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Study of auxiliary equipment and related technologies
required for efficient operation of underwater robots in

polar fields
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SUMMARY

Title

Study of auxiliary equipment and related technologies required for -efficient

operation of underwater robots in polar fields
Object and necessity

In order to develop ICT source technology for polar unmanned underwater
robots, it is mnecessary to conduct technical research on the exploration
technology and auxiliary equipment required for exploration of areas where
polar underwater robots are planned to be used. The technologies needed to
explore the area to be utilized are necessary for successful exploration, and
technical research on auxiliary equipment is necessary for designing the
development of unmanned robots to secure ICT source technology.

Contents and Extents

O Investigation of exploration technology data for use of polar underwater
robots

O Research on the latest technology related to auxiliary equipment required for
the use of polar underwater robots

Result

O Investigation of various exploration technologies required for exploration
using polar underwater robots
O Applicability of underwater robots through investigation of auxiliary

equipment and latest technology required for polar underwater robot use
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TerraSAR-X Satelli*

Active array SAR antenna

El384 sub-arrays

EEN 150 MHz bandwidth (300 MHz)
Elright looking

> 100 elevation beams

ElllSatellite

EElS14 km altitude

Bl 11 days repeat orbit
EEN300 W average power
320 Gbit memory

(600 s of stripmap data) S canSAR
Bl Rollable to left looking > 100 azimuth beams
S potlight

Eltransmit and receivein H or V
EEMDual polarization

Ellcxperimental dual receive
antenna & redundant receiver

300 MBit/s downlink EENQuad polarization
~ EGHMTI
(a)
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band frequency wavelength typical application

fo A=elf
Ka 27-40 GHz 1.1-0.8 cm airport surveillance
K 18-27 GHz 1.7-11 cm little used (H,0 absorption)
Ku 12-18 GHz 24-17 cm satellite altimetry
X 8-12 GHz 38-24 cm SAR, marine radar, weather radar
C 4-8 GHz 7.5-38 cm SAR, weather radar
S 2—-4 GHz 15-7.5 cm long-range weather radar
L 1-2 GHz 30—-15 cm SAR, traffic control
P 03-1 GHz 100-30 c¢m experimental SAR

(b)
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Pros Cons

Difficult to interpret the imagery
SAR Sensors . Not dependent on clear sky/time of day
Geometric Distortion

Similar to the image by digital camera
Cannot observe under tha bad weather
Optical Sensors | * Acquired imagery like view from sky
condition/night time
Easy to interpret the imagery

<3 1> ol x]9} SARCIW A ]l
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Optical i
LANDSAT/TM (23 Apr. 1992) . &

SAR { .r.' 4 '.. ¥ R
JERS-1/SAR (23 Apr: 1992) ) +
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Same day
Same time
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UWBE radar Comment
sounder/imager
Frequency range 170-470 MHz Bandwidth selectable
Transmit power 0.5-1 kw Determined by the

power available from

the aircraft
Mode of operation Chirped pulse
Antenna 1G-element cross-track
array under both wings
Gain 10-14 dBi
Pulse widths or chirp 1 ps and 10-20 ps 1 ps for shallow ice and
length 10-20 ps for ice thicker

than 1 km

Pulse repetition 10 kHz
frequency

Waveform generation | 8-channel DDS
Digitization 14-bit

<1¥ 8> Y=EAlo] &89 PR AY
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SR

7)1 5.17x9.90x2.61cm

A 100g

HiE 2 ek} 24 ol (1,250mAh)
el H o] £ USB-C

2=x71 -20T T 60T

A =& E
waypoint/favorites/locations: 1,000
courses: 100

activities: 200

A
GPS,GALILEO,QZSS,COMPASS,High-Sen
sitivity Receiver,GPS Compass

<o 22> 94 EdA ALY

27 AA 25 FAV|E

SAG A AT LEE FARE 1SS IS FaF RO 53 AT
4, AERY, AN 5 dFYoR fA5m HES) A5 BEE 7%
53 ek BGr)%, GAo] % pelslEEel YEHY sEoly vz
A gitel 44 2 APolA] BEHOE A4 LEES FAsEd o]
1% waEste] B AT oHAT gk wdS 98] tFH BB ol
$93 Qom ¥ 3e BdBAY AL AEs LES RelFa vk

Thermal conductivity

Temperature

Insulation material

at 25°C (W/mK)

range (°C)

Vacuum insulation panels 0.003

Silica acrogel 0.01 —200 to 800
Aerogel sheets 0.013 Up to 600
Air 0.025 -

Glass fibre mat 0.035 =200 to 500
Cellulose 0.035 Up to 50
Polyurethane 0.036 —40 to 105
Mineral fibre 0.037 Up to 650
Polystyrene 0.037 40 to 80
Cellular glass 0.048 —200 to 400
Calcium silicate 0.065 Up to 650
Expanded perlite 0.076 Up to 650

Ceramic fibre
Gas-filled panels

0.08
0.03-0.09

Up to 1260

Phase change materials 50-150
Water 1.6
Sodium silicate 0.103
Paraffin 0.25
<iE 3> Tdd=d¥ d AR [7]
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o o] 2 (aerogel) & 7|5 =35k ‘aero’9f nAFE NAAZ on|slE ‘gel’ 9
PR DA EAE Ao A tial ZIAE AHA de FEHE 9
ngttl, 1931 2ElE 7]& 2] (Steven Kistler)oll 28] All7del] 48z Ed=
99%o°l’del F7I2 A o] 2002 MM 7HE 7hHE AR 7|~
Fox sAE =dolth[12] 2003dd gk At o] 7fd HRAZE A g
Aspen AerogelsE & A HZ= Ag3lo ATdozn thaksh HofoA
A7} olojZ Aol kAR E AL Qi)

