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Abstract :

This paper presents the sea-trial results of Crabster CR6000 which is a deep-sea

walking robot developed by KRISO in 2016. Crabster CR6000 is designed to inspect deep-sea
environment rejecting the disturbance on the silent and calm abyssal area. The sea-trial was
conducted at the East Sea and the Philippine Sea on December 2016. The Crabster CR6000
undocked successfully from the Shuttle after touchdown on the sea-bed and walked out on the

soft sediment soil of the 4,743m seafloor at the fourth diving in the Philippine Sea. The

advanced technologies and capabilities of CR6000 were verified from the operational and

functional test conducted in the sea-trial. The experimental data acquired from the sea-trial

were summarized and the first experience of the deep-sea walking robot was presented in this

paper.

Keywords :

aK
o= "]TSH Oﬂ)“gEHﬁ]% 3+
gk #Hale] = A io]’ﬁ_ﬂ /‘ﬂﬁ]xﬂ.ii cheFgk Al
g FAGgol AL %
dAFANRSFE (ROV; Remotely Operated
Vehicle)& A8l 45 AeA 5 #HstxAld & 7]
&5 gt v WHOI] JASON [2], i
JAMSTEC®] KAIKO 7000 [3], =% IFREMER
o] VICTOR 6000 [4], 74t} CSSF-ROPOS<]
ROPOS [517F wisE#<l Aa #3t&ARE ROV

™, o]z ROVELS Aa] #3txAlE u]E3ste] 3
Al i R A, A R S by gwa
olUgl #AME o REE ZWA &85 1 9ot gt
g AutagE A=A Tl A 20079 67<dm—1 A

*Corresponding Author (hwshim@kriso.re.kr)
Received: Aug. 11 2017, Revised: Aug. 29 2017,
Accepted: Sep. 1 2017.

Bong-Huan Jun, Pan-Mook Lee,

Park, Hyuk Baek: KRISO

Seong-Yeol Yoo : Keimyung University

# R e AU GEAEATLS A

“4%@ EglolE iA=L sd7el oJ&f ey
& (PES2250).

Jin-Yeong

O IEMEKJ Embed. Sys. Appl. 2017 Oct. 12(5) 331-341

ISSN : 1975-5066
http://dx.doi.org/10.14372/IEMEK.2017.12.5.331

Crabster, CR6000, Deep-sea robot, Underwater walking, Six-legged robot, Sea-trial

& s sinlel ROVE 7 2

g EAbet A S FIE 2a o X
2ol =g dried AgAEN FTEFoE
Falet B Gl AFEAE FAEsAT [7, 81
20159°l= Syt sl F4 176mFH
2,032m Ate]e] 87F A FolA g At
MES AFAE SAHE Fd8 93 [7], 20164 3
d~4 4ol = "1Eﬂvﬁ°k ol A W FdE I
e BT [8]. Bl G ALl A
v = —’F’;} 1,500m Forecast 3|4 &ta} 54
3,000m Arch- aean @FEE=3FS BASIEA $-

Pubet gulEs Aeow 95 Fue g @ A

o)
2 2
Lo
—lﬂ

2 BAE = e #Ysta FEe A
Z28 9= ABE o|FHWH

A8 ROVE dvbxlow ubx o] =74
FE Aot 7 EAE gasla oo Zad
g FAVZ ol FFINE FId F A
o] wiyEdelHE s AAPS W A A
of T54do=2 /1Y (intervention)d = Y=
oltk. ROVE o|&3 AsfEAies FAxFAol
ojEatd AlaEAY] d9S grIHoem &
ok a2y ROVE siAHe] A5 A °)&

[e]

