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SCI/SCIE

2015 Estimation of the hydrodynamic derivatives by RaNS simulation of planar motion mechanism test
(Ocean Engineering)

2018 Passenger evacuation simulation considering the heeling angle change during sinking
(International Journal of Naval Architecture and Ocean Engineering)

2018 Crowd evacuation simulation using active route choice model based on human characteristics
(Simulation Modelling Practice and Theory)

2019 i CAPTAIN - Crowd Evacuation Platform for Fire Evacuation Analysis (Under review)
(Safety Science)

2019 Analysis of Evacuation Simulation Considering Crowd Density and the Effect of a Fallen Person
(Journal of Ambient Intelligence and Humanized Computing)
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2019 Q1Zto| tf Sut 2fxf| Al =E&o]d I0IEi°I 42 &S N8t #35 2E M2 0|
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_Simulex 13.6%
Legion 5.6%
Exodus 5.6%

Pathfinder 6.6% /
STEPS 7.1

FDS+Evac 12.6%

© Simulex @ FDS+Evac VISSIM @ STEPS

© Pathfinder @ Exodus @ Legion @ PedGo @ AENEAS

{I| AlZd|0]d0] Sxf EXY

= Most known models

e Simulex

« FDS+Evac
 VISSIM

« STEPS

« Pathfinder
 Exodus
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] Macro technical tree in evacuation safety

[ Means of
L evacuation

[ Evacuation safety ]

Simplified evacuation
, [ P analysis ]—[ Flow-based J
[ Evacuation r
analysis | ~ Cellular automata ]
[ [ Advancae:aﬁ:;?scuanon Fy—— (

Activity-based {

I [Quantitative assessment

assessment
|

{ Risk ]

| — ——
,__,\,—_I:

[ Qualitative assessment
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] Macro comparison table in evacuation analysis

Basic model
Activity based
Flow based Cellular automata Agent based
Accuracy X A O O
Computation
efficiency O A X X
Geometry . .
. Node Discrete cell Continuous -
representation
Category (IMO) Simplified Advanced Advanced Advanced
Characteristic
of human X A O OO0
Various situation X A O ©]0)
Various behavior X A O OO
FDS+Evac
EGRESS .
Software EVACNET4 buildingEXODUS Pafhflnder -
Simulex
Continuity . .
Ex. Equation Eulerian Lagrangian -

Safety Society Realization



Algorithm Based Human
Hazard detection Ray-casting Eye
Information sharing Bitwise OR
E
about route status | operator (|) ar & Mouth
Reactlon- on Cyq, Cr,Cp & Instinct
congestion Cw
Risk aversion Bit mask Instinct
Movement Changing Instinct
behavior posture
Crowd density Regre55|.on Instln(?t
analysis (Separation)
Suffocation FED Respiratory system
Path finding A* algorithm Brain
Collision avoidance | RVO algorithm Instinct
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1050 || 14 40

60

x

| Path finding (A* algorithm)

Shortest path, from Dijkstra algorithm

=

54

1050
60,

B OO0Ew.

3850
88

: Starting point

g(n) = Distance from starting point & ,, -4 ’. % ‘/'J U b*b/ -
h(n) = Distance from end point ] Iju u ’
f(n) = gn) + h(n) > . . \
g
10 50— h(n)

60 —— f(m) =g(m) + h(n) —

: Destination
: Calculation area .‘
: Minimum value area

: Direction to move

-~ HEL

FML -

2430
54
24 50 |||14 40 10 50 f 10 50 f 28 20
74 ||| 54 60 48

¥

j, f 2450 || 34 40 14 60 || 10 50 || 14 40 1460 | 24 50 (/|14 40[|| 24 30
: Obstacle 74 74 74 60 54 74 54
3420 3810 - - -
54 48
243 3810
54 48
34 40 10 50 j, 28 20/
74 60 48

2450 (| 34 40
74 74

j, 24 50
74

3440
74

14 60 || 24 50 ||28 40/|( 34 30
74 74 68 64
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| 7I& tinl A[E2o]d

60+ AENEAS 2.5%
PedGo 4.0%

Legion 5.6%,
Exodus 5.6%

4

Pathfinder 6. 6 / FDS+Evac 12.6%
STEPS 7.1

Simulex @ FDS+Evac VISSIM @ STEPS

@ Pathfinder @ Exodus @ Legion @ PedGo @ AENEAS
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EPathfinder|FDS+Evac | 2| HEKIP ¥| [1Es]smuex |{TAPTAIN
HF9| Thunderhead Mott .
THE7|= Engineering VTT FSEG MacDonald IES i CAPTAIN
27t e mc u=z e e cHsral 2
el y =5 O O A A O O
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] icapTaIN Al E2]|0|M (12 SIXY - FDS CFD Z1} ¢F)
\CAPTAIN

Fire Growth : Ultrafast / HRR : 1000kW / 600 People

Evacuee =0 Dead (Toxic Gas) =0 Dead (Burn) =0
Time (sec) = 0.6
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] icapTain A|E20]F (GAM MES 45)
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Safety Society Realization
MV SEWOL: : A Deck
-Response duratlbn =")'/[e)
-Time ($eg¥—"0 Bt 2o
~Hedk dhyle: (deg) =30 A
Angular velomty&(deg/mm) = 0 5
ASET‘(seQ) 609

