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Abstract Modulation techniques play a significant role in minimizing the effect of noise produced by noisy channels, especially 

thermal noise produced due the heat effect in electronic communication systems. The effect of noise has a significant value in 

wireless communication systems and can affect the performance of systems and be increasing the probability of error. This 

increasing of the probability of error will be over some acceptable values due the me\multiplexing technique used which will 

force the system to decrease the needed data rate. OFDM meets requirements of high data rates of mobile wireless 

communications; the OFDM technology is to be an essential technique for achieving the high data capacity and spectral 

efficiency requirements for wireless communication systems. In this paper an investigation into wavelet and Fast Fourier 

Transform (FFT) and their effect on   WLAN IEEE.802.11.a system that implements Orthogonal Frequency Division 

Multiplexing OFDM analyzed the effect of AWGN using different modulation techniques parameters that simulated to study the 

performance of the proposed system such as BPSK, DPSK, QPSK, DQPSDK QAM16 and QAM64. Results extracted in 

simulation part presents a sufficient privilege for DWT-OFDM pair. 

 
 

Index Terms— OFDM, wavelet, IFFT, IEEE 802.11, WLAN.  

 

 

 
 

I. INTRODUCTION1 

he Fast Fourier Transform (FFT) is an algorithm that 

Scientific use to compute the discrete Fourier transform 

faster than can do discrete Fourier transform or other 

algorithms [1]. 

  The FFT is important in it has a central place in 

different applications such as image and signal processing 

due to its working in the frequency domain.   

 The real equivalent version of DFT Real and Imaginary) is 

[2]. 
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M. Rahman mentioned in his book [3], it is better to 

divide the transform into N/2 equal parts at each step. This 

algorithm is known as a Cooley-Turkey algorithm that 

limits the power to power-of-two sizes. In this case, the 

number of complex multiplications and additions can be 

reduced, and the transformation will be fast.        

The Discrete Wavelet Transform (DWT) deals with time-

domain dependent functions of time and it can be written as 

[4]: 
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The Wavelet function is: 
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Two scaling functions used with Wavelet transform [4]: 
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Practical signals are limited in frequency and limited in 

time [8].  The frequency analysis in wavelet transform is 

performed using low frequency while the analysis is 

performed by applying high-frequency versions of the 

mother wavelet. 

    Some issues are important in designing wavelet 

functions:  Smoothness, Approximation accuracy and Size 

of the support of wavelets 

The principal difference between FFT and DWT is that 

Fourier transform localized in frequency whereas Wavelet 

transform is localized in both frequency and time. Also, 

Wavelets often give a better signal representation using 

Multiresolution analysis, with balanced resolution at any 

time and frequency. 

    Orthogonal Frequency Division Multiplexing (OFDM) 

is a conventional form where all sub-carriers are orthogonal 

to each other. Due to the minimum frequency distance 

between carriers, OFDM provides high data rate, high 

resistance to frequency selective fading and reasonable 

complexity and cost. 

   The orthogonality requires that the sub-carrier spacing 

is: 

Hertz
T

k
f

U

                                                                (7)  

where TU seconds is the symbol duration and k is a positive 

integer.  

An OFDM signal is a sum of different subcarriers that 

are modulated by using Phase Shift Keying (PSK) or 

Quadrature Amplitude Modulation (QAM). The symbol can 

be written as: 
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OFDM signals are typically produced digitally due to the 

challenge of creating huge banks of phase lock oscillators 

and receivers in the analog domain. Figure 1 shows the 

block diagram of a typical OFDM transceiver [5]. 

 

 

Fig. 1. Block diagram showing a basic OFDM transceiver 

 

Wireless Local Area Networks (WLAN) becomes 

familiar and preferred network access among users.        

The first of the IEEE Workshops on WLAN was held in 

1991 [6]. At that time, initial wireless LAN products had 

just appeared on the market, and the IEEE 802.11 

committee had just begun its activities to develop a 

standard for WLANs [6].  

