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1. Introduction  

 The localization technology of using sensor 

array is widely used to all sorts of detection of target 

and wireless communication on the ground, sea and 

space.  

In general, the acoustic source localization 

techniques can be classified into three categories [5,6], 

namely, steered beamformer, super-resolution 

spectral estimation, and time-delay estimation. 

The methods based on subspace used the subspace of 

signal and noise and they are separated from MUSIC, 

ESPRIT and etc. [1,7] These methods are being used 

widely because estimation performance is relatively 

high and calculating magnitude is lower than 

beamforming method. 

This paper presented a method to estimate the 

position including distance information of long 

distance multiple acoustic source correctly. In the 

literatures, DOA of near and far field acoustic source 

based on subspace and frequency joint estimation are 

widely introduced. [2,3,4] 

Now many researchers have addressed the methods 

of 1D and 2D estimating the DOA far field wideband 

multiple acoustic sources. However, 3D localization 

method that includes distance information is poorly 

introduced. 

In near field, the distance can be directly calculated 

but in far field, it can never. [8] 

And also the distance information can be indirectly 

calculated relative easily in case that acoustic source 

is one or they are narrowband acoustic sources. 

However, it is difficult to obtain the distance 

information of wideband multiple sources. [9,10] 

In order to estimate the location of far field wide 

band multiple acoustic sources, this paper used two 

L-shape arrays. 

And first, in each array, using DOA and frequency 
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joint estimation, 2D DOA and frequency of signals 

were estimated. 

Next, locations of 3D acoustic sources were 

estimated based on frequency and DOA information. 

The result of simulation examples on Matlab shows 

that high estimation capacity can be obtained when 

acoustic source noise is relatively high and the space 

between 2 arrays are settled reasonably. 

The suggested method can be used widely in 

detection of target and wireless communication such 

as radar and sonar. 

2. STRUCTURE OF L-TYPE ARRAY AND 

SIGNAL RECEIVING MODEL 

 When the distance between microphone array 

and sound source is further, amplitude of signal that 

is received between microphones is very low and it 

can be omitted and the signal model can be regarded 

as plane model. Under the ideal situation of far field, 

signals that microphone received doesn’t contain 

information for distance, but contain information for 

DOA and frequency. L-type microphone array model 

is as following. 

In Fig.1 L-type array is consisted with unique linear 

array X, Y the array number of which is M for each 

on X axe and Y axe. Microphone on original point 

(0, 0) is used in both arrays, is reference microphone. 

The frequency, pitching angle and direction angle of 

acoustic source are f, θ, φ for each and the distance 

neighboring each is d. 

 

 

 

Fig.1 The signal model of L-shaped microphone array 

 

Let’s say distance d between array elements of linear 

array X, Y is shorter than half wavelength, the 

average value of output noise of array is 0, and it is 

white Gaussian noise of statistic independence the 

variance of which is σ2 and there is no other 

relationship with signal source. Suppose k signal 

source of statistic independence reach at this array, 

the receiving signal of array is as following. 
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fk is k’th central frequency of narrowband source, τik is relative delay-time when the k’th signal source is radiated 

to i’th array element and ni is noise that is received by array element. Among them signal vector received by array 

X and Y is as following. 

( ) ( ) ( )

( ) ( ) ( )

x x

y y

t t t

t t t

 

 

X A S N

Y A S N

     (2) 

where S(t)=[s1(t), …,sk(t),…, sK(t)]T is signal phasor; Ax=[ax(f1,θ1,φ1),…,ax(fK,θK,φK)];Ay=[ay(f1,θ1,φ1),…, 

ay(fK,θK,,φK)] 

 

3. JOINT ANGLE-FREQUENCY 

ESTIMATION 

 Nowadays joint estimate of multiparameter is 

being concerned and the study about this is being 

taken deeply and in paper [7, 8] suggests some 

methods for joint estimate. For the 2-dimensional 

joint angle-frequency estimation, in this paper based 

on ESPRT rule a method for joint estimate is 

suggested. 

