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SUMMARY

[. Title

O Development of underwater acoustic analysis system and study on
unmanned survey technique

II. Necessaries and objective of the Study

1. Necessaries of the study

O Research and verification of long-range high-resolution
underwater environment observation technique using underwater
glider

- Continuous acquisition of 200 km CTD data using an underwater
glider

- Long-distance control and observational data transmission and
reception techniques

O Study on the shallow water depth observation technique using the
WAM-V (Wave Adaptive Modular Vehicle)

- Integration of the platform and MBES control system using LTE
network

- Development of interlocking modules (integration of motion sensor,
real-time data transmission)

Real-time transmission, etc.)

O Need to acquire R&D capability related to underwater acoustic
analysis system

- Underwater acoustic analysis system according to the
characteristics of marine environment on the Korean peninsula and
improvement of acoustic analysis technology is an important factor
in self-national defense

- Currently, the underwater acoustic analysis system operates in
the Navy but maintains the status quo. In terms of improving its
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performance in the future, expanding KIOST'’s data acquisition and
analytical capability requires urgently in terms of technology
holdings

O Expansion into national tasks related to underwater acoustic
analysis system
- In the field of defense research and project implementation,

there is a characteristic that the task is performed exclusively by
the organization having the data and technology in the field.
Therefore, if the strength of KIOST, which possesses high quality
marine data, and the sound analysis R&D ability are combined, it
can secure exclusive superiority in Korea

2. Objectives of the study

(O Research on long-range high-resolution underwater environment
observation and data verification techniques using underwater
glider

(O Study on the observation method of shallow water depth using
Unmanned surface Vessel

(O Construction of marine environment and underwater acoustic DB
for acoustic detection analysis system
O Implementation of underwater sound analysis system and
visualization system development
Ill. Contents and scopes of the study

1. Research period
January 1, 2018 ~ December 31, 2018

2. Contents and scopes of the study
A. Study on the long-range and high-resolution observation
techniques Using underwater Glider
- Research on underwater glider long-distance operation techniques
- Long distance (200 km) and high-resolution observation of CTD
in East Sea
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B. Study on exploration techniques of WAM-V
- Establish of communication network and sensor integration
- Identify the operation methods and performance of unmanned
vessel
- Control and expansion of Communications Network
C. Development of underwater acoustic analysis prediction system
- Constructing DB of marine environment and acoustic data of
KIOST and other organizations
- Analysis and evaluation of adaptive acoustic model for acoustic
detection analysis system
- Development and operation of 2D and 3D underwater acoustic

detection simulator and visualization system

IV. Result

A. Study on the observation methods of long-range and

high resolution using underwater glider

- The underwater glider was operated twice at East Sea for a long
time (Ist: 12 days, 2st: 30 days). The observation distance was 220
km and 450km, respectively. High-resolution CTD observation 1is
performed at intervals of 1lm between depth of 10m and 200 m
each 400m horizontally. It was possible to acquire ocean physics
information about the area where there was no existing CTD
observation data.

- Introduced Slocum Fleet Mission Control to improve the control
environment to facilitate map-based control.

- The temperature and seawater density data can contribute to
improve the accuracy of marine forecast models that could not be
confirmed due to lack of field data.

- Developed a unique auxiliary device for reliable recovery of the

underwater glider.

B. Study on the observation techniquess of unmanned surface
vehicle
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For controlling USV (Unmanned Surface Vehicle), we are
constructed with RF communication network. But, this is unstable
and limited when a distance between USV and operator is over
about 3 km. Communication range of RF modem adding power
amp is extending from 4 km to 20 km for controlling USV and
extending communication network. When the RF communication
with the USV 1is interrupted, we additionally establish LTE
communication network which is developed on coastal area. we
secure continuity and stability of communication with selecting LET
or RF communication.

We are constructed with USV which is capable to do bathymetric
survey in shallow water zone. This is modified with an position an
orientation system for marine vessels (POSMV; Applanix) and
R2Sonic 2022 multibeam echsounder. We carried out precise
bathymetric survey at hujung beach. As a result, the range of
depth is 1.2-25.0 m and USV can survey to 0.3 m (depth from

transducer to seabed).

Established KIOST and other organizations DB of marine
environment and acoustic data
Establishing lists of coastal area marine environment / acoustic

environment
Optimal design of DB server
Establishment of marine and acoustic database

Developments of underwater sound analysis and visualization
system
2D and 3D sound analysis system design. Construction and trial

operation (PC-based)
Visualization system design, construction and pilot operation
(PC-based)

. Application plans of the results of the study

O

Applying the technology to the development of the next
submarine underwater acoustic simulator



O Applying to development of upgrading technology of naval sound
prediction system
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a9 28 20179 8¢ TRHSFEAY] HARGE A5E UAE B3l 9ol
WHASE BbH) 2018 39 FRIFAAAE FE 853 add=

Ags mAAE] & UER
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33 AL¢¥A € %A &5 DB 75
3.3.1 At Y NIF/S3¢ A5 E235

O

O

B oAde B oAse SESTR4A)

€ KIOST Underwater
Acoustic Analysis Systeme] ¢Foj=2 KUAASZ} w3

A 98 AE= KIOST & = - & 7|3 A5 A4 9 &
Mg AAste] & 23 o] 53 g
- [KIOST] KIOSTol| A4l 4383t thFst JEjo Ao ZHE 53 Y=
g, A4, sFH A5E 5T 84 24 AAE DBE 74
- [FuW71#] T2 SANIFS)S Elvet FHGAA wid s
Y ZALE AN, ZF AA-AA #SE FAE T2, 98 ds T
W Z3l= s YAl AN (Korea Oceanogaphic Data Center,
KODO)E &9, dA 19834 ~ 2004\deo] #=H s|k&E8 DB A=

FEe% 9A B4 AAE AY L SPAE DB 2FPA =d
o o)

=

_]

- [F971#1] v=sSi71Ad  (National Oceanic and Atmospheric
Administration, NOAA)oIA M A sl dtisted AFsh= SAHE &
4l DB(ETOPD), 8% =¢] DB(GDEM) &-&

- [F97132] vl=r FY A (US National Science Foundation, US
NSF)2 HAMA AT, FE71doA AFs D) A5ES AFA48)
o AAMA HGel thste] 400 m x 400 m FA o2 FA4H GMRT 3siA
H FAAEE AT s FHG 3 FAHAAEE F=51H
DB=Z 4

- [E&] KIOST, S=AAAYLAFAKIGAM), =] tjstol A w7t B
A g =i EE s —zr‘?iéﬂ—l OHH Ao %

=]

O A A = (Electronic Navigational Chart, ENC)
@ 3o+ (coast line)
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™ 4] (topography)
9] &< % (Sound Velocity Profile, SVP)
£ (geological feature)

