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Development of Technologies for a Deep-sea Monitoring Robot System
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Abstract

Research project for developing key technologies to realize a compact deep-sea monitoring robot system that
has both features of ROV and AUV has been conducted by National Maritime Research Institute and
Underwater Technology Research Center, Institute of Industrial Science, the University of Tokyo. This project
aims to give one of solutions to increasing demands for observation and exploration in deep-sea. These
demands concern utilization of deep-sea space and resources at seabed, surveillance of sunken ships or
airplanes for protecting ocean environment or seeking causes of such kind of accidents and so on.

Key technologies for realizing the compact deep-sea monitoring robot system are high-speed acoustic data
link for transmitting video image, optimal design of launcher’s configuration from a hydrodynamic point of
view, autonomy for remote control using acoustic data link and architectures of compact system.

This report describes the development of these four key technologies and performance test using prototype of
the vehicle in the deep-sea basin at Natinal Maritime Research Institute.
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Table 3.1
Fuselage Fuselage
with Fin-S & | with Fin-M &
Rudder-S Rudder-M
(Fuselage)
L(m); Length overall 0.5286 0.5286
D(m); Parallel body diameter 0.1000 0.1000
Li(m); Tail length 0.1143 0.1143
Dy(m); Tail diameter 0.0250 0.0250
(Rudder)
Xr3(m); Coord. at rudder axis -0.1071 -0.1071
Sg(m); Height for unit rudder 0.0571 0.0686
Cri(m); Chord length at root 0.0571 0.0686
Cgri(m); Chord length at tip 0.0286 0.0343
tr(m); Rudder thickness 0.0020 0.0020
(Fin)
Xg3(m); Coord. at fin center 0.1851 0.1793
Sg(m); Height for a unit fin 0.0571 0.0686
Cr(m); Chord length at root 0.0714 0.0857
Cg¢(m); Chord length at tip 0.0429 0.0514
te(m); Fin thickness 0.0020 0.0020
Table 3.2
Item Towing Oblique Rudder
velocity angle angle

Note U(m/s) B 1(deg) 54(deg)
Oblique 0.7 -5.0 t0 35.0 0.0
motion test
Rudder 07  |0.0,8.0,16.0 -5.0t0 35.0
angle test

Fig. 3.2

Table 3.3
With-fin W/o-fin
Item Note cond. cond.
L(mm): Length overall 8458 8458
D(mm): Parallel body diamet  160.0  160.0
Wa(gf): Weight in air 142.210 141.135
Ww(gf) Weight in water 4.0 3.0
N
L/2
@/61 92
1 <
e
s Sl [
Xg6,|Ug
X9, Up
[ L/2
<1
X3, U3 )
Fig. 3.1
Towing carriage
—
—\ Longellﬂ ?ftrut 200.0
- ~ Water
C_ /| surface
e i =
L
(Load cell placed inside model)
Strut
L \ 450.0
Crt Crt Lt
S;f _\ S 86.95
‘C_Fr‘I 0 F?I?Jr Dt
X3
/ xr3 | -xm3\ j (unit: mm)
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Surge Sway Heave Yaw

Tilt

Surge

Sway

Heave
Sway

Yaw

Yaw

Tri-Dog 1 Fig. 4.5
(a)

(b)

(c)

(d)

(e)

()

(9)

Tri-Dog 1
Table 4.1
170kgf

A5083

100m

Tri-Dog 1

Fig. 4.6
1.85m

Ni-Cd
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3
2

(Attitude and Heading Reference System;
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CCD
CCD
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ISA PCI
Fig. 4.7
0OS Windows NT 4.0
Workstation
(a)
(b)
H83048F
64K
(c) 3 GUI
ROM
(a)
(b)
(c) RS232C
(d) 100
(e)
U]
(9)
Fig. 4.8
Table 4.2
0.2kgf-m
48degree/s
1.0kgf
5.5cm/s
Fig. 4.9
Table4.2
Level PC

100
20m X 6Ccm

16

ISP

Fig. 4.10
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H8 3048F (20MHz)

RS232C

0.96

Tri-Dog 1

High

5cm



NTSC

Fig. 4.11

(Fig. 4.12)

Table 4.1 Tri-Dog1l

Length overall 1.85m

Breadth overall | 0.58m

Depth 0.53m (0.9m include antennas)

Dry weight 170kgf

Operating depth | 100m max.

