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ABSTRACT: KRISO (Korea Research Institute of Ship & Ocean Engineering) started a project to develop the core algorithms for autonomous
intervention using an underwater robot in 2017. This paper introduces the development of the robot platform for the core algorithms, which is an
ROV (Remotely Operated Vehicle) type with one 7-function manipulator. Before the detailed design of the robot platform, the 7E-MINI arm of the
ECA Group was selected as the manipulator. It is an electrical type, with a weight of 51 kg in air (30 kg in water) and a full reach of 1.4 m. To
design a platform with a small size and light weight to fit in a water tank, the medium-size manipulator was placed on the center of platform, and
the structural analysis of the body frame was conducted by ABAQUS. The robot had an IMU (Inertial Measurement Unit), a DVL (Doppler Velocity
Log), and a depth sensor for measuring the underwater position and attitude. To control the robot motion, eight thrusters were installed, four for
vertical and the rest for horizontal motion. The operation system was composed of an on-board control station and operation S/W. The former included
devices such as a 300 VDC power supplier, Fiber-Optic (F/O) to Ethernet communication converter, and main control PC. The latter was developed
using an ROS (Robot Operation System) based on Linux. The basic performance of the manufactured robot platform was verified through a water

tank test, where the robot was manually operated using a joystick, and the robot motion and attitude variation that resulted from the manipulator
movement were closely observed.
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g FAHEo] a7, 4] S E, 2ARE| wE 1)
2 73, 28 83 Abel o] =2l ARlE g Akt
A A(Time delay) 5ol 93] 2 &-&o] 5= TAH] JTk
(Haugalokken et al., 2018). ©]2|3t FAHES SEs17] 98l =
S35 (AUV, Autonomous underwater vehicle)ol] ZE-Z-S
AHAA AFEH 02 A]]S F8Y3h=, -AUV(Intervention AUV)
T+ UVMS(Underwater vehicle manipulator system)ol] Tt A7+
7} 1990\ 35E] W3 =]} Skt Mohan and Kim, 2015, Simetti et
al,, 2018). AETFFHTHAUV)S A&7 AHROV) H
3 iAoz Sl 7hEaL, Abge] JidSt Al EETE A
291, &8 Ao g X - 347t /st 88 Y
T Ao, A e A JAHI Yok

2REE ZHE AUVl B3 AT selo]l tiste] ODIN
(Omni-Direction Intelligent Navigator), MBARI(Monterey Bay
Aquarium Research Institute)2] OTTER(Ocean Technology Testbed
for Engineering Research), Ifremer(French Research Institute for
Exploitation of the Sea)®] VORTEX(Versatile and Open Subsea
Robot for Technical eXperiment) 7|'&ZHE A]2I= T}, ODIN
I} OTTERE T TH(Single joint)e] ZEZE 71 62
(Degree-of-freedom)®] AUVQ] ®¥FH, VORTEXE 7849 255
< Ad 52-F59] ROVl o] 5 2X29] fAlsHst
mdg Es 2R-2RE QA AlEdeld B AloE A% A
22 0] HAE W E(Test-bed)E AHREATE ©]F 19901d =1+
AMADEUS(Advanced manipulation for deep underwater sampling)
ZEAEE Vo] gl 2B WY AolE T8l Aud
FTAYS stz stk A7 = 3] &7k 9 7
o] A74 g 2R AEHAT 2001 SWIMMER Z=2
HAEAME slo]BE|=(AUVROV)ZEHE A 2& 7ido] Al¢ts]
Atk 9714 ¢] AUVE ROVE 5 SRAH7HA o]fFdh= 2
& F5(Shuttle) .24, A AutoZRE FFo A4EHH
TF T2 AXE = 2H o A(Docking station)7FA] 2222
2 o]&3t] AHeKDocking)dh= YFE F3%ith ROVE &7
2Hol a3 AAH I, o] & T3l YRHARI ROV & FE=E 2

