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Abstract UUV(Unmanned Underwater Vehicle) should possess an intelligent control software
performing intellectual faculties such as cognition, decision and action which are parts of domain
expert’s ability, because unmanned underwater robot navigates in the hazardous environment where
human being can not access directly. In this paper, we suggest a RVC intelligent system architecture
which is generally available for unmanned vehicle and develope an autonomous navigation system for
UUV, which consists of collision avoidance system, path planning system, and collision-risk
computation system. We present an obstacle avoidance algorithm using fuzzy relational products for
the collision avoidance system, which guarantees the safety and optimality in view of traversing path.
Also, we present a new path-planning algorithm using poly-line for the path planning system. In order
to verify the performance of suggested autonomous navigation system, we develop a simulation
system, which consists of environment manager, object, and 3-D viewer.

Key words : AUV, Navigation System, Collision Avoidance, Path Planning, Risk of Collisino

1.M2 B2 S7te Feel 2 BEEA 2A Sold Rew
A 23 AAUA olF mRe A5z @ Ama%% mm“ A S BrEes BE FEE B 3
e a B e e e O sl HAREL oldW Lorzuae BAHe
< S B = QAT 19709USE FEE TArFEie) DY A

23 603 FHH7ER)] 7|71 7}]%_}% o}xygr_yé]o
ALAD FEFolat dck. 2 F 709t 22E el

FE AAsNe] @A 2AA, AAA, HER PopolA
4842 AFHT Utk

o2 A F2 g Afatedel sadl o) was &

AR H F4 FA2LHPROV, Remotely Ope-
Vehicle) & A2 FApgolgtn g} FA4%

rated

RAfFaRold AAH duxAS s of
F ANE S5 BRYRE ASsn ASH B, 3

Y 9 Aues 53 AE A3 FFEE
. o] 3 TRl 7 EAMo els] <17+

TR A A Ayt ARG o ol gRASFERe J15A SHe2 A
baram@ailab.gsnu.ac.kr 9 ol X]]‘?-FE]-\: EH;QOHH 0]—r01}<]t_~ ‘l“%‘ﬂ]o]%
Jhee@jinju.ac.kr AX, 3ZAG L {FAESE AL ZAL Az

oEde - Addde AF A as . N

ygkim@gsnu.-;rc.kr T < 7«1}]]3} Ho]: EHOOI:Q'%}—}‘}': o]ég._/\}y 2163 %}A]’Q‘}'
EEPF 2006 39 99 22 ged Hol, 1y g3 15U 713 AAY

AAEE 20068 124 11d



236 ARAFI=EA: AZEY B S8 A U A A 3 220073

2L FAH BopllA A7E AYsty 4FE Y
4 9tk Az SAFES AR 4L HHBA
A BALZIHo| Fo|z YRE AW FPsir] 9
e JAAEI £F YA, AgA, 28
A 2L AFEEVNFTE B AFE AELY
AN2gS geg 1] AEEIN2HE 7154
AN BEFIH A AP 2AA FEIIA =
doz grect A NzdolT AFTAL 3
2ogzaie QJRIBAHOR EQEy] oA dFXA
do) W3 NHH Pre} oy kA AYzAES 2
do] AP A=HAH EE B8 FolI ExAH
o] AAA2 A (global path planning)< F33=
Nxgloltt, FEITA2HLE JHAEIS] BEH A
RE B} AMAHoZ HEse 13 F o5 ANE
el A4 2 AavEE AP EEA4H, 057
zZagel @4 ¢ FHHE 1 FEINE £
she Al=H"lelth

B ERdME TlaFaie Ae8A 82 A9
JRAZ, AGAe], AAEA 7S FR}= AT
g gzl AA 2 7o v Zledtt 2
FiMe ALeFNzEE FASE FAZRC AR
He 43 028 JAFASrIEE §EE + e
RVC(Reactive Layer-Virtual World-Considerative
Layer) A5Al2¥ Zd& #|¢Hsli, o] =def 7wkt

FArFERY AERIAN2TE AT opEAME
A3 3FdAE AEEIN2E S TR BAS
92 gAY 2, FEI ALY, 28l FEHE
EAEAAEY A 2 R B rEFrt 473N
v AtE ALePA2EY AeEES AT AEH
B 78 @ Zale) @3 =3 nALez 53FcAE
B |7 o 25 Wtk

rlo

=

oot

e

tlo

rr

2. \IsAI2H OFF|S4A

QFERE ALY el B B4 FY]
Aoz AL olg FAFYHoE TEss 3|
ek 71He ez 3tk 74 99 EFda
F4% 2902 WA e A7t dRied, o
g dZgsty] s I AFAT IHE H8E
of gith AFAT FAL BHEIEE A4uojzA2H]
7 o] QAztel =AAH Al AAY FAE 715F
ZA%(symbolic AD)M A7, HAjA| o} Zo] QT
o] zztad Whg AAY fAG BN JAFTAT
(behaviour-based AD2.2 &I 4 itk o3 F
AFAFL S e 54L& /AT derz EHF
Az g3 44 ¥oh el AELIA 2] &
3438 AL Yeixe 7NErERIFR S PN

