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Abstract: In many signal processing applications 

estimation of signal parameters is a significant problem 

such as DOA (Direction of Arrival).The subspace 

methods for estimation of DOA are MUSIC, ESPRIT & 

Root MUSIC. Among these MUSIC algorithm is 

commonly used method it decomposes the received 

signal space into signal     subspace& noise subspace 

using covariance matrix equation. The introduction of 

smart antennas is used to know about MIMO (Multiple 

Input Multiple Output) antenna system. MIMO 

spectral efficiency is better than SISO, increases 

complexity. Estimation of DOA is influenced by some 

factors such as number of array elements, signal to 

noise ratio (SNR) and bit error rate (BER).In MIMO 

system BER decreases with decreasing DOA. Finally 

simulate estimation of DOA with different experiments 

and this may be useful in multipath applications 

(mobile communication). 
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1.0 INTRODUCTION 

In 1897, Guglielmo Marconi demonstrated first time 

the radio’s ability to provide continuous contact with 

the sailing ships. Since then there had been 

tremendous development in wireless communication. 

Hundreds and thousands of engineers has worked and 

developed theories and researches on wireless 

communication. The wireless communication  

 

 

 

 

 

systems have gone from different generations from 

SISO systems to MIMO systems. Bandwidth is one 

important constraint in wireless communication. In 

wireless communication, high data transmission rates  

are essential for the services like data, voice and 

video. 

 

1.1 SISO ANTENNA SYSTEM 

SISO is single input and single output system and is 

the simplest form of the communication antenna. The 

capacity of such system is given by Shannon capacity 

theorem the mathematical form as   

           C= B*log2 (1+S/R)    ----------        (1.1) 

 Due to multipath effect, SISO antenna signal suffers 

with fading, attenuation loss and number errors 

increase. 

 
                Fig 1.1: SISO Antenna System 

 

1.2 MIMO ANTENNA SYSTEM 

MIMO antenna is multiple input and multiple output 

system, in this the signal can go through many paths 

between a transmitter and receiver. In MIMO system, 

the capacity can be increased without increasing the 

bandwidth and transmit power rather by just putting 

more antennas at transmitter and receiver side. The 

most important part to understand and deal the 

MIMO capacity is the channel Matrix (H). 
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Fig 1.2: 3×3 MIMO Antenna System  

 

     H =     ------        (1.2) 

MIMO antenna capacity is given by the relation 

   C = B* log2 (1 + nT * nR *S/R)    ----- (1.3) 

 

2.0  PROPOSED METHOD 

Direction of Arrival (DOA) estimation is the 

fundamental problem in many applications such as 

radar, sonar, wireless communication, seismology, 

radio astronomy and medical diagnostics. DOA 

estimation algorithms classified in 3 types – data 

adaptive algorithms, subspace algorithms and 

maximum likelihood algorithms. Among all these, 

subspace method of MUSIC algorithm gives high 

resolution DOA estimation. DOA estimation is 

influenced by some factors such as number of array 

elements, signal to noise ratio (SNR) and bit error 

rate (BER). In this, we see how these factors 

effecting DOA estimation by detailed simulation 

results of MATLAB. 

 

2.1 MUSIC ALGORITHM 

The main function of the MUSIC algorithm is finding 

the most relevant signal. The MUSIC algorithm uses 

matrix equations to decompose signals in space. The 

received signal is decomposed into the signal 

subspace and the noise subspace. 

                  Fig 2.1: DOA Estimation problem 

 

Mathematical equations for covariance matrix is 

            X = S + n    ---------         (2.1) 

           S = [S ( ), S ( ) ……., S ( )]            

           α = [ ,  ……., ]               

Where S is a N×M matrix of the M steering vectors, 

n is noise vector zero mean white Gaussian noise of 

variance I and α = a . The correlation matrix of 

X can be written as 

         R= E [ ]                ---------- (2.2) 

            =E [Sα ] + E[n ] 

            = SA  + I 

            = + I 

Where  is a covariance matrix.  is an eigen 

vector then  

         ( ) =      --------    (2.3) 

 

3.0 SIMULATION RESULTS 
a) The MIMO antenna system assumed to have 2 

transmitter antennas and 2 receiver antennas and the 

range of SNR is 0-50dB. Fig (4) depicts the relation 

between spectral efficiency and average SNR. No 

matter MIMO or SISO antenna, the value of spectral 

efficiency is proportional to the value of SNR for 

SNR < 45dB when SNR > 45dB the growth rate is 

small. From fig (4) it is observed that the spectral 

efficiency of MIMO antenna is much better than 

SISO antenna spectral efficiency. 
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Fig.3.1: Spectral efficiency for SISO and MIMO with 

SNR 

 

b) MIMO antenna system assumed that it is using 

BFSK modulation technique. In this simulation we 

compared the error probabilities of BFSK coherent, 

non-coherent and simulated error probability of 

binary orthogonal frequency shift keying. In both 

cases of the theory and simulation the value of BER 

is decreasing with increasing value of SNR. From fig 

(5), it is observed that BER performance of coherent 

case is better than the BER performance of non 

coherent case after about 8dB SNR.    
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Fig.3.2: Relation between BER and SNR for BFSK 

coherent and non-coherent case 

 

c) In this simulation, it is assumed that MIMO 

antenna system is using BFSK coherent case and 

assumed that the number of transmitter and receiver 

antennas is 2, SNR is 15dB. Fig () depicts the relation 

between BER in dB and AOA for ULA. From fig (6), 

it is observed that BER increases when the central 

AOA increases and the value of BER reaches the 

maximum when the central AOA is almost .  
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Fig.3.3: Relation between BER and AOA for ULA 

 

d)  In this simulation, it is assumed that the number 

of antennas is 16, the signal direction of two 

independent narrow band signals are  and , the 

number of snapshots is 100 and SNR is 0dB, 20dB 

and 30dB. Music algorithm constructs two needle 

spectrum peaks at  and  it shows that it 

estimate the number and direction of the incidence 

signal. From simulation results it is observed that 

DOA estimation is increased with increasing SNR. 
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Fig.3.4: Simulation of MUSIC Algorithm for DOA 

estimation in 0dB 
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Fig.3.5: Simulation of MUSIC Algorithm for DOA 

estimation in 20dB 
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Fig.3.6: Simulation of MUSIC Algorithm for DOA 

estimation in 30dB 

 

4.0 CONCLUSION 

 The problem of improving spectral efficiency of 

DOA using 4G MIMO system is addressed. In this 

subspace method of MUSIC algorithm is used for 

DOA estimation with different SNR. Simulation 

results depicts that MUSIC algorithm gives two 

needle spectrum peaks and it is more stable. DOA 

estimation is increased with increasing SNR. After 

that studied about the spectral efficiency of SISO and 

MIMO antenna with SNR and observed that spectral 

efficiency of MIMO is always better than SISO. In 

MIMO system the BER is shown to decrease with 

decreasing DOA. MIMO technology has advantages 

in communication distance, channel capacity and 

reliability compared to single antenna technology. 
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