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The International Maritime Organization (IMO) mandates that evacuation analysis must be performed at the design stage to
ensure the safety of passengers aboard ships, Therefore, ship designers are required to conduct this evacuation analysis during
the ship design process, Evacuation analysis begins with creating an escape diagram that outlines the routes from each cabin
o the designated assembly stations based on the designed plans, Subsequently, necessary parameters for escape analysis are
measured and recorded, and the analysis is conducted using an Excel—based program, This process is manual and time—consuming,
Additionally, due to the frequent design changes characteristic of passenger ships, this process must be repeated multiple times,
Hence, this study proposes a method to automate this analysis process, The proposed method in this study starts with a
preprocessing step to extract key components from 2D drawings, Following this, it distinguishes spaces such as cabins,
corridors, and doors within the processed drawings, Using the identified spaces, it then searches for the shortest evacuation
routes from each cabin to the assembly station, Based on the identified routes, the method automatically performs the simplified
evacuation analysis as prescribed by IMO regulations, Applying the algorithm for automated escape analysis to Ro—Pax vessels
demonstrated that the analysis time per ship, which previously took about 15 days, can be reduced to less than 10 minutes,
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Fig. 1 Evacuation process in passenger ships

0|2t &0| 20| MulollM 2FS| Blojih=s 27| E BE
(evacuation) 2 ﬂ’gsm UCk 0|8 ZAlSISI0] E3SIH Fig. 1
o} Zc},

ESL IMO= A (1)1 A (2)F o835l S22l & EE AlZke
st ‘RA Eoal (1) 4 (20l R2 HlA A=lofMe] 524
9| HEZ AlZHresponse duration)0|n{, 7= &Z42| & o|= A7t

(total travel duration)o|c}. J2|2 F= FPYol|l E&sk= AlZt
(embarkation duration)0ld, Z-2 Zl= AlZKlaunching duration)
Olch oiX|2feZ n2 58 & AlZICL £+ L2 082
jF;Pil olofok oo, Al (1)1 20| & EE AlZble S
FSAIZIt o|s AlZtol =etEICE Al (1), (Q)of =8 2E 7
2 [mn]RIE ARSSiC

10 B

=

1.25(R+ 1) +2/3(E+L)<n 1)

E+ L < 30 [min] )

MSC/Circ.1533 (IMO, 2016) EMollM= & & 71| gfHo
2 SM EE AQ ARKE Atk S MAISIR ek A
MW= simplified evacuation analysis(SEA) 2HHO|H, & HW=

advanced evacuation analysis(AEA)O|LC}.
SEA ol A S29| 0|5 FAlel SECZ #$o10]

2} AaolM e SE0| BMX| L WL E= AlZRE AlMSkE

o2 EE AlZke 71IAF°FEP (b, SHAIZE Ljol| tik=A| Al
L 7kssichs ZEol AUXIEE AH| ARk A S4olut A
2lE 1e{sH| Relchs EPH0| AT, HHH, AEA Yol 42 &
2 JHele] EME Hidsio MM HUAa & M{n SHE
22 7HRIS0| MM 2 A oM T[Sk AlZkS ALkt
Wb, SESHK(EE AXet RARE x| &2 Melste o=
FEOllA BEpddo] Lojb=A| EA| meret = s FEol U

Cf. AEA 2iHS 0|3l S22| && Alzke At
2ol |2 A7S0lIM MAI=1 /lend, ol

T EAEZ| AMZISIRICE Ha et al. (2012)2 74
7|gh 22 JRYSty thn] 228 J2|=
O*EIE WHS Moket gt Ik siE Aol eE SHE
Aol ek Clret AAlete FIISIQUC) et Kim et al.

ofr
ﬂ?
v
il
AN |
0=

01
%
3

)
o

(L
H

Iﬂ rE 02
0 o
(LA T |

EZH“

i)