o
£~}
53t
=
=

A

U e

FA5o] 28FA AEFE v A2d 2dF, Ax
o] A B glo] A4 ¥ RS Fdis
e Al2E BEe FgFo|ck

2.1 RVC X|sAIAH ¥

20 A7) Zute] Eof =g Yiey FE% G422
AgggA s #F A7/t LA, ATFAES 7]
/M EAT Y ALst) ALFALHY A
SAle 78ty stk a8 AEegAaEHe] 5
Zate AAA ARG JE7MRIZAE 7IHe AAA
EF ubd 7t A4 gdgos st AE AR
& St ik ole AAAT # FYH7 fEn
(ill-defined) A%Fe] Aol flEdl W&, 7127HIEA
5 71 & A= A(well-defined) 7] &
Ao ok Hgslr] Wi otk AFAEL HIR5}HH o]
B3 EAL 2t AAA A SZe Iy A7
AE7IHE A7 olg 2o Frid Ut o %
oA EAHY <E77F animat approach{2], reactive
planning[3], computational neuroethology[4], task-

=

MR

oriented subsumption architecture[5] 5°] e ©]
#}e Ee BASY FYrEiFAFolzl qcHel
g A7E il FAFFERS AT AHA
AAAE ZlEsw Ee v olm FuymtergE
B2 wg dsd =2 £ vkn 28 JEA H
ATH7]. webd Heo AFF5Te 7 RRIFZASH
PANRIZA TS HHI) FIstd ALIdAS A%
AoAAE FPshes wgez A= UoH6-8l. L
2 E4& /A gleBs
7 |37t 4A @k 2 dFore 71EY
23S BMgte 757 AFAS7IE B A
A5 S @& RVC ABSA
€

3¥ 12 RVC AsAad mde] /fdeolth RVC
B2 ¥ o 52¥ 7Y 4583
diste pHakel 72 3 UIeH SHAY BA
c! W zdolt. of Rde £33 7]

g_:‘
32
e
=
23
oo
oflt
N
i)
i
o
i
S
ok
I
-3
o
ol
rlo
M
o
>
o

AP YR E oj4sld FAE AT oW ¥ AF
o) ARaE st FRAR AFFFE olgste,
ol whe-ZolM AME FRE HANTOE EHstn,
%415 "o BIE RS AuFth oHF TH
AR AFY9e Aol FE JgE AT ] TH
AR ARGIde F53 EAEE AAA FE T WL
2 o3 2% FRDE BAHED P4 LAA BR



Virtual Wor'd

Real World

Iy 1 RVC 249
9] REAow FHITE £33

A E mﬂ, o] I
AR AFFGe AAAE vFE %d\-%‘ A&

o)

alez o]2 7M3A Al (virtual world)ed
2.2 RVC 7[“" XE228AAH 0}9|E—‘|X'|
AN =D RVC AsAled 2de] 7]nksty,

él/‘ﬂﬁli—rﬂ 39 ZRE 7 ZEY ANTeE F
A3 Agatr] ¢8td AR A/aH} Fefo|dE/
AE Aol 712 ol& 3t FMAAAHES
wle e, dbolg 2AEY 715 Esta
Atk 3], tiolel $Ald) SlojME TCPIP Z2ESE
33]%6}51 ZYE ZYHA EAL 2 Ha o=
B d28e 2= WH A (load balancing)ol o]
It} AAIEZEL 227 57139 JdgHaE 7)5e

il 7181 RVC AFA2d 2l 7k snz
22 Egidel EAHA Hi o]2HE WA I
THEAAAN 2 o] Y Fo|ch

4,

rm 4z o

k4
o

q

0

%01 b3ttt 2™ 28
3. XIsd XE2H0e] FAAAH

3.1 &=23|IA|IAH

ZE 3|7 A| 2 (collision avoidance system)2 3l

= iadiagent o

237

HEMHALT

AEANE NG

SHRAN A

MM

a9 2 7PEAAA 2" 2dl
AGrzddo] 1&g ARAS /MINAZRE dgL
o} EAFFa R thgolF ERPoT AU £
FERE ARH T A G4R ZT ZFAE

Z93A0 AT B3 Anol W}l GRS
A% AR Aloly A2E AdHs= FAA=AA
(local path planning)71%5& F83ls Al2dE& FE3]
A 2golg} it}

311 FEIIA2E 12

FRE&F2Re FEIYA2HL 28 33 o] 7t
Ao B(virtual obstacle)=E, Az A (relative grid)
52E, 7MddA(virtual plane)®E, 8 d(adjacent cell)
2g, 281 FR MM (candidate cell selection)5&
2] 57l &9 FAHEES 7T RN EREAAE
TPEHIAZRE JEEHE AR A, B A
B, O3 AAEQE=e Vv &t g8 2] st
FRES AT ANBAREGNE A T
&S JAA [01]9] HAGeR @) g
2 AR EAME FAReAY Ay wgoez 4
E9 A e de A4St 33k BEH

,'

SEAMAAR
Heuristic Search using FRP

Retfined Input &
! -~ -~
The Transpose R’ ofR

mm\ i
New Fuzzy Relation T
i
a-cut
i
Hasse Diagram
- = e i,
LI P
Ci8 Ol
L .
Virtual Wml\b“\
N ™y
FRP : Fuzzy Relational Products
o1 SGHEE Way~-point

¥ 3 FE

5111*1’\%!]