     Wireless LAN provides more flexibility than 

traditional wired local area networks standards and support 

data rate ranging from 1-2Mbps to 11Mbps and 54Mbps 

depending on the specifications used. 

    The IEEE 802.11 committee is responsible for WLAN 

standards including 802.11, 802.11a, 802.11g and 802.11b 

together with other standards that define Quality of Service 

(QoS) and Security for WLAN [7-8].  

Primary types of equipment used in WLAN system is 

listed in [9]. Each 802.11a/b/g device can operate in one of 

four possible modes [8]. Following table is a summary of 

the 802.11 network standards. 

In this paper research, the IEEE 802.11(a) standard will 

be used.The IEEE 802.11a is an Orthogonal Frequency 

Division Multiplexing (OFDM) system very comparable to 

the Asymmetrical Digital Subscriber Loop (ADSL) 

Discrete Multi-Tone (DMT) modems sending different 

subcarriers in parallel using the Inverse Fast Fourier 

Transform (IFFT) and receiving those subcarriers utilizing 

the Fast Fourier Transform (FFT). In the IEEE 802.11a 
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standard, the transmission medium is wireless, and the 

operating frequency band is 5 GHz [10-11]. 

        The IEEE 802.11a standard system utilizes 52 

subcarriers that are modulated using binary or quadrature 

phase-shift keying (BPSK/QPSK), 16 Quadrature 

Amplitude Modulation (QAM), or 64 QAM. The pilot tones 

are used at the receiver to estimate any residual phase error. 

Forward Error Correction (FEC) coding (convolutional 

coding) is used with a coding rate of 1/2, 2/3, or 3/4. 

    The wavelet based OFDM modulator and demodulator 

used is shown in Figure 2, the overall system of OFDM is 

the same as in Figure 1; the only difference is in the OFDM 

modulator and demodulator. 

    The processes of the S/P converter, the signal 

demapper and the insertion of training sequence are the 

same as in the system of FFTOFDM. 

    Also, the zeros will be added as in the FFT-OFDM 

model. After that the inverse discrete wavelet transform 

(IDWT) will be applied to the signal. The main and 

important difference between FFT based OFDM and DWT 

based OFDM is that the wavelet based OFDM will not add 

a cyclic prefix to OFDM symbol. Therefore, the data rates 

in wavelet based OFDM can surpass those of the FFT 

implementation. After that, the P/S converter will convert 

the OFDM symbol to its serial version and will be sent 

through the channel. At the receiver, the S/P converts the 

OFDM symbol to parallel version. 

    Also, the zero pads will be removed, and the other 

operations of the channel estimation, channel 

compensation, signal demapper and P/S will be performed 

in a similar manner to that of the FFT based OFDM. 

 

 
Fig. 2. WT-OFDM modem System 

 

IFFT and the FFT in the conventional system are 

replaced by the discrete wavelet Transform Wavelet 

Transform (DW) and the methods of the S/P converter, the 

signal demapper and the insertion of training sequence are 

the same as in the OFDM system based FFT. 

    Also, the zeros will be added as in the OFDM model 

based FFT. After that, the DWT will be applied to the 

signal. The main and significant difference between OFDM 

based FFT and the OFDM-based DWT is that the OFDM 

model based wavelet transforms will not add a cyclic prefix 

to the OFDM symbols. Therefore, the data rates in this 

system can surpass those of the FFT implementation model. 

After that the P/S converter will convert the OFDM symbol 

to its serial version and the signals (data and training) will 

be sent through the channel to the receiver. At the receiver, 

the S/P converts the OFDM symbol to the parallel version, 

then, the DW will be applied to the received symbols. Also, 

the zero pads will be removed, and the other operations of 

the channel estimation, channel compensation, signal 

demapper and P/S will be performed in a similar manner to 

that of the OFDM-based FFT. 

