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A Modeling of Core Systems and Agents in Vessel
based on DEVS Formalism and Navigation Simulation

Woo, Sangmin

Department of Computer Engineering,
Graduate School of
Korea Maritime and Ocean University

Abstract

From the past, maritime traffic accidents have been consistently
increased due to a steady increase in marine traffic volume. Thus,
the research on safety-assisted IT services has been actively

conducted for decision—making of navigators and others.

In order to operate the IT services on board, 1ts utility must be
verified. Equipment rental such as FMSS (full mission ship
simulator) or ship test, however, takes significant cost and risk

limitations. Accordingly, this thesis proposes a computer—based

- viii -



navigation simulation modeling method with low cost and easy
accessibility. For this, this thesis examines the following key
elements for reliable validation of IT service through simulation

of navigation:

e Analyzing and modeling core vessel equipments and track control
technology for autonomous navigation simulation based on

destination route planning.

e Modeling agents and 1ts obligations according to COLREGs,
international regulations for preventing collisions at sea, 1n

order to actively avoid collision risk during navigation.

The core vessel equipments and agents consist of many models and
have a fairly complex structure. For systematically representation
of the structure and dynamic changes of discrete event on
continuing time, DEVS (discrete event system specification) based

SES/MB (system entity structure / model base) is used.

We expect that the proposed modeling method will be applied to the
implementation of the navigation simulation system and used for
simulation of various navigation safety support services and highly

reliable analysis.

Key Words: SES/MB Framework, DEVS Formalism, Agent, Modeling,

Navigation Simulation
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Table 2.1 List of major navigation and communication systems

Equipment Description
Display navigation chart informations on
ECDIS electronic chart including voyage planning
and monitoring function
HCS Control ship heading
.%
a Speed Log Sensing current ship speed
n
GPS Calculate current ship position
Gyro . : .
Sensing current ship heading
Compass
BNWAS Early detection of neglect of duty
AIS Identification own and other ships’ static
and dynamic information
VDR Record generated voyage data, images
and voice
Identification target and detect target’'s
Radar
speed etc.

Major Navigation and Communication Systems

AlIS

Radar

VDR

1
d

EE—

AN

Speed
Log

Gvro
Compass

BNWAS

TCS

Fig. 2.6 A structure of core navigation and communication systems
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— Course — Qourse
o Wavpoint L Cross track
Yl (3 Radius of turn
(a) HCS (b) TCS

Fig. 2.7 Concept of HCS and TCS
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st &= Aol HCS7} "4%%& oS vebdth HCSE AAR A4
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AAFHA7] ol AFA 1e AUz 71E9 =25 FASIA T2 AF
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turn) =4 o] A =HH NEXT-7A -2 2(NEXT-Waypoint, Waypoint 2) 3}
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ol aFHolcl Ay A, G2 Aol BE F2E gepiA @A
2 Alojstelof BT MM, BE Fato] AFOE o] FoHo @}

Table 2.2 Requirements for TCS according to Category

Category A Category B Category C

Example

» Required track

= Required leg = Required leg
control of the
control between control
) overall route
two waypoints between two
) plan
waypoints

o » User manual or
Description ) » Track control
auto to change | = Changing
i ) to follow
heading heading
) ) route plan
section 1s

= Applied straight controlled only
) _ = Performed
section by heading ]
automatically

=
=4, F4 AAE sl A WAE die 54FH 7E, AR, nAdH
73
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i
N

Hasegawa®] FETE H7l 2de XA o8& HE}A F=4F
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auto-navigation fuzzy system) 2741715 Aoz ALH ATFE F3)
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(@) Z(sec) ©912] TCPA #9 A@A= tg HA| L&5ET
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(c) A membership function for Collision-Risk

Fig. 2.8 Membership functions for ship Collision-Risk (by Hasegawa)

_'|7_



Table 2.3 Fuzzy rules for ship Collision-Risk (by Hasegawa)

TCPA
Collision-Risk

DA DM ME SM SA
DA DA DM ME SM SA
DM DM ME SM SA SA

-
o ME ME SM SA SA SA

2>
SM SM SA SA SA SA
SA SA SA SA SA SA

e HHFH DA F G4 @AR]D SA, SM, ME, DM,
of @z} TCPA®} DCPAZY A+
o 7M7HA .

ol
bl
rlr
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=
=2
L
N
jg
N
=
Y
flo
4y
J b
do
o

AE =0, t=0 AHANA 25 FA F Adute] IR} £ &5 13}
o] TCPA7} 80%eo]al, DCPA7} 1.8 nmE A=At 7p4dt) o] F
7HA W5 o] 83t Hasegawa ¥ X| A&3gbarol| TiistH, HITHAI
9] A E= (DA:0.7, DM:0.3, ME:0.0, SM:0.0, SA:0.0)¢]az, #H% A2 2
AFAE= (DA:0.5, DM:0.5, ME:0.0, SM:0.0, SA:0.0)o]t}. A4t A=
DA} DMeol| tt4& A4 FAHHM, o= A= #Fo] Aty AGS