T T T T T Ty T

scape todestination

[]
-
[l

AR ii:LE,:h'QEE Maritime Exodus, Bvi, IMEX §¢| &=
20| S2o| BE fAg sl JHEk=of moj=n
A& T2 oM £ 7[H ZY D}
2 AM8she T2k EXEict

ASH,

Cl27| 7ksE 7|8t 2Hl

0

IMOOIME AFAZS 0|235j0 &2lo| EbE A 2slisi= A
Hskn 2lov, of AU isich SRl SEAY

Mol HES g =lofolct m2by,
H Bl AZIS ZHES i AEAS Adlof &S|

erh = AFIME 3ol HE0| 7kset SEAS AtSakske
olofl sl AMetstn, 1 84S HESINCE

ok
e
2
x
rir
o[>
4
mn
o
om
ol
ofr
ﬂ?
[l
JE
2
2
ofr
[2)
rx
Iy
1o
H
e
ok of>

Ll
QE
- fjo [

T
Ul
>
wn
m
pd
]
°
K0
gg
4
fum
N
>
r\l
o
|
>

nl
of0 m J
>

gg
of>
¢
1o

m

m 0
m
o

o
r
F

=
1o
o
Iu Of
N H

1l
M o

—
p
1l
o

2.1 4l 2D EHORRE escape diagram ZH

Escape diagramO|2t SZ40| ZHAle| 2|X[ol|A ofiHst A
o $3lskex| =MEEH EEI TEE oo|ict Escape
diagrame| 22 MAlo| 2D EHOoZHE| MAXZ} £2H0| <
Rloke Z+ MAZRE XM Fa7iK| tiufshs 425 45104
EEZ AMEICE Fig. 2= escape diagrame| OfAIE EisH A
olct.

Escape diagram2 M2 MARK]| olsf $2ido2 At =0,
MAalo| MA7} HZA=|H escape diagramO| HAE AX|7} RUCH
w2, 7[2AH, AMAAE FlEsio] ofgf Mo MAL Hfx| B
20| ojLiq ofof| HE escape diagrame| $&0| Z 351D Of
IPHol|l M RAK}L| AlgTt RO ATEICE

JSNAK, Vol, 61, No, 5, October 2024

371



S 2|t simplified evacuation analysis At==}

(Corridor 9-6)—‘ Door 9-10 Path 9-2 g tF t deck/stair | t deck final
ROUTES @ i
d|spesdof| § | Fiow |Traveltme | Seiected
Door 9-11 Door 9-12 person | O | Hme | eckistair |  deck
Corridor 9-5 | % I “, J
'] 1 27 BE
ROUTES l [4] MO 12 14.5 -} |
Fig. 2 Example of escape diagrams 55 [YES| 80.81 | 32.70 [ <— tstal
= M 60.9 assem by
ROUTE 5 .
Fig. 4 Example of calculating evacuation time using SEA
corridor 9-5

door 9-11] |

1, r\ ] r l"w*] irwr ]_i;
Fig. 3 Example of extractmg dimensions in 2D drawing

2.2 Escape diagrame| ZZ AAS £IsH
2D £Ho| MY 5H
SEAE 5P| flsiM= 2. 120l A= escape diagram
o2SE| 7t | A2 AKS Y3t TRe| Hes xlg S3o|
Ze3lct 047|oflM HMelo|2t MAIA SEakk|e| HE| S=of
M =R é.%xlwnxlol He| RAIEAM 3 W AsEX|e|

L=
Fig. 32 2D £Hof ‘| thul Z2 LEE 2let Ala 52| of
Zt M LjollM SR 2 3 i
Azo| vrske oD £04 Ljol| 7|3 Zdolch I2ollAM ‘ROUTE
Z2F M SiAf o 30M cfA e EE 42E
HollAM= T2t S21540] 5ol slitsh= A2

2.3 4= M1t escape diagramE 0|28t
SEA =3l
A=l MA = Ljol| M escape diagramt SEA T3S 2|l