< 83t} SWIMMER ZEHE o]% ALIVE(Autonomous
light intervention vehicle)} SAUVIM(Semi-autonomous vehicle for
intervention mission) L2 E7} F7}2 Y= QJTh ALIVES 7
W 2RES 7R 4a4FE A8 AUVE 2o, 5 &
WA (Panel)7HA] =22 st 222 o) 19k 2789
ER0(Grab)E o] &3t =AstaL 2REL o] &sto] WH
23 s T R Al AeHom P Ao f+
o Expolo ofa 2Xo] ol whEt =2RE Aol ofs) T
Aote & FFEL A3 ueHA @skth v, SAUVIM =
EAEE 2R AR wE JFE7A aEsiilon,
AMADEUS Z2AEoA AR 78 74 252E& AUV
o A-g3te] A EAE A&H0E g AAE B4
3tt}. o] RAUVI(Reconfigurable AUV for intervention) 3ZZ 3]
E= 5 FYS 2% AT (Reconfigurable) AUV 7] &
e Fon, 1 AFEE GIRONAS00 -AUV(EHES4! 500m,
T 140kg(ZH22 A 2)))7F PEE AT o7]0ll= ECA AF B
CSIP Ake] 7]2) 2ol A=A, sAlE &FrE Zd
A7 3709 A5E WYSH-A(Pressure housing) &2 T4 =] o

it 2 o2

O

SJTHRidao et al., 2014).

2012d TRIDENT(Marine robots and dexterous manipulation for
enabling autonomous underwater multipurpose intervention missions)
ZRAEE g2 £F A4S A% A2 HEES AkEth
oA7IME 209 OE 2R S ALFA(ASC, Autonomous
surface craft) ¥ [LAUVZF M2 @]iste] JF-5 st 20
EAoln, LAUVelE 7845 3 712k 71 Aad 55 2
3ol AEETh +34UYL 2, 3 ZASurvey)2} 2
(Intervention) &2 T ETE ZAF @AM = ASCS} AUV}
g G o] AF2AE A7 F3ste] A AP =E YA
A APEE EE FEAZE At ofs) dd=9, 24
A A= LAUVZE tEAE A& globa] )43t} 53,
d7] ZRAEAE BT oA A AldE T8l Bes
¢1=3l9 k. TRIDENT Z &4 Eo] o]o]A] TRITON(Multisensory
basend underwater intervention through cooperative marine robots)
I} PANDORA(Persistent autonomy through learning adaptation
observation and replanning) ZZHE7} 2% ¢{T}. TRITON X
ZA B M= % T= ZAX|(Submerged observatory)©ll ok 2}
&7 2y 5HE dSse Aol HarolH, =i % ddol

A3t WuE AL, AUHE AFstn, $F9 i

< Foiskstet] 2488 FAUTE 22e] ZolAlg
22 AAet= 2, Aol g8t 2R AYS
, B0l AHA] a1 Skt Aol E Tt A
SHAl A8k ol dagES ekt sFATHRIdol et al,
2015).

Aube| FZMEA T2 (Korea Research Institute of Ship &
Ocean Engineering, KRISO)oI A= 2017dHFE] FFolAe] 25
o AEAdel Bad A dagE AL A7 FArPon,
2 =EiAAE olF AT FAENEE 2R SHE MLl
#3 W8-S ANt} stk KRISO AHE498 282 §4
S 2RE AolES T AYH TAE FHE= ROV FH o]
H, 788 1714 2RES 'Askal vk ROV FEHIE A%
H olfre ALA AY3FH B4, 28 dagE AT
Aollxe] Fghe] Ao golate] AUVETE {23 B3-S 7
A 347] wdEolth

2 ZHE HA ] A, ECA Group AH] 7E-MINI 2E-&
T BEREE AASHoH, olAY JF FES Slkg(TE
30kg), Hdl Zdol& oF 14mo|th 2E ZALL TY A2 =
B2 F83EME S (Water tank)ol| A9 280] 7Hsd =
719} FAE ZEF AAIsk= Zlo] Fasitt ol A, 2R
s 2R 54 Yl XA, T H43t 7= M
4 FRE il A4 g 7= M E TP BES
25 FARe 2RERE FAEY, A 2RE5E 2
A7IE 28 FAFE= d¥k ROVEE 5938 JHZE 282 F
AT

T AP 2R 5 A, A TS AFE] A
3l IMU(Inertial measurement unit), DVL(Doppler velocity log), <~
Al(Depth) AA Fol GAEH, 4712] FHF317]2} 4719] F3]
FANE B ARk F5AY dd EAE 2R 2=
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2dstar QIAst7] 918l 2t 13bd Fheleke} # oA 2707t
AREEH, o] @A A AFre] ZPE I UTHLee et al,
2018).

