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Abstract— Communication is the most important factor for 

the development of the human society. There are many 

technologies for the establishment of the effective 

communication such as satellite communication, wireless 

communication, wired communication, power line 

communication etc. there are various modulation techniques 

are available for secured and noise free communication. 

Orthogonal Frequency Division Multiplexing (OFDM) is 

the one of the efficient method which is used to establish 

such communication. Added Impulsive Noise is one of the 

factor who degrades the OFDM efficiency. Many methods 

are proposed to reduce the impact of added impulsive noise 

in low order OFDM communication and higher order 

OFDM communication as well. QPAK, 16QAM, 32 QAM 

modulation schemes are the examples are lower order 

modulation and 64QAM, 128 QAM and 256 QAM are 

higher order modulation schemes. This paper shows the 

study on added impulsive noise removal schemes for lower 

and higher order OFDM communication. 
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I. INTRODUCTION 

Orthogonal Frequency Division Multiplexing (OFDM) a 

digital modulation method, attains extremely proficient 

frequency use and acknowledges fast information 

transmission under constrained band width. The OFDM 

signal comprises of numerous carriers that are orthogonally 

organized in the frequency band, and data symbols are 

transmitted by modulating every carrier by for example, 

QAM, QPSK and so forth. It is conceivable to utilize the 

designated frequency band proficiently by utilizing OFDM 

on the grounds that the shape of power spectrum of OFDM 

signal is verging on rectangular and power effectiveness is 

perfect. Besides, it is conceivable to diminish the impact of 

inter-symbol interference by pretending a guard interval to 

each OFDM symbols without much diminishing information 

transmission rate. In this manner, it is drawing in extensive 

consideration [1]-[5].  

Organization of wireless communications hardware in 

power substation for checking, control and reconnaissance 

applications offers noteworthy potential advantages over 

wired communications as far as comfort, adaptability and 

cost. Ordinarily wireless handset outlines depend on the 

presumption that noise is added substance, white and 

Gaussian (AWG). These handsets perform fine in ordinary 

situations (where ideal gathering can be accomplished with 

Gaussian channel presumption) yet their pertinence in noise 

concentrated power substation environment is not hazard 

free and needs exhaustive examination. Fractional releases 

and steric radiation (from issue and exchanging homeless 

people) are significant wellsprings of impulsive noise, in 

power transmission substations and if the dangers of sending 

wireless communications gear are to be appropriately 

surveyed the effect of such impulsive procedures requires 

exhaustive assessment [3]-[5] 

Proceeding sections are as follows. Section II show the 

information about OFDM System. Section III and IV show 

the deferent channel models and noises. Impulsive noise 

reduction shames are discussed in section V. Result 

estimation parameters are discussed in section VI. In section 

VII conclusion of the paper is discussed.    

II. OFDM SYSTEM 

Orthogonal frequency Division Multiplexing (OFDM) is an 

exceptionally surely understood multi-transporter 

transmission procedure that can adapt well to PLC channel 

conditions. In OFDM frameworks a rapid serial information 

stream is part into various parallel moderate information 

streams that are conveyed in different orthogonal subcarriers 

by method for Inverse Discrete Fourier Transform (IDFT) 

[6]. The discrete time OFDM sign can be communicated as 

in eq. (1). 

𝑠(𝑛) =  
1

√𝑁
 ∑ 𝑆𝑘𝑒𝑗2𝜋

𝑘

𝑁
𝑛𝑁−1

𝑘=0    (1) 

Where number of sub-carriers is denoted by N,  

sequence of QAM symbols is denoted by Sk. Keeping in 

mind the end goal to battle inter-channel obstruction (ICI) 

and between image impedance (ISI), OFDM utilizes a cyclic 

prefix (CP) that is added toward the begin of OFDM images.  

III. CHANNEL MODEL 

Initially, the electrical cable system was not particularly 

intended for information transmission and gives a cruel 

situation to it [2]. It contrasts altogether in topology, 

structure, and physical properties from customary 

correspondence stations, for example, twisted pair, coaxial, 

or fiber-optic links. The most impacting properties of 

electrical cables in the execution of rapid communications 

are signal mutilation because of frequency-dependant link 

loses, multi-way spread and noise. These variables and 

others must be considered all together for a fruitful 

correspondence over electrical cables. Therefore, the 

requirement for a sensible and reasonable model for the 

electrical cable station exchange qualities is inescapable. 

Zimmermann has proposed such a down to earth channel 

model, to the point that is suitable for depicting the 

transmission conduct of electrical cable stations. His model 

depends on viable estimations of genuine electrical cable 

systems [7]. This electrical cable station model is 

communicated by the station exchange capacity as in eq. (2). 