1
AAY A A AL B o],

4

o]2 <&, Wty d FEMamdani-style fuzzy interface) W2jog F

st HA|F2 mE FE T A E+= (DA:0.5, DM:0.5, ME:0.3, SM:0.0,

SA:0.0)01™, ©]Z < x| 3H(defuzzification) 3tH FEF == (.830]t}

FTEAEEY YAF] 0602 HAEO Aoty 7HAHsiHE, FX3td A
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2.2.3 COLREGs 7/l &

= A 3 & 5= ol ¥ 2 (COLREGsS, international ~ regulations  for
] Az FHOo=E

N

preventing collisions at sea)[9]& Au 7+ FE& 01] st
e 2 nE Fod = AHdu 2
stojof 3k, COLREGs A|2% 3+
(ALY FA H AR} AAE ¥ & As

A

doll QoA AAF el gulE Fgsie] A

Aut gel T SEAE A WA A FejiAle B ARte 9§ ==

=+ + COLREGsel wz} Bpildlo] E A

et = AU E 7o g AAFTH o= 9al COLREGse A

i 2 29 HEHC tiEdiAe FAIFeE AHOoRE  wFEXe A
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o Ho
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Rui
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FotH, EMdEte) AdAs vl EAA SHEES 7] PR WA
slejof ShoH(Fig 2.9 #=).
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MEe| 8, Mute] P3| T P olR, HE

Masthead light: Aule] wlxEo AHX| % ‘5“4’511 S(white light) o & A4
Weks AR F, ¢ 47 11252 F 225°9 RAE RAY Z4s

glolm, YA A sl F< /“j‘iﬂ EAE &7 EHF
Head-on Jefel tist FRE AFst= d&FS 713

e Side light: Auvte] &S FT5(red light), ¢3-S =5S(green light) 0.2
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(@) The rule of navigation lights  (b) Navigation case of COLREGs

Fig. 2.9 The rule of navigation lights and
navigation cases of COLREGs
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3.1 SES/MBE ©|-&3% &3l AlE#H A Al2EH Zdd

2 Ho e oA AW SESIMBE ol &3te] ga) AlE#HoldS 9%
A4 Aubgr el THd FdeiA B e REEY B0 723 AE
zdgtt B Hore 7 mde #AY AL 98 AT SES/MB
g o83t At

Fig 3.12 33l Algdeold Ax=®e SESE =435ttt sl A&
old AlxHle 37 dtslE7FR A(navigation SPACE element)(19]19} Alwu}
&3l 8 Ax(ship navigation elements) F 7FAZ2 U™, Adupgs| Q4=
2 § 2~(human elements)$} 418} 8 A(ship element)® Y-d .

.

Fafl 3o he gl g0 #BI FES AEste Ao EA, Alube
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£ Al4bel= F7He=7](SEP, spatial encounter predictor) 1@ 73A1H
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Aubgal aae] A% LaE JEAOE Qb do|dER U,
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Ox
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(navigation and communication systems)2} Aute] FX 3 %S T3}

-

= F3z&A](propulsion and steering systems)
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T
mly
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AA, el SAAN RS FEAF, FAA T TS FHA A
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—|_A
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identification system)¥ BRI SA  FAE AT FAAI=H
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Fig. 3.1 A SES of navigation simulation systems
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Fig. 3.2 An example of the PES
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Ship Navigation element — Own ship
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]

. _ * TCS : Track Control System
Navigation SPACE Element * ESS : Environment Sensing System
* SIS : Ship Identification System

Fig. 3.3 A simulation model structure of Fig. 3.2
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Navigation
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de— —
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Fig. 3.4 Simulation model structure of navigation

1) Experiment Frame Model

e Generator Model: Al Ed ol A|xHo|A 7] AAE ArEle] AR
=, A5, &5, A4-09, EFHE 48 oz Vst Al&EgolAd Al
2+ Aojst= mdo|t),

e Transducer Model: Al&dolAde A4S & BAAEH= ARE FA

3o dlolElulo] 2ol A g3, FBE Ao mdelth
2) Navigation SPACE Model

o Logger Model: Z} Aule] AlAMoA ZAH= HHRGIIE, A=
q

Aee), FA2Fgr e ZRE, A gh, ANAEARALE
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Spatial Encounter Predictor(SEP) Model: z} A8} melEo] QXA R
Bz} WAoo mE A WEE Abskal Logger = Mg
o}

GIS Model: &3l &4 HARE 2D A %o 73215 zdo|t}

o %g

Propagator Model: 2} Ad} mdl=9] AIS AR
ol A= & AMubol] ddstes ZdEH, & A
= YHkAQl VHFe] As =g ¥HH< 30 kmE 13t

= Gede 0 1Eskel v sErt gle e vioke A
g A g

3) Sensor Model

GPS Model: Al &Ed oA AxvF mdlo] GPS AR(YE, FE)E A S
o 74 2 dgsts wHlolt

Gyro compass Model: Al Ed# o]l Aul mdlo] H4n

AN B Agsts mdel,

i)

do
il
oyl
A
ol
ol
£

SpeedLog Model: AlEd# ol Aul mdlo] &5 7hx|sle] 7A4l8)al

Logger Rd & Ag3alc.

