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SUMMARY

Title

Research planning for the assessment of the Arctic environment and human
impact using Internet of Underwater Things (IoUT)

Purpose and Necessity of R&D

0 Research Objective

Establishing a digital twin platform based on Internet of Underwater
Things (IoUT) technology to assess Arctic environmental conditions and
human impacts.

o Necessity

- Due to rapidly increasing human activities in the Arctic, there i1s a
growing need for advanced technologies capable of comprehensively
assessing and predicting interactions among the natural environment,
ecosystems, and human society.

— Therefore, it is critical to establish a digital twin system utilizing
core technologies from the Fourth Industrial Revolution (Artificial
Intelligence, underwater remote sensing, underwater networking) to enable
real-time monitoring and effective management of environmental changes in
the Arctic.

Contents and Extent of R&D

o Establishing Internet of Underwater Things (IoUT) Technology

- Reviewing global and domestic research trends and technological
advancements in IoUT

- Analyzing technological readiness of unmanned underwater observation
equipment

- Investigating underwater —marine—terrestrial data transmission networks
o Establishing Underwater Remote Sensing Technology

- Reviewing international and domestic technological levels and research
trends of active and passive underwater acoustic systems

- Analyzing practical case studies involving soundscape ecology, ocean
acoustic tomography, underwater communication, and underwater acoustic

model ing



o Environmental Assessment of the Arctic Ocean

- Developing and proposing indicators for Arctic environmental assessment
- Setting mid- and long-term visions, goals, and roadmaps for Arctic
environmental assessment

- Formulating academia-industry-research collaboration strategies for
Arctic environmental monitoring and evaluation

o Preparation of Research Plan and Feasibility/Economic Analysis

- Conducting policy, technical, and economic feasibility analyses

- Performing economic assessments of IoUT technology application in the
Arctic Ocean

- Evaluating economic feasibility of wunderwater remote sensing

technologies for Arctic environmental monitoring

V. R&D Results

o Identifying major environmental issues and deriving strategic insights
for the Arctic Ocean, with corresponding action plans

o Deriving strategic research tasks and establishing long-term business
vision

o Developing action plans for a smart Arctic Ocean evaluation system

o Establishing an 1implementation plan for the Arctic Ocean underwater
remote sensing system

o Formulating an implementation plan for IoUT infrastructure in the Arctic

Ocean

V. Application Plans of R&D Results

o Utilizing integrated assessments of human activity, natural
environmental changes, and marine ecosystem responses as key indicators to
monitor Arctic environmental conditions

o Leveraging continuous underwater acoustic observations via remote
sensing technology to diagnose ecosystem changes (e.g., ocean warming,
sea—ice reduction, ocean acidification) and predict future Arctic marine
ecosystem dynamics

o Developing multi-platform acoustic observation systems based on IoUT
technology to comprehensively monitor Arctic marine environmental changes
driven by natural and human-induced factors

o Establishing domestic and international research collaborations and
global networks to contribute to global marine environmental monitoring

and management strategies in the Arctic region

_iv_
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marine ocean underwater Sl 2))

1) Al & 2) Y H#HE 052 Zesto] HMAZEF, 20070101~20220420(15E) 7|2t
o ER/SM HUS0 CHel ZBME (keywert) AH
« & 725 49| raw OIO|H7} AME|OL} sifetdnt P =0|=O)|E S0, HI'd2|

E =
ULEOl 28, FYT|HO MYt 23 Ho, SUHE, $4/45

5 QEAY,
S HAB AT Dot Hop £)7} Cj2E0|YS.

Al 7|8t 2 sty ZtHEl HIO|HE M2|dts E5=2 ZAME o7F 0 X3, Ctok 2
HE =E52 Ch ZMEs Ao=2 WAL, o2 7| MIW7F 2Ee A2 o4 EH
5H20| 187402 7HA Tte
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- Data communication

* Raw DATA(2,69071)

(B) (=5 and A and HESLA) (31F and
AN and HESRR))

ZRN s= | W= | 0F | /Y | A
TAC:((underwater and sensor and
Data network) (underwater and communication)
Comm. | (5 A/4 &) =58 BIE A4 S)) 337 295 | 1,566 | 492 2,690

S 20070101 ~

% 1) dM HEQE % 2) iy HE 8O0E = ZA AL Bh
20220420(15'F) 7|2te] ER//S7H HE0f CHsl A E(keywert) HAH

x & 2690 HO| raw HIO|E7t HME|QOLt, =5 MM HEQI A Q= XO|ZOIE
=0, Ao|E 7|8t FM S, FsRoHo| 4, EHEM AUF/HXMFH RFI HHE &
A g FHEY, ZH/HI/FAEESY S)7t Cr ZeE. £ HME HE 5 2 o
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o 1XI EBEHY@4427)
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- Data acquisition