=
of el ul, o 3 2

FA718 F2AAE @k e
stel Aalgabe ¢asE Selte gad

A~
£How



332 Aig 3

53 BB FASE BgelA ZeAed o @
gt Aol fEol Ad 4EBAL v
gl JF& MATE A4S Pt T2
e sgoz ABASL ROVE AASNT, =
el J% 5 F5e A4 HAEGF ¥
W WAL RS FHAA FAE Eep
WS FHEES 2Re] AokE slela, EHol
W AAEFe WEEA 747t dol Ak, w
wEA e AEL AAdE A BF oyl
4% HS AxsEEA g BRds Ae 3
S 2|4 o} Fag ol

ol gk Qo #A2~H CR6000 7]

KR
MEEtA =Tk AW2E CR6000S & =Ak
FAAF ARG o $98 T BgolE H
ARZZE TR A5t dREem JEEY. 2013
d FaAClA AL AL A BRAF=E A%
2¥ CR200 [9, 10] 7I=S Asl= gdsta Al
g4 54 aystel AaE By =R CR6000
AA HAx==2 pEstidtt [11]1. CR60002 2016
7% A Ja 22 8 9dol A AA
doll Faliot BB FolM dafjd A& FHEA
Eﬂﬁ FollM FlE 43 Aol Hedl 2
Pk A7 2 solA Rad CR60002 F AlZE
ol Fedel 4,743m Al sl HE
CR6000 Atold] #AHFAXE #|As ¥ CR6000L
NERRE REHe B¥Y AR dol it A
) gAl NS A == A Al ZE
e AT ARG F ol A7kl
Lgrgk CR60007 M52
FARS] Q1% ME}. 2 =#olAE CR6000 ¥ ¥
a 2 e e

PR A

rulo

-

-lmd‘—ﬁHm

g

A&
o~

+& 2 7T

A

2RoE AANMNE HLoR oFold s &
FABANN mayzRe Ha 8RR GAS
=]

o] 7]& ROVS= A sty =
Atell &82 ¢ &S Fdsi. B =8 1%
ol A= CR6000 Al=®le] 43 54 sl M=
star, MAelM = dalg Alddelr Aozl dole gt
ol ek nFE AAeH, VAL & =& 2d&
oz AgARe oot FF AgE AT

13474 _17<4 A E]—

gut

.

ru

a8 ROV A sty =

AR CRE000 AIAHECS A

# 1. CR6000 A|=%)

T AL

Table 1. Specifications of CR6000 system

Items \ Specifications
CR6000
Dimension Length/Width/Height: 2.0/2.0/1.4m

Weight: 980kg(in air), ~10~50kg(in water)

Nunber of legs

4 legs with 4 DOF
2 legs with 4 DOF + gripper

Max. speed

Walking: 0.5m/sec (1.8km/h)
Swimming: 0.5m/sec (1.8km/h)

Max. operating

depth |6,000m

Position accura

Absolute: less than 3% of distance

€Y |Relative: less than +0.02m

Max. survey ra

nge |Scanning sonar: 150m

Power consumption

Less than 5kW

Control Remote control via tether cable
Shuttle
Dimension Length/Width/Height: 2.3/1.1/2.2m

Weight: 950kg

Max. operating

depth |6,000m

Position accura

cy Absolute: less than 3% of distance

Power consumption

Less than 0.8kW

Control Remote control via tether cable
-Reduction of cable weight and
Main function mother ship motion effect
—Power and communication relay
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Fig. 1 Configuration of CR6000
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Fig. 2 Configuration of shuttle
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Fig. 3 Structure design of artificial leg
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Fig. 4 Communication structure of CR6000
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Fig. 5 Power distribution of CR6000
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Fig. 6 Sea-trial site of philippine sea
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# 2. CR6000°] FgA=| F 715
Table 2. CR6000 diving log in Philippine Sea

