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Abstract — An Orthogonal Frequency Division Multiplexing 

(OFDM) scheme offers high spectral efficiency and better 

resistance to fading environments. In OFDM the data is 

modulated using multiple numbers of sub-carriers that are 

orthogonal to each other because of which the problems 

associated with other modulation schemes such as Inter Symbol 

Interference (ISI) and Inter Carrier Interference (ICI) are 

reduced. This paper deals with the analysis of OFDM System 

for BPSK modulation technique over Additive White Gaussian 

Noise (AWGN). This paper presents the overview and then the 

performance evaluation results of an OFDM system by using 

Fast Fourier Transform (FFT) and Discrete Wavelet Transform 

(DWT).  
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I. INTRODUCTION 

 

rthogonal frequency division multiplexing is a 

modulation scheme that allows digital data to be 

efficiently and reliably transmitted over a radio channel, even 

in multipath environments. The fundamental principle of the 

OFDM system is to decompose the high rate data stream 

(bandwidth W) into N parallel lower rate data streams or 

channels, one for each subcarrier. Each sub-carrier is 

modulated with a conventional modulation scheme (such as 

Quadrature Amplitude Modulation or Phase-Shift Keying) at 

a low symbol rate, maintaining total data rates similar to 

conventional single-carrier modulation schemes in the same 

bandwidth[9]. A sufficiently high value of N makes the 

individual bandwidth (W/N) of subcarriers narrower than the 

coherence bandwidth of the channel. The primary advantage 

of OFDM over single carrier schemes is its ability to cope 

with severe channel conditions (for example, attenuation of 

high frequencies in a long copper wire, narrowband 

interference and frequency-selective fading due to multipath) 

without use of complex equalization filters[1]. The choice of 

individual subcarriers is such that they are orthogonal to each 

other, which allows for the overlapping of subcarriers 

because the orthogonality ensures the separation of 

subcarriers at the receiver end. This approach results in a 

better spectral efficiency than other types of systems like 

Frequency Division Multiple Access, where no spectral 

overlap of carriers is allowed. The orthogonality allows for 

efficient modulator and demodulator implementation using 

the FFT algorithm on the receiver side, and inverse FFT on 

the sender side. The major contribution to the OFDM 

implementation was the application of the Fast Fourier 

Transform (FFT) to the modulation and demodulation 

processes. Recently the Wavelet Transform has also been 

proposed as a possible transform to generate the sub channels 

in a multicarrier system, with the advantage of flexibility of 

the transform and the higher suppression of side lobes 

compared to the side lobes of the rectangular window in the 

Fourier Transform[1]. 

 

II. FFT BASED SYSTEM 

 

Block diagram of FFT OFDM is shown in figure 2.1. The 

data generator produces in random binary form. It is first 

being processed by a constellation mapping. BPSK 

modulator is used for this work to map the raw binary data to 

appropriate QAM symbols. These symbols are then input 

into the IFFT block. This involves taking N parallel streams 

of BPSK symbols (N being the number of sub-carriers used 

in the transmission of the data) and performing an IFFT 

operation on this parallel stream. The output in discrete time 

domain is as follows: 
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Where, Ns is the number of subcarriers, T is the symbol 

duration, and fc is the carrier frequency [4]. At the receiver, 

the process is reversed to obtain the decoded data. The CP is 

removed to obtain the data in the discrete time domain and 

then processed to FFT for data recovery. The output of the 

FFT in the frequency domain is as follows: 
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Figure 2.1 FFT based OFDM system [2] 

 With the advent of FFT/IFFT it became possible to 

generate OFDM using the digital domain for orthogonality of 

O 
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sub carriers. Figure 2.1 shows a block diagram of a discrete 

time OFDM system, where an N complex-valued data 

symbol modulates N orthogonal carriers using the IFFT 

forming. The transmitted OFDM signal multiplexes N low-

rate data streams, each experiencing an almost flat fading 

channel when transmitted. 

 

III.  WAVELET BASED OFDM 

 

A wavelet is a waveform of effectively limited duration that 

has an average value of zero. The comparative difference 

between wavelets and sine waves, which are the basis of 

Fourier analysis is that sinusoids do not have limited 

duration, they extend from minus to plus infinity and where 

sinusoids are smooth and predictable, wavelets tend to be 

irregular and asymmetric. As the well known technique of 

signal analysis Fourier analysis consists of breaking up a 

signal into sine waves of various frequencies, similarly, 

wavelet analysis is the breaking up of a signal into shifted 

and scaled versions of the original (or mother) wavelet. The 

Discrete Wavelet Transform (DWT) is used in a variety of 

signal processing applications, such as video compression, 

Internet communications compression, object recognition 

and numerical analysis [3].  