A
=
;(E]
=4€ (ambient noise, AN)
n}
e |
3}

ﬁNﬁ

A Olﬂ d
>
i
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¥ 2. FESFEAAAE TAHE Y 874 2 &% A8 DB %=
go1 | go2| go3 | B | 2% DR | au= i 2
ENC - H | *000 | KRl ~ KR5 A FZ7]T(IHO) S-57 =
COAST WORLD | W% | *bln - NOAA A&
LINE
KOREA | Y& | *bln - KIOST GFOR
tﬂ]ﬂbﬂ
=] = h=4
KIOST | W% | *xyz | 50m x 50m AFA, WEd, T2
TOPO | ETOPO1 | 9% | *xyz 1 x 71 NOAA A&
AAA AFA, g71doA AF3
=] * 4
GMRT | &% | *xyz H400m x 400m e, Google 7] 22:4)
CTD
=] *
KIOST | W& axt | 1km x 1km AFA, e, Larelm
SVP - 3 vl Aeg AF
)=} * Z2=3]2] 1%%‘] _
K
U | oy GDEM | 9]% | *nc 15'x15’ NOAA A&
A
DB
A ol . Qe
g KIOST | W& txt | 1km x 1km (}“%%?}, GEg) _‘:.E?Z]'?_E)
GEO
KIOST, A A+
=] * _ 7 7
Mz | S| tmat s Wl 20 AR A5
Aol A Autd e 2 Fo) wE
WENZ o
Deep) | E2 (Em) - Foed 34 AN B2
p 4 Matlab code HE|Z +3&
Aalsl A Hutde 2 Fo
WENZ o g _
AN | Shallow) | £ 8 (Em) - me FUEE FEes A $A
a4 Matlab code FE|Z +&
KIOST B 1A
H * _
KIOST | W& xlsx (1990 ~ 2015%)
KIOST | W& | *ixt - KIOST 3 A+Y
AlS HISTO
RICAL B | *xlsx - Marine traffic "l
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332 q¥Ed & =¥ A& DB 7=
3.3.2.1 AA 3] =(Electronic Navigational Chart, ENC) DB
O KUAASS] 3)%/<S3 DBE

ST == =]
FEFor—

2 %

A, 19 295 2ol e Fu
DB 74

- 2% KRIS 7% 299 2°] 1/1,500,000 ©]}e)

e AR EE

| Y

A TR T
(International Hydrographic Organization, IHO)olA A|A3 S-57 FE=

2 JEste] A=

A=z 2+ A =37)= 8°, 16°, 32° 2 FAH

- guls KR2E 19 29()ek Zo] 1/350,000~1/1,499,999 A& ® A8}
= AAFER 7 A 7] 4° 2 FAE

- A¢E KR32 28 2909k Z°] 1/90,000~1/349,999 =4S FASt=
AANER 2+ A 37|+ 1° &2 FA4E

- A% KR4= 18 29(d<+ 2] 1/30,000~1/89,999 =45 #As= A
AR 7 A 37)= 307 o2 FAE

- 9 s KR4= 19 29(e)9F o] 1/3,000~1/29,999 =2& EA|SH= A
ANEz 7+ A F7)= 15 o2 FA8E

13 29. KUAASY] #1923 DBE ®ZdtE 7|8 AR 22 74 A&,
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s}

19 30. (a) =% KRI, (b) ¢¥= KR2, () 99t%= KR3 &9 A
AR = o,

3.3.2.2 sjQt4d(coast line) DB
O FA¢ side BAS 78 e st AAA 8 ds FHo=
T&st DB 74 (29 30, 3D
- HAA St A5 = NOAA A Al Fste DBE 74
- KIOSTol A AlFst= A& A BA2=8(GIS for Ocean Research, GFOR)
oA FtH ARE FE3+ DBE FA. GFORAA FZ2H 3itdS
HZol el A ZEsHA o] FAAAAL A= i W™y it A4
2 A% St ARE WIS
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‘_'j-i?{ = V"g:“ by

2hvrF
AL ¥ ~ b,
PR Y i ]
N I =1 ¥ o
LR i o S
Lt ¥ ] ,
e, \ . i N

,._
"
l-\}t'
) ? b’
- S
L
)
;)

g g _l'-.
: ; , ;{ QAL e
e e ||} /5 5L

5 = A o

== -

1% 31 KUAASY| & ¢/=% DBE E=3ste 7HASHAA shdol A "]51 fj ¢k DB.
a) HAAA s, b) = TR s HAL.

3.3.2.3 |- Z4l(topography) DB
O AW F4AFEE KUAASY %5 2 &5 &
of thgk whAL, AtehS A3 = JAAZ AW DBE &
52 74
- KIOSTel A HEW ZALZ 53 iAW\ AL AR50 H, 343
24 AGA A, AFAL, dE, 5 7

AE 50m x 50 mE FA (29 32

- NOAAGIA AAIA sl tiated 17 x 17 Aoz FA™ ETOP]
AAW FAARE T4 (23 33Q)]

- S NSFE AR, @elmeld ATd ey ARSL AT
AMA el thste] 400 m x 400 m FHA S
FAARE AT d@us Fdsdel fa
DB= 74 [2% 330)]
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1 e,
> o
% 32. KUAAS A Aol g&Al¥ KIOST B FES44 DB 74,
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! ] P "' : b & ; T
a9 33, a) NOAAOH/H A &3+ —’F— Al DB ETOPOl-Cl] s
b) NSFell Al A&3t =4 DB GMRT9] gits F=Ha| o

3.3.2.4 %9 5% 7=(Sound Velocity Profile, SVP) DB

& ARE KUAASS] 5% ¥ 5% S394 mde $na

=&A R0 H, 6‘H F+73 EAP Xl‘?‘%‘ﬂ Xﬂ—rLOJ, FEel, 23U o
o 7t 4= 1km x 1 kmZ 74 (& 3)

o 13 349 FAE G AFER =AHH CID #= ASE 7]Hlo =g
1 km ztAe] Ax 25 DB A3 474

e DB A& : A|FASH 771, FE3H 2322, EFAT 450070 A A

e A5 A ¢ 3E 39 o] AAWe WHE, A= F3E (degree), T4
(m), AAE +=2 (¢ 0, 9& (psw, =< (m/s)

o A A L SlFH~AAH 742 1 m Ao E dY

1= 999 Mol e ARISEHES AH@ 0 AT

[ )
Ho
A
A
182
N
o>
rlo
]I.O
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1 R ook

=

1% 34. KIOSTOl A B3t =3545DB AA; <.

T HFASHANIFS)S vt FHEANA md sjFEgRAE
AN, 2 AN BHE FAE SR, A8 e THe) s
Skl A=A B (Korea Oceanogaphic Data Center, KODO)E
A 1983 ~ 2004 #=4H sfdEe DB A5 FH

of rr
r-{o

BN

AR B 50 25704 20770 A, 14 2 % [2E 35()]

AL T o

BN

APAZT 8L 39 1961 ~ @A, 631/ (2, 4, 6, 8, 10, 12€)

BN

%

nf

; .o s4E EdaE 5 174

ARE T2, 98, SSta
iRl
L=
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3 3. KIOSToll A H#3t =2/9&/+<% DB 7% 9
FA 2 kS e Ae
#1A]| Lat. | Lon.
(m) Tem. Sal | S-sp Tem,| Sal | S-sp Tem. Sal | S-sp Tem,| Sal | S-sp