Lot HYUS 25 FRISHH 0| excel 7|8Ie| Z2TOo0||

SISt SEAE o83l B siiMs allsP| 2

M= ho| dZe| LEE Hbtbsks HoZHE AlRG| 25 &
AlZH

NI
ofr
2
w

m

g
mju
>

gg

0

o 19

%3H0|E s A7t 2ol AREICE Fig. 4= excel 7[Hie] =2

Joz ol AlZFTE Foh= AlXL oY of

oM AYSH HiRl 20| SEAE 0|83l EE
2I5HM= escape diagramg TMSH= HEE
2 IFH0| ARt Sk 22 MElo| CHE S| w2} 0424M
oM =2 |37} =Xl of di3ojct S240| x[E 7HsA
0| AUz BE Aol Chslo SYSH 1ES HH=sio{of 57 |of
ddtroz SEEl MAKIS| 40l B &o| Mulol| CHaY SEA
£ 5P| feliMe M olMe] AlZI0| ARF
Mg SRliske SMoict 377t ci27|of| SEAE Eliske &Y
AlZbg Molgh 5= QUct cigt 2 7ol Fost 4

o Ro-Pax SMollM= SEAE Félishk=d| of 28 HEol AlY
0| 22%= ZHoZ =olsiLt,

7|24A ol &k P‘*OHH FH2

r
o2
e
T
2

k)
10
w
S
3

E
F0{X|0q, ofjed %%'E“i.é% F=siof sich 22 HA Aols
UL TYH LS FElskR|E HA LE0| S EF escape
diagramo0| HAE AX|7} 1, o] A MARKL| &2 =2 A

2 Qls Aupt el £ Qlck
M2, 2 od70IAM = SEA 38 1M e Kis3l510{ 2D £H
oM 2HIZ tim| A7t TE AMSkE TiHE dekstaA} sich

3. SEA A==t Y25

Ho| EtAEHs MEFS ATHE

1, 2ZollM Mgt viel Zo| 20| BS Me2 S
Of HI=A| 518 EE AlZE ool 2EY 5= UTSF HA=0{o}
2iCh OIS i M7l chAlolM SEAS ol&8st & EH&‘ s

ﬁ
T
2
rulru r
L

Al #=3li510{0f 5109, BIA SYolAM= M2 A2
xoloz 435D Yok Cifk T Kiflofls EHJL| 4= ﬁ“
Mgl ZXe ZuisP|of 2 AlZlo| AQED w5k M BA
Al Eiig SRl BHEsiol SH ool JUck mRIM, & ol
oAt ol AISsfsHs YmRlES Moksigict,

SEAS AFSslsle D MEE 2D TS chkeslsle 1o

5 ARZHTE TSl K| B2 CHYZ AZICH o RE IEe  2EH AR i, £He| Mie| TNl Leskh £
Sol0lA excel 7Hle] Z2ToR SuEXDE A ol UjolA AR Aol Lo gis 2West @AE2 M sty o
Lo Tlel T o B2 Ak HHSS AP of HE2  2sisie xielo] TRk S W2 S8 Lje] ME2 ojF

372 CHEtEMBIS|=27] K| 61 2 K5 5 2024 102

r



2 37k2 olAlshk= AfQlolct S7t lAlE &5l SE0| flX|
Sl ZAlRIX| 22 SX0IX| 22 XY AAQIX| 7E5i= ¢
2|52 HMeksIch M eimZ 2 Aol XA AAgpkx|e| of
o Z=2 AMHo| Zesich o] 4% txdeze 2|t 428 3
= Ye|E S 8% = oot ox|gtez 2 HZE 0|
510 SEAE 3501 S EE AlZkg EE5l 2 FoM=
2ol Madst £ || chA2| SEA AI=3t LTRSS AMMG| A
sk
3.1 EH Mx2|
SEAE 5P| 26HME escape diagramzt EHo| XS

