
��������������������

��������	
��
�������������

������ �!"����#��$%�&'()*�

+,-.�(/01������� Fig.1(1) �2�!"�
 34��5��678�9:;<=>?@A�BCD3

0E�� 3F�678�9:;��G-HE� (!I1

�J�&KLMN=KOM�PQ/167R������

��#��ST�UV-WX�Y� (�Z[D30E��

�678�9:;<=>?@A�1678�9:-\/0

<=]^�_`�ab(cdef-g" (�!I1h�

i�jk0lm��<=-noi�g" (-pq(���

rs�tuv-wm�� (�!I1���<=xy��

T16z�{�<=16z|
�<=16z�}y�~N

{����<=��ST�<=-g" (��Y����

�� VENUS>?@AN6z����tu�����/�
���>?@A1���>?@A��1@
����N�

���P��G��-]�/���<=?@�>�u-w

m/1S.��<=-gk0E��

�6��}E0�678�9:;<=>?@A���Y�

��� ¡F30E��¢£(�¤¥�¦§¨©z�ªh

3,000km �j�«/E8�9:;<=>?@A

NEPTUNE(2)-BC��G¬-'­0E��

�®¯1�����°±²³�'´/0Y��1987µ�n
H¶D3�·cH¸678�9:�1¹��¸º»��N

¸�hS¼�����9
�½?:�-¾01¹�·c¿

���� 17171717����������������������	
����	
����	
����	
��
�
�
�
� 15 15 15 15 ���� 7 7 7 7 ���� 17171717����18 18 18 18 ����
������������������������������������������������������������������������

17th OCEAN ENGINEERING SYMPOSIUM July 17-18, 2003

The Society of Naval Architects of Japan

��������	
��
��	� ARENA �

��	���������

����� ���	
��
��

����� ���	��
�������	���
��

���� !OCC

"��# �$�%!

�&�'( ���	
��
��

)*��+ ���	
��
��

,-./0�1*�234567�89:;<=>;<

Feasibility Study on Scientific Submarine Cable Network ARENA

ASAKAWA, Kenichi Japan Marine Science and Technology Center

SHIRASAKI, Yuichi University of Tokyo

NISHIDA, Takato OCC Corporation

YOSHIDA, Minoru Hakusan Corporation

KAWAGUCHI, Katsuyoshi Japan Marine Science and Technology Center

MIKADA, Hitoshi Japan Marine Science and Technology Center

Member of committee on submarine cable network for globe monitoring

Abstract
It is well known that huge catastrophic earthquakes occur periodically on the plate boundary near Japanese

archipelago. It is also well known that ocean has large influence on the climate of the world. In order to mitigate natural hazard

and conserve the global environment, long-term, continuous and real-time observation of ocean is very important.

Seafloor observation using the underwater telecommunication cable is the most reliable and efficient ways to

secure the above observation of ocean. IEEE OES (Institute of Electrical and Electronics Engineers, Oceanic Engineering

Society) Japan Chapter has conducted the feasibility study on the new scientific submarine cable network and published a

technical white paper. The proposed scientific cable network named ARENA has the following feature. (1) mesh-like cable

network configuration covering vast research area with 3,600km of total cable length, (2) over 66 observation nodes with 50km

intervals, (3) robust against failures,  (4) wideband optical transmission system capable of transmitting plural HDTV (High

definition Television) signal and synchronizing signal with accuracy of one micro-second, (5) system extensibility, (6)

exchangeability of sensors.  This paper will describe the outline of ARENA and its historical background.
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Fig. 2 Re-use of the retired underwater telecommunication
cables

Two cables were used for scientific purposes. The Guam-
Okinawa Geophysical Cable (former TPC-2: Co-axial cable
with transistor amplifiers, constructed in 1976) was utilized
to experimentally install a multidisciplinary observatory in
the VENUS project.  Two other sites in the GEO-TOC cable
(former TPC-1: Co-axial cable with vacuum tube amplifiers,
constructed in 1964) have been planned for future installation
of a seismometer and geophysical observations.
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Fig. 1 Cabled observatory systems around Japan

a) JMA Off-Suruga, b) JMA Off-Boso, c) ERI East Off-Izu
Peninsula, d) NIED Sagami-Trough, e) ERI Off-Sanriku, A)
JAMSTEC Hatsushima Engineering Development, B)
JAMSTEC Off-Muroto, and C) JAMSTEC Off-Tokachi-
Kushiro systems. Circled water areas were advocated by the
Headquarters of Earthquake Research Promotion that the real-
time observations are necessary for future potential of
catastrophic earthquakes.
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Fig. 3 A junction box developed for the VENUS project.

