e., decoding is completed, the message signal is extracted.

4 Results and Discussion

Performance analysis of OFDM is done by applying LDPC code and SSRLS adaptive filter. Table 1
describes the simulating parameters for the OFDM system.

Table 1: Parameters for OFDM system

Parameters Value
Subcarriers number 52
Cyclic prefix size 16

FFT size 64
Modulation 4-QAM

Modulation technique used is 4-QAM, by generating random data. In this paper irregular LDPC code
size of 525 x 1050 is created where the H matrix has m columns and n rows. The coding rate defined
here is 1/2. The number of iteration for decoding is set to 20. Table 2 mentioned below depicts the
simulation parameters of LDPC code.

In this paper impulsive noise is generated as per the mentioned steps in [4]. Moreover, Table 3 depicts
the simulated parameters to generate impulsive noise in OFDM.
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Table 2: Parameters of LDPC code

Parameters Value
Information bits 1050
Modulation 4-QAM
Encoding LDPC
Code rate 1/2
Decoding SPA
Maximum iteration 20

Table 3: Parameters for generation

Parameters Symbol Value
Total time T 8000
Sampling frequency F 10
Log-amplitude mean A 10 dB
Additive Gaussian noise mean M 0
Log-amplitude standard deviation B 5dB
Gaussian noise standard deviation 0 20

In this paper, AWGN and IN (impulsive Noise) are introduced into the OFDM system. A corrupted
signal is first encoded using LDPC code and then filtered using SSRLS adaptive filter to reduce noise.
The results of the adaptive filter and a signal known as the required signal are compared. As a result, the
difference between the two signals generates an error signal, and the filter recursively upgrades its
weights to mitigate the effect of the error signal. The performance of various adaptive filters, such as
LMS, NLMS, RLS, and SSRLS, is compared. For NLMS algorithm, the step size parameter’s range i.e.,
u lies in between O to 1 and the value to be selected is 0.01. While for RLS forgetting factor i.e., A is
calculated to be 0.98 from the range 0.98 to 1.

The BER vs signal to noise ratio (SNR) of the OFDM signal is depicted in Fig. 4, by using LMS, LDPC
and hybrid of both technique to reduce impulsive noise.
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Figure 4: BER comparison of hybrid LMS and LDPC code for reduction of Impulsive Noise in OFDM signal
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Performance of amalgamated LMS and LDPC is better than LMS filtering method. Furthermore Fig. 5
shows the performance analysis of NLMS and LDPC OFDM system and depicts that combination of LDPC
with NLMS performs better in term of BER.
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Figure 5: BER comparison of hybrid of NLMS and LDPC code for Impulsive Noise mitigation in OFDM
signal

Moreover, for reduction of IN, RLS LDPC coded OFDM’s performance is compared with LDPC OFDM
and RLS OFDM in Fig. 6. Results depicts that hybrid combination of RLS LDPC coded OFDM outperform
the other two.

10°

--‘-‘-"-*
LI

102 ‘

x
] <
m 03
Y
107 ‘
RLS OFDM
= A - 1DPC Coded OFDM
= @ =RLS LDPC OFDM 1
106 \ | | 1 1 1
0 2 4 6 8 10 12 14

SNR(dB)

Figure 6: BER comparison of hybrid combination of RLS and LDPC code for reducing Impulsive Noise in
OFDM signal

Fig. 7 illustrates the BER performance of hybrid combination of SSRLS and LDPC code for noise
reduction in OFDM system.

The hybrid method i.e., SSRLS and LDPC outperforms than RLS LDPC as well as NLMS LDPC coded
OFDM system. The comparison among hybrid combination of LMS, NLMS, RLS and SSRLS based LDPC
code is shown in Fig. 8. The outcomes depicts that SSRLS LDPC coded OFDM system mitigates the effect
of impulsive noise far better than RLS LDPC and NLMS LDPC coded OFDM system. Further, Fig. 8 shows
BER performance for all adaptive filters. Fig. 9 illustrates Uncoded OFDM along with RLS, SSRLS, LDPC
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and SSRLS LDPC coded OFDM system. SSRLS LDPC coded OFDM system exhibits better performance in
terms of noise removal than individual filter and LDPC code in OFDM system.

0

.

1072k

BER

104§

= == = SSRLS OFDM
=LDPC Coded OFDM
= @ —SSRLS LDPC OFDM

106
0

6 8
SNR(dB)

Figure 7: BER comparison of hybrid combination of SSRLS and LDPC code for Impulsive Noise reduction

in OFDM signal
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LDPC for Impulsive Noise cancellation in OFDM signal

For Figs. 4 to 9, the modulation scheme used is 4-QAM. Moreover, for reduction of impulsive noise in
OFDM, performance of SSRLS LDPC based OFDM system for different modulation scheme over BPSK, 4-
QAM, 16-QAM and 32-QAM is compared in Fig. 10. Whereas, result shows that SSRLS LDPC based
OFDM modulated over BPSK exhibits better performance in terms of BER.
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5 Conclusion

This paper presents a hybrid combination of adaptive filters amalgamated LDPC coded OFDM system.
Because of recursive parameters of adaptive filters such as Normalized Least Mean Square (NLMS),
Recursive Least Square (RLS), State Space Recursive Least Square (SSRLS), and LDPC code, the
presented scheme exhibits better impulsive noise reduction in OFDM systems. Furthermore, the
comparison was made using various modulation techniques such as BPSK, 4-QAM, and 16-QAM.
The results demonstrated the good performance of the hybrid technique through lower BER. The
simulation results show that SSRLS LDPC coded OFDM outperforms SSRLS, RLS, and NLMS-based
OFDM. Individual filters with LDPC code mitigated impulsive noise in OFDM better than the proposed
technique. In the future, this technique can be applied for several computer vision research applications
such as medical [27,28], agriculture [29,30], surveillance, and many more [31-36].
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