Aerogel "*—"09'-‘7 Nano TECH
] I = I Alrgiass monalith ‘I‘hermam 4 Guangdong
t'"' !:loechs! C.abaf Alle.:m Hi-Tech
& & '
1931 1972 '95" 1986 1”“ 1992 20032004 2007

]

Samuel S. Kistler Stanislas Teichner J. Brinker
The first paper on serogels  Universitat Claud Bemard - L 5"??'"31 spen Asrogels
was published in 1931 on U5 Patent 3,672,833 us Palenl 4, 5’0 863 U. of Mew Mexica 5 patent 6,670,402
Mature, wol. 127, p. 741 US 5948 482
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LIGHT Light Diffused

| | | | Heat Transfer
Minimized

Sound Transmission

SOUND el

MOISTURE “4“0%"0""s & Moisture Resistant

Nanoporous Structure =20 nm pores = 95% air
<I1¥ 24> ooj2de] 54[28]

oojzA el e FFAFNE & FEEE BT (6] vHIdy
F=H(NASA) 9 4% ﬂ%gi T HAALE fg et $FE 2835
Agstsk ALE7E lom SPARALR R A Y (sojourner)’ ol e HES 918 A
289t 2006dell 3= CAEEAE(stardust)' 3 Q)] ool mAlL
ato] o RTE HWE £Eg FooEs HHASS EFste o >
o8 sttt

(2) | (b)
<19 25> (a)$-FH YA} S o] AFE, (b)9 WA E[29]

A e Rl B el R =S g S 12 =2 s e S B B i TR s g
SFAALT B F2E A5 A "ok AV Aln 2 M 9 a9
stz wiE Y d F59% a0 Aol wiEg A Afo]m sibE = A

WAska wiE Y A FF= d FAE A7) SA7E W ARE
oojZ Aol ggto® g &

o O{N om

s
jus)

CHlE Y] W e Agle yoer Ve

_28_



<19 26> M7|AsAF v e 8 A [1]

FAFTELES A2Y FTolA AR EHT] wZel ooj2Ae] FFEAC AN
Ve Qe e AE AWE @A44A F2 SEEE REoke £% Bol
zopel meo] ololRAS W ThFP B4zt AHEE AoR A
=3
U.S. subsea thermal insulation materials market size,
by type, 2016 - 2027 (USD Million)
sy 4 ..l.ll

2016 2007 2008 2019 2020 2021 2022 2023 2024 2025 22026 2027

B Polyurathane u Polypropylensa Silicong Rubber u Epoxy
® Agrogel u Others

Source: Wany. prandvenwresearch com

<X 4> "7 FF Gd A 2AH24]
grand view research FAMAFE[24]0] wWE2wW Fo]Z el ddd F2 ALY

= EZd 2+ Polyurethaneo] 7} ®kom™ Polypropylene, Silicone Rubber,
Epoxy, Aerogeld] +£90=2 20164 o]% AA aerogeld AF&Eo] A zo}

_29_



N
R
%2
rr
po)
tlo
e
4
32
£y

Heat generation  induction cable  Flowdne Wat-insutation
finduetian) ; J

(a) (b)
<19 27> (a)PIP¥2 7} (b)Direct insulated Pipe®}2]

T Jolxgl Td<EE 98] PIP(Pipe in Pipe)®2 ¥ Direct insulated
pipe(Wet insulated pipe)®2le] @Wo] AHE¥= WAolm A7 Wet
insulaton® ] Direct insulated pipe¥2jo] HrT} Wo] AbgEHI gl
ok [14][15][21]

av)

ooj 2 A ZHA =2 FH3F Aspen Aerogelsit F%
Subsea pipe—in—pipe(PIP) insulation systemo]& A| Fato] yhwekar
9lt}. pre—packaged Spaceloft Subsea system< thksl sjd 7|9 FAZ A
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2rtE avd A olys 20ft XFEA R T gelA Ak F= 4

7HFumed Silica) JsHAAE A&t dddes = AHHe=w 72
MAE S8l &8s Fola vk 19 3004 H= npep o] A A AlA
F(a)o 45 ey &9, a8 deadgAer 2l $o =z A
2hg ohlal o] % Al 2F hERA o R UdAY WA AL & HAsE &5
st WS AEsta ZoaHEa7Ry 30T+ JaddAet E2 -4t
3% ST vz (b) o= Al Ffo]l HIATH Al WA AR E O T
AF3dAAE Hesty HAPH ¢ 7PHu =7 £L LiteTex compsite
sheetE FGEA] FFoll &3l dEAFAS FUSst AE(c)o = /A=A

o}, a9 29 FHol AE AntE add A"Ho|Y(c)e MG xR et
A FAE 40T= WASL %ZFo PET Structural foam 16.5mmE A&
HEHHE LiteTex composite sheet® mp7FE FLZo|t},

o

LiteTex composite sheet 0.8mm PET Structural foam 16.5mm
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