238 AR g ATEH 2 & A U A A 3 507

Qe FANE FRE 239 sPiHEe =
doct. AHARENME EHT 2Ho] wEF AHe
Ast Aarolel] Fige] AL A4 o}
202 o8 & At A% F£E FTyMUG viAT
02 ZRAAFTEHE JPIES FAE v
AE ZF A0 HHA AN HH dE A
3l o3 RARFAY g olFxER HATT T
gog ol 7153 HAEY FREE FAs}e AEH
o] AAANL EE3) Y8l HrM(evaluation func-
tion)[9]12 AM&&H, T2 o2 olF 71Ed A HEI
oJuld BAS st HH9 A& Ay Y7 ¥
A @A F(fuzzy relational products)[10-13]2 ©]&-3ct.

312 €39 ¢ndE

ragzeRe FEIHALHAME ThEFog oF
ted AEF AAEL P AEY #ALE R
#sly] s HWAAREE AL, 3 4539 vl
(semantic) EFBAES B4ste] F2iA FRA A3
< 98 HAAWAFTE ol &3 HATeE FEIIHA
289 A%e ARFAE FAAA|EE AIFYX A
ERA7A FFFHeln AT e HAT 5 U=
2 gen Ze J9ARVlY AIAHARE FAA
Hhogsledof gt

1. 7Fs8 & IAN9NERE M s FRAR

°)E gt

2. 7V dA9 B ol AT

3. 7Fs3 3 AojEERE oA Wiog o]Fdirh

4. V58 & EEAHY st FRAdz FIEE

gt}

HhEE 2AABESC), 39 AYABIF=ADC),
A A AuFHRDC)S] A FE2Z FAHE 52
()3} o] BHET 4 (29 FARHNFFE A
o AMdel Sioz2nd FrxsgH CSanx oF
Al 225 AUE AdEe AR olFAUISY L
AgAEN(RC)Y Foz FFHY olv FEARE 134
22 wgditt. 4 Qo FE IJHAHARTFE
FNEAH FRAE Alely FHAE Al A
AR 3¢ BG4 5)9] FAAYAHFFE
Z ZRAgarRey ERAANAY HAIGALHE A
23l APHAYR 45 w3tk

EF(CS,y41)= LC(S,CSpa1) — ADC(OS,CSp1)

fu
a0 M

J

4

+RDC(CS,;415 Pgoal) (1)
LC(Sy,,CSy41) =TC(B,,CPu1) + RC(S,,CSpt1) ()

TC(P,,CPy41) = Horiz _D(F,,CF, ;1) +1.2
xDepth _Change(F,,CP, 1) 3)

ADC(0S,, CSpy1) = Iy x Num _ 4void(0S,,CS,41) ()

2
RDC(CPy41,Fgoal) = khoriz * /(X goal = Xp1)" +Fgoal = Yn+1)2
+haepth * (Zgoal = Znsi|x1:2) 5)

AN S0 CSyis0Sn P & 242t BARSAY & 4
o, F24 4, Zol2dgE, ML g

RPN L) FRANRREANNE 2t BED
Jun TPBAS BAs FAHY TR NS
ol HAVATE o8B AAALUH AFA2H

Sl o, AAs YFol UF BN FH A=2E @

HE == A2E dgeoE HABAF oo AlRtH
2th. Kohout$} Bandler= olR#AFAMNE 33814
= HABA W 2 925 vy TFRRAE e
We HABAFE Agssied ol FEIIHA=H
o] 0|87 sl ®h ANES TS AF thFo2
o)F 7153 AEAleldE T ARHZHAEE "Il
2 e @A &A% B =EoMe o3 &4
Be HABAFLE B4 goz oF /5
AS Z 71 GRS B2EEY A4S AFPG 5L
HA DA F L85ty FHAS APse HAZM 2
A gAZ FAE R dA dACdME 4 (6),
(D3} o] ggoz o%F s MAAY S, AdEE
23 QY O, nla ggoeg oF 7sd A3
g3 Fole Ao HABA RL Rt BALS
EFE AAQAHAN FHAZ o|FA AREHe X
Ae FAsE olF (0, LIAlele HAFGeZ HMEAZD
o HARA RL o] HALS ggoz Ak £ W
A BAAE $4 (8)7 2ol HAWA Rz 1 AA
g R o YANEFAN (L HEso N2 HA
oA TS 4480 Te oz oF 7158 43
g S gges oF 7% AIY S @AM H
1 ol tge® olF e APF dRETY 9V
2 TAAE Jepdoh A HA dAME $24 O
o} o] MABA T & olAWAYEE W) A3t
o 7ol diatacu)e Hestd Co g A3
AeEe dobdw ol o) FrA [P d4EN9
AZETzrt gdA7) dEd Feldd AHRE &3]
AeME HAY SIAY e A3l Aol Fas
o} oA gdAZ FRA JF S Y2ET REe
A(partial order)E E23}5tE A tholo LM (hasse
diagram)& 43Tl ol HAHAI & FHAA
o] FEA AT A4EDY] ASH F=E gt 1



