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Abstract. Synthetic aperture sonar has an important application prospect in ocean 
resources exploration. The SAS receiver antennas generally have multi-aperture 
configuration, which lead that it is more difficult to obtain the analytical solution of 
the two-dimensional spectrum. In this paper, the analytical solutions of the multi-
aperture SAS with two methods of displaced phase centre antenna (DPCA) and four-
order the method of series reversion (MSR) are given respectively, and the phase 
errors and the imaging results of the two methods under the same conditions are 
compared by computer simulation. The results of the computer simulation show that 
MSR has a smaller phase error than the DPCA at the same squint angle, and the 
DPCA and MSR methods have the same image quality in the small squint angle, but 
the quality of MSR is much better than that of DPCA in the medium squint angle. 

1.  Introduction 
Synthetic aperture sonar (SAS), originally designed for offshore oil and gas industry application, can 
be readily applied to scientific seafloor mapping [1]. SAS achieves high azimuth resolution by using 
small antenna of uniform linear motion to synthesize a large aperture [2]. The factors of ocean currents 
and asymmetric platforms may lead to squint phenomenon appearing. 

SAS is difference with the radar signal model because the azimuth frequency and the range time 
cannot be blurred simultaneously for the low speed of sound in water. To solve this contradiction, the 
SAS receiver antennas generally have multi-aperture configuration [3-5]. However, the multi-aperture 
configuration lead that the two-dimensional spectrum for SAS become more complex and difficult. So 
far, there are many methods to get the two-dimensional spectrum, in which DPCA and MSR are the 
two common methods. In DPCA, the double root range history is approximated into the monocratic 
range history, then the expression of the two-dimensional spectrum can been obtained by learning 
from the monocratic radar [6]. MSR is a general method, that the double root range history is 
approximated by the expression of taylor series and the expression of the two-dimensional spectrum 
can been obtain by using series reversion. The accuracy of this method is “scalable” in the sense that 
its accuracy depends on the number of the terms used in the power series [7]. 

In addition, since the azimuth walking during the transmission and reception of SAS sonar cannot 
be neglected, the expression of the exact range history is very complicated and cannot be directly used 
for imaging processing. DPCA can only consider the non-aperture-dependent azimuth walking during 
the transmission and reception, which leads to a larger phase errors when the squint angle is not small. 
However, MSR directly process the exact range history and can handle the case that the azimuth 



2

1234567890 ‘’“”

2nd International Symposium on Resource Exploration and Environmental Science IOP Publishing

IOP Conf. Series: Earth and Environmental Science 170 (2018) 022115  doi :10.1088/1755-1315/170/2/022115

 
 
 
 
 
 

walking during the transmission and reception is aperture-dependent, so this method can be used in the 
synthetic aperture system with a greater squint angle and longer aperture. 

This article is organized as follows. Section II presents derivation of the two-dimensional spectrum 
which include the squint multi-aperture SAS signal model, the two-dimensional spectrum based on 
DPCA and the two-dimensional spectrum based on MSR. In Section III, some simulations are 
performed. In Section IV, some comments are given. 

2.  Derivation of the Two-dimensional Spectrum 

2.1.  The Squint Multi-aperture SAS Signal Model 
After demodulation to baseband, the received signal of the i th receiver comes from the point target P, 
which is expressed as. 
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where is the fast time, t is the slow time,  p g is the pulse envelope,  a g is the antenna weighting, 

k  is the FM rate, c is the speed of sound, 0f is the carrier frequency,  ;iR t r is the instantaneous slant 

range, r  is the slant range between the transmitter and the point target at the beam center crossing 
time. According to the reference [8], the accuracy range history  ;iR t r is formulated as follows: 
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Where v is the platform velocity and id is the baseline between the transmitter and the i th 

aperture, sq  is the squint angle, yaw  is the yaw angle. 

