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Abstract: - The hypothetically convenient structure is the Multiple-Input Multiple-Output Orthogonal Frequency 

Division Multiplexing (MIMO-OFDM) technique that is employed for upcoming generations in wireless 

communication systems.  Some of the benefits offered by MIMO-OFDM are enhanced spatial multiplexing, 

reliability and network throughput, and so on.  Due to the integration of spatial antenna that is based on multi-

stream, the problems which are related to significantly high power takes place in the system of OFDM and 

provides complex processing strategies.   Some of the popularly known systems that are used for standardizing 

the Peak to average power ratio (PAPR) are partial transmit sequences (PTS), adoptive tone reservation (ATR), 

probabilistic mapping, and clipping which are required to be truncated and aims for minimizing the operational 

cost. The framework of hybrid Selective Mapping (SLM)-PTS proposed in this paper minimizes the operational 

cost by integrating strategies of PTS and SLM. A reduction approach that is suitable for PAPR and BER are 

chosen for optimization purposes depending on the statistical threshold constraint of PAPR and Bit Error Rate 

(BER). Thus, the system preferred with the help of the machine learning technique demonstrates the efficiency 

in implementing a generalized strategy to evaluate a low complexity MIMO-OFDM model. Ultimately, with the 

help of the PAPR and BER techniques-driven from value bound the performance of the error rate is evaluated in 

this framework that interactively changes from one technique.  
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1 Introduction 
Orthogonal frequency division multiplexing 

(OFDM) is regarded as a frequently chosen technique 

in the system of wireless communication. Since 

OFDM possess few advantages such as efficiency 

and reactivity to the frequency of the specific 

channel, this technique is chosen.  Some of the 

disadvantages of OFDM are out-of-band radiation 

and the requirement of intricate non-linear power 

amplifiers due to the large peak-to-average power 

ratio (PAPR) in the time domain because of the 

accumulation of phase among various carriers during 

the mapping process of subcarrier. To obtain time 

selective fading channels and for obtaining the 

capacity of the channel, the space-frequency block 

coding (SFBC) [1] that is included in multiple-input, 

multiple-output (MIMO) is combined with the 

system of OFDM. The linear power amplifier is 

constantly operated by PAPR that significantly high 

and sometimes generates the features of nonlinearity.   

Due to non-linear features, few external noises like 

out-of-band radiation takes place and the specified 

state of operation is not well suited for optimization 

thereby computational cost is also significantly more 

for the functioning of PA in the linear region.  Several 

approaches that are meant for the reduction of PAPR 
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are designed to maximize the productivity of PA 

without inducing a high error rate for the OFDM 

model. But the techniques that are designed to 

maximize the efficiency possess few drawbacks at 

the cost of BER system efficiency [2]. While 

evaluating the methods which are used for reducing 

PAPR, the computation cost and BER must be 

minimum. Depending on the least probable value 

obtained for the PAPR and also on the mean to 

determine the best of these constraints the entire 

performance of the PAPR system is evaluated.  

 

2. Related Works 

Some of the approaches that are used for reducing 

PAPR are selected mapping (SLM) and partial 

transmitted sequence (PTS) with finite computational 

overhead because of its iterative process are 

examined for the OFDM models. However, the 

techniques employed for reducing PAPR is 

integrated with the systems of MIMO-OFDM and 

results in intricacy drawbacks by enhancing the 

iteration process.  The SLM system is considered as 

a highly regarded approach for obtaining reduced 

PAPR with minimum data rate because few bits are 

reserved and are transmitted as side information (SI) 

for analyzing the patterns of phase alignment.  The 

side information transmitted results in a lack of QoS 

and intrusions for a chosen fading channel. The entire 

fast Fourier transforms (IFFTs) modules are 

employed for SLM by making use of time-domain 

signal relations between antenna’s that are spatial [5] 

and are also employed to reduce the complexity in the 

SFBC MIMO-OFDM model.  A predominantly high 

data rate plays a vital part in multi-carrier systems 

and must effectively operate in case of significantly 

high data transmission and mobility including high 

carrier frequency.  Thus, from the research work, it is 

demonstrated that the OFDM fulfills the criteria of 

multi-carrier systems. One of the techniques of multi-

carrier modulation (MCM) is OFDM. The 

representation of information in this approach is 

difficult and are namely QAM, QPSK, BPSK, 

MPSK, and so on. The data symbols are forwarded 

only when these symbols are modulated over an 

orthogonal sub-carrier. To transmit one complex 

data, only one carrier is used and is termed as a single 

carrier model. Further, N complex data are forwarded 

with the help of N sub-carrier and is referred to as 

parallel transmission and this type of transmission 

minimizes the delay of multipath and increases the 

data transmission period. But the rate of data 

transmission remains unchanged for both the 

systems.  The system OFDM maintains the 

orthogonality among the sub-carriers by the 

application of inverse Fast Fourier Transform (IFFT) 

