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This paper focuses on overcoming the high Peak to Average Power Ratio challenging 

within Orthogonal Frequency Division Multiplexing Asynchronous (OFDMA) 

communication system. This signal is modulated using differential phase-shift keying 

and quadrature amplitude modulation techniques. It is degraded under different 

noise attacks. Signal recovery algorithms are supposed for overcoming the high peak 

power problem. This issue is resolved through the detection of maximum peaks 

within threshold peak values of the power amplifier output signal. Additionally, these 

peaks are identified depending on the extracted power density and order statistics 

features. This system is trained using an artificial neural network under different 

channel impairments. Besides, the error rate of this network is computed in presence 

of different channel fadings. Rayleigh fading imposes the best performance for the 

transmitted OFDMA signal. Moreover, recognition of 100% is attained using the 

high order statistics compared to the power density features in presence of noise 

attacks. 
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1. INTRODUCTION 

The Orthogonal Frequency Division Multiplexing 

Asynchronous (a state-of-the-art technology in optical 

communications) is now a hot spot for high-speed 

optical communications, especially in access networks 

and passive optical networks (PONs)[1, 2]. This may be 

due to its high spectral efficiency. Thus, OFDMA is        

a promising high-capacity data transmission 

technique[3].OFDMA reduces the inter-symbol 

interference and the inter-channel interference from the 

received signal[4-8]. Hence, OFDMA is a widely 

applied technique for wireless communications. It is 

resistant to chromatic dispersion and polarization      

mode dispersion.[9, 10]. Therefore, OFDMA has 

become an important modulation scheme for several 

applications such as digital audio broadcasting, 

terrestrial digital video broadcasting, and wireless 

network communication. One advantage of OFDMA is 

that it turns a frequency selective channel into a flat 

fading channel for each subcarrier. In other words, 

OFDMA is    a promising technology for eliminating the 

frequency selectivity of the wireless communication 

channels [11-13]. The number of people using 

multimedia communication systems has greatly 

increased. Systems must be evaluated in an environment 

that has a fast multipath fading channel. [14-17]. 

However, the benefit that OFDMA brings to wireless 

systems over single-carrier systems includes robustness 

to multipath fading[18-20]. Therefore, the BER 

estimation method for OFDMA transmissions based on 

the CWT is investigated. 

In time-domain OFDMA, the mutual orthogonality 

among waveforms is ensured even if the carrier spectra 

may be overlapped [21]. Orthogonality is performed 

using FFT of the input stream because it is considered     

a simple modulation [20, 22]. Techniques that can be 

used for modulation may be; PSK, DPSK, QAM and 

quadrature phase-shift keying (QPSK). Since the OFDM 
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subcarriers are orthogonal to one another and they 

overlap without intervening. However, OFDMA is         

a significant transmitter with high PAPR which causes 

poor system efficiency.[23, 24]. Thus, components 

within a system must be preferably linear over a broad 

spectrum.[13, 19, 25]. Consequently, one of the key 

advantages of adaptive modulation is that it can be 

performed inexpensively and can be achieved quickly. 

[6, 21, 26].The high PAPR make a problem that resides 

at the transmitter of the power amplifiers. Since the 

amplifier gain is extremely saturated. The amplifier does 

not adjust its response depending on the input power. 

[19, 27, 28]. High PAPR decreases the fiber input 

capacity. As a consequence, the optical signal to noise 

ratio (SNR) can suffer upon transmission. [18, 23]. In 

addition, it limits the maximum transmission distance 

[18, 23, 29, 30]. Besides, high PAPR can induce 

distortion in the digital-to-analog/analog-to-digital 

converter and cause non-linear fiber effects in the long-

haul wavelength-division of multiplexing light wave 

systems. [9]. Several suggestions have been put forward 

ranging from filtering, clipping, coding, partial 

transmission sequences, and selected mapping to reduce 

the PAPR of OFDMA signals. Most of the recent works 

have focused on minimizing the PAPR of OFDMA 

signals to enhance their performance [23]. Therefore,     

a complete analysis for the OFDMA time waveform 

signal is introduced. This study is organized as follows. 