4) AIS =g

Class A AIS Model: Zt Adr mdl=9o] AIS ARAE, A%, &5, A
9 5)E A Logger =2 AEsl™, Propagator =€l 2
FE A Wl = BHAdRbe] AIS AR FAlskE Edolt) o
: ?4_‘?}34% VHF A3 =2 Ag<l 30 kmE 7|F2.2 3.
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5) TCS Model

e« ECDIS Model: Sensors, AlSs RdZFE AHHEMAEH o)A
A, AEES, £R)F A BntTe] 2EAYE A
2 A AL A e Aojste 2dolth. 3, SEAEET A
A AA e 2HstE FajA oo HECA AF A Aute] AR
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A, A5, 28 dedth

ne

;‘q. )

f

fﬂﬁ 2
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il

O

FE_I

e HCS Model: To-Waypoint7}A] A0 & A|ojslw, ECDIS Rl ZH
B Bzt Alo] Wl wel 53 ?S‘P—E dojm, theol U] bx mE
E 7% A A, HCS e+ Al&#olAd A4ke] eHrudder)7t HCSe
osMnt =2 woljth. 4], Curved Z=+ NEXT-WaypointZ 7}
7] 9% FAHS Fy¥sy W7 ebze ECDISZERE F4alsta] g

ZFsh AA, Cross ZEE Aubo] H=ZoA Azl HA (@A}

i

5 AE Holde W AZYsy] 915t ECDSERE W7 e
78 salske] Bl 2T YA, Agent REE zes ofoldE
o elalH Bt ZEE, HCSE 2Fo0] B wrx trla.

6) Propulsion and Steering Systems Model

e Rudder Model: A]&d@ o]A AHte] e}z 7HXA|ste] 7§ A18Fal Logger
a2 $A3H, ECDIS ¥ Agent R ZRE ] e}z Alo] #HE o
we} Saehs mdoln)

—

« Engine Model: AlEdeolAd Aty A & At A4 2

Logger a2 $4lsl= mdolt}

7) Agent Model

o Officer Model: ECDIS RdlZXE HFS Z==2]d HH Ho|HE Al
gtate] W #A dEe #sl COLREGs 7Rte= 43}
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Helmsman R4 2 & 3l= 2do|t),

e Helmsman Model: Officer R @2 F-& w2 W&o we} Hdute] gbzt
S AASte] Rudder =2S Aojsls mello|th

A1~A.79 2o} Ao Ao 33l Al ng AAE 53
&2 3] AlE#HoIAES 93 DEVS 7|8 Al E# o)A Ao AE
o, o]= A472] COLREGs 7|4 s AlEd oA AHE F3) A=

=%tk ] AlEFOIAS 3l JdF8AE QI EE do]HEV A
g & glom, Attt AEHA G AEH)AS dAAe FEAY

& uAsty] s MutelAe] W AAe A WHe g AFort
Zasith AA AdutolA et BHE mE AFS e FAeE F
=980 A& A 3 2 4¥e] dis] COLREGselA Aelst= I3

A 2.2.3"94 COLREGse] 3 A= AHHOZ nlEXxe= 4%
(Head-On), & &3t= “Fel(Crossing), F+¥3t= “del(Overtaking)e] Al 714
2 Uyo] AWttt Adsts dEHE 24 Bl #d a8 ¢
of 91X F shA e HE udoh wehd, Au g F o3 shsd
=293 A3 Table 3.13 Zo] Vehd 5 o -+
7FAt) o] 7|¥to 2 COLREGsY 3 #AE AAd 4
Table 3.29} 3.33 #o] &sjArtel et A2 Hol 22 YERd 4 QUth

lru
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Table 3.1 Navigation cases of COLREGs for other ships

Navigation case of COLREGs

Head-on Crossing Overtaking
Located Located
on the port on the starboard
Located P Located
on the bow| Heading Heading Heading Heading | on the stern
at the at the at the at the
starboard port starboard port

Table 3.2 Knowledge base of the officer model

Current state Output
: Own ship Command to
variable Hel
Position Heading elmsman
eading at the Maintain
starboard
Located
on the port Crossing
Heading at the port (Fine, Broad,
Converging)
n .
% Heading at the Maintain
= starboard
< Located _
%’ on the starboard Crossing
o Heading at the port (Fine, Broad,
Converging)
Locat .
ocated Heading at the bow Head-On
on the bow
Located . .
on the stern Heading at the stern Overtaking

_33_




Table 3.3 Knowledge base of the Helmsman model

Current state Input Output
Own ship
variable Rudder Officer command Control rudder

control state

Maintain rudder = 0 °
Crossing - Fine rudder = 15 °
%) Normal
% Crossing - Broad rudder = 20 °
y or
%’ Crossing - Converging rudder = 30 °
@ Avoid -
Head-On rudder = 10
Overtaking rudder = 10 °

d2 = FAMaintain), & JEf(Crossing), S E wlFX]| =
Aef(Head-On), F¥€st+= AHl(Overtakingd= IA 4 7IAZ ydoh
Crossing el F+ A4o] nwxtsie A=o we |AAT g2 Aols|
of 3™ Fine, Broad, Converging®] A 7}A = y¥t}h o=, [22]19] AT
ol 4 COLREGs 71%F tt<=9] sl Bde 7k &siAE tides HE3
AEAR e 2 AsolH, B =FdAs doldEe] o3 ezt WY
A= AA o A3t