and a guard band is presented between each 

successive symbol of OFDM. The three approaches 

that are considered while introducing a guard band in 

the symbols of OFDM are namely the Cyclic prefix, 

cyclic suffix, and zero paddings. By introducing one 

guard band, the OFDM is capable of converting large 

frequency selective channels to a narrowband parallel 

flat fading channel and one channel is allotted for one 

subscriber.  Therefore, the issue of Inter-Symbol 

Interference (ISI) is avoided. OFDM is primarily 

employed with broadband data that possess relatively 

large data transmission rates due to the requirement 

of a reduced complex equalizer and because of its 

significantly high resistance for fading of multipath 

[17].    

With the help of many types of research, many 

approaches have been initiated for PAPR reduction. 

In the research area of PAPR reduction, very few 

remarkable frameworks are introduced and are 

illustrated as follows:  A novel algorithm for random 

phase updating is explained in Ref. [18]. The phase 

of every sub-carrier keeps on updating with the help 

of an arbitrary multiplier till a PAPR exceeds below 

the mentioned level of threshold. The research work 

is based on the impact of several allocations that are 

employed for the phased improvement, differences in 

allocations of PAPR variance and PAPR mean, and 

analyses the iterations necessary to meet the 

threshold value. In this technique, the level of a 

threshold reduces when the phase shifts are 

rationalized effectively and accordingly the variance 

of the augmented phase is adapted. The experimental 

outcomes of the algorithm demonstrate relatively 

close concurrence. The mean power variance of the 

OFDM signal is lowered by 7dB with the application 

of an arbitrary phase updating algorithm and thereby 

achieving better outcomes through the considerable 

values of threshold. A companding approach for an 

OFDM system is presented in [19] which is regarded 

as a novel algorithm for PAPR reduction. In this 

companding approach, the compressing polynomial 

present at the transmitter end is linked with the IFFT 

block, and the FFT block is integrated with the 

extended inverse function and thereby solving the 

mathematical equations with the help of iterative 

Jacobi’s approach.  The complexity is reduced in the 

proposed approach when compared to other 

algorithms that are designed for reducing PAPR. The 

SNR was found to be relatively low for the respective 

BER in the proposed work when compared to that of 

the commanding technique. Based on the complexity 

and execution, the number of iterations necessary for 

the algorithm, and the order of compressing the 
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polynomial at the receiver side is identified. Thus, the 

above issue is solved by introducing an algorithm of 

selected mapping explained in Ref. [20].  Due to the 

presence of various parameters provided for the 

transmission of signal, the proposed algorithm offers 

better results when compared to the other SLM 

algorithms and OFDM chooses the parameters 

required for the transmitting. Real and imaginary are 

the main parts of OFDM. The suggested algorithm 

makes use of conjugate symmetry of real sequence 

structures by retaining perceptual computational 

difficulty. The proposed algorithm illustrates 

enhanced simulation outcomes in contrast to the 

traditional algorithm of SLM that is associated with 

MIMO-OFDM schemes. The paper [21] primarily 

concentrates on the application of Partial Transmit 

Sequence (PTS) for the reduction of PAPR. A 

comprehensive examination of all the stated phase 

factors is necessary for a traditional PTS technique.  

Therefore, as the sub-block increases, the processing 

complexity also increases gradually. Meanwhile, the 

traditional algorithms faced many problems 

therefore, a novel algorithm was presented to 

overcomes these issues and is based on the approach 

of nonlinear optimization which is also known as 

simulated annealing and the main objective of this 

framework is to reduce processing overhead by 

setting ideal phase factors. The experimental 

outcomes show that the suggested approach 

maintains a high reduction in PAPR by minimizing 

the processing cost.   

To reduce significantly high PAPR for a single input 

single output (SISO) signals of OFDM, many 

techniques have been presented in this research work. 

The scrambling approach and signal distortion 

technique are the two approaches to Signal distortion.  

