
INTERNATIONAL JOURNAL OF SCIENTIFIC PROGRESS AND RESEARCH (IJSPR)                                           ISSN: 2349-4689 
Issue 147, Volume 49, Number 01, July 2018 
 

www.ijspr.com                                                                                                                                                                                IJSPR | 27 

Improvement in BER Performance of OFDM 
using Modulation Techniques with Equalisers 

Pankaj Tiwari1, Swatantra Tiwari2 
1M.Tech. Scholar, 2Assistant Professor and Head 

Electronics & Communication Engineering Department 

Rewa Institute of Technology (RIT), Rewa, India  

 

Abstract: Orthogonal frequency division multiplexing (OFDM) 
is a multicarrier transmission where input is transmitted over 
various lower rate subcarriers. Less BER is an important aspect 
which has to be reduce  for effective transmission system so in 
this paper, we are going to analyse the performance of OFDM 
trnasmission system using different modulation techniques 
using equalisers like MLSE and MMSE. 
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I. INTRODUCTION 

With the expansion of interchanges innovation, the interest 
for higher information rate administrations, for example, 
media, voice, and information over both wired and 
wireless connections is additionally expanded. New 
modulation plans are required to exchange the huge 
measure of information which existing methods can't 
support.These methods must have the capacity to give high 
information rate, admissible Bit Error Rate (BER), and 
most extreme delay.  

  Orthogonal Frequency Division Multiplexing (OFDM) is 
one of them. OFDM has been utilized for Digital Audio 
Broadcasting (DAB) and Digital Video Broadcasting 
(DVB) in Europe, and for Asymmetric Digital Subscriber 
Line (ADSL) high information rate wired connections. 
OFDM has likewise been institutionalized as the physical 
layer for the wireless systems administration standard , 
HIPERLAN2‟ in Europe and as the IEEE 802.11a, g 
standard in the US, promising crude information rates of in 
the vicinity of 6 and 54Mbps. Orthogonal Frequency 
Division Multiplexing (OFDM) is a digital transmission 
Method created to take care of the expanding demand for 
higher information rates in interchanges which can be 
utilized as a part of both wired and wireless 
environments.[1]  

II. ORTHOGONAL FREQUENCY DIVISION 
MULTIPLEXING 

Orthogonal Frequency Division multiplexing is a 
modulation conspire that is particularly suited for high 
information rate transmission in delay-dispersive condition. 
It changes over a high information rate into various low rate 

streams that are transmitted over parallel, narrowband 
channels that can be effectively balanced [5].  

The essential goal of our simulation is lessening the BER in 
the Wireless communication. One arrangement can be the 
orthogonal frequency division multiplexing (OFDM). The 
possibility of OFDM is to disperse the high-rate 
information stream into some low-rate information streams 
that are transmitted parallelly finished numerous sub 
channels. Along these lines, in a sub channel, the image 
span is low when contrasted with the most extreme deferral 
of the channel and subsequently, ISI can be taken care of. 
OFDM can essentially be characterized as a type of multi-
carrier balance where its carrier dispersing is precisely 
chosen so each subcarrier is orthogonal to alternate 
subcarriers in the system [7]. As is outstanding, orthogonal 
signs can be effectively isolated at the collector by 
connection procedures consequently, inter symbol 
interference among channels can be disposed of. Symmetry 
can be accomplished via precisely choosing carrier 
dispersing, for example, letting the carrier dividing to be 
equivalent to the equal of the helpful image time frame. 
Keeping in mind the end goal to involve adequate transfer 
speed to pick up focal points of the OFDM system, it is 
great to gather various clients together to shape a wideband 
system with a specific end goal to interleave information in 
time and frequency (depends how wide one client 
signal).After transmission over the radio channel, the 
orthogonality of the OFDM subcarriers is maintained 
through the use of appropriate carrier spacing and guard 
time- interval (called cyclic prefix) and thus, the channel 
interference effect is reduced to a multiplication of each 
subcarrier by a complex transfer factor. This is illustrated 
in figure (1).  

