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Abstract

In the past few years, there are many studies and researches of the underwater vehicles
which are carried out its mission using sonar sensors. MSCL(Marine System Control Lab.)
at Inha University developed test—bed small ROV, ISRO. ISRO is an open—frame type and
has 4 thrusters. ISRO can control 4 motions i.e surge, sway, yaw and heave with sonar
sensors. ISRO is developed for inspection of ship hull, marine structure, plant of lake or
river and so on. When ROV ISRO inspects something, it is necessary to control the position
of ROV ISRO's for the movement and anti—collision with structures in the underwater. In this
paper, we deal with the development of a small ROV and verification of the position control
system via simulation and experiment using sonar sensors.
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Fig. 1 ROV ISRO(Inha Sea RObot)

Table 1 Specifications of ROV ISRO

ltem Specifications
Dimension
(LxBxD) 810x540x640(mm)

Mass 40(kg)
Max. Depth 20(m)

4 EA
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Fig. 3 Thruster

Fig. 2 Sonar sensor

Table 2 Inner systems of ROV ISRO

ltem Specifications
Main On—-board PC(Pentium Il
computer 933MHz; Advantech)

P 0S: WINDOW XP
Sonar TC3029(RESON)
Sensor Range: 0-10m

model-300(Technadyne)

Thruster thrust: 8.4kgf

AD PCM-3718HG(Advantech)
Converter 16¢ch

DA PCI-1720U(Advantech)
Converter 4ch

Magnetic Compass, Inclinometer,
Sensors
Pressure Sensor, Cam
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Fig. 4 Power connection
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Table 3 The hydrodynamic coefficients

Value Value

X, -0.0082 N. -3.23E-06

X, 0.0216 N, 8.94E-06
X,, -0.0695 Ny -0.0553

Y, -0.0216 Z, -0.0695

Y 0.00041 Z, -1.09
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ROV ISROSI =8 2= d=, M, &dts
RE % 22 4ot2sS LIEHHLL 01 & &
SRS Hd+5R2= HY2S2 NHoiRIcHL A
2, M2, d3R, &6t 230 st 2229
st& RdAis REob)| <ol 6AkRE HIWE 25
B&AlS 0|SotUCHFossen 1994). E£8H S
H == Strip MethodS 01&0t0{ #=X| &N o=2
TOIRALE 2 RS H==2l gt& Table 301 LIE

LHRACH.

3.2 PDHIOI % PDHIOIJI &

POMIOIDI= HI2I(P), DIE(D) MO & 22
S 822 X80t dok= MOII0ICH POAI
Oe dldiAl=, OIE2H=== UestH HOIIE
grS)| 20 &tHECZ FE6GPIL s &

ol ACEH HMoPD1e dgge= A1) 20l L
|

Bt = QUCH E8H AIFES0A MO CHAO T
St HIO e Al(2)n 2Tt
_ Uls)
d

u(t):[(pe(t)-i-](dae(t) (2)

ROV ISROS| MIOIDIE & AHoH)| fIot0 Al
AoA2l MO ds2l JI=0l e 0 @
HIM 2HAFES SFAIZIS 2ot A
St =820 Uigt Mois2E=s tSHh jE*OI
SIRICH 2H#AFEE= ROV ISROIE HOS(=
) tel S D26t 10%= ot

JE oA HO o 02

o +H2E HUHSHE: 2LHAE 10%, AR

10sec

2
o
P
x
Jo
tol
rir
MO
i
=

45 3 W 6 S 2008 123



o XSS HOISE: QUAE 10% HEAIRZ

ROV ISRO= XM Al POHIOIIE 0I=5t

S0 PD HOJI HHOAMN=E P2t DAHE BtS

%zor Cl. PDHIOID] EH= &8 £09! MATLAB
/SImulinkS AF=6H0d 4=3456HALH.

