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Development and Tank Test of an Autonomous
Underwater Vehicle "ISiMI’
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ABSTRACT: Maritime and Ocean Engineering Research Institute (MOERI), a branch of KORDI, has designed and manufactured a model of
an autonomous underwater vehicle (AUV) named ISiMI (Integrated Submergible for Intelligent Mission Implementation). 1SiMI is an AUV
platform to satisfy the various needs of experimental test required for development of challenging technologies newly investigated in the
field of underwater robot; control and navigational algorithms and software architectures. The main design goal of ISIMI AUV is
downsizing which will reduce substantially the operating cost compared fo other vehicles previously developed in KORDI such as VORAM or
DUSAUV. As a result of design and manufacturing process, ISiMI is implemented to be 12 m in length, 017 m in digmeter and weigh 20
kg in air. A series of tank test is conducted to verify the basic functions of ISiMI in the Ocean Engineering Basin of MOERI, which
includes manual control with R/F link, auto depth, auto heading control and a final approach control for underwater docking. This paper
describes the implementation of ISiMI system and the experimental results to verify the function of ISIMI as a test-bed AUV platform.
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Fig. 1 Appearance of ISiMI
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Fig. 2 General arrangement of the AUV ISiMI system
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Table 1 Dimensions of ISiMI

Table 2 Hull parameters of ISiMI

Parameter Value Unit Description Remarks
L 1,996 mm  Overall length

D 170 mm  Diameter

vV 21783799.6 mm® Volume include fin
w about 19 kg  Weight

B 215.82 N Buoyancy p=1000
CB (6279, 0, () mm Center of buoyancy from nose

1%

Stem partition  Stern full tube tion bull
Upper rudder
Propeller
(KP452 $175)
A Forward cap Polyurethane nose
[, cone
Motor mount ass.
Shaft
’ Buoyancy material
Tail-sectioncone  Lower rudder

Fig. 4 Conceptual view of hull structure of ISiMI
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Parameter Value Unit Description Remarks

a 200 mm Nose-section
b 600 mm Mid-section
c 400 mm Tail-section
d 170 mm Diameter

aoffset 4 mm Nose offset

coffset 30 mm Tail offset
If 1996 mm Forward length
[ 1200 mm Total length

@)

Fig. 5 Dimensions and implem entation of stern plane
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Table 3 Fin parameters of ISiMI

4

Parameter ~ Value Unit  Description Remarks
Stn 4819.5 mm? Planform area
Xfinpost 550 mm Moment arm wrt. CB
Smax 20 degree  Maximum fin angle
Table 4 Thruster power estimation of ISiMI
Speed [m/sec] 1 L5 2 2.5  Remark
Drag [N] 22698 5.1071 9.0792 14.1867

Thrust power [W] 22698 7.6608 18.1584 35.4656
Required power [W] 5.6745 19.1514 453960 88.6641 eta=04

Table 5 Specification of thruster motor

Description Specification
Manufacturer MAXON MOTOR
Model EC32 BLDC motor
Power rating 80 W

Nominal voltage 24V

No load speed 11000 rpm

Stall torque 355 mNm

Max. continuous current at 5000 rpm 3.1 A

Max. continuous torque at 5000 rpm  54.4 mNm

Max. efficiency 76 %

Torque constant 20.5 mNm/A
Diameter 32 mm

Gear selection 4.8:1 reduction gear
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Fig. 6 Control system diagram of ISiMI
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Fig. 8 Sliding rack with power and control system
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Fig. 10 R/F Modem and I/F board

Table 6 Sensors of ISiMI

Sensors Model I/F
Camera OceanSpy(Tritech) PAL
IMU MI-A3370X(Micro Infinite) RS232C
Depth sensor PA500-102G AD
Position tracker CPMC image system RS232C
Velocity log Option RS232C
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Table 7 Hydrodynamic coefficients of yawing motion

Coefficients Nondimensional value
N/ -0.001885
N -0.001502

Ny -0.001563
N/ -0.018515
N/ 0.000660
N, -0.023988

Ny -0.011760
N, 0002283
N,/ -0.001554
N;/ 0018192
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Fig. 14 Open loop zig-zag test results compared with simulation

T Y= HdY 2ELEA) LEEE UF EFAR A
[e)

Wl ofsta] 78 A ARS3HATE 0.8m/sec

4~ Prestero

o] $EE ARSE oldole] $HBE 112659 AZHE A

of3lAE W, A4y A-AEEE AZsth Fg 139 ©]
Hole] #8H a1 5 AHE A EY o)A AR} viws}
o etk Aol de)A AME $33F ASE Table
79l Vepid o} Fig. 140 BAIE AlEd ol Aae M5
ot Aedriseed dgAs N3 N & 22t 42u)9) 5
B8 S A BT FF Ok 250 tig 2de 5
P F 21 WS 53 B} AEF A5E 24T 49
Aolth.