ZE}4 ool MEE Table 337 2-& A4 o] 28 74AH, Gal4 o]
AERRE P get A4 B4e Bgste] MY wE A 5

e},
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A 4 & COLREGs 7%t &3 A& olA

B o A= COLREGs 714+ &Ha] Al &g o)A Ald AF2 E3ta] oA

Akg M Mupn] 9 oo]HME mddy 9 AlEFH ol AlxEle O3]
435S Itk olE 98 ¥ =&ddA= COLREGsolA AHojste= W &

Al?l Head-On, Crossing, Overtaking JElE 1:1 33 8oz 18

o A S99 FHE 13 3y AFe= H2E 9 HEe I3

o &, v Z7HAE vdE 5 e Crossing B+ 4 I &2 ¢
7HA 2 AFsAT ol e, Actste RdE 3 A& ol

A A, s AEHoldE A AA Adubo] HA

HAML 7VestH, 4, COLREGs 7|®E o] E 9]

38 3 E 9% AR Rl fle el AlEdE ol

1

(

00"
A=)

O

A A2

TOoE 3y

A= 9 A= 2ds] sty F=(knots)9t ERZH(rudder)el whHE
Al A3 &ROT, rate of turn)& F83te] kel 5o A &3t=
AL dHoltt, spxnt, Ao =F & WS T AdAM=
Art AE, Al §9 Aol Zashy d7e 5oz od ARE
Te A A3 oy el wEH



B =RAE ol i (MFLEAATY “AuHCT 341 Al
1= A1E "] FMSS(full mission ship simulaton)E &3ttt o]= At
Ade & &5, 2F 5 4% AEe A A doleE o] &l Avt
< A9} FABIHA BARBIER, AlEgold Addbe] A

o)
ol A3lg =S 93 A3 Ald(turning test)S 3570 2 A3}

Al EH ol AMuke “M/S Fantasy” ol A¥-2 Table 4.13} 2t} 374
g ere] Akl Al '@A el wel, B AlEweld Adwt
500 ol el iAo B w=iAA Adshs T AgHlde] T
Z Rdgs 4] Aol S 9 HHsi

o

rlo

Table 4.1 General characteristics of the simulation ship

M/S Fantasy

Summary

Class and type Cruise ferry

Tonnage 75,027 GT (gross tonnage)
Length 223.70 m

Beam 35.00 m

Draft 6.80 m

Speed 22.0 knots (40.744 km/h)

NEH ol Hute] M3 AHLS X 9AHL 3197 2 AP £59)
Etztol we MEEeE O - 3600744 71Ssen, 1 A%E Fig 4.1
7 o] aYZE LEhpYITh
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Ship heading

Ship heading

Ship heading

300 4
240 —-
180 4
120 —-
y —5kn,5°
60 — —5kn,10°
: 5kn, 15°
u L) I Ll I L) I T I L] l L] I T I Ll I L) I
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time (s)
(a) Velocity: 5 kn, Rudder angle: 5°, 10°, 15°
360 —
300 <
240 -
180 —-
120 <
1 ——10kn,5°
60 — ——10kn, 10°
- ——10kn, 15°
0 1 T | ' T : | :
0 500 1000 1500 2000
Time (s)
(b) Velocity: 10 kn, Rudder angle: 5°, 10°, 15°
360
300 <
240 —_
180 <
120 —-
1 —15kn,5°
60 — ——15kn, 10°
- ——15kn, 15°
0 I ! I ! | ! | ! I | ! I !
0 200 400 600 800 1000 1200 1400
Time (s)

(©) Velocity: 15 kn, Rudder angle: 5°, 10°, 15°

Fig. 4.1 Turning test for the simulation ship
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Fig 4.19] (A= £ =7} 5 knolaL E}bZ;
Hsls T 2z2 YA e (0 =
s Uetdilen, £x71 M21 B4
e doju= e & F UTh

o] 5°, 10° 15°< W A42]<
g £ 10 kn, 15 kn¥ o] 1

=
tol 4% A9l Wzt

3le] & AlZH(total time)S YEMRAL (b= Z+ l Al

(heading ROT)= WE ATt A4 4‘1311 2 29 Ay AHstE
Uetll= A0 EA, 360°F 24 Ao T AT E o] ALttt Al
EYold T AANCE Wde 59 B mE A A3Ee

HIPE S A&ste] ALksit.