* Raw DATA(5,4387d)

MY
TAC:((underwater A/2 glider) (underwater
A/2 vehicle) AUV UUV RQIE+H (£¢l
A2 B8) #=5280|H (=8 A2 =&t
Ol (=T A2 E8) (=5 A2 O|FH))
(=5 A2 ZFH)) (underwater and
(€) sensor) =SMA (=F A/4 AN BHiE
A4 MA) (=5 A/4 B X)) (=5 A/4 B
Ab)

o
Hi

g2 | o= | /Y | 24

Data

acq. 1,177 | 985 | 2,341 | 935 | 5438

% 1) MM 9 2) AUV BEE 80{E ZTSlo] AMA EA = 20070101 ~ 20220420(153)
7|12tel /S HAS0 CHol ZME (keywert) A
(o]

% & 5438 19| raw H|O|E{7t HME[R{2L), £& HIO|H Mg 2B = LO|Z0& =09,
SIMRE/AIA AldE i, +=F FtHEIE 0|83t= dd =S, sd/aF QEAE HA,
AL
T

e 11X EEZ(1,0514)

% 5438712 Raw DATAO|A Ef 7|= Z2OF LO|= XHAH =
H — 1XF EHE T(1,0514H)

o= g | o= | &4 A
240 286 313 212 1,051

% (CA: &8 dAM) & ga53% Hacs 26810|H LE20| 12422 7t BE

% (CB: & MM HY) T FRES] UTE 1447122 3t=x0| 5922 I S

% (CCB : +&LEE S-MOSY/AX/SELX) T RESH Urc 134022 L=0| 43742

% (CCC : +BEE &-28/88/MM/zls) § 7a5H Use 254022 0|50 g4d2=
o
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- Data communication

HIOJEf M&0| CHel, = HIE0| 71 £2 02(37.3%)2 AL, W=l ot
0| 524%0|11, =22 C | =2

==
=(32.3%)2| 42 W=2o ozt =RI0| 97.9% ¢

A
TS
=9|
=2

o o

o 2AZ(19.9%)° 42, U=2lo ofst =0 83.0%0|1, =02 F= O/=, ZFA
=9 =& H|E5S LIEtH

c RH(102%)2 2, Ui=0lof ogt ER0| 54.0%20, =2 A ZEta =Y
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- Data acquisition
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- Application
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- Data communication
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rlo
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o 2 1OI
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- Data acquisition
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(Medicines from the seas)

>80

o
-3

Tt

e
a
A
§
]
)
A

Yy eg2R
(Biomimetic robots)

(Ocean big data)

(Coastal Sensors)

https://www.weforum.org/agenda/2016/09/12-cutting-edge-technologies-that-

could-save-our-oceans/(ZMY: 2018.8.1.)
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O 234 5% $APE ALY 75 U BAJ|S 47 58

- 238 58 #d ZLUEHZES et A|AE A (“Interagency Arctic Research
Policy Committee Report to Congress on the Arctic Research Plan”(2017-2021))

ellite Surveys

In-person
Observation

(A8 -4 558 82 &8 ZLHIES ?Iet Al2E

- 339 Ut WEYEAO 0Kl Y ATE I Interactive web-based
sound library platform % (“Sounding the Call for a Global Library of
Underwater Biological Sounds”, February 2022, Frontiers in Ecology and
Evolution 10)

+ 719 sound librariestl FHE FE, Y SR, SF HAPAM SOz

2tHEl “Sound Library Database” 7%

* Al training platforms 0[83l0 228 SN d=Ctdd Blots sfiMe

- o
« 7|Z9| sound libraries?t =& platforme ZA8I0] MA|Ztoz HEE 3%
* Platform2 S3XCZ FHRII| et 22Y FE, 7 L 43 2 S|

T, 2 FHS0| A HHSH00 T
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GLOBAL AQUATIC BIODIVERSITY

¥
N
M,

= Sound detection, classification, recognition algorithms
* Species/sound type mapping
* Global and local acoustic biodiversity