4. ROV ISRO2l AlZ2di0l&

1 AIEclOlE e & 3

of ME, R, HASR, ASI2S0| BE 45H
=
(=]

ol

SimulinkE  AZStH  AlEdI01E Gt
ISROS| MZF, IR, d32, & 2
CHaHOd }\|'§E’”O|n_§ ot <I6td, =J| <X
2t2F 5m, Om, t/2rad, OmZ A&}, =
im, 2m, Orad, 1m& Z&GIRUCEL =IIZ
%E&f% ol 2t D’OI &gt 0lsF= ROV ISROIt
) 2=Z(ISMB) A HIOI AIAELQ]
SEBLES #2@5* AI Hl=gt £J| /XL =

ELEVERN 5| M&olch OA
SHUl J1QISHCE Al
[2dl0l& Al 20sec2 &
. F|g 72 AZ2Y0l&8 Al 3XHA X MO
el Flow chartE LtEHHDD RACH 3X
& ole X2l Ygi2s
0l HE ‘2-, ?210| A

_|_<:>t_

-

ST
L]
3

0
ﬂ
un
A3
K
I

0

ﬂl|0
()II

[S)
NE
E
rlo
H o
g fin
>_

flo

e
(w]

X [0S W D O (0)
' o
ol
fuul
gﬂ
S i)
o
o
>
0
P
|-H

- ol
- 40
A
0 = w
a5 -
r

o o

4.2 AlE2di0ld 23t & nF

Fig. 8 — Fig. 122 AIBI0|HE S&t Z2WE
B0F=10 AUCHL X-=2 0secUlA 20sechHtXI2] Al
2Hsec)2 LIEHHD, Y-F2 282t JH2lim)2t g2
2 =(rad)S L}EPLHEP

Fig. 82 XZ=2S0 et ZO0ICH AlMO0
ROV ISRO2H &2lol HOoZ2utel Hel(m)S LIEt
WD, &0l ==(m/s)S LIEFHCE 0IDIAl, ZOH

u

Journal of SNAK, Vol. 45, No. 6, December 2008

=2 =X &

ISROI} =& = ot0d, ==
SHH 1.0mJt El= NE0 AXIsts 20ICE AlE
dlold Z1 QHAE 0%, HEARE 2f 9secZ,

=
SH2Z ME H
2t 10secE &

-

ROV ISRO%t &=
HellmE UED, &S0l £%(m/s)E LIEHH
Ct. AlE2diolE 2
8secE, =HZ IH M d5= & Bt=otke A

S 50| 3 2 9JOIC}.

3R INHO A

Yaw 25H0f

Ref. Heading Angle - 10°
< Now Angle <
Ref. Heading Angle + 10 °
LR

No

Ref. Heading Angle - 10°

< Now Angle <
Ref. Heading Angle + 10 °
wsh

Surge 25X 0]
Sway 25X 0{
Heave 28X 0f

23 YN0 ERHRALIR
Yes

Fig. 7 Flow chart of the position control
system on the simulation

—surge(m)

velocity(m/s)

Distance(m), Velocity(m/s)
()

10
Time(sec)

Fig. 8 Simulation result of surge control



584

ROV ISROZ

Fig. 102 &=30 et Z200[Ct. AH0|
222 (rad)S LIEHHLD, BH0I 2+

= (rad/s)E LIEFMHCE AlSdI014 2D A&
E 10%, H=AIZE 2 9secE, SHZ HE MO
HsSE & U=l 248 Fol & 2 AT

Fig. 112 Aol2S0l et Z2D0ICH &0l
ROV ISRO2t =& 2&k0ll EXHok= 22 EHOoH
Sel Hel(mE LEHHL, BH0l £&(m/s)E
LIEFHCE AIZHI0IE 2Dt QBIFE 10%, FEAl
2F & 7secE, SEZ ME MO 450 QUHAE
10%, B=AIRE 7secE & U=otke AS &ol &
= UALH

4042 2210l 20 S Al=2dlolE ZUE
HIECZ Ul 252 & 2ol Moioks 3xHa 2IX
MO0l CHEE AlEei01d S <=EiGIRACEH 3XHA <
HHE Ul 201 =22 2

OZM OIR2U&ICH O é o =D
Om, 30deg)0liAl S=
Odeg)22| QX MO Al Fig.