FARFERS A% AsY A2 A2 239

H 4904 AR A tholojaFHF AZe] A
9 =B FRAFZEEY g o)F A= HA%.

S={s‘,s2,---,sk}, 0={0\9025""0i} (6)

o M o Ny $
_ o B ot | 5
R=sx0=| . . .
T N 0 Tal S @
q 0, = 0
M Soo S| s
. S So o Su| S
T=R<aR =| : P :
Jo o 0 Tl S ®)
5 5 K
b, b, by | s

)]

H(C,) (10)

3.2 SsliAIgA| A

FAFFERY PeA A 2Ho|F AR EF
AR7A A ZE&AQ FHE B HF 2
ZEHRVIEAM HYAREAE s, AW A=
€ wet AEEE A 2 Aojdte Al guF
o dutd oz FHAGAI 2L 384 g (path plann-
ing) 7151141515 = 2 Ao} (guidance and control)
7152 FAET. FHAgES FAFFER FdX
HAEEH EXAF7A 2334 @ RE F2E AHH
£ o83ty HAsE 71%5E Yvlsie], = 2 A7)

52 2YE AZE gt WRAFFER FHY + A
=5 fx 2 Ao 7IeS vt

321 geAGA2d T

B A A= 75 ZA FEFHA FAY)
W A4, SRR AR4E aga ikEE AEE
THEAAZ AEEe Rolth o T JTE ¥
A8 AAIAN~EE a7 59 e ASFH FxE
Ak oA BARE FfA A2 Aoje F
23059 FzAYA oY AFSHeU ol AHH
PFAYS FEstn FADAY FHE £HH0 R A
oJste gEg Tt A=FTERE F2A A7)
ooz AZAYY], FTRA7], F2LFYrlel e
T484E 7R §4A7E AR AZste o
o #Ed ARE FSde 9L P B35
AZ17F AHEAZEE B8 AHE BF 4wy o
W Aozl FZAFA7|E ozt F2ZA FA o))
= IAZY F=2AYY), FEFAV, FEFHNE

718k A7 T
¥ ie,
I CEI (= .
i 2 #=|
g2l 3 = 578
L = :
{ o g
[ e=ew (T g

Y= Control |

a3 5 FAIAEH

322 ¥sAY dudF

FRAFZFERY PV |8 Feo uAyF)
go] SABIAY FAFFER] dAT o] ol¥e=w
7t g A dRZolET o @ B nyF
A etz @tk olgd FAHA B =FdMe FANE
AH% A6 E3E o8¢ F2AYIRCT, Intelli-
gent Route planning using the point of obstacle
Contact and waypoint-Tree)7|®4-& #¢Hghct. o] 7y
S AEAZHRE A DAGNET UA] ARAJole
HEE &3y, 2d 7 ANEE AAHES 92
3t 2R3 EgE AT 181 A4 ARE E
g o] 4 gAE B3 FH9 =g LI
LEE AREL A3AAC HdgEY olg FEIHA
25 9 o8 A" FR3A gloh

D FAEddy 4=



240 ARASGI=EA: £2ZEH g & A 34 W A 3 5(2007.3)

Zaga BEXPAbolo] FojEo] EA) & Al 2%FH
Se} FoEe) A 43 Lset 5% HAH Rs, HBA
Get ZAolEe HE HA Lg9 £ A RegE A&
g} =3 Lsot LgAlols AHAS wHEAog F3a,
bR 2 Rs¢ Rg Ateld HAE 78tk 29 6
g HPE 452H AZY=2e $F3Y=29 HdE R
Q. Atz g ANE HYo] ARAHw AETFE B
O 7949 2o} 72+ FHe AR gl sl
B9 gL 7le7ie EAEZ olFolA Utk

rie

2 e

O ~ N W s 0N D~ ©

Py| HEEE [pylr| FEER |p,

2) A7d 29 A4

A ERA Aol E oo ZAYNEC]
A 3¢ 4 FANE AR A AFd Ed(way-
point-tree) & A4¥Th E oY 1PN E] EASt
T A% 9 B%3 Ede 29 8% Tk BHAH
Egg YAE 2UAY SoF BERAFY GAreldl &4
Fhe RE IRFFNEE T AA ¥ JFE viAE

o e

OZ8 @R @t @R @t @R

19 8 A4 EY

A EL F2T% & Utk 3D Z FAEL AT
H=3 & g2 ug FREC AR Edd HF
"ok E8AY SolA EXEAY GE 2 5 IeE =
£ I2E 4E3) 98 A2y FRT A/Y EF
o] AFAT= Aol

