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Abstract—The Orthogonal Frequency Division Multiplexing 

(OFDM) with high data rate, high spectral efficiency and its ability to 

mitigate the effects of multipath makes them most suitable in wireless 

application. Impulsive noise distorts the OFDM transmission and 

therefore methods must be investigated to suppress this noise. In this 

paper, a State Space Recursive Least Square (SSRLS) algorithm 

based adaptive impulsive noise suppressor for OFDM 

communication system is proposed. And a comparison with another 

adaptive algorithm is conducted. The state space model-dependent 

recursive parameters of proposed scheme enables to achieve steady 

state mean squared error (MSE), low bit error rate (BER), and faster 

convergence than that of some of existing algorithm. 
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I. INTRODUCTION 

HE Orthogonal Frequency Division Multiplexing is a 

variant of signal modulation that splits the modulated high 

data rate stream into many slow modulated narrowband close-

spaced subcarriers and is less sensitive to frequency selective 

fading. Therefore OFDM has attracted much attention in past 

decades and is successfully implemented in the cellular 

communication standards like LTE / LTE-A and WiMAX. 

Digital Audio/Video broadcasting standards have also adopted 

OFDM making it suitable for high data throughput [1].  

OFDM is normally corrupted by the impulsive noise, which 

is non-Gaussian in nature and has disastrous effects in OFDM 

transmission. The performance of OFDM system is degraded 

by the multiple impulsive noise existence in received OFDM 

signal because of its wide frequency component. Researchers 

are inspecting solutions for mitigating this type of noise, and 

therefore improving systems performance in terms of mean 

square error and bit error rate.  
Various techniques are reported in literature which attempt 

to suppress the impulsive noise from the original transmitted 

signal. Researchers are inspecting solutions for mitigating this 

type of noise, and therefore improving systems performance in 

terms of mean square error and bit error rate. Various 

techniques are reported in literature which attempt to suppress 

the impulsive noise from the original transmitted signal. 

The conventional method for removal of impulsive noise is 

the median filter with some signal degradation [2]. The 
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impulsive noise suppressing techniques of clipping and nulling 

are proposed in [3], [4]. The bit error rate performance metric 

in OFDM systems is improved by combination of clipping and 

nulling [5]. The sample replacement [6] algorithm was 

proposed to cater for removing multiple impulsive noises in 

received OFDM signal. However the replica signal subtraction 

method [7] was proposed to solve the problem when impulsive 

noise arises between the OFDM samples in time domain. In 

[8], the replica of impulsive noise is generated and subtracted 

from the received OFDM signal in an iterative manner for 

impulsive noise reduction. 

In [9], the Periodic impulsive noise from OFDM based 

power line communication systems was suppressed by notch 

and Least Mean Square algorithms. The NLMS, RLS, 

VSNLMS adaptive filters based receiver technique for 

removing impulsive noise from the MIMO-OFDM system was 

designed in [10].An impulsive noise canceller of sinusoidal 

and ECG signal based on SSRLS filter [11], [12] in time 

domain is proposed. In addition comparison of SSRLS with 

RLS and NLMS adaptive algorithm was carried out. Another 

new technique based on Clipping and Adaptive Filters in 

AWGN Channel for impulsive noise reduction is proposed in 

[13]. In this paper, an impulsive noise suppressor for OFDM 

system is implemented by motivational results obtained in 

[11]-[13]. 

This paper is organized as: Section II briefly explain the 

principle of OFDM, Section III gives the review of different 

adaptive filters which is followed by comparative analysis 

supported with the simulation results in section-IV. In the end, 

section V then concludes the paper and is then followed by the 

references. 

