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ABSTRACT: Wireless communications have been developed 

widely and rapidly in the modern world especially during the 

last decade. Recent advances in wireless communication 

systems have increased the throughput over wireless 

channels. The reliability of wireless communication has also 

been increased. But still the bandwidth and spectral 

availability demands are endless. The need to achieve 

reliable wireless systems with high spectral efficiency, low 

complexity and good error performance results in continued 

research in this field.  

         Orthogonal  frequency  division  multiplexing  

(OFDM)  is  a  wideband  wireless  digital communication 

technique.  With the wireless multimedia application 

becoming more and more popular, the required bit rates are 

achieved due to OFDM multicarrier transmission. For video 

communication very high bit  rate and high speed 

communication is required. We must  have modulation 

scheme that can read more number of bit at a time and send 

it with considerably low bit  errors.  The  OFDM is  a  digital  

modulation  scheme  that  can  support  high  speed  video 

communication along with audio with elimination of ISI. It 

is a multiplexing access scheme that has many favorable 

features required for the fourth generation wireless 

communication systems. In this paper, we provide an 

overview of the equalizer technique to reduce the bit error 

rate available in literature with their comparison on the basis 

of various ground. A useful equalizer  technique called 

maximum likelihood sequence estimation equalizer  to 

reduce bit  error  rate. Simulation in MATLAB environment 

supports the study. The goal of reduce the bit error rate is to 

increase bandwidth efficiency Minimum mean square error 

is to minimize the minimum mean error. It mean that it 

reduce bit error rate.  Maximum likelihood sequence 

estimation finds the minimum path and reduce bit error rate 

with the help of viterbi decoding algorithm. 

Keywords: OFDM, MMSE, MLSE,  BPSK, QPSK, QAM, 
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1. Introduction 

OFDM is a mixture of modulation and 

multiplexing. Multiplexing by and large alludes to 

autonomous signals, those delivered by different 

sources. In OFDM the inquiry of multiplexing is 

connected to free signals yet these independent or 

free signals are a sub-set of the one principle signal. 

In OFDM, the signal itself is first divided into 

separate channels, modulated by carriers and then 

multiplexed to create the OFDM carrier. If the FDM 

system above had possessed the capacity to utilize a 

set of subcarriers that were orthogonal to one 

another, a larger amount of spectral efficiency could 

have been attained to. The guard bands that were 

important to allow individual demodulation of 

subcarriers in an FDM system would never again be 

fundamental. The utilization of orthogonal 

subcarriers would permit the subcarriers spectra to 

overlap, in this way expanding the spectral 

efficiency.  

               As far as Orthogonality is sustained, it is 

still conceivable to recover the individual 

subcarriers signals regardless of their overlapping 

spectrums. It can be seen that practically a large 
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portion of the bandwidth is spared by overlapping 

the spectra. As more carriers are included, the 

bandwidth approaches (N+1)/N Bits per Hz. Bigger 

number of carriers gives better spectral efficiency. 

The principle idea in OFDM is Orthogonality of the 

sub-carriers. The "orthogonal" piece of the OFDM 

shows that there is an exact scientific relationship 

between the frequencies of the carriers in the 

system. It is conceivable to arrange the carriers in 

an OFDM Signal so that the sidebands of the 

individual carriers overlap and the signals can still 

be received without neighbouring carrier‘s 

interference. In order to do this the carriers must be 

numerically orthogonal. The carriers are straightly 

free (i.e. orthogonal) if the carrier spacing is a 

multiple of 1/Ts. Where, Ts is the symbol duration.  

                      The Orthogonality feature of OFDM 

among the carriers can be sustained if the OFDM 

signal is characterized by utilizing Fourier 

transform procedures. The OFDM system transmits 

a substantial number of narrowband carriers, which 

are nearly separated. Note that at the central 

frequency of the each sub channel there is no 

crosstalk from other sub channels. In an OFDM 

system, the data bit stream is multiplexed into N 

symbol streams, each with symbol period Ts, and 

each symbol stream is utilized to modulate parallel, 

synchronous sub-carriers. The sub-carriers are 

dispersed by 1/NTs in frequency, in this way they 

are orthogonal over the interval (0, Ts). A typical 

discrete-time baseband OFDM transceiver system is 

indicated in figure underneath. To start with, a 

serial-to-parallel (S/P) converter amasses the stream 

of data bits from the source encoder into gathering 

of log2M bits, where M is the letter in order of size 

of the digital modulation scheme employed on each 

sub-carrier. A sum of N such symbols, Xm, are 

made. Then, the N symbols are mapped to 

receptacles of an inverse fast Fourier transform 

(IFFT). These IFFT receptacles compare to the 

orthogonal sub-carriers in the OFDM symbol.  