 

Fig 1: Single Carrier Transmissions 

Therefore, equalizing the signal is very simple  whereas  
equalization  may  not  be  feasible  in  the  case  of  
conventional  single-carrier transmission covering the 
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same bandwidth. The receiver by using filters to separate 
the bands [Fig 1]. 

OFDM is similar to FDM but much more spectrally 
efficient by spacing the sub-channels much closer together 
(until they are actually overlapping). This is done by 
finding frequencies that are orthogonal, which means that 
they are perpendicular in a mathematical sense, allowing 
the spectrum of each sub-channel to overlap another 
without interfering with it. In Figure 2, the effect of this is 
seen as the required bandwidth is greatly reduced by 
removing guard bands and allowing signals to overlap. In 
order to demodulate the signal, a discrete Fourier transform 
(DFT) is needed. Fast Fourier transform (FFT) chips are 
commercially available, making this a relatively easy 
operation. 

 

Fig 2: Multi Carrier Transmissions 

III. OFDM SIMULATION MODEL 

OFDM is a frequency division multiplexing (FDM) 
conspire used as an advanced multi-carrier modulation 
strategy. At the end of the day OFDM is frequency division 
multiplexing of multi-carriers which are symmetrical to 
each other i.e. they are set precisely at the nulls in the 
modulation spectra of each other. This makes OFDM 
frightfully more productive. In OFDM information is 
isolated into a few parallel information sub-carrier which 
are symmetrical to each other in spite of the fact that they 
cover frightfully. As observed from Figure 3 the model 
comprises of three sub- segments specifically transmitter, 
channel and beneficiary.

 

Fig. 3 OFDM simulation model 

The essential parameter to calculate the bit error rate 
performance in OFDM system is as show below: 

3.1 Transmitter 

In electronics and telecommunication a transmitter or 
radio transmitter is an electronic device which, with the 

aid of an antenna.This sub-section consists of following 
blocks 

3.1.1 Random-Data Generator 

Random data generator is utilized to create a serial arbitrary 
double information. This double information stream models 
the crude data that going to be transmitted. An arbitrary 
number generator (RNG) is a computational or physical 
gadget intended to create an arrangement of numbers or 
symbols that do not have any example, i.e. seem arbitrary. 
Numerous utilizations of haphazardness have prompted the 
advancement of a few unique strategies for creating 
arbitrary information. 

3.1.2 Serial to parallel converter 

The info serial double information stream is assembled into 
word measure required for transmission e.g. 2 bit/word for 
QPSK and 4bit/word for 16QAM and after that each 
word(bit/symbol) is changed over into parallel stream. As 
observed from Figure 4,each stream is utilized to balance 
one carrier out of gathering of symmetrical carriers. Serial 
correspondence is the way toward sending information one 
piece at any given moment. This is rather than parallel 
correspondence, where a few bits are sent all in all, on a 
connection with a few parallel channels. A parallel 
connection transmits a few surges of information at the 
same time along numerous channels (e.g., wires, printed 
circuit tracks, or optical strands); a serial connection 
transmits a solitary stream of information. In OFDM system 
design, the series and parallel converter is considered to 
realize the concept of parallel data transmission. 

 

Fig 4 Serial and Parallel Concepts 

Serial:-In a conventional serial data system, the symbols 
are transmitted sequentially, with the frequency spectrum 
of each data symbol allowed to occupy the entire available 
bandwidth. When the data  rate is  sufficient  high,  
several  adjacent  symbols  may  be completely  distorted  
over  fading channel. 

