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Abstract 

In this paper, we investigate a system of spatial multiple sensor arrays in an acoustic field in order 

to evaluate the parameters of the spatial signal and the location of the signal source. A uniform 

linear array and a periodic scanning system is considered. The spatial spectrum that expresses the 

signal distribution in the space from all directions to the receiver is determined. We evaluate the 

efficacy of direction of arrival (DOA) based on Multiple Signal Classification (MUSIC) algorithm 

estimation method for low frequency range when the number of array elements, the number of 

snapshots (i.e. the number of samples), SNR and element spacing are parameters in numerical 

simulation. The simulation results review all factor affecting the accuracy of estimation. 

 

Keywords: acoustic field, sensor array, MUSIC algorithm, numerical simulation 

 

1. INTRODUCTION 

 
The first mention of Direction of Arrival Estimation DOA was related to the linear spectrum 

estimation based on the method of Fourier transform or on the statistical analysis of maximum 

likelihood spectrum estimation [1-3]. However, several authors indicated that a wrong estimation of 

the DOA severely degrades the beamformer performance [4, 5]. 

Let us consider a uniform array (UA) of N receivers receiving K narrow band signals (i.e. all 

array elements in the array can capture a signal at the same time) produced by some correlated 

sources. Spatial spectrum estimation method uses a space array to achieve a space signal parameter.  
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Fig. 1. Uniform linear array having N array cells, for DOA estimation 

Let S(t) be a wave with speed of propagation c and frequency  incident at an incident angle  on 

the array. To meet the hypothesis of planar wave the incident source has to be paced at a distance 

higher than d, the distance between array cells. The received signal in the cell 1 is denoted as x1(t). 

The time delay of the signal between cells due to the path difference is . The received signal in 

cell 2 is [6, 7]: 

 

Generally, for an array having N receivers, the wave incident on the UA is as follows: 

 

Where the input array  and the direction  vectors are as follows: 

 

 

The received signal is described as: 

 

In the hypothesis of the K narrowband signals, we have to consider an approximation as follow: 

 

and the wave front signal is delayed as: 

 

If the impact of an array element n on the jth signal source is considered, the output signal  of the 

nth element is as follows: 

 

where  is the Gaussian additive noise. 

 

2. EXPERIMENTAL 

 
Based on the above model, we will now discuss on the parameters that can affect the direction 

of arrival DOA estimation. The performance of the system is analyzed in interaction with the 
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following parameters: number of array elements, the number of snapshots (i.e. the number of 

samples), SNR and element spacing.  

All the simulations were performed in MATLAB environment. 

 

 
N=50,  

 
N=100,  

 
N=200,  

N=50, 

 

 
N=100,  

 
N=200,  

Fig. 2. Estimation spectrum for frequency  , when the snapshots number varies as N=50, 

100, 200, number of array elements M=30, wavelength  =150, element spacing is  and 

, and noise SNR=20[dB]. 

  

 
SNR=40[dB],   

 
SNR=40[dB],   

 

 
SNR=40[dB],   

 

SNR=20[dB],   
 

SNR=20[dB],   

 

 

SNR=20[dB],   

Fig. 3. Estimation spectrum for frequency  , snapshots N=50, number of array elements 

M=30, wavelength  =150, element spacing is  ,  and , and noise SNR=20 and 

40[dB]. 
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Figure 2(a) and (b) present the simulation results when the number of snapshots varies as 50, 

100 and 200. In fig. 2(a), the element spacing is  and in fig 2(b) it is . A needle spectrum peak 

appearance i.e. DOA estimation spectral beam width becomes narrow and a very good spatial 

separation exists for the case N=100 and both  and . In this case, the ability to distinguish 

spatial signals is enhanced. When the number of the snapshots N increases estimation performance 

decreases. 

Figure 3 displays the effects of the signal to noise ratio and of the element spacing on the 

estimation. Two simulation results when low SNR and higher SNR are considered. The analysis of the 

spectra indicates that signal to SNR values influence the estimation performance, namely as the value 

of SNR increases we found out that the estimation performance increases. When we analyze the DOA 

estimation spectra from the point of view of array element spacing, we found out that for a smaller 

than  DOA estimation falls within the broader spectrum. 

Figure 4 indicates the influence of the number of the array elements over the DOA estimation 

spectrum. A more accurate estimation of DOA is obtained when the number of array elements 

increases. For larger numbers of the array elements, the spectral beam width becomes narrow, the 

directivity of the array is improved and DOA estimation performance increases. 

 

 
M=30 

 
M=60 

 
M=90 

Fig. 4. Estimation spectrum for frequency  , snapshots N=100, number of array 

elements varies as M=30, 60, 90, wavelength  =150, element spacing is , and noise 

SNR=20[dB]. 

 

3.CONCLUSIONS 
 

The simulation results indicate that depending on the number of array elements, the number of 

snapshots, SNR and element spacing, the performances of DOA based MUSIC algorithm estimation 

method for low frequency range change. Thus, when the number of the snapshots increases estimation 

performance decreases; when element spacing is smaller than  DOA estimation falls within the 

broader spectrum; when SNR increases we found out that the estimation performance increases; and 

when the number of array elements increases the directivity of the array is improved and DOA 

estimation performance increases.  
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