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Abstract - With the increase in wireless technological 
development, there is a need for innovative designed to 
integrate features such as high data rates, high quality of 
service and multimedia in the existing communication 
framework. In wireless systems, radio signals are corrupted 
due to fading, interference and noise. In order to handle the 
effects of fading and interference, modern systems employ 
various techniques including multi-antenna transceivers. 
Initially, multi-antenna systems were proposed only for 
point-point communication. MIMO system contain multiple 
input multiple output from m transmitters and n receivers. 
Using Multiple Input Multiple Output (MIMO) systems we 
can reduce the effect of fading and noise in the channel. 
Multiple signals are transmitted from different antennas at 
the transmitter using the same frequency and separated in 
space. Received signal in MIMO system is usually distorted 
by multipath fading. In order to recover the transmitted 
signal correctly, channel effect must be estimated and 
repaired at receiver. Various channel estimation techniques 
are employed in order to judge the physical effects of the 
medium present. Hence MIMO systems utilizes space 
multiplex by using array of antenna’s for enhancing the 
efficiency at particular utilized bandwidth. MIMO use 
multiple inputs multiple outputs from single channel. These 
systems defined by spectral diversity and spatial 
multiplexing. The aim of this paper is to design and 
implement of channel estimation method and modulation 
technique for MIMO system. In this project channel 
estimation techniques such as Zero forcing, Minimum Mean 
Square Error (MMSE) and Space Time Block Codes 
(Alamouti code) for MIMO system are implemented in 
Matlab using modulation techniques like BPSK and QPSK. 
These techniques are compared effectively to estimate the 
channel in MIMO Systems. Space Time Block Codes gives 
better performance in terms of bit error rate and signal to        
noise ratio. 
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1. Introduction 
MIMO technology is being used and proposed in 

the near future for many modern wireless systems in 
many different scenarios to combat against fading and to 
improve performance. Basically, these techniques transmit 

different data streams on different transmit antennas 
simultaneously. By designing an appropriate processing 
architecture to handle these parallel streams of data, the 
data rate and/or the Signal-to-Noise Ratio (SNR) 
performance can be increased. The MSE of the LS MIMO 
channel estimator algorithm is derived as a closed-form 
function of the Doppler frequency shift, forgetting factor, 
channel dimensions and the length of the training 
sequences [1]. The performance of MIMO channel is 
increase by using different channel estimation such as 
Zero forcing (ZF), Minimum mean square error (MMSE) 
and Maximal ratio combining (MRC) techniques [2]. The 
space time code used is Alamouti’s ST Block Code which 
gives very good performance and is quite simple to 
implement. So that the MIMO system is best suitable for 
the WMAN technology [5]. The parameter mean square 
error (MSE) and symbol error rate (SER) comparisons 
between LS and MMSE estimator. The performance of the 
MMSE estimator is better than the LS estimator MIMO-
OFDM fulfills the high data rate requirement through 
spatial multiplexing gain and improved link reliability due 
to antenna diversity gain. 

In wireless communication the signal get 
corrupted due to fading in the signal, which is occurs due 
to noise. During the transmission of signal noise is added, 
so we may not get original signal back at the receiver. To 
minimize these error channel estimation algorithm are 
used at the receiver. In MIMO system channel estimation is 
needed. The different channel estimation algorithm used 
are Zero forcing, MMSE, Alamouti code. 
 

2. Channel Estimation 
Channel estimation is an important technique especially in 
mobile wireless network systems where the wireless 
channel changes over time, usually caused by transmitter 
and/or receiver being in motion at vehicular speed. Mobile 
wireless communication is adversely affected by the 
multipath interference resulting from reflections from 
surroundings, such as hills, buildings and other obstacles. 
In order to provide reliability and high data rates at the 
receiver, the system needs an accurate estimate of the 
time-varying channel. The different channel estimation 
techniques used in this paper are discussed below. The 
block diagram of channel estimation as shown in fig-1 . 
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Fig-1: Block diagram of channel estimation 

2.1 2x2 MIMO systems 
In any communication system noise get added in 

the channel with the signal transmitted. The digital signal 
transmitted over a faded multi-path channel ‘h’. The noise 
get added which is modeled as additive white Gaussian 
noise ‘n’. The demodulation problem is to detect the 
transmitted bits ‘x’ from the received signal ‘y’. The 
received signal also has channel coefficients multiplied. 
The detector needs these channel estimates for that 
specific channel and channel estimation device.  
 
The received signal y is given as 

 
y=hx+η                   (1) 

 
The training sequence is transmitted so that the 

channel coefficients are calculated. First the transmitter is 
made active and the training sequence is sent. The tx2 is 
made inactive i.e. nothing is sent from tx2. The h11 and 
h12 channel coefficients are obtained. Then the tx1 is 
made inactive and tr2 is sent through tx2. The data 
obtained at the receivers rx1 and rx2 are shown by the 
equations 2 and 3 

22,111,11 xhxhy              (2) 

22,211,22 xhxhy              (3) 

This project aims at simulation of a simple and 
most efficient channel estimation method and a good 
modulation technique for increasing the channel capacity, 
bandwidth, increasing bit rates and eliminates inter 
symbol interference. There are well-known training based 
channel estimation methods are; Zero forcing, Minimum 
Mean Square Estimation (MMSE), Alamouti code. The 
main aim is to reduce the computational complexity of 
channel estimation using different algorithm and 
implementing 2x2 MIMO system using BPSK and QPSK 
modulation technique. Fig-2 shows the block diagram of 
the project.  

