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Radiation Problem Involving Two-layer Fluid in Frequency-Domain
Numerical Wave Tank Using Artificial Damping Scheme

Eun-Hong Min" and Weoncheol Koo'
"Department of Naval Architecture and Ocean Engineering, Inha University, Incheon, Korea

Foh Gel A AP EL B8
BE fAle $H xR PA BA

2g - 7ud
NEE R ERE D

KEY WORDS: Two-layer fluid 5% A, Barotropic mode 44 EE, Baroclinic mode A% EE, Frequency domain F3H 94,
Radiation problem ®AMZA], Art1f1C1a1 damping scheme $137+4]7]*H, Numerical wave tank X &3} $%

ABSTRACT: There are two wave modes induced by an oscillating body on the free surface of a two-layer fluid: the barotropic and baroclinic
modes. To investigate the generated waves composed of two modes, a radiation problem involving a heaving rectangular body was solved in a
numerical wave tank. A new artificial damping zone scheme was developed and applied in the frequency-domain analysis. The performance of this
damping scheme was compared with given radiation boundary conditions for various conditions. The added mass and radiation damping coefficients
for the heaving rectangular body were also calculated for various fluid-density ratios.

1. M = SEM = —’—Zﬂol'—fﬂ 1 F Wl o3 Fakolgt= 7t
o] §H3H F= FHUATHPinet, 1992). °]¢]ol%=, Osbome et
gFAE o e ATE T wl, IO E A == al(1978) Wﬁvﬂr"ﬂ ol AsAlFAe] AlFAd AdEo] Wste

sttty 7R sEA L "]?ﬂ] g i+
gi Foly Fio] dAgx| go} ””:XV} ZA15HA] =t
o, 4 ]’ A2 TE FAIZT AtelolA 37} WAYEHA E=d)
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|4 AEEE 3HE vt AT o7 A g e
7t #EEI e, ABEH AFolAe FAZEEYES
SBAS zk= Wil #=E7]% 393 (Alpers and Violette,
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o] g3k Uyl F=o] R ESTHLiu et al., 1998). £3], -
Ut = 15m 9E zhe Ryt ssictelA #E5EAn
(Kim et al,, 2001), AFE S5ZANE YHI} #= B 5
AThKim and Won, 1999). | WH I F5AE HolA] &
ARk, 9] FEIE wig- AX oA Y AlLE RS JHeA
o] TEstth. & =0, = AT E&M(USS Thresher) 2t
2223 2(USS Scorpion)?] Ha2d HE AR - ol27HA]

= o Ad@de] B

e EASE
T AA g WAk A EHgte} 9] A o2
#BZ817] olgl s, Wuine] olg FaAle Al Mt
Txgo] gt JBe W U] oldm, M Ao
7 5o 9L wol FAT YT EHL Hetel] ol

olol we, sjok Wwste] Beln S4w dsre ghotal)

3, W7} golgk ATl tigt o2 AFEe] FRHUT

Yeung and Nguyen(1999)= E3 A4 4 2 =40 tis)

WAL B AREAE 27] 98 1d3rE st AA A&

212 JPEIA AL, o] F FARE A7 FE3] 3 HATHTen

2004; Kashiwagi et al., 2006; Kim and Koo,

:\9_\1%

and Kashiwagi,
2010).

A7 2= mg} ESo2 EX|E uf, Barotropic B&
Baroclinic REgH= A2 02 E4& 7HAE F /9 3
F o7t EA %K (Yeung and Nguyen, 1999). mekA 55 -4l
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(a) Barotropic mode (b) Baroclinic mode

Fig. 1 Characteristics of two wave-modes in a two-layer fluid
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Fig. 2 Computational fluid domain for a two-layer fluid with an

oscillating floating body
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(a) Added mass (b) Damping coefficient

Fig. 3 Convergence tests of heave added-mass and damping
coefficients for free surface length without artificial damping
effect (h;/h=0.5, y=0.75)
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8 1.6
-&Low(0.2rad/s) - A low(0.2rad/s)
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~ 4 A
Q
~-
32 B,
< S
0
2 0
0 1 2 3 0 1 2 3
1 d/)‘ ¢ 1 d//\t

(a) Added mass (b) Damping coefficient

Fig. 4 Convergence tests of heave added-mass and damping
coefficients for length of artificial damping zone (h,/h = 0.5,
¥ =0.75)

Table 1 Optimal condition of an artificial damping zone for
various body-motion frequencies

Length of damping Damping magnitude

Body motion
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Numerical Analysis of Cavity Characteristics and Thrust for
Supercavitating Underwater Vehicle

Dong-Hyun Kim and Warn-Gyu Park’

"School of Mechanical Engineering, Pusan National University, Busan, Korea
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KEY WORDS: Cavity 3%, Supercavity %35, Underwater vehicle 55254, Thrust 5%, 1DOF 1AM+ %

ABSTRACT: Cavitation is used in various fields. This study examined the drag reduction of an underwater vehicle using cavitation. In this study,
the natural partial cavitation analysis results were verified using CFD code with the Navier-Stokes equation based on a mixture model. The momentum
and continuity equations in the mixture phase were separately solved in the liquid and vapor phases. The solver employs an implicit preconditioning
algorithm in curvilinear coordinates. The results of a computational analysis showed good agreement with the experiment. A computational analysis
was also performed on the supercavity. The study investigated the cavity characteristics and drag of an underwater vehicle and studied the speed
required to achieve a supercavity. Finally, a 1DOF analysis was carried out to investigate the thrust system for a supercavity. As a result, one of
the methods for determining a suitable thrust system for a supercavitating underwater vehicle was presented.
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KEY WORDS: Pipe erosion Hl&# %4, Solid particle erosion XA YA 2], Brosion rate F241E, CFD %4t fA93}, Eulerian-
Lagrangian coupling ¥ 2}-2t 134 A4

ABSTRACT: The erosion of solid particles in a pipe elbow was numerically investigated. A numerical procedure to estimate the sand erosion rate,
as well as the particle motion, in the pipe elbow flow was introduced. This procedure was performed based on the combined empirical erosion model
and computational fluid dynamics (CED) analysis to consider the interaction between the particle motion and the eroded surface. The underlying
turbulent flow on an Eulerian frame is described by the Reynolds averaged Navier-Stokes (RANS) equations with a k-¢ turbulent model. The one-way
coupled Eulerian-Lagrangian motion of the air flow and sand particles is employed to simulate the particle trajectories and particle-wall interactions
on the pipe surfaces. The predicted CFD erosion magnitudes are compared with experimental data from pipe elbows. The erosion rate results do not
reveal a good accordance between the simulation and experimental results. It seems that the CFD shows a slightly over-predicted erosion ratio.
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A gk ol A A2 -5 Wl 4R fFell wek 47417} )CHFinnie, 1960; Deng et al., 2005).
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dg4s o83t E‘r*o & &3 I A7 (Salama,
2000)7} AIAI = ATE E=3F DNV(Det Norske Veritas) 41504 =
2 (Reservoir) ]l —??JEJT‘I‘ AA|, 7t~ & Af, BHE o]F3t

= ol A2ES tdo R 32 dA £= 9 A HEY
7AE2 L& AASHATHDNY, 1999). ©] AR FE &5, T2
2=, A 2 A 4R 2R & vt Z2 b
Elbow pipe Tee Reducer 55 tho® I4ES AAsHAT

=2 3], wiFd =71, 33 S=(Superficial velocities), Z}

*J(Phases)& ‘ﬂ] & 9 FA 2 1A YAk E£F E4A T ol

g3t HAES AN oY Y f59 FH, dA A=,

A7) FE T THFS 849 o] Ho lomg FPae
=ZZ

AFHA] 2 AT AR = QU

$FH  Xianghui et al.(2004), Chen et al.(2004)2 CFD
(Computational fluid dynamics)3l|4] 0.2 oS3t HAFS AP
Hlwate] A Has A e AND 97k 9len, CFD
o] M2k Aol vwd FgetA &8E  UeS AL