In the above L-type microphone array, from the 

mathematical model of array, we can see that 

receiving signal vector of array element of sub array 

X of which the first part is M-1 and M-1 at the back 

is X1(t) and X2(t) as for each and the if the receiving 

signal vector of array element of sub array Y of 

which the first part is M-1 and M-1 at the back, is 

Y1(t) and Y2(t) as for each, the formula is formed as 

following 

 

X1(t)=A1(f, θ,φ)S(t)+NX(t)    (3) 

X2(t)=A1(f, θ,φ)ΦXS(t)+NX(t)    (4) 

Y1(t)=A1(f, θ,φ) ΦYS(t)+NY(t)       (5) 

Y2(t)=A1(f, θ,φ)ΦS(t)+NY(t)    (6) 

where 

1 1 1 -j2 cos sin /-j2 f cos sin /diag{e  ,e }N Nf d cd c

X

     , NΦ    (7) 

1 1 1 -j2 sin sin /-j2 sin sin /diag{e  ,e }N N Nf d cf d c

Y

     , Φ    (8) 

1 1 -j2-j2diag{e  ,e }=N Nf df d

X Y

   , Φ Φ Φ    (9) 

Where 1
(cos sin sin sin )i i i i i

c
      ， A1 is directional matrix of X1 submatrix. 

In order to calculate frequency of signal, delay time τ has been added to receiving signal of array as fig 2 shows 

and it’s presumed as 0<2τ<1/max(fi). 

 

Fig.2 The received signal mode with delay 
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If one time delay is added to output of M-1 first part of array element of x sub array and the data that is calculated 

is X3, according the knowledge of space spectrum we can get the formula as following. 

X3(t)=A1(f, θ,φ)ΦτS(t)+NX(t)    (10) 

Where 

1 -j2-j2diag{e  ,e }Nff   

  , Φ     (11) 

From the principle of rotation-invariant subspace, if space noise is white noise, auto-covariance matrix RX11 of 

X1(t), cross-covariance matrix RY11, of X1(t) and X2(t) auto-covariance matrix RY11 of Y1(t) and cross-covariance 

matrix RY21 of Y2(t) can be formed and as for 4 covariance matrixes that are mentioned above, if the noise is 

removed, the result will be as following. 

2 H

11 1 1 11- = ( , , ) ( , , )X S Xf f     R I A R A C    (12) 

2 H
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2 H

1 1- = ( , , ) ( , , )YX Y S YXf f     R I A Φ R A C    (14) 

Also cross-covariance matrix RX31 of sub array X1 and X3 can be formed as following. 

H 2

31 1 1= ( , , ) ( , , )+X Sf f    R A Φ R A I    (15) 

If space noise is presumed as white Gaussian noise, the array after noise removal will be as following 

2 H

31 1 1 31- = ( , , ) ( , , )=X S Xf f    R I A Φ R A C    (16) 

So we can get 3 arrays’generalized eigenvalue of {CX11，CX31},{CX11，CX21},{CX11，CYX}. 
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Where i=1，2，…，K，K is the number of signal source. 

If we connect 3 formulas above, we can get frequency of signal, direction angle and pitching angle. 
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4. THE METHOD FOR CALCULATING MULTIPLE ACOUSTIC SOURCE LOCALIZATION 

 In this paper model for calculating multiple acoustic source localization is as following. 

 

Fig.3 The proposed 3-D distance measurement model 

 

As fig 3 shows, 2 L-type microphone arrays are 

located on X axe of measurement space and distance 

between two microphones is L, direction angle and 

pitching angle for array 1 of i’th signal source are θi1, 

φi1 and direction angle and pitching angle for array 2 

of i’th signal source are θi2, φi2. 

When reference microphone of array 1 is located on 

the original point(0, 0, 0), if a pair of direction 

angles(θi1, θi2) and a pair of pitching angl(φi1, φi2) are 

calculated, coordinate of sound source (xi , yi, zi) can 

be calculated. 

In order to do this, if it is presumed that the central 

frequency of each signal sources is constant and 

different from each other, angle of arrival and 

frequency can be calculated through joint angle-

frequency estimation from each arrays. 

