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Abstract : When using a distributed system, it is very important to know the intention of a target ship in order to prevent collisions. The action
taken by a certain ship for collision avoidance and the action of the target ship it intends to avoid influence each other. However, it is difficult to
establish a collision avoidance plan in consideration of multiple-ship situations for this reason. To solve this problem, a Distributed Stochastic Search
Algorithm (DSSA) has been proposed. A DSSA searches for a course that can most reduce cost through repeated information exchange with target
ships, and then indicates whether the current course should be maintained or a new course should be chosen according to probability and
constraints. However, it has not been proven how the parameters used in DSSA affect collision avoidance actions. Therefore, in this paper, I have
investigated the effect of the parameters and weight factors of DSSA. Experiments were conducted by combining parameters (time window, safe
domain, detection range) and weight factors for encounters of two ships in head-on, crossing, and overtaking situations. A total of 24,000 experiments
were conducted: 8,000 iterations for each situation. As a result, no collision occurred in any experiment conducted using DSSA. Costs have been
shown to increase if a ship gives a large weight to its destination, i.e., takes selfish behavior. The more lasting the expected position of the target

ship, the smaller the sailing distance and the number of message exchanges. The larger the detection range, the safer the interaction.
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Fig. 1. Distributed system for network(a) and ship collision
avoidance(b).

Fig. 1(b)= WA 2RSS At S5 93l 483k o]

o BE Hue 3E o] BAAMA RS Ag BE

2 3o} zF Auke A A el(Detection range) ©| 2] Aukz}

- 179 -



Zo] Aot zqgiu}(mm et al., 2014; 2015; 2017a). WA A+ A
9 Al 312 F(Distributed Loca Search Algorithm, DLSA)

= |

(Kim et al., 2014)9l 4] Fig. 1(b)$} o] th4=2] Mulo] x93

A%, BAS A A A nE B g E ms
& BASA FE G Bl FAE Stk Quasi-Local

Minimum, QLM)O] s 7% 7}
I3l o]

Atk OLM ol FE] 9
A AEelA dA e 2EY tE 29 A
ol ¥ AA @Al Z2E AT FHrel e S oy
gheh ol & alAstr] flsl Bb ©A 2are]S(Tabu Search)
(Glover, 1989)2 ©]&3F ¥4t E}4- %’ﬂ,‘ &+ 31 2] F (Distributed
Tabu Search Algorithm, DTSA)(Ki 2015)‘3] At A}

& 0% V8 5 O] AR A A

A

P

>.
i

o -

- EliEOH Aggeh B Bl aEE dATIRE e s
7F gA] YR RS R I35 AAstE Fikelt).
B gl 2Ed T5¥ IAaE dA 7z g Ad9EA g
TE 3lo] Muto] FAH o7 ThE AAE BAEEE Flo]
OLMEAE #lZskdch eyt DLSASH DTS4l A= 3
IS WAE] flal ol wAlY] Adnk T gk H o] Aduiwt
o] g WA F ULF skt wheF E Auto] AA
s 7o R FAld ARE ZAZ AEs P gS
55k geko]l AR 4= od7] wiLolth FAlol wAA] ul
3 Sl E S7H7]E dRle] "t o] #AIE s sl
2t 85 S (Distributed Stochastic Search)(Zhang et al., 2005)
S A Lo AHgs B 25 v O e S(Distributed

Stochastic Search Algorithm, DSSA)(Kim et al., 20172)¢] A|<t=]
AT DSSAN A 7h ek AA G gl uet A2 s
& AusAL EE /)EY m2F fAAT oY WA
& gadFel Fag duepl Basion WA i 3

£ WEQth 28y Kim et al.(20172)2] =10l A= DSSA
o) Shekol st A2k 5 919l ol B P

Zm 5% kg
3. Me} Z& YX|E 28t DSSA

3o A= DSSAo) AHEE = Golek ulg e diEl] A
Agkeh, m=gk ARk 7 SE 9] AR AE 24
3171 §1$ 54 55 4 H(Shock Absorber Area, SAAyS At
atolomn ol& H&3ke] Aelol] gk vl Alibel whgst

o] Kim et al.(2017a)0] A|¢FEE ] &3H4=5 A<t o
¥ DSSAE 283 512 Y el oisl A7)