Yaw(rad), Velocity(rad/s)

U OH-I
o
= 0H1
Z B
=2
1
02
0

Xl (Om, Om,
?IX1(3.5m, 4m 1.5m,
122 20| SE2

25

—sway(m)

-==-velocity(m/s)

Distance(m), Velocity(m/s)

Time(sec)

Fig. 9 Simulation result of sway control

—yaw(rad)
velocity(rad/s) &

10
Time(sec)

Fig. 10 Simulation result of yaw control

NE 0l88t 4" ROV AXMOAIAEN 208 A7

Q)

£

z ——depth(m)

% velocity (m/s) 1
>

E 4
=

a

13

[a]

0% 5 10 15 20

Time(sec)

Fig. 11 Simulation result of heave control

__ StartPoint
(0.0, 0, 30deg)

Finish Point
(35, 4,-1.5, 0deg)

Z(heave)

X(surge) 8 4 0

Fig. 12 Simulation
control

result of 3-D position

Table 4 The settling time of motions at
3-D position control

Surge | Sway Yaw Heave
time(sec) 8 7 10 4
FIXIDEX CHEE0E 452 Solg = U/UCH
Table 40M= ROV ISRO2| 3xH& XM Al
2t 22| FEAIIE LIEHLACH
5. ROV ISRO2| alE

SRO2I MO 55 &5
"%MI%*#EOHA-I =X

S 20084 12&



=== OlOLE 2JIAS
=} , O o, oo

b
o
r

79x5%2.7(LxBxH; ©2:m)2l XS 2= TTC
201 X2, #2101 AKX 20t HAEH Q!
J

ROV ISROJH &Eobl0l &HEst £AS

5 I
2 3&

oF Z Jy 4o

1o gy for
02

% wo 4

é; Pl

U Ja >

on 0¥

o o

9 Koo

e
o
5
o N
j
[z

4
02 m
ol Q@
[N
ikl
5 o

o
e

[wm]
2 %
g B
2L
O [Z
S

= o
iy W 4%
o 0
FE
4
mo >
o
N E]
4> N0

I
10
pn
£
4
2
2
30
rr
10
I
o]
&
3
<
@D
v
O
10

o
x
-
2
4> ol
02
ol

ot 2
IRl 014 HEE MO =, "E= Mo+ =32
MOi", "H= MO+AGHNIOT, DIXI%ez "M Xl
O+& =S M OI+&IGHMION 0l CHoHAl ~S4SHRACH.

olottHsty) SSEAZ=Z0A 69EKIS] Al
b 2d0ICH

n

r

=)
IS
3
o
%
1
02
o
1>
0o
o
0
o
ol

H=S2HO

FOLMIO]

Mo+ d=+=S2KHI0]
RIO+&GHMIOF

HIo+& =S M 0+4GHMIO]

>

T T

Ao

Fig. 14= ALF HIME Z2IEI0l&EsH Z1t0|
Ch. =% di=el Ha2Pb 0.5mulA 2.0m7kKl
0.5m Z2tH22 =2 XAl £ SUH2= OI0IH a8t
£ Ze|Bd 01 SIACH Atz S Helol
A GIOIE gt @XIJF CHE He2lofl dish < 2-38H
% UEHts s =g = AU=0, X2
I 0.5mUM=E 6%, 1.0m, 1.5m, 2.0m0ilA
= 3%0lot2 LIEFSCE X MO Al €= d0]
BH= Z20E0M 2HES ot MEotH Sl=
AUS MHOIEE SGHRICE Fig. 1
O =X AE Al 3XA RIX HUHE &g M2l
Flow chartE LtEHLHLD
& JAdtes fIXZ22 g
2Pl OlLHZ ZR201 S5EH &M=, HNR, 4ot

20| &=t

Journal of SNAK, Vol. 45, No. 6, December 2008

585

Fig. 13 ROV ISRO experiment in ISMB

-=-2.0m
ee T 1BM |

--1.0m

—0.5m

distance(m)

4
Time(sec)

Fig. 14 Sonar sensor calibration result

3XH SIXIHI0f A%

_.| Yaw 25 H|0f |

No

Ref. Heading Angle - a”
= Now Angle =
Ref. Heading Angle + a°

BEHEIR

Surge 255 0]
Sway 25 H0]
Heave 257 0]

Eu X0 =RR=P

Fig. 15 Flow chart of the position

52 A8 Znt & NF
Fig. 16 — Fig. 182
A A" Z0ICH
M, Fig. 162 &= 225 MO &g Z20ICH
[=;

(L o =
elstiisiy) HEAgE+x He H0E2 Jdot



586

1, ROV ISROS

e

ok AmzE &

ROV
o]
GHAl
ROV
uloH
20|
N
YN
Ck.