235t o] SMEICE o F Eeig NsHE olFE =

=4 = = Ags T
ZAloflA S20| tHulsts ZEE 3| Iolch w2, A
U7t dshs 9 22 Asst 57| floiMe M e
HXE7t 2

o
Zslct =He| MHEIE SaiM EHolM 2 8l
=] =17

d0 [
et
>
30
rir
M
o ¢
Rl
8

- o
ot
1IN
>
30 -
o
om
0z
o
i
ot
[Ral
il
|

opening Z'E]
32 closing ZE2| XM&0| 7+=3lct (Serra, 1982). Chak
opening &2 closing ZE & o HS ARSE AoIX|2t E 3
ABoh=A| J2|1 kernel g2l F7|= OfEA MY A
S HEsh= tido] 2| g2l 4= Aot 2 dolM e
71X| ZE{e| H|AEE Eal| 2X2 kernel€ ARS8t opening Z/E

:lOI__I
>
rir
Q
o
2
=)

e
o
o
@

o

D,
o

=)

e
o
i
e
rd

o

o
L

rir oy
> W
ol
ikl
ot
ofr
F[F
pael
o
AN
0
fol
mjo
i)
o
N
0
HU
ot
X
ol
R
iul
|
«
O T onoMp ™ A

{door 9-11)

comdor 9-5

{. ey

Fig. 5 Pre—processing of drawing using opening filter

RAct 015 2liA M 3. 1H-oM ZErsEl EHE 0| E5H 2
o| olalo| ERslct Aol elalo| EREt o|lfe IHE ol
sl sl =2He| %ol E28 clalgt 4= V| whzolct = o7
Me £Ho| 3 olAlg 2iA Haris Z 14! 2kH(Harris
and Stephens, 1988)2 ARZSIUCE Harris FL 1A diHO[Zt
M (pixel) 2 O|FOIRI CIX|E olo|x|e] SFE o3l TMZte

S
S

IE ol8a FHE AZESk= FHolct
=]
o

A
Al
Ol ARBEl= 25 EE Alllshs WS LIEKACE

oY
Mo

= Zu.v(wu,’u|]x+u,y+1;_-[11,1/')2 (3)

2]
nz
d
>
e

for
lu

|0

=)
rok
o
&
N

rr

(@]

=)
A

LI
ofr
=)

© S

2 0|83l parel Mt 79| gl2 A #ep| gle bk
O[o|x| HAZ ojnfsin, FAo] &2 AT ZAEl(edge)
[olstct J2l0 pElol S A threshold) S HE 29
L2 Eobict

olet Zo| 2E £H oM I =5 Helsin], S5&
=9l Mg 2| 2l S Hal oluie| =SS shE A
= L= M7AsIH £H oM 2E I XHS HokE
== Ach Fig. 62 Harris 2L 214 BHHS o835 =M Lie| =
L& QIAISH ZIE LIEKA Zdo|ct

olal=l I LESZ 0|85l SZte ¢lalste wiHo| 2R3t
2 AFME & 7IX|e 3R EHE AsIIct A
= SHE0| 7[HE £ U 37! M4 (room)0|mH,
e SHS0| tHulet 4= s S )
H= MAoM 222 Lol 4= Qs 2
22 fliM 2HE HoHE o =58 Qe TRl ME O
25 sl 7tale| Mol 4Ho| BF Bl A MAIZ FLESIICE
2|0 £=2f = Ajole] H2 7t IMO A

72| ol Ze o= ZIFSIgict a2|d 9o & 37ie=

=
9|
i, OX[322 /= olo[x| 87| gt2 eloletct w2, 4]
vS|
S|
=
=
=z

|0

Corner detection
¥ >
e am s .--.!-u!_:nu.u-m'}-
[ S S ———— w_

b _L_r},"

} L
Fig. 6 Corner detection using Harris corner detector

JSNAK, Vol, 61, No, 5, October 2024

373



A7 EEE A7} HAS I8t simplified evacuation analysis AFS=}

Fig. 7 Divided region via facility type
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