3.1 20{9 g9

Fig 2= 24k A|2=8le A AHEE = &0l & dHsr] 913
o] tH(Kim et al, 2017a). © 4 t”-‘?—](Detection range, W2
shek e g A B Qs Mol o ¥
o] epado] EAIE A 7 e 1F wA A aLgke] 7hss)
). ot od(Safety domain, "¥7r 43 9] x%/\q) 2= 114
£ 9138 A7 = 9 th(Fujii and Tanaka, 1971; Coldwell, 1983). 9+

39 olule] gt Avte] 9% A FEE AT A
Hube shtel Ao hgsgon A3
Ao s A8l ehd o2 Aoz dAsGith

/ messages

Target ship / Time step Yy,

| kg i e
| B e e OO
. messages |

)
1 : - g [ .'I

\ Time window f-"

\ Safety domain

Fig. 2. Basic term.

Kim et al.(20172)2] =&l &4 WL} obd e
A9 dol= 72+7 120t F 05vtd R nA4 Y gho =
HAo U & =RedA = F 49 Av|E a3
AR Yl BRI 228 (Time step, ts)< A ZFol A Aeke] ¢
o]tq Aure]l IA7F AAEHE A A 7Hsere UgE ZAE
AU itk 9 B GE 22E HusA 23

oo o

nﬂ e

A =9 (Time window, twye %2 T o
H(yst ol ey
tw= (sl <i < w) (1)

= wel 7)) s AR 5w ALES
g AN Sk,

- 180 -



DCPAS} TCPAT 5 55 Totste=d Fa38k 824014
Wt DCPAS} TCPAE EA| *3o] A4 EP~ 714 atell 7414
E’p]tq /\H;H J\JHLA -4-1—3 _,_c}-a,_]—;_ o
938 gxs & g glvh e DCPA9+ TCPAZ: 7%7% DCPA’
o} TCPA' 2 WA 28Tt DCPA = ¥4 3} B}l Auke] gl
A=l EAsk= B9 28 Atole] AR & 7H &2 A
2|2 oJu|alH TCPA'E DCPA S35 BHY <518 o)
gt} DCPA9F TCPA= 21(2)9F 3)# 2ol Aol

own

DCPA’ = min,, || tw!™ — tw!*se" | )

TCPA' = arg,,DCPA’ 3)
s2ev Aol tu),

e 948 v o8 5
twj e A 1] Bl Aol ) 9208 ojul g

H]-§ e 3220 v]8-S AlLks] 9l A}%Hﬂi 2 (4)
9} o] Al BB TC, DC, ACO.E o]|Fo]A 3

COST‘/ (Candi* crs, edestination )
= w,TC;(candi_crs)+ wzDC;(candi_crs) @
+ w’yA C/ (Candi* Crs’edestination )

= Z

I candiicrs, edestinatim 1

e s JrRth TLCi TEAYo
g v8-S Axtsle peE ERAubTke] v
H] 8-S AASt ACE T8 529 =X Alo]e] A
Aol gk v &S Akt o,
o] 7}EAE vEth w, 7t F

A Ngae, w7t 255 544

f
N

N

2

E

2 L
f

H

Ir

I

2

N

il

(o]
‘W S

i
ofk
ols
o
A
rir
o
odk
o
Al
)
=

)
By
il
oo
ol
By
>
P‘ﬂ
=l
ol
%t
—

TC,(candi_crs) = Z TC,;t(Candi, crs) Q)
T

TC/(candi_crs)

rt .
TCPA'; (candi_crs) 1= TOPA f < tw, ©

0, otherwise

Vi jEI=1,.,nolv F= Aute] PiFolth. te Tolv]
T A g ol Aukel Wgelth $E APEE 1CPATH
Bl fmguch A 2 A a2