Parallel:-The spectrum of an individual data element 
normally occupies only a small part of available 
bandwidth. Because of dividing an entire channel 
bandwidth into many narrow sub bands, the  frequency  
response  over  each  individual  sub  channel  is  relatively  
flat.  A  parallel  data transmission system offers 
possibilities for alleviating this problem encountered with 
serial systems. 
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3.1.3 Data to Symbol Mapper 

This block does modulation like QPSK and QAM. The 
data on each symbol is mapped to a particular phase 
based on the modulation method used. e.g. in QPSK 
the phase angles used are 0°, 90°, 180°, and 270°. These 
finite numbers of phases are used to represent digital 
data. Each one of the phases is assigned a unique pattern 
of binary bits. Usually each phase encodes an equal 
number of bits. Every symbol is then represented by 
complex in-phase and Quadrature phase (I- Q) vector. 

3.1.4 Zero-padding and IFFT 

The IFFT converts frequency domain data into time 
domain signal while maintaining the orthogonality of 
subcarriers. Prior to IFFT mapping zero padding is 
performed to adjust the IFFT bin size of length L (64). 
Zero padding is used because the number of 
subcarriers may be less than bin size. In our simulation 
model we choose Nd=52 data symbols so remaining 64-
52=12 are zero symbols. The FAST Fourier transform is a 
computational algorithm. This is applied to discrete data so 
the transforms are done by summing instead of integration. 
The Fast Fourier Transform is a representation used in 
computer codes. 

The IFFT performs the transformation very fast. An IFFT 
converts a number of complex data points of length is a 
power of 2 into the time domain signal of the same number 
of points. It is not necessary tat the number of subcarriers 
and IFFT size should be equal. At the transmitter, the 
signal is defined in the frequency domain[10]. It is a 
sampled digital signal, and it is defined such that the 
discrete Fourier spectrum exists only at discrete 
frequencies. Each OFDM carrier corresponds to one 
element of this discrete Fourier spectrum. The amplitudes 
and phases of the carriers depend on the data to be 
transmitted. The data transitions are synchronized at the 
carriers, and can be processed 

together, symbol by symbol. Generation of subcarriers 
using the IFFT. The FFT transforms a time domain signal 
into its equivalent frequency spectrum. 

3.1.5 Cyclic Prefix 

The Cyclic Prefix is a periodic extension of the last part of 
an OFDM symbol that  is  added  to  the  front  of  the  
symbol  in  the  transmitter,  and  is  removed at the 
receiver before demodulation. The Cyclic Prefix has two 
important benefits: The Cyclic Prefix acts as a guard space 
between successive OFDM symbols and therefore prevents 
Inter-symbol Interference (ISI), as long as the length of the 
CP is longer than the impulse response of the channel. The 
Cyclic Prefix  ensures orthogonality between the sub-
carriers by keeping the OFDM symbol periodic over the 
extended symbol duration, and therefore avoiding Inter-

carrier Interference (ICI).Mathematically, the Cyclic Prefix 
/ Guard Interval convert the linear convolution with the 
channel impulse response into a cyclic convolution.  

3.1.6 EQUALIZER 

Equalization is a method for the recovery of the distorted 
signal, when it is transmitted through the channel, received 
by a convolution process, and observed in additive noise. 
The process of recovery of a signal that is convolved with 
the impulse response of a communication channel is 
known as known as deconvoulation or equalization. 
Equalizer is a device that attempts to reverse the distortion 
incurred by a signal transmitted through a channel. 
Wireless channels can exhibit delay dispersion that is 
multi path components (MPCs) can have different 
runtimes from the transmitter to the receiver delay 
dispersion leads to inter symbol interference (ISI), 
which can greatly disturb the transmission of digital 
signals. Even a delay spread that is smaller than the 
symbol duration can lead to a considerable Bit Error 
Rate (BER) degradation. 

If  the delay  spread  become  comparable.  With  or  
larger  than  the  symbol  duration  ,as happens often in 
second and third generation cellular system then the BER 
become unacceptably large if no countermeasures  are 
taken.  Coding and diversity can  reduce, but not 
completely eliminate error due to ISI. 

Equalizer are receiver structures that work both ways 
they reduce or eliminate ISI and at the same time 
exploit the delay diversity inherent in the channel. The 
operational principal of an equalizer can be visualized 
either in the time domain are frequency domain. The 
goal of an equalizer is to reverse distortions by the 
channel. 