Div. | Date Div. Div. | Div. | Div. ];‘fd{ \]’)Vj:;;ol;l Bottom | Bottom giﬁg‘;n
No. (Y/M/D) | Purpose | Area | depth | time time (Minute) ON time | OFF time (Minute)
CR6K
2016 30N, . . _ _ _
16 12/18 te'st' 1358 1000 8:18 12:10 232
Diving
CR6K
2016 30N, . . _ _ _
17 12/18 te'st' 1358 4006 19:00 1:40 400
Diving
CR6K
2016 29N, . . . .
18 12/19 te'st' 1358 4731 9:52 15:51 359 12:31 13:10 39
Diving
CR6K
2016 29N, . . . .
19 12/19 te'st' 1358 4743 20:17 6:08 591 22:30 1:45 195
Diving
Total 1582 234
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Fig. 8 Trajectories of R/V Onnuri, Shuttle and
CR6000; GPS and USBL Posidonia

o] &% M E-CR6000 %
Fig. 7 Launching of shuttle-CR6000 using

a-frame on R/V onnuri at the philippine sea

ok 23 7 2 YN A-Zeor eys

AL 2R E olgeln. 2 dse d864m,

AE 12m, W5 1370%, Aol 13:=E= 10,000 E‘CR60004 2Eg vehla, 2as)eA
slele) g} bseta, A7 259 Ega 41 o0 oo 2 NEREE)

Bel x4l g5 bsd Aol HHY A

A7 & 79% 49 AN $8 59 say 2w AX FA

3, @H Age 247 FAdc 297k AX A A Fel A vl WA g AT ASTE S
F % 43 BRI o)F 28 AIA APe  Ze AE 2P CR60009] 1A AXE 1™ 8l
AT = £E AR 2647 228, ettt 2l ElA CR6000 A" 34
AW A BA|ZFE 3A7F B4R Huy FEEAL d F 4743m s ddE AAse T &
4.743m%tr BR@E AFe U HA FSdA= THEe gAssla, Y F5 F ddets
4.743m =219 A4 CR6000S MEZNE A =FEEe F 05~1xE9 £x= 4. &

FHoz velstel £ olsan, s gwA T AAANL GPSZRE, ME# CRE000:
§& HDYs} CCD 9o #9she _g_ oj@e]  USBL Posidonia A28l o5 E d2 dloE o]t}
W ATE SYAU. 120 200 Y] A CRO000 ALHE AT F 210l T 4
sol 120 229 oHol AAE FEom aes  AA FHAD. AAE A9 Aae ALY

Folith. +FFo] oF 50kgql AHNA 1 1



336 alolE ASBEAH CR6000 AIAECl ASHSE AlE Z1
CR6000 Posture : Roll, Pitch, Yaw i GREEG - Pacic Tet 161219, 216,53 OR Naigaton i LA ot T ={12803 1680s / TrawiOftarce =54
I\\ J & Shutle USBL
CRB000 - Pacific Test : 16.12.19. 20:16:53 - AHRS / T= [12803,13535]s il pastion of Shti '“iﬁ.ﬁj
T T T T T T & o p /N N e 250
% n‘-‘]lrmt 'u“'MMM}‘TWJ i Mﬂ‘f‘ﬁr‘ e e AN -
_ i ; b et 4
-] T 1 ! W-L j | | ; A, | . TSN . I
5 i i i i i H i m
1% | 120 )3 131 h®  13F 13 |13 13 R . )
4 _3 1
x 10 £ ngh!‘lu!n)%jw e 3 Vn;é,,‘““ . B "E N
5 T T T T T T T | e Tl ) ¥
g : : | VL dend recholig trctory /4 Rntwin S it L P
X Qf----f--% A B o s g N
£ v ‘ A
a 5 H \ . 7 ~ 'CR6009 MAF n=200 trajectory
iz | 129 . e el
0
300 T 52574 52574 52574 52575 5.2575 52575 5.2575 52575 5.2576
% ! e
2 200 L
5 H =
T e : : : ) ; : : % 10. CR60002] siA olF A4
128 | 129 3 131 2  13p 13 |13 136 . . . .
tirhe [s] _ Fig. 10 Moving trajectories of CR6000
> >l »>le —

»|e —
Forward'  Rotaf Forward

« e
ry Rotary Forward Rotary Forward
walking  walking walking h 2

walking  walking walking  walking

CR6000 Velocity: U, V, W
CRE000 - Pacific Test : 16.12 19. 20:16:53 - CRB000 velocity / T= [12803, 13535]s
0.1 T T T