1 - - 1-999|00{ 00| 00 |{00]|00]| 00 |00|00]| 000000/ 0.0

2 - - |-999 0000 | 00 |00]00]| 00O |00O0] 00| 00 |00 00| 0.0

3 - - |-999 00} 00| 00 |00]00]| 00 |00O] 00| 00 |00 00| 0.0

4 | - - 1-999 00|00 | 00 |00]| 00| 00 |00|00]| 00 00|00/ 0.0

327 | - - 0 ]15.7|34.1 |1507.8/24.6 | 30.8 [1528.8/18.0 | 33.6 |1514.3/12.2 | 34.4 |1496.8
327 | - - 1 |15.7|34.1 |1507.8/24.6 | 30.8 [1528.8/18.0 | 33.6 |1514.3/12.2 | 34.4 |1496.8
327 | - - 2 |15.6| 34.1 [1507.6/24.6 | 30.8 [1528.8/18.0 | 33.6 [1514.3{12.2 | 34.4 (1496.8
327 | - - 3 |15.5|34.1 1507.2)24.6 | 30.8 [1528.8/18.0 | 33.6 (1514.3/12.2 | 34.4 (1496.9
327 | - - 4 |15.2]34.1 [1506.3|24.6 | 30.8 [1528.8/18.0| 33.6 1514.4/12.2 | 34.4 [1496.9
327 | - - 5 |14.9|34.2 1505.4/24.6| 30.8 |1528.8/18.0| 33.6 (1514.4/12.2| 34.4 (1496.9
327 | - - | 5.9 |14.6|34.2 1504.7/24.6 | 30.8 [1528.8/18.0 | 33.6 [1514.4/12.2 | 34.4 (1496.9
4500 - - | 1194 | 0.2 | 34.1 [1468.0| 0.2 | 34.1 [1467.9) 0.3 | 34.1 [1468.2| 0.3 | 34.1 |1468.1
4500 - - | 1195 | 0.2 | 34.1 [1468.0| 0.2 | 34.1 [1467.9| 0.3 | 34.1 [1468.2| 0.3 | 34.1 [1468.1
4500 - - | 1196 | 0.2 | 34.1 [1468.0| 0.2 | 34.1 [1467.9| 0.3 | 34.1 1468.2| 0.3 | 34.1 [1468.1
4500| - - [1197 ] 0.2 | 34.1 1468.0| 0.2 | 34.1 [1467.9| 0.3 | 34.1 [1468.2| 0.3 | 34.1 [1468.2
4500| - - [1198 | 0.2 | 34.1 1468.1| 0.2 | 34.1 [1467.9| 0.3 | 34.1 [1468.2| 0.3 | 34.1 [1468.2
4500| - - [1198.9| 0.2 | 34.1 [1468.1| 0.2 | 34.1 [1468.0| 0.3 | 34.1 [1468.2| 0.3 | 34.1 1468.2
# DB A3 A= Huxe AR B vi7
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Sound speed (m/s)

1440 1460 1480 1500 1520 1540

(a) A BYRET RE (b)

50
--------- 106 100 |

oooooooo

oooooooooo o4 150 |

oooooooooo

4444444444

oooooooo

g
Depth (m)

H

=4

i . .

L T 350
IIIIIIIIIIII P . 4y
LE.L & BEIN
» [EHABUBANY

400 |

H 450

6 & & & & & & A & & & A
NWE A W A Assad kb A— dag '
f " P
L

19 35, (@) IHeAded A sgESH AAE,

fl

(b) =HAtstdo] A &3k 103 #SAd oA SVP <.

i

- NOAA A XA 3l
20 oB o)
o

O

Aol tiste] 157 x 157 Aoz FA4EH AA ol
B2 Hyste] NetCDF g el DB(GDEM=E A&

stm, Mackenzie®] &&AI4t A& &8st F4E F&57x DBE 7
A

)
T2, 987 A5E ¥

e GDEM& AAAE 157 x 157 A2 AR 3}ste] 992,16070 ¢ DB
Aoz T4
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¥ 4. GDEM A goA F=

)

Al

AN .
T a -

aog)

: 2,000 m

Al

a

A
e

3.3.2.5 XA EA(geological feature) DB

O A4 E4& KUAASY 5% 2 %
AL d=E 243

T o&etx] ndo AW E S
L olx® AW e Lketz EXo) Ik |



% DBE T4

- KIOSTell A= 725 &AKChirp sonar), £
Grab 2 Core ZAME T3 53 Ad 54 ARE TFHo=E 4
st AlFAL, FEdl, AT Fe F2F 4= 1 km x 1 km=E

2% DB 74

4z
B
ofNi
v’
>
-1
P
wn
o)
oS
=
o
D
o

o« ZANAN A FFHN AA2A ARE WO 1 km 3A AR
A2 DB AW A4 (18 37

e DB A A : AFAL 771, Fal 2322, E3QA 450070 A A

o A5 A : & 59 o] AAe WE, A% HE (degree), FA
(m), sHZE, A%, P %

o 54 Hofo] Ae qAF 099 Mg, A A= AAZ 0 A

o« ¥ 65 ZFAZ fo] FHE ALF DB AzoIm, HAEO m)e
m 744 100 Hz thefe] sjA @ P

P.\T{—d,—_",:_ PEI-Z:I'—Z‘\’I o‘:} X]—
A% | Lat | Lon | 24 | =ms | gz |100200(100200 AnE | 9= | 238
400,800 | 400,800 l=ih=]
Hz) Hz)

1 - - -999 0 0 0 0 0 0 0 0

2 - - -999 0 0 0 0 0 0 0 0

3 - - -999 0 0 0 0 0 0 0 0

4 - - -999 0 0 0 0 0 0 0 0
327 - - 5.9 1 0 1564.9 0.1608 2.7 1.82 3.6 51.0
327 - - 5.9 1 1 1567.2 0.1590 2.7 1.82 3.6 51.0
327 - - 5.9 1 2 1569.3 0.1574 2.7 1.82 3.6 51.0
327 - - 59 2 3 1571.2 0.1560 2.7 1.82 3.6 51.0
327 - - 59 2 4 1573.0 0.1546 2.7 1.82 3.6 51.0
327 - - 59 2 5 1573.0 0.1546 2.7 1.82 3.6 51.0
327 - - 59 2 6 1573.0 0.1546 2.7 1.82 3.6 51.0
4500 - - 1198.9 -1 195 3111.0 0.0000 2.24 2.24 0.0 0.9
4500 . - 1198.9 -1 196 3111.0 0.0000 2.24 2.24 0.0 09
4500 . - 1198.9 -1 197 3111.0 0.0000 2.24 2.24 0.0 09
4500 - - 1198.9 -1 198 3111.0 0.0000 2.24 2.24 0.0 09
4500 - - 1198.9 -1 199 3111.0 0.0000 2.24 2.24 0.0 09
4500 - - 1198.9 -1 200 3111.0 0.0000 2.24 2.24 0.0 09




5 8)}0)

oo U

# 6.

= ol 75" A=F DB AZA sAHEO melA siAH

s

199 m 2] 100 Hz o] FAH Ps *‘—/\—, To] FI1Al B a
1l a o/ U o
3 3000 g 3000 s 3000 g 2000
=361 = 361 361 =361
3 3000 1 3000 s 3000 g 3000
=361 = 361 =361 =361
A ™ 35t5E 4 m A ™ 35 5 m HA™H 55 6 m A ™ 32 7 m
363 - 363 363 000 363 ad
W
jzn 361 ixn 5351
A ™ 5tE 8 m 1A ™ 3 9 m IA ™ 5% 10 m HA™H 515 15 m
L] 1 |
c
S TH
k] 3000 2 3000 2 3000 k] 3000
=361 = 361 =361 =361
.- 2000 2000 2000 2000
IAH 3515 20 m HAH 35 25 m HAH 35 30 m IAH SFHE 40 m
jzn 361 ixn 5351
HA A 55 50 m A H 35 75 m HA™ 35 100 m A ™ 3 199 m
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S4Fo) AR A FEE AAR YA S FFoR
WA E AEEE 4EE ARAE AR F -9 A7RN 38
_]

- AW A Ao =HL A HZAZEL Grabolu CoreE o] &
AAS & A4, Ud, 4 Fo] H8E o Exdte vl&s B43)
o ZAIYS] HAFUYEE 2A

- KIOST, 3+=xZAAYATLAKIGAM), =] thdtolA] w713 By 9
=5 59 e FHIY A AHe HFYE A5 DB 74
(7
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3t 7. KUAASS] s A dde) DBTFAS sl AHed Als 55