3.3 SEASETAEA|AH

ZEYY & A 28 (collision risk computation sys-
tem)2 9 FFYR) FNEAR, AANHRE 0] &3}
o RAFFTER &7 A EAEie dFE B
E59 g FEIYEE AEd= A|2=HeltH16,17]
FEJI=AEA2E L FoE] FRAFFEER FE
Aol gt A¥E o Az YIS FHA HHYF)
A FNES HHT § UEF = FEIIANEYY
Ag ZAE AF3

331 FEAPE=IEAN LY T2

FEYIENS AL FReFER &8 §734)
EAse AlBe FEAIRE A&7 A8 AxF
E& 0831 19 99 Ho] A M FELE TAHE
o A MR 5L YHEERA FRJAFFERT F
Ed g HEARE FMEAAZRE HoEY FAE
2] DCPA(Distanceof the Closest Point of Approach)
9} TCPA(Time of the Closest Point of Approach)&
A2 £ uA) FEHEE 4E REAME HAF
& 0]835ld A5 FEAYEE 4&%Th DCPA

MR

|

(RE+s2s ZHR0 tE HEES )

T

[zsoes]

I @
o
g

...... I -

0]

1)

INS 2

SENSORS %
o -]
e &
b 3
=1 b=

((mre }—{ muse —{ vmust

AM|

a%¥ 9 FEHIEAEAIEY



FAFZFZEE 918 ASH A&+ LW 241

gt TCPAY kg WolEd wAg A7)x, #A = 84, 8%, 24, FA & 2dFsn 979 Aew
& 3% F ngAg o FoREe FE H@EQ% PAEES FPERes AN F FAFTERY AW
A2k A WA, 2YREL Y FEAYEE 3 Ad % HHH 2% S A FHAAES A
EIN 2R AFE7] A3 sHEAAR AFdct FEE B mo] dste AZEAE u|FT A

332 FEAY=NE EHoldA2HgME YHo 2 Fe3e AFAM, &
ZENYEE DCPAS TCPAE d¥oz HMAFE  =A, PHAAGG S8z Fgdte FAHA, =83
¢ Pt Axslcd, FE7H 2ARNMNE min® XNE JFA ZEHSA AsRPNLHR G5

g ARRAME Flproduct) §4HE AMEEIAeH F & E gt
AZANE Agsigct gEges Solzke DCPAS 4.1 AIZ30|HAIAY 7=
TCPA, 281 £¥g9 FEAY=S sl Zzke) 9 FAFFERS AELPALH T AxzRe

M r

lo
2 N

WS A4 Aok 28 102 DCPA, TCPA, g
283 FENREY) Ui 2EFFE RATH 449 3t} 37 FRF xE 1P>‘<l$~°ﬂ N2 53 3
£&8p0 AMEE o #HolEe thed Ze orlE Agdcl B =89 2389 Aekdk AAAAAA X
7HA, 2RTA AEHo)H LYY FE B 28 113
FEYYT AXS 93 FETH HolEe ¥ 17 2l AEHAA2YEE I7 129 Fo] AGTFAS
goy o] 28 FHE PHNEIY ANL sBoz €A% FTHH FAN F3HEL AR o)A A

A wEolzlon, A AHHY A vt 5

Smm

1 $E9Y5 AL AT FEFY

o] o FRYRE 4 & HE YR

m!o _IZ: Ho

ﬂoﬁ‘.l‘-{fﬂ_‘..

r2£

TCPA
oA NB |NM | NS | PS |PMS| PM |PMB| PB
pS | Ns |NM| NB | PB [PMB| PM |[PMS| PS ;
PMS | NS | NS [ ~NM [PMB| PM |PMS| Ps | s aan ~

PM NS | NS | NS | PM |PMS| PS | PS | PS
PMB NS | NS | NS |[PMS| PS | PS | PS | PS
PB NS [NS|NS|PS|{PS|PS{PS|PS - - N
Erwironrment

If DCPA is PS and TCPA is NB then Collision Risk is NS ] k'"ff’"'f!“"m”/

a9 11 AEde)d A" AN

If DCPA is PS and TCPA is NM then Collision Risk is NM l
If DCPA is PB and TCPA is PMB then Collision Risk is PS
If DCPA is PB and TCPA is PB then Collision Risk is PS