OFDMA Modulation Algorithm is presented at section 

2. Section 3 illustrates the signal Analysis of Proposed 

OFDMA Signal Transmission. While section 4 gives the 

results and discussion. The conclusion is depicted at the 

final section of the manuscript. 

2. OFDMA Modulation Algorithm 

OFDMA is the number of many independent signals 

modulated in the same bandwidth with N sub-channels 

[14]. The entire bandwidth is sub-channeled and data 

symbols are transmitted in parallel. The effective data 

length is then extended to minimize the inter-symbol 

interference from a selective fading frequency channel. It 

is expected that the channels will adjust slowly. The 

recipient can thus estimate the instantaneous connection 

quality and accurately transmit the corresponding 

information to the sender. [31]. The optimal adaptation 

of the relation is therefore tested. The frequency-

selective channel of these systems can be presumed that 

the transmission rate of the device varies very slowly. 

Moreover, the length of one or more packet 

transmissions can be approximated as quasi-statical [2]. 

An algorithm for OFDMA signal generation and 

transmission over channel fading environment is 

presented in Fig. (1). This algorithm depends on Discrete 

Sine Transform (DST) and HOS for reconstruction filter 

and upconverter steps.  

The OFDMA considered the multipath distortion at the 

receiver. It provides high-speed streams on a non-

reliable channel in an environment of fading. OFDMA 

eliminates the occurrence of inter-symbol interference 

and inter-channel interference Cyclic Prefix (CP). The 

advantage of CP is to bring about a transition from          

a linear convolution to a cyclic convolution. Therefore, 

the overall transferred function can be diagonalized by 

the use of an inverse Fast Fourier Transform (IFFT) at 

the transmitter and a Fast Fourier Transform (FFT) at the 

receiver end. 

 

 

 
Fig. (1): OFDMA modulation algorithm based on DST and HOS 
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3. Signal analysis of proposed OFDMA signal 

transmission 

3.1  Complex transform based OFDMA system 

The transformation of the wavelet takes place through 

a set of different scales of digital filters. This scaling 

procedure is carried out by sub-sampling by adjusting 

the signal resolution [6, 32, 33]. An algorithm for 

modulation purposes of OFDMA signal using CWT is 

investigated. This algorithm is proposed for 

multidimensional signal processing in previous works [5, 

30, 34-36] is presented in Fig. (2).  Moreover, different 

wavelet transform levels are considered. 

One of the most important properties of the filters that 

can be performed to three-band filter banks is the phase 

linearity. The phase of the signals that are filtered using 

linear phase filters is not perturbed. Thus, the frequency 

components of the signal are shifted with the same 

values. The filter h(t) has the linear phase property which 

is in consistence with other investigations [35, 36]. The 

sampling frequency can be obtained by Nyquist’s 

theorem in the ideal case. However, an anti-aliasing filter 

is applied before the sampling part in 0 non-ideal cases. 

Here, the sampling frequency can be obtained by [36]: 

n tr2Bf f +
 

(1) 

Where fn and Btr denote the Nyquist frequency and 

the transient band of the anti-aliasing filter, respectively. 

The sampling rate is computed. Since the normalized 

bandwidth of the OFDMA signal is equal to the pass-

band of the low-pass filter, the sampling frequency can 

be given by[36]: 

2

n
s
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f
f

B


 
(2) 

Where Blow is the normalized pass-band of the low-

pass filter.  

The amount of sampling frequency increases with 

respect to the common sampling, this can be explained 

by[36]: 

2
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(3) 

An orthogonal filter bank for OFDMA signal which 

consists of one real filter h0(n)and two complex 

conjugate filters 
( )ch n

and 
( )*

ch n
 is studied. The 

complex filter is introduced in an earlier study [36]. 

These filters must satisfy the condition of the shift 

orthogonality to obtain the complete orthogonal 

transform. Moreover, the scaling and the wavelet 

functions must satisfy the condition of the shift 

orthogonality. Signal processing by inverse CWT is 

typically referred to as wavelet coefficient synthesizing. 

The reverse method is, however, the study of wavelet 

coefficients. [32]. 