A8 FF w3 4 leiby
AAEHHE ZAIA T BIA 1970 KIGAM
M B HE ZAD T HILA 1971 KIGAM
A3 (TH)E A EZAA T BIA (D) 1972 KIGAM
As(THEHERAIAT B 1973 KIGAM
AN A A D ZAFA T B 1974 KIGAM
Ml AT A A DY AP ZAAF B (T 45T 1975 KIGAM
ZAFATH A A5E 1979 KIGAM
3 A A] A 2= A (B A F-3 ) 1991 KIGAM
A A A 2= AT (A T8l o) 1992 KIGAM
B A A A A F (T4 ) 1993 KIGAM
A A AA ?(‘ﬂ Z3 ) 1994 KIGAM
A FEA LA T 1994 KIGAM
3 A A A 2= A T (SAFE ) 1995 KIGAM
A FEALAT (HIAENS) 1995 KIGAM

el THMFH= 1997 KIOST

339 F ALY AT 1993 &t
AR A FHE AFHSAE-ALSE) 1980 KIOST
AFal A o A H 2= A R(AF-A A=) o) 1980 KIOST
A A L SYEAAT 1982 KIOST
ALHAAAATF 1983 KIOST
AZHAAAA T 1984 KIOST

AZLHAA AT 1985 KIOST
ALHAAAAT 1986 KIOST

AZLMAA LA T 1986 KIOST
AZLHAAAAT 1988 KIOST
ALHAAAATF 1989 KIOST

AZLHAA AT 1990 KIOST

A A D 2=ALA T (AT T8l ) 1996 KIOST
Gl & EAcEY AT HAF 1998 KIOST
ATy 23EHA=S 54 1991 KIOST
AFddsly 2SEHE] E4 (T3] 43t ) KIOST
Kier Aol
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3.3.2.6 +=4S(ambient noise, AN) DB

O FFaegd YA Aurdsy adFe A7le mekas Fa4E 5
AL E97F b =24 Ex3 KIOST dA+-%lo] 3h=2-3Fsts] x| 7HX1]§}
=

filo
N
N
o
U
>
2
12
Ne
e
2
4
b
o
N
H
ol
ol
1>
ftlo
)
oo
f
-
ox

- Aol dAY AudE 9 Fo)| @E Fuled
1 2)(Wenz curve) S ]%’5@4 Slrs ¥R 25EHE 28
2 (DM N& 259 %k(dB) Ne| offH 2=

u<=(Hz), Sd= ¥A= 33

o
g

1

S

2

=

<
Flr

o "
Ty
’:;e

o]

o

2

N, = 101og {10 ™" + 10 1 4 10 M1 4 10 1) D
o714, N; = 107 — 30 log (1),
N, = 76 —20[ log(£) — log(30)1*> + 10(S, — 0.5),

Ny =44 +V21 v +17[3 — log( )]l log(f) — 2] below 1 kHz

Ny =95 +vV2lv —17 log(f) above 1 kHz,
Ny, = =175 +201log( £)

- SHAIRE Wenz curves tdAsiel B sF3as 2HEYH E9E o
By E 2342 F4o] Ze tdds g8 e FHol &3, M
Z4, % FARE, T4, Pty e £ T AlFFHo=E
AsHA WEstes dHtE FRE G AHEE = gl

- KIOST+ gtet= 3| Y 137) YA oA #=3) 5422 AEE 7|4t
2 JFEet Al Tl mE A 4 7Hle 2 Wenz curve
E RAZE 2] (9 BxF 2 QoA Sce 9 mrduel ZAE Iy
S E0~DE YEHCEE 38)

N, = 101og {10 M0 4 10 M0 4 10 Mel0 4 10 M0} 4+ 10(0.5 5.+ 1) (2

o714, N, = 107 — 30log (1),
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N, = 76 — 20[ log (£) — log(30)1% + 10(S,— 0.5),

Ny =42 +V10v +17[3 — log( )l log(f) —1.5] below 1 kHz

Ny =93 +vV10v — 17 log(f) above 1 kHz,

Ny = =15 + 20 log( )
12— 120——
] —  Wenz curve j i — - Wenz curve
S0k {a) 5. | = : Modified Wenz curve (b} — : Modified Wenz curve

100 bbb,

Ambient noise level (dB re 1 pP:lez]
Amblent nolse level (dB re 1 uPdiHz)

_"-'u

10
Frequency (Hz) Frequency (Hz)

19 38. Wenz curve ¢+ 4% Wenz curve?] Aultw Sy} FLo] pE

Feaed .

O KIOST+ 1990 d oA 2015 7kA] 33 sl F/=-aF 78 ZAfA & 53

o .
Teiae AEE FHY
.
Vs T

- KIOSTel Al =813t Abgle] HuA 9 SA4BE sZFoz 7]
%48 DB TA(E 8)
e DB ¥4 =7 : A= 123.0° ~ 133.0° E, 99= 325° ~ 385° N

DB 2# 37] : 9A= FEA A= 307 (30 nmile),
9= 30’ (30 nmile)

9= 2 A% 307 (30 nmile)
0 139 7§ (29 39)

o
r\l
_IE

[ ]
o o
o o
R
2
A

e DB 7#A4d%E : 1990 ~ 2015
e DB 74 & : 280 7| AH
e DB 74 34 o9 : 50 Hz ~ 2,000 Hz
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3 8. KIOST 7] #& %4+ DB 74 9

A= | A= e (5
Azt A4

010 50 | 100 | 150 | 200 | 300 | 440 | 660 | 1000 | 1500 | 2000

WDT |WTIME| Lon | Lat | ARID £8F9 (dB)
19900530 70000 | - | - | K 01 |97.00|96.00|91.00|88.00|83.00|77.00|74.00 |71.00 67.00|65.00
19900720) 150000 | - | - | K 02 |99.00|88.00 |84.00(80.00|77.00| 74.00| 72.00 |68.00 | 64.00 | 61.00
19900905/ 110000 | - | - | K 03 [100.0093.00 84.00|81.00|78.00| 76.00| 73.00 | 71.00 | 67.00 | 64.00
19901102 90000 | - | - | K 04 |91.00|85.00|83.00|80.00|78.00|73.00| 69.00 |64.00 | 62.00|58.00
19910331) 160000 | - | - | K 05 |94.00|99.00 |87.00|84.00|80.00| 76.00| 71.00 |67.00 | 61.00 | 58.00
20151006) 0 - | - [SR 173|89.44|80.41|83.30 | 69.59 | 64.87 | 61.72| 5851 | 56.50 | 53.63 | 52.33
20151006 0 - - |SR 174(77.06|73.32|74.41 | 66.59 | 62.59 | 60.41 | 58.56 | 56.24 | 53.24 | 51.93
20151006 0 - - |SR 175(97.58|88.45|87.96 | 74.88 | 65.61 | 64.84 | 64.18 | 61.85|59.26 | 57.61
20151006) 0 - | - [8R 176|79.95|72.92| 71.65 | 63.25 | 60.98 | 59.24 | 58.46 | 56.98 | 54.22 | 52.49
20151006) 0 - | - [SR 177|88.47|81.04 |81.77 | 75.43 69,51 | 65.32| 61.40 | 58.25 | 54.71 | 53.28
20151006 0 - - |SR 178(82.13|79.20|78.27|75.84 | 69.80 | 65.77 | 61.68 | 58.38 | 54.88 | 52.71
20151006 0 - - |SR 179(97.83|86.51|93.00|78.60 | 66.90 | 65.75|65.60 | 63.46 | 61.20 | 59.25
20151006 0 - - |SR 180(90.42|80.15|80.04 | 66.97 | 62.05 | 60.48 | 59.87 | 58.43 | 56.02 | 54.38
20151006 0 - - |SR 181|93.93|83.25|83.36|72.95|67.74 | 64.17 | 61.27 | 59.14 | 56.24 | 54.01
20151006 0 - - |SR 182(89.84|81.38|77.33|76.76|70.42 | 65.80|62.25|59.14 | 55.52 | 53.59
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Information regarding the spatial distribution of noise radiated by ships in specific areas s used as basic data for the protecton of marine
organisms and establishment of marine spatial phmlng. This sluny darvad the spatial distribution of the noise radiated from ships navigating the
using A idh

