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Part I. Preface

Along with Oceanographic Commission started in
2012 after governments organizations were rebuilt,
as main executive organ enrolled, Coast Guard
Administration could introduce the systems and tools
of underwater technology, train a professional team
of maintenance and operation, extend and build up
underwater working capacity, and establish coast guard
capacity of three dimension by working with air service,
on the base of the traditional offshore vessels' capacity,
the executive efficiency of maritime law enforcement,
marine service, marine affairs, and especially marine

rescue shall be enhanced substantially.

Part I1. Application of Underwater Technology

for rescue on the sea

The main two parts of underwater technology
is underwater vehicle and underwater acoustics.
Underwater vehicles and sonar system reinforce
each other to realize the perfect underwater working
capacity. Generally speaking, the safety and efficiency
of diver shall be limited obviously when depth is over
50 meters. Sound wave is major method to recognize
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and communicate underwater; actually the advanced
telecommunication system in land is useless underwater.
Therefore, the inevitable development trend is to equip the
proper underwater vehicles with proper sonar and video
systems for the near or further operations, such as survey,
search, rescue and recovery. Taiwan is surrounded by sea,
neighboring to the Eurasian Plate. The average depth of the
western sea is 70-80 meters; the bottom of the eastern sea
is so cliffy that the depth is thousands of meters where it is
several kilometers faraway from the shore. So, the search and
rescue (SAR) is one of main jobs of coast guard which faces a
big challenge: deep water.

Taiwan is the transportation hub of Asia-Pacific, where the
lines for vessels and planes have been dense; along with the
development of the inter-coastal economy trade and personal
exchange, more civil aircrafts and commercial vessels will trip
across Taiwan territorial waters, the frequency of accidents will
goes up. Generally-speaking, after shipwrecks or air accidents
above the sea occur, search and life rescue shall be carried out
first by the vessels and helicopters above the water. Later, for
the need to check and survey the causes for insurance claim,
future prevention, or for the deceased families' expectation
for the bodies, the search and recovery for wreckage of
vessels, airplanes and flight recorders shall be conducted. Now
underwater technical tools and professional team are required.
Of course, there are some cases that search and rescue was

given up, for some reasons, such as lack in independent

capacity, keeping secret and other considerations.
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Last June 1%, Air France Flight 447 was a scheduled
commercial flight from Rio de Janeiro to Paris that crashed
into the Atlantic Ocean, killing all 216 passengers and 12 crew
members. The investigation into the accident was severely
hampered by the lack of any eyewitness accounts and radar
tracks, as well as the airplane's black boxes, which had not
been recovered from the ocean floor. On 27 June the search
for bodies and debris was called off. The search for the black
boxes was called off on August 20. This late March a new
international cooperation organization announced to resume
the search. Woods Hole Oceanographic Institution (WHOI)
used three autonomous underwater Vehicles (AUV) of REMUS
6000 to carpet scan the ocean floor and survey and map the
ocean floor terrain by side-scan sonar, hoping to find out debris
and even the black box. If the possible sites can be recognized
from optical images of wide-area channel scan through AUV
REMUS 6000, REMUS 6000 can be equipped with HD camera

for near-range acoustics video record.

Last 7 July, the Princess Ashika of Tonga sank, killing 74
persons although 54 persons rescued. With the help of New
Zealand Royal Navy, autonomous underwater vehicle was put
into use to search and position the sunk ferry successfully,
and got the near-range completed optical image by Remotely
Operated Vehicle (ROV), showing the detailed situation about
the trapped persons and the ferry sitting upright on the ocean
floor 110 meters deep underwater (See Picture 1.), otherwise,

ordinary diver can not work efficiently at this depth.
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A [E— ~ JEiliEPrincess Ashika}j[ 215K {% (Source: Royal New Zealand Navy)
PIC 1. Image of the ferry Princess Ashika sunk(Source: Royal New Zealand Navy)
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Additionally, on Nov. 15, 1999, Japan failed to launch
a man-made satellite at Tanegashima Space Centre, and
the Rocket H-II fell down into the water 3000 meters deep
of Bonin Islands. Japan Marine Science & Technology
Center (JAMSTEC) put ROV Kaiko and Deep Tow Sonar
& Camera into use to survey and map for search, and then
the main engine was found on 24 Dec., 1999; ROV Dolphin-
3K followed to check and survey and find out Nozzle Skirt.
At the end, in accordance with the principles to benefit the
people, this task was moved to a folk company, and finished
recovery in late Jan. 2000 which was about two months after
accident.

For Taiwan, the most tragic air accident is that China Airlines
CI611 accident occurred May 25, 2002, above Penghu, killing
225 persons. The public and media were highly concerned about
the accident and all the possible forces were called to carry out
search and recovery, such as Ministry Of Transportation, Fishing
Administration, Coast Guard Administration, Navy, Air Safety
Association, Rescue Corps, folk industry persons, American
Experts, and all the marine working capacities. The late analysis
tells us that the precision of ocean current and wave should be
raised, and also the precision of Side-Scan Sonar and ROV, and

some other equipments and tools.