II. OFDM 

The Orthogonal Frequency Division Multiplexing is a 

multicarrier modulation in which transmission over a 

dispersive channel is carried out. The basic block diagram of 

OFDM system is shown in Fig. 1. In OFDM the high data rate 

streams are split into low data rate streams in parallel and 

modulated separately on different orthogonal sub-carriers. The 

introduction of pilot insertion and cyclic redundancy at the 

transmitter reduces the complexity to only Fast Fourier 

Transform FFT processing on the receiver side. These 

subcarriers are multiplexed and passed through the channel, 

which is responsible for adding impulsive noise and white 

Gaussian noise in the transmitted OFDM signal. At the 

receiver side, the signal is demodulated and passed through 

the adaptive filter block for impulsive noise reduction in the 

OFDM signal. 
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Fig. 1 Block Diagram of Proposed Scheme for OFDM system 

 

III. IMPULSIVE NOISE 

Impulsive noise is a human made noise consisting of relative 

short duration ‘on/off’ noise caused by variety of sources such 

as car ignition, power line, switching transients’ etc. It has 

high power density and binary-state sequence of impulses with 

random amplitudes and random positions of occurrence. An 

impulsive noise sequence can be modeled as Bernoulli 

Gaussian model, where amplitude is modeled by Gaussian 

distribution and rate of occurrence of impulses will be 

modeled by Bernoulli distribution and expressed as  

 

	��(m) = �(�)	(�)                                 (1) 

 

In (1), a binary Bernoulli process of random sequence of ones 

and zeros is denoted by b(m) and n(m) is a random noise 

process. The probability density function of impulsive noise is 

given by  

 


�
� 	(��(m)) 	= (1 − 	α)δ���(m)� + α	
� 	(��(m))   (2) 

 

A zero-mean Gaussian probability density function model of 

the random amplitudes of impulsive noise is given by 

  


� 	(�(m)) =
�

√���
exp[��

 (!)
�� 

                          (3) 

 

"(1 − ") is the variance and " is the mean of Bernoulli 

process. The autocorrelation of impulsive noise is represented 

by binary-state process:  

 

#��($,�) = 	&[��(�)��(� + $)' = 	 (��	)($)	(�)   (4) 

The Kronecker delta parameter is denoted by δ (k) in (4). 

Considering the uncorrelated noise process, the 

autocorrelation #�� and the power spectrum *�+	�+	 of impulsive 

noise are given by following equations:  

 

 #��(0,�) = 	(��		(�)                           (5) 

 

*�+	�+	(
,�) = 	(�
�		(�)                         (6) 

IV. ADAPTIVE ALGORITHMS 

The two adaptive filters basic algorithm used in this 

research are summarized as follow. 

A. Bhagyashri Proposed Filter 

This filter has different cost function which assumes that the 

error produced in adaptive systems is non-Gaussian [14]. The 

weight update equation of Bhagyashri proposed algorithm is 
 

  -n+1 = -n + µ. tanh [β. e(�)]                   (7) 
 

tanh [0. 1(�)]=  

sign(e(�))                if |e(�)|> 1/	0 

                                      

-e(�).|e(�)|β2 + 2β.e(�),     if |e(�)|≤ 1/	0 

(8) 

-n+1 =  

-n + µ. sign [e(�)].	6n           if |1(�)|>1/	0 

                                    

-n +µ[20 − 02. |1(�)|]	1(�)6n,  if |1(�)|≤1/	0 

(9) 
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The function 0 control the concavity in the cost function 

and sensitivity to large outliers in the value of e(�)and is 

defined as 

 

         0 = 
7

897�
                   (10) 

 

The m and ( are the mean and standard deviation of error 

signal. 

B. State space Recursive Least Square (SSRLS) Filter 

State Space Recursive Least Squares or SSRLS algorithm is 

state space representation of an extension of RLS algorithm. It 

is used to remove noise and its performance can be evaluated 

in a non-stationary environment(impulsive noise).The steps of 

SSRLS form II filter along with sinusoidal model for 

implementation are given in [15]. 

                                          

6:[�' = 6̅[�' + <[�'=[�'                   (11) 

 

6:[�' = >6̅[� − 1'                       12) 
 

 =[�' = ?[�' − ?@[�'                         (13) 
 

 ?@[�' = A6[�'                             (14) 

 

 B[�' = C(>�DB[� − 1')>�� + ADA         (15) 

 

 <[�' = B��(�)AD                         (16) 

 

where 6:[�' is the input state,	=[�' is the prediction error, <(�) 
is observer gain, � is predicted input state, �: is estimated 

state,	?@[�' is the predicted output state and Φ[n] is the 

correlation matrix. 