 

 
 

Fig. (2): The proposed OFDMA signal modulation algorithm at transmitter end using CWT 
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3.2. Effect of power amplifier on OFDMA signal 

However, the HPA is an essential device at the 

transmitter end of the OFDMA system for meeting the 

path loss and receiver sensitivity, it causes some 

distortion in the OFDMA signal due to its non-

linearity.[37].There are two types of commonly used 

HPAs, namely traveling wave tube amplifier and solid-

state power amplifier.[37].On other hand, it is important 

to use a sophisticated and costly radio transmitter that 

has HPA. This is to overcome the very high PAPR in 

OFDMA based transmission systems. In addition, it can 

work in a very wide linear range. [38]. The effect of 

HPA on the transmitted OFDMA signal is described in 

the form of an algorithm presented in Fig. (3). One of the 

limitations of the HPA is the non-linear signal distortion. 

Thus, it may lead to a high adjacent interference and the 

performance degradation of the channel. These demands 

lead to complex and costly hardware systems. Thus, it is 

advisable to use the PAPR reduction techniques [38] in 

order to overcome the complex hardware design 

problem. 

3.3. High peak average power Reduction 

Algorithms 

The varying signal envelope with high peaks is the 

most noticed drawback of OFDM. It leads to a high 

PAPR for the transmitted signal [39]. This generates   a 

broad magnitude of power and a highly effective 

dynamic range. The PAPR is the maximum peak to the 

average power of the sent OFDMA signals. [11]. It has a 

great effect on the RF amplifier 

efficiency[18].Therefore, the OFDMA transmitters 

require expensive linear amplifiers with a wide dynamic 

range [40].Moreover, the high PAPR requires HPA of a 

wide dynamic range at the transmitter [41]. The high 

peak power induces nonlinearity in the fiber channel for 

an optical communication system. Further, it causes the 

degradation of OFDMA system. The complex baseband 

signal can be given by [24, 37, 40, 42]: 

( )  
0

1

1
2

n

n

N

x t X e j n ft
N


=

−

= 
 

(4) 

Where N, Xn, and Δf are the number of subcarriers, 

the data symbol at nth subcarrier, and the subcarrier 

frequency spacing, respectively. The high PAPR 

emerges from the summation in the above expression. 

[42].In other words, the high PAPR occurs due to the 

summation of many sub-carrier modulated signals. 

Moreover, the way of the sub-carrier phases can be 

aligned in the frequency domain. The transmitted signal 

PAPR was reported in previous works [10, 11, 40, 42]. 

The reduction techniques of PAPR are concerned with 

reducing the maximum values of the OFDMA signal 

power. Furthermore, the PAPR theoretical limit (in dB) 

depends on the number of subcarriers and it was referred 

to by Nadal et al. [22]: 

1010logPAPR N=
 

(5) 

There are some techniques of reducing PAPR in 

OFDMA systems such as selected mapping and partial 

transmit sequence. However, these methods involve a 

high computational complexity [43].However, an 

algorithm for reduction of PAPR in OFDMA is 

introduced in Fig.( 4).This algorithm is evaluated in 

terms of statistical measurements. 

 

 

Fig. (3): An algorithm shows the impact of how OFDM is influenced by HPA 
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3.4. OFDMA Signal recovery algorithm 

An algorithm presented to reduce the PAPR of the 

modulated OFDMA signal is shown in Fig. (5). This 

algorithm depends on the detection of maximum peaks 

of the HPA output signal. Moreover, the detected peaks 

depend on the implemented peak routine. Then, this peak 

is reduced to be within upper and lower threshold peaks 

as well as the detected peak above or below these limits. 

The accuracy of this algorithm is measured by 

comparison with the general clipping method and 

statistical merits. 

3.5. OFDMA signal recognition under channel 

impairments 

AWGN noise influence and other channel 

degradations are considered. Furthermore, there is a 

multipath propagation for verification of the properties 

of the recognizer [6, 7, 20, 29].Realistic channel 

modeling is essential for accurate wireless network 

simulation. The recognition of the OFDMA signal is 

affected by these impairments. Consequently, two 

different algorithms are used for OFDMA signal 

recognition. These are based on PDS and high-order 

statistics HOS.  

