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function getAngle(a, b){

90° -
varvx =b.x - ax;
o oa % e
3
* if (vx || vy) {
180° 4 .)’Iz/i. o O0° radians = Math.atan2(vy, vx);
o . }else{
5‘( I 7 radians = 0;
6 5 }
225 315°
if (radians < 0) {
270° radians += 2 * Math.PI;
}
ex) (40,40) var degrees =radians * 180/ Math.PlI;
/ return degrees /45;
225° }
/(225/45=>5)
// I/ for matrix y * -1
(20,20) var angle = getAngle({x:0,y:0 * -1}, {x:0, y:1 * -1});
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Where, k, = Selsitive parameter of static fioor field
S. ; = Static value
kp= Sensiive parameter of dynamic floor field
D) .= Dynamic value
_ |0 if the cellli.j) is empty, %)

i =11, if the cel (7,7) is occupied by a boundary

L e | 0. if the cellli,j) is occupied by a pedestrian (3)
w11, if the cell (i.7) is empty k¢
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<CA target cells at the next time step.(The von Neumann modeD)>

G F7hHoR B AN ANSE wio A g 71E A7 A @
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@ md-S HSsr] 91 vE glelH = (www.asim.uni-wuppertal.de/en/database.h
tml)°ﬂ A A s =
@ obehel ATAEE] AT ElolEE o] §3te] BANGL
- Hanking and Wright
- Helbing
- Mori and Tsukaguchi
- Navin and Wheeler
- Oeding
- Older
- Predtechenskii and Milinskii
- Weidmann

Flow {Feal/e'm)

L] b 4 [ A n [ =] d 4 6 8 10 12
Density {ped'm’} Demsity (ped/'m®)

Velocity-density relations flow-density relations

<Uni- and bi-directional pedestrian flow from some previous studies.

(Acknowledgement:The data are from www.asim.uni-wuppertal.de/en/database.html)>
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@ Mixed pedestrian CA model
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{Cellular automata target cells at the next time step.

(ThevonNeumannneighborhoodisusedforthismodel)>

g2 Sof, Ao AHEA] HA BEZ Z2 80cmo]T FE Z L HA 0cmzE ZAME
(Kim et al. 2009)

weld B ATolAE mEoe Beld 54 MR EF naA oF 7 XY
@ CA 2ae ANGAL

[ 80] Concept of mixed pedestrian traffic flow in CA
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Step 1: Forward movement rule

P, ;= Nexp(k,S; Jexo(kpD, ) (1—n, ), ;
Max(Fy sy 5 Py jatProg, )
Step 2: Side movement rule
P, .=Nexp(k,S, ;Jexn(kpD, )(1—n, e,
With the normalization,

N= lZ:eXD [ks‘s ,." eK[}["EDDI:'\_,{?J [1 - 'r'?:'~.,i'} E:Z,j'] -
Po=max (P », Py 1+Piy )

h X i

Py o=max BPryy p Py 1 Pt p Prro, 7 Pisn 1)

If < then move right side

Else move left side

Where, = left side movement factor of each agent group

= nght side movement factor of each agent group

(5)

(6)

(7)

(9)

(10)

LEGEND WEST — EAST

Movable cell BIRECTION

Current cell
Immovable cell 0 |t j-1| Picr 0

0 Py j 0
: B
0 (Peaj=) Peag | 0 Pija | Pija| Pij | Pije
0 Piy,j 0 Pij1 Pij | Pijsr
Pijoa | Pojoa | Pij | Pijsa Pi+1 jz [Pir1, j-1| Pir1,j [Pis1 j#1
Pijoa | Py | Pijst Pit1 j-1| Pirrj |Pis1 jar
0 v 0 0 P 0 0 [P, j-1| Pisr,j 0 0 |Pizj-1| Pixaj 0
Agent group | Agent group 2 Agent group 3 Agent group 4
Normal / Children Holding crutches Senior with stick Wheelchair

<modeling the movement of each agent>

(b Bkt weol Sd 4
® = Y e

ob melsld AF WY R =3
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{Schematic illustration of the spatial configuration for a case study>
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<Comparison of mixed and normal pedestrian simulation>

Pedestrian
ratio(%) 90:10 60:40 30:70
Traffic flow

Flow rate Mean 0.31 0.17 0.09
(ped/s/m) Variance 0.0195 0.006 0.0016
Speed Mean 1.01 0.83 0.73
m/s) Variance 0.0045 0.0044 0.0058
Density Mean 0.05 0.07 0.08
(ped/m* ) Variance 0.0002 0.00003 0.0001