southemn region of Korea by acoustic

System data. Thsscwsﬂcanalgymagﬂsﬂﬁnmad‘\hmd

spatial points in the experimental area was modeled using a ray-basad model, and the noise level at a el

paint was i

over all spatial points and averaged over time. By applying the acoustic modeling tachnique, we derived the average noise lavel at frequencies

bealow 1 kHz radiated from ships in the ocean, and it with th

setic data

d during the same period. Discrapancy between both

results was found at frequencies balow 250 Hz, and the possible cause of this discrepancy s related o the powerdaw modal used to calculate the
source level of the ship based on an ampirical formula. The difference In current can be reliably reduced by applying a more accurate ship source

model. & 2018 The Japan Society of Appliad Physics

1. Introduction

Ship-radiated noise caused by marine traffic is a major
contributor to underwater noise in the ocean."* Since the
mid-1960s, the number of ships in the world has more than
doubled due to increased global trade. Over the same time
period, the total gross tonnage (GT) of ships has nearly
quadrupled from 160 to 605 million. As a result of the
increase in maritime traffic, it is reported that in the Pacific
Northeast region, the noise level (NL) at 40Hz has been
increasing at a rate of 0.3dB/y and has doubled approx-
imately every 10 years.}*

The International Maritime Organization (IMO) has
recognized that increased shipping noise has a negative
r.rﬂ'ecl on marine nrgamsms The IMO has also declared its

to hipping noise lations to protect
marine ecosyslzrns. ) Howner. to regulate NLs for
ecosystem protection, it is essential to obtain information
about the complex spatial distribution of underwater noise
caused by ship traffic. This is especially true for port areas,
which exhibit high NLs in time and space due to high cargo
volumes and heavy ship traffic involving different types of
vessels.™ It is therefore important to characterize the spatial
distribution of underwater noise in areas of high shipping
density as baseline data for developing regulations to protect
marine life.

appreaches to calculating the spatial noise distribution have
been tried according to the ship distribution by applying an
acoustic modeling technique that considers physical and
geophysical environmental information regarding the marine
environment.'+1%

The aim of this study was to estimate the spatial
distribution of underwater noise radisted from ships using
AIS data. Ships were classified according to the length
overall (LOA) derived from the observed AIS data, and the
time depend of the Jative source level of ships was
calcalated with the RANDI 3.1 model," Furthermore, the
received level (RL) at ean.h receiver point was derived by
using the i hnique to consider the TL
from a ship to a receiver pan Finally, to verify the method
for modeling the spatial distribution of ship noise, we
compared the results with underwater ship noise data
measured during the same period.

The structure of this paper is as follows. Section 2
descnhc_\ the maritime environment of the study site, the

and the hodology for
the spatial distribution of ship noise using the MS
information. Section 3 describes the observed acoustic data
and the modeling results. Section 4 discusses the differences
in the results that were obtained. Finally, a conclusion is
given in Sect. 5.

2. Method

For these reasons, efforts are underway 1o g ively
evaluate ship-radiated noise using Automatic Identification
System (AIS) data for ships passing through a specific sea
area. For example, some studies have evaluated the source
level according to the ship class by comparing acoustic data
measured underwater with AIS data measured in the vicinity
of the main passages or harbors frequented by ships®'"
Other studies have performed measurements to create noise
maps of the spatiotemporal distribution of ships observed
over the long term.'"'%' However, due to the difference in
relative distance between the ship and the location of the
acoustic measurement point, these studies considered the
transmission loss (TL), which was derived by assuming a
simple marine environment. In recent studies, several

07LGO7-1

2.1 Study site

The study area was the southem region of Jeju Island in
South Korea, which experiences a high volume of maritime
freight transport, including large cargo ships and oil
tankers.'” Furthermore, there are abundant fishery resources
in the coastal area and fishing boats frequently operate in this
region throughout the year; cruise and passenger ships also
regularly travel within the island region. The bathymetry of
the study area [Fig. 1{a)] was based on depth data in a
2 % 2km? grid format extracted from the WebGIS system,'™
which was developed internally by the Korea Institute of
Ocean Science and Technology (KIOST). The sea bed has an
inclination of 1.0~1.5" within 10km of the land, reaching a

€ 2018 The Japan Society of Applied Physics
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established taking these factors into account, more accurate
results could be obtained.

4.2 Limitations of the study

The acoustic waves transmitted from the position of a ship
have different transmission characteristics depending on the
sound wvelocity structure, water depth, and geoacoustic
parameters in the experimental area. In this study. the
acoustic propagation characteristics of the study area were
considered using sediment samples obtained from a core
or grab sampler, and the sound velocity structure measured
in the study area was an input parameter in the acoustic
modeling. To calculate the TL more accurately. more high-
resolution data is required regarding the bathymetry and
sediment properties of the sea bottom, the internal structure
under the seabed, and the spatial structure of the sound
velocity profile of the water column observed at the time
of the experiment. Although such physical and geological
information could be used as input parameters for predicting
the SNL more accurately, it is difficult to interpret the
propagation characteristics of acoustic waves by measuring
all of the information in the study area.

When modeling the spatial distribution of the underwater
SNLs, the AIS is a useful system for measuring the
spatiotemporal distribution of ships. However, smaller ships
are not required to install AIS transponders, and most ships
do not provide static data despite having the AILS installed.
Ships that do not provide static information were classified
into type L as shown in Fig. 4, and the spatial distribution of
their routes, or the CSLs, confirmed that these vessels were
navigating near the coast. Furthermore, the height at which
the AIS antenna is installed and the reception range of the
AIS transmission output are limited. The research vessel
conducted its marine survey mainly in the coastal region. As
a result, AIS information for ships moving over long
distances in the study area had low reception rates, while
AIS information was more easily obtained when approaching
the reception range. Therefore. as shown in Fig. 6, the
average SNL was estimated to be lower over long distances
due to the limited reception range of the AIS data. In practice,
it is expected to show a higher value than the SNL modeled in
this study.

5. Conclusions

In this study, we used the AIS information measured in the
study area to mode] the spatial distribution of ship-radiated
noise. Some of the limitations of the study led to differences
between the measured acoustic information and the modeled
results. In particulars, as the ship size increased, the SSL
calculated by the RANDI model tended to be overestimated
in the low frequency band compared with the measured SSL.
Therefore, in order to reduce the cause of this difference,
further studies will be needed to develop a reliable model
that can caleulate the SSL considering the various external
characteristics (e.g., class, design, and LOA) and the
operating parameters (e.g., speed, hull depthy of ships. If a
reliable model of the SSL is applied to each type of ship in
the future, the difference between the measured SNL and the
modeled SNL in Fig. 7 will be within the standard deviation
of the measured value.