128 129 .3 131 n.a 13 134 135 136

N

1
128

UCRMO
o

CRE00D
)

FIo
H

Wcmmn
o

i i i
1.28 129 .3 131 n.3a2 1.3 134 1.35 136
tie [s] x 10‘
e ——pe  ple e
Rotary Forward Rotary Forward
walking  walking walking  walking

% 9. CR60009] AHRS®} DVLZH-E
449 3F AAd H&Ex
Fig. 9 Three-axis attitude and three—axis linear
velocities from AHRS and DVL of CR6000

=2 .
Forward' Rotary Forward
walking  walking walking

3 2e CR60009) 718 @i @abom WA
oF 20em 7}% Asslga T FE Womy 4
229e 29 4% Pawe g oz o
5 Al ¥4 38 =¥ Fed ¥ oF 10kgd) B4
welon AY RS (18 14)

o3 tdH oz WA= o]d4 (outlier point)S
Btk MEF CR6000°] Z7] AN X3
ARG F 1AIF T2ko] fIAHolE = o] He o

[s}
Fo 2 200m ol EFEAAE BT oS
AANE A AAdlH7F Al BEE V1R
il 7Hgskal o/5E Blojue e AAY F 4
L HAEgez MEF CR6000S Z7HAAE 7H4
stk olm USBLE dojxl x| dlolE e F5+H
2= oF 13mZ YERgTh ol 2AvF A9

on seafloor

0.3%%] Posidonia USBL Al2Ele] AFAlda} =
3k A) gk CRE0009] AR A4S =2 a7
BE3 4ol malA, CRE0000] M E=EH
gato] Z7|AA2RE o]Fe Hyols HHL
Al 7bA F7EA Q) W o ® F7gste] W aLsgl T
A 9A WHE & USBL 914 wlo]E ks
sto] 200 vlolE o]FHw WHoR 4
HAy e =Z¢ £24 DVL)E o] &3 +
=3} (dead reckoning)o® FA3ITH 18 9
= APl doj AHRSS 3% AA| 7k}
DVLe 3% &%, Zeja Z 778 o]F W

AL FERAA ol gk Al WA @

M orlr

2 v -t oo

2 A% 9x A¥L 19 109 YEud. F
Zgnle] A9 HEY el wige] Y AF2 0|
g Eoy 2T E AvF X3, By
S o] &3 Ay =EgIE o= giA dEe
n1zoe] wwkgEl ZHijo|t} o]F kS uwel F
S wgt F4% oF AYes 354m=E UE
Wi, MERREY Ade o 8m "o Ao
eyt A9 92171 USBL 9324 a7 2
Aefolal AR W] nPe] Ao &
HHYEFo|RouE 200 HolE olsHd¢ A}
BYPAES o] &3 X FA Ayt wlE =5
W Ayt A4 ol #WAS & FASL g A

o= Holm o]= CR60009 2=74d A& o] &3t
o AS5E AEe] g AR FdT 5 3

At

3. A 7S Ald
CR6000°] #A A 71Eete Fet A5H 2



CHE S HICI EZ8te =2

Height during walking

~Change from 0.4 to 0.2m i

-5-point continuous change

5 : hangefiom s
: © 1Ddegreepefgan(y(|e

Second joint angle of each leg
during walking

: ‘ Forward

RAght(um Righttum Rghtum  fghtun  SCAWG

SCRR2 SCRR2... FowardSCFW7 — CRR2SCRRS  times 4
fmes  fimes times times times

Forward SC A

il
20 | |
| LR IN

! }
\J — Leg1
40 leg2 [
— Lleg3
— leg4
Gaitoyclefl changefiom legs ||
41025 ~ legs ||
i i :
1.27 1.28 1.29 13 1.31 1.32 1.33 134

x10*
a% 11. A B o]FF Tt #d HS5dolH
Fig. 11 Joint angle during walking on sea floor

