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Abstract: While large-scale traffic simulations dealing with an individual traffic mode have been progressed,
there are relatively few simulation models targeting mixed traffic. In this research, the authors proposed
an Extended One-dimensional Pedestrian Model that is applicable to large-scale microscopic mixed traffic
simulation. Overtaking behaviors of pedestrians are considered by ignoring the effect from the immediately
preceding pedestrian, unlike existing following models. It was quantitatively verified by crowd simulation
that the proposed model can be computed at high speed with the almost same accuracy as the Social Force
Model. Furthermore it was shown that the interactions between cars and pedestrians can be reproduced
adequately by mixed traffic simulation.
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L, ARV IMERGBIURE) OFEREY; - BEEL 20
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2. BEEME
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Z.13 Social Force Model (SFM) [9] %* Centrifugal-Force-
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BMANZEHBITTH L) ETMEL TS, BITHEDOLTALT
B [12] RABIEEIE A 7 = X 4 [13] DA L ) DT &
N27%E, SFM % CFM 3% { DIfFe0IME L 7 5 T\ b,
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KA OMEN S~V F -V sy MR I 2L —
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LPUEZRHAL, ZORTENZREL -2 LTERL
TWh, BATZMIE Ay b — 2o cRE SN, Vs
BEHORBEL — 2L > THR I NS, RiFFETRE
I 5955E 1 RICHFITHE TV (Extended One-dimensional
Pedestrian Model: ExOPM) ¥ FREofiEic & - CTHE
PREWSE R ERT S, TN TORMHEICHES L.

o HWEREITIX, BITHRIFEEKT 5.

o HEBREITIZ, FIZHL LI WKL VDS, &
TEHEE I\ CHEE LT TIE ERTEOREIENIT
W,

BEA-D OPM 2535 & LTV 72D IEHEHERE D & hid T
BELRBITERTH L7720, TE (NEBIEREL — >~
DETHET) ORRDY) v WEBET LU TIEE
ITHE OBV LASERE SN\, Z a0 IR B
Dy Ialb—a NIEATHIEBRELRFHTHL. #
ZTExOPM I2BWTIE, HBITEZ—Y =z FAHIH N
FHOBTHE L -V 2V b DO OHEMMER 22550
L, BRIt 2B ) v 7 OEHED?S i FHEHOBITEHED
MEEE X, (t) 2Kk0R (1) THETAZ L E L.

&@:a%ﬁ*Xﬁ»
— as exp (T — (Xi-n(t) - Xz(t))>

a3

(1)

ZZTay, ag, a3 13’37 A= THY), OPM & [[ UM [15]
VS (a;=0.962, a2=0.869, a3=0.214). o9 IZH1T%H
DAFLHATEE, r IBTBORERTHOBERETH 5.
NAZBATENE G & VAT OBATHE I BIET 2 0% 3%E
THNGA=5TH 5.

IV MPEMFLEY) EBEH ALYV D
HHE BRI 2 L0 74 F71E, BEEZGEROSE T
HRZEHEE TV (72 & 2AXICHE [31], [32] & &), BE#ZERE
TN (72 ZAECHR[33], [34] 2 &) DEBELIZBWTHT
TIRESNTVDY, ZN5 LR THAMIETRET 2
ExOPM REF GO L —Y = v b OFER%E Rz
I=Vxr N EDBMEMERT B L) HTHENTH 5.

Ble LT, B1OX) %ML —> 3RPOHR SN
)2 Ly QNS 4FH, KL — 2 1y OFHED?S 2
FHOBTEDFIIOWTHMT L, B TIEY ~
7 Ly WORL — ¥ 1, \2BF 5062”5 § FHOEAT
BOMEZ xj(m,n,t) ERLT 5.
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dy = x;(m, 1,t) — x,(m, 2,t) |

dy =x,(m 2,t) — x,(m, 2,t)

d3 =x,(m,3,t) —x,(m, 2,t) !

‘ Uy, L, L REBL—>

X4 (8) = x2(m, 2,t) X, (t)

Yo DLm ‘

X3(8) X (D)

ST ERER X, () — X,(t) = dy
1 ExOPM 2B} %8Gt
Fig. 1 Following relation in ExOPM.
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VTH 5.
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&b, BBIOMEEREEIIBNTY ¥ 7 LOKTHED
EORAL — VHEIET B H L) IS ER I3 Sk E
B35, HEDICHENTKEL - OFERE ST S
CEERBTADIIE, U ERERTAREL — I
BRESROTATHATE ZBINT 237 2 =5 N L5 L L
FTHEE ., ThbL, MamICiE N AoEL - %
FERL7BATRBE LT Y 7 2 HERT L. N v
FORAL — Y BICFE LW EE A, TOMEIISED
MRZ B VWHIPICHERICRETE 5. 728 ZITEE TR
ML =Y 8 AKDIEDOH L HEE I 2L —arwRkeT
LY, N=2&L 1)y rHi-h) 2 ROKMEL — v % §F
DY AKREBEHRTHIED, N=4LL 1) dH]
D ARDIBL — v %FDO) v 7 2K R EHRTHZ BT
BYhH, NOGZIFIZEo TEHHFELRLH, ZCET
BOMERIIEIT) . F RIS IR Ot
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Fig. 2 Simulation environment for crowd simulation.
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Field Model R BATHEHEE S L - =2 2 D
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Fig. 3 Fundamental diagram of pedestrian traffic.
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Fig. 4 Computational time of each model.
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Fig. 5 Sensitivity analysis about parameter N.