    The wavelet transform divides the signal into the 

approximation coefficients and detail coefficients as shown 

above. In a DWT based system, the wavelet transform 

blocks, inverse discrete wavelet transform (IDWT) and 

discrete wavelet transform (DWT) replace the IFFT and 

FFT of FFT-OFDM system in modulation and 

demodulation processes [12]. 

    One of the advantages of applying wavelet transform 

is that due to the overlapping type of wavelet properties, the 

wavelet based OFDM does not need the cyclic prefix to 

deal with delay spreads of the channel. As a result, it has 

higher spectral containment than that of Fourier-based 

OFDM [13]. The input information is processed as per 

FFT-OFDM. However, the variation is that the system does 

not require CP to be added to the OFDM symbol. The 

output of the inverse discrete wavelet transform (IDWT) 

can be represented as [14]: 

 











0 0n

2/ )2(2d(k)
m

m

k

mn

m nD                                (9) 

where 
n

mS  are the wavelet coefficients and )(t is the 

wavelet function with compressed factor m times and 

shifted n times for each subscriber (number 

10,  Nkk ). The wavelet coefficients are the 

representation of signals in scale and position or time. Xm at 

the receiver side, the process is inversed. The output of 

DWT is 
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Multiresolution analysis of wavelet theory allows to 

represent wavelets and scaling functions by great and low 

pass filters (HPF and LPF) sequentially with impulse 

responses h[m] and g[m]. Therefore, the wavelet transform 

can be easily implemented using discrete time filters. 

The OFDM performed by using IFFT’s and FFT’s have 

some difficulties. The OFDM suffers from  
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         •ISI (intersymbol interference) –This is frequently 

taken care of by using an adding a cyclic prefix larger than 

the channel length but this may not always be possible. This 

process occurs due to loss of orthogonality due to channel 

effects.  

    • Time and Frequency Synchronization [15]. The 

OFDM needs time and frequency synchronization to get a 

low bit error rate.  

    • Carrier Frequency Offset- The offset between the 

carrier frequency and the frequency of the local oscillator 

also creates a significant bit error rate.  

    Due to these problems we want to look at another sort 

of modulation to generate the carrier. One of these is the 

wavelet transform. Several authors suggest the wavelet 

transform; it has a higher degree of side lobe suppression 

and the loss of orthogonality lead to lesser ISI and ICI. In 

Wavelet OFDM, the FFT and IFFT are replaced by DWT 

and IDWT sequentially. For the Wavelet transform, we 

observe that from the time-frequency plot that the first 

Wavelet transform gives minor flexibility than the wavelet 

packet transform. For the wavelet packet transform, we can 

construct an algorithm to do the decomposition such that 

the effect due to the noise [16].  

    The above fig dispenses the case; the dark lines 

represent the noise. The top-left corner provides the usual 

wavelet decomposition. The bottom-left presents a carrier 

with no decomposition. The top-right shows a symmetrical 

tree structure while the bottom-right shows the select 

subcarrier decomposition. A subcarrier compares to a 

rectangle in the time-frequency timing. Thus, if the 

maximum resolution is defined, we can have the same 

number of subcarrier regardless of the tree structure. 

| Paste Special | Picture (with “float over text” 

unchecked).  

 

II. DISCUSSION AND PROBLEM FORMULATION 

There are different applications of DWT. It has a wide 

application in Digital Signal Processing (DSP), Image 

Processing and Identification techniques. It can be 

considered as a powerful tool for various analyzes with 

many advantages as mentioned before.  

In analysis part, we will introduce a simulation plan and 

theoretical analyzes to show the IEEE.802.11.a WLAN 

performance due to AWGN and multipath effects.  

In simulation part, a simulation Matlab programs will be 

simulated and presented to show the performance of FFT-

OFDM and DWT-OFDM on IEEE.802.11.a WLAN. 

    The system model for FFT-based OFDM will not be 

discussed in detail as it is well known in the literature. 