FA A A Zol= 5 ZEH, YA F3, H2] ALt T2 #o)
F83H 1H =SS, E3] Chen et al.(2006) ?J 2y} 5=
CFDE ZAd3HY bow HllTol &22+& Zel/7i2ydd o 5ol
oJgt A& ALE AASAE o] WL i -5 CFD 29
< o] 83lE, M EFE T7H A% Tk EE 9 HAdoE
M E9E A 02 0] 88 o)t Vieira et al(2016)2 =
o] vgo] Aal, YAte] 77t AL fss e R A4 7=
7H4E AE-8 FAIS A9 9 CFD ZHE AABTE B AT
= E7stal, o333 A2 (Empirical), BF 4 3 2)(Semi-Empirical)
T oug W E SEsty Agt 34 dF2 of gk olHgh
o= Ay W CFD d4e A¥she Yol 7 a9
olglal & 4= Ut(Parsi et al., 2015; Liu et al., 2015).
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8 2dE 7SI THANSYS, 2015; Schiller and Naumann,
1935).
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-Uld
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AZ S| s

3.1 HiZh A 2 4%Y(Domain) A
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& A 8= Steel 2 7HF3IATE Table 200 FA4 € 4=k A&

Table 1 Coefficients for metals using the Tabakoft erosion model (ANSYS 2015)

. k1o " Vs Vs «
Material ) ) ) )
Constant Ref. Velocity 1 Ref. Velocity 2 Ref. Velocity 3 Angle of Max. erosion
Steel 0.293328 123.72 352.99 179.29 30°
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Table 2 Parameters of elbow pipe and carrying fluid 2] P9 77t A4 {-A(Continous fluid) < 2 FAlo)E
A (Partice transport fluid) FH o2 HAgstHt =g Y=o

Parameters Value 24 el(Shape facto= 1002 7Fgskach SAlsh L)
Density of fluid 1185 kg S - U,
) i , 52 45 AX(Fully coupled) ZHOE 713t ot &
Density of particle 2,650 kg/m zer Wale mEs
Diameter of pipe (D) 0.0762 m
Curvature of elbow 15D 32 Axt A 4A =AH
Fig. 2% o] A dde <F 1,740,000702] HAH= <F
S 1,680,0007] 242 B8t on, J4o] F2 WYL Zlo= o
25 W3Rl A5 o AdaA Urdth 53], 2]
- Yofuhs MR FW) BB HHNo slip wall) 7], H2) 21,
150 uhakRestitution) Z71-L I8t YT Inle ol A= Al S5,
A7 S RSt o™, S7(Outlet)= 7HHH(Opening) =&
0762 rorm Rojste] g beS 125t Table 30 B 213} 2o] ¢

ww 0ooT

T EEE 530m/s, YA F3S 0.001~ 0.006kg/s, UARS] 273
o 50~300 xmO.2 WABIAZ|HA A HIE AvHEgT WA,

Iwet t inlet

Fig. 1 Geometry of elbow pipe

Table 3 Solution options for CFD simulations

Object Options
=42 ookl e FAL Fig 1] AAStgon, W Velocity Vous = 5-30 m's
A2 762mm, ZELS A7 1592 4T T Lol Paticle diameter dp = 50~300 u#m
1,000mm, &7 FE2] Zol= 600mm=E Aotk A<} o Particle mass flow rate Tﬁp = 0.001~0.006 kg/s

Fig. 2 Meshes of domain on the cross section and elbow section

0.000e+000
[m s”-1] [m s”-1]

Fig. 3 Stream line of gas flow Fig. 4 Velocity pattern of gas flow
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Fig. 5 Velocity vector of particles in the elbow section

Fig. 6 Gas pressure on the surface

]

Fig. 8 Particle trajectory

Y 7h20] SRV, DA 8 m,), WA 2AAdp)e] A2 smis,
0.003kg/s, 150 ym= 713 A#E A A8 Fig 37 Fig. 45
f+41(Stream line)¥} -4 &= £XE Yehd Aotk vl v
Z9| %5 $57F =AY QhEol A kR = A & 4 Uk
ol& HHE ZolA YAE FHFE] 7] wlwel UeRd Zo=
AZIET) Fig 52 9Ake] £5 WEE UehH SE5o| gl 24

e B9 g BRe] AA FE SEE oF 32ms Y HAT

20
18
16
14 4
12 4
10 4
8 4
6
4 4
24
o
-2
-4 4
-5
-8

—=— Outer Line|
—e— Inner Line

Pressure (Pa)

-10 T T T T T T

Fig. 7 Pressure distribution along the surface

Fig. 9 Volume fraction of particle (n*/ m®)

4 Atk Fig. 69} Fig. 72 i otge] WstE ®]l Zlolm, of
10Pa W2)9] k& B ol& §4 7129 £55 128 Efd
3 A3z FdE) Fg 88 2 53] FAFME UF f50l
sl AR FAMR AHE T Bk ok, I3 upg Ho
Al FEo] dojdoax Fao] EilksiA BAES 28 Q)
o} Fig. 9o RSl = YA} HHFH-I]E(Averaged volume
fraction)> YW O Z Fig. 139} Fig 149 EHQl & 4=
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Fig. 10 Contour of eddy viscosity (Pa - s)

7.973e+001
5.316e+001
2.659e+001

2.302e-002
[m*2 s*-3]

Fig. 12 Contour of turbulence eddy dissipation (m’/s°)

(kg m"-2 1]

Fig. 13 Erosion pattern for gas-sand by Finnie erosion model

(Errosion rate density)2] #3Z9} FAE-S EUE 4= Q)
F1g 107} Fig. 113} Zo] &7 A% dF &% duxe =
g Holl A HArid o R 31, QFE HoAE A& o=
"]'E]r‘;fh:}. ©]= Fig. 8¢ Bl E&4 dA9] &5 F337
AR s 0% 4 ok Tl Fig 123 2] dif A&
2 FHFAA IS ¢ e Ak

[mA2 sA-2]

Fig. 11 Contour of turbulence kinetic energy (m’/s?)

FA-JAZE &% A oA T3
BFE} © 2 Finnie 227} Grant & Tabakoff &S 2-83t] A2

dAe FE £= 9 4=E
£ <=3t Fig 133 Fig 145 Z479] ol uhg) o &%
1215 Aafolnt. ZHzhe] 2 dxo] Huighd 8.5x10° kg/m’/s7%
L152x107 kg/m/s2 ko] Zpol7k S & 4= gonh, 4 #o
FAE 7€ A7olA Bl AEH fAsitaL dghE . A8
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4.608e-008
3.456e-008
2.304e-008
1.152e-008

0.000e+000 1.152e-008
kg m;\_z sh1) 0.000e+000
[kg m~-2 s7-1]

Fig. 14 Erosion pattern for gas-sand by Grant & Tabakoff erosion model

Table 4 Compaison of erosion rate (mm/year) estimated by present study with those of experiment and other models

Test Sand size  Sand rate Veas Vieira et al. (2016) Present study
[#] [mm] [kg/day] [m/s] Experiment ~ CFD(Fluent)  Grand & Tabakoff Finnie Average
Test 1 0.3 154 15 22.1 30.3 8.93 33.06 20.995
Test 2 0.3 192 15 19.3 375 11.13 41.22 26.175
Test 3 0.3 452 15 58.5 874 26.4 96.97 61.685
Test 4 0.3 288 11 16.9 19.9 6.512 28.77 17.641
Test 5 0.3 103 15 14.7 20.1 5.99 22.11 14.05
Test 6 0.3 227 23 80.3 138.2 48.76 138.61 93.685
Test 7 0.3 256 27 129.6 234.6 88.91 233.26 161.085
Test 8 0.15 254 11 6.5 7.5 5.72 25.4 15.56
Test 9 0.15 237 15 13.2 19.3 13.71 66.42 40.065
Test 10 0.15 257 23 36.2 67 55.2 155.74 105.47
Test 11 0.15 206 27 54 69.3 71.54 187.68 129.61
2407 2407 [l Experiment(Vieira et al., 2016)
1 E i t(Vieira et al., 2016 -
220 =C)I(=FI)De?\r/Ti];rr1a(eltealf So?e) ) 2201 | CFD (Vieira et al., 2016)
200 Present study 200 Present study
180 180 |
g" 160 g" 160 |
g 140-: g 140
;c_? 120 § 120
© 1 ©
@ 100 @ 100
5 80 S 80 -
S 3
5 60 o 60
40 40
20 20 ‘
0‘*1 L |* 0+ ‘
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ABSTRACT: This paper presents the results of an experimental study on the wedge slamming impact problem, including the fluid-structure
interaction. A free drop test was performed to estimate the hydroelasticity. Three wedges were fabricated of 5 mm thick steel plate. The deadrise
angles were 15°, 20°, and 25°. Plate thicknesses of 2 mm and 3 mm were used to determine the effect of the structural rigidity. The drop heights
were 25 cm, 50 cm, 75 cm, and 100 cm. The pressure on a rigid part of the wedge and strain of the elastic plate were measured at four different
locations. The pressure was compared using the Wagner theory and generalized Wagner theory.
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Table 1 Test matrix

Wedge angle  Plate thickness Drop height [cm]
[°] [mm] 25 50 75 100
s 2 v v v v
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2 v v v v
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3 v v v v
2 v v v v
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3 v v v v

Wedge body

Elastic plate

Fig. 4 Elastic plate and rigid wedge
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Table 2 Specification of 701A

Range 0 ~ 250 10°Pa
Sensitivity ~-80 pC/10°Pa
Natural frequency =70 kHz

< +0.5 %FSO
<0.001 10°Pa/g
-150 ~ 200°C
<10* °C’!