The scrambling techniques which are employed for 

the distortion of signal to reduce PAPR are Peak 

cancellation [22], clipping [23], tone reservation 

(TR) [24], tone injection (TI) [25], and nonlinear 

companding [26]. Selective mapping (SLM) 

approach [27], partial transmit sequence (PTS) 

strategy [28], coding system [29] and complement 

block coding approach [30].  The comprehensive 

research study of various techniques that are meant 

for the reduction of PAPR illustrates in [31]. One of 

the most popularly used techniques that can minimize 

the PAPR without modifying the signals of OFDM is 

SLM.  Some of the newly proposed techniques 

presented in this research work are [33], [34], [35], 

and [36] which are based on SLM for the reduction 

of PAPR.  The side information that is forwarded to 

the receiver side is necessary for all the techniques 

mentioned above but except the approach illustrated 

in [34]. The performance of reducing PAPR remains 

unchanged for both conventional SLM technique in 

[33] and well as the approach presented in [6]. Thus, 

improved performance in PAPR reduction is 

obtained by eliminating the side information in the 

SLM based technique.  A novel YI research work is 

presented in [36], the techniques mainly utilized 

clipping noise for determining the best optimal set of 

extended symbols and outer ring hexagonal symbols. 

The main drawback of the TI technique is that 

processing cost is high since every iteration involves 

three IFFT operations to minimize PAPR reduction. 

Thus, in this paper, we develop a technique that 

overcomes the drawbacks of the previous 

approaches. Trellis-assisted constellation subset 

selection (TACSS) is one of the novel techniques 

developed for the reduction of PAPR in the OFDM 

system which is presented in [41]. TACSS is 

primarily employed for redundant bits of each data 

symbol for PAPR reduction and thereby lowering the 

spectral performance of the system. Since in the 

technique of TACSSS every data symbol consists of 

redundant bits for reducing PAPR, this reduces the 

system performance. The system of SISO-OFDM is 

developed with the application of spatial 

multiplexing and employs various PAPR reduction 

approaches, whereas MIMO-OFDM systems are 

space-time and frequency block coded. A novel 

adaptive system for TR is presented in [37] to reduce 

PAPR by continuously functioning on the antenna 

with significantly high PAPR for a MIMO-OFDM 

system.  In [39] another technique for TR has been 

presented to overcome the processing cost. The 

inverse approach for the system of MIMO-OFDM is 

integrated with cross-antenna rotation to mitigate 

PAPR which is illustrated in [40].  

In [41] an SLM system with reduced complexity is 

presented which utilizes an ideal set of the same 

magnitude to minimize the processing cost, as well 

as SLM, make use of additive mapping sequences 

[42].  The technique for reducing PAPR is not much 

important when compared to that of the technique of 

CSLM. The efficiency of PAPR reduction is 

minimized by presenting a system with reduced 

complexity that is explained in [43-45] and also the 

processing cost of the system is further reduced. The 

applicants of M4 are obtained with the functioning of 

M2 IFFT processes.  The imaginary, as well as a real 

part of frequency domain input vector, are separated 

in the technique of linear SLM (WSLM) presented in 

[46] and this approach minimizes the efficiency by 

using M IFFT operations for PAPR reduction and 

thereby obtaining 4M2 applicants. A swapped system 

for SLM is presented in [47] which minimizes the 
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computational complexity of traditional SLM 

systems. With the application of Fourier transform 

characteristics, the applicant signals in the M time-

domain are partitioned as the subsequences of odd, 

even, imaginary odd, and imaginary even, and later 

these subsequence’s are interchanged for obtaining 

M4 applicants. Furthermore, the OFDM signals that 

are based on time are split into real odd and even, 

imaginary odd and even subsequences with the help 

of the technique introduced in [47].  The imaginary 

even and imaginary odd sequences are obtained with 

the application of time reversal, cyclic shift, and time 

reversal of the cyclic shift operation techniques. 

Thus, the efficiency of PAPR reduction is improved 

by using the WSLM approach [46].  Several wireless 

communication systems employ orthogonal 

frequency division multiplexing (OFDM) technique 

that includes IEEE 802.11, Long-Term Evolution 

(LTE), and LTE Advanced systems. These systems 

involve reduced structuring intricacy, as well as 

propagation in multipath, which is reduced by 

providing an adaptable environment. A high peak-to-

average power ratio (PAPR) is achieved because of 

the non-linearity characteristic of power amplifiers. 