Thus, we merely present a brief description of it. The data 

dk is first being processed by a constellation mapping. M-

ary QAM modulator is utilized for this work to map the raw 

binary data to appropriate QAM symbols. These symbols 

are then inputted into the IFFT block. This includes taking 

N parallel streams of QAM symbols (N being the number 

of sub-carriers used in the transmission of the data) and 

performing an IFFT operation on this parallel stream [17]. 

A. DWT-OFDM IEEE.802.11a WLAN System: 

 

 In DFT-based OFDM, a CP is combined to eliminate 

ISI. However, this can minimize bandwidth efficiency 

greatly. Discrete alternative programs for replacing ID 

spectral containment of the channels is better since it do 

DWT-based OFDM an advantage of bandwidth efficiency. 

    The overall system of OFDM based discrete wavelet 

transforms that will use in the simulation is the same as 

FFT-OFDM. The IFFT and the FFT in the conventional 

system are replaced by the IDWT and the DWT blocks. The 

processes of the S/P converter, the signal demapper and the 

insertion of training sequence are the equivalent as in the 

OFDM system based FFT [18]. 

    Also, the zeros will be added as in the OFDM model 

based FFT. After that, the IDWT will be applied to the 

signal. The main and important difference between OFDM 

based FFT and the OFDM-based DWT or is that the OFDM 

model based wavelet transform will not add a cyclic prefix 

to the OFDM symbols. Therefore, the data rates in this 

system can surpass those of the FFT implementation model. 

After that the P/S converter will convert the OFDM symbol 

to its serial version and the signals (data and training) will 

be sent through the channel to the receiver. At the receiver, 

the S/P converts the OFDM symbol to the parallel version, 

then, the DWT will be applied to the received symbols. 

Also, the zero pads will be removed, and the other 

operations of the channel estimation, channel 

compensation, signal demapper and P/S will be performed 

in a comparable manner to that of the OFDM-based FFT 

[18-20]. The training sequence will be used to estimate the 

channel frequency response [21].   The block diagram of 

OFDM system based on DWT is shown in Figure 3 
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Fig. 3. The block diagram of OFDM system based on DWT 

B. Discussion: 

The simulation process contains two main approaches: 

The first approach based on BER performance analysis 

between FFT-OFDM and DWT-OFDM depending on three 

main sources of disturbances or distortion: AWGN, 

multipath effects and delay spread. 

The second simulation approach concentrated on the use 

of different wavelet functions and showed the effect of their 

implementation on the BER performance of DWT-OFDM 

system employed in IEEE 802.11.a 

There several wavelet families: Daubechies, Haar  

Coiflets, Symlets. For an orthogonal wavelet, in the 

multiresolution structure, we start with the scaling function 

ϕ and the wavelet function ψ. One of the direct relations is 

the twin-scale relation [22]: 
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All the filters utilized in DWT and IDWT are intimately 

related to the sequence . Clearly if ϕ is compactly 

installed, the sequence (in) is finite and can be viewed as an 

FIR filter. The scaling filter W is a low-pass. From filter W, 

we determine four FIR filters, of length 2N and norm 1, 

organized as follows: decomposition low-Pass, 

decomposition high-Pass, reconstruction low-pass and 

reconstruction high-pass [22]. 

    For FFT-OFDM Before any receiver algorithms can be 

employed, the timing must first be improved; that is, the 

system clock at the receiver must match synchronized with 

the transmitter’s clock, while taking into account the 

propagation delay of the channel. Since OFDM is a 

frequency domain modulation technique, it is required to 

have accurate estimates of the frequency offset, produced 

by oscillator instability, at the receiver. The accuracy of the 

channel estimation algorithm is also crucial to the overall 

system’s performance. The phase correction algorithm uses 

the pilot subcarriers to correct the rotation of the OFDM 

symbols. This rotation was introduced by the residual 

frequency offset of the carriers. 