Despite these limitations, the technique used to predict
macroscopic variations in the spatiotemporal distribution of

07LGOT-8

shipping noise based on AIS information can be further
used as a basic approach for regulating noise sources that
negatively affect the ecosystem. Furthermore, it is easy to
intuitively identify differences in the spatial distribution of the
ML in specific sea areas, which can be used as a decisive factor
when establishing a military strategy to detect an underwater
target or a spatial plan for constructing an offshore plant.
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Tha noisa dirsctionality received by an array sensor dapends on the spatiotemporal location and distribution of sach noise source. Such noise
directionality acts as a major factor in inflesncing the array gain, which determines the abifity of the amay sensor o detect an underwater tanget.
Thus, the performance of the aray sensor can be predicted by estimaling the notse directionality. In this study, a modeling method was used to
estimate the directionality of ship noise. To verfy this method, the resulls ware analyzed by comparing the nofsa directionality modelad using ship
information received from an automatic identification system and the noise directionality measured with a horizontal line array. Although the
modaled noise and measured noise directionalities were not parfectly matched, it was confirmed that the peak level and pattem shape of the
directional nolse pattem are similar. The factors that cause the difference between the two results are (1) the ship source leval difference betwean
the actual ship and the modal, (2) the impact of ships not using the Aulomatic denlification Syslem (AIS) as mandatory, and (3) the noise
genarated by wind, marine organisms, and fluld motion. If these factors are reflected in the noise directionality mode using the ship infarmation,
better results will be obiained. © 2018 The Japan Saciety of Applied Physics

1. Introduction

The major cause of marine background noise in the low-
frequency (<1kHz) band is the radisted noise from ships in
coastal areas and harbors.’? The number and tonnage of
vessels operating globally has increased significantly in
recent decades with the expansion of intemational trade;
proportionally, the background noise in the low-frequency
band continues to increase as a result®" As the global
interest in protecting marine ecosystems increases,” studies
are underway to measure and predict noise radiated from
ships. For example, several studies have investigated spatial
noise levels according to ship distribution® underwater
radiated noise by commercial ships,”® the cumulative
noise level of ships,"” and the interference structures of
ship-radiated noise."" The National Oceanic and Atmospher-
ic Administration (NOAA) classified the types of ships
operating in the ocean and their distribution; this information
is used to create noise maps on a global scale.'” The noise
map shows the spatial change of the noise pattern according
to the shipping lanes at the low-frequency band.'® There
are various types of ships, e.g., fishing boats, merchant ships,
cargo ships, passenger vessels, oil tankers, and warships, and
there are various patterns of operating routes according to the
purpose of each ship. Thus, the noise directionality depends
on the spatial distribution of ships in the area of interest.

When an acoustic signal is received by a sensor array in
the ocean, array gain (AG) occurs, as opposed to using an
individual sensor."™ AG is one of the indicators representing
the performance of an array. Under the far-field condition, the
AG and the directivity index are the same in the isotropic
noise environment whereas the AG varies in the directional
noise environment'® An example of this is described in
Refs. 19 and 20, in which the AG was calculated using noise
directionality. Thus, if noise directionality is caleulated using
information on ships operating in the ocean, the performance
of the array sensor could be predicted even if the sensor is not
moored in the ocean.

In this study, we calculated the directional noise of ships
using ship-tracking data of the Southern Sea of Korea and
navigation information from the Automatic Identification
System (AIS). The AIS was adopted by the International

07LGO6-1

Maritime Organization (IMO) to ensure navigation safety
and security by monitoring the specifications and navigation
information of ships, specifically maritime mobile service
identity (MMSI), time, position, heading, length overall
(LOA), and the speed of ships on a ship-to-ship and ship-to-
shore basis.” Using the RANDI 3.1 model, the frequency-
based ship source level (SSL) was calculated from the LOA
of the ship and its speed via the AIS;"" the received level
(RL) of the noise according to the azimuth angle was derived
by applying the transmission loss (TL).? The noise
directionality measured using a horzontal line array (HLA)
generally shows patterns of the main and side lobes and a
symmetric pattern with respect to the axis of the HLA. In
order to consider these patterns, we applied phase informa-
tion of each sensor to the RL and derived the noise
directionality using conventional beamforming {CBF). Fi-
nally, to verify the modeling method for estimating ship noise
directionality, the noise directionality results obtained from
modeling using AIS information were compared with those
from the HLA,

2. Field measurements

The study area is the Southern Sea of Korea in which we
measured the traffic volume of ships and neise directionality
in the region, as shown in Fig. 1. The experimental area is a
region where fishing boats and passenger ships frequent the
coastal area, along with large merchant ships operating from
China and Southeast Asia to Japan and Korea. Owing to the
frequent passage of ships, the effect of ships would be
dominant in the background noise of the low-frequency band
in the experimental area. Through a portable AIS equipment
that is installed in the coastal area, information on the ships
operating in the study area was collected, and acoustic
experiments were simultaneously conducted o measure
directional noise using HLA. At the same time of the passive
acoustic experiment to measure the directional noise, another
active acoustic measurement was carried out to identify the
propagation effect around the experimental site. In this
expeniment, sinusoidal signals at frequencies of 110, 195,
410, 605, and BOOHz were transmitted from the low-
frequency transducer that was towed behind the research
vessel. Therefore, the directional noise was measured at a
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was a single vessel, various noise directionality patterns were
derived as shown in Fig. 16(b). This result shows the noise
directionality comparable to the prominent patterns marked
with the white solid square in Fig. 11(b}). From the modeling
of Figs. 15(b) and 16(b), it was confirmed that the noise
directionality patterns were predominantly determined by the
vessels navigating close to the HLA.

§. Summary and conclusion

In this study, we observed ships operating in the Southern
Sea of Korea, and calculated the directional noise of the
ships through the acoustic modeling with AIS data. For this
purpose, the AIS antenna was installed in the coastal area of
Jeju Island, and the information of ships operating in the
study area was obtained on February 7, 2015. The noise
directionality was simultaneously measured by a HLA
composed of a nested array. The AIS data confirmed that
small ships were distributed mostly around the coastal area of
Jeju Island, and that the distribution of merchant and cargo
ships increased with distance to the south.

Modeling was performed to calculate the directionality of
ships using measured ship information. The RANDI 3.1
maodel was used to calculate the SSL according to the LOA
and speed of the ships. The received noise levels were
calculated according to the azimuth angle by applying the TL
for the study area to the source level of the ship. The result of
CBF using the array sensor shows the main and side lobe
patterns as well as the symmetric pattern of the amay sensor.
After applying the RL according to the azimuth to the phase
of each sensor of the HLA, the power output by beamforming
was derived.

The noise directionality measured by HLA is similar to
some prominent patterns of the result modeled using the AIS
data. It was confirmed that the differences in the two
directional noise patterns were similar to each other, but
different cases were also found, The inconsistency could
occur due to (1) a SS5L difference between the actual ship and
the RANDI 3.1 model, (2) the impact of a ship that is not
required to use AIS, and (3) the effects of noise from wind,
marine organisms, and Auid motion other than that associated
with the ship. If these problems are solved, the modeling
method of the noise directionality can be reliably improved
by reducing the discrepancy between the modeled and
measured result. Future studies will be focused on reflecting
the noise from wind, marine organisms, and fluid motion.
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ABSTRACT: In port and coastal areas where ship traffic is frequent, ship noise dominantly influences underwater
noise in low frequency band below 1 kHz. In this paper, we propose a modeling methoed to estimate the underwater
shipping noise using the voyage information of ship observed in AIS (Automatic Identification Svstem). For the
purpose of ship noise modeling, the navigation information of the vessels operating in the southern part of Jeju was
observed using ALS and underwater noise was measured by installing a hydrophone in the experimental area to verify
the modeled ship noise. AIS data were used to model the noise level of ship and compared with measured underwater
noise. The variation of noise level with time was found to be similar, and the cause of the error was discussed. Through
this study, it was confirmed that the noise level of ship can be estimated within 5 dB error range using AIS data.
Keywords: AIS (Automatic [dentification System), Ship noise, Ship information, Oeean ambient noise
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ABSTRACT |

Ko, S. H; Hyeon, J. W.; Lee, 8. J, and Lee, J. H., 2018. Observation of Surface Water Temperature and Wave
Height at the Coast of Pohang using Wave Glider. . Jn: Shim, J.-S.; Chun, I, and Lim, H.S. (eds.), Proceedings from
the International Coastal Symposium (ICS) 2018 (Busan, Republic of Korea). Journal of Coastal Research, Special
Issue No. 85, pp. 1211-1215. Coconut Creek (Florida), ISSN 0749-0208.