TC= 094 e 7}%]1:}
ol =& ¢do] ¢

1 %0,
mlo

f
1

N
N
N

d
T

oo ?
r
ot
iu
Suj

N jule

Ir e
H
O
Lo
o
X
z
X
A

@ o
et

M Lo
e

o
ol
DY
o

E=>)
=,
=

=¥ m o

X0
D

i)
o
>
L

i

N

DCE 7
A ojodo] u

QR L=

F7] Ao, 21 k43487 98] DePaE <
AEML-Z Y0 DCPA” & A3l on 4

r‘r‘ 22
ol

,,  DCPA';

T

=A@ @ 2ol gelarh

DC(candi_crs) = Y, DC{(candi_crs) 8)
teT
DC/(candi_crs)
! w; .DCPA”} <1,
= *?DC’PA Y(candi_ crs)+ —q1< DCPA"! < w,
0 ,w; < DCPA"".
©)
w,E T4 5 999 A71E 248 fE g
Agg vg = SGA7)7] 9% el F, w7t nd A
F, T4 w99 GG WAFN alel Y=
WA 25 717 oS on)dit). ACE B A S 33 uhe o)
TH Faebo] zpo]E o 2107 Zo] HolHth

AC(candi_crs, destination)

N H acandi,crs - adestination H (10)

B 180

candi_crs$} destinations ZV7y TR A9} HX A5 9
o 7t ;o] WS AN F A o8] Ak
§ gask g 2 g A,

improvement;

= maXCTS{COST,; (intention) — COST, (crs)} 11

- 181 -



intention®} crs= 27 AA7MA] HAE FZ2 F MG HlE
O~

o] (ko F ol TW FAE oju|dir)

Kim et al.(2017a)9] T=iol A vk Epd el by 9z
ul$- 7HA Aete] 9 s Fdsien o Ay
A EE e v A2 Wt e dube wztst)
W& 4 9tk ol & sty f8l T4 5 98 FU1
skolch

Auk 29ke] 91%] #A7} Fig 3(b)ek 2

dow(5 time step)

Shock absorber area
hen w equals to 3

(a) When two ships encounter situation

After 3 time step

If course is 302

If course is 15°

If course is 0°
collision

S

0<Cost for DC<1

Shock absorber area
hen w equals to 3

(b) Collision avoidance depending on course

Fig 3. two ships encounter situation(a) and relationship of position
between ships depending on the ship 1's course(b) when w
equals to 3.

ool Al A = peel wg-2 10] HH At o]
T8 30 AHeslE A, Av 2= s449] AAll At

kil
w# peel W82 00] Frh AldE o] 3 1559} 30

Apolel Qolo] sE AEUFHYE A, A2k A 19

3.4 H[E29| A4t

Table 1> A4t 10] 0°,15°,30° & AEs9 S o) 2+ =
2~9] v)&& AArE Ato|t) Table 194 o] (=5 A

558 A5, 1C= A6 (5)°) 28 AxkEnt 26)l A
wic Fig 39 Bl =99 o<l 59 ks 7M™ TCPA
= EFd AEfolA Ao Autet 7 7R = Bl 2~
ge] gkl 38 7pRTh TCH07) o1 82 3/50]1™ 2](5)e] <]
d TC,(0° )+« 0ol A HA 7hest BE A Auke] 2=
AA=E Hek 3 7Hdh ghado] dh&eoluz 170, (07)
TC/H0") 3 2& gk 7Hth DC= A9l o8 AlAts]
DCPA” 7} 18T} Zom @ Z o] o] b S A
Wt oz 19 e 7Hh 4ce 210yl & dA4 =
229 B ee] A W9 E ou|E R R 0] s 7HIth
COST= W, , wg, w7k Z5 10]2kaL 7P S wff 2)@d)el o] o
Z

L
L

=)

S =]

)