 
Fig-2: Block diagram of project 

2.2 Zero forcing 
The ZF-equalizer is designed using the peak-

distortion criterion. Ideally eliminates all ISI. The names 
zero forcing corresponds to bringing down to inter-
symbol interference to zero in a noise free case. This will 
be useful when ISI is significant compared to noise. Zero-
forcing equalizers ignore the additive noise and may 
significantly amplify noise for channels with spectral nulls. 
The channel is flat fading; it means that the multipath 
channel has only one tap. The channel experience by each 
transmit antenna is independent from the channel 
experienced by other transmit antennas. For 

the  transmit antenna to  receive antenna, each 

transmitted symbol gets multiplied by a randomly varying 

complex number . As the channel under consideration 

is a Rayleigh channel, the real and imaginary parts of 

  are Gaussian distributed having mean zero and 

variance 0.5.The channel experienced between each 
transmit to the receive antenna is independent and 
randomly varying in time. On the receive antenna, the 
noise  has the Gaussian probability density function 
with 
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The received signal is given by 
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 Initialize the SNR value, both high and low SNR 
value is been considered in the project. 

 Initially the filter coefficients are generated, using 
these coefficients hermitian matrix H is computed 
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and the equalizer coefficient W using the equation 

  HH HHHW
1

                                     (6) 

 where H represents the hermitian  matrix and I 
represents the identity matrix. 

 In Zero forcing algorithm the noise term is 
consider as zero.  Real and imaginary values of W 
are multiplied by the output of the channel. And 
the estimate of input signal is done  

 .Our design criterion is to minimize the error 
between the estimated signal and the input signal. 
After computing the estimated value, find the BER 
using estimated value and input signal. Finally 
plot the simulation result using the BER and SNR 
value. 

2.3 Minimum Mean Square Error (MMSE) 
In statistics and signal processing, a minimum mean 
square error (MMSE) estimator is an estimation method 
which minimizes the mean square error (MSE) of the 
fitted values of a dependent variable, which is a common 

measure of estimator quality.  
 Initialize the SNR value, both high and low SNR 

value is been considered in the project. 
 The received signal is given by 
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 Initially the filter coefficients are generated, using 
these coefficients hermitian matrix H is computed 
and the equalizer coefficient W using the equation 

  HH HINHHW
1

0




             (8)
 

where H represents the hermitian matrix, N0 is 
the noise in the signal and I represent the identity 
matrix.  

The difference between Zero forcing and MMSE channel 
estimation is in MMSE estimation we are considering the 
noise. Real and imaginary values of W are multiplied by 
the output of the channel. And the estimate of input signal 
is done .Our design criterion is to minimize the error 
between the estimated signal and the input signal. After 
computing the estimated value, find the BER using 
estimated value and input signal. Finally plot the 

simulation result using the BER and SNR value. 
2.4 Alamouti code  

Space-time block coding (STBC) has been 
demonstrated to be a powerful diversity technique to 
combat channel fading in wireless communication. In 
particular, the Alamouti code offers very simple 
encoding/decoding and is particularly suitable for future 
wireless systems Space–time block coding is a technique 
used in wireless communications to transmit multiple 
copies of a data stream across a number of antennas and 
to exploit the various received versions of the data to 

improve the reliability of data-transfer. The fact that the 
transmitted signal must traverse a potentially difficult 
environment with scattering, reflection, refraction and so 
on and may then be further corrupted by thermal noise in 
the receiver means that some of the received copies of the 
data will be better than others. This redundancy results in 
a higher chance of being able to use one or more of the 
received copies to correctly decode the received signal. In 
fact, space–time coding combines all the copies of the 
received signal in an optimal way to extract as much 
information from each of them as possible. 

 The very fist step is to iintialize the parameter 
such as SNR,number of transmitter and receiver 
and number of sample.  

 The received signal at time slot 1 and time slot 2  
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 The add the AWGN signal with the modulated 
data and find the channel cofficient and hemitian 
matrix. 
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 Next is to compute the estimated value from the 
from the estimated equation and calculate the 
BER in the system.  
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3. Results 
Communication system Toolbox provides algorithms and 
tools for the simulation of communication system. These 
capabilities are provided as MATLAB® functions, MATLAB 
system objects. The Zero forcing(ZF) ,Minimum mean 
square error(MMSE) and alamouti code are coded and 
simulated in MATLAB .The results are tabulated and the 
bit error rates (BER) using two different modulation 
schemes BPSK and QPSK . The performance of wireless 
communication system is defined in terms of the bit-error-
rate (BER) and symbol-error-rate (SER) which is rely on  
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http://en.wikipedia.org/wiki/Signal_processing
http://en.wikipedia.org/wiki/Mean_square_error
http://en.wikipedia.org/wiki/Dependent_variable
https://en.wikipedia.org/wiki/Wireless
https://en.wikipedia.org/wiki/Antenna_(radio)
https://en.wikipedia.org/wiki/Refraction
https://en.wikipedia.org/wiki/Thermal_noise
https://en.wikipedia.org/wiki/Receiver_(radio)
https://en.wikipedia.org/wiki/Space%E2%80%93time_code
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the signal to noise ratio (SNR). The BER is a key feature for 
all digital communication system that gives a foundation 
for the amount of information transferred from the 
transmitter to receiver and the design of the system is 
depending on type of channel and type of modulation. 
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Fig-3: BER for BPSK modulation with 2Tx, 2Rx MIMO    