As a result, the input signal that is transmitted is 

distorted.  The technique of reducing PAPR is one of 

the promising fields in the study of OFDM [47]-[50]. 

During the approach of clipping, the signals present 

at the input side are distorted deliberately so that the 

transmitted signal is allocated in an appropriate 

manner of the power amplifier.  Therefore, the 

approach of clipping is considered as one of the 

suitable and efficient techniques for reducing PAPR 

in the system of OFDM, and the foremost 

disadvantage of this approach is the reduced bit error 

rate of a system. The approaches that are used for 

encoding signals are the most popular techniques 

employed for the reduction of PAPR. Some of the 

signal encoding approaches that are used are partial 

transmission sequence (PTS) and selective mapping 

(SLM) [48], [49]. In the case of the signal encoding 

technique, the signals are effectively reconstructed at 

the receiver side with the help of encoded signal 

generated at the receiver by the phase factor and the 

system efficiency reduces if the side information is 

not correctly obtained. Reduced processing cost is 

required to identify the phase factor which generates 

a suitable encoded sequence. Meanwhile, for 

reducing PAPR, a non-linear companding 

transformation is introduced. The Institute for 

Information & communications Technology 

Promotion (IITP) authenticates the designed 

proposed framework and this institute funding is 

supported by the Korea government (MSIT) (No. 

2014-0-00282, Advancements of 5G Mobile 

Communication Technologies for Hyper-connected 

smart services) M. Kim and D.H. Cho are with the 

school of Electrical Engineering, Korea Advanced 

Institute of Science and Technology. W. Lee is with 

the Department of Information and Communication 

Engineering, Institute of Marine Industry, 

Gyeongsang National University, Republic of Korea. 

[50]; The bit error rate and signal distortion obtained 

for the proposed system corresponds to the clipping 

approach. In the field of natural language processing 

and computer vision, the approach of deep learning 

provides improved efficiency when compared to that 

of the conventional hand-crafted approaches.  In the 

architecture of deep learning the input and output 

layers are integrated with several layers of 

perceptron’s and this interconnection or link 

corresponds to the neurons in the human brain.  Thus, 

to perform sensitive functions namely image 

identification, the technique of deep learning is one 

of the efficient tools and is employed in the 

applications of communication.  In contrast to other 

conventional strategies, the deep learning approach 

provides improved performance in decoding of the 

channel as well encoding of the channel which is 

demonstrated in [51]. The identification of 

modulation in radio is analyzed with the application 

of convolution neural networks presented in [52]. 

Thus, with the usage of artificial network networks, 

the drawback of PAPR reduction is overcome and 

this framework is presented in [53] as well as [54]. 

The framework of ANN primarily focuses on 

reducing the computational cost of the active 

constellation extension (ACE) technique.  The 

technique of active constellation extension is one of 

the most popularly employed approaches for PAPR 

reduction that is derived from the technique of 

clipping. But when compared to other conventional 

strategies, the ACE presents significantly low 

performance. Thus, batch normalization which is a 

highly developed deep learning technique is 

eliminated during the analysis of a shallow neural 

network (2 layers with 2 nodes). To reduce PAPR an 

autoencoder is considered which is one form of DNN 

and is used for denoising the corrupted data which is 

illustrated in [55]. Every subcarrier is given training 

by the DNN for the constellation demapping and 

mapping of symbols present in the system of OFDM. 

As a result, the signals transmitted in sequence 

provide reduced PAPR and a significantly low bit 

error rate. Thus, the system once trained can be 

employed in real-time applications with significantly 

low processing cost [56-58].  In this framework, there 

exist significantly two developments which are stated 

as follows:  
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1. A novel reduction technique known as PRNet is 

suggested for PAPR and is based on the structure of 

a deep autoencoder. The constellation of mapping 

symbols and demapping symbols on every subcarrier 

is accomplished by the deep learning approach in the 

system of OFDM. Thus, the system once trained can 

be employed in real-time applications with 

significantly low processing cost and minimized 

PAPR reduction in the systems of OFDM.  

2. The results of the suggested system are examined 

with the application of computer simulations. 

Experimental results prove that the PAPR for the 

system of OFDM is relatively lowered with the help 

of PRNet (that is the probability of PAPR is less than 

0.1% when it is above 3 dB) and thereby BER is 

maintained.  In various instances, the technique of 

SLM which is employed for reducing PAPR offers 

less processing cost along with enhanced quality 

negotiations such as possible error rate.  A substitute 

signal mapping technique is employed in [6] to 

reduce the penalty gap for the system of OFDM with 

help of quadrature amplitude modulation. Through 

phase offset mapping, the data rate, as well as the 

error rate, is augmented in Alamouti coded MIMO-

OFDM presented in [7] and at the receiver side, these 

phase rotation systems are re-established with a 

minimum Euclidian distance (MED) decoder. 