The equalization is a necessary step to recover the 

distorted signal, due to multipath fading. Then the signal is 

demodulated using a soft decision demodulator, that is, the 

demodulated bits retain additional information about the 

reliability of the decision. To include this extra information, 

the soft bits have various values: a large absolute value of 

the initial bit and a small value for the second bit. In our 

simulation, the sign of the soft conclusion indicates a 0 or 1 

bit. The absolute value of each soft choice is the distance to 

the decision boundary. This additional information can 

significantly improve the performance of channel coding 

schemes. 

C. Performance of FFT-OFDM and DWT-OFDM based 

IEEE.802.11.a WLAN System 

Various transmission modes are defined in IEEE 802.11 

a/b/g WLAN standards. A very few transmission modes are 

considering for IEEE 802.11 a/b/g in physical layer 

parameters and wireless channel characteristics. In this 

thesis, we evaluated the performance of available 

transmission modes in IEEE 802.11a [1]. Nevertheless, the 

performance analysis can be done straightforward using the 

evaluation of IEEE 802.11a. The performance of 

transmission modes is estimated by computing the 

probability of Bit Error Rate (BER) versus the Signal Noise 

Ratio (SNR) following the often used three wireless 

channel models (AWGN, Rayleigh and Rician). We 

examine the data modulation and data rate to investigate the 

performance that is BER vs. SNR. We also examine 

multipath received signals. The simulation results had 

confirmed the performance of transmission modes under 

several channel models and the number of antennas. Based 

on simulation results, we observed that some transmission 

methods are not efficient in IEEE 802.11a. The evaluation 

of performance verifies the increase in the coverage area of 

the physical layer in the 802.11a WLAN devices [23]. 
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The program contains two main parts: 

Part 1: Simulation of FFT-OFDM IEEE.802.11.a WLAN 

system with specific input parameters shown in table 4. 

This part contains four subprograms simulating the effect of 

AWGN, multipath effects, Doppler Effect and delay spread 

on the BER. In this part, four modulation techniques used: 

BPSK, DPSK, 16-QAM and 64-QAM 

Part 2: Simulation of DWT-OFDM IEEE.802.11.a 

WLAN with specific parameters and performance analysis 

as simulated for FFT-OFDM. The difference here is the 

using of different Wavelet signals to study different results 

depending on the signal used. 

 

D. BER performance of FFT-OFDM IEEE.802.11.a 

WLAN 

 

The BER performance of FFT- OFDM is compared with 

Discrete DWT Orthogonal Frequency Division 

Multiplexing system (DWT- OFDM) using BPSK as a 

modulation technique over AWGN and Multipath Rayleigh 

Fading Environment.  

Using MATLAB simulation, we can implement an 

OFDM transmission. Using the simulation we can easily 

modify the values of S/N ratio, and then we can investigate 

the results of each transmission and see how the BER is 

changed.  

 In this paper, OFDM system is implemented using 

MATLAB simulation, where each block of OFDM is 

simulated in scripts file. Figure 6 shows the block diagram 

of the OFDM. DWT-OFDM is obtained by replacing IFFT 

at transmitter and FFT at the receiver by IDWT and DWT 

respectively. We have recognized AWGN and Multipath 

Rayleigh Fading Channels for comparing BER of FFT-

based OFDM and DWT-based OFDM. The following 

OFDM system parameters are examined for the simulation: 

E. Performance of FFT-OFDM based WLAN 

IEEE.802.11.a Affected by AWGN: 

In this simulation we used the Matlab program to 

simulate the effect of AWGN on the performance of 

WLAN system using BPSK, QPSK, 16-QAM, and 64-

QAM. 

