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ABSTRACT 

In wireless communication, Orthogonal Frequency Division Multiplexing (OFDM) is a multi-carrier system  where  

the data bits are encoded to multiple subcarrier ,while being sent simultaneously. This result in optimal usage of 

bandwidth. Increasing the performance is the best criterion for developing any communication system. In this 

project the work presented here is aimed at increasing the speed & performance of the OFDMA (Orthogonal 

Frequency-Division Multiple Access) modulator and demodulator. The low complexity transmitter architecture is 

used for  high-speed orthogonal frequency-division multiplexing (OFDM) systems and to  reduce the number of 

complex multiplications. The proposed processor can achieve a high throughput rate, high speed ,low power 

consumption The efficient scheduling scheme can reduce the total number of complex multipliers. The design has 

been coded in VHDL and targeted into Xilinx Spartan6 FPGAs. A secured high speed implementation of FFT based 

encryption system  for the  data security is presented in a OFDM modulator and demodulator. The design has been 

coded in VHDL and targeted into Xilinx Spartan6 FPGAs.    

Keywords: FPGA, FFT, IFFT,  Orthogonal Frequency Division Multiplexing, VHDL, WIMAX.    

 

I. INTRODUCTION  

Orthogonal Frequency Division Multiplexing (OFDM) is a special case of multicarrier transmission, where a single 

data     stream is transmitted over a number of lower rate subcarriers. The main reason to use OFDM is to increase 

the robustness against the selective fading or narrowband interference. In single carrier system if signal get fade or 

interfered then entire link gets failed where as in multicarrier system only a small percentage of the subcarriers will 

be affected. The total signal bandwidth, in a classical parallel data system, can be divided into N non-overlapping 

frequency sub-channels. Each sub-channel is modulated a separate symbol and then N sub-channels are frequency 

multiplexed. The general practice of avoiding spectral overlap of sub-channels was applied to eliminate inter-carrier   

interference (ICI).  

OFDM is an attractive modulation scheme used in broadband wireless systems that encounter large delay spreads. 

OFDM   avoids temporal equalization altogether, using a cyclic prefix technique with a small penalty in channel 

capacity.Technologies like OFDM are probably best placed to overcome these, allowing nearly arbitrary data rates 

on dispersive channels. Data rate is really what broadband is about. The new standard specify bit rates of up to 54 
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Mbps. Such high rate imposes large bandwidth, thus pushing carriers for values higher than UHF band. For instance, 

IEEE802.11a has frequencies allocated in the 5- and 17- GHz bands. One of the main reasons to use OFDM is to 

increase the robustness against frequency selective fading or narrowband interference. The word orthogonal 

indicates that there is a precise mathematical relationship between the frequencies of the carriers in the system 

 

Fig.1.1.OFDM Signal  

OFDM possesses some inherent advantages for Wireless Communications. This section glances on few of the most 

important reasons on why OFDM is becoming more popular in the Wireless Industry today.   The increase in the 

symbol time of the OFDM symbol by N times (N being the number of sub-carriers), leads to a corresponding 

increase in the effectiveness of OFDM against the ISI caused due to multi-path delay spread. Further, using the 

cyclic extension process and proper design, one can completely eliminate ISI from the system. . In addition to delay 

variations in the channel, the lack of amplitude flatness in the frequency response of the channel also causes ISI in 

digital communication systems. A typical example would be the twister-pair used in telephone lines. These 

transmission lines are used to handle voice calls and have a poor frequency  response when it comes to high 

frequency transmission. In systems that use single-carrier transmission, an equalizer  might be required to mitigate 

the effect of channel distortion. The complexity of the equalizer depends upon the severity of the channel distortion 

and there are usually issues such as equalizer non-linearities and error propagation etc that cause additional trouble . 

In OFDM systems on the other hand, since the bandwidth of each sub-carrier is very small, the amplitude response 

over this narrow bandwidth will be basically flat (of course, one can safely assume that the phase response will be 

linear over this narrow bandwidth). Even in the case of extreme amplitude distortion, an equalizer of very simple 

structure will be enough to correct the distortion in each sub-carrier. The use of sub-carrier modulation improves the 

flexibility of OFDM to channel fading and distortion makes it possible for the system to transmit at maximum 

possible capacity using a technique called channel loading. Suppose the transmission channel has a fading notch in a 

certain frequency range corresponding to a certain sub-carriers.The Digital video broadcasting-terrestrial (DVB-T) 

and very high-speed digital subscriber line(VDSL). Large point FFT is primary requirement for these applications 

for multiple career modulation, such as in WI-MAX and  in VDSL. The Fast Fourier Transform (FFT) and its 

inverse (IFFT) are essential in the field of digital signal processing (DSP) to give parallelism of data symbol 

representation in time domain to frequency domain in modem design (broadband data transmission). The most 
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computationally intensive operation of OFDM modulation is IFFT, and similarly, the core of OFDM demodulation 

is FFT. High FFT throughput is essential in broadband systems, especially when FFT is shared between multiple 

data paths. In modern scalable wireless systems such as WiMAX and 3GPP LTE, run-time reconfigurability is also 

an integral part of system requirements. 