ANd A3E Table 4.20] Ao, (= 4 A &<k A-E9 ¥
=1

Table 4.2 ROT calculation by the turning test

(a) Total time for each turning test

Total Rudder angle ()

Thaee 5 10 15

- 5 4817.2 sec 2430.1 sec 1624.2 sec
E % 10 2123.8 sec 1231.7 sec 824.9 sec

< 15 1423.4 sec 738.4 sec 525.5 sec

(b) Heading ROT (rate of turn) for each turning test

Heading Rudder angle ()
ROT 5 10 15
<| 5 0.0747 /s 0.1481 /s 0.2216 /s
— @D
58] 10 0.1695 /s 0.2922 “/s 0.4727 /s
<1 15 0.2529 /s 0.4875 °/s 0.6850 °/s
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(2) A3& B HY

Table 4.29 (D= " S5 -4 of A9 A3l&s Uekd A
o 2A, f,,=wrtwy+dbd FE ThHS (multivariate function) =
Uebd 5 Atk 714 29 y= A4 Sx9F B4, AlEdold F
AAte 2 FAEE At gol et s Ade, S5 f,,e =
=35t t+19 HXE AAtstal AAlstodoF gt

o]E #all, B AlE#HIA AHooAME thHs o] tigk A&5F <
221 HIZEPHE<Ql  Newtono] HXAE  HIG
difference interpolation polynomial)< F
AXAHE Boe2 2 Fig 4.2 @< @

OQL'
/:
Z.
)
=
=
S
=
[95]
o
s
=
3
e,

fi,j+2 fi+1,j+z fi+2,j+2

Yj+2

1
1
1 fijea

fa :
X fl/]‘ %/——i‘\* fij+2
fij+1 fivrjr fivzjr fs fiH'jH |
J J J Vit firj
fa ey fe
k . .
Ja oy \\\ o
fij firrj fiaj \“\"/ ‘\\‘//
h h N e
Xi Xit1 Xit+2 S
(@) Step 1 of interpolation (b) Step 2 of interpolation

Fig. 4.2 Newton’s optimal difference interpolation polynomial

for multivariate function
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o Step 1: yF W&o sz A) Newtone] HFz}E H 71T}

( - j)
fa :fi,_j+ %(fi,j#l _fz',j)

(y— yj)(y_yj+1)

_|_
2k*

(fi,j+2_2fz',j+1+fi7j) (4.1)

( - j)
fB:fiJrl,j—{_%(fiJrl,jJrl_fiJrl.,j)

n (y—yj)(y; Z/j+1) (
2k

fi+1,j+2_2fi+l,j+1+fi+1,j) (4.2)

(y—y;)
fczfi+2,j+%VHQJH_JCHQ,]‘)

(y_ yj)(y_yj+1)

+
24>

(fi+2,j+2_2fi+2,j+1+fi+2,j) 4.3)

o Step 2 : 2= WFol] hIHyA) Newtond] AN B 7THEFA]

(z—z)(@—z; )

(f0_2f3+fA) (4.4)
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3 AEE A AYgl2 dHCase I - 111 =39 )

=
|

B M8HOS, own ship)# ™A AEKTS, target ship)e] 3= A & ol
A2 FA D olo]HE 3 FE3|0] AT g +3 A4E 4
T} o]2 Y&, AlEY oo 27|20 2E Fig 4394 RiE ule}
1:1 & oigk COLREGs® &H #AAE=EZ FAsAoH, AF
U3 2

o)

7

o mi oN
b

A

o
| .

(a) Crossing(OS avoidance) : OS3} TS7} 3dsl+= Aejolw, OS7F TS

49 = FES wigRa 97 PEe 057 $Eoz(HAY H¥) w3

o O =2

o5& Z7EITHTS 4], Fig 4.3 ).

(b) Crossing(TS avoidance) : OS¢} TS7F S @sl= Aejo)lm, TS7F OS2
#3 F, T5< vigry 9] o] TS/ $@o=FHAY #3) 13

o= 7}ZTHOS A, Fig 4.3 #=).
(c) Head-On(OS, TS avoidance) : OSe} TS7F AHO R nfFX+= A
H, 25 A AMule My & nfrE HRES
OS¢t TS EF Sdo=Fdd #3) A oF& 71z (Fig 4.

w

Y
L

p—

0S= 15 kn= a3, TS= 5 knz a3

(d) Overtaking(OS avoidance) :
st FL35t= AElolH, OSe= TSS9 Au] &, An)5& vietRa 7] u)

2o OS7 8 == »ydo g9 03t oFE JAHTS A, Fig 4.3 Z

x).
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Longitude

Longitude

| 15kn

1 L 1 1 L 1 L

Latitude

(@) Crossing (OS avoidance)

T T T T T T T T

15 kn] 4
- os] |
|15kn - 75 |
1 L 1 1 L 1 L 1 L
Latitude

(¢c) Head-On (OS, TS avoidance)

Longitude

Longitude

Im 15 kn

i = 0s] ]|
- 15k

Latitude

(b) Crossing (TS avoidance)

- 5an -
i - o0s] ]|
| oo [FF]
L 1 L 1 1 L 1 L 1 I
Latitude

(c) Overtaking (OS avoidance)

Fig. 4.3 The initial situation of

COLREGs-based 1:1 navigation simulation
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B vk o did Adte] = Alge e M2 #§A 2 dojHE
o &3t F=3y ddo] gk F3 AAE T Hst] AlE#E oA
44014 H= wiel o] 1.3 A4S TS
n} =