The advantage of wavelet transform over other transforms 

such as Fourier transform is that it is discrete both in time as 

well as scale. The transform is implemented using filters. 

One filter of the analysis (wavelet transform) pair is a low-

pass filter (LPF), while the other is a high-pass filter (HPF). 

Each filter has a down-sampler after it, to make the transform 

efficient [10]. The wavelet transform divides the signal into 

the approximation coefficients and detail coefficients as 

shown in figure 3.1. 

 
Figure 3.1 Block diagram of filter analysis 

In a DWT based system, inverse discrete wavelet 

transform (IDWT) and discrete wavelet transform (DWT) 

replace the IFFT and FFT of  FFT-OFDM system in 

modulation and demodulation processes as shown in figure 

3.2. 

  

 
 

Figure 3.2 Block diagram of DWT based OFDM system 

One of the advantages of using wavelet transform is that due 

to the overlapping nature of wavelet properties, the wavelet 

based OFDM does not need cyclic prefix to deal with delay 

spreads of the channel[7][8]. AWGN channel is not 

associated with either fading or any other system parameters. 

It is just the noise that is added to the OFDM modulated 

signal when it is travelling through the channel. The channel 

capacity of AWGN Channel is given by- 
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Where C is channel capacity [6]. 

 

 

IV. SIMULATION PARAMETERS AND RESULTS 

 

The performance of FFT-OFDM and DWT-OFDM has 

been investigated by means of computer simulation. 

Different wavelets are available for implementation of 

discrete wavelet transform. Haar, Daubechies, Symlet and 

Coiflet wavelets are considered for analysing the response of 

system. 

  
TABLE I  SIMULATION PARAMETERS 

Sr.no.  Parameters  Used Values 

for FFT  

Used Values 

for DWT  

1.  Number of bits per 

symbol 
52 52 

2.  Number of symbols 10000 10000 

3.  FFT/ DWT size 64 - 

4.  Number of sub-

carriers 
48 48 

5.  SNR length 0:5:30 0:5:30 

6.  Modulation type BPSK BPSK 

 

Both the FFT and DWT based systems are implemented 

using MATLAB and the graphical results shows the bit error 

rate probabilities of both the systems. The results presented 

show the BER performance as a function of the energy per 

bit to noise ratio. 

 

 

Figure 4.1 Simulation result for FFT and Wavelet based system for AWGN 

channel 
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The simulation result is observed for FFT based system. 

For observing the BER performance FFT size kept as 64. 

Random binary data is generated. The input serial bit stream 

is transferred to 52 parallel bit streams and total number of 

symbols is ten thousands. SNR range is taken as 0 to 30 with 

diff. of 5.  

 

 
 

Figure 4.2 Simulation result for DWT OFDM system for different wavelets 

 

For each SNR value, BER is calculated. Random data is 

passed through system for 30 times. So that calculated BER 

value is average value at each SNR value. The BER 

performance for FFT OFDM is observed for AWGN channel. 

BER value is also calculated for Theoretical value. This 

result is compared with the simulated result. It is observed 

that both the results are mostly similar. We will get the sharp 

and accurate response for bit error rate as we increase the 

number iterations. For different random data, simulated 

result will be different. 

Simulation parameters are taken for Wavelet system 

to observe the BER performance using different wavelets. 

Haar, Daubechies, Symlet and Coiflet wavelets are used to 

analyze the performance. Random digital data is generated 

and same data is passed through different wavelet systems. It 

is observed that Haar wavelet gives the better performance 

than other wavelets. Random data is rotated through the 

system for equal number of SNR value. For other wavelets it 

is observed that, the Bit error value remain constant at 

particular level. For better performance of system it is 

expected that, BER value should be decreased for increasing 

SNR value. Each wavelet has its own characteristics and 

shape of signal. So, it affect on performance.    

 

 

V. CONCLUSION AND FUTURE SCOPE 

This paper compares the performance of Fourier transform 

based and Wavelet based OFDM systems in terms of bit 

error rate probability for AWGN channel. From the 

performed simulations in the Additive White Gaussian Noise 

channel, it was found that the DWT based OFDM system has 

better performance than that of the FFT-OFDM for BPSK 

modulation system. Wavelet based system was found having 

small bit error rate probability than that of the Fourier 

transform based system.  

The purpose of the research was to implement and 

find the transform that performs better in the wireless 

channels that are mostly multipath. The paper compares the 

performance of the systems using binary phase shift keying 

only whereas the future work may include the 

implementation of other modulation schemes and different 

multipath fading channel scenarios for performance 

evaluation of any OFDM based system. 
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