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Abstract. The traditional MFP (matched field processing, MFP) methods of underwater acoustic 
target often have poor estimation performance or get inaccurate estimation result on the constrain of 
spatial sparse observation. Considering the problem, this paper proposed a new high-accuracy MFP 
estimation algorithm of underwater acoustic target based on compressed sensing by analyzing the 
space sparsity of underwater target location. The algorithm established the spatial sparse description 
model of underwater target, and compressed sensing the underwater target in spatial domain, then 
used the joint sparse reconstruction algorithm to achieve the MFP estimation of underwater acoustic 
target. The simulation results show that the method can increase the DOA estimation accuracy of 
underwater acoustic target at less array elements and less snapshots. 

1. Introduction  

Underwater acoustic source localization is divided into active and passive sonar positioning. 
Compared with active sonar positioning, passive sonar localization has the characteristics of high 
security, high concealment and it can detect a further distance. MFP (matched field processing, MFP) 
plays an important role in passive target detection who combines analysis of characteristics of array 
signal processing and acoustic propagation in the ocean [1].In recent years, matched field processing 
technology has attracted much attention in the field of underwater target detection and passive 
acoustic localization. The Bartlett processor is proposed by Baggeroer and it has a good tolerance of 
the changes. Minimum variance distortionless response (MVDR) which can restrain the disturbance 
of the side lobe and the noise signal proposed by Capon is the most typical adaptive matched field 
processing. During the follow-up study, it is found that the side lobe is high when Bartlett processor is 
used to deal with the underwater acoustic localization and it leads to a larger fuzzy region. MVDR 
processors require precise parameters, a large number of samplings and high requirements for 
hardware and software [2]. 

In order to overcome the problems above, this paper proposed a new high-accuracy MFP 
estimation algorithm of underwater acoustic target based on spatial compressive sampling by 
analyzing the space sparsity of underwater target location. This method can realize the high precision 
positioning in the situation of few array elements.  

2. Method Principle  

Compressed sensing [3] is a kind of compressive sampling method which is different from 
traditional signal sampling. Compressed sensing theory said that when the signal is sparse or 
compressible, signal sampling reconstruction can be transformed into a problem of solving the 
uncertain linear observation equation. The steps to get the sparse signal through compressed sensing 
are sparse representation of signal, encoding measurement and reconstruction algorithm. According 
to compressed sensing, the signal is compressed while sampling. After the sparse representation of 
the signal, the received signal can be expressed as: 

                                             ( ) ( ) ( )l l l Y GX N                                                              (1) 
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G is a M * Q dimensional projection matrix. Y (L) is a M x 1 dimensional compressive sampling 
data. X (L) is a Q×1 dimensional sparse vector and there are only a few nonzero elements . N (L) is a 
M x 1 dimensional noise vector. Formula 1 can also be described as: 

                                  0
min . .s t  X Y GX N                                                  (2) 

Formula 2 is a NP-hard problem. Therefore, the widely used methods are base pursuit represented 
by BP and greedy algorithm represented by OMP. 
2.1  Sparse Representation of Matched Field Source Localization 

Suppose that the area to be searched is two-dimensional region. As is shown in figure 1, the black 
dots on the left represent the receiving array and the right is the search area. The search area is divided 
into some grid points represented by white circles.  The gray circle represents the position of the 
sound source. Because the target signal is sparse inspatial domain, we can use spatial mesh partition 
to realize the sparse representation of the acoustic target signal. Correspondence between signal and 
space is available after sparse representation which helps the acoustic localization. 

 
Figure 1. Sketch map about the search area discretization of acoustic source localization. 

Based on the analysis of the above model, the matched field localization problem can be expressed 
as the following sparse model. The area of interest is dispersed into Q grid points, recorded as {r1, 
r2,… rQ}. Each element in the X indicates the pulse intensity of the signal at the grid point. Assume 
that there are K acoustic sources in the search area and M array elements to receive datum. Array 
received data [4] at L moment can be expressed as: 

                                  ( ), 1,2,..., ;l l l l L  y( ) Gx( ) n                                               (3) 
G= [g(ω0, r1) g(ω0, r2) …g(ω0, rq)],which is called observation matrix. 
g(ω0, rq)= [g1(ω0, rq) g2(ω0, rq) …gM(ω0, rq)]T, q=1,2,…Q.Q represents the number of grids 

divided by the search space. Normally, Q is not less than K. M represents the number of elements. 
gi(ω0, rq), (i=1,2,…M) represents the Green function from the  position rq to the array element 
numbered i. Each rq corresponds to a possible acoustic source location. L is the number of snapshots. 
If there is no acoustic source, the signal pulse is 0. n(l) represents the signal noise at L moment. 
2.2  Model based on Compressed Sensing and Solution Using Joint Reconstruction 

Based on the compressed sensing theory, the matched field acoustic source localization problem 
can be expressed as: 