Longitude
|
1 |

= 0OS
= TS

Latitude
Fig. 4.4 The initial situation of COLREGs-based

multiple ship (1:3) navigation simulation
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42 NEHIA A3 HF
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E ZAA3= AA-T95 sec)oll A OS2 5‘6]1 Ab ool E = Crossing &% 4+
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\
|
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I
=2
s
iy
=
e
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stal, ZEF S| E& o]o we}t BE WSt &
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33.74 T T 7 T Y T i T 7 T | T

i 61,995 sec 1
33.72 | _
L ."\.1,755 sec J
33.70 | .
% I ‘!1,435 sec i
=5 33.68 | : -
= 1,755 sec 1,275 sec _.-"1:275 sec
o] '—---—--—-—-—-—-——--—-—-—-—___-._,-a%— ----------- — -
g 3366 L 1995 sec 1,435 sec 795 sec 0 sec |
- - 795 seci .
33.64 |- | .
33.62 | e OS trajectory |4
| i —-— TStrajectory ||
0 sec ‘ Reference path|
33.60 ) 1 | | A | | | [ 1 T 1
128.60 128.62 128.64 128.66 128,68 128,70 128.72 128.74
Latitude
(@) Crossing (OS avoidance)
34.38 —7tr r 1t T r1r ' T1r r T° T T T T T 1
L 1,210 sec 1
34.36 - f -
I 3920 sec 1
34.34 |- -
@ r 5.623 sec 1
'g 34.32 =
x ;-D,ie.c_._%ﬁisff______455 sec 3455 SEC .
g sas0p e e | 9seq 12104z
- 1 3 1
34.28 |- 245 sec | .
34.26 - .
| : = Q8 trajectory | |
i —-— TS trajectory
34.24 - 0 sec ‘ Reference path |
1 | L 1 L | L 1 L 1 L | 1 | L | L

128.67 128.68 128.69 128.70 128.71 128.72 128.73 128.74 128.75 128.76
Latitude

(b) Crossing (TS avoidance)

Fig. 4.5 Trajectory of collision avoidance simulation for Crossing
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Fig 4.52] (b= (@<} #toje] Aoz TSy J&stes A $olth o] 7
- TS7F 0S¢ $-5< vigtE 1 7] Wizl 93 oFE AW, 3924
A (245 sec)FE] 455 sec7bA 210 secyt 3|¥ = ‘F@ﬂ‘}ilﬂr. A H= B
7 % °F 0.75 nm By AR ol 27|EA H
A ol derg MNES FASH s
Fig 4.6 Head-On “Jejdl dig 33 == Fx9 ZAAES YA,
Fig 4.39] (©dlA &&T A EHA 43 tisted FE39E F3hd
A3E Yehdo OS3 TS+ A= A, & vt2E AR 5SS vl
S =

JHo R n}FEA 3 9oHR Head-On dejolth ) Autel that %
AF =7 219 secoll Al Al = Hlojxton, o= 3u& AAs+= AA
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29-26 T I T I T I T I I T I T ] T 'I
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i 0secy 1
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Fig. 4.6 Trajectory of collision avoidance simulation
for Head-On (OS, TS avoidance)
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Fig. 4.7 Trajectory of collision avoidance simulation
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Fig. 4.8 Trajectory of multiple ship (1:3) collision avoidance simulation
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Table A.1 The Pseudo-codes of DEVS-based Experiment Frame Model

(a) Generator Model

Experiment frame - Generator

external transition function

when receive value on input port from Transducer model
if phase is “wait”
if (value == “simulation stop”) hold-in “passive”

internal transition function

if phase is “busy” hold-in “wait”
output function

if phase is “busy”
output : send the ships initialization message to output port

(b) Transducer Model

Experiment frame - Transducer

external transition function

when receive value on input port from Logger model

if phase is “active”

if (value == “simulation ships”)

Save(); // ships data (position, heading etc.) hold-in  “active”
else if (value == “stop’)hold-in “passive”

internal transition function

if phase is “passive” hold-in “passive”
output function

if phase is “passive”
output @ send the stop message to output port
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Table A.2 The Pseudo-codes of DEVS-based Navigation SPACE Model

(a) Logger Model

SPACE Model - Logger

external transition function
when receive value on input port from Generator, Sensors and
SEP model

if phase is “wait”

if (value == “simulation stop”) hold-in “passive”

else if (value == “ship initialization”)  hold-in “sending sensor”
else if (value == “sensor”) hold-in “receiving”

else if (value == “SEP value”)

update the receiving SEP value

hold-in “sending GIS~

else if phase is “receiving”

update the receiving sensors, rudder, engine and AIS value
// position, heading, velocity, rudder

if (value == AIS) hold-in “sending Propagator”

else hold-in “sending SEP”

Internal transition function

if phase is “sending sensor” hold-in “receiving”
if phase is “receiving”

if phase is “sending SEP” hold-in “wait”

if phase is “sending Propagator” hold-in “wait”

if phase is “sending GIS” hold-in “wait”

if phase is “passive” hold-in “passive”
oulput function

if phase is “sending sensor”

output : send the sensor message to output port
else if phase is “receiving”

output : send the sensor message to output port
else if phase is “sending SEP”

output : send the sensor message to output port
else if phase is “sending Propagator”

output : send the AIS message to output port

else if phase is “sending GIS”

output : send the GIS message to output port

else if phase is “passive”

output : send the simulation stop message to output port
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Table A.2 The Pseudo-codes of DEVS-based Navigation SPACE Model

