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Abstract: 

Orthogonal Frequency Division Multiplexing (OFDM) is a digital trans mission method developed to meet the increasing demand fo r 

higher data rates in communicat ions and can be used in both wired and wireless environments. High peak-to-average power ratio  

(PAPR) is the most critical problem in OFDM system. Among various PAPR reduction techniques, Selected Mapping technique 

(SLM) is the best because SLM technique is a relatively simple approach for the reduction of PAPR. The basic concept is to generate 

a set of sufficient different OFDM symbols and all representing the same informat ion as the original OFDM symbol then transmit the 

one with the minimum PAPR. Present paper, deal with reduction of PAPR in OFDM with Neural Network (NN). Moreover, the 

present paper evaluates the performance of the system in term of bit error rate (BER) and computational complexity  

 

Index Terms:  SLM, NNTOOL, OFDM , BER. 

 
I. INTRODUCTION 

 

Orthogonal Frequency Division Multiplexing (OFDM) is a 

promising technique for high bit rate transmission systems. It is 

used in many applicat ions owing to its robustness to frequency 

selective fading or narrow band interference, high bandwidth 

efficiency and efficient implementation. One major drawback 

of OFDM is the large peak-to-average power ratio (PAPR) of 

the transmitted signal. Some of the PAPR reduction schemes 

are clipping, coding, selected mapping (SLM), tone injection, 

tone reservation, constellation extension and partial transmit  

sequence etc. the SLM scheme is relatively attractive since it  

can obtain better PAPR by modify ing the OFDM signal  

without distortion. The selection of proper phase sequences to 

achieve good PAPR reduction is very important in the SLM 

technique [1][5]. An amount of literature exists on phase 

sequence sets for SLM. In recent years, artificial neural 

network (NN) technique has been successfully applied in 

various communications signal processing areas due to the 

good generalization properties, including PAPR reduction of 

OFDM signals [4].   The constellation points should not 

decreased so at the receiver BER does not increase for a small 

increase in power neural networks units are used for both the 

transmitting and the receiving ends.  

 

II. SYSTEM PERFORMANCE OF PEAK-TO-

AVERAGE POWER RATIO 

 

In OFDM system, frequency-domain sequence is converted 

into time-domain sequence by using IFFT represented as 

 

z[n] =
 

  
        

    
     

        0      ,       (1) 

 

Where k, n, and N are frequency-index, time-index, and 

number of sub-carriers, respectively. 

 

The PAPR of the transmitted signal is given by the equation    

PAPR=  
    

           
 

 

 
  
 
      

 
  

 ,                                  (2) 

Complementary Cumulative Distribution Function (CCDF) of 

PAPR defines that the probability of the signal is found to be 

greater than certain threshold [2] . 

CCDF (PAPR (z[n])) = Prob(PAPR(z[n] > threshold)      (3) 

 

III. SELECTED MAPPING TECHNIQUE(S LM) 

The SLM technique was first described by Bauml . Shown in  

Fig 1, In the SLM the input data Sequences are multip lied by 

each of the phase sequences to generate alternative  Input 

symbol sequences. Each of these alternative input data 

sequences has made the IFFT operation, and then the one with 

the lowest PAPR is selected for transmission [7]. The CCDF of 

the original signal sequence PAPR above threshold       is 

written as Pr(PAPR>     ).  Thus, for k statistical 

independent signal waveforms, CCDF can be written as [Pr 

(PAPR>     )   .  

  

 
Fig : 1. Block Diagram of SLM [1] 

 

So, the probability of PAPR exceed the same  

Threshold. The probability of PAPR larger than a threshold Z 

can be written as, 

 

P(PAPR<Z)=F(Z  =(1-exp(Z     ,                         (4) 

Assuming that M-OFDM symbols carry the same informat ion 

and that they are statistically independent of each other. In this 
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case, the probability of PAPR greater than Z is equals to the 

product of each independent probability [5][6]. Th is process 

can be written as 

 

{PAP    >Z}=(P{PAPR>Z}   = 

             ((1-exp(-Z)          ,                                 (5) 

 

In selected mapping method, firstly M statistically independent 

sequences which represent the same information are generated, 

and next, the resulting M statistically independent data blocks 

  =[    ,     ,…..        
  for m=1,2,...,M are then 

forwarded into IFFT operation simultaneously   

=[  ,   ,…     . 

 

In discrete time-domain are acquired and then the PAPR of 

these M vectors are calculated separately. Eventually, the 

sequences     with the smallest PAPR are selected fo r final 

serial trans mission. Selected mapping technique for suppressing 

the high PAPR [10][5]. 