3.5.1. Power spectrum of OFDMA signal 

recognition  

One of the must-have tools in digital signal processing 

is PDS estimation, a method for estimating the discrete-

time deterministic and stochastic process's power 

spectrum [6, 44, 45]. The Fourier transform does not 

exist for infinite energy signals. Therefore, their PDS can 

be used for characterizing their spectrum. There             

are different algorithms that can be used for PDS 

estimation. There are three basic types of statistical 

methods:       non-parametric, parametric, and eigenvalue 

analysis [6, 46, 47].  

The nonparametric PDS implies that the estimation 

methods do not presume that the data was generated in    

a specific way. There are nonparametric methods that 

can be used for PDS estimates, such as Periodogram, 

Welch, and Blackman using Tukey methods [48]. The 

key downside of nonparametric spectral estimation 

techniques is the effect of off-side lobe leakage due to 

finite data sets [49].The periodogram can be given 

by[50]: 

( ) ( )  
2

1
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1
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−

=
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(6) 

Where E(n) denote the discrete signal and Ns is signal 

length. Two adaptations have been implemented using 

Welch and Blackman with Tukey methods to address 

periodogram limitations. In addition, three methods are 

used to estimate the PDS using the own analysis; the 

own vector method, the Multiple SIgnal Classification 

(MUSIC) method, and the multi-taper method. [46]. 

These methods have been previously described in detail 

[51]. Therefore, an algorithm for OFDMA signal 

recognition based on PDS is proposed in Fig. (6). The 

PDS of OFDMA signal recognition has two different 

phases. These phases are the training and testing phases. 

 

 
 

Fig. (5): OFDMA signal recovery algorithm based on maximum detected peaks method 
 

 

 
 

Fig. (6): OFDMA signal identification algorithm based on PDS 
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A database of 20 OFDMA signals is used in the 

training phase. The PDS of these signals were calculated 

using various methods such as non-parametric 

(Periodogram and Welch), parametric (Yule-Walker, 

Burg and Covariance), and self-analysis (eigenvector, 

MUSIC, and multi-taper) methods. The features are 

derived from the OFDMA PDS signal. These features 

are used to train the neural network. The features are 

removed from each PDS of the signal after they have 

been corrupted during the test process. The OFDMA 

signal is distorted by the addition of numerous noises. 

These sounds are white Gaussian noise, Rayleigh Noise, 

Rician Noise, white Gaussian noise and Rayleigh, white 

Gaussian noise with Rician, Rayleigh with Rician, white 

Gaussian noise with Rayleigh and Rician, and Salt 

pepper noise. Finally, a feature matching step is 

performed to determine whether or not these features 

belong to the OFDMA signal or to the artificial neural 

network (ANN) signal. 

3.5.2. Statistical power of OFDMA Signal 

Recognition 

The application of HOS to practical problems is 

demonstrated[52].Thus, HOS for the recognition of 

OFDMA signal processing is proposed. The Bi-spectrum 

is capable of detecting and quantifying the phase 

coupling. Two approaches have been used for               

Bi-spectrum estimation. These are the traditional and 

parametric approaches focused on Auto-Regressive 

(AR), Moving Average (MA) and Auto-Regressive 

Moving Average (ARMA) models. They can be divided 

into direct and indirect groups. However, peak to 

average power ratio is computed, these approximations 

have limitations on the statistical uncertainty of the 

calculations and the time of the machine. Memory has 

serious issues with its implementation. Bi-spectrum is          

a two-frequency function and is truly valued and non-

negative in comparison to the power spectrum.[53].      

Bi-spectrum is complex-valued for a real-valued process, 

symmetry properties of cumulants carry over to 

symmetry properties of poly-spectra. The spectrum of 

power is as symmetrical as S2x(f) = S2x(-f). The           

Bi-spectrum symmetry properties are  previously 

reported  [36]. Parametric estimators are often useful. 