Linearity
Acceleration sensitivity
Operating temperature range

Temperature coefficient of sensitivity
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Table 3 Specification of KFW-5-120-C1

Materials resistive element CuNi alloy foil

Operating temperature ranges in

combination with major Vinyl-coated flat cable

leadwire cables [°C] (L-6, L-7) - -10 ~ 80°C
Self - temperature compensation 10 ~ 80
range [°C]
Strain limit at room temp. [approx. %] 2.8
Fatigue life at room temp., approx. [times]  3x104(x1500 # m/m)

100 —
Cp
—— Wagner (1932)
— - GWT(1996)
P1
P2
P3
P4
Chuang

Cp (P max/0-5PV2)

10 15 20 25 30
Wedge angle (degree)

Fig. 9 Pressure coefficient
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Fig. 10 Strain time history for thickness 2mm

750 —
15deg-100cm-3t
500 —
250 —
E o
£
g J
£
£ 250 —
2]
-500 —
-750 —
[ L I S I B R N R
0 0.02 0.04 0.06 0.08 0.1

Time (s)
Fig. 11 Strain time history for thickness 3mm

o] ASHAU olx Fe| Aol mE Adzwe Aot
Hol=d, ol o] &3 2%
g A=A dEel o RRES}F BAYEr] wjEoltt

ol thal & ¥ A3 %LOH‘J] HE}W Ydershs 9 T4

Mz) = %(613:—!2 —6lz?) (1)

o w) Ma)E 7tz Hel ele] 91 ool FgThFURANE
12 1o Fololn wi A 7Y FF Aotk
800 —
Maximum strain 15deg
[ ] 15deg-S1(2T)
i | | 15deg-S2(2T)
A 15deg-S3(2T)
WV 15deg-S4(2T) v v
O 15deg-S1(3T)
600 — O 15deg-S2(3T)
— A 15deg-S3(3T) .
g V  15deg-S4(3T)
£ .
2 v A
£ |
«
£ 400 —
5 A
£ .
E v
s A o
200 — - o g
® X
O
- é O
’ L L e

0 25 50 75 100 125
Drop height (cm)

Fig. 12 Maximum strain for wedge angle 15°



26 Kang-Su Ahn and Sun-Hong Kwon

800 —
Maximum strain 20deg
[ ] 20deg-S1(2T)
| | 20deg-S2(2T)
A 20deg-S3(2T)
W 20deg-S4(2T)
O 20deg-S1(3T)
600 — [0  20deg-s23T)
- A 20deg-S3(3T)
£ v 20deg-S4(3T)
E
S
£
s |
< 400 — v
£ [ | A
=
= A
200 — .
“ é
0
' I ' [ ' [ ' [ ' |
25

50 75 100 125
Drop height (cm)

Fig. 13 Maximum strain for wedge angle 20°

800 —
Maximum strain 25deg

25deg-S1(2T)
25deg-S2(2T)
25deg-S3(2T)
25deg-S4(2T)
25deg-S1(3T)
25deg-S2(3T)
25deg-S3(3T)
25deg-S4(3T)

600 —

[
|
A
v
O
O
A
v

400 —

Maximum strain (um/m)

200 —
I
25

Fig. 14 Maximum strain for wedge angle 25°

<D >
<10 > H4

' [ ' [ ' [
50 75 100 125
Drop height (cm)

714 FIEHEE 2] ()EFE Rl J& AHAZHNA

o] Fe Hola, Ihs] B Aol AlgH
EHA ¢F 157mm A™EEH 5o ¥
= Ao} S4= 9F 180mm HE| Qhol
o s, wetA] o MY¥ES

3t WEE9 HUZEE Fig 12, Fig. 137 Fig.
. MEES 49 nigste] Jelgton, et
Y3l FolVt #2545 A EC] A A5
= I 2L F] #He = e

32 2
ni
alle
Lo
NS
o
o
o
rr
S

3.2 B

ftlo

B =2 A7 A W s s 3%
< sty AP Yo s ATsiit
Aol AMgE #719] 2 150, 20°, 25°9] 3EFHE AHESIA
S aefsky] 913 gARe] T 2mmet 3mm 2714
A8t skl # 7ol disl 0.25m, 0.50m, 0.75me} 1.0m
o 47he] & wolollA Hetete] i AFe RS
A At A7) 40t ASSF, =9 Gét wolt 2255
o

A ASHE S AU F Ak WP E S

febs

i &
=)

o,

[o

o
N

o] wEe HAS Af BAl StEATHR] olstel

References

Chen, Z., Xiao, X., 2007. The Simulation Study on Water Entry
of 2D Wedge Bodies. Journal of Shanghai Jiaotong University,
41(9), 1425.

Chuang, S.L., 1966. Experiments on Flat-Bottom Slamming.
Journal of Ship Research, 11(3), 10-17.

Chuang, S.L., 1967. Experiments on Slamming of Wedge Shaped
Bodies. Journal of Ship Research, 11(3), 190-198.

Korobkin, A., Malenica, S., 2005. Modified Logvinovich Model
for Hydrodynamic Loads on Asymmetric Contours Entering
Water. Proceedings of International Workshop on Water
Waves and Floating Bodies, Longyearbyen Norway, 124-128.

Logvinovich, G.V., 1969. Hydrodynamics of Flows with Free
Boundaries. Naukova Dumka.

Luo, H., Wang, S.C., Guedes, S., 2011. Numerical Prediction of
Slamming Loads on a Rigid Wedge Subjected to Water Entry
using an Explicit Finite Element Method. Advances in Marine
Structures. CRC Press. 41-48.

Oger, G., Doring, M., Alessandrini, B., Ferrant, P., 2006. Two-
dimensional SPH Simulations of Wedge Water Entries.
Journal of computational physics, 213(2), 803-822.

Panciroli, R., Abrate, S., Minak, G., Zucchelli, A., 2012.
Hydroelasticity in Water-entry Problems: Comparison between
Experimental and SPH Results. Composite Structures, 94(2),
532-539.

Ren, D., Ahn, G.S., Kwon, S.H., 2015. Experimental Investigation
of Wedge Slamming Impact. Journal fo Ocean Engineering



Experimental Study on Wedge Slamming Considering Fluid-Structure Interaction 27

and Technology, 29(2), 163-168.

Verhagen, J., 1967. The Impact of a Flat Plate on a Water Surface.
Journal of Ship Research, December, 211-223.

Von Karman, T., 1929. The Impact of Seaplane Floats During
Landing. National Advisory Committee for Aeronautics
Technical Notes, 321, Washington.

Wagner, H., 1932. Uber Stoss-und Gleitvorgange an der Oberflache
von Flussigkeiten. Zeitschrift fiir Angewandte Mathematik und

Mechanik, 12(4), 193-215.

Zhang J., Zhang Z., Hong F., Zhao F., 2003. Numerical Simulation
of Initial Flow of Wedge Entry. Journal of Ship Mechanics,
7(4), 28-35.