K10

Distance(m)

z

H0f

XNG

;
Soll S0e=s 0

==}

Pl
0
2
9
rr
b
b

M
s
o
Uy T

O

3

Hu [
0

ol

8

[w

un

ot =HE D

ISRO2| =% &AEQ

S== 2o flo LBISFEI A2
i

EEE MOII2 Helgts Fotilh

[E=p )

_aEEH\UOﬁ
(G
-
10

Q
Jo
FH
rr
0
<
[
&

ut
rnr oz

=)

BpE [ HUEz2 S=° 20l 2IIMH
Ch. ZW0IA 2=He &

CHAE M 2=ttt

HAE 80l & =8 ot A& 2 = U
ortol Hatalth 2xpr gHok=0l, 0l |
Jt 801 20ICH

»
n

' [Surge

-

©
&

@

N
¢

r

&

o
n

I I I L i I I i
1 2 3 4 5 6 7 8
Time(sec)

Fig. 16 Surge control from 3.8m to 1.5m

Yaw Angle(degree)

Fig.
deg.

DMC Data(Yaw Control)

200 b ! “— Yaw(deg) 1

190
180
1701

16017

5 6 7
Time(sec)

17 Yaw control from 147 deg. to 220

2.5f Depth(m) &

N
T

Depth(m)

0.5-

5
o 6
Time(sec)

Fig. 18 Heave control from 2.2m to 1.0m

Fig. 172 &
=2 Mo
20l X
= A
DI—Ol j Ol-

122 220deg
SHEC d+5R29
2 JEFOHEJJOI % OI
OIM &ot=
A= %’IIOHOIE DI H=0l I%
HLERISH @HAE 210 eryE
MoH212 Jﬂ‘&'a}t; EAPSkel S
0%, AEAIZE 5 secE OHEE HIO]
SOIGHALE.

Hd+S2 Mo &8 Z0ICH

g0liAd= ROV ISRO2 ==& & UK

AE OHdE 94111*%?5 =0

olUCH &8 20N 2=bt2
(e]3

= 145deg§ T4
240t

S

AlAH
=20
= OX
=
=
=]

il rZ 0 =

P o
JPD
b

=
=}
ok
== M
£ #&E5

>
g
0
4
gg

> (=
o
J
I
o
C
0x > O ror
1
[

2
rr
[e]]] I-” OE m
=
M0 0
TR
Mo [m J mir o off @ mw 0 ko

.

> T
i,
ol
ro ron P rr

>
(IS

\J

LJ
wy 0 o
BN o
T
U FO
(=R =at
oA 3> M

J

SE BUiss Al diAJE EXIE0 JACH ROV
ISROJ} elottistl HEAE=22 K= =0l
=4 24 #Z0 UAS [ =X "L 22mE
=XAotd RUCEL 012 =J| JHelz dotd |2 A
clE 1.0mz d&t = &ct 28 Mo Algs =

EOHZ =X gi51lel S= A8dsS |l ¢
ol0 QHHE 0%E MO SHZ oL 200l
N E&=H f F 20| 24 Ol |E HHelz o