 

Fig. 1: Baseband OFDM transceiver system. 

Therefore, the OFDM symbol can be expressed as    

 

Where Xm are the baseband symbols on each sub-

carrier. The digital-to-analog (D/A) converter then 

creates an analog time-domain signal which is 

transmitted through the channel.  

At the receiver, the signal is converted back to a 

discrete N point sequence y(n), corresponding to 

each sub-carrier. This discrete signal is 
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demodulated using an N-point fast Fourier 

transform (FFT) operation at the receiver. The 

demodulated symbol stream is given by:  

 

Where W (m) corresponds to the FFT of the 

samples of w (n), which is the Additive White 

Gaussian Noise (AWGN) introduced in the channel. 

The fast speed data rates for OFDM are proficient 

by the simultaneous transmission of information at 

a lower rate on each of the orthogonal sub-carriers. 

In view of the low information rate transmission, 

distortion in the received signal impelled by multi-

path delay in the channel is not as noteworthy as 

contrasted to single-carrier high-data rate systems. 

2. Orthogonal frequency division multiplexing 

                  An OFDM system has been 

demonstrated utilizing matlab to enable different 

parameter of the system to be changed and tried. 

The point of doing bit error rate execution of 

OFDM under additive white Gaussian noise and 

Rayleigh channel utilizing equalizer through the 

modulation strategy. All the more ever least mean 

square error and greatest probability succession 

estimation equalizer method to lessen bit error rate. 

MLSE equalizers give the better outcome to MMSE 

equalizer. To ascertain the bit error rate as a matter 

of first importance bit is goes through additive 

white Gaussian noise and Rayleigh channel and bit 

is mutilated other transmitted signal.  

The flowchart Figure 2 is performing out the Bit 

Error Rate execution in OFDM system. 

 

Figure 2 Flowchart based on Bit error rate performance in 

OFDM system 

To decrease the bit error rate the equalizer system 

are utilized as a part of this proposition. The 

accompanying viewpoints are  

Step required for figuring the Bit Error rate:-  

Step 1: Reduce the bit error rate.  

Stage 2: Minimum mean square error equalizer are 

utilized.  

Stage 3: Maximum probability arrangement 

estimation equalizer are utilized.  
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Stage 4: Maximum likelihood sequence estimation 

gives the better result to minimum mean square 

error equalizer. 

3. MMSE equalizer 

Least mean square error is to limit the base mean 

square error. The flowchart Figure 3 is playing out 

the MMSE Equalizer.  

 

Figure 3 Flowchart in light of MMSE Equalizer 

Step1:- Known random variable y. 

Step 2:-Unknown random variable y'. 

Step3:-€= y- y'. 

4. MLSE equalizer 

Maximum likelihood sequence estimation is a 

scientific calculation to extricate the valuable of 

uproarious information stream. Locate the greatest 

probability succession through the Viterbi 

translating calculation are utilized and locate the 

base separation with the assistance of hard choice 

(Hamming separation are utilized) calculations and 

bit error rate are lessened. The flowchart Figure 3 is 

performing the MLSE  

 

Figure 4 Flowchart in light of MLSE Equalizer. 

Step1:- Convolution encoders are utilized.  

Step2:- Viterbi deciphering calculations are utilized.  

Step3:- Find the base separation with the assistance 

of hamming separation.  

Maximum likelihood sequence estimation (MLSE) 

is a numerical calculation to extricate helpful 

information out of an uproarious information 

stream. For an improved identifier for computerized 

signals the need isn't to remake the transmitter 
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signals, however it ought to complete a best 

estimation of the transmitted information with the 

minimum conceivable number of error. The 

collector copies the contorted channel. All 

conceivable transmitted information streams are 

sustained into this mutilated channel demonstrate.  