‘Wave Gliders were launched to observe the surface water temperature and wave height at Hwajin-ri and Josa-1i on
the coast of Pohang for the 11 days from March 24th to April 3rd. Wave Gliders SV2 and SV3 were operated within
aradius of 100 m at two sites at depths of about 30~40 m. Both vehicles were equipped with a weather sensor, wave
height sensor, and camera. Additionally, a conductivity sensor was installed in the SV2. During the observation
period, the average surface water temperature and significant wave height were 13.0°C and 0.7 m, respectively. The
differences in the surface water temperatures and significant wave heights measured by the Wave Gliders and Korea
Meteorological Administration (KMA) Wolpo buoy were within 0.5°C and 0.03 m, respectively. This study
confirmed that Wave Gliders can be used in coastal locations with fast currents of about 0.5 to 1 m/s and at low

depths of about 30 to 40 m.

ADDITIONAL INDEX WORDS: Wave Glider, Pohang coast, water temperature, wave height, buoy.

INTRODUCTION

In the past, most oceanographic observation was based on the
use of ships and fixed-point observations using buoys and
offshore structures. Since 2000, unmanned observation devices,
such as the Argo float, have been used to observe water
temperature and salinity across large areas (Yang ef al, 2014).
In recent years, unmanned observations have been actively
conducted using the Argo float, underwater gliders, and
unmanned surface vessels (USVs) (Manley, 2008).

In the conventional oceanographic observation methodology,
an observation is made by taking one fixed point observation per
predetermined period or by observing several points while a
vessel is moving. This method has disadvantages because there
are times when it is difficult to make observations, and it has
high operating costs. In contrast, a fixed-point observation
method using buoys and offshore structures can provide
continuous observations but has the disadvantage that a large
amount of equipment must be installed to observe a wide range.

Oceanographic observations using Argo floats and underwater
gliders, which are unmanned observation methods, have the
advantage of providing a wide range of high-resolution data for
the ocean area (Klemas, 2010). However, it is difficult for them
to make observations at a fixed point. It takes a lot of energy to
operate the USV, and it is therefore difficult to make
observations over a long time.

This paper presents the results obtained using a Wave Glider
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along the Pohang coast (Pohang City, Gyeongbouk, Republic of
Korea). The Wave Glider is an unmanned wave-powered
surface vehicle developed by Liquid Robotics Inc. (LRI,
Sunnyvale, CA, USA) in 2012. By acquiring the propulsion
from a phase difference of the wave height, the Wave Glider can
make long-term ocean observations (Hine et al., 2009).

Previous observational studies using the Wave Glider
primarily involved long-range observations made over several
months, such as the crossing between Hawaii and Senegero
(Daniel et al, 2011). In the Republic of Korea, a geophysical
seismic survey using a Wave Glider has recently been conducted
in the South Sea (Kim et al, 2017). However, there have been
no reports of the use of Wave Gliders in the low-water-depth
areas of the East Sea.

This study was the first to observe a fixed point at a distance
of 500 m from the coastline near Pohang using a Wave Glider.
Geographically, the study area was close to the shoreline. There
are very few examples of continuous observations using a Wave
Glider in an environment with a water depth of about 30 m.
Water temperature, wave height, and meteorological data were
collected from March 24th to April 3rd, 2017 (i.e., a total of 11
days) using Wave Gliders SV2 and SV3. The water temperature
and wave height data measured by the Wave Gliders were
compared with data from the Korea Meteorological
Administration (KMA) Wolpo buoy. As a result, data measured
by the Wave Glider were validated, and the possible use of the
Wave Glider as a new ocean observation platform to replace the
existing buoys was considered.
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A Wave Glider is equipped with an AIS, and the SV3 has an
obstacle avoidance function so that it can respond in advance
when the risk of collision is detected. However, near the Korean
coast, there is still a risk of collisions related to fishing activities,
such as small ships without an AIS and the presence of fishing
nets.

Future research will continue to study these new ocean
monitoring techniques for long-term observations (i.e., more
than 3 months), and vertical profile observation technology will
also be assessed.

CONCLUSIONS

This study investigated the possibility of operating a Wave
Glider in a coastal location and replacing oceanographic buoys
along the coast. The Wave Gliders SV2 and SV3 were operated
on the coast, where the surface current is about 1.5 kn and the
average water depth is about 30 m. The Wave Gliders had an
exceptionally good ability to follow the way-points, and the
validity of the observed data was demonstrated through a
comparative analysis of water temperature and wave height data
from existing oceanographic buoys.
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— e
= This work investigates the application of unmanned surface vehicles (USVs) for the management of coastal
environment. USVs are an important and highly accessible tool for operating in shallow and nearshore waters. Sea
trials are used to test the maneuverability and bathymetric survey capabilities of USVs. The results show that USVs
have the potential to be an integrative platform for surveying shallow water zones (rivers, estuaries, and coasts),
which can be enhanced by installing various transducers and sensor modules. The advances in sensing technologies
and microelectronics will lead to the miniaturization of sensors and devices resulting in the proliferation of USVs in

www.JCRonline.org

the field of coastal management.

ADDITIONAL INDEX WORDS: USV, bathymetric survey, nearshore zone, coastal management

INTRODUCTION

For several decades, the coastal environment has undergone
extreme changes due to climate change, frequent natural
disasters, and human activities. These changes have negative
impacts on ecosystems, coastal erosion, and water pollution in
the coastal area. Continuous environmental monitoring of
coastal areas is required to undertake maintenance of coastal
environments and estimate the sustainability of current practices
(Fumagalli et. al. 2014).

Owing to various geological and hydrological conditions,
the Korean coast consists of various environments including

mudflats, beaches, and estuaries (Chough, Lee, and Yoon, 2000).

These various marine environments attract tourists for
recreational activities, which has boosted the demand for
environmental protection and maintenance of Korea’s shoreline
and beaches. Additionally, coastal areas are exposed to erosion
by winds, tides, currents, and waves. These hydrological
processes promote sand transportation (erosion, transportation,
and sediment deposition) and alter seabed morphology, both of
which have important roles in the dynamic behavior of coastal
areas. Consequently, the monitoring of nearshore zones (littoral
zones) is needed for the analysis and projection of coastal
dynamics and environmental change, to be used in planning the
protection and maintenance required for local habitat
preservation (Bibuli et al, 2014; Fumagalli et al, 2014).
However, manned survey vessels cannot operate in nearshore
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zones characterized by shallow water due to safety concerns,
which constrain the current acquisition of environmental data.
Therefore, it is proposed to use of unmanned surface vehicles
(USVs) that are capable of safely traversing and surveying
shallow nearshore zones (Bibuli ez al., 2014, Kitts et al., 2012:
Ferreira et al., 2009; Fumagalli ez. al. 2014; Vasilj et al. 2017).