Moreover, the underlying physics of the problem 

suggests a parametric model. If 𝑥(𝑛) depends on a finite 

set of parameters, θ,   then all of its figures are expressed 

in terms of θ. The PDS parametric estimations are 

derived from the first estimation of θ and the evaluation 

of 𝑃𝑥𝑥(𝑓|𝜃). A type of time series analysis is the 

ARMA model as given by Hosseini et al.[36]. The 

transfer function does not retain any phase information, 

and several methods have been developed to try to 

acquire it. 

H(z) = B(z)/A(z) (7) 

The fundamental basis of cross Bi-spectrum is              

a Fourier transform of the third-order cumulant 

series  [36]. Therefore, the cross bi-spectrum was 

previously defined [54]. An algorithm describing the 

extraction of characteristics from statistics of a high 

order is therefore investigated as shown in Fig. (7).

 

 

 
 

Fig. (7): OFDMA signal identification algorithm based on HOS 
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Fig. (8): The algorithm shows the effect of the different channels fading to the received OFDMA signal 

 

3.6. BER under channel fading algorithm 

It is both simple and less complicated to implement the 

clipping technique. However, the cutting processes cause 

the OFDMA signal to distort. BER is also improved [4, 

8, 43, 55-57].BER is the ratio of the error number to the 

number of bits indicated. By counting the numbers of 

errors at the receiver with enough symbols registered, 

BER can be calculated directly. A precise and highly 

efficient BER estimate is therefore preferred to be used 

to understand, design, and optimize an OFDMA system 

[5, 12, 30]. Consequently, an algorithm that shows the 

channel fading effect on the modulated OFDMA signal 

is shown in Fig. (8). The BER results are derived as         

a function of the average symbol energy to noise spectral 

density (E0/N0) [58].The SNR is an indicator that can be 

used for evaluating the communication system 

quality[21, 31, 59, 60].  

4. RESULTS AND DISCUSSION 

4.1. OFDMA signal recovery after HPA 

The influence of HPA on OFDMA Signal is declared. 

Therefore, the recovery of the original OFDMA signal is 

necessary. On the other hand, the signal amplitude 

depends on the type of modulation technique. Moreover, 

the OFDMA signal amplitude for PSK is higher than 

QAM. The effect of the modulation technique on the 

HPA output is computed by statistical comparison 

between PSK and QAM modulation techniques as 

depicted in Table (1). It is shown that the amplitude of 

the OFDMA signal increases with HPA. Thus, the 

OFDMA signal is changed after HPA.  

Table (1): Statistical measurement for the effect of HPA 

based on CWT using both QAM and PSK 

modulation techniques 

Statistical 

Measurements 

OFDMA 

Modulation by 

QAM 

OFDMA 

Modulation by 

PSK 

PSNR 55.182 54.8651 

MSE 0.19719 0.21211 

Entropy 2.5543 2.5161 

MAE 0.16922 0.16313 

PCC 31270.4294 31353.6841 

Error Rate 0.3443 0.3144 
 

The OFDMA signal and output of HPA using the PSK 

modulation technique are shown in Fig. 9(a and b), 

respectively. The peak to average power ratio is 

computed and equal to 28.5122 dB for QAM. In 

addition, the OFDMA signal recovery using the PSK 

modulation technique is depicted in Fig. 9(c). However, 

it is equal to 26.8052 dB for PSK. The statistical 

evaluation of OFDMA signal recovery using QAM and 

PSK is shown in Table (2). 

On the other hand, another OFDMA signal recovery 

method based on localizing the maximum peaks are 

introduced. This method finds the local maxima in the 

OFDMA signal at the output of OFDM. Moreover, this 

method has the advantage of determining the number of 

passes of the small running average filter to reject small 

peaks. The evaluation of the recovered OFDMA signal 

from HPA output is determined by statistical evaluation 

as shown in Table (2). The obtained results confirm that 

OFDMA signal recovery by maximum peak detected 

using QAM has yielded better results in terms of mean 

absolute error and BER than other approaches. In other 

words, it achieves a higher PSNR than other approaches. 