Further, to enhance the power performance, a parallel 

artificial bee colony (P-ABC) algorithm is proposed 

in [8]. The power reduction is carried out with the 

help of the SLM approach and this method can be 

employed for orthogonal frequency division 

multiplexing (OFDM) as well as for multiple-input 

multiple-output (MIMO)-OFDM systems. Thus, 

from the obtained results it is shown that the presence 

of the P-ABC algorithm achieves a significant 

reduction in PAPR and enhances the efficiency of 

BER with relatively low processing cost. An 

approach of modified Selective Codeword Shift is 

designed for the system of MIMO OFDM presented 

in [9] and with the help of interleaving approaches 

the multiplication of phase factors is carried out. 

Several adaptive methods for reducing power have 

been employed to accomplish relatively better 

computational complexity and power reduction. The 

signals of greater size are compressed to obtain 

relatively better gain for PAPR through the 

commanding transforms illustrated in [10] and 

enhanced BER performance is achieved through 

OOB radiation reduction. From the simulation 

results, it is shown that the companding transform is 

one of the best techniques for reducing PAPR and it 

is proved that it performs better than the Tanh 

transform. To minimize the processing cost for PAPR 

reduction and to narrow down the reduced 

performance of BER, the PTS employs few 

hybridization optimization algorithms which is 

explained in [11] and the algorithms employed are 

Particle Swarm Optimization (PSO) and Grey Wolf 

Optimizer (GWO). The ideal phase rotation 

parameters are chosen by PSO–GWO with the 

comprehensive analysis of various quality 

measurements. The framework described in [12] 

integrates both PTS and Gaussian pulse-based TR 

systems to reduce the PAPR with enhanced 

efficiency of error rate in the system of OFDM.  

When compared to other optimization systems the 

hybrid combination of various approaches provides a 

remarkable hardware utilization rate.  In this research 

work, we suggest a machine learning approach that is 

driven by power and is based on PAPR reduction that 

includes three distinct systems for the system of 

MIMO OFDM and is stated as follows: 

 Reduced computational complexity is achieved 

through the Dynamic selection of PAPR 

systems over a large set of subcarriers.   

 The trade-off limitations associated with the 

traditional PAPR systems can be overcome for 

modulation of a high order. 

With the application of direct PAPR that is based on 

data accessibility, the processing speed is enhanced 

because of the fully automated selection at every 

stage.   

Motivation 

The basic goal of the suggested framework is to 

accomplish reduced processing costs and to achieve 

a well-appropriate system by mitigating the 

application of PAPR characteristics in the systems of 

OFDM with ICI termination or without the 

termination of ICI.  One of the significant challenges 

faced by the suggested work is high PAPR. Hence, in 

the modern approaches of reducing PAPR, we 

identify and assess the difficulties involved and 

significant developments for obtaining a realistic 

OFDM system.  Thus, in the proposed framework the 

main area of interest is the examination of reducing 

the PAPR techniques optimally for the approaches of 

OFDM.  Some of the popularly known systems that 

are used for standardizing the PAPR are tone 

Reservation, Coding, peak windowing, clipping, and 

Tone Injection.  The two best suitable approaches 

used for minimizing PAPR are Filtering and clipping. 

Consequently, the filtering and clipping techniques 

acquire the potency to minimize PAPR at the cost of 
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system performance of BER. The performance of 

BER decreases when there is high non-linear 

distortion and with help of available techniques, the 

PAPR can be mitigated. Therefore, filtering and 

clipping techniques result in distortion which is 

produced in the out-band and the in-band.  The main 

objective of the suggested framework is to minimize 

PAPR and augment BER efficiency with the 

application of SLM and PTS strategies.  The primary 

goal of the suggested framework is stated as follows:  

1. Designing an effective system by examining 

various techniques that are employed for the 

reduction of PAPR and BER.  

2. Designing a new hybrid technique for minimizing 

the PAPR and BER by integrating the SLM and PTS 

systems based on OFDM.  

 

Establishing a new hybrid technique by minimizing 

the PAPR and BER for all the available techniques.  