© 2018 Information Processing Society of Japan

T I NI BATEIN 2 R E CHARPLL 2BV L 23§
LI EEBEWRT S, KT 32 HDYF ) FIONT,
ExOPM D85 X —% % N=2, 4, 8§ L L2 N5 I o
L—2araditl, TORBEHEL. &8, N=17T
&% ExOPM i OPM & ZAliTH 5.
BONZFHHEV L BE K OBRER 5 1R, N
BREL L BIZON, HEOHIMIE D %) TFHHEDK
TARER IR, BB OBEEPIRKEL LD, WED
BEPSIEN=2ZFHTIELIVEVRSE, Thbb, 1
ATy THI)EK 1L NORHSITE L BVBE S &9 %
HETL W,

4. BEX®BEYI2L—Y 3>

4.1 REXBDETIVE

RETIE, 3 FETIREL 7 ExOPM % Wk HRE A%
WY Il —2 a3 IlonTikRs,

YIialb—Ta WS HBHEIER 1 RICZER O
WAHETIVICE o TETIMLE N, B ZETS 5 EM
(ZSEATHL & OO HLIH B A2 I RO W T B R LE T
L. MEERET VT A LIGERET VO 1 TH D
Generalized Force Model [37] Z$%H L 7-.

HBJE L — 2« v MIBERD2 O % 588 % BT, BTE
I—Vz v MIKEBLOMBAEZETTL2b0LE L,
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B, MR E TR T LT & 5 X9 % iR & HW
252 5. —H THATHE IR AGE ISR T 5 L B0k
WidlEiz b)) &5 EFTICLELRERZTEIL, ThET
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% BIGT 5.

4.2 HERSEICE TR BEEERAOR

BREZGMY Il —Ya v EFTAVONRYF~v—[HEE
LT, FEIHEBEASEIT 2 57 B2l O % JHl§
b. BERAERIIBWTHEERESRTE» OB LTS

i N
v
TR SE A
HITEDMEIER
D PR (4 R 1 A A
‘/ﬁim
{8 - EEER
& e

6 RHLH O HRRHI ORI

Fig. 6 Conceptual image of pedestrian-car mutual perception.
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Fig. 7 Verification environment for mixed traffic simulation.
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Fig. 8 Pedestrian flow and left-turn car traffic volume.
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NEILEBHRELTVEZED SN A, RIFFEETRET S
ExOPM 254478 O~ 7 1 % 3Gl it & K B < 3T
XL L1332 MTHARIZEBY TH LD, KEiOHRE
W&, MEWTAGE FOSBERAZGEY I ab—va Il
ExOPM Z#MHTRETH 5 2 EAVRENTE VR B,

5. iEiA

AL CTIE KRB ZRELEY I 2L — Y 3 VITEHT
5 EEAME L TR 1 RICAITEET IV (ExOPM)
FIREL, BERY I 2L —T a3 o~y sk
BB B A A EAEH OFIEIC D W T =R ITHGEE
L7z, ExOPM (& 1 KIGHEfRZEMETIVCTH ) H 51 »
JHICBIT LBVl L8 2 KRBT ETHY, OPM 2B
T ARIRDTRFI SN TV 2,

FERY I b —2 3 VOMGEEL#H T, ExOPM X 2 Kk
TCHARZE T TN TdH D SFM & [FFESE DR T~ 7 T4
PaFHTEL—FT, FFHEI X MISFM &) EhDT
INEL, KBy I2L—Ya VICEBATRTHALZ LR
RL7-.

SHIEAETIIBITAEAZLBY I 2 b—va vl&k
D, BT E O EE D U CENT H B EASESE )
fIREND ZEEZHL2ICL, BEKHEY Iab—Ta v
DIDDOFATHEETNE LTCHFIHTEL I ERLE.

ARE SIS BT B HeaE I AT 2 AR ISR 5 72 O Th
D, 72k 2T 2 ST EIC BT B B8R TH
B0%, FRIREZGE & LR RGE FoS B AR
E 2T, AT DD OIZHEM R EMIEIRTH Y,
REETIVIETHICHEATETH L LV L. BTED 2
RICHEFEEET V2 HOWZBEORETWHY I 2 —
a3 (28], [30] LAk, HERTRE LOBITEO L HEE
Ry I 2L —F ARG LD TE S,

—H CHEHORLEEZET 572D 3B EOET IV
TEATGTHY, HFRICD U FERTHEOKTEE
NG A =% L UTHITEMICE 25 2 & THIfEICEBIT S
WO E BT 5 2 EOPRDE Z b, 72 ExOPM &
LMo A7 T TIVAFEE D LD AT E OB H LIS
S D X ) REHRE LB TE 2. S0 X)) el
EIIX B ) 2 IR R 2 i), 728 213 SFM & ExOPM
APV OBHAT AL EDTIREBIVLEDSD 5.
INHIEDOVWTIHASEFMIIHETATETH 5.

BE AWITEIE JSPS BHUFE 15H01785 B & UF 16H02907
DR EZ T DTH D,
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