Zero forcing, MMSE, Alamouti STBC  (Rayleigh channel) 

Fig 3 and Fig 4 shows the BER performance of different 
channel estimation techniques with BPSK modulation for 
low and high SNR respectively. It is observe from the 
result that the Alamouti STBC code gives better 
performance as compared to Zero forcing, MMSE. It is 
clear that with increase in the signal to noise ratio from 0 
to 25, the BER decreases from 0.1446 to 0 for Zero forcing, 
0.0926 to 0 for MMSE and 0.0412 to 0 for Alamouti code 
with using BPSK modulation technique and fro SNR 
ranging from 0 to 100 BER decrease from 0.1462 to 0 for 
Zero forcing, 0.0923 to 0 for MMSE and 0.0401 to 0 for 
Alamouti code using BPSK modulation. 

In alamouti technique, transmit multiple copies of 
a data stream across a number of antennas and to exploit 
the various received versions of the data to improve the 
reliability of data-transfer. The fact that the transmitted 
signal must traverse a potentially difficult environment 
with scattering, reflection, refraction and so on and may 
then be further corrupted by thermal noise in 
the receiver means that some of the received copies of the 
data will be better than others. This redundancy results in 
a higher chance of being able to use one or more of the 
received copies to correctly decode the received signal. 
The MMSE equalizer results in around 3dB of 
improvement when compared to zero forcing equalizer. 
Fig 4 it is observed that at high SNR, MMSE estimator and 
ZF estimator performance is almost equal.  
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Fig-4 : BER for BPSK modulation with 2Tx, 2Rx MIMO 

Zero forcing, MMSE, Alamouti STBC  (Rayleigh channel) 

for high SNR 

Fig 5 and Fig 6 shows the BER performance of 
different channel estimation techniques with QPSK 
modulation for low and high SNR respectively. It is 
observe from the result that the Alamouti STBC code gives 
better performance as compared to Zero forcing, MMSE. It 
is clear that with increase in the signal to noise ratio from 
0 to 25, the BER increases from 0.4997 to 0.5009 for Zero 
forcing, 0.4996 to 0.5003 for MMSE and 0.4994 to 0.5004 
for Alamouti code with using QPSK modulation technique 
and for SNR ranging from 0 to 100 BER increases from 
0.4995 to 0.5004 for Zero forcing, 0.4993 to 0.5004 for 
MMSE and 0.4996 to 0.5003 for Alamouti code using QPSK 
modulation. 
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Fig-5: BER for QPSK modulation with 2Tx, 2Rx MIMO Zero 

forcing, MMSE, Alamouti STBC (Rayleigh channel) 
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Fig 7.10 BER for QPSK modulation with 2Tx, 2Rx MIMO 
Zero forcing, MMSE, Alamouti STBC (Rayleigh channel) for 

high SNR 

Comparing Zero forcing, MMSE and Alamouti code 
channel estimation algotithms for BPSK and QPSK 
modulation techniques Bit error rate is less for BPSK when 
compared to QPSK as shown in the tables 1 .Bit error rate 
for low and high SNR are tabulated for the three 
algorithms. For BPSK Alamouti shows better performance 
whereas for QPSK all three algorithms shows increased 
BER.  

Table-1: BER  Comparison of ZF, MMSE and Alamouti  
channel estimation algorithms 

Channel 

estimation     

Algorithms 

Modulation techniques 

BPSK QPSK 

Low 

SNR 

High 

SNR 

Low 

SNR 

High 

SNR 

Zero 

forcing 

0.1446 0.1462 0.5006  0.4997 

MMSE 0.0926 0.0923 0.499 0.4996 

Alamouti 0.0412 0.0401 0.5023 0.4994 

 

4. CONCLUSIONS 
A 2x2 MIMO system has been implemented using 
modulation techniques like Binary phase shift keying 
(BPSK) and Quadrature phase shift keying (QPSK). The 
results are compared with each other based on BER and 
SNR. The simulation study on the performance analysis of 
MIMO 2x2 based on channel estimation algorithms like 
Zero forcing, MMSE and Alamouti code for MIMO wireless 
channel is compared. From the simulation it can be 
concluded that the Alamouti (STBC) code channel 
estimation algorithm gives better performance than the 
Zero forcing and MMSE channel estimation algorithms.  
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