The proposed peak average power ratio algorithms are 

validated through a comparison with those reported in 

earlier studies [13,24]. 
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Fig. (9):  The OFDMA signal recovery using PSK under White Gaussian noise fading effect 

  a) OFDMA signal b) OFDMA signal at output of HPA c) Clipped signal at output of HPA 

 

Table (2): Statistical measurement for OFDMA signal recovery by clipping and maximum peak methods based on 

CWT using both QAM and PSK modulation techniques 

Statistical 

Measurements 

OFDMA Signal 

Recovery by QAM 

Using Clipping 

OFDMA Signal 

Recovery by PSK 

Using Clipping 

OFDMA signal 

Recovery by QAM 

using Max Peaks 

OFDMA signal 

Recovery by PSK 

using Max Peaks 

PSNR 44.95 44.26 44.50 43.49 

MSE 2.07 2.43 2.30 2.90 

Entropy 0.53 0.36 2.84 2.84 

MAE 1.43 1.55 0.22 0.22 

PCC 31298.42 31300.92 3898.66 4002.58 

BER 1 1 0.02 0.03 

 

The effect of different fading channels on the 

transmitted OFDMA signal is depicted in Fig. (10). 

These communication fading effects are Rician, White 

Gaussian, Rayligh with Rician, complex multipath, 

and White Gaussian with Rayligh channel 

degradations. From this Figure, there is a variation for 

BER observed at different values of SNR. It is noted 

that White Gaussian noise achieves the smallest BER 

for all values of SNR. However, the Rayligh with 

Rician channel noise introduces the highest BER. 

However, the BER dropped at a higher SNR for all 

types of fading channels.  
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4.2. OFDMA signal recognition 

Recently, there have been several developments in the 

algorithms where they can withstand fading channels, 

both in time and space. OFDMA signal recognition is 

based on two separate extracted function methodologies. 

These are the power density spectrum and the statistics 

of a high order. Multiple OFDMA signals have been 

considered for neural network training. With one of the 

underlined methods, the characteristics of the OFDMA 

signal were extracted from the original signal and their 

PDSs were estimated. The authors used the 1 kHz 

sampling frequency and the 2000 points FFT filter length 

for all estimation methods. 3 is the order of the AR 

model. For the multi-taper form, the time-bandwidth 

product is 3. Moreover, identical features to those used 

in the training have been extracted from the degraded 

OFDMA signal in the testing process. For ANN training, 

on the other hand, 20 OFDMA signals are used. For 

matching purposes, 20 OFDMA signals are also fed to 

the neural network. To assess the efficiency of the 

proposed solution in the presence of noise, the tested 

signals have been degraded by various forms of noise. 

Gaussian, Rayleigh, Rician, Gaussian and Rayleigh, 

Gaussian and Rician, Rayleigh and Rician, Gaussian 

with Rayleigh and Rician and Salt Pepper are the 

degradations to be considered. Even, with signal 

deformation, these effects are considered. 

 

 
 

 

Fig. (10): The bit error rate against signal to noise ratio under different channel noise fading effects 

 

 

 
 

Fig. (11):  Recognition rate versus SNR for parametric, non-parametric and Eigen vector analysis 

with Gaussian degradation 
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Fig. (12): Recognition rate versus noise variance for parametric, non-parametric and Eigen vector 

analysis with Rayleigh degradation 

 

 
 
 

Fig. (13): Recognition rate versus noise variance for parametric, non-parametric and Eigen vector 

analysis with Rician degradation 

 

 
 

 

Fig. (14): Rate of recognition versus noise variance with Gaussian and Rayleigh degradation for 

parametric, non-parametric and Eigen vector analysis 
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Fig. (15): Recognition rate versus noise variance with Gaussian and Rician degradation for 

parametric, non-parametric, and Eigen vector analysis 

 

 
 
 

Fig. (16): Recognition rate versus noise variance for parametric, non-parametric and Eigen vector 

analysis with Rayleigh and Rician degradation 

 

 
 
 

Fig. (17): Recognition rate versus noise variance for parametric, non-parametric and Eigen vector 

analysis with Gaussian, Rayleigh and Rician degradation 
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Fig. (18): Recognition rate versus noise variance for parametric, non-parametric and Eigen vector 

analysis with Salt pepper noise to the channel degradation 

 

The recognition rate against the SNR at Gaussian 

noise degradation of the OFDMA signal is depicted in 

Fig. (11). From this Figure, the MUSIC method achieves 

the highest recognition rate compared to both parametric 

and non-parametric methods at the same SNR. However, 

the recognition rate against the noise variance at 

Rayleigh noise degradation of OFDMA signal is 

demonstrated in Fig. (12). The results show that the 

Welch, Yule-Walker and Periodogram methods have 

higher recognition rates at all values of noise variance. 