&#%R% Moot ds

[
Fig. 192 &= 5 218, Fig. 202 &=L

2
o
P
x
Jo
tol
rir
MO
i
=
N
(G)]
4
=
[0}

S 20084 12&



@ MA@ WS ETSgEEHAITAMANSGER T O S RS
10 . © ol T & &S B WK W s 50 — Q N HR SO ol
: R gl FEomaslWyg_ o FW — U
g ko NE_EMM%M MJM;o__E%aTm_%@Bﬂ %E_Eo_ G+
2 R0 S RM = U RN R > | = A Ar
&F P oo B2hY R o ZTiwE Rmm-. O HmALBRUE
, o i 0U N o) = N = S <o @i g L
lo = e e _ ol S .[3 = . 9l g 20 2 30
= o o B %5 S .U D = o IR T
S TN L s L R L e S H X 03 30
3 ¢ MmpwiRstaighgsE glysmsaspl w3y ”
e Curogle VR BROER A5 BT 0D
= 1 T e i - == A I A
< = . = 0 ol N m._m ™ o~ R0 © 3 s o = =
w m.T 0O ° o9 Wo :.__u_ TS w M .nf KA Fn_.v __ o0 oll u_nnm . % < S m 5T —
e e BB OEW SR AN wWEHN s W m G
> ponHoIMCET U UKD L s 2w PRS0
3 ZTrmgymyoHl ma 2 A gD e B =3
- T = L R = i s e
o SMagg X CmaWow uitESgrwartlasg T s W
_ N .2 3 W al N TR R =35 A . 2
° CH S g 2 WrWarR 2T W FS<tp .otk 5
LR R T L 6 H8mdBRWoS  mSxm._. g, F - LRI, 3T <
e T ot Al i6 16 W T 16 om&iolmMT o™ o o
Kk ®0 0 20 0f 20 UF W Woma D30l IRR MKW W
=5 0
, 3 S _ , . T Tatg
g I £ 15 ~ D g g Nk
8z 5 m = 82 e T =y
3& fo M i e 8 3 P 5 0
g = 2w
> IR )
4o Mw —“0 VQIM /m :._O _.=_=_ M
S 8 ® 3 Fu>
1~3 5 1<% O g ] | = o
s D & 5 0t = z oo
£z - s TR
e © lo — o E oo K
i = g S o .=
A Q c o B
0 o © o o ) B i
. ) (@] ] @) @.M A_v
By o 3 T 5 KK
il - 32 - 8 R T
a0 N > i H U
: @ . S 2 5 o
) A A - g ¢ ¢ 8 g & s A S P pE g g e o W 3
Ho (w)eouersig o (s01Bop)ajbuy MEA o (w)eouersiq i _.L/II’ __o_u
) i i A o R’

Fig. 25

=
=,

P

Fig. 24= 8= 2

=
=,

2 Zit
45, No. 6, December 2008

[ OILHOI U= AlOH
Journal of SNAK, Vol.

o
5



o 1sec Al Yaw {91210l X IS 0]
Lt | EoED o
200l NZE ©US o=

.
Fig. 24015 1 — 11secAlOl0ll Yaw -2 o
oz ROV ISROJE MEo] HOHE20 &
22 28] W20 H2loF AHE 20|
ec O|F0l= &Aoot |sHE Helel 2.0mE &
= UCL Fig. 250Ad= 11 secOl
=5 Helel 1.0m=z2 {Xl 0/=0|
21 CHAl AFe 8o 22| #X| 0ls0] U
, Ol NS ot=dl UYAHAM 242te] @It
td 2IXI 0l A0 SHIOt Zast o2
Ct. 2Lt CtAl ®dtk= MOOt 01RO A

fIXIel 1.0mZ *=8ots HE 2 = ULL

J
Il

(%)
P O

= 2 M

o

ZNEr B oqe =
Q
ol
2 nE g

fEl HU 0%
m

Jo

o

|
Yaw(deg)

Yaw Angle(degres)
2
B

L . |
2 4 14 16 18 20

8 _10 12
Time(sec)

Fig. 23 Yaw control result(Surge +Heave+Yaw)

Surge Exp.
—Fitting i

Distance(m)
= o _»

o
T

I I L . . .
5 10 15 20 25 30 35
Time(sec)

Fig. 24 Surge control result(Surge +Heave+Yaw)

NE 0l88t 4" ROV AXMOAIAEN 208 A7

2.4F Depth Exp. 4
—Fittin
22f 9 1

5 10 15 20 25 30 35
Time(sec)
Fig. 25 Heave control result(Surge+Heave

+Yaw)

6. 2 E

= =22 0l ==0A= 2lottHetu) oHFAIA
BHOAAAUA JHEE HAEHE A8 ROV
ISRO2I IXIMIOIAIAEN et ds& ZSot
Ch Oreket =5 g2 JIg0l e AXIMOA
AHIS 2= HAEHIE A8 ROVE HYSH| <

A SX0I XE= ROV ISROS & 2 HIZ3H

Ee, AIZdI0ldES #8iot)| ot ReE=
o 2SYEANAM ROV ISROS 2sHEAS
=Totd, 2 =FHE A== X &= ol
°lol ot CHRGHALE =<8t 2SYEAUA
ROV ISROS| #HEs, X232 =85 2d
= 2dotl, 012 =82S, +32s, X
PIXIMIO0 CHGLO AIZ2I0I8E ~=(PDMIOIII)
oo MIOIAIAESl 452 ZSotAtt