1.69 kS AT 15529 3059 A9E o Moz A

gt

b1 bg e MEe e 30me TAE
Heg Rolth, e HHEA w,, wy, w9 gl e A
o 13t A 29] B3 AE fEAIY & FE 98
wA o] Y& FHEA 2 49, A6 1 Auk 29} ok
o 7Vhe AE FASAN BZeA = W 3
%, s449) AN AGA BoiH FHBTh

Table 1. Cost for candidate courses

Course .
Parameter 0 15 30
e 3/5 0/5 0/5
DC 1 1 0
AC 0 /180 | 15 /180 | 30 /180
CcosT 1.6 1.08 0.17

3.5 DSSAS| Hx}

B = AE Adl $E BAE 98 DSs4E A&
©1 Fig. 4= DSSAS] A5 YERATH(Kim et al,, 2017a). 7}
B

=
re oA mE R g A, B UEE Sl 5



Ak 7k FE OBAE D B S8
WMol g wEath WA due Ade] 2ag oy
sz dgse] BAe) B 4RSS g Auk wg
F 7 ;0] wgL AN PG 2 gl FasE
S2E AN F AR FER A 2 vge] g
£ msE AUSAY EE J)Ee 2AE FAG v
sk ikl A, BAS AN B AESE g v
N7 SAR, wef 1Ee) maE FAT AE, Frhuel
WA E JoRch Ao e HAAE SIS
A%, 7k mxel B QYRS AN oAl A4 2B
2 71 20 M) gas e 8 HEsAY i 7
o mAE §ART BE Qo] Axe] ;o] WET 7
$, ZRAZE FRAY FE9 A90] 9 A%, RE A
wo] zhahe] siel WA wkA Fle) L EHh

Set current course to intention course

l.—

Exchange time window
with target ships then compute
COST and improvement

Every ship is satisfy
with the intention
course?

Change intention course —

Fig. 4. Distributed Stochastic Search Algorithm (DSSA).

3.6 &0 2t A e Y
Fig. 5% Fig 49| 4F &4 du g5 dap & 718 shdt
ol $IXI8t Change intention course®} 5ol S| F=w Huto] 51

22 owj AAsE=RAE e

Fig. 5@} 2ol Adre] o] WA7he 45%oln A4
2(0°)8 X3ate] Adute] A8 7hsdh $H AAE
A era 7HA f;u} b FH s2o] HES ARk §, 4
(1)ell oJs -
g9l 75 9|t Improvement
H|8-o] W3lE on|dlt) Fig S@)olAl = w9 A7 7
25420 ° )2k éizﬂ 220" )% 3IE Fig 5(b)t
= A4 Z20°)E 30%2] T
2(+20°)2 70%] FE= A

A‘Z
o
2
&
>‘
Lo
=
oo
Lo
i
St

94 dueEe v g el B

-

o

Improvement

4 45— 120

—20° .55
- _-,—7 207 =— -2<0
GO e
S
Dﬁ&_) 0 wmp Current course
T~
‘\:\h"’-_
~ =~
., S—. g _ Biggest
‘\\ 3 420" —k 550 — =
g mprovement
g
a

+45° — 10

(a)Various improvement depending on the course

Probability to select next course

il

¥ Candidate Course(if A>0)
= Current Course

0 — Current course with
~ proability(1-p)

3 120" = Candidate course
with proability(p)

« +20° will be selected with probability p.

(b)Probability for selecting next-intended course

Fig. 5. Selection for next-intended course.

El

4. B UEe A 371X AE

Mg goel stebulE s AERe] JFE LA A9

Fig 67 2ol 7 Ho] Aol 298 5 Q= Al /4 4
=, AWl A rhEAE 48, Bushs 43, R 49
2 A,

. 0

Crossing situation

Head-on situation Overtaking situation

(a) (b) (©

Fig. 6. Three kinds of situations when ships encounter to each other.

