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Abstract 

It is know that high data transmission takes place in MIMO-OFDM system, due to this, 

there will be an increase in error rate at the receiver. Channel estimation techniques are used to 

know the system performance of MIMO-OFDM. In pilot based channel estimation, it inserts 

pilots along with the OFDM symbol by using QAM modulation in the transmitter to recover 

original data at the receiver. In this paper, channel is estimated using two different algorithms, 

namely Least Square (LS), and Minimum Mean Square Error (MMSE). The Least square 

channel estimation algorithm procedure is simple to implement, but it has high mean square 

error. The Minimum mean square error is better than that of the LS in low signal-to-noise ratio, 

but it has high computational complexity. In view of this, the Particle swarm optimization 

algorithm (PSO) is implemented for improving the data rate and reduction in BER, MSE of 

MIMO-OFDM channel. The PSO provides better result compared to the LS and MMSE 

algorithms.  

1. Introduction 

The MIMO-OFDM device model provides high-speed connections, 

excellent service quality and minimizes the risk of error. In real-life, it 

optimizes the transmission power and bandwidth to reduce the complexity 

and cost of implementing the system. The schematic diagram of MIMO-

OFDM system [1] is shown in Figure 1. The OFDM signals are generated 
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from the source at the transmission end and encrypted with the help of 

channel encoder [2]. They modulate the encoded signals using QAM and 

transforms the serial data into multiple parallel data streams in the serial-to-

parallel converter. The Inverse Fast Fourier Transform (IFFT) [3] is applied 

to all symbols and to avoid interference, it uses the cyclic prefix with the 

symbols. The parallel data will then be translated to serial data and 

distributed through MIMO channels. The reverse phase takes place at the 

recipient. The serial data is first translated to parallel data medium, and the 

cyclic prefix is overlooked from symbols for the synchronization of time and 

frequency. 

 

Figure 1. Schematic diagram of MIMO-OFDM system. 

The Fast Fourier Transform is applied to all symbols and then it 

translate the parallel data stream into serial data supplied to the MIMO 

decoder to decode the signals. The channel is determined and decoded signals 

are demodulated by QAM modulation system and is decrypted by a channel 

decoder to retrieve the original signal from the receiver. 

2. Background Works 

The channel is a medium used for transmitting the data from source to 

destination. In terms of BER, and MSE, the channel efficiency can be 

calculated. To calculate the channel with minimal latency, MIMO-OFDM 

systems are used. Because of high data transmissions in the MIMO-OFDM 

system, channel H is modified. The Channel estimation algorithms are used 

to reduce the error rates of channel H. The Channel (H) is estimated using 

either LS or MMSE [4]. To improve the performance of the system and to 

overcome the drawbacks of LS [5] and MMSE, in this paper, the particle 

swarm optimization algorithm is used. In this work, channel performance is 

obtained with the help of BER and MSE for the corresponding value of SNR 
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in MIMO-OFDM system. The channel state knowledge is determined in the 

form of training-based channel approximation for the obtained signal, which 

is referred as identified training OFDM symbols before data transmission [6]. 

The channel will be in optimal state until they broadcast the next series of 

the OFDM signal. To estimate, they choose correctly the channel pilot 

positions in all OFDM series, but not in the training sequences. The inversion 

of a high-dimensional matrix is part of the channel calculation algorithms in 

MIMO-OFDM systems owing to a larger number of transmit and receive 

antennas. However, transmission speed is comparably less, which is a major 

problem in wireless communication applications [7].  

LS Algorithm: It is a standard approach to find out the approximate 

solution of MIMO-OFDM system and is represented as 

.ˆ 1YXHLS
−=  (1) 

Here Ĥ  is the impulse response, which can be expressed as where X is input 

and Y is output of the channel. 

MMSE Algorithm: It describes the approach that minimizes the MSE. 

The MSE is estimated using the equation (2). The error of the channel is 

given by 

.ĤHe −=  (2) 

Here, H is the actual channel estimation and Ĥ  is the estimated channel 

estimation, respectively. The Channel estimation of MSE is represented as 

   22
ĤHEeE −=  

( ) ( ).ˆˆ H
HHHHE −−=  (3) 

Here,  E  is the expectation. The auto-covariance matrixes of H and Y is 

designated by HHS  and BBS  correspondingly the cross covariance matrix 

between H and Y is HBS  and noise-variance by .2
z  Since, the channel and 

AWGN is not correlated, the MMSE estimation of H is given by 

.ˆ 1 YSSH BBHBMMSE
−

=  (4) 
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If HHS  and 2
z  are known to the receiver, the MMSE estimation of H is 

given by 

YSSH
BBHBMMSE

1ˆ −
=  

( ) LSNz
H

HH
H

HH HXIXXSXS ˆ12 −
+=  

( ( ) ) .ˆ112
LS

H
zHHHH HXXXSS

−−
+=  (5) 

3. Proposed Model 

The partial swarm illustrated in Figure (2) is a computing method that 

optimizes the issue by attempting repeatedly to improve the solution of a 

candidate about a certain quality measure, and here it is used to recognize 

the best channel. Each and every particle is called a pilot in PSO and is 

positioned in the feature search space, measuring the fitness function from 

the current position. Each particle seeks the best location in the search region 

by adjusting the velocity. The initial location and speed of particles are 

created by random in the search room. For all the iterations of the particles i, 

it changes the location and speed of particles on dimension d is given by 

( ) ( ) ( ).11 11 ++=+ tvtdtx d
i

dd  (6) 