Zhao, R., Faltinsen, O., Aarsnes, J., 1996. Water Entry of Arbitrary
Two-Dimensional Sections with and Without Flow Separation.
Proceedings of 21st Symposium on Naval Hydrodynamics,
Trondheim, Norway, 118-133.



ok

=8| 383 2] A31A A1E, pp 28-35, 2017d 2¢¥ / ISSN(print) 1225-0767 / ISSN(online) 2287-6715

[Original Research Article] Journal of Ocean Engineering and Technology 31(1), 28-35 February, 2017
https://doi.org/10.5574/KSOE.2017.31.1.028

Design of GPS-aided Dead Reckoning Algorithm of
AUV using Extended Kalman Filter

Hyeon-Seok Kang, Sung-Min Hong, Joo-No Sur and Joon-Young Kim™

"Department of Convergence Study on the Ocean Science and Technology, Ocean Science and Technology School, KMOU-KIOST, Busan, Korea
“Research Institute of Industrial Technology, KMOU, Busan, Korea
""Department of Mechanical Engineering, KMOU, Busan, Korea

Rl | o v =
s distu-ges el ed fFHer|edEoetd gy eg3et

TS Shetn 7)1 A
KEY WORDS: AUV §-21%44, Dead reckoning 533, GPS 9198 Al28, Extended KF #LTHHE], Declination A7t

ABSTRACT: This paper introduces a GPS-aided dead reckoning algorithm that asymptotically estimates the heading bias error of a magnetic compass
based on geodetic north, improves the position error accurmulated by dead reckoning, and helps the estimated position of an AUV to represent a position
in the NED coordinate system, by receiving GPS position information when surfaced. Based on the results of a simulation, the locational error was
bounded with a modest distance, after estimating the AUV position and heading bias error of the magnetic compass when surfaced. In other words,
it was verified that proposed algorithm improves the position error in the NED coordinate system.
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Table 1 The notation of SNAME for marine vehicles
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Table 2 GPS-aided dead reckoning algorithm using EKF

Algorithm: dead_reckoning (z,_,, P._,, )
O x= wk—m,.oos(‘”k—llu) ”’k—llzr,sm(wk—lw-)
@ Y:‘ik—1\1,,Sin(-'ik—1\w)+'%k—1\@-,‘1)5(9219—1\0)
® b=,
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return z,, P,
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Table 3 Sensor model specification
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Table 4 Way-points configuration

Way-point Position Way-point Position
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Table 5 Classification of the colored graphs

Color Meaning
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Blue Measured by sensor

Green Estimated by proposed algorithm
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ABSTRACT: Most of the studies on the hydraulic characteristics of wave-current interaction have used 2-D hydraulic experiments or 2-D numerical
sitmulations. However, it is difficult to understand the wave-current interaction found in actual estuaries using these. Therefore, a numerical water
tank was constructed in this study to perform simulations involving a 3-D river mouth. The result showed a change in the water surface at the
river mouth from the wave-current interaction. With an increase in the ratio (V,/C) between the river current and wave celerity, the wave height
and mean water level of the river increased at the wave and current meeting point. A higher V/C; caused a stronger wave-current interaction and
increased the turbulence kinetic energy. Thus, the wave height attenuation became larger by the wave-current interaction with a higher V/C. In
addition, it was possible to understand the flow characteristics in the vicinity of the river mouth as a result of the wave-current interaction using

the mean flow and mean time-averaged velocity at the mid-cross section of river.
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Fig. 1 Definition sketch of a 3-D numerical water tank including a river mouth

Table 1 Incident conditions of wave and current used for numerical simulations

Wave Current Velocity ratio
Case Height Period Celerity Steepness Uresell number Velocity
H; [em] 7} [s] G [s] /L HL /W V, [envs] V./G

1 1.2 147.5 0.017 35

2 3 1.5 156.1 0.013 6.1

3 1.8 160.8 0.010 9.3

4 1.2 147.5 0.028 5.8

5 5 1.5 156.1 0.021 10.2 - -
6 1.8 160.8 0.017 15.5

7 1.2 147.5 0.040 8.1

8 7 1.5 156.1 0.030 14.2

9 1.8 160.8 0.024 21.7

10 1.2 147.5 0.017 35 0.102
11 3 1.5 156.1 0.013 6.1 0.096
12 1.8 160.8 0.010 9.3 0.093
13 1.2 147.5 0.028 5.8 0.102
14 5 1.5 156.1 0.021 10.2 15 0.096
15 1.8 160.8 0.017 15.5 0.093
16 1.2 147.5 0.040 8.1 0.102
17 7 1.5 156.1 0.030 14.2 0.096
18 1.8 160.8 0.024 21.7 0.093
19 1.2 147.5 0.017 35 0.203
20 3 1.5 156.1 0.013 6.1 0.192
21 1.8 160.8 0.010 9.3 0.187
22 1.2 147.5 0.028 5.8 0.203
23 5 1.5 156.1 0.021 10.2 30 0.192
24 1.8 160.8 0.017 15.5 0.187
25 1.2 147.5 0.040 8.1 0.203
26 7 1.5 156.1 0.030 14.2 0.192
27 1.8 160.8 0.024 21.7 0.187
28 1.2 147.5 0.017 35 0.305
29 3 1.5 156.1 0.013 6.1 0.288
30 1.8 160.8 0.010 9.3 0.280
31 1.2 147.5 0.028 5.8 0.305
32 5 1.5 156.1 0.021 10.2 45 0.288
33 1.8 160.8 0.017 15.5 0.280
34 1.2 147.5 0.040 8.1 0.305
35 7 1.5 156.1 0.030 14.2 0.288

36 1.8 160.8 0.024 21.7 0.280
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ABSTRACT: This study conducted numerical simulations using LES-WASS-3D wver. 2.0 to analyze the seawater intrusion characteristics of the
incident waves in a coastal aquifer. LES-WASS-3D directly analyzed the nonlinear interaction between the seawater and freshwater in a coastal aquifer,
as well as the wave-current interaction in the coastal area. First, the LES-WASS-3D results were compared with the existing experimental results
for the mean water level under wave action in the coastal aquifer and seawater penetration into the coastal aquifer. The mean water level, shape and
position of the seawater-freshwater interface, and intrusion distance were well implemented in the results. This confirmed the validity and effectiveness
of LES-WASS-3D. The overall seawater penetration distance increases in the coastal aquifer as a result of wave set-up and run-up in the swash zone
caused by continuous wave actions, and it increases with the wave height and period. Furthermore, a numerical verification was performed by
comparing the suggested existing structure and newly suggested curtain wall as a measutre against seawater penetration. An existing underground
dam showed a better effect with increased height. Additionally, the suggested curtain wall had a better effect when the embedded depth was increased.
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Fig. 6 Definition sketch of 3-D numerical water tank for simulation of seawater penetration in coastal aquifer
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Table 4 Initial and incident conditions for numerical simulations
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Fig. 10 Spatial distributions of seawater-freshwater interface due to incident wave periods
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Fig. 11 Definition sketch of 3-D numerical water tank including underground dam
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Table 5 The conditions of water depth and ground dam height

Case Any [m] hs [m]
1 0.1
2 0.2 2
3 0.3
4 0.1
5 0.2 3
6 0.3
7 0.1
8 0.2 4
9 0.3
10 0.1
11 0.2 -
12 0.3
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Fig. 12 Comparison of mean flow fields and seawater-freshwater interfaces due to dam heights in coastal aquifer
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Fig. 14 Comparison of flow fields and seawater-freshwater interfaces due to embedded depths of curtain wall in coastal aquifer



Effects of Wave Action on Seawater Intrusion in Coastal Aquifer and Mitigation Strategies 57

422 H5FRAE B4
Fig. 14 3425 212171 0.1 m(Ah/h=0.017)2] 74-$-0ll A 7

2] AAFF 2o TY 20 (ds)oll W StETe] Bt
7 B s AAEE Uehith (@)= ZEde AAEHA

&L Case 10, (b)= Case 1(ds=2m), (c)= Case 7(ds=4m)2] 73-%
ot} o7|A WA AM(—)2 sl-Fe AAIY, Feka A
(—2 Hd 83 WEE HdRolth

Fig. 4256 AEY S X2 st ATt Fast
H, ds7t F7VETE AL TS AS A F Utk ol AL ds

7} E7Vd & un R w U 550] Bhe A B v $e] 2

7t s3] diol tE A o] A Mo vt} £ 0 2 o] FES
ZX Yels d4olth o]k SAlel AEY ol = A=
59| fr&o] AX7] vl FY=EE S dolll= 2Heo]
wkE ) 7 A3 29 200)7) 71 & Case 7(ds=4m)oll A& gt
AT AREATE eRdth dhAe] ds7} 7 22 (b) Case
1(ds=2m)ol| A= AEL] E3rt 24 Lt