- B wERAAME AFuFTFet G RPUED)Y
ZHM)olet= HFE ol &3sl7E 3§
o sFete NIoEA By 1210 A
o, AP NEFE, BP&E5, BIPFIE Al

lo
ri
X
rlr
A
o
_‘L_l‘
.
lo

64



yo S

M
qA71A, V. R TFE (]/E/m)

S: HYP&LE (m/E)
D: B2y (A/nf

M B3E3E (nf/QD)

@ HPuTF 7|2 At v

2~7
T
@ RY&LEE=-RPUT 7

=

cHEPET ol WY Eolol AAE e TEH IR E BRPIUErt =
VetA Hw maA ANl MR ¢ e BYFel A Ha

olol whe} waSato] HAA2Y AL HALE

- olEdt BL&Leol BTz A= the A3 22 ¥ (Linean4
<= UEhd.

pud

B} aE AFEYEE(S)E Uetdth F 2ILETE 02 dE F, 29
Lxo o YTl YE I8 A HILEE Ut abe L=EI}
Fobd B S WFA He IAYUE DPE v F

V=8xXD
V= _(a—bD)D
V=aD—bD*

65



0] A7 He BPF Mmax) = 7317] #1a) Mol w3
9,

av_ 1y 1
ds al7) +26(7)
dVv 1. 1y X 2 o
T (—M) +2b(—M) =0 oA m= — < o,

2
], B4 & VmaX:% ol o]ujo]

UesE YARE=Dmax)ztal stoh. 28l BPwFHV)o] 0o] H+=
x4 ] e BRIPL 7} IALUED)Y dAFdES

- B uwFFo] Ayl He BRPEHE(Cmax)s T5h7] ) Soll #eiA 1A}

av__,5_ a g a’ o]
dS —a 2b—0 Oﬂ/\-] S— ) Euﬂ’ deX 4b
- BYET el BYPwFHEHS AAE AFuTFAAL vAR AL

EDOmax )7t A= RYEE7} Z7135H U:}a} R wEo] =7}t ul oA
&=8 2HetE 1A 19de] FHT F de ByFto] Fadd wet
R FFy W& 25 7HASHA H.

HPEs - B3t 37

- BY&se} naFAe] WAL thid 2

b
S=a 27

- A7loA ae ArEE, -bIMS BRI i WE RYPLEo HAaE
530 &, HyEeo]l vEF Aobd T o) Hdo]l =T HH=
17

a=-bM € A5-% elvlahizd] oluls] wax 199 2L bl ©
e FAYES) B

L merd BEAe ofn AR oo myE Hust Hu YWY &%

66



Aozl wheh 1g

1 2
BT FasE BYLEE 00

i
b
fr
N

15 HYTEFEE AP gor A
WEopAte] vlgo] Wl hr] WEOE EAH

F 7= 8 =A F BY UE - BYPNFRE FAH T ZA, dAY
T A By mEFE Aold E HAE des & 5 e
metA 2 AFoME wEATE By gho] SAE w IRkl R
W s v Rz EFETF E ZoR BAE
A B AlEHoAS 8 & W uwFAE mddste= Zlo] wg
3t 53], By Algdolds T 9A BE ol By IS
ZE Aol uWl$ F2% AYS & F U

<Equation according to the flow rate ratio>

Normal and Handicapped rate

@ Flow rate - Density Equation | Flow rate - Speed Equation
(/]

90:10 V=1.0421D -0.5798D" V=1.7973S -1.72475"
60:40 V=0.8904D -0.7616D" V=1.1691S -1.3130S*
30:70 V=0.6163D -0.7175D" V=0.8589S -1.39375*

{Pedestrian flow rate according to the flow rate ratio>

Normal and Handicapped St So Do Dj Qm
rate (%) (m/s) (m/s) (ped/m2) (ped/m2) | (ped/s/m)
90:10 1.04 0.52 0.90 1.79 0.47
60:40 0.89 0.45 0.59 1.17 0.26
30:70 0.62 0.31 0.16 0.86 0.13
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(vp) dict A& AF ZE NE

) By A= A A AT

N RYPRE 2y SuEe AVAD 9 duYEe o] §3

i

3%

Aol WA AN HeARY 2RAA AdE B4

2 AT

Select Algorithm

<A* algorithm 719k & AZ A AL

(https://qiao.github.io/PathFinding.js/visual/)>

Resat

‘ertex 30. Current Distance: 30 ‘

oaded! Select any two vertices to begin.

