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1. Introduction 
The revolutionary idea that views ambient 

noise as a sound source rather than a hindrance was 
developed by Buckingham et al. This method is 
called ambient noise imaging (ANI), and is neither 
passive nor active sonar method. 1 In the 1990’s, the 
Acoustic Daylight Ocean Noise Imaging System 
(ADONIS), consisting of a 3 m diameter spherical 
reflector and having an array of 126 hydrophones 
attached to the focal surface, was built by Epifanio 
and Buckingham et al. 2 In the early 2000’s, the 
Remotely Operated Mobile Ambient Noise Imaging 
System (ROMANIS), consisting of a 2-D sparse 
array of 504 hydrophones fully populating a 1.44 m 
circular aperture, was built by Venugopalan et al. 3

On the other hand, an acoustic lens system 
would be a powerful choice for realizing ANI, 
because such a system would not require a large 
receiver array and a complex signal processing unit 
for two-dimensional beam forming, which could 
reduce the size and cost of the system. In our past 
studies, we analyzed a sound pressure field focused 
by an acoustic lens system constructed for an ANI 
system with a single spherical biconcave lens or a 
single aplanatic lens using the 2-D and 3-D Finite 
Difference Time Domain (FDTD) method and the 
small scale trial in water tank. Our aim was the 
development of a lens with a resolution similar to 
the beam width of ROMANIS, which is 1° at the 
frequency of 60 kHz. These results showed that the 
lens with the aperture diameter of 2.0 m has the 
sufficient resolution. 4-6

In this study, an aspherical lens with the 
aperture diameter of 1.0 m is designed for 
utilization in an actual ocean experiment of ANI. It 
is expected that this smaller-sized ANI system 
realize the directional resolution which is the beam 
width of 1° at the center frequency of 120 kHz. We 
analyze the sound pressure distribution focused by 
the aspherical lens using the 3-D FDTD method. 
The frequency dependence of –3 dB area is then 
compared between the center frequency of 120 kHz 
and the higher or the lower frequency. 

2. Lens Shape for ANI System 
The lens shape is designed by the software 

“ZEMAX” for optical system design. The refraction 
index between water and acrylic resin, that is the 
material of lens, is 0.54 assuming the water 
temperature of 20 °C at the planned experimental 
site (Uchiura Bay) in November. The rotationally 
symmetric polynomial aspheric surfaece by the 
components of even powers is designated as the 
lens surfaces as follows: 

2
2 4

1 22 21 1 (1 )
crz r

k c r
r ,

where r is the radius of the lens, and z is the surface 
height. The parameters c, k, 1 and 2 are 
optimized by “ZEMAX” assuming that the distance 
from the object to the lens is 50 m, the distance 
from the lens to the image is 1.2 m, and the 
thickness of lens center is 10 mm. The optimized 
parameters of the object side are as follows: 

1/( 5261)c , , =89.51k
4

1 = 2.157 10 , .10
2 4.482 10

Those of the image side are as follows: 
1/(436.0)c , 1.000k ,

4
1 5.483 10 , .10

2 7.746 10
Here, the components over the 6th order are 
neglected. Figure 1 shows the lens shape. 

† kmori@nda.ac.jp Fig. 1  Lens shape 
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Using the 3-D
re distribution focused by the designed lens 

was calculated at every 1° of the incidence angle, 
when the range between the point source and the 
lens is 25 m. The –3 dB area, whose pressure is 3 
dB lower than the maximum pressure at the image 
point, is used for evaluating the directional 
resolution of the lens, the same as 3 dB beam width. 
The –3 dB areas are shown in Fig. 2. In Fig. 2(a) at 
the center frequency of 120 kHz, we can see that 
each –3 dB area has a width of about 0.016 m. In 
Fig. 2(b) at 160 kHz, each –3 dB area is smaller 
than that at 120 kHz, and its width is about 0.012 m. 
Whenever the incidence angle increases by 1°, the 
image point shifts to the right by about 0.021 m. 
The –3 dB areas do not overlap each other in Figs. 
2(a) and 2(b). These results suggest that the 
designed lens has fine resolution over the center 
frequency of 120 kHz. However, in Fig. 2(c) at 80 
kHz, each –3 dB area is larger than that at 120 kHz, 
and its width is about 0.024 m. The sufficient 
resolution cannot be realized under 120 kHz, 
because the –3 dB areas overlap each other in Fig. 
2(c) at 80 kHz. 

4
In this 
re diameter of 1.0 m was designed for the 

actual ocean experiment of ANI. The analysis 
results using the 3-D FDTD method suggested that 
the designed lens has fine directional resolution 
over the center frequency of 120 kHz. 

We have a plan to measure the 
 designed lens on an actual ocean experiment 

in Uchiura Bay on November of 2010. It will be 
verified that the ANI system with this lens realizes 
the directional resolution which is the beam width 
of 1° over 120 kHz. We also have another plan to 
conduct the experiment of target imaging under 
snapping shrimp dominant noises using this lens 
system. 
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Fig. 2  Frequency of –3 dB area (‘*’:dependence 
image point, gray zone: –3 dB area). The horizontal 
axis is the radial distance (m) and the vertical axis 
is the axial distance (m). 

－ 580 －