423 Azra=}

Fig. 155 71 &9 9] 4%l 0](ds) ol W& F-2& v 38 Htr4]
o} F A EAT] 9 /\h‘{r 74]#145}144 12 o)t} Fig. 15 (a)= 7
Edo] TYziolet AT Hl(ds/h)ol ME TF2E wjFo| Ht
F91(h) 2831 (b)= ds/h ol B SR EAL () E YeRATE &
Ezaiﬁoﬂﬁ WA AHZH (A Ahy=0.1m, T AR ()

2 Ah=02m I3 Z=FA vtER(O)E Ah=03mS 77t 2
Ulf&t}.

Fig. 15 )2 5-E] ds/h 9} h7} BIHBAE Y™, ds7} $71S
FE F2ETY h o AeE = Itk o] Ab 7F 55
o] aFo] FT8H] W'l L2E HlFo] 429] Aol A

A& A0 & o|s|FT} Fig. 15 (b)ollAE ds/h o} 17} viv| B AA =
WA, ds7F A-DGFE 17} ZrobA] = 43R Bt T18la An 7t
ZH&E dsoll mE T FEAD Azl E3FQ AE 8l
e = Aok IF3 Fig. 159014 ()¢ (b)E dHAst] AdurH

71EL U SUIEFE AjFSe 55 Aol &

1.0
Mean water level
—a&— Ahp=0.1m
—#— Ah¢=0.2m
Aho=0.3m
0.8
=
= 0.6
°
//(g’
/
0.4
0.2
0 0.04 0.08 0.12

h(m)
(a) Mean water elevation

Fhste] FaE W] 59 ggol ARk Ao Ash
o) S9N Zadtel e dEAEe] BYAHo] )
b %og oj5FoEM ANFYEE ALALY & 9

2 Ao slelth 4 R A2 Sistel AEA AR
ABLE 712 Ashse] A7kEol v 2|7 = EaiA 5, 2412l

e A AT AZEA} $5s) Teln ABD S

1] Ashol vial Aol 48wk opel, AR
2% 2711 2Lk weba) AR st sEe) 843
FAY SHOR TEEE AT AR AELS iyl AR
ol 2

3 nE

ru

B A7 FXRNME 258 Fidl wE UEFE @)
A8 4 9lE= PBM7]HES] LES-WASS-3D ver. 2.0(Lee and Hur,
2014)S Ag3lgnt 18l FAE 2AYR sXs] ojE e
B g2 sedEE A 1Ed FARE FHsH
1 A gFAgo] sitieEe] AR vX e FF o
o7t BT AZE L% At 715%01] gk 2121
HEE Jgsidt o|AEERH dojxl o3 Ade o
T 2t

(1) TR FER o 283 4% Z=(LES-WASS-3D ver. 2.0)
o g4 B FEAS AFS] Stk 7€ e EIAY
3 vu-AEsIATE 225, A8l o sfittfrEe
B9 B ohye}, Askre] wslel] Wi sia-gae A
HE & AldstATt

(2) ALH o= o] gt FdE A5, 2L Har

2l 7ds(Wave set-up) @GS st st 452 7 A}
Zhopzitt. 183l B A E(Run-up) @72 sfiHlze s
oA

HAEsI= sldS S7MAA, Rk F9AAE °
Zth o] 4E

(3) ol 711%k
AEAE] FHYAH

[e)
5
9 F717} 37485% ool Uekith
Borieze] SABA et eEe
WEEOR o|FAA HFUEE 3

<l
ﬁz

O
=

ol

filo

1.0
Intrusion length
—&— Ahg=0.1m
—— Ahg=0.2m
Ahg=0.3m
0.8
-
= 0.6
©
0.4
0.2
0 20 40 60 80

I(m)
(b) Seawater intrusion distance

Fig. 15 Characteristics of mean water elevations behind curtain wall and intrusion length of seawater due to embedded depths of curtain wall
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Variation Characteristics of Haeundae Beach using Video Image
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ABSTRACT: In this study, we analyzed the real time video image obtained from the video monitoring system to grasp the shoreline, beach width,
and area change of Haeundae beach. The video monitoring techniques enabled continuous monitoring for a long period at a much lower cost than
general survey methods. It was possible to grasp quantitative beach variation characteristics of Haeundae beach through image acquisition, rectification,
and image processing of video images. According to the monitoring results, the erosion rate of Haeundae beach in spring and summer was -19.8%
in 2014 and 6.7% in 2015. The erosion rate in 2016 was -6.4%, which showed that the erosion rate in spring and summer continued to decrease.
In particular, the influence of the erosion at the time of typhoon CHABA was revealed to be smaller than in the past. It can be concluded that these
variations were due to beach width expansion by beach nourishment and the installation of submerged breakwaters.

.M B 7h gule] AHgo R g wgo] 29um, 7)d delol %
Ak 5ol olf2 ANt A%A BEo] BT W
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HBLZ Qsle] Agky] xYo] FA3] Frlshe FAOl ok 2@ Zhske] Holman 272 37 (Holman, 1981; Holman et al.,
o2 Qlall AAZ & oflel #4 2 ASlH EAE 2 1993; Holman and Stanley, 2007)5 AlZto.2 o A= Kim et
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zol-
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717 AE5HQ0 #ASo] L3 Ao Aol FYEHE & AASH LM, Kang et al.(2007)$} Kang et al.(2009)-2 A A|ZE H]
FAgel ofsfl FF 2FS shrvKLee et al, 2005; Kim and L RUEHE 7IHE o83t sled eSS vRd =
Lee, 2007; Kim and Song, 2012; Kim et al,, 2012; Kim and Lee, W] F8 5§ tig silds 54< T8I Lee et
2015), 3 AR = AFAAH F4e B3l B4 WHEom  al(2009)2 MY LGS o] &sle] At vEgAEy 1 &
et al., 2010; Ahn et al., 2011; Hwang et al., 2014) 5°] AF&-5|o] e thiate] #=3192H, Lee et al.(2015)2 &3 |2t =
Soh AL ol2d WHES W Y o] aFHT, 1 E o R MU AZALEE FEIY 29 wE 24
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Table 1 Introduction on coastal maintenance projects in Haeundae

beach
Item Scale Period
Beach Ist. 183,909 m*  2013.11.~2014.2.
nourishment 2nd. 397276 m®*  2014.12~2015.4.
Submerged Mipo 180 m 2015/06
breakwaters  Dongback 150 m 2015/12
Groin Mipo 110 m 2014/08
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2.1 sl si+=22e| H|T|2 ZLE{E! AJAH
| FFAHE Bt BUEF Al E“(Vldeo monitoring system)
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Foll om, AFA Alz" 4L PG, 7t EF
2AEY, YA 2 A5HE ZEE FAEKFig 2, Table
2). 7HE B FEASHAFEZIH)E A954E 5

Table 2 Introduction on video monitoring system in Haeundae
beach(MOF, 2015)

Sites Installation ~ Camera  Resolution t{c?;rar%;
Glory condo  Sep. 2003  CI, C2 ?gff?; 28 ipg
Paradise hotel Oct. 2015 C3, C4 (‘ig?\?lxsgi% ipg
Chosun hotel Dec. 2003 C5 g):f Xplligg jpg

Fig. 1 Schematic diagram of coastal maintenance projects in Haeundae beach(BROOF, 2015)
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Fig. 2 Observation range & schematic diagram of video monitoring
system in Haeundae beach(MOF, 2015)
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Fig. 5 Distribution of ground control points viewed from Chosun
beach hotel

Table 3 Accuracy of GCPs and image extraction coefficient

Camera number C1 C2 C3 C4 C5
GCP number 28 45 42 43 61
Applied GCP number 27 34 32 38 47
XY_RMSE [cm] 080 0.56 068 048 052
Z RMSE [cm] 1.50 065 050 076 082
X-axis movement [mm] 776 698 141 921 239
Y-axis movement [mm] 72.19 6786 6692 8229 58.82
Z-axis movement [mm] 1240 2120 1859 243 411
X-axis rotation [deg.] -103.3 1299 -114.1 -109.1 85.1
Y-axis rotation [deg.] 140 -87.8 36.14 -743 -60.8
Z-axis rotation [deg.] 1713 -434 1612 -1675 -4.1
Focal length [mm] 1327 2623 24.05 2669 17.13
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64 Tae-Soon Kang et al.

st7 |tk Fig 60l YL} SFtmote] FAUAE =Y
=2 Yehfio] At

24 Rz2EN

241 ABEA WY

Ht 2 RUEY A2~H o2 HE Q‘——E—i g B3l <t
FRIZ)ol| tiste] 24 BAY AAE B4, AFE £4 5
ate] s Rl AV |HEELS J’r"—ko};’it} | J%EE
FE FEH AWFL afHe] Zi(Tidal height)oll w} 3
o] GEAER v slHe] 24 2AS Fotdt &, FHFIERS
Alel FRIEE %Vo% AT U ?SHO‘J*J—S— oFF
T2E A4E HoE Aot 9ot B AFdiE tiat
A He] A2l sAs FFS wetsly] st 19 A4 |
3] o) HZo| led FHURAY Mo S &
gtk slet) sivle] Hitle RUEY A8S 29U A
ANZI7] st Qe ARG FPsdRAM Y] Fakzed
4 ARE AMESIon, 29#AF4 et 87
2 ABRBA (AR, Z2AHNE 223 & 29324 AB8E
e s8] 207 kste] ATE 2] 3F THTable
4, Fig. 73} MOF, 2015).