𝐻(𝑓) =  ∑ 𝑐𝑖 . 𝑒−(𝑎0+ 𝑎1𝑓𝑘)𝑑𝑡 . 𝑒−𝑗2𝜋𝑓(𝑑𝑡/𝑣𝑝)𝑁𝑝

𝑖=1
  (2) 

Here Np is quantity of multipath, ci and di are 

weighting component and length of the ith way separately. 

Frequency-dependent constriction is demonstrated by the 

parameters a0, a1 and k. In the model, the first exponential 

presents weakening in the PLC channel, though the second 
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exponential, with the spread velocity vp, portrays the 

reverberation situation. 

IV. IMPULSIVE NOISE 

As opposed to most other correspondence channels, the 

noise in electrical cable stations cannot be portrayed as 

Additive White Gaussian Noise (AWGN) [8]. In PLC 

situations, information transmission might experience 

distinctive sorts of noise. These are shaded foundation noise, 

thin band noise, occasional impulsive noise non-concurrent 

to the mains frequency, impulsive noise synchronous to the 

mains frequency and offbeat impulsive noise. These five 

sorts of noise can be abridged into two noteworthy sorts: 

foundation noise and impulsive noise. To investigate their 

impact in OFDM-based PLC frameworks, the background 

noise (wk) is displayed as AWGN with mean zero and 

difference σ2w, and the impulsive noise (ik) is given by: 

𝑖𝑘 =  𝑏𝑘𝑔𝑘    (3) 

Where bk speaks to the Poisson Process which is 

the landing of impulsive noise, and gk is white Gaussian 

process with mean zero and change σ2i . This implies the 

entry of impulsive noise takes after a Poisson circulation 

with a rate λ units for each second, so that the likelihood of 

occasion of k entries in t seconds: 

𝑃(𝑘) = 𝑃(𝑋 = 𝑘) =  𝑒−𝜆
𝜆𝑘

𝑘!  , 𝑘 = 0,1,2, ….        (4) 

The adequacy of impulsive noise, then again, takes 

after Gaussian distribution. Let sk be the transmitted OFDM 

signal ass in eq. (1). The signal after down-change, simple to 

computerized transformation accepting flawless 

synchronization can be spoken to as: 

𝑟𝑘 =  𝑠𝑘 ∗ ℎ +  𝑤𝑘 +  𝑖𝑘     𝑘 = 0,1,2, … . . , 𝑁 − 1  (5) 

Here h is the PLC channel impulse response, it is 

the Inverse Fourier Transform of the transfer function 

defined in eq. (2). The symbol * denotes convolution. 

V. CONVENTIONAL IMPULSIVE NOISE REDUCTION 

TECHNIQUES 

In this section conventional channel estimation methods are 

shown. Traditionally "cutting", "nulling", "cutting and 

nulling" have been proposed. In the accompanying 

subsections, clarify these plans [7]-[10]. 

A. Clipping method 

Clipping is implementable on received signal, rl, and k. It 

limits the signal amplitude which exceeding the threshold 

and optimize the effect of the impulsive noise, which if 

shown in Fig. 1. Received signal after impulsive noise 

reduction, ˜rl and k in terms of received signal, rl, k, are 

given as: 

�̃�𝑙,𝑘 =  {
𝑟𝑙,𝑘

𝑇𝑐𝑙𝑖𝑝𝑒𝑗 arg 𝑟𝑙,𝑘  
(|𝑟𝑙,𝑘|  ≤  𝑇𝑐𝑙𝑖𝑝)

(|𝑟𝑙,𝑘|  >  𝑇𝑐𝑙𝑖𝑝)
   (6) 

Here Tclip denotes the clipping threshold that is defined by 

Here σs is standard deviation of OFDM signal. 

B. Nulling method 

Nulling is used to reduce the impact of the impulsive noise 

on received signal, rl, k, by zeroing the amplitude of the 

threshold exceeded signal as shown in Fig. 2. Received 

signal after impulsive noise reduction, ˜rl and k, in terms of 

received signal, rl, k, are given as: 

�̃�𝑙,𝑘 =  {
𝑟𝑙,𝑘

0
 
(|𝑟𝑙,𝑘|  ≤  𝑇𝑛𝑢𝑙𝑙)

(|𝑟𝑙,𝑘|  >  𝑇𝑛𝑢𝑙𝑙)
   (8) 

Here Tnull is the nulling threshold which is defined by: 

𝑇𝑛𝑢𝑙𝑙 = 3.08 𝜎𝑠   (9) 

C. Clipping and Nulling Method 

Clipping and nulling method is the combination of clipping 

and nulling methods as in Fig. 3. Received signal after 

impulsive noise reduction, ˜rl and k, in terms of received 

signal, rl and k, are given as: 

�̃�𝑙,𝑘 =  {

𝑟𝑙,𝑘

𝑇𝑐𝑙𝑖𝑝𝑒𝑗 arg 𝑟𝑙,𝑘

0

 

(|𝑟𝑙,𝑘|  ≤  𝑇𝑐𝑙𝑖𝑝)

