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1. INTRODUCTION

This report present some simulations of acoustic propagation conditions in the Bay of
Monterey, based on a sound velocity profile acquired by MBARI's ROV on November
9th, 2001. This work will help in preparing the demonstration of a GIB system to MBARI
planned in September 2002.

2. ACOUSTIC PROPAGATION CONDITIONS

2.1 Maximum admissible propagation loss

The maximum admissible propagation loss for a GIB-STD system is estimated at the
value of 100 dB:

• Source Level of acoustic pinger: 190 dB,

• Noise level: 75 dB

NL = Bm + 10Log(Bandwith)

Mean Noise level in tables: 45 dB re 1µPa @ 10 kHz - Sea state 4

Bandwith: 500 Hz.

• Signal to Noise ratio: 15 dB.

2.2 Sound velocity measurements

The sound velocity profile was measured by MBARI's deep ROV on November 9th,
2001. September conditions are assumed not to be too different.
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2.3 Acoustic propagation modelling using RAYSON software

RAYSON software is a very useful tool for acoustic propagation prediction based on ray
model (See data sheet in Appendix).

With the RAYSON software we simulated the acoustic propagation in order to calculate
the propagation loss in the following conditions:

• Source's depth of 995 or 475 m corresponding to two different positions close to
the bottom, taking into account the terrain slope,

• Sound velocity profile measured on the 9th of November 2001,

• Frequency of source: 10.5 kHz, corresponding to the GIB pinger,

• Source directivity: omnidirectional. This corresponds to the GIB pinger,

• Bottom: rock, with a typical slope simulating what could be encountered in the
Monterey Bay canyon.

The modelling results are :

• Propagation Loss: picture composed of 2 graphs: the right-wing one is the sound
propagation loss as a function of horizontal distance and vertical depth, and the left-
wing graph is sound velocity profile. The vertical axis corresponds to depth, and
horizontal axis corresponds to distance, colour scale: red (low propagation loss i.e.
high energy) to blue (high propagation loss i.e. low energy), 6 dB per colour
increment.

• Ray diagram: picture composed of 2 graphs: the right-wing one is the ray plot as a
function of horizontal distance and vertical depth, and the left-wing graph is sound
velocity profile.

Like all prediction the RAYSON results must be interpreted with care. As a matter of
fact, the medium is approximate as it is represented by only 1 sound velocity profile, with
rocky bottom. Nevertheless the results give a correct view of the acoustic propagation
conditions and are very helpful for understanding some of the real phenomena that could
be observed during the future trials.
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Picture 1: Propagation Loss - Source depth: 995 m

The acoustic detection range is compatible with GIB tracking system in such conditions.
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Picture 2: Ray path diagram between source and receiver- Source depth: 995 m
- Receiver depths: 15 and 35 m.

There is a direct path between source and receiver.

Picture 3: Impulse response - source depth: 475m - Receiver depth: 15 m (blue)
and 35 m (red).
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For both depths receiver, the first ray is the direct path. Then we detect a path with one
reflection on the bottom, but very attenuated (more than 10 dB), and next, with only 3 dB
difference, we detect a path with one reflection on the surface.

Receiver depth: 15m

Attenuation of 1st path: 73.5 dB

5 ms between two main paths (3 dB difference).

Receiver depth: 35m

Attenuation of 1st path: 73.5 dB

13 ms between two main paths (3 dB difference).

The hydrophone should perform better at a depth of 35 m. As the GIB pulse length is 10
millisec., at such depth, direct path and surface reflected path will not interfere.

Picture 4: Propagation Loss - Source depth: 475 m

The acoustic detection range is compatible with GIB tracking system in such conditions.
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Picture 5: Ray path diagram between source and receiver- Source depth: 475 m
- Receiver depths: 15 or 35 m.

What ever the hydrophone depth is, there is a direct path between the source and the
receiver.
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Picture 6: Impulse response - source depth: 475m - Receiver depth: 15 m (blue)
or 35 m (red).

For both depths receiver, the first ray is the direct path. Then we detect a path with one
reflection on the bottom, but very attenuated (more than 10 dB), and next, with only 3 dB
difference, we detect a path with one reflection on the surface.

Receiver depth: 15m

Attenuation of 1st path: 72 dB

1.8 ms between two main paths (3 dB difference).

Receiver depth: 35m

Attenuation of 1st path: 73 dB

5 ms between two main paths (3 dB difference).

The hydrophone should better be at a depth of 35 m.
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3. CONCLUSION

This study demonstrates that the acoustic propagation conditions encountered in
November were correct for a nominal use of a GIB system in the Monterey Bay Canyon.
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APPENDIX: RAYSON DATA SHEET

Refer to attached file : "GIB Module Rayson n° 21 V1.10.pdf"
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GIB MODULE RAYSON

Ray Tracing Model
Predicts acoustic field using a ray method
based on a simplification of Helmholtz
equation.
Valid in areas of high frequencies.
Differential equation defines the trajectory of
a ray taking into account local values of
sound velocity and its gradients.

•  Range independent medium: analytical
solutions which are parts of circles.

•  Range dependent medium: rays equation
is solved numerically with a Runge-Kutta
scheme of the order 4

•  Program realized in C++



@
∫∫∫ Semantic

Technique des signaux

ACSA © 9, Europarc Ste Victoire – 13590 Meyreuil – France
Tel : +33 (0) 4 4258 5452 – Fax : +33 (0) 4 4258 6546 – Web site : www.underwater-gps.com

Fiche Rayson V1.00.doc


