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Figure 1 (Color online) Arrival paths of the four eigenrays in shallow zone of deep water. Enlarged view of the launched rays at the source (upper

right). Enlarged view of the arrival rays at the receiver (lower right).
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Figure 2 Typical sound speed profile in deep water.
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Figure 3 (Color online) Variation of time delay between BSR and BR

paths versus surface source range.
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Figure 4 Variation of time delay between BSR and BR paths versus
receiver depth.
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Figure 5 Interference pattern of bottom bounced sound of surface
source in deep water simulated by Bellhop ray model.
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Figure 6 Intensity spectrum at source range of 15 km.

B 0914.3 k. 7T, I 22 3 I A8 22 R Ak i A R ER
B RETATH.

3 SCRHIRINIE

SEIG P SR H 20144 B 2= B UK g SO0 UK P B
WCE A 75 3 B, KT BE T3 8 FE R 150 m. 3% B S0
J ) S B S 18] 7K ST B 8 T 1 i 49 31 1) e AR i R
A e 7 B, PRI 8 4 HE 1 2 12 I ) B PN % 9 g 7S iR R
(1) 45 /) (LOFARBE ). M AT LU i, A 7=
5HEFEE 190 4 R TE AR el S I B 1 R A, AN TR
i 221 R AT A A (). B A — /N BF %1, B B ATS iR

094311-4



R, FEBE B I RE 20165 H46  FEIM

x10-6

50 100 150 200 250 300
RO (ms)

Bl 7 A AR A B 2 IR I R 22

Figure 7 Calculated time delay through Fourier transform.
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Figure 8 Measured interference pattern of bottom bounced sound of
surface ship radiated noise in deep water.
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the experiment.
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Figure 10 Time delay calculated through Fourier transform.
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Passive ranging of surface source using bottom
bounced sound in deep water

WU JunNan'?, ZHOU ShiHong'~ & ZHANG Yan'

'State Key Laboratory of Acoustics, Institute of Acoustics, Chinese Academy of Sciences, Beijing 100190, China;
*College of Physics, University of Chinese Academy of Sciences, Beijing 100049, China

Bottom bounced pattern in deep water interprets the pattern under which rays arrive at the receiver through the
paths hitting the bottom boundary once, and it is of great importance in underwater acoustic detection in shadow
zone. Based on the ray theory, the bottom bounced sound field in deep water is mostly contributed by four eigenrays
including bottom-reflected (BR) path, surface-bottom-reflected (SBR) path, bottom-surface-reflected (BSR) path and
surface-bottom-surface-reflected (SBSR) path, all of which arrive at different time with different time delay. On the
basis of the time delay of four eigenrays, the interference striation pattern of the bottom bounced sound field can be
derived. From the derivation, it can be found that the striation appears periodic in the frequency domain at a certain
source-receiver range, and the period increases with range increasing. As the frequency period corresponds to the
reciprocal of multipath time delay, the range can be estimated by the time delay. As for a near-surface target source,
surface reflection at the source could always be neglected, and then the sound field can be thought of as the contribution
of BR path and BSR path. As a result, the frequency period of its striation corresponds to the reciprocal of the time delay
between BR path and BSR path. In this paper, the relationship between the time delay and range is obtained by analyzing
the interference striation pattern of the bottom bounced sound field in deep water, and then it is applied to passive ranging
of surface sources. The approach is demonstrated valid by the simulated data. Experimental results shows that the range
of the surface source can be estimated effectively, with an estimation error less than 5%.

bottom bounced sound in deep water, surface sources, interference striation pattern, passive ranging
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