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Abstract- This paper focuses on study of FPGA based OFDM system. An OFDM is a multicarrier modulation technique 
which divides the available spectrum into many subcarriers. OFDM provides high bandwidth efficiency because the carriers 
are orthogonal to each other and multiple carriers share the data among themselves. The main objective of this project is to 
study the design and implementation process involve in implementing OFDM system on FPGA. Detailed studies of each 
block viz .IFFT, FFT Cyclic Prefix Generation is undertaken.HDL Verilog used for coding hardware block is also studied in 
detail. 
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I. INTRODUCTION  
 
With the rapid growth of digital communication in 
recent years, the need for high-speed data 
transmission has been increased. The mobile 
telecommunications industry faces the problem of 
providing the technology that is able to support a 
variety of services ranging from voice 
communication with a bit rate of a few kbps to 
wireless multimedia in which bit rate up to 2 Mbps. 
Many systems have been proposed and OFDM 
system has gained much attention for different 
reasons. Although OFDM was first developed in the 
1960s, only in recent years, it has been recognized as 
an outstanding method for high-speed cellular data 
communication where its implementation relies on 
very high-speed digital signal processing. This 
method has only recently become available with 
reasonable prices versus performance of hardware 
implementation. 
 
Since OFDM is carried out in digital domain there are 
various way of implementing it. One way is through 
ASICs implementation. ASICs are the fastest and low 
power way to implement OFDM System. Other way 
is to implement the system using DSPs. They 
provides fast vector multiplication and flexibility in 
the design can be achieved. But there are some of the 
obvious advantages of using both of them so designer 
are moving towards FPGA. An FPGA combines 
speed power and density advantage of ASICs and 
flexibility and reprogram ability general purpose 
processor. Hence FPGA is a best choice for OFDM 
system as it provides flexibility to design and provide 
low cost advantage. The basic OFDM system consist 
of QAM or PSK modulator/demodulator ,serial to 
parallel and parallel to serial convertor and IFFT/FFT 
modules. 
 
The rest of this paper is organized as follows. Section 
II describes the OFDM theory and its Fundamental. 
System Design is described in section III. Hardware 
Description Language and FPGA are discussed in  

section IV. Applications of OFDM are described in 
section V. Section VI concludes the paper. 
 
II. OFDM THEORY 
 
OFDM is a special case of multi-carrier transmission, 
where a single data stream is transmitted over a 
number of lower rates sub-carriers. On classical 
frequency division multiplexing the total band is 
divided into N non-overlapping frequency channels, 
while on OFDM the band is divided into a number of 
overlapping frequency channels but with orthogonal 
frequencies, the consequence is a better use of the 
available spectrum. Those orthogonal frequencies 
could be achieved by the IFFT.  
 
Each subcarrier has a different frequency. 
Frequencies chosen so that an integral  number of 
cycles in a symbol period and signals are 
mathematically orthogonal. A technique which allows 
an arbitrary number of symbol shapes to be 
distinguishable is orthogonal signaling. Orthogonality 
describes the degree to which a pair of different pulse 
shapes is independent or unrelated.  

 
To generate OFDM successfully the relationship 
between all the carriers must be carefully controlled 
to maintain the orthogonality of the carriers. For this 
reason, OFDM is generated by firstly choosing the 
spectrum required, based on the input data, and 
modulation scheme used. Each carrier to be produced 
is assigned some data to transmit. The required 
amplitude and phase of the carrier is then calculated 
based on the modulation scheme (typically 
differential BPSK, QPSK, or QAM) [1]. The 
orthogonal signal required can be easily generated by 
varying the amplitude and phase of each frequency 
and then performing IFFT. Reverse process guarantee 
that the signal is orthogonal [1]. 
OFDM uses the spectrum efficiently compared to 
FDMA by spacing the channels much closer together 
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and making all carriers orthogonal to one another to 
prevent interference between the closely spaced 
carriers. OFDM provides high bandwidth efficiency 
because the carriers are orthogonal to each other and 
multiple carriers share the data among themselves. 
OFDM is a special form of a broader class of multi-
carrier modulation (MCM), a generic implementation 
of which is depicted in Fig. 1. The structure of a 
complex mixer (IQ modulator/demodulator), which is 
commonly used in MCM systems, is also shown in the 
figure 1. 
 

