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In the event of a maritime accident, search plans have traditionally been planned using experiential methods, However, these
approaches cannot guarantee safety when the scale of a maritime accident increases, Therefore, this study proposes a model
utilizing discrete event simulation (DES) to predict the diving time for compartment searches of a ship located on the seabed,
The discrete event simulation model was created by applying the DEVS formalism, The M/V Sewol sinking was used as an
example to simulate how to effectively navigate compartments of different sizes, The simulation results showed the optimal dive
time with the number of decompression chambers needed to navigate the compartment as a variable, Based on this, we propose

a methodology for efficient navigation planning while ensuring diver safety.
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Table 2 Decompression table of M/V Sewol Diving

Depth B?i:rt]c;m Decomp(rr:isns)ion time
(ft) (m) (min) In water Camber
80 24.4 60, 90 0 30, 45
90 27.4 60 0 30
100 30.5 60, 90 0, 2 45, 75
110 33.5 60 0 60
120 36.6 60, 90 0, 33 60, 105
130 39.6 60, 90 12, 47 75, 120
140 | 42..7 60 25 90
150 457 60 37 90

4.2 A Alsel|old X2

(Atomic model)

Mgs A B AFEolMS 9IS 2 M2 ci3) 2t
QIXI2HZ generator, queue, diving site, transition, chamber,
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Table 3 Diving Info variables

Type Variable name
Search sector Sector ID
Diving site ID
- ) Diving time start, End
Diving time -
Bottom time

In water decompression time

Transition time Transition time start, end

Chamber 1D
Chamber time start, end

Chamber time

Diving time + Transition time +

Total .
Chamber time
Generator
5ext A
X for(i = 0;i < NumofSector;i+)| | Y
e none DivingInfos.add(DivingInfo); | ——>

ta Oint

TimeAdvanceFn(infinite); none
L DivingInfo }

Fig. 14 Generator atomic model
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Queue
Jezt A
X if (Port = In) Port.OutValue = DivingInfo Y
—= m_Buffer.Add(DivingInfo); —

if (Port = SiteReady)
DivingSite = rest;

if (Port = ChamberReady)
Chamber = rest;

ta Jint
if (output = Possible)
TimeAdvanceFn(@);

else

TimeAdvanceFn(1);

S

[ DivingSite Chamber

‘ none ‘

\ J

Fig. 15 Queue atomic model

Divingsite
Jext A
X if (Port = In) divingInfo.m_DivingTimeEnd Y
—> | divingInfo.m_DivingTimeStart = CurrentTime; —
= CurrentTime; .
Divingsite = work; Port.OutValue = divingInfo;
ta it
if (divingsite = work)
TimeAdvanceFn(DivingTime); o .
DivingSite = rest;
else
TimeAdvanceFn(infinite);
N
‘ DivingSite
J
Fig. 16 Diving site atomic model
Transition
6€It A
if (Port = In)
X divingInfo.TransitonTimeStart Y
—> —>

= CurrentTime; r
buffer.Add(DivingInfo);
if (Port = SiteReady)
DivingSite = rest;

if (Port = ChamberReady)
Chamber = rest;

Port.Outvalue = DivingInfo
Chamber = work;

ta int

if (Buffer.Count > 0) .
if (Buffer.Count > 0)

TimeAdvanceFn(e) -
else divingInfo = Buffer[0];
: o buffer.RemoveAt(0);
TimeAdvanceFn(infinite);
g 0
Divingsite, Chamber, buffer
J

Fig. 17 Transition atomic model

Diving sited| M= diving infooll 2= diving time A|Z10] X|
LI E2ZFS transition@ 2 MESHC} Diving site 2AF 2E9|
TM2 Fig. 161 ZC},

TransitiondllAl= APt &8 261 sisHIIX| A5
st & S&E sliFsie Mo S0{7t= ™S Qolsict &
Mgk AlZH2 5ECZ FO{ZIC) 5EE Zilshe 49 2
M Isdol AM HEo XERE MESI0| Z
A Elct 2 AlBeo|MoME 2E
Ol ZH|E sHixst MHZE S0{7t ZAAS AAISH ZHoZ Tt
Malict Transition |AF 2ol T2 Fig. 172 2Tk

Chamberof| A= Diving Infodll MZFE! chamber time A|ZH0] X|
LM £Z42 2E 2l transducer MEFSiC} Chamber 2
A} =dlo| M2 Fig. 182} ZCh

LA

Chamber
5emt A
X if (port = 1In) divingInfo.ChamberTimeEnd Y
—| | divingInfo.ChamberTimeStart = CurrentTime; =

= CurrentTime;

Chamber = work; Port.out = divingInfo;

ta int
if (Chamber = work)
TimeAdvanceFn(ChamberTime);
else
TimeAdvanceFn(infinite);

S

[ Chamber }

Fig. 18 Chamber atomic model

Chamber = rest;

Transducer

581’2& )\

X NumOfSectorDone+; Y
| |buffer.Add(DivingInfo); none N

if(NumofSectorDone=NumOfSector)

simulationEnd;

ta dint

TimeAdvanceFn(infinite); none
[ buffer, NumOfSectorDone J

Fig. 19 Transducer atomic model

Transducer= & 0| ZEEASS HEH = HX =L
2 =l diving infoS AMZ&FstC) k=]

Chamber 2H0M transducer2 Ho{R™ A|EzlolME &2
sk IEE Adlsich J2|n ZE AlgEoldE BEE M
diving infooll MZkEl MEE cov T2 XNASI0{ S
Transducer A+ R2ES| 72 Fig. 192+ 2L},

4.3 £ZEA AlSzeolMd HetzY
(Coupled Modgl)

Zsiad e o3zt 2ot EF(Experiment Frame)= DEVS
7|dh AlZ8|0[MoflA BREt RAEQ! generator?} transducer
2 M=o Ut

Diving procedure= =% 24l EMZ AlA[SID 0] s &
T+ ilrd 7|F Zets AMAlshs HXE T SICt Diving site
ot chambere 7H$=E Eilsto] oiZE £ U2eni, Jof wufzt
AlZ2llo|ld Z3pt A Eict ZEEY LiollA queue 2
2 chamber®} transition ZHoIAM 2+t S diving site7t 2+
EEQIEX|, o= M7t AL BelX|e| FEE Bh=Ct oA

g2 MHE ALZ35101 diving site2 ZeAE 2UiA| == 7
e cf2n Zok §A diving siteoll UAE ZEEARRE chamber
ol S0{7t Q= E==ARl FR0| chamber 7H5E EHX| 2olot
Sich ol oS 9ISt =XIZ sl &= B2l HADE 2H|
7t et AR sl ErAls EE IR SRS sHeE
A5510{ MH X|2E otof SICt M F== Sl F=EAt
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Table 4 Simulation results by case

Case

Search
method

Total
time
(min)

STBY
count

Average
STBY time

casel
(divingsite 3
chamber 4)

random
min, min, min
max, max,max

6334
6278

6245

128
146

139

33.56
31.15

33.04

case?2
(divingsite 3
chamber 5)

random
min, min, min
max, max,max

5287
5095

5060

o)
o O

©
(@}

19.13
12.90

17.93

case3
(divingsite 3
chamber 6)

random
min,min, min
max, max,max

4685
4581

4468

w
SN

12.06
1.00

2.88

case4
(divingsite 3
chamber 7)

random
min,min, min
max, max,max

4560
4597

4465

7.75
0

1.00

caseb
(divingsite 3

chamber 8)

random
min, min,min
max,max, max

4545
4592

4471
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