tarted algorithm

ath found! Distance: 44

B4 --2-> 109 —-5-» 124 --2-> 139 --5-> 140 --2-» 155 —-4-> 156 —-1-> 171 —4-> 186 -4-> 201 —2-> 216 --4-» 2371 -
1-> 232 --7-> 233 —-1-> 248

<Dijkstra’ s algorithm 7|4t 2 HZ A AH=D
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A5, B:6, C:4, D:

AToAME AT dagls

Expand S
{S.A} fF1+5=6
{8.B} /~2+6=8

Expand A

S.B} f~2+6=8
{S.AX} fA(1+4)+5=10
{S,AY} F(1+7)+8=16

(SAY) A(1+7)+8=16
{SB.D} /= (2+1)+15=18

18, X5, ¥:8
Expand X

{S,A,X.E} is the best path... (costing 7)

<A* algorithme] & o A>
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S57IMEE CARE S AHEste AA| Addadst 73 2D gzt
AL 285
Nodesl} LinkZ 249 A4 Network &

e LU B LT
|-|-|-|-|-|-I-U-|\-I-|-|-|-|-H LTI B T LT

(d) 2t Pointet Center line 12 (e) 742 A% T&X| point & (f) 2Z Node, Link £=

{The sequence of MATSim indoor network build>

7% A wEH AU o el ATl

Scenario Total evacuation time The number of people evacuation by time
100.00% 000~
. 90.00%
Scenario 1 5:40
80.00%
70.00%
i
60.00%
2 5000% —t—Scenario 2
Scenario 2 6:34 - Bt
30.00%
20.00%
10.00%
. 0.00% N S S S
Scenario 3 6:59 88838338338 R8;38 38838880388 38¢88
AN SNt configgegEstanisty E2ig
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Evacuation agents by time

Number of agent (people)

inal,
1800

Number of agent (people)

g

"
|y

g

Evacuation agents by time

Evacuation agents by time

Number of agent (people)

Time (5)

Evacuation time of scenario 1

Evacuation time of scenario 2

Evacuation time of scenario 3

(Fig. 12> Evacuation time of each floor

(Table 4) Result of scenario 1

Division Total Evacuees (ped) \?; Yi;]fvﬁﬁzﬁ) Avpl%im]ivaziie:gon
Floor 1 1,756 56.0 4:56
Floor 2 1,677 54.0 5:57
Floor 3 1,567 50.0 6:09
Avg. 1,666 53.5 5:40
Total 5,000 - -

(Table 5) Result of scenario 2

Division Total Evacuees (ped) \f; \llinfv(iijﬁgg) Av’l%imliva;f;z:;on
Floor 1 1,756 56.0 6:57
Floor 2 1,677 54.2 6:16
Floor 3 1,567 50.5 6:31
Avg. 1,666 53.5 6:34
Total 5,000 - -

(Table 5) Result of scenario 3

Division Total Evacuees (ped) \f; \{fﬁf‘;ﬁﬁgg) Av’l%imliva;f;a:;on
Floor 1 1,756 56.0 6:28
Floor 2 1,677 54.2 7:07
Floor 3 1,567 50.5 7:22
Avg. 1,658 53.5 6:59
Total 5,000 - -
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n, : the number of bus, DF : the degree of freedom
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unbiased estimator or the variance, n, : the number of auto,

A3l A =(t-statics)7} =

BAAT A AlYE] QoA BE t-statics7} t 7124A] o] & JER} HiE

A Zte] L (TAA AS)

mojud MATSim Rojud MATSim Rojud MATSim
B 312 340 362 394 412 419
a5 200 5,000 200 5,000 200 5,000
2HrE 5,198 5,198 5,198
t-statics -1.69 -1.22 -0.82
Prot <.0001 <.0001 <.0001
t 7143 1.96 1.96 1.96

< HFARE BlaD
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<l inks capperiod="00:00:00" effectivecel Isize="0.5" effectivelanewidth="1.50">

<link id="10001" from= WOOBO to="110021" length="00" freespeec="7.2" capacity="6380" permlanes="

oneway="1" modes="valk"

from"1 il e /
<Jink id="10002" fron="110051" to="110080" length="50" freespesd="7.2" capacity="8360" pernlanes="1" oneway="1" nodes="valk' /
<Jink id="10008" fron="110051" to="110062" length="50" freespeed="7.2" capacity="6360" pernlanes="1" oneway="1" nodes="valk' /
<link d="10004" from="110062" to="110061" length="50" freespesd="7.2" capacity="6360" permlanes="1" oneway="1" modes="walk' /
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