Here, in equation (6), d is spatial solution dimension, ix  is particles where 

( )D
iiii xxxx ,,, 21 =  and ( )D

iiii vvvv ,,, 21 =  is the vector location. It 

randomly generates particle speed and location in search of space. The 

location of the particle i is modified on dimension d for each iteration and can 

be expressed as 

( ) ( ) ( ) ( ( ) ( )) ( ) ( ( )).211 42
1

1 txgbesttrctxtpbesttrctwvtv d
ii

d
i

d
i

d
i

d
i

−+−+=+  (7) 

In equation (7), ( )D
iii

d
i

ppppbest ,,, 21 =  are the initial best location of the 

particles and ( )Dd pppgbest ,,, 21 =  are the global best position of all 

particles. The 1
ir  and 2

ir  are equally distributed quantities, which are inside 

the interval [1-0]. Here, 21 , cc  are cognitive and behavioral values of PSO. 
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.
max

minmax
max iteration

iteration

ww
ww 

−
−=  (8) 

The equation (8) represent the inertia weight w, the high weight of inertia 

defines global quest, whereas a limited weight of inertia defines local search. 

The Acceptable inertia selection offers a balance between local and global 

exploratory expertise which needs less inertia on average to locate the 

optimal answer. In this work, the frequency of inertia w is reduced linearly 

from maxw  to .minw  The particles are initialized from MIMO-OFDM channel 

(H) and all the probable combinations of particles are tested using fitness 

function 
2








 −

H

HH PSO  [8]. If the fitness of particle’s current position is 

enhanced than its previous position, then the velocity and position of the 

particles are obtained using equation (6) and (7). 
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Figure 2. Flow chart of PSO. 

The PSO algorithm repeats the process for fixed number of iterations or 

till the convergence is achieved. The BER and MSE are computed from global 

best particles obtained from PSO algorithm. 
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4. Results and Discussion 

Table 1. Simulation Attributes. 

Parameters  Specifications  

Number of subcarriers  64,128.  

FFT Size  64,128.  

Pilots  No of subcarriers /2  

Modulation  8-QAM, 16-QAM  

MIMO channel  44,22   

Number of particles  100  

Number of Iterations  200  

Inertia weight factor  9.0,4.0 maxmin == ww  

Learning factor C1, C2  1, 1.5 

Channel estimation methods  LS, MMSE, PSO. 

The MSE of 2x2 and 44   MIMO-OFDM is shown in Figure 3 to Figure 6 

such as LS, MMSE, PSO using different subcarriers and Figure 7 to Figure 

10 depicts the BER performance of 22   and 44   MIMO-OFDM for 

different Channel estimation method namely LS, MMSE, and PSO using 

modulation 8, 16-QAM. The channel is estimated using PSO algorithm by 

taking parameters with 100 particle in a search space, inertia weight factor 

,9.0,4.0 maxmin == ww  learning factor 5.1,1 21 == CC  for 200 iterations 

is considered to reduce the error rate of channel. 

The Table 2 and Table 3 show the performance of MSE and BER achieved 

by 44,22   MIMO-OFDM configurations at 5db and 10db SNR value. It is 

observed that increase in the SNR value will obtain decrease in error rate, 

that is, SNR at 10db obtained lesser error when compared to SNR at 5db. 

Further, it is found that, there is decrease in error using PSO algorithm 

considerably when compared to other configurations. 
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Figure 3. MSE performance of 22   MIMO-OFDM with 64 subcarriers 

using LS, MMSE, and PSO estimation. 

 

Figure 4. MSE performance of 22   MIMO-OFDM with 128 subcarriers 

using LS, MMSE, and PSO estimation. 



IMPROVEMENT IN ERROR PERFORMANCE THROUGH  

Advances and Applications in Mathematical Sciences, Volume 20, Issue 12, 2021 

3327 

 

Figure 5. MSE performance of 44   MIMO-OFDM with 64 subcarriers 

using LS, MMSE, and PSO estimation. 

 

Figure 6. MSE performance of 44   MIMO-OFDM with 128 subcarriers 

using LS, MMSE, and PSO estimation. 
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Table 2. MSE performance of 22   and 44   MIMO-OFDM system for 

different channel estimation such as LS, MMSE, PSO at SNR of 5db and 

10db respectively. 

 

 

Figure 7. BER performance of 22   MIMO-OFDM with 128 subcarriers for 

LS, MMSE, PSO estimation using modulation 8-QAM. 
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Figure 8. BER performance of 22   MIMO-OFDM with 128 subcarriers for 

LS, MMSE, PSO estimation using subcarriers for LS, MMSE, PSO 16-QAM. 

 

Figure 9. BER performance of 4x4 MIMO-OFDM with 128 subcarriers for 

LS, MMSE, PSO estimation using modulation 8-QAM. 
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Figure 10. BER performance of 44   MIMO-OFDM with 128 subcarriers for 

LS, MMSE, PSO estimation using subcarriers for LS, MMSE, PSO 

estimation 16-QAM. 

Table 3. BER performance of MIMO-OFDM system for different channel 

estimation such as LS, MMSE, PSO using 128 sub carrier with QAM data 

rates at SNR of 5db and 10db respectively. 

 

5. Conclusion 

In this paper, various techniques are compared to optimize the MIMO-

OFDM channel. To test the channel such as 22   and 44   MIMO-OFDM 

networks, QAM modulation is used. The channel is computed using channel 

estimation algorithms to know the system performance and to reduce the 

error rates of the system. The channel estimation techniques are 

implemented in MATLAB simulation software and the performance is 

analyzed through various metrics, namely BER and MSE. From the results, 

it is evident that PSO algorithm obtained less error compared to LS and 

MMSE. 
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