III. SIMULATION RESULTS 

The performance of proposed scheme is evaluated in 

AWGN channel with the Bhagyashri algorithm. The 

simulation platform selected for research was MATLAB 

version 12.The parameters used in simulating the OFDM 

system are represented in the Table I. 
 

TABLE I 

PARAMETER SET OF OFDM SYSTEM SIMULATION 

Parameters Values 

Modulation technique BPSK 

Number of subcarriers 52 

Size of cyclic prefix 16 

FFT-length 64 

Number of bits generated 52000 

 

The impulsive noise is generated by following algorithm 

mentioned in [16]. The parameters used for simulating 

impulsive noise are mentioned in Table II and it is illustrated 

in Fig. 2.  

The impulsive noise generated distorts the binary data, 

while passing through the channel responsible for adding 

impulsive noise and white Gaussian noise are depicted in Fig. 

3.  

TABLE II 

PARAMETER SET FOR IMPULSIVE NOISE SIMULATION 

Parameters Symbol Value 

Sampling Frequency F 10 

Total time T 8000 

Average Time between samples 0 1s 

Mean of log amplitude A 10dB 

Standard deviation of log amplitude B 5dB 

Mean of Additive Gaussian Noise M 0 

Standard deviation of Gaussian 

Noise 
( 0.3 

 

 

Fig. 2 Impulsive Noise Signal 

 

 

Fig. 3 Original and received signal 

 

The system output error signal 1(�) should contain the 

original signal E(�) in an optimum sense. The length of all the 

three adaptive filters is fixed to 10. The step size parameter for 

Bhagyashri proposed Algorithm is chosen to be equal to 

0.0002 and forgetting factor for SSRLS is 0.99. The error 

signals obtained by above mentioned adaptive filters are 

compared with one another in Fig. 4. 

Fig. 4 represents the comparison of SSRLS and Bhagyashri 

algorithm error plots, while cancelling impulsive noise from 

the OFDM signal. SSRLS exhibit better performance in 

cancelling the largest peaks of impulsive noise from the 

OFDM signal, while other investigated algorithms fail to 

remove the noise with large amplitudes.  
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Fig. 4 Comparison of original data, received data and recovered data 

using SSRLS and Bhagyashri Filters 

 

 

Fig. 5 Comparison of MSE (dB) of adaptive filters 
 

The mean square error in terms of decibel simulation results 

also confirms that SSRLS give lowest MSE and fastest 

convergence while cancelling impulsive noise as depicted in 

Fig. 5. It can be seen that the mean square error of the SSRLS 

based technique is less than -5dB whereas the Bhagyashri 

based impulsive noise canceller mean square error is below 

10dB.  

The comparative analysis of SSRLS and Bhagyashri based 

Noise canceller in terms of bit error rate (BER) is depicted in 

Fig. 6.the BER plot indicate that SSRLS filter outperforms the 

Bhagyashri filter in impulsive noise cancellation of OFDM 

signal by giving minimum BER. The constellation used for the 

OFDM in this research is BPSK.  

 

 

Fig. 6 Comparison of Bit Error Rate of adaptive filters 

IV. CONCLUSION 

In this paper, an adaptive impulsive noise suppressor for 

orthogonal frequency division multiplexing OFDM system has 

been proposed that is based on state space recursive least 

square (SSRLS) algorithm. Due to the state space dependent 

model, the proposed technique exhibit better impulsive noise 

cancellation in OFDM signal when compared to Bhagyashri 

algorithm. The simulation results obtained by proposed 

enhanced impulsive noise suppressor guarantees the superior 

performance of SSRLS in terms of convergence speed, lowest 

MSE and BER. In the future work, SSRLS based proposed 

noise canceller can be tested on different constellation 

schemes in OFDM systems.  
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