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Fig. 1. The configuration of the experiment.
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Fig. 2. The cycle of the source signals from a towed trans-
ducer.
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Table 1. Sediment parameters analyzed from core sampling.

TRBEIEH /em SRS /mes ! 1% /g-cm® PRI R4 /dB-m ! FLBREE /% FPERAE /mm TR
0-28 1583 1.65 137.06 62.60 0.0053 KT BB
28-55 1597 1.56 74.02 65.08 0.0274 wib
55-80 1663 1.57 118.80 67.59 0.0287 b
80-105 1695 1.45 127.50 74.93 0.0127 bR

105-130 1631 1.55 108.91 68.22 0.0157 b
130-155 1516 1.44 104.86 75.38 0.0062 bR
155-180 129 1.37 66.73 77.98 0.0059 by R
180-205 1508 1.33 127.47 80.77 0.0052 bR
205-230 1540 1.30 111.89 84.07 0.0046 by R
230-250 1533 1.26 121.37 85.00 0.0050 bR
250-280 1547 1.26 159.41 85.55 0.0057 by R
280-305 1565 1.21 255.70 83.24 0.0045 bR
FE 1584 1.41 126.14 75.87 0.0106 -~
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Fig. 10. The two main rays contributing to the sound field
in the direct zone, where the source and receiver are at the
depth of 126 and 1453 m, respectively.
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Fig. 11. The two main rays contributing to the sound field
in the direct zone: (a) The grazing angles at source location;
(b) the arrivals of the two rays (The source and receiver are
at the depth of 126 and 1453 m, respectively).
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Fig. 12. Numerical travel time differences (a) and phase dif-
ferences (b) of the two eigenrays (DR and SR) with the in-
crease of the receiving depth at the range of 2.0 km from
Bellhop model.
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Fig. 13. Comparison of the numerical vertical correlations
computed by Eq. (12), with the experimental data and
RAM-PE model results at the range of 2.0 km.
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Fig. 14. The vertical cross-correlation of sound fields in the whole array at the range of 4.2 km: (a) Experimental results; (b) numer-

ical results.
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Fig. 15. The vertical correlation coefficients at two different reference depths at the range of 4.2 km: (a) For reference depth 102 m;

(b) for reference depth 357 m.
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Fig. 16. Eigenrays and arrivals received at three different depths at the range of 4.2 km in the direct zone: (a), (b) 167 m; (c), (d)

357 m; (e), (f) 1453 m.
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Fig. 17. Comparison of the experimental multipath structures from the receivers on the vertical line array at the range of 4.2 km in

the direct zone with numerical ones: (a) Experimental result; (b) Numerical result.
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Fig. 18. The vertical cross-correlation of sound fields in the whole array at the range of 13.6 km: (a) Experimental results; (b) nu-

merical results.
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Fig. 19. The vertical cross-correlation of sound fields in the whole array at the range of 33.2 km: (a) Experimental results; (b) nu-

merical results.
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Fig. 20. Comparison of the vertical correlation coefficients
at two different ranges of 13.6 km and 33.2 km in the first
shadow zone for the reference depth at 102 m.
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Fig. 21. Eigenrays and arrivals received at the depth of 865 m for two different ranges in the first shadow zone: (a), (b) 13.6 km;

(¢), (d) 33.2 km.
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Fig. 22. Comparison of the experimental multipath structures from the receivers on the vertical line array at the range of 13.6 km in
the first shadow zone with numerical ones: (a) Experimental result; (b) numerical result.
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Fig. 23. Comparison of the experimental multipath structures from the receivers on the vertical line array at the range of 33.2 km in

the first shadow zone with numerical ones: (a) Experimental result; (b) numerical result.
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Fig. 24. The vertical cross-correlation of sound fields in the whole array at the range of 50 km: (a) Experimental results; (b) numer-
ical results.
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Fig. 25. The vertical correlation coefficients at two different reference depths at the range of 50 km: (a) For reference depth 102 m;

(b) for reference depth 634 m.
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Fig. 26. TL results near the first convergence zone (50—60 km): (a) For experimental result; (b) for numerical result.
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Fig. 28. Eigenrays and arrivals at three different depths at the range of 50 km near the first convergence zone: (a), (b) 167 m; (c),

(d) 836 m; (e), (f) 1453 m.
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Fig. 29. Comparison of the experimental multipath structures from the receivers on the vertical line array at the range of 50 km

near the first convergence zone with numerical ones: (a) Experimental result; (b) numerical result.
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Fig. 30. Numerical travel time differences (a) and phase dif-
ferences (b) of the two groups of refraction eigenrays from
water volume with the increase of the receiving depth at

the range of 50 km from Bellhop model.
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Abstract

The research on the vertical correlation characteristics of sound field in deep water has important
implications for enhancing the vertical array gain and improving the ability to detect the underwater target.
Based on a deep-water experiment conducted in the South China Sea, the vertical coherence of sound fields in
the direct zone, shadow zone and convergence zone are analyzed with the sound signals received by a vertical
line array that covers the maximal depth to 1,866 m. The numerical analysis based on the ray theory is carried
out to provide corresponding theoretical explanations to the variations of the vertical correlation characteristics
at different ranges and depths. The vertical correlation coefficients in the direct zone are higher than 0.707 for
the whole depth and drop very little with the increase of the vertical depth. It is because the main contributions
come from direct arrival ray and sea surface reflection ray. The pulse structure is relatively simple, and the time
delays of the two rays increase with the space between two receivers increasing. In the shadow zone, sound
energy mainly comes from bottom reflection. Therefore, the vertical correlation coefficients are relatively low.
Multi-path arrival is observed obviously. Vertical correlation coefficients drop quickly with depth increasing.
With range increasing, the time delays of the multi-path pulses decrease. The vertical correlation coefficients at
the same depth will increase a little with range increasing. Near the first convergence zone, vertical correlations
oscillate periodically with the increase of vertical separation, and share the same distribution pattern with the
sound energy along the vertical direction, which is caused by the periodical oscillation of two groups of the
refracted rays from water volume. The refracted rays have the same amplitude, therefore, the time delays of the
two group of rays increase with receiver depth increasing, and the phase of sound filed fluctuates in [0, 27
periodically. The periodicity causes the sound intensity and the vertical correlation coefficients to have the same
oscillation structures. If the rays have the same phases, the main contribution comes from refraction rays, the
structure of the pulses is relatively simple and causes vertical correlation to be higher. Otherwise, the main
contribution comes from bottom reflected rays, the structure of the pulses is complex, and vertical correlation

drops down.
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