The recognition rate versus noise variance at Rician 

noise degradations is illustrated in Fig. (13).The obtained 

results confirm that the parametric method gives a higher 

recognition rate than other methods. Also, the extracted 

features from Burg methods introduce a lower 

recognition rate below 10% at moderate and higher noise 

variance. 

Figure (14) shows the recognition rate versus noise 

variance for parametric, non-parametric and Eigenvector 

analysis with Gaussian & Rayleigh degradation. As 

shown in this Figure, the features extracted from the 

Welch, Yule-Walker and Periodogram methods of the 

OFDMA signal give the highest recognition rate as 

compared to other methods. The recognition rate versus 

noise variance at Gaussian and Rician noise degradations 

is illustrated in Fig. (15). The obtained results confirm 

that Yule-Walker method introduces a higher recognition 

rate than other methods. However, the average 

recognition rate is around 80%. Additionally, the 

recognition rate versus noise variance for parametric, 

non-parametric and Eigenvector analysis with Rayleigh 

and Rician degradation is depicted in Fig. (16). The 

results show that Yule-Walker method introduces            

a higher recognition rate than other methods. 

Furthermore, the average recognition rate is found to be 

80%. Figure (17) illustrates the recognition rate versus 

noise variance for parametric, non-parametric and 

Eigenvector analysis with Gaussian with Rayleigh and 

Rician degradation. From this Figure, the Yule-Walker 

has a higher recognition rate (80%) than other methods. 

On the other hand, the features extraction of Burg 

methods achieves the lowest recognition rate at all 

values of noise variance. The variation of recognition 

rate versus noise variance for parametric, non-parametric 

and Eigenvector analysis with Salt & pepper noise to the 

channel degradation is shown in Fig. (18). It was noted 

that Yule-Walker and MUSIC have a  higher recognition 

rate of 100%. The results in Figures(11-18) show that the 

recognition rate decreases with  increasing of noise 

variance. Moreover, the above results illustrate that the 

features extracted from Yule-Walker parametric method 

achieve a higher recognition rate compared to other 

methods. However, the features extracted from the      

non-parametric method achieve the lowest recognition 

rate. 

The features of the OFDMA signal are extracted 

from five HOS signals. These signals may be                

Bi-spectrum or cross Bi-spectrum signals. The first 

signal is based on the direct method of Bi-spectrum. The 

second one is the Bi-spectrum which is based on the 

indirect method. The third one is the Bi-spectrum and it 

is based on ARMA method. However, the fourth signal 

is the Bi-spectrum and it is based on Cumulates of 

ARMA method. Lastly, the cross Bi-spectrum signal is 
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based on the direct method. In addition, 20 OFDMA 

signals are employed for training the various objects in 

the signal by using ANN. The ANN is used for training 

various objects in 20 OFDMA signals.  Moreover, other 

20 OFDMA signals are used for testing the OFDMA 

signal with various types of noise degradations. These 

degradations are Gaussian, Rayleigh, Rician, Gaussian 

with Rayleigh, Gaussian with Rician, Rayleigh with 

Rician, Gaussian with Rayleigh and Rician and Salt 

pepper. 

The recognition rate against SNR at Gaussian 

degradation of OFDMA signal is depicted in  

Fig. (19). A high recognition rate is achieved with all 

methods except that extracted from the original signal. 

Moreover, the recognition rate against noise variance in 

the case of Rayleigh of OFDMA signal is illustrated in 

Fig. (20). From this Figure, the ARMA method gives     

a high recognition rate. For example, the recognition rate 

for ARMA model is 100% at a noise variance of            

10 which is higher than the recognition rate of other 

methods at the same noise variance. It was observed that 

the recognition rate decreases by increasing the noise 

variance. Moreover, the recognition rate against noise 

variance in the case of degradations by Rician noise is 

shown in Fig. (21). The recognition rate of ARMA 

method is found to be 100% that is higher than that 

achieved by other methods at a noise variance of 15dB. 