2o #AAEE 27 119 dedoh sA4 A4
7b BEele 2 EYo|glemz CRE000

A7 w3 oy [16] & lﬂ_%ﬂ%‘ﬂmﬂ b

1L

=3

CREK PACIFIC 2016-12-20 01:20:08

M 12 H 5= 20178 102 337

up Heave up & down

— Leg1
Leg2
— Lleg3
— Leg4
Leg 5
— Leg6

Angle of joint [deg]

S O (. D
TAG 4G TGS 740 TAT AT 1Al 1ATe 1470
Time [soc] 10t

Second Joint angle of each leg during posture control

I3 12. CR60002] H.32s Fote] 4zt
Fig. 12 Joint angle and view of CR6000
during posture control

a9 12% siAC AAg FEHR 5A4 AAE
WAl 7= AAAle] Al F<l CR60009] R5
M E9 gtz 2o} o] wWe A4 =g
bl Zlolth A F3) A (pitch) B3 sl
o] (heave) ¥17 wWHo| # FF3Ia 1 ANE
s} ColE FHAE el Bl A
FEE IS & fE 7€ ROVE AEskE
CR60009] 715 % 3tdolw, Avtel Fhulet 59

H

B3 Ale) BE WeE T2 5 ek

[t

S

ml
b
£

il

J

J

13 13. CR6000 A]2~®lo] &3k A& A& CR6000
Fig. 13 Crabster CR6000 and deep-sea fishes shot by CR6000 system



338 dollE J¥AE

4. X EAL H B 75
AsAg B AE CR60009 FhHlet 44
I 2 A 94 283l CTD 2 1% AHE

. 2¥ 132 FhHiEtel &
,700m sfA ol AA sk A ﬂ &
. CR6000A] =¥1e ME3} %o
#ol 7hssi. ZmAe
o] CR60009] HAF H&g

AaL, ZzAY o3 A fFEo
A8z A AuAE 2
21tk CR6000A 28l o] Aol AF3}
g As ABEe 28S AAeA &
=] gro} ko] foldlit) o=
B3lE CR6000 F& EAoz E AdoN &

Q153

fol

(<3

et

2 2 ¢ Mg oox &S 02

Aa| Ao ZE AdS FTHEI & CR60000
F2E A F5 ?6}6}04 CR6000 stinagi

A= R60004 E%% MEo
HD7 et 2 #oddk 3otk CR6000°] 10meo]d
el W 1A AolE AAE ol AES
ARG ¥ 149 5 JEHE% MET
CR6000°] F-4sle= =319
ZAISE Blo)t), o] E M4 o5

B oERdAE g owd Rk a9
B CR60009] Aale AdelA <ozl Ave} 7
g acsi] AN, AN ol Tl
13 oAl CR6000 4,743m 3| A oA H3P3tH
BAVIG] g9 Ade Sgsin. o wge
wol Aa S8 AHRE Hzolw Abg Be FA

of| A o]Fo]z Adlo )\0111, T4 4,743m A A

oo o

2

£33 CR6000AFel 9] =73} A=, Ay 2
AW, Fetddy &y 94e #9, CTD H
ol A5, FTAAF4 T d¥d ANFES FIH
a2 ARE AN A FAH AN dod A

gt dolElE245E CR6000¢] 7]&e =Z=4¢y
@ ROVSH: ApEstd 71502 AAgAE 38

T EE FAdad. ol AEL FIEIPRR

ad 14, FAF Fa Ay B4 BE
Fig. 14 Take-off of CR6000 after dropping all
weight (picture), depth and altitude at the
take—-off (right plot)

o2 AEF A AE AF AFEA g p_agsﬂ
FERE )ty & T fFAHEok 03:?011 =S
ZAuRart @ ¢ d& Aotk ol AFe oo
A AFEAE F3E S Qe 7137 7S 7
oot

References

[1] RR. Hessler, W.M. Smithey Jr., “The
Distribution and Community Structure of
Megafauna at the Galapagos Rift

Hydrothermal vents,” Springer Hydrothermal
processes at seafloor spreading centers, pp.
735-770, 1983.