This paper is organized in the following manner: The 

advantages and implementations of several PAPR 

reduction techniques are explained in Section 2 and 

Section 3 examines the features of different PAPR 

approximations. The evaluation of proposed systems 

that are used for reducing PAPR and the performance 

of BER is presented in Section 4 and the last section 

gives the conclusion of this framework. 

3. Peak-average Power Ratio (PAPR) 
 
For every individual antenna, the PAPR has to be 

calculated in the case of a MIMO-OFDM system.  As 

the system of OFDM is a multi-carrier, the modulated 

subcarriers that are stored in the time domain results 

in high power. The ratio of peak power to its average 

power is termed as PAPR and is represented as 

shown in equation (1).  

 

dB
P

P
PAPR

AVG

PEAKlog10            (1) 

During the process of estimation, the complex 

baseband is illustrated as shown in Eqn. (1) and is 

computed using time interval as follows; 

dB
tXE

tX
PAPR

2

2

)(

)(max
log10     (2) 

The maximum power signal and the average power 

signal is indicated as 
2

)(max tX is and 
2

)(tXE

respectively.  

Similarly, with the help of the Complementary 

Cumulative Distribution Function (CCDF), the 

PAPR functioning is estimated. The CCDF examines 

the consequences of surpassing PAPR in a specific 

PAPR threshold bound as indicated in Eqn. (3)  

 

NePAPRCCDF )1(1)Pr()(     (3) 

Selective Mapping:  One of the approaches that are 

used for minimizing the PAPR in an OFDM system 

is selective mapping and this is considered as a 

distortions-less Signal encoding technique. Further, 

the phase rotation is computed for every signal that is 

modulated and is positioned before the IFFT block 

while the power generated for the overall system is 

minimized.  But the processing cost is more for the 

SLM technique and is enhanced exponentially with 

the range of subcarriers and phase sequence rate also 

increases in the system of OFDM. In the case of the 

SLM technique, several replicas of the data unit are 

multiplied with various phase factors as shown 

below:  

B(S)=[BS,1, BS,2, BS,3,... BS, M]T 

where the length of the phase sequence is represented 

as M.  

it results with S distinct modified data blocks and 

IFFT is calculated for every modified data block each 

related with distinct phase factors as represented in 

Eqn. (4) 

X(s) (t)= IFFT {Bs,n*Xn}.                       (4) 

Where n ranges from 0 to M to cover all probable 

dynamic ranges of modified data blocks. 

Partial Transmit Sequence (PTS): The technique 

of PTS divides the actual block of signals into various 

subblocks and the subcarriers that are present in 

every subblock with a phase factor are phase rotated.  

At last, the entire PAPR is minimized due to the 

combination of these subblocks. Whereas the input 

data must be re-established at the receiver end with 

the application of the suitable inverse function. 

However, because of the detailed analysis of all 

probable sets of phase factors that is better is chosen 

but the processing cost remains significantly high.    

During partitioning the decomposed sub-blocks X(m) 

is multiplier with appropriate phase factor B(m)=ejᵩ(v), 

where ᵩ(v)= (0,2π). Then the integrated time-domain 

vectors are formulated as follows:  

)(
1

0

)()(
1

0

)( }{}{ m
M

m

mm
M

m

m XBXIFFTByIFFTZ 










 

Where m denotes complex phase factor sets which 

combine with the PTS as a vector shown in Eqn. (5)  
B(m)=[B1, B2, B3,... BM]T                                 (5) 

The overall processing intricacy of PTS can be 

minimized with detailed analysis of every iteration 

process and consisting of few trade-offs in the 

efficiency of power and the phase factors B(m) is also 

restricted with some dynamic ranges for 

optimization. 

Hybrid SLM-PTS Techniques: 
The techniques of both SLM and PTS are necessary 

for the system of MIMO-OFDM to actively function 
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on the antenna that is used for transmission.  In this 

encoding technique, the signal encoding is 

introduced before the block of IFFT decomposition.  

The SLM optimized phase switched modulated data 

is employed for every IFFT subblocks and is 

employed to represent a signal with low PAPR when 

compared to other techniques. At this phase, the 

number of iterations that are required for IFFTS to 

minimize PAPR is reduced and the best suitable 

combination is selected and is depicted in figure 1.  

