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Abstract

AUV Tri-TON is a hovering type autonomous underwater vehicle developed by the University of Tokyo,
launched in 2011. The vehicle was constructed under the governmental project to develop instruments to
estimate ore reserves in underwater hydrothermal deposits. The mission of the vehicle is to obtain dense,
large-area 3D image of hydrothermal vent fields, in collaboration with a seafloor station. Although the
vehicle is not equipped with an inertial navigation system (INS), the vehicle can estimate its position in
real-time with a precision enough for rough photo-mosaicing, owing to the mutual acoustic positioning with
the station. The vehicle has two suites of imaging instruments looking forward and downward directions in
order to image whole surface of bumpy hydrothermal vent fields. This paper also reports experimental
results of the vehicle at a test pool and Kagoshima Bay in Japan.
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Fig.1 AUV Tri-TON (at Kagoshima Bay)
Table 1  Specifications of Tri-TON.

Vehicle

Size 1.40 m (L) x 1.33 m (H) x 0.76 m (W)
Mass 230 kg

Max. speed 0.5 m/s

Max. depth 800 m

Duration 8 hours

Thruster 100 W thruster x 5

Battery Lilon 26.6 V 25 Ah x 4
Communication  Wireless LAN (in air), ALOC (underwater)
CPU (Main) Intel Atom Z530

CPU (Vision) Intel Atom Z530

os Microsoft Windows XP

Navigational Instruments

Ground \elocity  Teledyne RDI Navigator 1200 kHz (DVL)
Depth Mensor DPT6000

Roll & Pitch OcesnSener OS5000

Heading rate JAE JG-35FD (FOG)

Obstacle search  Tritex Micron (Scanning sonar)

Position GPS (in air), ALOC (underwater)
Imaging Instruments

Camera Lumenera Lm165 x 2

Flash Morris Hikaru-komachi 6 x 2

Sheet laser Grobal laser GreenLyte-MV Excel x 2

Wireless LAN | | GPS antenna Right view

antenna I e

Buoyancy

Sway
thruster

surge {8

- DL o Scanning
Sheet laser sonar "
Ballast releaser ~ Camera Daocking pin
Heave F .
thruster ront view
1400 ‘ Bottom view Unit; mm

Fig. 2 General arrangement of Tri-TON.
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Fig. 3 Schematic drawing of Tri-TON.
Table 2.  Specifications of ALOC

Positioning
Communication

SBL, Chirp (22-28 kHz)
Multi-value FSK, 25kHz 100bps
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Fig. 4 Imaging instruments. F: Forward-looking, D:
Downward-looking.

Fig. 5 Arrangement of the imaging instruments (Blue:
camera, Green: sheet laser, Yellow: Flash)
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Fig. 7 Waypoint following
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Fig. 8 AUV navigation method for imaging rough terrain,
based on real-time quality evaluation and path-planning.

Fig. 9 Experimental setup.
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Fig. 12 3D image of the target.

Table 3. Dive log of Tri-TON (NT-12-08)
Dive No. Date Duration [h:mm] | Depth [m]
1 2012/4/4 1:07 198
2 2012/4/6 0:20 l
3 2012/4/6 0:58 !
4 2012/4/6 0:28 |
5 2012/4/8 1:01 |
6 2012/4/8 1:24 !
7 2012/4/8 1:26 l
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Fig. 13 Hydrothermél chimney “Daifuku-Yama” taken by
the forward looking camera of Tri-TON (NT12-08 dive 6).

Fig. 14 H;/dfdthérfﬁal 'chimney “.Daifuku—Yaméi” taken by
the downward looking camera of Tri-TON (NT12-08 dive 3).
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Fig. 15 Estimated location of the images obtained by the downward-looking camera of Tri-TON at dive 7.  The reference frame is

based on the seafloor station.

camera).

Fig. 15 Photomosaic of the seafloor (12 x 12m)
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