Currently, USVs are increasingly deployed in coastal areas
for coastal oceanographic research and military applications
such as environmental monitoring, seabed bathymetric mapping,
harbor security, or mine sweeping (Fornai et al., 2017;
Fumagalli et al., 2014; Manley, 2008; Pastore and Djapci, 2010;
Peng et al, 2017). For example, USVs such as ROAZ II
(Ferrerira et al., 2009), SWATH (Kitts et al., 2012), Charlie
(Bibuli et al., 2014), and TORI (Yang et al., 2011) are used in
oceanographic and bathymetric surveys in very shallow rivers
and nearshore zones. However, so far, there is little use of USVs
in Korean marine environmental studies in comparison to
unmanned aerial vehicles (Lee, Lee, and Kim, 2017) and
unmanned underwater vehicles (Heo, Kim, and Kwon, 2017).
The main purpose of this research was to introduce bathymetric
surveying as one of the possible applications of USVs for
monitoring the coastal marine environment. Furthermore, the
study proposes opportunities for the multifunctional application
of USV to maximize benefits.

METHODS
In this study, the USV used is the Wave Adaptive Modular
Vessel (WAM-V), manufactured by Marine Advanced Research
Inc. (USA). The WAM-V is an ultra-light, flexible catamaran
(Figure 1), modified with a position and orientation system for
marine vessels (POSMV; Applanix), and R2SONIC 2022 multi-
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work is required to miniaturize the sensors and devices through
the advancement of microelectronic and sensing technologies.
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shcho@kiost.ac kr)

Array gain (AG) ocours when sensors are arranged 1n an array, and 15 generally calculated as the
ratio of the signal-to-noise ratio (SNE) between the array and a single sensor The AG 15 a metnic to
measure the performance of the array When a plans wave signal 15 received from a single direction
and 15 perfectly coherent, and when the ambient noise around the array 15 1sotropic, the AG is equal
to the directivity index (DI). However, the AG can be changed 1n the presence of directional noise. In
this case, the AG can be calculated from the directional noise using thie spatial coherence The major
cause of manne background noise in the low-frequency (<1 kHz) band 1s the radiated noise from
ships in coastal areas and harbors. [f the directional noise of the ships can be estimated, the AG of the
array can be predicted

In this study, the AG is calculated based on the spatial coherence between the array elements
using the directionality of shipping noise that 1s denved by using the ship-tracking data and
navigational information of automatic identification system (AIS) A power-law model was applied
to estimate the source level (SL) of the ship based on 1ts length and speed obtained via the AIS, and
the received level (RL) of the noise according to the azimuth angle was denved by applying the
sonar equation (RL = SL - TL). The transmission loss (TL) was calculated using a range-dependent
acoustic model (RAM). The predicted AG based on the spaiial coherence 1s then compared with the
AG measured through the sea-going expenment The result was confirmed that the AG prediction
using the AIS-based shipping noise modeling will be effectively used to evaluats the performance of
the array (This research was funded by KIOST (PE99643, PG49550)).
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A study on the bearing estimation of underwater target
sound using small spaced hydrophone arrays

Sungho Cho, Donhyug Eang, Mira Kim and Jisung Park*

Manne Security Research Center, Korea Institute of Ocean Science & Technology, Busan, Korea
Cormresponding Author: Jisung Parle, spark@ikiost acla

The noise sources in the ocean can be classified into natural sounds caused by wind, waves, rain, and mammahan
vocalizations, and anthropogenic sounds generated by luunan activity, These noise sources are variously present in
broadband from low to hugh frequency Generally, the shape of the noise generated in water varies depending on the
characteristics of the noise source. A notse source such as a ship has a narrow band noise due to the reciprocating
mofion of the intemal enpgine, and simultaneously produces broadband noise due to propellerinduced cavitation
There are also types of noise that occur mstantaneously including a construction noise for offshore plant and
vocalization of marine mammals

The problem of noise source detection and bearing estimation in water recently has received considerable attention
due to their importance in mulitary and crvilian applications A single ommdirectional hiydrophone commonty has
been used to measure only the magmtude of the noise generated in water Therefore, in order to overcome the
limitation of beanng estimation using a single hydrophone, several studies have been conducted to estimate the
azimuth of the target located in water by connecting a number of hydrophones to the amray. We developed a bearing
estimation algorithm for detecting underwater targets using several shapes of hydrophone arrays placed in & small
space. The proposed algorithm m this worle 15 the method of estimating the target direchion by combining the beam
forming results of two or more amrays of N sensors arranged in the space. Acoustic experiments were conducted to
venfy the algonthm which can detect the direction of the sound source located at several known points and track
the direction of the transmitted sound source attaclied to the starboard of wessel. The results show that the proposed
method is capable of improving the accuracy for beanng estimation of underwater target (This research was

funded by KIOST (PE99643. PG49550)).
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Observation of Surface Water Temperature and Wave Height at the Coast
of Pohang using Wave Glider
Sung-Hyub Ko', Jong-Wu Hyeon* Shinje Lee®, Jung-Han Lee**

! Maritime Security Research Center, KIOST, Ansan 15627, Korea; Kosh@kiost.ac.kr

? Maritime Security Research Center, KIOST, Ansan 15627, Korea; hyeon@kiost.ac.kr

* Maritime Security Research Center, KIOST, Ansan 15627, Korea; sinje@kiost.ac.kr

* Maritime Security Research Center, KIOST, Ansan 15627, Korea; leejunghan@ekiost.ac.kr

We operated the Wave Gliders to observe the surface water temperature and wave height at
Hwajin-ri and Josa-ri on the coast of Pohang from March 24th to April 3rd, 2017 for 11 days.
Wave Glider SV2 and SV3 were respectively operated within a radius of 100 m at the two
sites in the depth of about 30~40 m. Both vehides are equipped with weather sensor, wave
height sensor and camera. Additionally, C/T sensor and chlorophyll sensor were equipped in
SV2. During the observation period, the average of surface water temperature and
significant wave height were 13.0 € and 0.7 m. We compared the observation results of
Wave Gliders with KMA(Korea Meteorological Administration) buoy. The differences of the
surface water temperature and the significant wave height were within 0.5 'C and 0.03 m,
respectively, This study confirms that wave gliders can be used on the coast with high
currents of about 1 to 2 knots and low depths of about 30 to 40 meters.
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Applications for Multifunctional Unmanned Surface

Vehicle in Marine Coastal Environments

Jin Hyung Cho, Dong-Hyeok Shin, Byung-Cheol Kum, TaeJun Moh
Jung Han Lee, Seok Jang, Seung Yong Lee, and Dong Gil Lim

Maritime Security Research Center, Korea Institute of Ocean Science &
Technology

The unmanned surface vehicles (USVs) were developed to carry out the wvarious
maritime applications. We modified WAM-V, one of the USVs, for very shallow coastal
water investigation. The field survey was carried out after proper operation tests of the
main and auxiliary machinery including steering, communication and transducer/sensor
modules parts for the maneuverability and bathymetric survey capabilities of WAM-V.
Limitation of RF communication distances (up to 4 km) was solved by installing LTE
communication (up to 20 km) in parallel.

The bathymetric survey was carried out 76.8 line km in the 5.7 x 2.6 km range along
the coastal line and covered extremely shallow water as up to 1.2 m depth. Detailed survey
of the area has required considerable time and effort to cover the seabed due to the
relatively narrow beam swath. Especially, exposed rock bed and nets just under the
surface-water are interfering with this survey. The obtained bathymetric data served as a
basis for coastal erosion management in east coast of Korea. We are currently trying to
install another equipments such as ADCP, CTD, side-scan sonar and sub-bottom profiler
on the WAM-V.
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