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DEVELOPMENT OF THE SEA FLOOR ACOUSTIC RANGING SYSTEM f

Yoshiharu NAGAYA*, Tetsuichiro YABUKI*, Fusakichi ONO**, Akira ASADA*

Abstract

Acoustic ranging on the sea floor is one of hopeful methods by which the detection of crustal
deformations could be realized in the deep sea. We have been developing a Sea Floor Acoustic
Ranging system (SeaFAR) which will detect the strain for a baseline 1km long with accuracy of
lcm. SeaFAR repeats the measurement of propagation time of acoustic signal in two way as well
as sound velocity in a period longer than a year. Sound velocity is not directly measured but
derived from water temperature, salinity and water pressure observed.

We have developed one pair of prototypes which measure precise propagation time of acoustic
signals, and carried out an experimental measurement on the sea floor 1250m deep in the Sagami
Bay. The result shows that propagation time of acoustic signals can be measured with accuracy
of 2x107% second and that propagation time varies more than 200x107® second because of the
temperature variation in the order of 0.1°C. It is a next important theme to eliminate of influence

of the temperature variation by means of precise measurement of temperature.
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Table 1. Technical specifications.

Transmitting signal
Center frequency
Frequency band width
Duration time
Power amplifier
Output power
Acoustic transducer
Transmitting response
Maximam input power
Receiving response
Directivity
Maximam operating depth
Voltage amplifier
Gain
AD Converter
Sampling frequency
Resolution/Dynamic range
Clock
Stability of frequency
Iteration interval of Pulse-A
Delay time of Pulse-B for Pulse-A
Delay time of Pulse-C for Pulse-B

linear frequency modulated (FM) pulse
40kHz

20kHz

5ms

50watts

Plumb-zilconate-titanate ceramic sphere (ITC-1083)
129 (30kHz), 133(40kHz), 138(50kHz) in dB .parv
100watts

-202 (30kHz), -204 (40kHz), -203(50kHz) in dB v/upa
Omni directional

10,000m

variable 60~100dB (fixed before operation)

500kHz

12 bit/ 5V -52~14dBv

quartz oscillation

1 X108

variable 1~99,999s in 1s (fixed before operation)
variable 0~99s in 1s (fixed before operation)
variable 0~0.9s in 0.1s (fixed before operation)
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Fig. 1. Transmission loss of underwatar sound.
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Fig. 2. A schematic of the SeaFAR.
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Fig. 4 . Transmitting waves sampled in water tank

, (@) for SeaFAR-1, (d) for SeaFAR-2. Power spectra of

transmitteing waves , (b) for SeaFAR-1, (e) for SeaFAR-2. Phase characteristics of transmitting
waves. Differences of cumulated phase angle of transmitting waves for cumulated angle of LEM are

shown ; (¢) for SeaFAR-1, (f) for SeaFAR-2.
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Table 2. Transmitting level and reveiving response.

SeaFAR-1 SeaFAR-2
Transmitting sound pressure in average in dB ,pr. at lmeter 182.8 181.9
30kHz -137.6 ~138.2
Receiving response in dB v/.pa 40kHz -138.4 -139.6
50kHz -138.2 -139.1
Average -138.1 -139.0

Table 3. Frequency deviations and driff-rates for reference oscillators used in clocks inside SeaFARs.

SeaFAR-1 SeaFAR-2
f-r) 1 + 1 x10°¢ +1x10°¢
Drift of (-%)/f; in a day +0.01x10-¢ +0.01X10°¢
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Fig. 6. SeaFAR being deployed from R/V Shoyo.

Table 4 . Overall size of SeaFAR and parameters
set in the experimental measurement in

Sagami Bay.
Overall size (when lowered) W151 X H185¢m
Weight in air 450kg

Weight in water 50kg

Weight of sinker 120kg
Descending/ascending speed 40cm/s
Gain of receiving amplifier 68dB
Iteration interval of Pulse-A 3,600s

Delay time of Pulse-B 30s
Delay time of Pulse-C 300ms
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Fig. 7. Precise topography around the location
where SeaFARs were deployed. Deployed
positions are A (35°03.90’'N, 139°23.96’E) for
SeaFAR-1 and B (35°03.62'N, 139°24.19°E)
for SeaFAR-2.
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Fig. 8. Examples of acoustic signals received in the experimental measurement on the sea floor ; (a) for

SeaFAR-1, (¢) for SeaFAR-2. Cross correlation functions between the receiving signal and the
reference signal ; (b) for SeaFAR-1, (d) for SeaFAR-2.
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Fig.10. (a) : Synthesized wave form from the refer-
ence signal used in SeaFAR-1. (b) . Receiving
signal of SeaFAR-1 in the measurement on
the seafloor.
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Fig.11. Cross section of topography along the
baseline AB shown in Fig.7 and sound rays
of a direct wave and a primary reflected
wave. T4 and T, are theoretical travel-times
for the direct wave and the primary reflected
wave respectively.
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Fig.12, Time variation of propagation time mea-
sured by SeaFARs. Arrows in the figure show
the scale for temperature variation and dis-
tance variation.
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