* Research advances in biofecoacoustics

* * e Testing & development of
sound detection, classification
Identification of unknown sources & recognition algorithms
h 1
/' ACOUSTIC RECORDINGS based on weight of evidence 8
'II Jaste SOUND UBRARY DATABASE “training platform . :
-|||||-|-"l||"" 1y ' Interactive
a t - ; ) web-based platform
* From existing librarles 2
« From databases - Database tiered by sample Computer & signal @
* From scientists E criteria processing I
= From citizens / E Sl S{i!ﬂ'ﬂil.s —
;—" (knawn and unknown source)
Number of ditferent] sounds 'z
; £
ASSOCIATED METADATA L] =
¥ 1t £
' ( A Sound recognition ]
+ Emvironmental data & clossification ® B W =3
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TE e ‘241 ‘2504 ‘264 74 ‘28
TBAECEHY 7|& 88 55 84t
TS el (=) =1 =
- N 45,000 9,310 10,860 10,860 7,760 6,210
oIz WIS gt B M 7=
AHy B3l AQlE M
(ﬁ'ﬂ;r g”” =0t 87t 10,100 | 2,330 2,330 2,330 1555 1555
AltAHHEYy 23l &= |z Eb
@ (XTIB?IIT :j;_'OH TS HA A 18,600 3,875 4,650 4,650 3,100 2,325
@ (@7]5) 235
—“.‘—%&%E'EP;*J(IOUT) 7|ut o= 16,300 3,105 3,880 3,880 3,105 2,330
QXM o A2 7|l Gorat2|H| 7t ZetEl A0, FRIHOM LR HE Tts
O HY 24
- 2EY =53 NE R
<E Iv-4> REE 22Y £F 2% B4 AT . #T usD)
2020 2028 CAGR(2021-2028)
Modem 724.87 1,849.32 12.42%
Hydrophones 455.26 1,141.72 12.18%
Other 311.07 709.83 10.86%
Total 1,491.20 3,700.87 12.03%
Source : Fior Market Research 2021

HHOf
=

jvE |
o

o (2% 2020 724.87 HHDF ZHOfA 2028 1,849.32 2 9

Z7}2(CAGR)S 124202 ML=,

=2Hol A2 s

* (Hydrophones(=3&8&7()) 2020 455.26 =40t Zr2{0f A 2028'A 1,141.72 240+ =4
2 CAGR 12.18%= MU E.

(Other(AI A QIE{T|O|A)) 2020 311.07 =Tt
CAGRE 10.86%& ML=

=20 A 2028 709.83 HiDF T2
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2020 2028 CAGR(2021-2028)
Military Surveillance 647.82 1,678.87 12.64%
Underwater Monitoring 381.60 955.93 12.16%
Underwater Blological 266.03 645.43 11.72%
Other 195.76 420.63 10.03%
Total 1,491.20 3,700.87 12.03%

Source : Fior Market Research 2021

(TAF ZAl 20F) 2020 F 647.82 #HOF {0 A 20283 1,678.87 ST 2 E CAGR
12.64%2 MU=
H

o
(=3 ELEHE 20k 2020 381.6 Tt E2{0|A 20283 955.93 #7t HE{Z CAGR
12.16% 2 MU=
(=5 d=3 A 20 2020 266 =T S2{OA 2028 64543 HiTF S 2
CAGR 11.72%2 Hat=l

(ZIEl, nE.FE otE.arst AL 8l JidEh 20208 19576 HHOF EFE{OA 20284
420.63 B0t =22 CAGR 10.03%=2 M=l

[

(1) MS/AAE THojf

(2)

UHAETE = 22T SLAEE%

of B = AFAEAEASE R EXF A EXR&D 7|0 ExR&DAIERHE S &

AM2E/7l=etojdly 2 E|

2Ol Y7ts MAlE = SRE+SSSUTAEX10%

ZUE| HY = 2to|dldrts HUAAIE x 0.0375

(3) Lo EMZ

EfS/=2% TohY 1% MY
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O H[&H9 ZXM (BCR : Benefit/Cost Ratio = 1.03)
- BCR = ® HIIIX| SA/H[E HMZIX] SA|, 408.7 /3986 YA = 1.03
[EHel - 2R
34 s 259 #5249 AN A 37|t Gardtd chA
& A ‘24 | ‘251 | ‘264 | '27'd '28d  |'209~'31] ‘32 '33'd ‘341 '35 '36'd
ThAL & HI (S = 1011 | 233 | 233 | 233 | 15.6 15.6
A2 7| (M) 185.9 | 387 | 465 | 46.5 31 23.2
H| s R [ o ) 163 311 | 388 | 388 31 233
g HIE A 450 ]93.1| 109 | 1086 | 77.6 | 62.1
HIE X7 A 398.6 |89.1|99.4 (9517|651 | 49.8
¢ ST 7HA| oA 408.7 750 780/ 814 851 892
=9 24 667.1 111.4| 121.2| 132.1| 144.4| 1581
(DHS/A A oy 69.0 77.3| 866 97.0/ 1086
N SEYUANF AR 42,000.0 66,087.0| 74,017.4| 82,899.5| 92,847.5| 103,989.2
AFAIE 7R 3,304.4| 3,7009| 4,1450| 4,642.4| 51995
g 2AE AAIE o E 991.3| 1,110.3| 1,243.5| 1,392.7| 1,559.8
(2)71=01H 124 13.9 155 174 19.5
7|20|H 7t5AE 330.4 370.1| 4145 464.2 519.9
(3w S™Y 30.0 300/ 300 300 30.0
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