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Distributed optimal path guidance system considering communication isolation

and transmission power for multistory ship evacuation
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Abstract: In case of an accident on a large and complex cruise ship at sea, large-scale casualties may occur. Therefore, it is
necessary to rethink how the safety of the passengers can be ensured. In the current escape methods taught on a ship, the crew
explains the actual physical location of the accident, and the evacuation paths are indicated using alarms or emergency guide
lights. This method is not suitable for situations such as fire situations, which change in real time, or sinking accidents that
may occur on a ship. Therefore, several studies have been conducted for identifying an optimal path that could reflect the
real-time situation dynamically. However, as these were also centralized guidance methods, the passengers were unable to
receive the optimal route information if they were isolated from the viewpoint of communication. In this paper, we propose a
distributed optimal path search system that calculates and indicates the escape route independently, even if it is isolated from
the viewpoint of communication. By varying the transmission rate according to the current disaster situation, the power
efficiency can also be enhanced by reducing the number of unnecessary transmissions. The performance of the proposed method
was verified through computer simulations based on structural and ship disaster situations.
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Table 1: Definition of fire state

Fire state Definition
Fire location : whole area
Normal Temperature : < 60°C
Soot concentration : < 0.65mg/m3
Fire location : residential area
Statel Temperature : > 60°C
Soot concentration : > 0.65mg/m®
Fire location : explosion hazard area
State2 Temperature: > 60°C
Soot concentration : > 0.65mg/m?>
State3 Coincidence of Statel and State2
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Table 2: Distributed optimal path search algorithm

0. Each DN u collects status information from its neighbor

SNs and determines ¢,
1. For each DN u, send the neighboring node n L (u, e, z, tu)
containing the shortest path from u to e and ¢,

D. Each DN calculates cost Z (u,n)

3. DN receives neighbor nodes’ L (n,e,y,t,) and

calculates effective link

L(u,e,z,t )=L(u,n)+ L(n,e,y,tn)

M

4. Select the next neighbor node in the shortest path
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Figure 4: Virtual simulation environment

42 AlE2dlole 21t

Ao A7 BAe A Frof wE} FAS5TH
D WMalsh=A AHE7] 91351] Figure 49] 725 ]
of SAYEE 7St AE3 45 vuste] 1 AdE
Figure 591 ©A]319ith

W dr o

= With proposed{10 fire areas)
* With proposed(3 fire areas)

With proposad(3 fire areas)

= = Previous work[4]

Number of tr

Persistence duration time(m)

Figure 5: The number of transmissions

ANAATE ST AEHAIRES il S7HAA [4]004
ATe 102 F719] 2AF7] A2 vlaskelck Al A
o] 3pA)Adadol thal State 22 7Y sl] £ BG5S v
stk AR do] 5282 W State 4 A0 w7}
241391 Ao 7hdetal WA 3442 State2 = 7Hg 5k
Hl skt sk 107] AA Q1 3RS State 4745320
=) 524, YA 52 - State 24370 2 AAso] Aat
of & spA7F AE3Gel D YIS F=A| A8

AT QoA ARE wololslE A7HS aelE)

PIAl F715 3022 AAsla AlEEolAe 58]
o] 3A5Q1 A9, AA G Qo YA mEo
Fddd oz 7] wliel] a8 34.6%

Qiﬁ‘r sHA7E 57 Ao ® SRk A9
A}t HILOM 28%2°] H&E A
. 8} HH“M < 107 AHo= A7
7]7} 5%2 W&o
3} thn] 35% ol

.ﬂﬂﬂ
. o
ﬁz
>
12

ol
ol
L
N
N

MmN
o
g

o
il

1=
39

(VNN

et

Ao e o
o,

32

_\1 1:[1 ¥0,

X
ol

E=)
rr
i) ri-i
o 2
br
Iyl
lo
o
o
r_>.i
S
ofy ofy ¥

[N
ozl
N
)
2]
ox Mf
p{g

N < e Ay B =
o
N

2
T
N

BN
FF
r-{n
SN

f
4

630



g
& on
£50
T,
34
=
w
30
, 15 == With proposed
= & +Previous work]l]
10
2 £ 40 50 60 70 80
Time[s]
Figure 6: Survival rate with 20% isolated area
7
" = Y L5
R
?EC
LA
£50
2y
F
g
w 3

=g With Froposed

= & Previous workfl]

10 30 ) 50 60 70 80
Time[s]
Figure 7: Survival rate with 40% isolated area

i & i

wn
=)

E
@

e}
=)

===V ith proposed

P
=

=& Previous work{1]

0 0 4 50 60 70 80

Time[z]
Figure 8: Survival rate with 60% isolated area

SaulA AR o] Ysta A A417W A7E(2017.9)

FAYe wel@ BAA HAHPR G| A 5d

o
it
o
o,
%
il
>
>
ot
rlo
of

Aol wgel A wye A

Gk
A

Ll

&
i
o>
)
lo
o

AN TR

[o o

o

o X 2 o
18
tlo

Y
S
=

O
i)
0%
ol
-0,
o
o
i
=

N
e
FOoRLORU ofy
2y
o
N
P
(o]
~
L 5
- =
(o3
o
iz T

(98)
2
i
2
ofo
_0|L
¥2
R

[

9] o F(coverage) ol 3
Z&yselcy. 2t 19
ol A AAIgE 4
=9
g4

ofy oS R

15

o
oo
>

oo

o

I
&=
[
(0w

e
i

f
>,

P

o 2 fo Iy |n oo |0 ool do o

[ = o o2 K ¥ KW kK o
o

oo O
[0
ol
s
i1t
oo
o
Iy
=)
o
it
it
i
b
[
=
2
o

fil
il
X
>
ol
on
[
fl
L
2
0%

a
fofo AN Y

ol w2

A Q) etare A
el

o ox X

o w
e on
i
>
>
o
N
re
i)
rir
ol
ox

N
ol
3&
N
"