4. A|EdI0]MAIAH
ANEF eI AA 2R FRIFF2RT ¥R EE ad 12 ABHe| AN LR Fx

P : Positive, N : Negative, S : Small, M : Medium, B : Big

y B PM PMB B N NM NS PS FVE PM PMB PB PMS PM PMB PB
1224 36 48 0.6 02 0 07 04 068 08 I
(a) DCPA(meter) (b) TCPA(sec) (c) F=98=

a9 10 gWA B



242 AEAEI =T A

AnE 3xgoz dxEgeldts], A B4 wWuA
(environment manager), Z4(object), 32+ Hl(3D
viewer)2 T Eh

4.2 A|EYOIMA|AHIQ PMRA

421 g73@A

RPN JREREH ¥ 29 2L FAFEE

gulo} FolyFER o) 3o JFL FE FHa L9
HAES 2d33ln EH AH9 J538E 75t
A ok AEFH oA AN BFAA
7} B 4F AEE FxEd RS F3Y3A "ok
AR YAY FE G AgHA 3AS A3
B Ao AEHoldd Bag IF AAE YA
3la £A48 27138e AAE9 45ES 2E
2 83AR
Nk o
ey % 48 W4 o
A9 E [dAx9 19 E200 200
UUvV | A T34 AR/ A-673 33 814
FE | O [BN=e AA% 0-7.8 0.0 -29.4
Zzre] Adld AXgk  [M00001317.2 8.6
Zztel ¥l ZR)A ¥Rk {129 17.2 17.2 -0.7
ak M 239 Folgh 0107
ZAAre} @A el gk
422 AA

AAe YAXNE YL 83t TEF AR R
FAsZa R Aug ouigith. AlEElHe FUs
Z239 2YFAL TV A TS 4T o
2& ZY22 9EY, o FHLEL FF AL
AAsle A9 7B Eo| ft @3RI A
AANES SFPAE TSR FoJF A mety
A A F3e 71 #ARR Bdshe
ARel= A E(map), FolE(obstacle), FAFFZE(UUV)
o] gtk A=AFE FJAFFERol FI= Y
¥ FH3l= YAZ FH(Area), I(Spot) 22 o] F
o AEAY FRE Nk FAENA S +F T
Jehte ZE FdES T3 ZAEY 54
g} 17 FNEF o|FFNEZ FEIT FUF
A FAFZTEES Fdse AAE e
2€s AFdsEs Aot 1Y 132 AHAHQ
B Y25 BAET

423 FA4H

At Role Algdolde HAH FAARFE 1
g 14AFE ARLod tAZYol ste FALAoTh
ARl AR ERNE FRE Yo} OpenGL
& Agste] AEdEelAd BHL Aoz AlZsEth

5!

ATEO D S8 A 34 A A3 FTR007.3

T
() * spots_head
—?;685[20] {201 T: Validate
Search - .
{3 » spots_tall
Emm ol
startz {7 visible_flag
Obstacle “
Pos —& Dynamic @pos ——— & Change
3 Pitch
H Shape ——— 169 Rolt ——-——]
H size ) Yaw ——— 7
3 Velocity I P-APM
H Acceleration — O V-FAN l
L{3 Heading MO F-H-FAN B Ve '
L6 T-H-FAN thod
“© Sonar Geropery
Od 13 ¥EFE 24
\S(r,ctl)
)t S(I:LE:‘“:!*{) 'N:.ﬂl
s(r‘;c‘l &ﬂ;ﬂl
© apex soot
(a) obstacle (b) map (c) UUV

¥ 14 7 AA o) g AL H

OpenGLe a9 3l=gojo] i AZE S Qe
oAz A MY Sgxzay Az Y AMYES
TAFAY J4kE FYt OpenGLS thaFst =4
o] ZYPE FHT F AT BERASF ANE WA=
HEole AFINA @Foem A, A, FHI F9 3 =
duiglret AT £ Aok B =FdAMe Aol
g, FAR,AY 2 2T e ¥ A
3l 7lEA ZIRERES A Al oM
gad AXNSE ¥k

4.3 AlgdjojM ZHut

£ =FdA Ajbele FAFFEREY ASLAE
4 bigk 4535 A3 FEI9NsE, FEAERY
EX2H, a8n AEH AN LHE AE3td 18 15
g Bl FAsFh AlEHIAE 3] B
T FleFeie Ade IWnstdTFadM sNud
UUV18]Z oj&3tgon, 713 Aol & 30 X
Atk FeleE2 s 3 AEXIALHE ZEAH
77 ¢rdEn EFQA A2ZE 53 AYEIAE 5
gaok ok o3t BAGAR oRE W] H F
49} o] RAFFAF FoF9 A 7A 29YEE
AR 2T AR 7R AU E BAA A