 
(a) 

TABLE I 

SIMULATION OFDM SYSTEM MAIN PARAMETERS 

Parameters Value 

IFFT and FFT Size 64-point 

IDWT and DWT Size 64-point 

No. Of data sub carrier 52 

Data symbol duration (Td) 1µs 

Cyclic prefix duration (Tcp) 16 

Digital Modulation BPSK, QPSK, 16-QAM and 
64-QAM 

FEC codes CRC, Convolutional 

Convolutional Code Rate 1/2 

Interleaver  Size 35x1 

SNR Range (AWGN) 1-10 dB 

Channels AWGN, Rayleigh, Rician 

OFDM Block size 8 

Cyclic Prefix Length 1 

Doppler shift 20 Hz 
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(b) 

 
(c) 

 
(d) 

 
Fig. 4. BER of FFT-OFDM WLAN IEEE.802.11 a 
(a) BPSK, (b) QPSK, (c) 16QAM and (d) 64QAM 

 

Figure 4 shows that that the effect of AWGN on OFDM 

systems is not significant comparing to the effect of 

multipath effects and synchronization. Figure 6 shows that 

BPSK FFT-OFDM system has the best noise immunity 

compared to other modulation techniques.  

As an additional experiment, different codes such as 

Kasami, Bernoulli and Gold codes are used as input data. 

Results shown in figure 5 shows that the effect is minor. 

The FFT-OFDM system processes the binary data in series 

fashion at before S/P. 

 
(a) 

 

 
(b) 

Fig.  5. BER of FFT-OFDM WLAN IEEE.802.11 a, for various Codes: 

(a)QPSK (b)DQPSK 
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F. Performance of FFT-OFDM based WLAN 

IEEE.802.11.a Affected by Rayleigh multipath 

 
(a) 

 
(b) 

 
(C) 

 
(d) 

Fig. 6. BER of FFT-OFDM WLAN IEEE.802.11 a with a Rayleigh 

Channel 

a) BPSK, (b) QPSK, (c) QAM16 and (d) QAM64 

  

To check the performance of the FFT-OFDM WLAN 

IEEE.802.11.a System through Rayleigh channel 

considering the effect of AWGN, a Simulink Matlab 

program is used as shown in figure 6.  

In this simulation, it is observed that the BPSK and 

QPSK modulation techniques demonstrate better 

performance in contrast to others. On the other hand, 

16QAM and 64QAM show more stability in channel 

behavior. In this case, the effect Doppler is taken 20 Hz and 

symbol duration equals to 1 s. 

G. Performance of FFT-OFDM based WLAN 

IEEE.802.11.a Affected by Rician multipath: 

 

 

 
Fig. 7. Effect of Multipath Rician Channel on WLAN FFT-OFDM 

 

Figure 7 represents the effect of Rician channel on the 

FFT-OFDM based WLAN IEEE 802.11.a. It's clearly 

shown that Jakes effect is less than Gaussian effect. 

Next simulation will concentrate on the effect of AWGN 

and multipath effects on DWT-OFDM based WLAN. 
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H. BER performance of DWT-OFDM IEEE.802.11.a 

WLAN 

In Figure 8 the BER of DWT-OFDM performance and 

different spectrums are represented. Here, BPSK 

modulation is used and Daubechies with order 2. 

 

 

 

(a) 

 

(b) 

   

 (c)  

 

(d) 

 

(e) 

Fig. 8. the BER of DWT-OFDM and spectrums in different location in 

DWT-OFDM System (Daubechies with order 2). 

 

In Figure 9 the BER of DWT-OFDM performance for 

BPSK modulation and Haar wavelet. 

Comparing BER in figure 8 (a) figure 9 the BER 

performance is very close. This result can be explained due 

to the same wavelet family (orthogonal) signals. 

 
Fig. 9. the BER of DWT-OFDM performance for BPSK modulation and 

Haar wavelet 
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III. CONCLUSION 

 

In this paper an  OFDM IEEE.802.11.a  wireless network 

is investigated for   Discrete wavelet  (DWT) and Fast 

Fourier Transform (FFT) under the effect of AWGN using 

different modulation techniques parameters that simulated 

to study the performance of the proposed system such as 

BPSK, DPSK, QPSK, DQPSDK QAM16 and QAM64. 

Results extracted in simulation part presents a good 

privilege for DWT-OFDM pair 
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