5. Simulation Results 

5.1  Performance  of  Bit  Error  rate  in  

OFDM  system  using  MMSE  and  MLSE 

Equalizer in Rayleigh channel 

In this section bit error rate for BPSK QPSK, 

4QAM, 16QAM using OFDM in a Rayleigh 

channel. OFDM technique along with cyclic 

prefix is used to reduce Inter symbol Interference 

(ISI) but still it cannot be eliminated completely 

in the case of MMSE and MLSE Equalizer. To 

minimize these effects equalization is applied on 

receiver side. Bit error  rate  performance  in  

Rayleigh  channel  using  BPSK,  QPSK,  4QAM,  

and  16QAM modulation technique with and 

without equalizer it can be observed that bit error 

rate around 0.4 in 16QAM , QPSK, BPSK, 

4QAM when equalization is not performed. Bit 

error rate decreasing when MLSE equalization is 

performed. 

5.2 BER for BPSK using OFDM in Rayleigh 

channel 

In this diagram appears (Figure 5) bit error rate for 

BPSK utilizing OFDM in Rayleigh channel. The 

three strategies are utilized as a part of this chart. In 

the first place systems are utilized without 

Equalizer. Second strategy are utilized MMSE 

Equalizer .Third method are utilized MLSE 

Equalizer. The table shows bit error rate in various 

signal to noise ratio for without equalizer, MMSE 

Equalizer, MLSE Equalizer. MMSE Equalizer gives 

the better result(bit error rate) and limit the base 

mean error. MLSE equalizer gives the better 

outcome when contrasted with without equalizer 

and MMSE equalizer.  

 

Figure 5 BER for BPSK using OFDM in Rayleigh channel 

5.3 BER for QPSK using OFDM in Rayleigh 

channel 

In this diagram (Figure 6) demonstrates bit error 

rate for QPSK utilizing OFDM in Rayleigh 

channel. The three strategies are utilized as a part 

of this chart. In the first place methods are utilized 

without Equalizer. Second system are utilized 

MMSE Equalizer. Third strategy are utilized 

MLSE Equalizer. The table shows bit error rate in 

various signal to noise ratio for without equalizer, 

MMSE Equalizer, MLSE Equalizer. MMSE 

Equalizer gives the better outcome (bit error rate 
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diminish) and limit the base mean error. MLSE 

equalizer gives the better outcome when 

contrasted with without equalizer and MMSE 

equalizer. 

 

Figure 6 BER for QPSK using OFDM in Rayleigh channel 

5.4  BER for 4 QAM using OFDM in Rayleigh 

channel 

In this chart indicates bit error rate for 4QAM 

utilizing OFDM in Rayleigh channel. The three 

systems are utilized as a part of this diagram. In 

the first place strategies are utilized without 

Equalizer. Second system are utilized MMSE 

Equalizer. Third method are utilized MLSE 

Equalizer. The table shows bit error rate in 

various signal to noise ratiofor without equalizer, 

MMSE Equalizer, MLSE Equalizer. MMSE 

Equalizer gives the better result(bit error rate 

decrease) 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 

5.5 BER for 16 QAM using OFDM in Rayleigh 

channel 

In this diagram demonstrates bit error rate for 

16QAM utilizing OFDM in Rayleigh channel. 

The three procedures are utilized as a part of this 

diagram. To begin with methods are utilized 

without Equalizer. Second procedure are utilized 

MMSE Equalizer. Third procedure are utilized 

MLSE Equalizer. The table shows bit error rate in 

various signal to noise ratio for without equalizer, 

MMSE Equalizer, MLSE Equalizer. MMSE 

Equalizer gives the better result(bit error rate 

lessen) and limit least mean error. MLSE 

equalizer gives the better outcome when 

contrasted with without equalizer and MMSE 

equalizer. 
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Figure 8 BER for 16 QAM using OFDM in Rayleigh 

channel 

5.6 Comparison of BER’s performance of 

OFDM using MLSE equalizer over Rayleigh 

channel using the modulation technique 

Simulation  Results  are  plotted  for  bit  error  rate  

performance  of  OFDM  System  simulation  is 

performed Rayleigh channel using BPSK, QPSK, 

4QAM, 16QAM Modulation technique. 