By comparing frequency, signal sources are 

recognized and we can get a pair of pitching angle 

for two L-type array of each signal source. 

At this point, frequency value won’t be the same due 

to the deviation in joint estimation, but the sound 

source, the frequency value of which is minimum 

between two arrays, can regarded as the unique one 

and incidence angle of those are defined as a pair of 

direction angle(θi1, θi2) and a pair of pitching 

angle(φi1, φi2). According to fig 3 if i’th acoustic 

source’s coordinate is presumed as (xi, yi, zi), a 

formula as following is formed. 
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From (20),(21) the coordinate of signal on XOY surface is as following. 
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Next, Z coordinate of signal source must be calculated, but due to the deviation in calculation of two arrays, Z 

coordinate value, calculated from a pair of pitching angle(φi1，φi2), won’t be the same.So the average value of Z 

coordinate value, calculated from two arrays is defined as Z coordinate of i’th sound source. 
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Here if the distance between two arrays is longer or shorter than measured distance, deviation might be getting 

more and more. So distance between arrays should be in measured distance range and should be selected in 

suitable way. 

 

5. SIMULATION RESULTS 

 (1) Experiment of joint angle-frequency 

estimation 

Like fig 3, microphone array is unique L-type array 

that is formed with 8*2-1 microphones and central 

frequency of two narrowband signal source that is 

about to be measured is 3400 Hz、3200Hz，for 

each, direction angles are 30°、50°, pitching angles 

are 25°、40° and numbers of samples are 512. 

Distance between array elements is C/2fmax which 

means 4cm and the speed of sound wave is 340m/s. 

In order to see the performance of joint angle-

frequency estimation , MATLAB simulation has 

been taken in various SNR conditions, standard 

deviation which we get through experiment is 

average value from 10 times’ calculation. 

 

 

Fig.4 The relationship between estimation deviation of frequency、DOA and SNR 

 

Simulation result value from Fig 4 shows that if SNR 

is 0dB, standard deviation in calculation of 

frequency and DOA is lowered to 5% 

(2) Experiment of multiple acoustic source 

localization measurement. 

In order to analyze the influence of SNR of the 

method of multiple acoustic source localization 

measurement that is suggested in this paper, 2 

narrowband signal source are used and central 

frequency is 3400 、 3200Hz for each, XYZ 

coordinate (40m 90m 70m)、(80m 70m 50m) for 

each, and distance between two arrays is 2m. 

Fig 5 shows the relationship between standard 

deviation in calculation of the suggested method and 

SNR when SNR changes. 

 



GAS Journal of Engineering and Technology (GASJET) | ISSN: 3048-5800 | Volume 2 | Issue 10 | 2025 

 
GAS Journal of Engineering and Technology (GASJET) | Published by GAS Publishers 40 

 

 

 

Fig.5 The relationship between estimation deviation of proposed method and SNR 

 

Simulation result shows that when SNR is 7dB, the 

standard deviation of suggested method is under 5%. 

In order to analyze the distance relationship between 

the deviation in coordinate calculation and two 

arrays, when SNR is 20dB under the same condition 

above, 10 experiments are taken by changing the 

distance between two arrays and standard deviation 

of calculated coordinates is calculated and the result 

is as following. 

 

 

Fig.6 The relationship between estimation difference of proposed method and distance between two arrays 

 

Fig 6 shows that if the distance between two L-type 

arrays is more than 1.5m, standard deviation in 

coordinate calculation is lower under 5%. If 

measurement distance is R and distance between 

arrays is L, we can get an experience formula as 

following. 

/10< <10R L R  

Simulation result above shows that distance between 

two L-type arrays should be selected suitably to get 

highly accurate localization calculation value. 

6. Conclusion  

 We have here described the method of 

localization measurement of far field of multiple 

acoustic source. Simulation result shows that 

multiple acoustic source localization can be 

measured with the standard deviation of which is 

under 5% by controlling the distance between two L-

type arrays. 

This method because it recognize the signal source 

using frequency, can be applied in multiple acoustic 

source localization. Also if SNR is 7dB, standard 

deviation is under 5% and it’s possible to apply. 
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