43 XISH|o| Al Hnt

ojdole] HFEZ AFA|0] APoz WA AEE FA9)
Aolshe A& sy on, ol oliole) 2 nAHAFA
of g EFHHE AZ3Ict Fig. 15 $771E 800 rppme
2 33 el PD Ao7]E AHgste) d5za Ax A of
E A A% d@dFelnt. 2% F o 272 AlHel HA
S5 < 1m/secoll TL3AL HAZD Y A 2F Foj7 oY
g 709k 05mol) ZHzt & FFFE SIS AP EHNA



A& RAEA H2EHE olalole) AU $2AY 7

velocity[m/sec]
. O -

d
Ewgfﬂ

depthim]
&

k -1 F.1 F-1 0
timefsed

Fig. 15 PD control results - velocity, yaw and depth

theta[deg]
-

N

qf{degised]

r|degised]

2
timefner]

Fig. 16 PD control results - pitch angle and rate, yaw rate

i i i i
45 -10 5 [ 5 10
posXimj

Fig. 17 PD control results - X-Y trajectory

Uehd 24" &2 27), e SRAE Aol o 2F
go] Zop Azt R A 37 SE7F Wkou A4 S
A7 571 oF 02m/sec ol =2 31HA $F SEr} wEA]7)
AABIRL, AE HS FALEI} 04m/sec o] =23HEA

$UEE WelA7) A AR $9ol B =& AL o
Hol7k vl PR S S wekagE 2% FAZ

A7 BEFH0] A o2 A AT o B
Aolgo] Wasly] WRelch Fg 169 X259 AE U5
87, AFa4EE 9 A55 44w e, vxgte g
Fig. 17& AoJATEQE o) Adol7t &3¢l HA HFHE £2uH
HFANA BAS Rolth. AYoA A )47} AUV H)
AEHEE ALREY] 3 712759 HZFoe] o]RolFPz 4F
ARERE AJEE, £HE D $HE £59 Ui 54S 9
oFataitt.

52 &

£ =RdAe dsdd T ol A=) e 3FE &
@ AUV o]ilole] BAMEH A= L Ao thsle] MEstg
o} ol4do] AA 71 & FUHHL AL E AT Ada
oS 93 TR0} = gAY APS HL v goz
A 7Y F UEEF = RolRen o) st F Ho)
2y =% flol AF JAFF 5= U=E YAz Azd
ojAolE ol83te FxoM APL FH3IYeH 1 AHE F
Arde] Alggold Aol viwEHct =3, +EWEY 34
H 25 g PD AoAFE F5t &5, OFg Aojg
nEFe] st #8648 F IS BAk FF ool &
dola WS 53 ARYS BASIY AUVE 93 2= 7|
59 ML Al 2 A g oA ANPARE LT ¢
JE HIAEHERZ 829 Aotk

2|

ok

B A7E AP Aoz $U8 A HaT
454 A A APATA FHATAR ol AR
B9 2vlE $871AW AL A7ET F ARYL W
o, @7l Aol BAr=guch

3

3
O
ror

02, o]ldq, oWE, AEY, ANE LFIT (2006). “F
A9 AA Aojot 2 =L 7 HIFD AR Ao
o #3 A7, 20063 =] FEr|e s FEeE
3], pp 1813-1818.

ol L, AEF, o]FF (2008). "AHE T B4R £F £
£ A% HIFE MR guEE” S59FTI R, A173,
AZE, pp 1-7.

B8, o|¥E, uzlY, o|"Y, A7IE, o)FF, LFF (2006).
“FEEZE AT ASFEARFA oMol HE FEA
o, IER 7AW 2 A4 F5ES =83

ABE, o|BE, oA, T4, 2JNF (2005). “v] e 7
71E ol &% FARSAY 4%, Ax 2 B9 Ao -
AEHolAd # 4F”, FNFFTEIA, A19Y, AT,



74 B G - o)W - o]EY - 2FS

pp 67-73.

AEE, Y, olWE, LEZ (2005). 4% ALFF FFE
R Al&g AAG 27ATARY, FReFTEE A3
=%3, pp 1-6.

AEE, ojuE, I8, T4 (2000). “FAFFAY THAE
gold 87 AL, A3E AFTINAALHAA G =73,
pp 81-87.

AEE, olfE, T44 (1997). "ALF YRS (VORAM) 9] A
o1 93 =40l 2 AZEY] A, HFTHITI
A40x} Workshop =%,

Hong, SW., Lee, PM,, Lim, YK, Lee, CM,, Jeon, B.H,, Park,
JW., Choi, Y.C, Kim, SM. and Suh, SJ. (2002). "Design
and Implementaion of a Dual Use Purpose
Semi-Autonomous Underwater Vehicle", Underwater
Defence Technology 2002, Korea.

Jeon, BH,, Lee, PM,, Li, JH, Hong, SW,, Kim, Y.G. and Lee,
J.  (2003). 'Multivariable Optimal Control of an
Autonomous Underwater Vehicle for Steering and Diving
Control in Variable Speed, Proc. Oceans 2001 MTS/IEEE
Conf., pp 2659-2664.

Timothy, P. (2001). "Verification of a Six-Degree of Freedom
Simulation Model for the REMUS Autonomous
Underwater Vehicle", M.S. Dissertation, MIT and WHOL

Allen, B, Stokey R., Austin, T., Forrester, N., Goldsborough, R.,
Purcell, M. and Alt, C. von (1997). “REMUS: A Small, Low
Cost AUV; System Description, Field Trials and Performance
Results,” Proc. Oceans’97 MTS/IEEE Conf. pp 994-1000.

20063 119 169 A3 H4
20079 4€ 39 FHEF R AN