 

Fig 5 Types of Equalizer 

3.1.6.1 Linear Equalizer 

Which are simple to implement, but greatly enhance noise 
power because they work by inverting channel frequency 
response. MMSE is linear equalizer. 

3.1.6.2 Non - Linear Equalizer 

Which are more complex to implement, but have much 
less noise enhancement than linear equalizer. MLSE is 
Non-linear equalizer. 
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3.1.6.1.1 Minimum mean square error 

 In statistics and signal processing, a minimum mean 
square error (MMSE) estimator describes the approach 
which minimizes the mean square error (MSE), which is a 
common measure of estimator quality [13] as shown in 
Figure 6 Let Y’ be an unknown random variable, and let Y 
be a known random variable (the measurement). 

MSE is given by 

MSE=∑{(Y-Y’)2} 

 

Fig 6 Minimum mean square error 

Y=Known random variable, Y’=Unknown random variable 

The MMSE estimator is then defined as the estimator 
achieving minimal MSE. 

In many cases, it is not possible to determine a closed form 
for the MMSE estimator. In these cases, one possibility is 
to seek the technique minimizing the MSE within a 
particular class, such as the class of linear estimators. 

3.1.6.2.1 Maximum likelihood sequence estimation 

Maximum likelihood sequence estimation (MLSE) is a 
mathematical algorithm to extract useful data out of a 
noisy data stream.  For an optimized  detector  for 
digital signals the priority is not to reconstruct the 
transmitter signal, but it should do a best estimation of the 
transmitted data with the least possible number of errors. 
The receiver emulates the distorted channel. All possible 
transmitted data streams are fed into this distorted channel 
model. 

The receiver compares the time response with the actual 
received signal and determines the most likely signal. In 
cases that are most computationally straightforward, root 
mean square deviation can be used as the decision criterion 
for the lowest error probability[18] 

Suppose that there is an underlying signal {x(t)}, of which 
an observed signal {r(t)} is available. The observed signal 
r is related to x via a transformation that may be nonlinear 
and may involve attenuation, and would usually involve 
the incorporation of random noise. The statistical 
parameters of this transformation are assumed known. The 
problem to be solved is to use the observations {r(t)} to 
create a good estimate of {x(t)}. 

Maximum likelihood sequence estimation is formally the 
application of maximum likelihood to this problem. That 
is, the estimate of {x (t)} is defined to be sequence of 
values which maximize the functional. 

3.2 Receiver 

The receiver does the reverse in contrast to the transmitter. 
Firstly the serial output channel  is a converted into 
parallel stream and then cyclic prefix bits are removed 
from it .Then FFT of Each symbol is performed. To 
remove these channel effect MMSE and MLSE is 
performed equalized output is converted back to data 
words by demodulator the data words are then multiplexed 
to get the original data. 

IV. SIMULATION RESULTS 

 In this figure indicates bit error rate for 4 QAM utilizing 
OFDM in Rayleigh channel. The three systems are utilized 
as a part of this figure. To start with systems are utilized 
without Equalizer. Second system are utilized MMSE 
Equalizer. Third procedure are utilized MLSE Equalizer. 
The table shows bit error rate in various signal to noise 
proportion for without equalizer, MMSE Equalizer, MLSE 
Equalizer. MMSE Equalizer gives the better result(bit error 
rate diminish) and limit the base mean error. MLSE 
equalizer gives the better outcome when contrasted with 
without equalizer and MMSE equalizer. 

 

Figure 7 BER for 4 QAM using OFDM in Rayleigh 
channel 

V. CONCLUSION 

The signal’s rayleigh fading which causes inter symbol 
interference (ISI) and hence bit error rate, to overcome this 
maximum likelihood sequence estimation are utilised to 
improve BER. This paper presented the analysis of non-
equalized systems with the equalized system. The BER is 
improved.In this paper we have demonstrated the 
application of 4 QAM modulation technique in OFDM 
system with a view of reducing the bit error rate.   
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