 
Fig 1. MCM Transmission System 

 
The MCM transmitted signal S(t) is given by 
S (t) = ΣΣ cki ski(t-iTs) 
 
Sk (t) = л(j2лft) 
 
Where cki is the ith information symbol at the kth 
subcarrier, k s is the waveform for the kth subcarrier, 
N sc is the number of subcarriers, fk is the frequency 
of the subcarrier, and Ts is the symbol period. The 
optimum detector for each subcarrier could use a filter 
that matches the subcarrier waveform, or a correlator 
matched to the subcarrier OFDM 
modulation/demodulation can be implemented by 
using Inverse Fast Fourier Transform (IFFT)/Fast 
Fourier Transform (FFT) . This is evident by studying 
OFDM modulation and OFDM demodulation. It 
follows that the modulation can be performed by IFFT 
of the input information symbol cki, and the 
demodulation by FFT of the sampled received signal 
r(t).                      
 
III. SYSTEM DESIGN 
 
The aim is to study design an OFDM transmitter and 
receiver using FPGA. The OFDM signal is generated 
by implementing the Inverse Fast Fourier Transform 
(IFFT) function at the transmitter. At the receiver end, 
the Fast Fourier Transform (FFT) is implemented. The 
objective is to use Hardware description language 
(HDL) of verilog that carry out FFT and IFFT 
function. Figure 2 shows a detailed OFDM transmitter 
and receiver function is done by just inversing the 
process. In this project, the main focus is in the FFT 
and   IFFT part of the OFDM system III (a) 
Transmitter section 
The input symbols are input into the transmitter in 
series at R symbols/second. These symbols pass 

through a serial to parallel converter and output data 
on M lines in parallel. The data rate on every M line is 
R/M symbols/second. A symbol in this parallel stream 
of data is denoted as Xi, k. The index i refer to which 
sub channel the symbol belongs to, and i ranges from 
1 to M. The k denotes the k-th collection of M 
symbols. The sub symbol collection from X1,k to 
XM, k makes up an OFDM symbol. 
 
The M symbols are sent to an Inverse Fast Fourier 
Transform (IFFT) block that performs N-point IFFT 
operation. The IFFT transform a spectrum (amplitude 
and phase of each component) into a time domain 
signal. An IFFT converts a number of complex data 
points, of length that is power of 2, into the same 
number of points in time domain. Each data point in 
frequency spectrum used for an FFT or IFFT 
operation is called a bin. The output is N time-domain 
samples [2]. In order to preserve the sub-carrier 
orthogonality and the independence of subsequent 
OFDM symbols, a cyclic guard interval is introduced. 
Time and frequency synchronization can be 
established by means of cyclic extension in the prefix 
and the postfix period. 
 

 
Fig 2 Transmitter Section for OFDM 

 
III (b) Receiver Section  
The received signal goes through the cyclic prefix 
removal and a serial-to-parallel converter [11]. After 
that, the signals are passed through an N-point fast 
Fourier transform to convert the signal to frequency 
domain. The output of the FFT is formed from the 
first M samples of the output. The demodulation can 
be made by DFT, or better, by FFT, that is it efficient 
implementation that can be used reducing the time of 
processing and the used hardware [14]. FFT 
calculates DFT with a great reduction in the amount 
of operations, leaving several existent redundancies 
in the direct calculation of DFT  
 
The received symbol is in time domain and it is 
distorted    due to the effect of the channel. The 
received signal goes through a serial to parallel and 
cyclic prefix removal. Receiver function is just a 
inverse of transmitter function.FFT converts time 
domain signal to frequency domain at receiver side.  

 

 
Fig 3 OFDM Transreciever 

Fig 3 shows a complete process of OFDM signal 
generation and transmission. 
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III (c) IFFT/FFT Processor 
THE Fast Fourier Transform (FFT) has become 
almost ubiquitous and most important in high speed 
signal processing. Using this transform, signals can 
be moved to the frequency domain where filtering 
and correlation can be Performed with fewer 
operations.[4] 
 
The M symbols are sent to an Inverse Fast Fourier 
Transform (IFFT) block that performs N-point IFFT 
operation. The IFFT transform a spectrum (amplitude 
and phase of each component) into a time domain 
signal. An IFFT converts a number of complex data 
points, of length that is power of 2, into the same 
number of points in time domain. 
 