Maximum speed | 1.4knots

Duration more than 2.5hours

Structures Aluminum Pressure Hulls (Main Cylinder x1, Battery Cylinder x 2)
Actuators 100W Thrusters x 6 (Rotation, Amp. feedback)

Processors Intel Pentium MMX 233MHz x 3 (High Level, Low Level, Vision)
Sensors Attitude and Heading Reference System

Doppler Velocity Log

Electromagnetic Flow Meter

Pressure Sensor (Depth Sensor)

Real Time Kinematics GPS (RTK-GPS)
Acoustic Ranging Sensor x 8

CCD Camerawith Pan & Tilt Mechanism

Communications

Acoustic Command Link

Wireless LAN

430MHz Wireless Modem for RTK-GPS
Lights 24W Arc Lamp x 2
Batteries 25.2V Ni-Cd Battery 20Ah x 4
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Table 4.2

Freedom 2 Joint, 1 Revolution 1 Linear

Length Max. 1085mm

Length Min. 713mm

Weight in Water 400g Approximately

Operating Depth 100m

Duration 1.5hour

Driving Method Microcomputer Control

Actuator Stepping Motor x 2

Performance Linear Joint : Forcel.0kgf , Velocity 5.5cm/sec max.
Revolution Joint : Torque 2.0Nm, VVelocity 48 degree/s

Material Polyethylene , Aluminum (Alumite)

Processor H83048F , 16MHz (Hitachi)

Communication
Laser

RS232C x 2 channels
Semi-conductor Laser , Wave Length 635nm

Battery

Lithium lon Battery , 24V , 1.5AH

= e

e EE

VERE TR

Fig. 4.1
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Fig. 4.4 Laplacian of Gaussian

Fig. 4.5 AUV “Tri-Dog 1”

GPS Antenna 4300 Hz Antenma
Wirzless LAN Ante
Electromapmnetse Flow Meter o e e K
CCD Camera Dome Trnspmder
Loser Foinder
@ HI"‘“"F"IF §
L]
. ] i
[ ] ] F =] § TI I-i:l I'H ]
i ;

S50 | Are Lamp 1830 Thruster I
Ranging Sensces
Dappler Velocony Log Main Cvhnder Hattery Cyvlinder

it:
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b
TV
1.5 1
2
TV 3
0
3,000m
0
0.25m/s
10m
100m
1m/s
20m/s syntacticfoam
2m A6061-T6
1000 1300mm(L)x 575mm(W)x 504mm(H)
186kef
12kgf
4 Case 2
SSBL
SSBL
Radio Beacon
CCD
SSBL LED
Radio Beacon VTR DV VTR
SeaPrince 475
Profiler Head
SSBL

Surge, Sway, Yaw, Heave 4
Pitch, Roll

3 mode



Fig. 5.1
Fig. 5.2
Fig.5.3
syntacticfoam(3000m , :0.6)
Fig.5.2 Fig. 5.4

1220mm(L)x 575mm(W)x 290mm (H)

A6061-T6
Fig.5.5
910mm(L)x 288mm (e )

2 , 26V, 25.5AH

PC-104
CPU 80486 66MHz

Hitachi IP-7000

185dB

4 PSK 8 PSK
16QAM
64 128kbits/s
100kHz
+ 30
500m
0.3%
I/F NTSC
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MPEG-4
QM
10 15fps 176%x144
64kbits/s
JPEG

160(H)x 120(V)
320(H)x 240(V)
DC24V, 2A

175dB

FSK

125 250 bits/s

40kHz/48kHz
500m

20byte, packet

CCD
CCD 1/4" interline color CCD
380000
SCAN 2:1 interlace
Sync inner
Video composit,1.0Vp-p,
75Q
470 TV line
S/IN 48 dB
3.0 lux, F=1.2
Fig.5.6
LED
LED 144/
Fig. 5.7
LED 3.6V
20mA
1600mcd

VTR

Mini-DV Cassette
NTSC Color
composit, S1, DV, USB, LANC
8.2VDC, 5.0W
Fig. 5.8
880gf