2E SEA 22 dAAoj2H oA &8 SWE FEE
o, YA o} 2E| o] AL 440VAC Y& 300VDCE I 7]
A FHLHZALR], B(Fiber-optic, F/O) S41& o|ful 510 F
HEkehe SAAEER] 83l FAolE PC 28 AT
+8 W 2l52 7]Hke] ROS(Robot operating system)S
ALgst, 292 HelE 93k GUI(Graphic user interface)= 7

frd
b

Eog B =RAE fiE 2R ZYZo £F NS
3 718 s S A7)AE Zol2H(Joystick)S 3l

FTOoR FAAIIEA 2O FAYS Teofske A A,
2 22Qle)| wE ZE 24| WES TSI

FEolAMe] A&2del dagt A Ve AR fls] A6
HAFRNEATLANE FF ALY E 2ES Mdsidot
(Fig. 1). A-&2HE 2R I/ 25 EAFe} 28gR=2 7
AEy, 2RIRE BYA7IH A 529 ROV FEHE 2=
. 2E FARe} 2RERE UFu)E HPlate)S B9 MR
AAHY, BE - HEEZ o|&slo] HF AFd;

2R FAEE €FvE Zd ], 1] R3], ahe] 5
232071, 4709 FEA E5, 254018 W87 ](Housing for
robot control) % ©]7] 2§ W }-8-7](Housing for underwater
image), IMU, DVL, <=4l(Depth) A4, 4the] =5 7lull, 2719
LED(Light emitting diode) 2F¢]E(Light), FFdo|AMNAZ
d=oh

ERIH= 7R AV £F 2EDH I, ERAY,
dHRAE MUZr E8(Mainfold block), EEZ8 Wt&7]

Fig. 1 KRISO Intervention ROV

(Housing for manipulator) 18] &Fu]F Z Yoz FAHT)
HF A KRISO AEA49-8 289 A7 W4 920mm,
Zo] 1,100mm, %°] 1,200mme|H, 7|15 F#e <F 206kgo|th.
2RI 7|5 Tl Slkgel™, Hol Aol ¢F 1,400mme]th.
£ 2Ro| A, AA| R g 2R RV} E 23R
3 Hlugs o FHoRE & Ao EAHoltk ojAL Fx
T= AdlgeAe dEs AEH(Handling) 2 AHS 28] 2
5ol A718F FAE Aok sk Zlo] FH HWilolth o=
el 22 A doAME ZHY B D AR HA],
83 2R FEA Jdojxe 2R gAY o5 2
He fF¥YEE 45} sy BAdsks Zle] wg- Fasith

2.1 22E

482 %5 ZEZ(Manipulator or robot arm)S 75 W29
w524 (Hydraulic type)@ 712 (Electric type) o2 TEH
ol oo g v RIS Aol dE A - o] 8H
I 9lem, ol T tH] & I& WA ERE & A
515 (Payload) 58S 7}A)7] W&ot} 28y o gE #¢t
< TAN7E gy Fo] ¥Eg Fostueg R o] Ax
ko] 8FEY ST ZUIRI old] W, M)A £F =2

<
2o A¢] 3tF T dudoz AL 4 99
(Power pack)d} 22 HEo] 2 AHE Q73K Z=THSiveev
et al,, 2018). A8 &2 SAHE 74 FF ZEL AFS A
% AZA(ECA Group, Grall tech F=)o]H, 1 2o RS
AFgo g iy 2 EE(Prototype)©|Th

2 ATFoAE FF 174 2REEA, vlad Fgo] A&
ECA Group AH2] 7E-MINI Al&(Fig. 2)& A&such oA 1
2] 3 (Gripper) Jaw(A)2] 7N H (Opne/Close)E XE3st F 7710
o] FHE HAH, 5 S5 30kg(FA 51kg), 2 3FF 25kg,
244l 300melth o)A 9] Al AbF2 Table 13 2T