Edo|ldg FPAh



)
o

FAsFrES 93

T8 ALY 243

E 4 AEHlH AL

o Num of Scenario
# Situation Obst. Description Puart Pgoat
sl No Obstacle 0 No Obstacle Situation 0, 0, -10) (65, 210, -35)
s2 One Obstacle 1 Head-on Situation 0, 0, -10) (-10, 210, -35)
s3 Two Obst.. 1 2 Head-on+Crossing 0, 0, -10) (-10, 210, -10)
sd Two Obst.. I 2 Crossing +Overtaking 0, 0, -10) (=20, 210, -17)
s5 Two Obst..II 2 Crossing I +Crossing I ©, 0, -10) (-20, 210, -17)
6 Three Obst. 3 Head~on 1 +Head-onll ©, 0, ~10) (0, 210, ~10)
+Overtaking

E 3UUV A4

T8 y &
)R Zeol/H7 e 10 (7]%)
Hd &= 8.0kts
Hd ¢4 4= 100m (G723
P ES 1.380kg(F7]F 950kg)

E AMe AR 7Y Aueles F AvEe 3%
s6ol tg ABHoIH BHE BHIEE Fh Az OE
9] olEAREe] EAjshe AL s34 A A
Bolge] AAAs BEPL #z7 05(-20150,-10) g
0a(13-60-10) 2 mafrZase) A2 Wy Juow
ttes el WixEe] glom, T s Yoo} Al=tzlst
BEgAHe 74zt 052(80,90,-10) o] 0,,(-140,74,-10)
2A FASFRES 3l Fashs Yz WA
o} gtk 29 162 AEH| AL UE ol5E F7
fal +YAAE ZNHY aYolth FAFFREL F
ofgo] ante) FAAQ domA ol B v o]
g QAT M ehesla @elAd ¥R 4 AN
T AR AP RAsFaEe P(0,62.-10)
AgelM Ahes tlee FhEs 3o Jst
T e ANES B0 gAstd Fxygo] A

29 15 Bl MAI 2T

olefel W PCIB-)xYoz HAPHL e
= FHEL FA0) ATNIS FAY 5 ok

N OE A e} o|SANEel EAFE Ajele
6019 H WA FhEY AEd 2EHe 47
04(-20,150,-10) ¢} 0;(13,-60,~10) = Bolkzado] H&
Wil FUOL Thor Ao, T WA FohEo] A
AN BRHe ztzt 05(30,—10,—17)9} 0,;(-2,160,-17)
24 fZx Feske Fejolul, vhAzt oo A
AYm B2Eye 0;(0,200,-10) o) OG(O,—ZO,—IO); =

'4m a
Y P e - v

PO 120 140 160 180 200 220

Yy

-60 40 -20 lo 20 40 80 80 1DO 120 140 160 180 00 220
[1]
QQ%}QW <3 <F-<3- - @>G
- 151 C 2 JD:ﬂDﬁDﬂ)m
gl - . e

- D o N O S

30|

4

(a) A result in view of X-Y plane

(b) A result in view of Y-Z plane

a9 16 AlUElR s39] AlEgeld A



244

ARNEGI =2R]: 2ZEYo] U & A M A Al 3 E(20073)

T

° Qoel point

a ownvessel -

0 120 140 1@0 180 200

<3<t «&Hg :

.

(a) A result in view of X-Y plane

¥ 17 AvEle

"M FRlFFagd s gz wixEo ok
¥ 172 Al AdA A o3 E F7) 3 &
PANE =23 2ot AEH A AHA Ko
% pAgzaie POG-10)A-64x4 daste 19
A O(-1187,-10) & At PI-1T)xHoz
AAgBE WH, o4 FAHe 28 AFAE
0,(1858-1y o) w3} P(-710524)zx1 Aoz & T3l
gelFoln ZFAQ] FEIIY7F FYHAASES FUP
+ Ak

54 8

B =FdMe oddt FA=2 X (unmanned vehicle)
o] 388 & e RVC ABALY T3S 2Astz,
A FPFAAIA 2R 1 Yo FES ALY &
AL 22 FEAIEMIEA2Hez FAHE
FRAFE2RY A5d ALLIANHS A4 2 74
STk TPEAAAI2H L AT A M2 G2 7EY §
, Al2g 4 FA, AR MY A" 78 59
A4S 1Ysgen, B3 FegoldE/MY AAS o
7] @& &Y FA, FYA S8, FehujEolm
AH-g Aok RVC ASAI2E YL FA4F2
¥k ohujg}t RQdgy), Eutd =Y, FATA
22 I FAZRA= & 73ttt RVC AsA
2% B3 7NiEle A" FAFFREY XFF
ALIA 2 JFHSS 98] 3-D7I A& olEHE
NgEgen, M2 tE A4 A9 AvEeg 43
3t AgE Aed A=Y 83 AES
A AlgEolAS AT AEdHlA FAHE OH
A TR A Ax BE AP 2" F
ofEe dizl FE glol FIA FANEHHE F8l F
o Z2RH7A GHdA =Ldiidk wekbA A"
A& GA2Fo) BALF2 R AEFHA AN 2}

o ogm f

(b) A result in view of Y-Z plane

s69] AlE#olA An

P LEle s HYES BASHT

{11

(2]

[3]

(4]

[5]

[6]

[71

(8]

[9]

o =
= 8

&

Ong, S. M., A Mission Planning knowledge-based
system with Three-Dimensional Path Optimization

for the NPS Model 2 Autonomous Underwater
Vehicle, Master’'s Thesis, Naval Postgraduate
School, 1990.