(𝑇𝑐𝑙𝑖𝑝 < |𝑟𝑙,𝑘|  ≤  𝑇𝑛𝑢𝑙𝑙)

(|𝑟𝑙,𝑘|  >  𝑇𝑛𝑢𝑙𝑙)

  (10) 

 
Fig. 1: Clipping Method - Pattern Diagram 

 
Fig. 2: Nulling Method - Pattern Diagram 

 
Fig. 3: Clipping and Nulling Method - Pattern Diagram 
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Fig. 4: Block Diagram of Method to Reduce Impulsive 

Noise in Higher Order OFDM Transmission [10] 

VI. IMPULSIVE NOISE REDUCTION IN HIGHER ORDER 

OFDM TRANSMISSION 

Fig. 4 shows the block diagram of method to reduce 

Impulsive Noise in Higher Order OFDM Transmission [10]. 

Received OFDM signal ‘rk’, after influenced by Impulsive 

noise can be represented as: 

𝑟𝑘 =  𝑠𝑘 ∗ ℎ𝑘 +  𝑍𝑘 +  𝐼𝑘     𝑘 = 0,1,2, … . . , 𝑁 − 1  (11) 

Here Sk denotes the OFDM transited signal, Hk is the 

impulsive response of transmission Chanel, Zk is Gaussian 

noise and Ik is additive impulsive noise. Block diagram of 

the scheme is shown in fig. 4. In this model received noisy 

signal ‘rk’ is equalized with ZFE process after passing 

through FFT block. Equalized signal is remapped and then 

multiplied with transfer function, then passed through IFFT. 

Output signal is first subtracted by received noisy signal ‘rk’ 

and compared with threshold level ‘RT’ to detect the noisy 

level present in filtered signal. If it detects noisy levels, 

signal is again passed through all these blocks otherwise it 

filtered with secondary level filtering blocks. Double filtered 

signal is then passed through OFDM demodulation to obtain 

the transmitted data bits. This method is formed to reduce 

the Class A type impulsive noise effects on 64 QAM 

modulation scheme.   

VII. RESULT ESTIMATION PARAMETER 

Performance of the methods can be evaluated by comparing 

Bit Error Rate (BER) with carrier-to-noise ratio. The BER is 

the number of bit errors divided by the total number of 

transferred bits during a studied time interval and in 

telecommunication CNR or C/N, is equivalent to the signal-

to-noise ratio (SNR) of a modulated signal. In the Fig. 5, 

“Gaussian Noise” is the case where only Gaussian noise 

exists with absence of impulsive noise effect. Other results 

are with Class A Impulsive noise. In “w/o Noise Reduction” 

case, no impulsive noise reduction is done. “Clipping”, 

“Nulling”, “Clipping and Nulling” and “Replica Signal 

Estimation” shows the BER performance of conventional 

impulsive noise reduction schemes. “Proposed Scheme” 

shows the result of impulsive noise reduction method. If the 

CNR is low, BER of the impulsive noise reduction method 

is slightly worse than the conventional schemes. However, if 

the CNR becomes higher, the impulsive noise reduction 

method can achieve the best performance. The simulation 

parameters of the OFDM and Impulsive noise model is 

shown in Table I and Table II respectively. 

 
Fig. 5: BER characteristic against CNR [10] 

Number of Sub-carriers (N) 1024 

Modulation Scheme of Sub-

carriers 
64QAM 

Carrier Frequency 20Hz 

Channel Model 
Two-Path Multi-path 

Channel 

DUR (Desired to Undesired 

Ratio) 
10 dB 

Delay Time of Second Path 3.0 µs 

Impulse Index (A) 0.01 

Impulse to Gaussian Noise 

Ratio (𝜏) 
0.01 

Table 1: Ofdm Simulation Parameters 

Sampling Frequency (F) 10Hz 

Total Time (T) 8000 s 

Average Time between Samples (β) 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 (𝜎) 0.3 

Table. 2: Impulsive Noise Simulation Parameters 

VIII. CONCLUSION 

This paper shows a study on added impulsive noise 

reduction schemes which are used for lower order and 

higher order OFDM modulated communication. It is shown 

that clipping, nulling, clipping and nulling schemes are 

utilized for lower order modulation schemes like QPAK, 

16QAm and 32QAM. These schemes are not comparable for 

higher order modulation schemes like 64QAM, for this 

scheme other method is uses. In all work Middleton’s Class 
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A noise environment is used to simulate added impulsive 

noise. Bit Error Rate (BER) curve with respect to carrier-to-

noise ratio (CNR) is used to observe the performance of all 

method. Latest method is just tested on 64 QAM modulation 

scheme, so authors of this paper would like to propose the 

test this method for 128QAM and 256QAM modulation 

scheme. Is this method is not suitable for that much higher 

order modulation schemes, this method should require 

modification. 
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