Fig. 2 7E-MINI Manipulator of ECA Group
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Table 1 Specifications of 7E-MINI Manipulator

Items Value
Functions 7
Weight 30 kg (in water), 51 kg (in air)
Material 6082 T6 Aluminum Alloy, Hard anodized
Power 24 VDC, 100 W
Depth 300 m or 3,000 m (Oil filled)
Communication RS232
Reach(full) 1,439 mm
Lift capacity 25 kg (full reach)
Angle ranges Slew 120°
Elevation 120°
Elbow 130°

Forearm 340°
Wrist pitch 120°
Jaw : 360°

TE-MINI 2822 ZA9} 34|, Aol Udgr], dEEAd7]
(Pressure compensator), ZF 49| YERYE vjUEH £5 F
o8 FAHETh

37 2RI AL YeHerE BEl 94 0= Aojdrt. &
HHL2 £5 ABS T3 2Folv, A (Encoder) Tl 2l8h
ARk £5 gho] ASHET o] d BE Aol RS232 AlEY
5 3l 7Tk 2813 AA(Gripper Jaw) 22H& A gk
67 A F, 49 #E-2 U] AFollo]El(Linear actuator), L}
w2 27l= 3] H 2 (Rotary) A Frol|olE ol o8l 2-EH T

) I
A At A o), 2R FVE MY FHEFI 4
Mol #2217, 283 AAE IMU, DVL, Depth A4, 4712
Zheek, 270¢] LED 2ol E, #lo]|A 27 & o] Fo{XItHFig. 3).
3 F2171E Tecnadyne™ A Model 56124, 2 A&
300VDC, 1kWolt}. 2] F317])= TYAF Al &2 Model 54124
300VDC, 500Wel™, A - & E&o] U3} F F317]= RS455
A B4l 28 2H5= ™, PWM(Pulse width modulation) k(0
~ 255) AH& T3 £=RPM) A7t FHETH
AA e A= WA, 5 IS 213 Advanced Navigation
A+ IMU, Spatial FOG, Nortek AF2] IMHz DVL, 18|31l 4]

Table 2 Specifications of Sensors

® FOG

Block
Buoyancy Blocks '&\ ® 4 Vertical Thrusters

4 Horizontal Thrusters

7-function
Manipulator

S 913 MENSOR AF2] CPT9000(500kPa) & AlA 7} =)

A2 23| 7 A FAF 918k, DeepSea Power &
Light Ake] obdZ 2] Fhw2}, WSC-40603} LED 2}o]E, LSL-
2000°] AR8-F T},

o A U BAY 5 33 BYS HsiMe AA A
U a5 tAE szt 2 ol A2zt A8Em, dA =
A AZ Foll UThLee et al, 2018). Z+ AAME AF Alke
Table 29} 2t}

3. 22 A

KRISO % AL24-8 232 AAlol SlojAle] 7188 8+
Abeke 7] AAE ECA 7E-MINI EE-Z-S £831AXE £20
Ao & 3 Aol folsleE 1 )9 FHE HAasE=
Zolth o]& $3l AgE FZ+ WollAe] 2EZ-S H|Eg A
AR S Wiz AAL} A4 2ZE 02l ABAQUSE &85}
2R 24 zg e Tz HA A4S Faskth

3.1 SHATR| uiR] MA
z = A3 elAe] ALY AEFY(Handling L AHLS
2ol I7)9} FAE AYstT JjHoR & Fro| =

Items Model Communication Accuracy
MU Spatial FOG RS232 Accuracy: Heading 0.05°, R&P 0.01°
DVL Nortek DVL 1 MHz RS232 Altitude 50 m, Resolution 0.01 mnv/s
Depth CPT9000 (500 kPa) RS232 Accuracy 0.008 % IS-33
Analog camera WSC-4060 Composite 450TVL, 0.1 Lux at /1.2
LED light LSL-2000 RS485 9,000 Lumens, Dimming Control
Digital camera Under developing POE -
Laser scanner Under developing RS232 -
Multi-beam M900-90 RS232 FOW 90°, Resolution 25.4 mm
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Fig. 4 Arrangement drawings of main devices on KRISO ROV: (Left) Manipulator, (Right) Thrusters
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ur o|Z ¢ls] Z+E A Ax)d I 35; 2 07]' o o