=)
=
|-
0z
(=)
Jo
Ja
2
=
rr
=
2

SotALt

= == 28= dclotH U= 2Lk

s

® [SMBOIA &0 J&0oty), #dk=
Ot Jbsot &80l 20 2
ROVE &H % NZoIUS

AN
=
=)

a
>
S
[
iy
A

e 0
0
Jz
o
=)
0o
ol
=
3
<

2
o
P
x
Jo
tol
rir
MO
i
=
N
(G)]
i
=
[0}
fob
n
o
o
[e9)
o
o
M0



=== olaLt 2JIAMS
=) , O o, oo

gl
et

b

ISRO2| ==stH A= JEotl) POMIOIIE &

Hiotd, ROV ISRO2I RIXIMAAIARES JHEGH

AE2el0ld S Solf BSoIUS

® QIGIIHSI L MEAIES=Z(SMB)UIM ==& &
&= Sol0 POHIOIIIE =4, 4LE HME 01
SaPN
|

5t01 91Xl AISE 2= ROV ISROS| SIXIHOIA
ABI9) H52 HBOIAS
& 7l

0] =22 20074 FR(uSAUETAL)Sl M
! (=

oz gt=st=dEMEe X&dE 20

Al "(KRF-2007- 331-D00564)

e Choi, D.H., Lim, G.N., Shin, J.S. and Kim, S.H.
2007a, “Development Of The Test—-bed Small
ROV ISRO for Underwater Missions(1)," The

Annual Spring Meeting, SNAK, pp. 1964-1967.

Meeting, SNAK, pp. 828-831.

Environment for Underwater Vehicles,"
International Journal of Systems Science, Vol.

29, No. 10, pp. 1135-1143.

Ocean Vehicles”, John Wiley & Sons.

651-670.

Journal of SNAK, Vol. 45, No. 6, December 2008

Choi, D.H., Lim, G.N., Shin, J.S., Yun, S.B,,
Lee, J.H.,, Kim, HJ. and Kim, S.H., 2007b,
“Study on the Depth Control of ROV ISRO
Using Sonar Sensors," The Annual Autumn

Cristi, R., Caccia, M. and Veruggio G. 1998,
"Motion  Estimation and Modeling of the

Fossen, T.l., 1994, “Guidance and Control of

Hutchinson, S., Hager, G.D. and Corke, P.I.
1996, "A Tutorial on Visual Servo Control," IEEE
Trans. on Robot. Automat., Vol. 12, No. 5, pp.

Lee, P.M., Yang, S.I., Hong, SW., Lim, Y.G.,
Oh, B.D., Lee, C.M., Jun, B.H., Kim, S.M,
Park, J.W., Choi, Y.C., Hong, S., Kim, J.H.,
Choi, J.S., Choi, S.K, Kim, S.Y., Lee, C.M,
Kim, Y.K., Kim, K.H., Lee, S.M. and Kim, H.S.,

589

2002, “Development of an Advanced Deep-Sea
Unmanned  Underwater Vehicle (1),” The
Ministry of Maritime Affairs and Fisheries
Report.

Shin, M.C., 2004, "Development of Ship Hull
Inspection ROV with positioning system," A
master’s thesis of SNU.

Son, KH., Lee, S.G., Ha S.P., 2006,

"Mathematical  Model  for  Dynamics  of
Manta—type Unmanned Undersea Vehicle with
Six Degrees of Freedom and Characteristics of
Manoeuvrability Response," The Society of
Naval Architects of Korea, Vol. 43, No. 4, pp.
399-413.
Son, N.S., Rhee, KP., Lee, S.M. and Yeo,
D.J., 2001, "A Design of Collision Avoidance
System of an Underwater Vehicle," Journal of
the Society of Naval Architects of Korea, Vol.
38, No. 4, pp. 23-29.
Yur, J.K., 2007, "Underwater Robotics Resear
ch," Autumn workshop of Korea Unmanned
Underwater Vehicle.
Yun, KH., Rhee, KP. and Yeo, D.J., 2005, "A
Study on the Guidance Law Suitable for target
Tracking System of an Underwater Vehicle,"
Journal of the Society of Naval Architects of
Korea, Vol. 42, No. 4, pp. 299-306.