=

o

2

- o
A

:L

A

Table 4 Tide information of Haeundae beach

Tide station  lidal height  Time lack of Analytical
ratio tide criteria
Busan 0.98 -10 min. HW.OMT.

120

105_APPROX. H.H.W.
H.W.O.S.T.

Sp. RANGE 94.4
Mn. RANGE 64.0
Np. RANGE 33.6

L.W.0.S.T.
APPROX. L.L.W.

Fig. 7 Tidal chart of Haeundae beach
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Fig. 8 The mergence of orthogonal image

Table 5 Accuracy of coordinate transformation

Camera number X RMSE [m] Y RMSE [m] XY RMSE [m]

Cl 0.17 0.39 0.42
C2 0.16 0.11 0.24
C3 0.11 0.07 0.13
C4 0.07 0.11 0.14
C5 0.39 0.24 0.45
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(d) Shoreline extraction

Fig. 9 Shoreline extraction using a moving distribution pattern
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gt dFEAte] siRiH o] F43] FUISIATE ol ot
B ¢ 8 1o A7 sNidE 54 ¥ 20161 108 Al18
3 HF A yEH$e @] siNwE 548 wobsigth

3.1 I 0]&(2003/11~2013/10)2] Z7[HEIHS &
20043 3HA| EH?; W7l U2 2% siiiHz e 7 o]
F 2008 37HA] Al A, A SRS AEW
A4S Holm A&EAQ F7MERS YIS
AR LA 23 H‘ﬂ%ﬂ o] FEF A7]el] &S
(20101 =3}, 2011 Bhab, 20121 4Hhe] GaFo g
Edgo] o3 afrivA 07}7:‘6*01 Tha sl A A
Wz o] a7 ko] Vet

A& B ZHATF JER] ARE 2009 FE o1
3 <l 20129714 sl s8] A WHHE TAasd
oF 1,304m(-2.2%), & WEEFL H 16,8602 LEFSTH(Table
6, Fig. 11). AAn|AG e 23 tiffE 4Rl o|Fo= ud <
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Table 6 Annual area of Haecundae beach before the beach nourishment

(unit : nT)

Year Max. Ave. Min. Rate [%] Var.

2004 50,312 45,992 39,750 - 10,562
2005 48,711 46,896 43,388 2.0 5,323
2006 52,997 47,373 45,593 1.0 7,404
2007 56,524 51,347 47,742 84 8,782
2008 66,650 59,032 54,193 15.0 12,457
2009 67,096 58,056 52,414 -1.7 14,682
2010 66,346 56,944 50,763 -1.9 15,583
2011 66,689 57,509 46,339 1.0 20,350
2012 63,485 54,145 46,662 -5.8 16,823
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Fig. 11 Observed time-series of Haeundae beach area before the beach nourishment

Table 7 Beach nourishment history of Haeundae Beach (unit : i) Table 8 Erosion period monthly average area of Haeundae beach
Year Amount Location Year Amount  Location after the beach nourishment (unit : i)
2004 1,980 Ocean floor| 2009 940  Ocean floor Period Max. Min.  Rate [%]  Var.
2005 1,764 ( 2010 970 " 2014/03~2014/10 112,055 89,842 -19.8 22,213
2006 1,360 ” 2011 1st 1,050 ” 2015/04~2015/10 143,652 133,987 -6.7 9,665
2007 1,340 ” 2011 2nd 1,025 4 2016/03~2016/10 139,125 130,180 -6.4 8,945
2008 910 7 2012 1,024 ’
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Table 9 Area data of Haeundae beach before and after Typhoon

CHABA
. Shoreline  Ave. beach
Time Area [n7] length [m] width [m] Rate
2016. 10. 03. 13:00 135,539 1,446 93.7
2016. 10. 14. 15:30 132,674 1,442 92.0 -2.1%
Change -2,865 -4 -1.7
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Fig. 12 Observed time-series of Haeundae beach area after the beach nourishment
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2016. 10.14.15:30

Fig. 13 Shoreline variation of Haeundae beach before and after
Typhoon CHABA

2016-10-05 11:32:51

Fig. 14 A photograph of surge and high waves generated by
Typhoon CHABA in Haeundae beach
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Multi-beam Echo Sounder Operations for ROV Hemire
- Exploration of Mariana Hydrothermal Vent Site and Post-Processing
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ABSTRACT: This paper presents the operations of a multi-beam echo sounder (MBES) installed on the deep-sea remotely operated vehicle (ROV)
Hemire. Hemire explored hydrothermal vents in the Forecast volcano located near the Mariana Trench in March of in 2006. During these explorations,
we acquired profiling points on the routes of the vehicle using the MBES. Information on the position, depth, and attitude of the ROV are essential
to obtain higher accuracy for the profiling quality. However, the MBES installed on Hemire does not have its own position and depth sensors. Although
it has attitude sensors for roll, pitch, and heading, the specifications of these sensors were not clear. Therefore, we had to merge the high-performance
sensor data for the motion and position obtained from Hemire into the profiling data of the MBES. Then, we could properly convert the profiling
points with respect to the Earth-fixed coordinates. This paper describes the integration of the MBES with Hemire, as well as the coordinate conversion
between them. Bathymetric maps near the summit of the Forecast volcano were successfully collected through these processes. A comparison between
the bathymetric maps from the MBES and those from the Onnuri Research Vessel, the mother ship of the ROV Hemire for these explorations, is
also presented.

1. M = 2015a; Min et al., 2016).
OsH S¥=417](Multi-beam echo sounder, MBES)= <&
A FZFHEAT A& SFTite] Aoz I H MY & W& o83t TS S AU AFS 2R
FAFA vl E NLSEATHLee et al, 2007). O] f83HA AMEEE AHlolth Aul MAH| Aabete] ZA}
uleeE AW 6,000m7HA] Hrt 7hsstH Faoh e 2 oo st Afolle Aalol AodTsE dErt oA ©yol
A AU 55 ol &35t Aldl 84 4 AEAE =8 5 9 Atk 2HEE F2 AYolgts Y #IZFo] QTEHE A9l
3, fyEEelHE o83t FHE 2 A ARE T+ = ;AU A 2 8] 87T o]F A5 o]

Atk A &5 GAR 2006d= MG dejAH20034  sfiv|He} 22 PAZTTATH (Remotely operated  vehicle,

N, 130°40' E)oll A 74 5,775m7kA] aste] 1 d5s Y453 ROV)©OIY A-&F1%<7(Autonomous underwater vehicle, AUV)

Atk 7] NE olFele FE T BA] FYE fow, o SFEFAIE At &85k Flo] I UteE uiTy

2015 A= AS7HA] A s o] 2 BRI ERE] Atk

g A9bERl e AR Al G4 A, AAE 5 5ol u]= Monterey Bay Aquarium Research Institute(MBARI) A=
o]