II ORTHOGONAL FREQUENCY DIVISION MULTIPLE ACCESS (OFDMA)  

The oxygen absorption zone around 60GHz, for wireless communication systems has increased dramatically. This is 

because of the large bandwidth available to accommodate high data-rates; and the fact that radiated power is limited 

to some tens of mw, lead to a good frequency reuse factor. The task group under IEEE 802.15.3c working group, 

responsible for standardizing Wireless Personal Area Network (WPAN) systems, is now working on future WPAN 

systems, IEEE802.15.3c, which operates in the 60GHz millimeter-wave band. WPAN systems will support high 

data rate at least 1 Gbps for applications such as high speed internet access and a streaming content download (video 

on demand, home theatre, etc.) .                           

OFDM has been proposed for use in millimeter-wave transmission systems. This is due to OFDM having superior 

performance over single carrier system in multi-path wireless channels. The OFDM allows the transmission of the 

data over multiple orthogonal subcarriers, created by the mean of a Fourier Transform; each subcarrier is modulated 

independently resulting in a narrow band signal that will only experience the effects of flat fading. The 

Orthogonality of the subcarriers ensures the OFDM modulation scheme is spectrum efficient.  Like OFDM, 

OFDMA employs multiple closely spaced sub-carriers, but the sub-carriers are divided into groups of sub-carriers. 

Each group is named as sub-channel. The sub-carriers that form a sub-channel need not be adjacent. In the 

downlink, a sub-channel may be intended for different receivers. In the uplink, a transmitter may be assigned one or 

more sub-channels. fig.1.2. Shows Sub-carriers with the same color represent a sub-channel. Sub channelization 

defines Sub-channels that can be allocated to subscriber stations (SSs) depending on their channel conditions and 

data requirements. 

 

     Fig.1.2. Orthogonal Frequency Division Multiple Access  

Using sub channelization, within the same time slot a Mobile WiMAX Base Station (BS) can allocate more transmit 

power to user devices (SSs) with lower SNR (Signal-to-Noise Ratio), and less power to user devices with higher 

SNR. Sub channelization also enables the BS to allocate higher power to sub-channels assigned to indoor SSs 

resulting in better in-building coverage.  
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Fig.1.3. Uplink Sub Channelization in WiMAX  

 In OFDMA, several SS's can transmit at the same time slot over several sub channels. Sub channelization in the 

uplink can save a user device transmit power because it can concentrate power only on certain sub-channels 

allocated to it. This power-saving feature is particularly useful for battery-powered user devices, the likely case in 

Mobile WiMAX.  any wired and wireless standard bodies have adopted OFDM for a variety of applications. For 

example, OFDM is the basis for the global standard for asymmetric digital subscriber line (ADSL) and for digital 

audio broadcasting (DAB) in the European market.  

II I . FFT IN OFDM COMMUNICATION SYSTEM   

Fast Fourier transform (FFT) is one of the key components for various signal processing and communications 

applications such as software defined radio and OFDM . A typical FFT processor is composed of butterfly 

calculation units, an address generator and memory units. This study is primarily concerned with improving the 

performance of the address generation unit of the FFT processor by eliminating the complex critical path 

components.The Fast Fourier Transform (FFT) is computationally efficient way to calculate the Discrete Fourier 

Transform (DFT). The Fast Fourier Transform (FFT) is one of the most used algorithms in digital signal processing. 

The FFT, which facilitates the efficient transformation between the time domain and the frequency domain for a 

sampled signal, is used in many applications, e.g., radar, communication, sonar, speech signal processing. 

Functionally, the FFT decomposes the set of data to be transformed into a series of smaller data sets to be 

transformed. Then, it decomposes those smaller sets into even smaller sets. At each stage of processing, the results 

of the previous stage are combined in special way. Finally, it calculates the DFT of each small data set. For example, 

an FFT of size 32 is broken into 2 FFTs of size 16, which are broken into 4 FFTs of size 8, which are broken into 8 

FFTs of size 4, which are broken into 16 FFTs of size 2. Calculating a  

 

DFT of size 2 is trivial. In DTFT where WN denotes the primitive Nth root of unity, with its exponent evaluated 

modulo N, x(n) is the input sequence and X(k) is the DFT.  
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Common factor algorithm (CFA) to derive a set of 4 DFTs of length N/4 as, where n1,n2,n3 are the index terms of 

the input sample n and k1,k2,k3 are the index terms of the output sample k.Full multipliers are required after the two 

butterflies in order to compute the product of the decomposed twiddle factor. In which it can be used in OFDM 

system for fast data transmission. The proposed processor not only supports the operation of FFT/IFFT in 64 points 

but can also provide different throughput rates for 1ï4 simultaneous data sequences to meet IEEE 802.11n 

requirements. The Basic idea is to split the sum into 2 subsequences of length N/2 and continue all the way down 

until you have N/2 subsequences of length. By making use of periodicities in the sineôs that are multiplied to do the 

transforms, the FFT greatly reduces the amount of calculation required. It turns out that it is possible to take the DFT 

of the first N/2 points and combine them in a special way with the DFT of the second N/2 points to produce a single 