When considering the alternate implementations, the 
FFT/IFFT algorithm should be chosen to consider the 
execution speed, hardware complexity, and flexibility 
and precision. Nevertheless, for real time systems the 
execution speed is the main concern have been 
proposed over the last 3 decades like: single memory 
architecture, dual-memory architecture, cached 
memory architecture, array architecture, and pipelined 
architecture. Pipelined architectures characterized by 
real time, non-stopping processing and present smaller 
latency with low power consumption which makes 
them suitable for most application. 
 
Classical implementation of the FFT/IFFT algorithm, 
with digital signal processors (DSPs), requires a 
sequential algorithm. This slows down the execution 
time. On the other hand, the modern programmable 
circuits, like an FPGA, utilizes a tens of thousands of 
lists and triggers during operation, resulting of parallel 
processing system, putting the FPGA computing 
speed at a significant advantage over DSPs 
      
In order to preserve the sub-carrier orthogonality and 
the independence of subsequent OFDM symbols, a 
cyclic guard interval is introduced. Time and 
frequency synchronization can be established by 
means of cyclic extension in the prefix and the 
postfix period. 
 
IV. HDL AND FPGA IMPLEMENTATION 

 
HDL stands for Hardware Description Language 
which is used to describe any digital hardware from 
gates to microprocessor assembly in the form of high 
level programming.HDL can define any hardware at 
any level. Designer can use either Top-Bottom or 
Bottom-Up approach for hardware description. For 
design with increasing complexity as in our case of 
OFDM we generally prefer Top-Bottom approach. 
Verilog HDL is used in this project for design 
description at various level of abstraction (1) 
Behavioral (2) Data Flow or RTL (3) Gate Level. 
Verilog provide flexibility of using different level of 
abstraction in same module. Hardware architecture 

for the proposed design was developed, realized in 
Verilog. The realized architectures was tested and 
validated the outputs are generated by a hardware 
simulation using Modelsim. 
 
Field Programmable Gate Arrays (FPGAs) are 
semiconductor devices that are based around a matrix 
of configurable logic blocks (CLBs) connected via 
programmable interconnects. FPGAs can be 
reprogrammed to desired application or functionality 
requirements after manufacturing. This feature 
distinguishes FPGAs from Application Specific 
Integrated Circuits (ASICs), which are custom 
manufactured for specific design tasks 
 
Once the simulation results are verified next process 
is to perform synthesis to generate a gate level net list 
of the designed hardware. The realized hardware 
description is synthesized using Xilinx. Spartan 3E 
FPGA board is used for synthesis and verifying 
design on FPGA board.  
 
V. AREA OF APPLICATION 
 
It has emerged as the leading physical-layer interface 
in wireless communications in the last decade. 
OFDM has been widely studied in mobile 
communications to combat hostile frequency-
selective fading and has been incorporated into 
wireless network standards (802.11a/g Wi-Fi, 
HiperLAN2, 802.16 Wi MAX) and digital audio and 
video broadcasting (DAB and DVB-T) in Europe, 
Asia, Australia, and other parts of the world. 
 
Where Line-of-Sight (LoS) cannot be achieved, there 
is likely to be significant multipath dispersion, which 
could limit the maximum data rate. Technologies like 
OFDM are probably best placed to overcome these, 
allowing nearly arbitrary data rates on dispersive 
channel. Each subcarrier can be modulated 
independently. The spectra of the subcarriers overlap, 
but the subcarrier signals are mutually orthogonal. 
 
CONCLUSION 
 
The main objective is to study all the core processing 
block of OFDM .Among all the block IFFT/FFT 
block are of great importance as it provide the 
necessary conversion of signal from time to 
frequency domain and vice versa and provides 
orthogonality to signal. IFFT/FFT is used instead of 
DFT/IDFT because of the advantage of high 
computational capability and less computational time 
of the former. Cyclic prefixes are added at the 
transmitted signal to preserve orthogonality and to 
provide time and frequency synchronization. 
Hardware Description of design is done in Verilog 
HDL. Hence all the aspect of OFDM from its theory 
to actual implementation is studied in detail  
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