[2] B. Bingham, D. Mindell, T.

Bowen,

Wilcox, A.
“Integrating Precision  Relative
JASON/MEDEA ROV
operations,”  Marine  Technology
Journal, Vol. 40, No. 1, pp. 87-96, 2006.
[3] M. Toshinobu, F. Tsutomu, “10,000-Meter
Class Deep sea ROV “KAIKO” and
Underwater Operations,” Proceedings of the

Positioning into

Society

Ninth International Society of Offshore and
Polar Engineers, pp. 388-394, 1999.
[4] JL. Michel, M. Klages, F.J.A.S. Barriga, Y.
Fouquet, M. Sibuet, P.M. Sarradin, P.
“Victor 6000: Design,
Utilization and First

Siméoni, J.F. Drogou,

Improvements,”
Proceedings of the 13th International Society
of Offshore and Polar Engineers, 2003.

[5] K. Shepherd, W. Kim,
Deployment and Heavy Package Recoveries

“Deep Precision



(6]

(71

(8]

[91

CHErIHICI =288 =2

by the ROPOS ROV System,” Proceedings of
OCEANS, MTS/IEEE
Exhibition. Vol. 2, 2001.
P. Lee, B. Jun, H. Choi, J. Li, K. Kim, S.
Han, B. Gu, S. Lee, Y. Seo, “Navigation and
Control

Conference and

System of a Deep-sea Unmanned
HEMIRE,” Proceedings
of IEEE OCEANS, Asia-Pacific Conference,
2006.

W.G. Min, J. Kim, W.S. Kim, D.S. Kim, P.M.
Lee, J.H. Kang, “Deep-sea Floor Exploration
the East Sea Using ROV HEMIRE,”
of the Korea Academia-Industrial
Cooperation Society, Vol. 17, No.
222-230, 2016 (in Korean).

P. Lee, B. Jun, H. Baek, B. Kim, B., H. Shim,
J. Park, S. Yoo, W. Jeong, S. Baek, W. Kim,
“Explorations of Hydrothermal Vents in the

Underwater Vehicle,

in
Journal

4, pp.

Southern Mariana Arc Submarine Volcanoes
using the ROV Hemire.” Journal of Korean
Society of Ocean Engineers, Vol. 30, No. 5,
pp. 389-399, 2016.
https://www.youtube.com/watch?v=SwbAnGco
IBY

[10] B.H. Jun, Y.H., Jung, P.M., Lee, “Experience

Artefact Search  Using
Underwater Walking Robot Crabster CR200.”

of the MTS/IEEE OCEANS

on Underwater

Proceedings

Ho12& A

[11]

[12]

[13]

[14]

[15]

[16]

55 2017¢9 10& 339
2015.
BH. Jun, “Development of Multi-legged

Walking and Flying Subsea Robot,” Research
Report of Korea Research Institute of Ships
& Ocean Engineering, BSPES2400-11052-2,
2017 (in Korean).

https://www.youtube.com/watch?v=4WUWY9

VdCOM

H. Shim, ]J.Y. Park, B.H. Jun, “Design of a
Deep-Sea Multi-Legged Walking and
Swimming Seabed Robot CR6000,”

Proceedings of the Korean Society of Ocean
Engineers, Vol. 1, No. 1, pp. 364-367, 2015
(in Korean).

H. Shim, S.Y. Yoo, H. Kang, B.H. Jun,
"Development of arm and leg for Seabed
Walking Robot CRABSTER200,” Ocean
Engineering, Vol. 116, No. 1, pp. 55-67, 2016.
B. Kim, S.W. Park, PM. Lee, B.H. Jun,
of Video
System for a Multi-legged Subsea Robot,”
Proceedings of the OCEANS, IEEE/OES,
2011.