2.2.  The Two-dimensional Spectrum Based on DPCA 
According to DPCA [9], the exact range history  ;iR t r  can been approximated by 
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By using the stationary phase principle (POSP) [10], the range Fourier transform and the azimuth 

Fourier transform for (1) is carried out, and the two-dimensional frequency domain expression of the 
point target signal is given by 
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Where af  is the azimuth frequency, rf  is the range frequency,  rP f  is the range spectrum 

envelope,  a aW f is the azimuth spectrum envelope, dcf is the Doppler center frequency. 

2.3.  The Two-dimensional Spectrum Based on MSR 
MSR [11] is the most widely used one and its most prominent feature is that the accuracy of the 
spectrum is only controlled by the number of terms in the expansion of Taylor series for the accuracy 
range history. According to the exact delay history * ( ; )it t r  (3), the exact range history can been 
obtained by 

 
*( ; ) ( ; )i iR t r ct t r                                                                 (6) 

 
By expanding into a power series of t , and keeping terms up to 4t , ( ; )iR t r  become 
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Using the Neo’s method [11], the two-dimensional spectrum for a point target can be obtained. 
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Where  , ;i r af f r  is the phase function. 
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3.  Simulation Results 
In order to verify the validity of the spectrum in the paper, simulations are carried out in this section. 
The system parameters are listed in Table 1. 

 
Table 1. SAS System Parameters. 

Carrier 
frequency 

Bandwidth
Pulse 
width 

PRI 
Antenna 

length(transmitter)
Antenna 

length(aperture) 
Velocity 

Aperture 
number

150kHz 10kHz 10ms 400ms 0.08m 0.04m 1.6m/s 32 
 
To quantitatively measure the approximate accuracy of the exact range history, the range history 

error of wavelength normalization is obtained by the computer simulation under different squint 
angles and different approximating methods. 
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(a)                                                                                     (B) 

 

   
(c)                                                                                   (d) 

Figure 1. The sub images from left to right in each row correspond to the range history error of DPCA 
for 20 squint angle, the range history error of DPCA for 200 squint angle, the range history error of 

MSR for 20 squint angle, the range history error of MSR for 200 squint angle. 
 
Fig 1 (a) and Fig (b) is the results of range history using DPCA when the squint angle is 20 and 200. 

Fig 1 (c) and Fig (d) is the results of range history using MSR when the squint angle is 20 and 200. The 
phase errors of Fig 1 (a), Fig 1 (b), Fig 1(c) and Fig 1 (d) are respectively 0.0238 , 0.3848 , 0.0024 , 
0.0156 . The results of the phase error show that MSR has a smaller phase error than the DPCA at the 
same squint angle. 
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(c)                                                                                      (d) 

Figure 2. The sub images from left to right in each row correspond to the image of point scatter of 
DPCA for 20 squint angle, the image of point scatter of DPCA for 200 squint angle, the image of point 

scatter of MSR for 20 squint angle, the image of point scatter of MSR for 200 squint angle. 
 
A simulation based on a flat earth model is presented. Five point target are used in the simulation. 

These point targets are illuminated at the same time. The separation between adjacent point targets is 
2m in azimuth direction and is 2m in range. 

Fig 2 (a) and Fig 2 (b) is the results of processing five simulated point using DPCA when the squint 
angle is 20 and 200. Fig 2 (c) and Fig 2 (d) is the results of processing five simulated point using MSR 
when the squint angle is 20 and 200. The results of Fig 2 (a), Fig 2 (b), Fig 2 (c) and Fig 2 (d) show that 
the DPCA and MSR methods have the same image quality in the small squint angle, but the quality of 
MSR is much better than that of DPCA in the medium squint angle. 

4.  Conclusion 
In this paper, the analytical solutions of the multi-aperture SAS with two methods of DPCA and four-
order MSR are compared, and the phase errors and the imaging results of the two methods under the 
same conditions are compared by computer simulation. The results of the computer simulation show 
that MSR has a smaller phase error than the DPCA at the same squint angle, and the DPCA and MSR 
methods have the same image quality in the small squint angle, but the quality of MSR is much better 
than that of DPCA in the medium squint angle. 
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