Sxl tho o S UEl £2 X2 o]
IMO 7|= Response duration : 5|2 Afg
95/484 1
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] icapTaN A|E0|M (XTI S22 0|F HAE K A))

Active Route Choice Model
Time (sec) =0.3
Evacuee =0/ 375
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] icapTaN A|E2]0]4 (SFPE Validation 1)

i CAPTAIN
SFPE Example 1 (Mode : SFPE)
Time (sec) = 0.05
Fallen Person =0
Evacuee =0/ 300
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] icapTaN A| 20| (SFPE Validation 2)

i CAPTAIN
SFPE Example 2 (Mode : SFPE)
Time (sec) = 0.05
Fallen Person =0
Evacuee =0/ 1000

- HOIX|= AfEfo] 2 of 3%
« EHOIT AE2 FIHHQl FofE HES ofof TAM| chm A2k XA
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] icapTaN A|E2]0]d (Panamax Tanker)

‘ Safety Society Realization
Panamax Tanker
Time (sec) = 0.1
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\CAPTAIN
Safety Society Re;liution

Panamax Tank
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] icapTaN A|E2]0]d (Panamax Tanker)
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Panamax Tanker
Time (sec) = 0.1
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] icapTaN A 22]|0|d (LNG Tanker)
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LNG Tanker
Time (sec) = 0.1

\CAPTZIN

Safety Society Realization




03 | CHI| A|l=zgflo]M

] icapTaN A 22]|0|d (LNG Tanker)
’\EAPTAIN
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LNG Tanker
Time (sec) = 0.1
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] icapTaN A 22]|0|d (LNG Tanker)
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Drill ship
LNG Tanker 1
LNG Tanker 2
Oil Platform
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Brain A

(Internal)

Brain B Brain C
(Heuristic) ((SELED)]

Academy

» Gamell
» Gamell
» Gameld
» Gameld
* Gamell
» Game2?
* Game2}
» Game24
_» Gomedl

U Consate

Crvate
Favorites
All Matenaly
All Models
All Prefaby
All Scrpty

W Assets
¥ @ ML Agents
de

»  Materials
\ Prefabs

A Assets » ML-Agents » Examples » J0Ball » Scenes

mhI' luhl\»u 4

Brain D

(External)

Python
(Tensorflow)
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Tog L Untagged 1

¥ A Transtorm

Postion x'o
Rotavon X0
Scale X1

v Brain (Script)
¥ Brain Parameters

Vector Observation

Space Type

Space Sze €

Stacked Vector s
» Visual Observation
Vector Acton
Space Type Comtinue
Space Sue |
» Action Descriptions
| Bran Type Exxernal

¥ Wall 30 Decision (Ser

Rotation Speed
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ML MV SEWOL : A Deck
Response duration = W/O
Time (sec) = 10.1

Heel angle (deg) = 11.68
Ang_ Vel(deg/min) = 0. 19

Evacuee=0/19

Evac1,2 =0, Qe

LatkRy |
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ML MV SEWOL : A Deck
Response duration = W/O
Time (sec) = 5.1

Heel angle (deg) 27.4¢
Ang Vel(deg/ 2

Evac1 2=0, One

Prev_Reward = 94.19359

cur_Rewadtd =9 . »

Sint-iter = 17138
&

A

Tt
b
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M2z 45 tjo] Al=2 o]/

ML MV SEWOL : A Deck
Response duration = W/O
Time (sec)
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MV SEWOL : A Deck

Response duration = W/O

Time (sec) = 0.2

Heel angle (deg) =

Angh!ar velo€ity (deg/min) =0.5
ASET (se€) = 600- 4
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Walking

A A OO
NAV Deck 27 8 (574 118, 5578 169H) Population groups Speed (m/s)
A deck 484 I:c'>:| (%7—I'|I 484%) Min | Max
B deck 444 8 (52 426, S5 & 189F)
%:__?_I__I 9055 |:c|>:| younger than 30 years 1.11 | 1.85
1.2 T T T T T T 30-50 years Old 0-97 1-62
= 1 Males | older than 50 years 0.84 | 1.4
i3]
“E 08 older than 50, mobility impaired (1) | 0.64 | 1.06
© 0.6
S 04 older than 50, mobility impaired (2) | 0.55 | 0.91
2o
& o5 younger than 30 years 0.93 | 1.55
0 s o 15 20 2 30 35 30-50 years old 0.71 | 1.19
Flat Inclination (deg) Females | older than 50 years 0.56 | 0.94
= = = Transversal and Upward = = = Downward
;air v ° older than 50, mobility impaired (1) | 0.43 | 0.71
== Transversal and Upward(Ascending) Upward(Descending) Older than 50’ mObiIity impaired (2) 0.37 0.61

=== Downward(Ascending)

=== Downward(Descending)

W/0 Day Night
HEg ™ (AFEX 262 429 539
HE 2 (AFLX 114 226 464
UAE (%) 43 52 14
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