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ABSTRACT 

 
A new work based-wavelet transform is designed to overcome one of the main drawbacks that found in the 

present new technologies. Orthogonal Frequency Division Multiplexing (OFDM)is proposed in the 

literature to enhance the multimedia resolution. However, the high peak power (PAPR) values will obstruct 

such achievements. Therefore, a new proposition is found in this work, making use of the wavelet 

transforms methods, and it is divided into three main stages; de-noising stage, thresholding stage and then 

the replacement stage.  

 

In order to check the system stages validity; a mathematical model has been built and its checked after 

using a MATLAB simulation. A simulated bit error rate (BER) achievement will be compared with our 

previously published work, where an enhancement from 8×10
-1

 to be 5×10
-1

 is achieved. Moreover, these 

results will be compared to the work found in the literature, where we have accomplished around 27% 

PAPR extra reduction. 

 

As a result, the BER performance has been improved for the same bandwidth occupancy. Moreover and 

due to the de-noise stage, the verification rate has been improved to reach 81%. This is in addition to the 

noise immunity enhancement.  
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1. INTRODUCTION 
 

In order to enhance the multimedia performance, many generations have been evolved during the 

last decade. This will complicate the modern wireless technologies, where a devastating massive 

data that the users’ can deal with; create, transmit and/or manage.  This is a main reason behind 

turning the researcher’s interest toward new solutions to ease such complexities. Thus, a 

combination between two solid technologies has been found in the literature in order to improve 

the system’s reliability for either the downlink or the uplink transmissions and achieve a 

competitive data rates to be over 100 Mbps and 30 Mbps, respectively; namely Orthogonal 

Frequency Division Multiplex (OFDM) and Multiple-Input Multiple-Output (MIMO) technology. 

Therefore, either wired or wireless multimedia applications growth will be controlled. This is in 

addition to produce a high capacity advanced wireless techniques.  

 

Speaker verifications topic is consider as one of the challenging issues these days for the present 

wireless technologies. Here, the information properties have the researcher’s concern and it is an 

active topic for more than several years and for a variety of applications and revealed as a 

difficult task to be considered [1]. The speaker verifications complexity came from the needed 

amount of speech details to verify, estimate, and decide either the acceptance or the rejection 
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levels [1-4]. MIMO-OFDM system is an example about the developments found in the literature 

to meet the improvements requirements such as reliability and coverage. 

 

An efficient use of the limited bandwidth has been fulfilled by imposing the OFDM technique, 

where the multicarrier/ parallel modulation is proposed for the channel effect remedy; frequency 

selective fading, multipath noise, spectral efficiency in addition to the implementation easiness. 

OFDM is easily implemented using the Fast Fourier Transforms (FFT) and its inverse, where they 

used to multiplex signals with orthogonal carriers together. Furthermore, it combat the channel 

effect; the inter-symbol interference (ISI); using the added cyclic prefixes (CP) before 

transmitting. Therefore, the transmitted signal will be longer than the coherence time of the 

channel for the cost of reducing the channel spectral containment [4]. One of the main challenges 

that is found in the OFDM is the high peak-to-average power ratio (PAPR), it is a result of the 

coherence addition of the orthogonal subcarriers in IFFT in the transmitting stage; this will be 

considered as a major drawback especially in the use of the nonlinear devices. The large envelope 

fluctuation will need a large dynamic range for such devices and then it will limit the overall 

system efficiency and will operate at lower average power. [5-10] represents various techniques 

to reduce the effect of the PAPR, where they are classified into two main categories; distortion 

and distortion-less method. As a results, [11-22] depicts the cost of such techniques where the this 

effect is reduced under the cost of increasing the receiver complexity in addition to the irreducible 

BER. Therefore, the overall system throughput is reduced. It is clearly defined that the envelope 

fluctuation could be defined as  

PAPR=

∫ ∑
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Here, the nominator defines the OFDM symbol peak power and the denominator is the average 

power. The symbol duration is T, the n-th sub carrier is Xn and f0 is the nominal subcarrier 

frequency spacing.    

 

Our previously published work in [9, 23-24], shows a competitive technique that overcomes those 

complexity and based on a mathematical model that conclude the average power is equal to the 

number of modulated OFDM subcarriers. Thus starting from the average power definition as  
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Here cv is the magnitude of the modulated data and for simplicity let us use the simplest 

modulation technique; BPSK with | vc | =1. (2) could be reduced to leads to    

Pavg  =N ∫
T

v dtc
T 0

21 = N,    (3) 

Then a direct relationship between the average power and the total number the IFFT points, N, is 

achieved. This means that the PAPR reduction is accomplished by reducing the average power of 

the OFDM symbol. As a result, the computational complexity will be overcome over the one that 

has been found in the literature. 

In this work and as will be shown in the next section, a new work will be proposed based on the 

wavelet transform namely OFDM based on the wavelet transform (WT) method; (DWT-OFDM). 