Part III. Systems and Tools of Underwater Technology

The technology of AUV has been developed over 30
years and so mature already as it can be used. Finished
products and customer design products are all available
in the market. Militarily, it can be used for Anti-Submarine
Warfare, Mine Countermeasures, Intelligence, Surveillance,
and Reconnaissance; commercially, it can be used for Pipeline
Route Survey, Cable Route Survey, Cable Deployment,
Qil and Gas Survey and Seabed Mapping; scientifically, for
Geophysical Survey and Oceanographic Survey; and for coast
guard relevant security tasks, it can be used for Harbor and
Port Security, Hull Inspection, Explosive Ordnance Disposal,
Environmental Monitoring, Search and Recovery. AUV can
be equipped with fore impact sonar, position and navigation
system, acoustics/wireless/satellite communication system,
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Conductivity, Temperature, and Depth Sensor (CTD); and the
acoustics surveying and mapping system, such as side-scan
sonar, multi-beam profiling sonar and sub-bottom profiling
sonar to help position by surveying and mapping wide-range
ocean bed; and even picture/film/projector lighting and other
optics image systems for near-range view. AUV can obtain
higher identification images than vessels can which is easy
to recognize, and avoid the influence from the ocean surface,
because it can carry out acoustics surveying and mapping by
the scheduled routine and depth.

Compared with AUV, ROV was developed and mature
earlier, for it was needed and supported by marine oil industry.
The products are available and customer designed at market,
from basic film ROV of REMUS hundreds of meters and low
price, to that of REMUS 3000 meters and machine robots. But
the current around Taiwan sea area is strong, the former one
can not work normally with slight weight, and the other one can
be equipped with enough weight to work normally and carry out
task with the help of the mother vessel equipped with dynamic
positioning system (DPS). Because the ROV needs persons
to join in operation and help of mother vessel, ROV requires
a so well trained team that they are good at repairing and
maintenance. ROV gets power supply and communication from
the mother vessel, so it is suitable for near-range operation and

view, instead of wide-range.

Moreover, the ROV carrying sonar or film system which
gets power from the vessel on the surface is a mature and
efficient tool for wide-range acoustics survey and map and
video search. But the Autonomous Underwater Glider carrying
CTD which is driven by buoyancy engine dewatering has been
developed, mature and efficient day by day for wide-range

water information real time collection.
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Part IV. Summary of Taiwan Current Capacity of
Marine Search

In Taiwan, Research Vessel No. 1, No. 2, No. 3, Marine
Experiment Vessel and Daguan Naval Vessel equipped with
shipboard sonar system can carry out wide-range acoustics
survey and map and search, and so can the marine survey
vessel "Borulice" with displacement tonnage of 275 tons,
recently introduced by a folk company called Quan Ri Yi which
is equipped with dynamic position system, ROV of REMUS
1,500 meters; her capacity is worth waiting for, and her
practical efficiency of operation shall be concerned in future.
Additionally, a research vessel with displacement tonnage of
2,700 tons has been building at Jong Shyn Shipbuilding Yard
for the Taiwan Marine S & T Research Center (Marine Centre)
under National Experiment Research Institute officially founded
in July, 2008, and this vessel shall be equipped with shipboard
sonar system, dynamic position system and a weight ROV of
REMUS 3,000 with precise position system and HD camera,
which is built by Marine Center, if smoothly, the vessel with the
ROV shall be put into use in 2012. Moreover, Marine Center
introduce an AUV called Iver 2 of REMUS 100(see picture 2)
and an autonomous underwater glider, called Slocum Glider
of REMUS 200 (See Picture 3), and have started to test
operation, with expectation to gradually develop a capacity
to operate AUV. Marine Centre is building a high frequency
radar "CODAR", expected to complete in 2011, and then it can
provide real-time speed map of sea current around Taiwan,

and it will be a powerful tool to provide key information for

marine search.
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PIC 2. AUV Iver 2 in test (Source: Taiwan Marine S & T Research Center )
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PIC 3. Slocum Glider in test (Source: Taiwan Marine S & T Research Center)

Part V. Conclusion

Exploration of marine science is one of the most
important driving forces to promote marine science and
technology development. Many underwater S & T systems
and tools are designed, developed, built and operated in
marine S & T research organs; if needed, they are provided
out as emergency tools. But this situation should not be a
normal state, because today the science and technology
changes and develops rapidly, some of these have come out
of the research organs to the market for public sale. Marine
Center must take the task to develop, build and operate the
advanced marine and underwater S & T systems and tools.
Maritime law enforcement, marine service, marine affairs
and marine search and rescue all depend on the capacity of
coast guard.

Finally, hope a close cooperation between CGA and
marine S & T research organs, introduce of underwater S & T
systems and tools, train a professional team of maintenance
and operation, raise underwater working capacity, and build
up coast guard capacity of three dimension by working with air
service; the executive capacity of maritime law enforcement,
marine service, marine affairs, and especially marine rescue

shall be enhanced substantially.

(The auther currently works as a researcher at the Professor
of Engineering Science & Ocean Engineering Department,
National Taiwan Uniwersity Member of Marine Affair Research
Council)
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