Wilson, S. W., A, Mechanism for context-sen-
sitive reasoning, Technical Report 90-68, Depart-
ment of Computer Science, Univ. of New
Hampshire, 1990.

Agre, P. E. and Chapman, D., Pengi, "An Imple-
mentation of a theory of activity,” In Proceedings
of the Sixth National Conference on Artificial
Intelligence, 1987.

Cliff, D., Computational neuroethology, "A pro-
visional manifesto,” In Meyer, Proceedings of the
First International Conference on Simulation of
Adaptive Behavior, The MIT Press, 1991.

Brooks, R. A., "A robust layered control system
for a mobile robot,” IEEE Journal of Robotics and
Automation, 1986.

Roy M. Turner, D.Richard Blidberg, Steven G.
Chappell, and James C. Jalbert, "Generic beha~
viors: An approach to modularity in intelligent
systems control,” Proceedings of the &th Inter-
national Symposium on Unmanned Untethered
Submersible Technology, 1993.

Ronald C. Arkin, "Towards the Unification of
Navigational Planning and Reactive Control,” the
AAAI Spring Symposium on Robot Navigation,
Mar. 1989.
Scerri, P. and Reed N. "Requirements for a
General Agent Architecture for Agent-Based
Simulation Environments,” Agents’'99 Workshop
on Autonomy Control Software. May, 1999,

Lee Y I, Kim Y G, Ladislav J Kohout, "An
Intelligent Collision Avoidance System for AUVs



FAFFTER & Y AEEHA S 245

to
L

.,_,
R
off

2

4 3

19961 AFAFetw PP AFAH(F
AsAb. 20009 FAhm AAA s
F(o)FAh. 20033 ~AA BT
AxeiAgai ). fdioke
TAT, FEIYHAN2E, A2 2T

using Fuzzy Relational Products,” Information
Sciences, Vol. 158, 2004.

{10] Bandler, W., and Kohout, L. J., "Fuzzy Relational
Products asa Tool for Analysis and Synthesis of
the Behaviour of Complex natural and Artificial
System,” in: Wang, S. K, and Chang, P. P. eds,,
Fuzzy Sets: Theory and Application to Analysis
and Information Systems, Plenum Press, New
York, pp. 341-367, 1980.

[11] Bandler, W., and Kohout, L. J., “Semantics of
Implication Operators and Fuzzy Relational Pro-
ducts,” Intl. Journal of Man-Machine Studies,
1980.

[12] Kohout, L. J., Keravnou, E. and Bandler, W.,
"Automatic Documentary Information Retrieval by
Means of Fuzzy Relational Products,” In Gaines,
B. R, Zadeh, L. A. and Zimmermann, H. ],
editors, Fuzzy Sets in Decision Analysis,
North-Holland, Amsterdam, pp. 308-404, 1984.

[13] Bandler, W., and Kohout L. J., "Fuzzy Power Sets
and Fuzzy Implication Operator,” Fuzzy Set and
Systemd, pp. 13-30, 1980.

[14] C. Vasudevan and K. Ganesan, "Case-Based path
Planning for Autonomous Underwater Vehicles,”
Underwater Robots, Yuh, Ura and Bekey (Eds.),
Kluwer AcademicPublishers, Boston, pp. 1-15, 1996.

[15] Oommen, B. J. Iyengar, S. S, Rao, S. V. N,, and
Kashyap, R. L., "Robot Navigation in Unknown
Terrains Using Learned Visibility Graphs. Part[:
The Disjoint Convex Obstacle case,” IEEE journal
of Robotics and Automation, v. RA-3(6), pp.
672-681, 1987.

[16] He7, “FEITS 3 FEAYE AR A&,
FE9A] € AFA2E T3 =FA, vol 2, pp
524-527, 2001.

[17} Hara, K. and Hammer, A., "A safe Way of Col-
lision Avoidance Maneuver based on Maneuvering
Standard using Fuzzy Reasoning Model,” MARSIM
93, St. John’s, 1993.

[18] &4, A% A& <]&F Underwater Flight
Vehicle®] A% Aojo} #d A7, Fidista F3hu}
A} =8, 2001.

A&7

1978 AMeuiztm  A7jFsta(FeAh
19873 University of Montana #4Fsh
IHMS). 1991'A Florida State University
AAstaPh.D). 19929 ~&dA AAdst
o AFeEHst I'L’“ *‘$°l:t H =
Alz®l A FA2H ZRIFFEE

o] 4 ¢

19999 Zamisti  AFE o]
| b, 20010 AT AFEHDETHE
saxh. 20058 Aabistm AFE T
g, B HABAF, 38
Anx2E, AeYaA2E, BArEE
Y