Thus, the features extracted from the OFDMA signal 

based on ARMA model give the highest recognition rate 

in the case of Rician noise degradation. 

The recognition rate versus the noise variance at 

noise degradations by Gaussian with Rayleigh is shown 

in Fig.(22). Also, the features extracted from HOS based 

on ARMA model achieved the best recognition rate. 

Furthermore, a recognition rate of 100% is obtained at 

all variations of noise variance. The recognition rate 

against the noise variance at noise degradation by 

Gaussian with Rician noise is illustrated in Fig. (23). The 

features extracted from the HOS based on ARMA 

method achieve the highest recognition rate. Figure (24) 

shows the recognition rate versus noise variance at 

Rayleigh with Rician channel noise degradation.  From 

this Figure, the features extracted from ARMA method 

give the highest recognition rate at all variations of noise 

variance. The recognition rate against the noise variance 

at noise degradation by Gaussian with Rayleigh and 

Rician is depicted in Fig. (25). Similarly, the highest 

recognition rate of 100% is obtained with ARMA 

method for all values of noise variance. 

Figure (26) illustrates the recognition rate versus 

noise variance at different Salt pepper noise of channel 

degradation. It was noted that the features extracted from 

the Bi-spectrum and ARMA methods introduce the 

highest recognition rate of 100%. From the obtained 

results, the features extracted from the ARMA model 

achieve the highest recognition rate for all types of 

OFDMA signal noise degradations. Moreover, better 

results are obtained with ARMA models of HOS as 

compared to those of Yule-Walker models of the 

parametric PDF method.  

 

 
 

 

Fig. (19): OFDN signal recognition rate for bi-spectrum and cross bi-spectrum over 

Gaussian degradation 
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Fig. (20): OFDMA signal recognition rate for bi-spectrum and cross bi-spectrum with 

Rayleigh degradation 
 

 
 

Fig. (21): OFDMA signal recognition for bi-spectrum and cross bi-spectrum with Rician 

degradation 
 

 
 

Fig. (22): OFDMA signal recognition rate for bi-spectrum and cross bi-spectrum with 

Gaussian and Rayleigh degradation 
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Fig. (23): OFDMA signals recognition for bi-spectrum and cross bi-spectrum with Gaussian 

and Rician degradation 
 

 
 

 

Fig. (24): OFDMA signals recognition for bi-spectrum and cross bi-spectrum with Rayleigh 

and Rician degradation 

 

 
 

 

Fig. (25): OFDMA signals recognition for bi-spectrum and cross bi-spectrum with 

Gaussian, Rayleigh and Rician degradation 
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Fig. (26): OFDMA signals recognition for bi-spectrum and cross bi-spectrum with Salt & 

pepper noise to the channel degradation 

 

CONCLUSION 

This manuscript is concerned with handling the high 

peak power issue within the OFDMA system. Moreover, 

the effect of multipath fading on the signal is analyzed 

through computational error rate. Recognition of this 

signal under channel fading is the scope of this research. 

Therefore, algorithms, for the reduction of high peak 

power and signal recovery, are introduced. These 

algorithms depend on the detection of maximum peaks 

of OFDMA signal from the high-power amplifier. These 

peaks are compared with the upper and lower threshold 

limits of the signal. It is noticed that the signal proposed 

recovery algorithm introduces efficient results based on 

statistical accuracy of maximum peaks. Moreover, the 

accuracy of the transmitted signal under various channel 

fading environments is proven. Rayleigh with Rician 

channel noise introduces the highest error rate. OFDMA 

signal identification through power density and order 

statistics algorithms is suggested. The features are 

extracted from both density spectrum and order statistics 

of the transmitted signal. It is observed that the order 

statistic method achieves the highest recognition rate of 

100% at different values of SNR under different channel 

fading impairments. The results show that high order 

statistics introduce a higher recognition rate compared to 

the power spectrum of OFDMA signal under variation of 

noise attacks. 
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