N-point DFT. Each of these N/2-point DFTs can be calculated using smaller DFTs in the same way. One (radix-2) 

FFT begins, therefore, by calculating N/2 2-point DFTs. These are combined to form N/4 4-point DFTs. The next 

stage produces N/8 8-point DFTs, and so on, until a single N-point DFT is produced.   In low complexity transmitter 

architecture, the data is encoded to obtain the frequency domain signal. IFFT operation is applied to obtain the time 

domain signal. In this method five properties are used to reduce complex multiplication, reduce computational time.  

IV . IMPLEMENTATION OF SECURED OFDM       
 

 

 

Fig.1.4 Secured OFDM Block Diagram 

The fundamental principle of the OFDM system is to decompose the high rate data stream (bandwidth=W) into  

lower rate data streams and then to transmit them simultaneously over a large number of sub carriers . The IFFT and 

the FFT are used for, respectively, modulating and demodulating the data constellations on the orthogonal 

subcarriers .In an OFDM system, the transmitter and receiver blocks contain the FFT modules . Source Encoder - 

The data is usually image, wav or text which is converted into binary data bits. These bits are then padded with zeros 

such as to   form group of bits to create the symbols based on the modulation scheme. Decoder- At the decoder side 

the recovered bits are put to get back the original source data.  
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Symbol mapping - In an OFDM system, bits are mapped to complex (IQ) symbols which are then used to modulate 

one carrier in the OFDM symbol, i.e. the IQ symbol decides the phase and/or amplitude of the carrier. Bits are 

converted into IQ symbols by mapping sets of bits onto points on the IQ plane based on an m-array symbol 

map.Serial to parallel conversion - In an OFDM system, each channel can be broken into various sub-carriers. The 

use of sub-carriers makes optimal use out of the frequency spectrum but also requires additional processing by the 

transmitter and receiver. This additional processing is necessary to convert a serial bitstream into several parallel 

bitstreams to be divided among the individual carriers. Once the bitstream has been divided among the individual 

sub-carriers, each sub-carrier is modulated    as  if it an individual channel before all channels are combined back 

together and transmitted as a whole. The receiver performs the reverse process to divide the incoming signal into 

appropriate sub-carriers and then demodulating these individually before reconstructing the original bitstream. 

FFT/IFFT - The modulation of data into a complex waveform occurs at the Inverse Fast Fourier Transform (IFFT) 

stage of the transmitter. Here, the modulation scheme can be chosen completely independently of the specific 

channel being used and can be chosen based on the channel requirements. In fact, it is possible for each individual 

sub-carrier to use a different modulation scheme. The role of the IFFT is to modulate each sub-channel onto the 

appropriate carrier.  

Parallel to Serial Conversion- Once the cyclic prefix has been added to the sub-carrier channels, they must be 

transmitted as one signal. Thus, the parallel to serial conversion stage is the process of summing all sub-carriers and 

combining them into one signal. As a result, all sub-carriers are generated perfectly simultaneously  

Guard Time/ Cyclic Prefix - We group the bits based on the modulation method selected by the user to form 

symbols ready for modulation. For Multicarrier transmission signal we pad the bits with zeros to make it a multiple 

of sub- carriers. Helps to combat against ISI. Guard time is larger than delay spread. RECOVERING of SYMBOLS -

The bits are recovered from the symbols by unpacking the symbols.   
 

V  SIMULATION RESULT OF OFDM  

  

                    FIG.1.5 OFDM Block Diagram Output                          FIG 1.6 Comparison Chart 
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TABLE. 1. Comparison Table 

Method Power(mW) Speed(MHz) 
No of  Flipflops  

Used 

Existing  

System 

157mW 339MHz 920 

Proposed  

System 

137mW 345MHz 889 

                                   
 Power 55.6% 

 

Fig.1.7 Power Analysis of Proposed Method 

VI. CONCLUSIONS 

In this proposed work, the OFDM transmitter as well as receiver is designed in XILINX 12.1 simulator by 

means of VHDL coding, which is then targeted into Spartan6 FPGA. In this work encryption and sphere 

decoding method is used to secured the data in OFDM technique and to reduce the computation time.The 

performance of our design easily satisfies certain application requirements like wireless communication system. 

The power consumed by each block is reduced than the previous work. The area is also reduced, at the same 

time the speed is increased which giving the better performance. The proposed Encryption has  been used by 

militaries and governments to facilitate secret communication. It is now commonly used in protecting 

information within many kinds of civilian systems These conclusions are generally applicable to secure the data 

in OFDM  
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