=l »10111 % 141—r°ﬂ/\1«l 2R FAYES BAsk] fst

Tz Aol HIE ;oo st
s 7]'{]1:]'. =R S Z‘ii -rﬂ]h 2E 2y§) JRe] o
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2R 9 f%'a ﬂl°1
A S 3 4719 371,
% Z1717 }&%ﬂ%ﬂ FH F1719] A, WE] B2
< uH3le] 2R AW 7|FE0E 4598 A A wjR]ET) oA
S -3 YR -79(‘—?— AR # B9zt WA o &
= 2, 259 A& APl 94 #A
o]tK(Christ and Werinli, 2007). 4~
A AgFo 2 5o 7)ge] HAE Q]
=3 71%71 5° zﬂf&% 2RI ARGl g 2R A &
(Roll) 2 I X|(Pitch) >51H4S 3l 42 Wk 8L H)
g SRet= A FAF7) A e 28 A -5 BFge
29| 5o 22 Ao Ay YFL vIAA FA=S s
HE UlolA AA =T
1 8], IMU, DVL, 25 Aog Y3 =
HIX| Bt 0w, o] AL F A} Al 2] 28
2l we} AgFFAo] gd&Eo =z o) FsHs dAY
HAst7] 91g Aol

sk7] fIRk 47)e] F307), 4 %

|

32 2| =l MA|

B Holl e & mjx *éﬁﬂ% R BA Zyde] =4 ¢k
Q& grsta, o5 Al KHY3
o]2] ABAQUSE o] &3l] % oH—‘"!—%
A 2R o ¢8x2d 7 3d<

recovery system)E ©]-83te] duloA F£Fo R X - 35E o
Ao stsol WAy wZol, ol M2 E ISt T
Z 3Me IPeuct s A% Ao EE 3 - 35
A, 2 53 AAEE FEol ths) XHTE§ T4
st 2UoEE ASAYPELRS F4, sl 2t #Agoll
Al AelEe AU HE wWe 7t 7"—‘—01] o3 3, FFollA

%5 o}— EA o g3t FHEE, gz o3 J}Q ulgho]
o3k T4, a8l ¥ Fol sth ol 35 AL FolA
st 7 wé—@ Atz BlE) FiH o g 2o, JQF €3 F
go] & wlols AA A - 3455 AYsHA| 7] wEel £ 3
A zHoAE THIA &yt o, T - 3¢ AP Al 2
Bo] f¢H WMo R U Ao R TSt Rotawel ofgh
sty FE s % A M= 1A Fokth

B 3z )X 139 35 1L Table 3, 18|31 A =
7L Fig. 59} % E} Fig. 594 9% 082 75 A48 =

Bl WAH AHSe] BA the) AFALoR »}E}»ﬂ Aol
 oEme ‘ME 98 A7 2 s 202 Yepd Aol

A& 4 2ol f3taArds FHsty Fx kS

Table 3 Mass acted on the robot body

Items Mass [kg] Total Mass [kg]
Frame 44.4
Robot arm 514
. 186.0
Other equipments 67.2
Buoyancy 23.0

Gravity

Fig. 5 Boundary condition for structural analysis : (Left) Distributed
mass (Right) Boundary & loading condition
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fom, 5] Al Az A SEEs ISt
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: maximum stress

0DB: Job-1.0db Abaqus/Standard 3DEXPERIENCE R2016x  FriJan 0S 15:38:12 GMT+09:00 2018

(b) Frequency analy51s results: (Left) 1st mode, (nght) 2nd mode

Fig. 6 Structural analysis of robot body frame using ABAQUS
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Control F/O
Reserved F/O
Power (300V)

Housing for
Ethernet underwater image
. Power (300V)
Housing for
robot control
Motion & Navigation Devices =
@ D

RS485
RS485
RS232

S\

H-Thruster V-Thruster  Manipulator ~ DVL FoG Depth AHRS
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Fig. 7 Electric-Electronic system of KRISO Intervention ROV

Table 4 Specifications of KRISO Intervention ROV
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Projected area top 980,343 mm’
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