SeaPrince 475 Profiler Head



475kHz

«C ) 3.8°

«C ) 3.8°
100m
0.4m
5-250mm

( )
Source level 210dB
.20- 300micnosec

35kHz

0.45°, 0.9°, 1.8°
0.225°
360°

360°

70mm
261 mm
1.2kgf/0.6kgf

3,000 m
4,000m ( )
Aluminum alloy-HE30, RPU
Hard anodised black
-10°C to +35°C
-20°C to +50°C
18 to 36 VDC @ 6VA
156kBaud
Twisted pair, modem or coax
SSBL
UAT-376 Underwater Acoustic

Transponder

26 kHz
25, 27, 28, 29, 30, 31, 32 kHz
180dB
20 ms
4 ms
A%
, 2
3000 m
Aluminum
18.56 cm, 5.12 cm
( /) 0.57 kgf/0.22 kgf

Flux Gate
1°
0.25°
10sample/s
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RS-232C
5VDC, 100mW

+300°/s
0.67mV/ °/s

+ 0.5% F.S.
50Hz

5VDC, 25mW

3000 m

0.01% F.S.
0.01% F.S
0.01% F.S
RS-232C
6VDC, 32mA

+ H+ I+

DC
Pb : 13.5kgf

RF Beacon
43.528 MHz
100mW/200mW

100
ON/OFF 12m/22m
Xenon Flusher
single double
1 60flush/min
4.6km 7.3km
2 4
50

ON/OFF 12m/22m

Surge Yaw

Sway Heave

Fig.
5.9
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2.9kgf
2.1kgf
500m
-10
110mm
190mm
900¢gf

94mm
37mm
0.94
0.71
0.40
DC24V

15mA

+ 5V
2.2mV  rpm

DC12V

Fig. 5.10

LAN

50

12A

LAN

4Case

SSBL

RadioBeacon

Roll Pitch Yaw 3

4 Yaw
Pitch

Roll
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Roll

Pitch Yaw

SSBL
GPS

Pinger
Pinger

CFRP
syntacticfoam
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3900mm(L)x 700mm(¢p )
1500mm(qp )
300kgf
15kgf

DC

SSBL



Fig. 5.12

Fig. 5.3

Fig. 5.11

syntacticfoam(3000m R 1 0.6)

Fig. 5.11

1400mm(L)x 700mm (e )

PC-104

CPU 486 66MHz

4

I'F

, 26V, 25.5AH

DC
15°/s
0.03kgf-m

8 PSK 16QAM
64 128kbits/s
100kHz
+ 30
500m

0.3%
NTSC

MPEG-4
QM

10 15fps 176x144

64kbits/s
JPEG
160(H)x 120(V)
320(H)x 240(V)
DC24V, 2A

175dB

FSK
125 250 bits/s

40kHz/48kHz
500m

LAN

1300nm
1550nm

-14 dBm
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20byte, packet

100BASE-TX
RJ-45x 1 MDI
SC x 1

1550nm
1300nm
-22 dBm

(dBm)0-10(1300nm)/0-7(1550nm)

SSBL Transponder

0 5km

UAT-376 Underwater Acoustic Transponder

26 kHz
25, 27, 28, 29, 30, 31, 32 kHz

( /

Flux Gate

9V

3000 m

180dB
20 ms

4 ms

Aluminum

18.56 cm,
) 0.57 kgf/0.22 kgf

3000 m

5.12 cm

1°
0.25°
10sample/s
RS-232C
5VDC, 100mW

+300°/s
0.67mV/ °/s

+ 0.5% F.S.
50Hz

5VDC, 256mW

0.01% F.S.
0.01% F.S
0.01% F.S
RS-232C

+ H+ I+



RF Beacon

6VDC, 32mA

0 100 m
+ 1%
5sample/s

DC
Fe : 30kgf

DC
30kgf

43.528MHz
100mW/200mW

ON/OFF

Xenon Flusher

100
12m/22m

single double
1 60flush/min

4.6km 7.3km
4
50

5,000m

Fig. 5.13
SM

SUS
ZYLON HM
504.0kgf
252.0kgf
7.4kgf/km
2.9 kgf/km
2.4mm

Fig.5.3

MPEG

Man-Machine Interface

SSBL

MPEG

CpPU
RAM
HDD
LAN

SSBL

SSBL

PC/AT

INTEL Pentium4 2GHz
512MB

40GB

100Base-TX

17" LCD SXGA

LAN
100BASE-TX
RJ-45x 1 MDI
SC x 1
1300nm 1550nm
1550nm 1300nm
-14 dBm -22 dBm
(dBm) 0 10(1300nm)/0 7(1550nm)
0 5km
PC/AT