Table 2= 2 gl AME-H shetn|El e} 7} 18]l oo
A== S Yepdoh
A% e Mure] =
Table 29| I}&}uE <} 715

Ao A ) B SR A g o) § s

[} 2
TET(})\)\

- 183 -



A

E
ol

2
)
P‘L
2
)
1o
_E
ol
tilo
z
Jiz
ot
=
i
i
=)
a
o
N

ofN Mo
ﬁ
lo,
L
1o,
BN
e
R

U
3
©
V)
U
L O
Lo
I

i
2
o, :L

o

o

g Jo

ol
o
2,
ot >

=
X,
a0
P
-]
rlo
o
g
w2
lo,
=
O)J
;
B
L)
o o

i

g

4

o

"X

rlo

8

3

©

=

ON

it

by

AL

(o

ofje
oo &
oo

5 mlo

wr & d
ol N
O

M ple

3

& MATLABO.Z A= glon A3 A
& Aa s o} The A = 93 Tt
AN BHAZ gy wrof =
E

=

1z
fo o

>
S
S
©
x

32 M
=)

A, AA w3k G5, v 8-S e ehrlE R B

sho] AL

Table 2. Values for parameters of two ships for three kinds of

experiments

Parameter Value
Was w/}» CL),Y 0.1~1.0
time window (tw) 5, 10 [time step]
detection range (dr) 6, 12 [nm]
safety domain (sd) 0.5, 1[nm]

d 12 knots for 1, 2
Spee 12/20 knots for 3
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Table 3. Values for parameters when head-on situation for

experiment 1
Parameter Value
Origin 0, -10 / 0, 10 for ship 1/2
Destination 0, 10 / 0, -10 for ship 1/2
Course 000 / 180 for ship 1/2
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Parameter Value
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Course 000/ 270 for ship 1/2
55 200
190 +
E 50 5
& g
= 10 o —
=b 170 5 mmap
] o
%40 160 % — Y
E 150 o 0
h 140 = =L
—— )Y
30 130
0102 0.3 04 05 06 0.7 0.8 09 10
Weight factor
(a)
03
0.25
02
ﬁ 0.15 == (1
L=
i g 0}
—— Y

0.05

0
01 02 03 04 05 06 07 D& 098 10

Weight factor

(b)

Fig. 10. Distance and the number of messages(a) and cost(b)

for weight factors.

- 185 -



oy

T AHRe 12 knots®] AW &£H o sty on
A= AE 13 v 523 23S Btk Fig 10@)s &3

3} 3142 Fig 10(b)= 715X 2] W3}
H1-8-& UEhith 7HeAl w, 7 wsol B, AF 13 4]
A3E BAAR, w, o] B, HlE-0] 005914 0252 A3
o= F7HHE Bth

oﬁt M & o2 mZ
E TR T .

o)

Fig. 11, 12 Fig. 8, 99} W53k 235 B3l o1 Fig 129
94 G99l WA wg §50) 43 e AnRE 7%
slom B2 g9eol 6 vpdt 12 vpde] 9 1 Aol 7h &
[elie]
=2 Btk

60
55
E
€
'E
)
u
Sw
N 35
30
5 & 05 10
Time Wndcm Detection Range Safety Domain
(urit:ts) [unit:nm) {unit:nim)
Parameter
(a)
0.25
02
- 0.15
s
0.1
0.05 I
0
5 3 05 1.0
TlmeWndcm Detection Range Safety Domain
(unit:ts) {unit:nm) (urit:nm)
Parameter
(b)

Fig. 11. Distance(a) and cost(b) for time window, detection

range, and safety domain.

220
210

200

190

180

170

160

150

140

= Hm

120 -

Message, unit: count

Time Window Detection Range Saety Domain
[unit:ts) {unit:nm) {unit:nm)
Parameter

Fig. 12. The number of messages for time window, detection

range, and safety domain.

&t

43 3¢ 4%
Fig. 6(c)¢F #o] 7 Avf 1+ 54 44
oW Table 5% Auke] %7]

Table 5. Values for parameters when overtaking situation for

experiment 3

Origin 0, 0/0, 2 for ship 1/2
Destination 0, 15/0, 10 for ship 1/2
Course 000°/ 000° for ship 1/2
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