The processing overhead of the SLM system is now 

limited to {0, π} with the phase selection of ∈ {1, 

−1}. Therefore, the selection of a phase rotation 

system is enhanced and as represented in Eqn (4)  

 
))](([argmin

..1

XlIFFTPAPRPAPR
Ml


 (6) 

Here an enhanced result is achieved without 

executing all sets of combinations, i.e., l = 2M. 

However, the processing intricacy increases 

exponentially with the increase in subcarrier number. 

The simulation results and the analysis of 

performance are achieved for two distinct sets with 

the subcarriers N = 64 and 128. A relatively low 

PAPR is chosen for the system of MIMO-OFDM and 

the in this case the phase factors are generated 

arbitrarily. The projected scheme abide of a three-

stage technique that assemble raw EEG signals, 

transform them for artefact removal, extracts 

features, and detects anomalies. Second, classifiers 

are used to classify the data, and the results are then 

interfaced with the FPGA. The procedure is defined 

in the following section.  

The analysis of the proposed hybrid SLM and PTS 

techniques are carried out for various strategies of 

modulation and data transmission from 4 transceiver 

antennas are carried out with different conditions of 

noise.   For every individual value of PAPR, the SVM 

algorithm that is based on machine learning is 

examined and the efficiency of a system in terms of 

BER and PAPR is verified. Depending on the 

boundary values of the threshold allotted, the 

reduction approaches for PAPR are chosen. Some of 

the preferred systems such as SLM employing SVM 

classifier or PTS enhances the level of efficiency for 

the system of MIMO-OFDM and thereby minimizes 

the intricacy trade-off metrics which is depicted in 

figure.1. [6,7,8,9] are the boundary values of 

threshold allotted for the system and every individual 

value of boundary is approximated by the approach 

of SVM for reducing the PAPR. The below stated 

machine learning algorithm which is executed step 

by step is illustrated as follows. The steps from 1 to 3 

are preferred based on the values of boundary and the 

network trained depending on the excepted values of 

PAPR and BER (these values are already defined). 

The approaches such as PTS or SLM is preferred by 

the multi-rate SVM depending on the values of BER 

and PAPR for reducing their values. 

Machine Learning algorithm: 
 
Inputs: Training_Set, Group_Train, Test_Setl 

Output: Trained data for reduction in PAPR 

  

Assignment 1:  PAPR_bound=[6,7,8,9];    

Training_Set=[PAPR_bound];  

Assignment 2: Group_Train=[1;2;3;4]; 

Assignment 3: TestSetl=papro;  

Where papro(i)=10*log10(peako/meano);   

       if papro < 6 

disp('conventional mode')for no further reduction 

techniques are required in PAPR 

      end 

where   peako=max(abs(time_domain_signal).^2); 

where 

time_domain_signal=abs(ifft([S_P_DATA(i,1:32) 

zeros(1,(L-1)*Nt) S_P_DATA(i,33:64)])); 

         

Step:1 Find the uniqueness values in Group_Train 

data 

 Calculate the length on the Step:1 

Step:2  if (Group_Train) has unique values the  

 Assign Test_Setl= Group_Train; 

Step:3  Create empty matrix to store the trained data 

of Traning_set  

  For loop from k=1 to length of 

Group_Train 

   If(G1vAll 

=Group_Train=length(k)) then 

Train for 

models(k)=svmtrain(TrainingSet(:,1:4),G1vAll,'kern

el_function','rbf'); 

It is to check current class is 1 or 0 

Step:4 classify and make sure whether PTS is 

carefully chosen or SLM is designated for further 

reduction in PAPR which is based on the value of 

existing PAPR 

Else  

Return(j)=k; 

end  
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 Fig 1: Hybrid SLM-PTS PAPR reduction scheme 

4. Simulation Results 
 
The suggested machine learning technique which is 

based on a hybrid PAPR selection system is 

efficiently modeled in this section of the framework. 

This part of the paper also explains the ability to 

approximate an efficient set of parameters with 

minimum processing cost for PAPR reduction. With 

the available MIMO OFDM techniques, the 

comparison of BER and PAPR reduction outcomes 

are carried out. The simulation techniques such as 

partial transmit sequence, clipping, and Selective 

mapping are illustrated in this research paper. The 

intricacy trade-off is considered as one of the benefits 

of all the three approaches that are designed for the 

reduction of PAPR and if the upper threshold value 

is less than the real power estimated then the Hybrid 

SLM-PTS approach is chosen otherwise if the lower 

threshold value is greater than the real estimated 

power then all three techniques are excluded. From 

the experimental outcomes, it is shown that the 

efficiency of PAPR is augmented for a hybrid set of 

distinct IFFT values due to the employment of the 

CCDF graph. Higher values of IFFT result in 

improved SLM to mitigate the PAPR which is stated 

previously and is therefore well proven in these 

findings. The entire processing time is minimized 

with the application of a technique that is based on 

machine learning even though the approaches chosen 

for PAPR reduction is probabilistic. The analysis of 

the MIMO OFDM signal for two different levels of 

sub-carrier is presented in Fig. 2 and Fig 3. These 

figures also depict the CCDF of BER and PAPR.  

