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Development of an Observation Robot [Flying Fish |

for Comprehensive Measurements of Ocean Environment

by Wataru Koterayama, Member
Masahiko Nakamura, Member,

Satoru Yamaguchi, Member
Taketo Akamatu, Member

Summary

A pitch, roll and depth controllable towed vehicle has been developed and named as “FLYING
FISH”. The towed vehicle equips with an acoustic Doppler current profiler (ADCP), CO; analyzer and
sensors for measuring temperature, salinity, dissolved oxygen, PH, turbidity, chlorophyll.

Flying Fish enables us to obtain the space continuous data of physical and chemical properties in the
ocean upper mixed layer efficiently. Its maximum submerged depth is 200 m. The length is 3.84 m,
breadth 2.26 m, height 1.4 m, weight in air 1400 kg and weight in water is about 0 kg.

Numerical simulations were carried out in order to design mechanical parts of the control system and
estimate the accuracy of motion control of Flying Fish. The simulations are based on the six degree
freedom motion equations for underwater vehicle and lumped mass method for the towing cable. Field
experiments were conducted to confirm the performance of Flying Fish and accuracy of numerical
simulations. Results of field experiments and numerical simulations are compared.
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Fig.2 Vertical view of Flying Fish
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Table 1 Characteristics of sensors

Acoustic Doppler current p.'oﬂler Depth sensor
Acoustic frequency 150KHZ Type Electrostatic capacity
No. of acoustic beam 4 Range 0~200m
250m/400m Accuracy 0.3% of full range
Velocity range 0~10m/sec Time response 0.2sec
Number of depth cell 128
Accuracy 0.5cm/sec Dissolved oxygen sensor
Direction accuracy 2 degree Type Polargraphic
Range 0~20ppm
analyzer Accuracy 0.1ppm
Hegsurmg object Dissolved Time response 10sec
bt ic carbon
Type Non-Dispersive |PH sensor
Infra-Gas Type Glass electrode
Analyzer (NDIR) |Range 4~14PH
Range 4 0f Accuracy 0.05PH
Accuracy 1% of range Time response 10sec
Time response 300sec
Turbidity sensor
Tewperature sensor Type Infrared backscattering
Type Pt resitance Range 0~100ppa
Range -5 ~ 45°C Accuracy 2%
Accuracy 0.02°C Time response 0.25sec
Time response 0.25sec

Conductivity sensor Chlorophyll seasor
Type Type

Fluorescence analysis

Range Ommho/cm Range 0.5~60 g/litter
Accuracy 0.05mwho/cm Accuracy 0.1%
Time response 0.2sec Time response 0.2sec

** Maxium allowable submerged depth of all
sensors is set at 200m
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Fig.7 Configuration of LQI control system
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Table 2 Hydrodynamic coefficients

A1 [ 0.040 || Xy | 0.678
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M, |-0.538 || X,, |-0.502
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Fig.8 Numerical simulation on depth changing ability
of Flying Fish
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Fig.9 Map showing field for experiment

Photo.1 Picture of a field experiment
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Fig.11 Comparison of numerical simulation with field
experiment
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Fig.12 Chemical properties between Hokkaido and
Russia obtained using Flying Fish
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Fig. 13 Velocity distribution measured with ADCP of 10 15 20

Flying Fish
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