This work performance will be checked based on either the PAPR reduction or the BER 
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reduction. Making use of the definition that is found in [22] which is based on Chernoff Union 

bound; the effective SINR must accomplish the following relationship as 

 

BER(SINR)= 
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Where the SINR is defined by the ratio of the expected values between the useful information and 

the interference ones. Then, the BER could be considered as the wrong detection or the errors that 

resulted from a noisy channel and it is the relationship between the presence of eror probabilities 

and the signal to noise ratio. In (4), n is the n-th subcarrier and has the values between 1 to N, λ is 

a unique parameter based on the system level simulation, Q is the set of symbols that will be 

transmitted through certain number of antennas.  

 

The rest of paper is organized as follows; the introduced structure of the MIMO-OFDM system 

models is defined in Section 2, the numerical and simulation results are presented in Section 3, 

while the last section summarizes the conclusion. 

 

2. The MIMO-OFDM System Descrition 
 
In this subsection a new algorithm has been proposed to allocate the high peaks that found in an 

OFDM signal. As shown in Figure 1, the flowchart explains the following procedure to attain the 

target from the proposed algorithm. Thus, the proposed algorithm starts with scan the produced 

OFDM signal after the Fast Fourier Transform process (FFT)  

 

This signal will be processed as follows:    

 

1) The preprocess stage:  

• Remove the noise from a signal using wavelet technology. 

• Perform P-level Haar wavelet decomposition of a signal (P=8); it is decomposed into two 

subsignals; to running average or trend; and to running difference or fluctuation.  

• Construct the approximations, CAP and the details CDP. 

 

2) Using Zero Crossing mechanism allocate the peaks and valleys matrices  

 

For all details coefficients where the peaks and valleys are lie because of the high pass filters used 

in wavelet transform. 

 

3) The entropy for both of the preprocessed OFDM signal and the decomposed P-

Levels has been calculated using Shannon method. 

 
     Case Studies based on the decomposition acceptance: 

 

1. Case Study 1: Detect true and false local extremes points using all details coefficients.  

2. Case Study 2: Detect true and false local extremes points using details coefficients 

( ). 

3. Case Study 3: Detect true and false local extremes points using all details coefficients 

except ( ). 

4. Case Study 4: Detect true and false local extremes points for each packet details 

coefficients separately. 
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4) Use moving average (MA) filter. This filter is used to find high peaks for the 

founded matrix’s points with their neighbors surrounding them in original OFDM signal. 

Then save the result into corresponding points of the original signal. 
 

 
Figure 1. Flowchart of the proposed algorithm 

In this section, a new technique has been proposed to allocate peaks in the OFDM signal based on 

the entropy wavelet packets. After dividing the used signal into eight levels using the wavelet 
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packets, the entropy has been divided into the range of 0.68262 to 74.2432. Based onto the P-

level summation, 4 case studies have been explained and found the best peaks allocation criterion; 

case study 4. In this case study, a total of 414 peaks have been found with an error ratio of around 

4%. Furthermore, a predetermined threshold has been used to be compatible with various wireless 

systems specifications, and then these peaks have been replaced using the moving average filter 

to avoid the transmission with high peaks. 

 

3. SIMULATION RESULTS AND DISCUSSION 

 
A MATLAB simulation has been performed to check the proposed system’s performance and to 

be compared with both of the conventional techniques and our previously published work [9, 22-

24] under equivalent conditions. The simulation has been limited to the following factors:  

 

• The input data is divided into two main categories:  

 

o A practical data that is recorded data with 4kHz bandwidth sampled using the 

minimum sampling rate over a duration of 2s time. It will be converted into 

binary bits using an ordinary A/D convertor with the three main steps shifting, 

normalizing and then quantizing.  

o A theoretical data that is randomly generated, 

 

• 256 points FFT size,  

• Coding block is the convolutional encoder with ½ coding rate, and  

• QPSK modulation techniques. 

 

Based on the simulation results it is clearly shown that the dense modulation technique gives 

better result than the low one. Moreover, it is clearly shown that the proposed work has better 

performance than either some techniques found in the literature such as clipping technique and 

partial transmit sequence (PTS) or our previously published work found in [23].  

 

It is clearly found that the proposed work enhances system performance as shown in Figures 2; 

the BER has been improved to be 5.5×10
-1

 while it was 8×10
-1

.  
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Figure 2. BER results based QPSK modulation Technique 

 

4. CONCLUSIONS 

 
A new proposition has been made in this paper to allocate the peaks and overcome the effect of 

high PAPR problem in MIMO-OFDM systems. It is based on both entropy of the wavelet 

coefficients and the moving average filters. The overall MIMO-OFDM system’s performance is 

checked using a MATLAB simulation in addition to check the validity of the analytical 

derivation. It shows a promising performance improvement based on the found BER, where they 

have been exposed clearly in the previous section from 8×10-1 to be 5×10-1 at the same system 

threshold as an example. Moreover, it shows that 80% extra reduction has been achieved over the 

used techniques in the literature such as clipping and PTS techniques. Furthermore, an extra 15% 

improvement has been achieved over our previously published work in [23]. 
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