2

i

_E,

o

e

rlo

ox

r

oly ﬂlig o

(2ot o o Ot fo rlo 3O b

ol
ol
N
2
(o}
0,
N,
O oo
> >
>

o
2
i
Mo
S
2
>
2
2
(ol
[

ol 0@ Ooox 1o ju
g r
& L
fr e
iz

N o
ob
£ s
2
O )
o,
2
)
ol
Ry
bR}

_|_4
o O
=
i

5 Ve E7
oph 37k W
o] @43 Bol A= A
o e nasee 7
sAlof e Y

[

(o]
&
ro 0
32
°
2
1L
. K
5
o> N

i3
o 4
n)
Ho im
i)
o u
i)
pou)
o
fru
2
o
)
o

ox
o r-{g
=2
2
rir
i
E)
ol
ok
rir
o
o
=2

)

o
22
o

EES

38
=
>
2
2
ol
QoL
)
e
-
)
)
-8
)
ol
QoL
N

offt
r
Lo,
o)
2
=
>
k1
il
(]
A,
~
%)
ol

ol
=5
N
o —

o o fo
T~

_E,;:‘F-?ﬂ

>

[>
o

[o
2
o -
ol
ol

2
Moo 2
2

b3

MY

S
oY,
il
ru

of
o,
X

o)

Z o

;O
b4
foool KoM

[e)

|
l

Ak 3
Fe AlEdo

EERFE B
E4l0] o] s

oY,
fr
il
4

=l
R

d
il

—_>‘4-',
>
2
£
ol

¥ i,
o

iy

o 2
2

ot of

:Og‘
32 e of¥ ek
do my X

S
i)
[0
fru
(2
2
%

ol

12

4 2 e
PN
K
N

R

=

ﬂllo —E 1o 3o, _I}i HE
e T

T
22

o L
>
Mo o ¥O i rlo g & [k > 2 R do Rkox

=2

ot
rO
ol
25
32
Y

b

2
>
rot

i)
rot
i
2

2 A
2L
=

ofy
",
N
N

ox H

ox ﬁ;%

o =

* 5

=
2
oo -
et

o |o

o

=

2

]

Logo to o &L gy mo b WL opoh W
of
_0|L

2oy
i bl x0T ork

(e
M
M
=2
RO
g
*
ir o
Ve
— 1
o o
o
‘f% oo i
fitl
X o
rO -{O
=
2 oo

o
& oo
il o
0,
N 2

Ry
N
N
o MY
lo

fru
~
=
)
&

30
|
w

% 7
o] =R L 2016 % AR (WGH)] AP el
Aeke] o} 7 2Ad A
(No.2016R1D1A3B03934492).

AL

681



oY
e

i
o

0
19

References

[1] International Maritime Organization, Guide lines for
evacuation analysis for new and existing passenger
ship, IMO MSC/Circ1238, 2007.

[2] M. B. Kang and Y. I. Joo, “Intelligent evacuation sys-
tems for accidents aboard a ship,” Journal of the
Korean Society of Marine Engineering, vol. 40, no. 9
pp. 824-829, 2016 (in Korean).

[3] H. G. Kim and Y. L. Joo, “A distributed guidance
system for accident evacuation on board the ship,”
Proceedings of the Korean Society of Marine
Engineering Spring Conference, p. 241, 2017 (in
Korean).

[4] A. Filippoupolitis and E. Gelenbe, “A distributed deci-
sion support system for building evacuation,”
Proceedings of Human System Interactions, pp.
323-330, 2009.

[5] W. O. Kim, J. S. Kim, S. G. Oh, and S. H. Kim, “A
simulation study on distribution of smoke and temper-
ature in accommodation on  shipboard fires,”
Proceedings of the Korean Society of Marine
Engineering 2006 First Conference, pp. 293-294, 2006
(in Korean).

[6] Y. D. Yoo, J. H. Choi, and N. Kim, “Power con-
sumption analysis of SN according to beacon signal
interval in IEEE 802.15.4 wireless star sensor net-
work,” Journal of Korea Institute of Communications
and Information Sciences, vol. 31, no. 9B, pp.
811-820, 2006. (in Korean)

[7] V. Chakaravarthy, F. Checconi, P. Murali, F. Petrini,
and Y. Sabharwal, “Scalable single source shortest
path algorithms for massively parallel systems,” IEEE
Transactions on Parallel and Distributed Systems, vol.
28, no. 7, pp. 2031-2045, 2017.

oAz Yol Peks| ] Al418 A|7ZF(2017.9) 682



	다층구조의 선박 재난 상황 시 통신적인 고립과 전송전력을 고려한 분산적 최적경로 탐색 시스템
	요약
	Abstract
	1. 서론
	2. 분산 탐색 시스템
	3. 제안하는 방식
	4. 성능 평가
	5. 결론
	References