 

IV. NEURAL NETWORK TECHNIQUE 

The Neural Network module is based on a multiple -layer 

perceptron (MLP) NN, which is one of the most popular NN 

techniques, which has been applied to various communicat ions 

signal processing areas. MLPNN consists of three parts: one 

input layer, one or more hidden layers, and one output layer. 

The input layer is fed with input data and is processed in the 

hidden layers with appropriate activation functions. Each 

neuron in the hidden layers emits an output, which in nonlinear 

function of its activation, and is processed in the output layer, 

to produce an output similar to the desired output. MLPNN is 

trained using a collection of Ntr input-output data set [2]. The 

training stage is completed when the mean square error (MSE) 

between the training input and the desired output is minimized. 

In our work, MLPNN is implemented using the feedforwardnet 

function included in the MATLAB Neural Network Toolbox. 

Furthermore, the training input and the desired output are 

normalized in the range of [−1, +1], before applying those to 

MLPNN using the MATLAB function mapminmax. The reason 

for the normalizat ion is that by mapping the training data 

values to [−1, +1], MLPNN converges faster with performance 

improvement [3][2]. In the present scheme simple NN unit is 

employed at the receiver side as shown in Fig.2. Reduction of 

complexity is realized by using a single time domain NN unit 

for PAPR reduction and BER performance improvement is 

achieved through the time domain NN unit at the receiver [4]. 

The proposed transmitter NN (TXNN) and the receiver NN 

(RXNN) are based on the multilayer feedforward network with 

two layers and two neurons per layer with triangular activation 

function. The training procedure of the proposed NN scheme 

can be described as follows [2][3].  

 

1) Obtain training input and desired signals for TXNN The t ime 

domain OFDM signal x is used as the training input signal to 

the TXNN and the t ime domain SLM signal      is used as the 

desired signal. 

 

2) Train  and construct real and imaginary TXNN 

modules       
   and     

     imaginary parts of the training 

input and desired signals are separated to be used as 

independent training input and desire signal. 

 3) Obtain training input and desired signals for RXNN. The 

time domain TXNN signal xTXNN is used as the training input 

signal to the RXNN and the time domain OFDM signal x is 

used as the training desired signal.  

 

4) Train and construct real and imaginary RXNN 

              
   and      

    to be applied at the receiver 

side. 

 

The testing procedure of the proposed NN scheme is realized as 

follows. 

1) Obtain t ime domain OFDM signal x. The t ime domain  

OFDM signal is obtained by applying an IDFT to the 

modulated data symbols in X. 

 

2) Obtain time domain TXNN signal xTXNN. The trained 

TXNN is applied to the OFDM signal to produce 

               
       +      

  {    ,   (6) 

 

3) At the receiver side, a  quasi-static frequency selective 

Rayleigh fading channel with perfect channel estimat ion is 

assumed. 

 

4) Obtain time domain RXNN signal yRXNN . The trained 

RXNN is applied to the received signal with channel estimat ion 

to produce 

                
       +      

  {    ,  (7)  

 

 
Fig : 2. Block d iagram of SLM Using NN scheme [2] 

 

V. Complexity Analysis selective 

Table 1: Computational Complexity Comparison Of SLM, And 

The SLM Using NN Scheme with  N = 256 ,512 1024 and 2048 

Subcarriers 

Parameter SLM Scheme (N = 

256,512 ,1024 ,2048) 

NN Scheme (N= 

256,512 ,1024 ,2048) 

FFT 4 1 

Complex 

multip licat io

ns 

4096,9216,20480,4505

6 

1024,2304,5120,1126

4 

Complex 

addition 

8192,18432,40960,901

12 

2048,4609,10240,225

28 

Size 

operation 

4  



International Journal of Engineering Science  and Computing, October 2016           2692                                                             http://ijesc.org/ 

The table shows the number of complex multiplications and 

additions due to the use of IFFT modules, real multip licat ions 

and additions due to the use of NN modules, and check 

operations [3]. The number o f complex multiplications and 

additions required of the N point IFFT modules are 

(N/2)     (N) and      (N) ,respectively. Furthermore, the 

NN modules based on the mult ilayer feedforward network with 

two layers and two neurons per layer require 8N real 

multip licat ions and 6N real addit ions [2][3]. 

 

VI. SIMULATION  RES ULTS & DIS CUSSION 

Table 2: Simulat ion Parameter of SLM using NN 

Parameters Value 

Size of FFT 256,512,1024,2048 

Modulation Scheme  4-QAM 

Number of 

Symbols(M) 

4,8 

Phase value 1,-1, j, -j 

 

The MATLAB simulat ions have been performed for Baseband 

signals with N=256, 512, 1024 and 2048 subcarriers using 4 

QAM modulation. The results presented in this paper are 

obtained using a phase vector containing 4 phase values given 

by P= [1 -1 j -j]. Each OFDM sub carrier is mu ltiplied by this 

phase vector and PAPR value is calculated for the OFDM 

Signal with each phase value. OFDM with phase for which 

PAPR is minimum is selected and transmitted [1]. 