Y, §4HA7E AFE7EY 24} 5 FHATHKim et al,  MBESE AUV Dorado®ll A=) tHKirkwood, 2007).0] ZHZL
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AUV B2 T@503 8% $5 13, ROV Ventanadl] vl
Exo] ROV REELE AHEE & Utk ROV REQI ¢ 24
I AZH FdelZ A o] E(Umnilical cable)Z A3} 350l A
oS W= Tl IARE, S4FR1 A EMi) Aoj7t 7hssHAl
"t o]& ©]83t] Monterey Canyon Aol thgh s =3
(Bathymetric mapping)2 A3 A2 F3ct G832 o|H &
gt AlZoll= AlE 3712 MBESS] $XI9}F AAI7E 2 G v
Zth ROV Jasonoll A28 o1l SFSAVIE o] &3 SA1H
HAAF4 F A =24 (Simultaneous localizatioin and mapping;
SLAM) 71'Hell &gk A7t =351 S (Roman and Singh, 2005),
Motion sensorS ©]8&3le] MBESS| x5 1218 Hotsla
AAE 4 J& 71l g AT = Y5 thKang et al, 2010).
TS MBESOl AA3 7€)1 Fo2M AS 99 JaE
F e WHo] At=E % JTh(Park et al, 2011). HA|TE o}
FUlellA= AUVHY ROVE ©]-88 MBES®| Alel -8 o]
A3 o)tk

2 dAFolAe a4 A% aivE FARSTA A"l o
71e 4=l MBES®| &3 1 AFE AJstaA) vk 4
o dale &AE B3 1 Aeol AEE S IEH% o]-&-3tq
Bl & A wigohdt diA st 24 EF BEFO] A
LS 35 SIThLee et al, 2016). 20161 3€¥ 23?4_TE1 4
4 5971A 1499 ¥ = o] HA=H, o] FAE F3th

FEET T 2 EY1rI0] RIS ¥

ZJA4A e} 7ol AR B B¢ IF T 4FHoE &
st xS MBESE ©|&3te] dTEEs 7H Y
g 220Uy ZRAE HolEE AATh o= FWellA =HA A
gl Al FRIRFA S o] 88 Hxo AlZolth

B =7 748 o3 2k 2% A= ROV v} AME-E
MBES Zt2}el] thgh 471 9 AEj#| o] 2=o]] i3l A gt MBES
= AA 92 AATE §I7] dEel Z29dE 2RJQE S w3t
o] $1A] & AAE v E2RE g AEF vt =3 MBES
o zh A42he] A D F A Alele] #AE RSt
o] MBESCIA #5553 ZE9UY ZRJAEV} A& 174 F3EA
Hs2 F JAEE ik 37A= MBESY] Hlo|El} sinleel
HolHE 571871+ 48 #8-& A3tk MBESE 3fiv]
YERE] A e 2] g A vlo]E| 9} Ailo] FAH3 22
ey XRIE dolEE I A Het 54 &
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Fig. 1 Deep-sea ROV HEMIRE

Table 1 Specifications of the HEMIRE

Items Values
Max. depth 6,000 m
Dimension 33 m (L), 1.8 m (W), 2.2 m (H)
Weight 4,200 kg @Air, 1,100 kg @Water
Payload 200 kg
1.5 kt (0.77 m/s) Forward,
Max. speed 1 kt (0.51 m/s) Lateral,
1.5 kt (0.77 m/s) Vertical
HD camera (3 ea), Color & B/W Cam, HMI/LED
Equipment lamps, CTD sensor, Altimeter, IMU, DVL,

Forward-looking sonar, MBES, USBL responder,
Two 7-DOF hydraulic manipulators

A9 Elle] HD Fiuieh AsHoR 4SO v (Back e al,
2014; Back et al, 2015), 413 BAFE 98 a7EE JF-S
el Ezlow tgstr] fste] Al=g S A% A7t
) SITHKim et al, 2015b). ©]¥ EFALol A= X%} *“"1 il
E ¥F AX|(Sediment trap), S (Bait trap), 7] 5 T L
of e gata) s thre AR e

2.2 MBES(CI=E S&54071)

MBESE th9] WS AT A4S Fi Akste] A =
A T& ZABHE AR 3|A AY AS d8 &&= Ytk
B Aol A AME-E 235471+ Kongsberg Mesotech] #|&2
2 2952 M3o]H, £ ] ARFS Table 201 89F314 1, Fig.
29 YJERATE M3 MBESE ©|7|3 E=(Imaging mode)2} =
239U 8 T E(Profiling mode) =5 7155l 500kHz2] 25671 2]
WS o] g3l YHol= 35 2Roll)S F52(PitchyE Al=3}
= AL} Ae58(Yaw)E ASshe A7 g = o



Multi-beam Echo Sounder Operations for ROV Hemire -

Table 2 Specifications of M3

Items Values
Frequency 500 kHz
Range 0.2 to 150 m
Across track field of view 120°
Along track field of view 3°
Number of beams 256
Update rate Up to 40 Hz
Beam spacing Equiangular

Fig. 2 Multi-beam Echo Sounder - M3 (Image from www.km.

kongsberg.com)
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Fig. 3 Multi-beam Echo Sounder on the

Exploration of Mariana Hydrothermal Vent Site and Post

Multi-beam}
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Fig. 4 Swath width and altitude of the Hemire
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Fig. 5 Communication block diagram of the Hemire
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7350 ghste] SaF=A7)0 AER)o] WE FAE(S)S 4 (1)
3} ko] Alalo] Hu Fig 49} o] =T & Qa, Ao
2 7t 2] HA9)F oldl mE A= HA & 5 U

5= on 2% _ g yean 1
- 1+cosf, 7 M

Fig. 55 MBESE X33 sfjnjefe] Al2Hl E54d=o|n. o]
Hul QEH o] AE Al Fdh= MBESE 3lv]ee] vt Ao Ui
£-7](Video control canister)2} At W87 ](Low voltage canister)
E AA BEANOE AL AT A3 o] F(Remote
control unit)e] ESFHAEE Fig. 69 ZAEIETE F5AS 53
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H olgyl 29XE 53l MBES Alo] HFEE HIES o8 3
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Table 3 Data from Hemire to the M3
Information Format Name
Depth NMEA ‘DBT
Heading NMEA *HDT
Position NMEA GLL
Roll and Pitch Non-NMEA *Octans STDI

*. DBT, HDT and GLL are NMEA formats from NMEA 0183
* Octans STDI1 is a format from IXSEA (www.ixblue.com)

Operator Inputs
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transformation matrix)= ©|-83] FTHEZ £ JATH(Spong and
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Ll
0001
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sfelst 2.
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Fig. 6 Communication block diagram of the Remote Control Unit
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Table 4 Summary of Forecast volcano explorations of the Hemire
using the M3 MBES

No. Items Values
Dive No. 02
Date 2016.03.25

Exploration Station / Target Forecast volcano

I Start point 13°23'42.38" N, 143°55'11.52" E

End Point 13°23'41.78" N, 143°55'12.66" E
Number of packets 3,721
Dive No. 03
Date 2016.03.27
Exploration Station / Target Forecast volcano

II Start point  13°2341.99" N, 143°55'11.24" E

End point 13°23'43.13" N, 143°55'9.14" E

Number of packets 3,047

O Yo 2 FA(Fig. 8)% oy Fre] xHAo] 122 Fdsliok
AR, AA dHolHe 138A X Jdd Aotk o 2%
Table 304 A3t nle} Zo] ] FF/Fe HoJHE RyWor],
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o] Ax 9 3¢5 x3J}ele], Ag3(Water sampling), 27173 =
A, 44 9 EFe] AFH & TSI THLee et al, 2016). £
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Fig. 11 Seafloor near Forecast volcano
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Roll and Pitch
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Research and Publication Ethics

Authorship of the paper

Authorship should be limited to those who have made a significant contribution to the conception, design, execution,
or interpretation of the reported study. All those who have made significant contributions should be listed as co-authors.
Where there are others who have participated in certain substantive aspects of the research project, they should be
acknowledged or listed as contributors.

The corresponding author should ensure that all appropriate co-authors and no inappropriate co-authors are included on
the paper, and that all co-authors have seen and approved the final version of the paper and have agreed to its
submission for publication.

Hazards and human or animal subjects

If the work involves chemicals, procedures or equipment that have any unusual hazards inherent in their use, the author
must clearly identify these in the manuscript. If the work involves the use of animal or human subjects, the author
should ensure that the manuscript contains a statement that all procedures were performed in compliance with relevant
laws and institutional guidelines and that the appropriate institutional committee(s) has approved them. Authors should
include a statement in the manuscript that informed consent was obtained for experimentation with human subjects. The
privacy rights of human subjects must always be observed.