(b) SEP Model

SPACE Model - Spatial Encounter Predictor

external transition function

when receive value on input port from Logger model
calculate the position and heading information of each ship
// Position after 1 second

hold-in “calculating”

internal transition function

if phase is “calculating”
hold-in “wait”
output function

if phase is “calculating”
output : send the ship location and heading message to output
port

() GIS Model

SPACE Model - GIS

external transition function

when receive value on input port from Logger model
update GIS information

hold-in “updating”

Internal transition function

if phase is “updating”
hold-in “passive”
output function
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Table A.2 The Pseudo-codes of DEVS-based Navigation SPACE Model

(d) Propagator Model

SPACE Model - Propagator

external transition function

when receive value on input port from Logger model
calculate the propagation range of AIS

// Propagation range within 30 km (VHF Communication)
hold-in “propagating”

Internal transition function

if phase is “propagating”
hold-in “passive”

output function

if phase is “propagating”
output : send the propagation message (AIS) to output port

(e) Environment Model

SPACE Model - Environment

external transition function

when receive value on input port from SEP model
setup the environment // wind, wave height
hold-in “setup”

internal transition function

if phase is “setup”
hold-in “passive”
output function

if phase is “setup”
output : send the set message (environment) to output port
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Table A.3 The Pseudo-codes of DEVS-based Sensor Model

(a) GPS Model

Sensors - GPS

external transition function

when receive value on input port from Logger model
update the GPS information of each ship
hold-in “updating”

internal transition function

if phase is “updating”
hold-in “passive”

output function

if phase is “updating”
output : send the GPS information to output port

(b) Gyro compass Model

Sensors - Gyro compass

external transition function

when receive value on input port from Logger model
update the Gyro compass information of each ship
hold-in “updating”

Internal transition function

if phase is “updating”
hold-in “passive”
output function

if phase is “updating”
output : send the Gyro compass information to output port
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Table A.3 The Pseudo-codes of DEVS-based Sensors Model

(c) SpeedLog Model

Sensors - SpeedLog

external transition function

when receive value on input port from Logger model
update the SpeedLog information of each ship
hold-in “updating”

internal transition function

if phase is “updating”
hold-in “passive”
output function

if phase is “updating”
output : send the SpeedLog information to output port
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Table A.4 The Pseudo-codes of DEVS-based AIS Model

(a) Class A AIS Model

AISs - Class A AIS

external transition function

when receive value on input port from Sensors model
if (value == “sensors”) hold-in “updating”
else if (value == “propagation”) hold-in “sending”

Internal transition function

if phase is “updating”
hold-in “passive”
else if phase is “sending”
hold-in “passive”

output function

if phase is “updating”
output : send the AIS information to output port

if phase is “sending”

output : send the propagation information (AIS of other

ships) to output port
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Table A.5 The Pseudo-codes of DEVS-based TCS Model

(a) ECDIS Model

Track Control System - ECDIS

external transition function

when receive value on input port from Sensors, AISs and
Agent model

if phase is “wait”

if (value == “sensors”)

update(); hold-in “updating”

// update simulation ships position, heading, velocity

else if (value == “AIS")

if (CR() > Threshold) hold-in “collision risk”

//calculate CR

else if (value == “Agent”) hold-in “manual”

//manual steering by agent

Internal transition function

if phase is “updating”
hold-in “wait”

if phase is “collision risk”
hold-in “wait”

else if phase is “manual”
hold-in “wait”

output function

if phase is “collision risk”
output : send the collision information to output port
else if phase is “manual”’

output : send the manual information to output port
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Table A.5 The Pseudo-codes of DEVS-based TCS Model

(b) HCS Model

Track Control System - HCS

external transition function

when receive value on input port from ECDIS model
if phase is “wait”

if (value.mode == “HCS")

HCS(); hold-in “HCS”

else if (value.mode == “curved track control”)
Curved(); hold-in “curved”

else if (value.mode == “cross track control”)

Cross();  hold-in “cross”

else if (value.mode == “agent”)

agent(); hold-in “agent”

if phase is “curved” ||  “cross” || “agent”
mode change to the HCS mode

Hold-in “HCS”

Internal transition function

if phase is “HCS”

hold-in “wait”

else if phase is “curved” || “cross” || “agent”
hold-in the phase //curved, cross, agent

output function

if phase is “HCS”

output : send the HCS rudder value to output port

else if phase is “curved”

output : send the curved rudder value to output port
else if phase is “cross”

output : send the cross rudder value to output port

_64_



Table A.6 The Pseudo-codes of
DEVS-based Propulsion and Steering Systems Model

(a) Rudder Model

Propulsion and Steering Systems - Rudder

external transition function

when receive value on input port from HCS and Agent model
update the rudder value

Hold-in “updating”

Internal transition function

if phase is “updating”
hold-in “passive”
output function

if phase is “updating”
output : send the rudder value to output port

(b) Engine Model

Propulsion and Steering Systems - Engine

external transition function

when receive value on input port from Logger model
update the engine value
Hold-in “updating”

internal transition function

if phase is “updating”
hold-in “passive”
output function

if phase is “updating”
output : send the engine value to output port
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Table A.7 The Pseudo-codes of DEVS-based agent Model