CpPU
RAM
HDD
LAN

INTEL Pentium4 2GHz
512MB

40GB

100Base-TX

17" LCD SXGA
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Man-Machine Interface
Joy Stick Lever

SSBL

1.0 feet (0.3m)
0.1degree

0.2%
+0.5m

2%
0.15% RMS
0.25% RMS
97-132/170-264 VAC,47-63 Hz,200W
-10  +55 degrees C
-4 — +40°C
/ 6in. x 25in.
12 kegf( )
Fig.5.14

DC
5,000m
2.4mm
500mm
500mm

Fig. 5.15
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Fig. 6.2
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Fig. 6.1
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Table 6.1

2
Precision
TCM2

RS-232C

100m

175kHz
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RS-232C
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5V * 12V 24V
24V
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CPU
2
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Fig. 6.3 2
Ethernet
(SSD)
SSD HDD
KDDI
ADC PC104
PC104 4 D/A



CPU
CPU
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CPU 3
3
Fig. 6.4
DSP
4 RS-232
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Tornado2
oS
Fig. 6.5
(@)
(b)
(c)
(d)
(e)
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CPU
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Ethernet
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Ethernet
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6.6

+ 30

125 250bits/s
5
Fig. 6.7
LED
Fig. 6.8
Fig. 6.9
24VvDC
- 45V 45V
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Thruster Command

Fig. 6.10 6.13

Damping
Heave
Fig. 6.14 6.17
Table6.2
Ethernet
Fig.3-15
Ranging Sonar
Fig. 6.18
Heave
step
Fig. 6.19
Thruster Command Table 6.3
25
300
Ranging Sonar
+ 5cm 50sec Ranging Sonar
Yaw
Fig. 6.21(a)
Yaw 15m
step

Fig. 6.20 6.21(b) cm
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6.24(b)

Fig. 6.24(a) Fig.
Fig. 6.22(a)
Fig. 6.22(b) 10cm Fig. 6.25
am Fig.
25m Fig. 6.23(b)
Table 6.1
Thruster Thruster Driver Analog 4ch. 100W, Magnet Coupling Thruster
TV Camera Video Switcher  |Digita 1ch. CCD Camera
LED Light Power Supply Digital 2ch. LED Light
Attitude Sensor TCM2 RS232C Electronic Compass Sensor Module
Rate Sensor JG-35FG RS232C Fiber Optic Gyro
Depth Sensor PCX-1860 Anaog 1ch. Strain Gauge Type
Ranging Sonar Sonar Board RS232C 4ch. Raging Sonar
Water Intrusion Sensor |Electrode Analog 2ch. Resistance Type
V oltage Sensor Power Supply Analog 4ch.
Current Sensor Battery Analog 1ch. Hole Sensor Type
Temperature Sensor A/D, TCM2 RS232C Thermistor Type
U/S Data Link U/S MODEM RS232C KDD Type
U/SVideo Link DPS Board RS232C KDD Type
Table 6.2
Positive Revolution Negative Revolution
Supply
Tendency Tendency
Voltage ) Rate 5 Rate
(rpmV) (rpm?IV)
24V 545.71 -524.41
(26V Tendency
1.0602 1.0600
124V Tendency )
26V 578.57 -555.89
(28V Tendency
1.0621 1.0641
/26V Tendency )
28V 614.52 -591.57




Table 6.3

Surge(forward) 2m 2.35m 3.92sec 0.60m/s
Surge(reverse) 2m 2.35m 8.21sec 0.29m/s
Heave(up) 0.28m/s
Heave(down) 0.28m/s
Y aw 2m 18deg/s
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Fig. 6.5
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Image data
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Fig. 6.6

Fig. 6.7
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