Fundamental errors in published works

When an author discovers a significant error or inaccuracy in his/her own published work, it is the author’s obligation
to promptly notify the journal editor or publisher and cooperate with the editor to retract or correct the paper. If the
editor or the publisher learns from a third party that a published work contains a significant error, it is the obligation
of the author to promptly retract or correct the paper or provide evidence to the editor of the correctness of the original
paper.

Ethical Codes of Research

for The Korean Society of Ocean Engineers [1, Nov. 2008 amended]

All members of The Korean Society of Ocean Engineers, by observing the following codes of conduct and regulations
regarding research in the field, will contribute to the development of ocean engineering and the security and prosperity
of the society and the nation, thus holding our honesty, reputation and authority in the highest standards.

A. Foundational Spirit
1. We make a contribution to mutual prosperity of mankind through ocean development, using the knowledge and
technique in the field of ocean engineering.
2. We contribute to fostering the good spirit of citizenship by conducting responsible research.

3. We make efforts to enhance our authority and competitiveness as experts in ocean engineering.

B. Fundamental Canons
1. We consider the public security and welfare as a top priority and conform to the principle of sustainable use of
ocean in conducting our research.
2. We promote professional development through performing proper research and provide young researchers with the
opportunities to develop professionally.



3. We respect the public values such as honesty, accuracy, efficiency and objectivity in offering services such as
providing expertise or disclosing research results.

4. We do not have unfair competitions with others and solve problems with objective information and processes
when there is a clash of interests.

5. We raise common issues only through objective and fair methods.

C. Practical Platforms
1. We consider the public security and welfare as a top priority and conform to the principle of sustainable use of
ocean in conducting our research.

(a) We must acknowledge the fact that the life, security, health and welfare of the public have an absolute
reliance over our products such as structures, equipments and machines that are given thought to and made
into decision by engineers.

(b) We must not propose or approve research plans which cause harm to the public health and welfare.

(c) We must conform to the principle of sustainable use of ocean to enhance the quality of the public life and
endeavor to improve the ocean environment.

2. We promote professional development through performing proper research and provide young researchers with the

opportunities to develop professionally.

(a) As we build our career, we must continue to acquire new knowledge and promote intellectual development
by keeping track of research results, organizing research methods and raising necessary issues voluntarily.

(b) We must be thoroughly honest to the contributions from cooperators, competitors and predecessors and utilize
them for our professional development.

(c) We, as administrators, must supervise young researchers in a fair manner and, as their advisors, must assist
them sincerely to grow into socially recognized members.

3. We respect the public values such as honesty, accuracy, efficiency and objectivity in offering services such as
providing expertise or disclosing research results.

(a) When we offer service under our responsibility that involves providing professional knowledge, we must act
according to professionalism as a commissioner, trying to prevent waste of resources and reporting objective
facts, trustworthy data and accurate research results.

(b) We prohibit any fraudulent acts in conducting research such as fabrications, forgeries and plagiarism.

(c) We must admit our mistakes or errors when they are verified and must not try to justify them by distorting
facts or data.

4. We do not have unfair competitions with others and solve problems with objective information and processes
when there is a clash of interests.

(a) We must not distort the professional, academical qualifications of ourselves and coworkers. We must not
fabricate or exaggerate our positions or authorities of the past achievements.

(b) Our papers must contain facts and no exaggeration that are contributed to media sources. When publishing
a paper or a report which involves multiple researchers, we must allocate authors based on their levels of
contributions and mention every person and institution that is concerned and provided assistance.

(¢) We must not criticise others' achievements in an irresponsible manner by intentionally distorting their
professional reputation, prospects and character in both direct and indirect ways.

(d) When a clash of interests occur, we must organize a committee composed of authoritative experts in the field
and fairly solve the problem based on objective facts and data.

5. We raise common issues only through objective and fair methods.
(a) We must be thoroughly objective and honest when submitting expert reports or policy proposals and include
relevant, sufficient and appropriate information.



(b) When addressing public issues through open debates or forums, we must provide opinions based on objective
facts and data and must not cause harm to the public interest by making groundless argument or being
involved in private interests with others.

(c) We must be honest when explaining our business and its advantages, and must not try to meet our interests
by damaging professional honor and coordination with coworkers.

6. All members of The Korean Society of Ocean Engineers must abide by the ethical codes of research stated

above.

. The Scope of Manuscript

L.

Manuscripts include papers, technical reports and commentaries, and papers must be the ones that are not released
in other journals.

. “Journals” are the ones that have an appropriate screening of submitted theses and that are published on a regular

basis.

. All manuscripts other than the ones stated in the previous clause can be submitted such as conference papers,

research reports, diploma papers and academic articles, provided that their sources are stated according to the 3rd
clause of The Regulations on Paper Submission in The Journal of the Korean Society of Ocean Engineers.

. The Definitions and Types of Fraudulent Acts in Research

1.

“Fraudulent acts in research” include all affairs that violates ethical codes of research: fabrications, forgeries,
plagiarism, overlapping publications and unfair marking of writers which may occur in every phase of research
process, such as in a proposal, conducting, a report or presentation of research results.

. “Fabrication and forgeries” refers to an act of distorting the content or outcome of research by making up false

data or results.

. “Plagiarism” refers to an act of unfairly employing all research results, such as others' publications, research

proposals, ideas, hypotheses and theories, without a fair approval or quotation.

. “Overlapping publications” refers to two writings published in different media sources that are totally identical in

their contents or share the major contents. It is also the case of overlapping publication where the paper published
later contains a slightly different viewpoint, yet contains the same or slightly different analysis on the same data
from the previous paper.

. “Unfair marking of writers” refers to an act of unfairly gaining reputation by pretending to be a real author of

a paper without any participation in research.

. Fraudulent acts also include a behavior of intentionally disturbing investigations regarding assumed misconducts

in research or inflicting an injury on an informant.

. “Other fraudulent acts in research” refers to all affairs that are generally accepted as the violations to ethical

codes of research in the academia.

. Screening System, Processing Criteria and Procedure

L.

Screening System

(a) Authors must submit a “consent form of delegation of copyright” which necessitates an author's confirmation
on any violations to ethical codes of research.

(b) When inspectors raise question on any violations to ethical codes of research, The Committee of Ethical
Codes of Research determines its/their compliance to the regulations after examining all materials concerned
and giving the contributor a chance to defend him/herself.

(c) When any violations to ethical codes of research are found while screening or editing (after the insertion of
a paper in an academic magazine), The Committee of Ethical Codes of Research determines its/their
compliance to the regulations after giving the contributor a chance to defend himv/herself.

(d) When any violations to ethical codes of research are called into question after a paper is published, The
Committee of Ethical Codes of Research determines its/their compliance to the regulations after giving the



contributor a chance to defend him/herself.
2. Processing Criteria
(a) All processing criteria regarding fraudulent acts in research follow the regulations and detailed rules for
operation of The Committee of Ethical Codes of Research of this society.

3. Processing Procedure
(a) When any affair is determined as a violation to the ethical codes of research in the phase of submission or
screening, The Editing Commission should report it to The Committee of Ethical Codes of Research.
(b) When any affair is determined as a violation to the ethical codes of research after the insertions of a paper
in an academic magazine, The Committee of Ethical Codes of Research should immediately cancel its

publication and notify the cancellation to the author/s

G. Ethical codes of Editing
1. The editor must a strong sense of ethics regarding the codes of conduct in research and in publication. Also,
he/she must not have any personal interests with others in the process of edition.
2. The editor must thoroughly keep security in all matters related to the contribution of manuscripts, screening and
publication.
3. The editor must be well-informed about the violations to ethical codes of research and make a neutral and

impersonal judgement when he/she found any violations.

Supplementary Provisions

1. Regulations stated above are enacted after 1 Nov. 2008. For the manuscripts contributed in academic magazines
before 1, Nov. 2008, the 3rd clause in “D” is not applied. Also, they are not interpreted as violations to the ethical
codes of research even if they did not stated their source in the journal of this society.

2. Also, for the papers applicable to the clause “D” or “E”, the writer/s can take measures such as ‘“cancellation of a
paper” based on their judgement, or “rejection of screening” if the paper is under screening.

1, Nov. 2008

The Korean Society of Ocean Engineers
[31, May 2007 enacted]

[1, Nov. 2008 amended]
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