(a) Officer Agent Knowledge Base Model

Agents - Officer Agent KB

external transition function

when receive value on input port from Officer IE model
rule 1 : if located on the port and look at the starboard of
target ship
Then report is Maintain  hold-in “normal”
rule 2 : if located on the port and look at the port of target ship
if (sl.location <= 30) Then report is Fine
else if (sl.location <= 60) Then report is Broad
else if (sl.location <= 112.5) Then report is Converging
hold-in “avoid”
rule 3 : if located on the starboard and look at the starboard of
target ship
Then report is Maintain
hold-in “normal”
rule 4 : if located on the starboard and look at the port of
target ship
if (sl.location <= 30) Then report is Fine
else if (sl.location <= 60) Then report is Broad
else if (sl.location <= 112.5) Then report is Converging
hold-in “avoid”
rule 5 ! if located on the bow and look at the bow of target ship
Then report is Head-On
hold-in “avoid”
rule 6 : if located on the stern and look at the stern of
target ship
Then report is Overtaking
hold-in “avoid”
Internal transition function

if phase is “normal” hold-in “normal”

if phase is “avoid” hold-in “avoid”

output function

if phase is “normal” || “avoid”

output : send the report data message to output port
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Table A.7 The Pseudo-codes of DEVS-based agent Model

(b) Helmsman Agent Knowledge Base Model

Agents - Helmsman Agent KB

external transition function

when receive value on input port from Helmsman Inference
Engine model

rule 1 :if order data is maintain
Then order is Maintain

rule 2 :if order data is fine
h.rudder = 15;
Then order is Turning

rule 3 ! if order data is broad
h.rudder = 20;
Then order is Turning

rule 4 :if order data is conversing
h.rudder = 30;
Then order is Turning

rule 5 ! if order data is head-on
h.rudder = 10;
Then order is Turning

rule 6 @ if order data is overtaking
h.rudder = 10;
Then order is Turning

hold-in “decision-making”

Internal transition function

if phase is “decision-making”
hold-in “passive”
output function

if phase is “decision-making”
output : send the order data message to output port
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Table A.7 The Pseudo-codes of DEVS-based agent Model

(o) Officer Agent Inference Engine Model

Agents - Officer IE

external transition function

when receive value on input port from ECDIS model
check the COLREGs rule

request condition leveling

Hold-in “request”

internal transition function

if phase is “request”
hold-in “interfacing”
output function

if phase is “request”
output : send the ship location message to output port

(d) Helmsman Agent Inference Engine Model

Agents - Helmsman IE

external transition function

when receive value on input port from Officer model
check the order

request condition leveling

Hold-in “request”

internal transition function

if phase is “request”
hold-in “interfacing”
outlput function

if phase is “request”
output : send the order message to output port

_68_



	제 1 장 서 론  
	제 2 장 관련 연구  
	2.1 모델링 및 시뮬레이션 기술  
	2.1.1 SES/MB 프레임워크 개요  
	2.1.2 DEVS 형식론 개요  
	2.1.3 에이전트 기술 개요  

	2.2 핵심 선박장비 및 선박 충돌회피 기술  
	2.2.1 핵심 선박장비 특성 및 기술  
	2.2.2 Hasegawa의 충돌위험도 평가 모델  
	2.2.3 COLREGs 개요  


	제 3 장 항해 시뮬레이션을 위한 모델링 
	3.1 SES/MB를 이용한 항해 시뮬레이션 시스템 모델링  
	3.2 DEVS 형식론 기반 핵심 선박장비 모델 설계  
	3.3 COLREGs 기반 에이전트 모델링  

	제 4 장 COLREGs 기반 항해 시뮬레이션  
	4.1 시뮬레이션 시나리오 및 초기조건 설정   
	4.2 시뮬레이션 결과 검증   

	제 5 장 결론 및 향후 연구  
	참고문헌  
	부록 A  항해 시뮬레이션 시스템 구성 모델 의사 코드  


<startpage>13
제 1 장 서 론   1
제 2 장 관련 연구   4
  2.1 모델링 및 시뮬레이션 기술   4
   2.1.1 SES/MB 프레임워크 개요   4
   2.1.2 DEVS 형식론 개요   8
   2.1.3 에이전트 기술 개요   11
  2.2 핵심 선박장비 및 선박 충돌회피 기술   12
   2.2.1 핵심 선박장비 특성 및 기술   12
   2.2.2 Hasegawa의 충돌위험도 평가 모델   16
   2.2.3 COLREGs 개요   19
제 3 장 항해 시뮬레이션을 위한 모델링  22
  3.1 SES/MB를 이용한 항해 시뮬레이션 시스템 모델링   23
  3.2 DEVS 형식론 기반 핵심 선박장비 모델 설계   28
  3.3 COLREGs 기반 에이전트 모델링   32
제 4 장 COLREGs 기반 항해 시뮬레이션   35
  4.1 시뮬레이션 시나리오 및 초기조건 설정    35
  4.2 시뮬레이션 결과 검증    44
제 5 장 결론 및 향후 연구   50
참고문헌   52
부록 A  항해 시뮬레이션 시스템 구성 모델 의사 코드   55
</body>