           We are comparing bit error rate performance 

of OFDM System using MLSE Equalizer   we are 

compare between BPSK Vs QPSK modulation 

technique .we found that  BPSK is better than QPSK 

(Figure 9). 

         Similarly we are comparing between 4QAM 

Vs 16QAM modulation technique. We Observed 

that 4QAM is better than 16QAM (Figure 10). 

         Similarly we are comparing between BPSK 

Vs 16QAM modulation technique. We observed 

that BPSK is better than 16QAM (Figure 11). 

          Similarly we are comparing between QPSK 

Vs 4QAM modulations techniques. We observed 

that 4 QAM is better than QPSK (Figure 12). 

        Similarly we are comparing between BPSK 

Vs 4QAM modulations techniques. We observed 

that BPSK is better than 4 QAM (Figure 13). 

        Similarly we are comparing between QPSK Vs 

16QAM modulations techniques. We observed that 

QPSK is better than 16 QAM (Figure 14). 

           Similarly we are comparing between BPSK 

QPSK, 4QAM, 16QAM modulations techniques. 

We observed that BPSK is better than other 

modulation technique (Figure 15). 

5.7 BER for BPSK Vs QPSK modulation 

technique 

In this chart demonstrates correlation of bit error 

rate in various signal to noise ratio BPSK and 

QPSK adjustment method utilizing MLSE 

equalizer. BPSK gives the better outcome when 

contrasted with QPSK balance system.  

 

 

 

 

 

 

 

Figure 9 BER for BPSK Vs QPSK modulation 

technique 

5.8 BER for 4 QAM Vs 16 QAM modulation 

technique 

In this diagram indicates examination of bit error 

rate in various signal to noise ratio 4QAM and 

16QAM adjustment procedure utilizing MLSE 
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equalizer. 4QAM gives the better outcome when 

contrasted with 16QAM modulation method.  

 

Figure 10 BER for 4 QAM Vs 16 QAM modulation 

techniques 

5.9 BER for BPSK Vs 16 QAM modulation 

technique 

In this diagram indicates examination of bit error 

rate in various signal to noise ratio BPSK and 

16QAM modulation method utilizing MLSE 

equalizer. BPSK gives the better outcome when 

contrasted with 16QAM modulation method. 

 

 

 

 

 

 

 

Figure 11 BER for BPSK Vs 16 QAM modulation 

technique 

5.10 BER for QPSK Vs 4 QAM modulation 

technique  

In this diagram demonstrates examination of bit 

error rate in various signal to noise ratioQPSK and 

4QAM modulation method utilizing MLSE 

equalizer. 4QAM gives the better outcome when 

contrasted with QPSK adjustment method. 

 

 

 

 

 

 

 

Figure 12 BER for QPSK Vs 4 QAM modulation technique 

5.11 BER for BPSK Vs 4 QAM modulation 

technique 

In this diagram demonstrates correlation of bit 

error rate in various signal to noise ratioBPSK and 

4QAM balance procedure utilizing MLSE 

equalizer. BPSK gives the better outcome when 

contrasted with 4QAM adjustment system. 

 

Figure 13 BER for BPSK Vs 4 QAM modulation technique 

5.12 BER for QPSK Vs 16 QAM modulation 

technique 

In this diagram demonstrates examination of bit 

error rate in various signal to noise ratioQPSK and 

16QAM regulation strategy utilizing MLSE 
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equalizer. QPSK gives the better outcome when 

contrasted with 16QAM adjustment strategy. 

 

Figure 14 BER for QPSK Vs 16 QAM  modulation 

technique 

5.13 BER for BPSK Vs QPSK Vs 4 QAM Vs 16 

QAM modulation technique 

In this diagram demonstrates correlation of bit 

error rate in various signal to noise ratioBPSK, 

QPSK, QAM and 16QAM regulation strategy 

utilizing MLSE equalizer. BPSK gives the better 

outcome when contrasted with other modulation 

method. 

 

Figure 15 BER for BPSK Vs QPSK Vs 4 QAM Vs 16 QAM 

modulation technique 

8. Conclusion 

In this paper titled Performance Analysis of OFDM 

System Using MMSE And MLSE Equalizer, we 

calculated the bit error rate using different 

modulation techniques by consider the MMSE & 

MLSE equalizer. Results shows that the BER is 

reduced considerably in our research work. 
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