 
The conventional purpose of using the MUD 

method is to reduce the co-channel interference. 

However, in recent years several methodologies 

are invented in order to develop a MUD that can 

perform signal detection with the least 

complexity overhead. In recent days MUD 

technique is accomplished using fast Fourier 

transform (FFT) by converting received symbols 

into frequency domain as overlapping the blocks 

and suppresses the interference by deriving 
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weights for each symbol from the minimum 

mean square error (MMSE) criterion which 

retain at low complexity irrespective of user rate. 

In general, linear MMSE MUD cannot perform 

well over a multi-user environment which is 

highly sensitive to co-channel interferences since 

inter-user interference has no degrees of 

freedom. 

In this section, both MATLAB simulations and 

digital architecture implementations are carried 

out to demonstrate the error performance and 

design complexity respectively, of the proposed 

multi beamformer and signal detector. The 

following facts can be observed: (i) All beams 

formulated with equal gain using FFT transforms 

are orthogonal to each other and complexity is 

decreased exponentially as N (FFT point) 

increases. (ii) Our optimized ML matches with the 

analytical ML BER very well in moderate and low 

SNR regimes and ends with the least 

discrimination when BER is below 10−3 and 

explored that our optimal ML has major 

advantages in terms of complexity and data rate 

efficiency. In addition, FPGA hardware synthesis 

results can exploit the finite beneficiary 

measurements of our radix factorized FFT and 

optimized ML detectors. 
 

 
 
Fig 2: PAPR performance comparison of proposed 

threshold driven mode selection with the 

conventional model 

 

 
Fig 3: BER error rate performance analyses of 

proposed threshold driven mode selection over 

theoretical performance. 

 

 
 
Fig.4. Performance improvement in SNR and 

Channel Capacity of proposed wireless 

communication system with Machine learning 

 
The analysis of the hybrid techniques which are 

based on MIMO-OFDM and SVM based machine 

learning algorithms for two different levels of sub-

carrier, the Signal-to-Noise Ratio (SNR) and capacity 

improvement for different number of transmitter 

antenna’s and receiver antenna’s are presented in Fig. 

4. This results are compared with Shannon capacity 

and it is proven that the proposed system has 

increased both SNR and channel capacity during the 

transmission of packets. Every channel capacity is 

estimated with respect to MSE for the different 

techniques in both theoretical and practically as 

shown in Fig.5. 

 

0 2 4 6 8 10 12 14 16 18 20
10

-5

10
-4

10
-3

10
-2

10
-1

Eb/No, dB

B
it
 E

rr
o
r 

R
a
te

BER Vs Eb/No on Rayleigh Multi path Channel

 

 

Simulated BER for User

Theoratical BER for on AWGN

WSEAS TRANSACTIONS on SYSTEMS and CONTROL 
DOI: 10.37394/23203.2021.16.27 Shobha Y. K, Rangaraju H. G

E-ISSN: 2224-2856 323 Volume 16, 2021



 
 

Fig.5. Reduction in channel MSE for different 

techniques in both theoretical and practical results 

 
5. Conclusion 
 
In this framework, we make use of a hybrid technique 

of SLM-PTS to provide better efficiency in reducing 

PAPR as PTS and SLM techniques which further 

enhance the performance of PAPR from 

communication overhead. Depending on the PAPR 

and BER computation, any one of the above 

techniques is chosen for the traditional subcarrier 

mapping in MIMO-OFDM systems for reducing 

PAPR.  With the help of standardized easy process 

which is identical to the technique based on machine 

learning, the possibility of the system which is based 

on an automated training network offers enhanced 

transmission rate of data for reducing PAPR and 

thereby make use of the probabilistic benefits of 

every PAPR system and choose a pre-defined trade-

off metric. Based on the obtained results, the 

proposed system has been reduced the MSE and BER 

and also improved the performance level of channel 

capacity and SNR. 
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