S. Yoo, H. Shim, B.H. Jun, ]J.Y. Park, P.M.
Lee,

“Design Communication and

“Design of Walking and Swimming
Algorithm for a Multi-legged Underwater
Robot Crabster CR200,” MTS Journal, Vol.
50, No. 5, pp. 74-87, 2016.



340 alolE® IA#AH CRE000 AIAES Aol AlE 2t

Bong—Huan Jun (g % 3}

He received B.S. and

M.S. degrees in mech-
anical engineering from
the Pukyong National
University, Busan, Ko-
rea, in 1994 and 1996,
respectively, and the
Ph.D. degree in the Department of

Mechatronics  Engineering,  Chungnam
National University, Daejeon, Korea, in
2006. He joined the Marine Robotics
Laboratory of Korea Research Institute
of Ships & Ocean Engineering (KRISO),
in 1996 as a Research Scientist. His
research interests include underwater
vehicles and underwater robotics. Dr.
Jun is a member of the Oceanic
Engineering Society of IEEE, the Korea
Society of Ocean Engineers (KSOE),
Institute  of  Control, Robotics and
Systems (ICROS) and Korea Robotics
Society in Korea.

Email: bhjeon@kriso.re kr

He 1is received B.S.,
M.S. and Ph.D. degree
in mechatronics engin-—
eering from Chungnam
National University in
Daejeon, Korea in 2004,
2007 and 2012 respec-—
tively. He joined the Marine Robotics

Laboratory of Korea Research Institute
of Ocean Engineering (KRISO), in 2012
as a researcher. He is an assistant
professor in dept. of mechatronics
engineering at Keimyung University from
2017. His research interests include
walking robot underwater and onland,
magnetic levitation system and energy
storage system.

Email: usyeol@kmu.ac.kr

Pan—Mook Lee (°] &+ %)
He received B.S.
degrees in mechanical

engineering from Han-
yang University, Seoul,
Korea, in 1983, and B.S.
and Ph.D. degree in the
department of mechan-

ical Engineering of KAIST, Seoul and
Daejeon, Korea, in 1985 and 1998,
respectively. He joined the Marine
Robotics Laboratory of Korea Research
Institute of Ships & Ocean Engineering
(KRISO), in 1985 as a Research
Scientist. His research interests include
unmanned underwater vehicles and
robotics. Dr. Lee is a member of the
Oceanic Engineering Society of IEEE,
the Korea Society of Ocean Engineers
(KSOE), the Society of Naval Architects
of Korea (SNAK).

Email: pmlee@kriso.re.kr



CHErIHICI =288 =2

Jin-Yeong Park (¥ A %)
He received the Ph.D.
degree in  mechanical

P, engineering from Korea

o <N .
Advanced Institute of

P 3

. =
—

-

Science and Technology

: (KAIST), Republic of
Korea, in 2011. He is

currently a senior researcher in Korea

Research Institute of Ships & Ocean
engineering  (KRISO). His research
interests are ultrasound imaging

processing, control and design for
underwater unmanned vehicles
Email: jinyeong96@kriso.re.kr

Hyungwon Shim (4 8 %)

He received B.S., M.S.
and Ph.D. degree in
mechatronics engineer—

ing from Chungnam Na-

tional University in Da-
ejeon, Korea in 2003,
2005 and 2010 respect-
ively. He joined the Marine Robotics

Laboratory of Korea Research Institute
of Ships & Ocean Engineering (KRISO),
in 2011 as a senior researcher. His
research interests include unmanned
underwater vehicles and manipulators.
Email: hwshim@kriso.re.kr

M 12 H 5= 20178 102 341

Hyuk Baek(¥ ¥)

He completed doctoral
course in mechatronics
engineering from Chun-
gnam National Univer-
sity in Daejeon, Korea
in 2016. He joined the
Marine Robotics Labo-

ratory of Korea Research Institute of
Ships & Ocean Engineering (KRISO), in
2007 as a researcher. His research
interests include Unmanned underwater
vehicles and high resolution image
acquisition technology for sector
scanning sonar, and applications of ROV

to deep sea scientific research
Email: hbaek@kriso.re.kr