                                 ( ), 1,2,..., ;l l l l L  y( ) Gx( ) n                                               (4) 
G is a M * N dimensional measurement matrix. Y (L) is the sampled data after compression 

sampling. Y (L) is a M * 1 dimensional vector. Because M is less than N, Y (L) is much smaller than 
the traditional array output value. Therefore, it reduces the requirement for the hardware and the 
amount of data processing. In order to ensure the accuracy of the estimate, we need multiple 
samplings. Then the formula 4 can be expressed as: 

                                  Y GX N                                                                         (5) 
Y=[y(1),y(2),…y(L)],X=[x(1),x(2),…x(l)], N=[n(1),n(2),…n(L)]. L is the number of snapshots. 

The solution of formula 5 can be optimized as: 

                                 0
min . .s t  X Y GX N                                                  (6) 

This procedure requires the use of joint reconstruction algorithms, such as SOMP, M-FOCUSS, 
convex relaxation mixed norm algorithm.To solve formula 6, this paper uses the convex relaxation 
hybrid norm algorithm. While ε equals 0, formula 6 can be expressed as:  

      
0

min ( ) . . ( ) ( ) ( )
l

l s t l l l x y Gx n                                       (7) 
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To solve equation 7, we can obtain the location of the non-zero elements in signal x(l). Then, 
according to the position of non-zero elements in each x(l) we can know the location of the source 
[5].To sum up, the acoustic localization based on compressed sensing can be summarized as:  

 Disperse the location of interest into Q grid points. Arrange every grid point in order. We assume 
that acoustic targets just locate on these discrete grid points. Then, the position of the acoustic source 
will correspond to the grid position in the space of interest. 

2. According to the formula 1, obtain the spatial sparse representation model of the array received 
signal. Select the measurement matrix and do compressive sampling to obtain the array output data, 
which is just the formula 3. 

3. Use the joint reconstruction algorithm to solve formula 7. Finally, obtain the location of the 
acoustic source by finding the position of the nonzero elements in x(l). 
2.3  Simulation Results Analysis  

Based on the above theory, the feasibility and effectiveness of the proposed method are verified by 
experiment simulation. Marine environment is assumed that the velocity of sound in sea water is 
1500m/s and the sea water density is 1.0g/cm3. Sound speed in sea bottom is 1800 m/s and the 
density of sea bed is 1.8g/cm3.We choose uniform linear array (ULA) .There are 7 elements in the 
array. The number of possible location is Q which is equal to 5000. In addition, the scanning step is 
one. The horizontal scanning range is between 0 and 100 meters, while the vertical one is between 0 
and 50 meters. We add white Gaussian noise to the single and the input SNR is 10dB.The actual 
sound source position coordinates are (40, 25) and (80, 25). 

 The Feasibility of the Method  
Under the above experimental conditions, the simulation experiment is carried out and the 

simulation results are shown in figure 2. It can be seen from the figure that the proposed method can 
accurately position the target in the situation of few snapshots. As a result, we can conclude that the 
proposed method is feasible. 

 
Figure 2. The positioning results achieved by the method this paper proposed. 

2.3.1 Single Snapshot Location 
When there is only one snapshot in time domain, MVDR matched field algorithm is ineffective. 

As a result, we only compare the localization performance of Bartlett algorithm and joint 
reconstruction algorithm. The simulation results are shown in figure 3 and figure 4. Figure 3 is the 
result of the joint reconstruction algorithm whose positioning results are (40, 25) and (80, 25). This 
method can accurately locate the underwater acoustic. Bartlett positioning result is shown in figure 4. 
It can be seen that only one position of the source can be clearly located. Worse still, the position is 
slightly biased and has a high side lobe. Therefore, the positioning effect is not ideal. 

 
Figure 3. Matched field source localization based on joint reconstruction algorithm 
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Figure 4. Matched field source localization based on Bartlett algorithm 

2.3.2 Multiple Snapshots Location 
Compare the positioning performance of joint reconstruction algorithm, Bartlett and MVDR 

algorithm. Results are shown in follow three figures. It can be seen from the figures that traditional 
matched field localization methods have larger side lobe, while the matching field positioning based 
on compressed sensing can obtain higher accuracy. 

 
Figure 5. Matched field source localization based on joint reconstruction algorithm 

 
Figure 6. Matched field source localization based on Bartlett algorithm 

 
Figure 7. Matched field source localization based on MVDR algorithm 

3. Conclusion  

In this paper, a new method about matched field source localization based on compressed sensing 
is proposed. This method can effectively solve the problem that conventional matched field 
localization method has high side lobe. The simulation results show that the method could increase 
the DOA estimation accuracy of underwater acoustic target at less array elements and less snapshots 
which means saving the cost of positioning. A new effective way is proposed to solve the problem of 
matched field acoustic localization. 
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