The junction box provides electric power and data transmission
line to multiple sensors including wide-band seismometer,
tsunami sensor, geomagnetic and electric field observation
system, hydrophone arrays, seafloor acoustic ranging system
and television camera.
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Extension Cable
 (up to 10km)

Adaptable remote observatory

Underwater Mateable
Optical Connector

Fig.4  An adptable observation system off the coast of
Kushiro-Tokachi

The expansion cable, that connects the branch MUX on the
trunk cable and the adaptable remote observatory, was
deployed using a deep-tow system and a ROV. The adaptable
remote observatory consists of a joint MUX, sensors and
battery pack which were connected by using underwater
mateable connectors.
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Fig. 5  An example of the estimated earthquake hypocenters

Vertical cross sections along NS and EW directions are
respectively shown at the right and the bottom. Cross marks
and solid circles represent estimated hypocenters after and
before the inclusion of data from the cabled seismometers.
The Off Muroto cable system is used for the comparison. It is
shown that underwater seismometer constrain the estimated
depth of the seismic events.

Fig. 6  An artistic image of ARENA

Multiple observatories are two-dimensionally distributed
across plate boundaries, and many kinds of sensors are
connected to the trunk cables. The cable system has mesh-like
topology in order to deploy observatories in wide area, and to
increase the reliability and redundancy of the whole system.
Some observatories are for borehole monitoring that is used to
explore the inner of the earth crust and get seismic data from
underground. AUVs (Autonomous Underwater Vehicles)
play an important role to enlarge the observation area. They
are stationed on platforms to get electric power and to
send/receive data. They explore the surroundings periodically,
or are dispatched in case of special events.
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Fig. 8 Basic structure of the observation node

The observation node consists of a NBU (Node Branching
Unit), an UHU (Underwater Hub Unit), a branching cable,
extension cables and sensors. The UHU acts like an Ethernet
hub or Ethernet switch. These devices are connected with
underwater mateable connectors.

Fig. 7 Future cable network of ARENA

The proposed cable route of ARENA is located along the plate
boundaries. Off Sanriku area, two trunk cables are placed across
the plate boundary.
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Table1 Estimated number of observatories and power
consumption

Average
power (W)

Number of
observatorie

Subtotal
(W)

Geophysical obser vatory 15 132 1,980

Downhole observatory 69 2 138

observatory 121 10 1,210

Geodetic observatory 11 43 473

Array sensors 4 2 8

Biological observatory 212 2 424

AUV station 60 10 600

Acoustic tomography 60 4 240
Transmission and poer
system 200 66 13,200

Total 18,273

Power Feeding Equipment (PFE)

���

Observation node

 Power Branching Unit (PBU) 

PFE

400km

PFE PFE PFE PFE

400km 400km

100km

100km

100km

Fig. 9 Engineering model of ARENA

This engineering model was made to analyze the power feeding system.  In this model, the network
has four landing point and mesh-like topology corresponding to the off Sanriku area in Figure 7 where
two backbone cables are placed on both side of the plate boundary. 66 observation nodes are placed
with 50km intervals. PBUs (Power Branching Unit) receive electric power from PFEs (Power Feeding
Equipment) on the landing stations, and provide electric power to the laterally stretching cables.
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Fig. 11  Ring network with OADM (Optical Add/Drop Multiplexer)
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Fig. 10 Basic electric circuit of the current to current converter

At the input stage the input constant current Ii is converted to AC current with switching devices such as MOS-FET, and
fed into the transformer. The output of the transformer is rectified and filtered to make output DC current Io.
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Fig. 12  Wavelength assignment to each observation node

Other OADMs inserted in the monitoring and time signal line are not depicted in the Figure.


