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Abstract— Orthogonal Frequency Division Multiplexing 

(OFDM) is a multi-carrier system where data bits are 

encoded to multiple sub-carriers, while being sent 

simultaneously. This results in the optimal usage of 

bandwidth. The principles of OFDM modulation have been 

around since 1960s. However, recently, the attention toward 

OFDM has grown dramatically in the field of wireless and 

wired communication systems. A set of orthogonal sub-

carriers together forms an OFDM symbol. To avoid ISI due 

to multi-path, successive OFDM symbols are separated by 

guard band. This makes the OFDM system resistant to 

multi-path effects. The main advantage of this transmission 

technique is their robustness to channel fading in wireless 

communication environment.  This is reflected by the 

adoption of this technique in applications such as digital 

audio/video broadcast (DAB/DVB), wireless LAN (802.11a 

and HiperLAN2), broadband wireless (802.16) and xDSL. 

The main focus of this paper is to design IFFT and FFT 

blocks which are used in transmitter and receiver of the  

blocks diagram  of OFDM system. The methodology used is 

the  IFFT/FFT(DIT) with radix-2 butterfly algorithm. The 

design unit also consists of modulation and demodulation 

for mapping technique. 
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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). 

 

Fig. 1: A) spectrum of FDM showing guard bands. B) 

Spectrum of OFDM showing overlapping subcarriers 

This is shown in Fig.1 (A). This resulted in 

insufficient utilization of the existing spectrum. An idea was 

proposed in the mid 1960s to deal with this wastefulness 

through the development of frequency division multiplexing 

(FDM) with overlapping sub-channels. The sub-channels 

were arranged so that the sidebands of the individual carriers 

overlap without causing ICI. This principle is shown in Fig 

1 (B). To achieve this, the carriers must be mathematically 

orthogonal. From this constraint the idea of Orthogonal 

Frequency Division Multiplexing (OFDM) was born.  

OFDM is a combination of modulation and 

multiplexing. Multiplexing generally refers to independent 

signals, those produced by different sources. In OFDM the 

signal itself is first split into independent channels, 

modulated by data and then re-multiplexed to create the 

OFDM carrier. OFDM is a special case of Frequency 

Division Multiplex (FDM). 

A. OFDM Model: 

The detailed block diagram of OFDM transmitter & 

Receiver system is shown in the Fig 2. 

 

Fig. 2: Block Diagram of OFDM system (transceiver) 

1) Serial to Parallel Converter: 

The input serial data stream is formatted into the word size 

required for transmission, e.g. 4 bits/word for QAM, and 

shifted into a parallel format. The data is then transmitted in 

parallel by assigning each data word to one carrier in the 

transmission 

2) Modulation & Demodulation of Data: 

The data to be transmitted on each carrier is then 

differentially encoded with previous symbols, and then 

mapped into a QAM format and for Demodulation inverse 

process of Modulation is used. 

3) IFFT/FFT: 

Mathematically modulating a waveform and adding it is 

equivalent to taking an IFFT. This is because the time 

domain representation of OFDM is made up of different 

orthogonal sinusoidal signals which are nothing but inverse 

Fourier transform. The block diagram of digital OFDM 

system is shown in Fig 3. 
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Fig. 3: Digital implementation of OFDM system using IFFT 

and FFT 

Since the OFDM signal is in time domain, IFFT is 

the appropriate choice to use in the transmitter, which can be 

thought of as converting frequency domain samples to time 

domain samples. Fig. 2 illustrates how the use of IFFT in the 

transmitter eliminates the need for separate sinusoidal 

converters. IFFT and FFT blocks in the transmitter are 

interchangeable as long as their duals are used in receiver. 

II.  IMPLEMENTATION OF OFDM BLOCK 

According to given in Fig. 32, we have to implement the 

OFDM block by block and finally interconnect all of them 

together to form complete OFDM circuit. The functioning of 

each block is explained as follows: 

A. Modulator (QAM):  

Presented system uses QAM modulation so 16 constellation 

points are used. To have different constellation values data 

is divided in groups of 4 bits each and convert that binary 

code to gray code for better accuracy. Upper two bits are 

used for imaginary number and lower two bits are used to 

denote real number. 

 

Fig. 4: 16-QAM Block Diagram 

Bit 

combination 

Gray 

Code 

Constellation 

value 

Nature of 

value 

0000 0000 -3j-3 Complex 

0010 0011 -j+3 Complex 

0011 0010 -3j+3 Complex 

1011 1110 J+3 Complex 

1100 1010 3j+1 Complex 

1101 1011 -j-3 Complex 

0111 0100 j-3 Complex 

1000 1100 3j-1 Complex 

Table 1: Some Bit combinations and corresponding 

constellation 

Different bit combinations and corresponding 

constellation are shown in Table 1. In above modulation 

scheme, bit combination (D3D2 or D1D0) 00 corresponds to 

-3, 01 corresponds to -1, 11 correspond to 1, 10 correspond 

to 3. 

To achieve this, a separate process is written in 

VHDL code.“Case” statement is used to check the 

combinations. As constellation is complex number, two 

different arrays are required to store real part and imaginary 

part separately. In the process for constellation mapping, 

case statement checks the bit combinations and according to 

bit combinations one of the 4 values (-3,-1, 1, 3) is assigned 

in imaginary or real output respectively .Output of 16-QAM 

block applied to IFFT block. Fig.6. shows the simulated 

output of 16-QAM block. 

B. Inverse Fast Fourier Transform (IFFT):  

Initially carrier bank generating a set of subcarriers was 

necessary for OFDM in conventional or analogue approach. 

Each subcarrier was modulated with a constellation decided 

by bit combination, but this approach made system bulky 

and costlier. So to make system digital, simple, cheap, and 

efficient IFFT is being used. A stepwise implementation of 

butterfly diagram is done in this algorithm. Radix-2 

Decimation-in-time (DIF) IFFT is implemented in this 

algorithm. Different procedures and operations are done to 

achieve this. In Fig. 4 the basic butterfly unit for the radix-2 

IFFT algorithm is shown. 

 
Fig. 5: Decimation-In-Time IFFT 

 
Fig. 6: Decimation-In-Frequency IFFT 

C. FFT and Demodulator:  

For FFT inverse process of IFFT and for Demodulation 

inverse process of Modulation is used. In this design at FFT, 

if its output 2.999 then FFT shows it as a 2 instead of 3. 

Care of this type of problems is taken by demodulator , it 

gives output as 3 for input 2 or 3. 
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Fig. 7: Implementation of  block diagram of OFDM system 

III. CONCLUSION 

The main aim of the project is to implement the core signal 

processing blocks of OFDM system. The different blocks of 

OFDM system such as QAM Modulator, IFFT, FFT and 

Demodulator is designed. These blocks are simulated 

Design Suite, tested for different data patterns and results 

are compared with theoretical expected results. 

IV. FUTURE WORK  

The results are matching with expected results. The steps 

involved in implementation of the communications system 

on hardware have to learn. In this project OFDM system is 

simulated using 8 subcarriers i.e. with  IFFT and FFT. This 

is very basic implementation and has advantage of less 

processing time requirement and complexity but this system 

has less spectral efficiency. The spectral efficiency can be 

increased by increasing the number of subcarriers i.e. by 

using 64 point IFFT and FFT. 
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