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® and the total field made up of the three groups of rays, respectively.
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Abstract

In the direct-arrival zone in deep water, the sound ray arrival angle is one of the most important properties of the
sound field. However, it is complicated to estimate the arrival angle only by using the information about the sound
pressure. Vector sensors have significant advantages in direction-of-arrival estimation, and the acoustic energy flux
detection is one of the most important estimation methods. In this paper, the properties of complex acoustic intensity in
the direct-arrival zone in deep water are analyzed, and the arrival angles of sound rays are estimated with the complex
acoustic intensity extracted from the experimental data. Firstly, the expressions of horizontal particle velocity, vertical
particle velocity and complex sound intensity are provided based on the ray theory. It is shown that the amplitudes of
the horizontal and vertical particle velocities and the components of the complex sound intensity are closely related to
the sound ray arrival angle. The larger the sound ray arrival angle, the greater the vertical particle velocity and the
vertical component of the complex sound intensity are, but the weaker the horizontal particle velocity and the horizontal
component of the complex sound intensity are. Secondly, for the direct-arrival zone of the sound field generated by a
shallow source in deep water, the properties of the complex sound intensity with deep receiver are analyzed based on the
sound ray arrival structure. The theoretical and simulation results show that the arrival angles of the sound rays can be
estimated with the complex sound intensities of pulses received by a deep receiver. The mean arrival angles of the direct
ray and the surface-reflected ray can be estimated with the complex sound intensities of the pulses of the direct-arrival
wave and the surface-reflected wave. The mean arrival angles of the bottom-reflected ray and the surface-reflected-
bottom-reflected ray can be estimated with the complex sound intensities of the pulses of the bottom-reflected wave
and the surface-reflected-bottom-reflected wave. The angle obtained with the complex sound intensity of the total field
comprised of all sound rays is approximately equal to the mean arrival angles of the direct ray and the surfaced-reflected
ray. Thirdly, the validity of the arrival angle estimation with the complex sound intensity is verified by the experimental
data. During a deep water experiment conducted in 2014, a vector sensor was placed at a depth of 3146 m to receive
the experimental signals. Within the range of 17 km, the vector sensor received the direct ray from the sound source
towed at about 140 m. By using the pulses of the direct-arrival wave and the surface-reflected wave received by the
vector sensor, the mean arrival angles of the direct rays and the surface-reflected rays are estimated. It is shown that

the estimated arrival angles are consistent with the theoretical results.

Keywords: direct-arrival zone in deep water, deep receiver, complex sound intensity, sound ray arrival

angle

PACS: 43.30.+m, 43.60.+d, 43.58.+z DOI: 10.7498/aps.65.164302

* Project supported by the National Natural Science Foundation of China (Grant Nos. 11434012, 41561144006), the Foun-
dation of State Key Laboratory of Acoustics, China (Grant No. SKLA201602), and the Scientific Research Foundation of
Taishan University, China (Grant No. Y-01-2013009).

Corresponding author. E-mail: sunmei@mail.ioa.ac.cn
1%

164302-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.164302

	1引 言
	2基于射线模型的声矢量场和复声强
	2.1 基于射线模型的声矢量场
	2.2 基于射线模型的复声强

	3大深度接收时深海直达波区的复声强
	Fig 1
	Fig 2
	Fig 3


	4仿真分析
	Fig 4
	Fig 5
	Fig 6


	5实验数据
	Fig 7
	Fig 8
	Fig 9
	Fig 10
	Fig 11


	6结 论
	References
	Abstract