 
Fig.3 CCDFs plot of the PAPR for orig inal OFDM, SLM, and 

the modified method with N = 256 and 4-QAM modulation. 

 

 
Fig.4 CCDFs plot of the PAPR for orig inal OFDM, SLM, and 

the modified method with N = 512 and 4-QAM modulation  

 
Fig.5 CCDFs plot of the PAPR for orig inal OFDM, SLM, and 

the modified method with N = 1024 and 4-QAM modulation. 

 

 
Fig.6 CCDFs plot of the PAPR for orig inal OFDM, SLM, and 

the modified method with N = 2048 and 4-QAM modulation 

 

 
Fig.7 BER performance of QPSK  for N=256 in AW GN 

Channel 

 
Fig.8 BER performance of BPSK for N=256 in AW GN 

Channel 
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Table 3: PAPR values for d ifferent methods 

 

PAPR values 

for different  

size of DFT 

OFDM  SLM  

scheme 

Modified 

SLM 

N=256 13.58dB 11.1dB 6.11dB 

N=512 13.2dB 11.19dB 6.07dB 

N=1024 12.3dB 10.52dB 5.9dB 

N=2048 12.31dB 10.58dB 5.8dB 

 

The Cumulative Distribution Function (CDF) plot for SLM 

scheme is shown in Fig.3 using 4-QAM modulat ion and the 

value of PAPR is 13.58 dB at       CDF while using SLM it  is 

reduces to 11.1 dB, using Modified SLM PAPR reduces to 6.11 

dB. The calculat ion of CCDF is done on the different values of 

subcarriers. In simulated graph by using SLM scheme the 

PAPR is reduced at some extent than by using NN (neural 

network). As for the present paper method, only 2 NN 

computations are required for the real and imaginary TXNN, 

one N point IFFT computation is necessary for TXNN 

processing. Furthermore, processing and additional 2 NN 

computations are required for the real and imaginary RXNN 

processing. The Cumulative Distribution Function (CDF) p lot 

for SLM scheme is shown in Fig.4 using 4-QAM modulation 

and the value of PAPR is 13.2 dB at        CDF while using 

SLM it is reduces to 11.19dB, using modified SLM PAPR 

reduces to 6.07dB.  The cumulative d istribution function (CDF) 

plot for SLM scheme is shown in Fig.5 using 4-QAM 

modulation and the value of PAPR is 12.3dB at        CDF 

while using SLM it is reduces to 10.52dB, using modified SLM 

PAPR reduces to 5.9 dB. Shown in Fig.6 the value of PAPR is 

12.31 dB at      CDF while using SLM it is reduces to 10.58 

dB, using Modified SLM PAPR reduces to 5.8 dB.  The bit 

error rate BER is calculated for QPSK modulat ion techniques 

for N = 256 in AWGN channel as shown in Fig.7 As for QPSK 

with                when 
  

   
 = 10.4 dB.   In Fig.8 the BER 

is observed for bpsk modulation techniques for N= 256. It is 

observed at          , 
  

   
 = 16 dB. The BER is  increasing in 

BPSK as compare to QPSK modulation techniques. 

              

VII. CONCLUS ION 

 One of the promising multicarrier communication systems, 

Orthogonal Frequency Division Multiplexing OFDM, has been 

adopted by many wireless communication standards due to its 

several advantageous features in multipath environments. This 

paper describes the   PAPR and   BER performances of OFDM 

system and simulat ion results demonstrate the effectiveness of 

OFDM in BER and computational complexity. In present 

paper, the techniques used in method are analyzed by using 

MATLAB simulation and Neural Network NN tool. The 

present work has discussed the PAPR reduction using selected 

mapping (SLM) by NN technique. From the simulat ion graph, 

it has been concluded that when FFT size is   = 256 then PAPR 

is having value 6.1 dB. When FFT size is   = 512 then PAPR is 

having value 6.0 dB.  When FFT size is   = 1024 then PAPR is 

having value 5.9 dB    and when FFT size is   = 2048 then 

PAPR is having value 5.8 dB.  BER is calcu lated for QPSK and 

BPSK modulation techniques for N = 256 in Addit ive White 

Gaussian Noise (AWGN) channel and the BER is less in QPSK 

as compare to BPSK modulat ion techniques. So, it is cleared 

that PAPR is reduced but BER is increasing in BPSK. 
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