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Pedestrian Swarm Control Based on Temporal/Spatial Frequency of Crossing Flows

Ko Yamamoto* and Masafumi Okada*

In the densely-populated urban cities, pedestrian flows often cross each other and congestion occurs. Due to the

congestion, we feel discomfort and accidents may occur. In order to reduce the congestion or the risk of accidents,

it is required to control swarm behavior of pedestrian flows so that the flows become smooth. This paper proposes

the control method of the crossing pedestrian flows. First, we propose the continuum model of the crossing flows.

In the actual pedestrian flows, it is known that people formulate the diagonal stripe pattern in the crossing area.

The continuum model enables us to quantify such dynamical change of the congestion degree. Then, we propose an

implicit control method of the crossing flows. Utilizing the dynamical characteristics of the flows, swarm behavior is

controlled by moving a few guides without explicit guidance. From analysis on the crossing flows, we derive a control

algorithm to improve the average flow velocity. The proposed control method is also applied to the particle model,

assuming the actual pedestrian flows. The validity is verified with simulations in both the continuum and particle

models.

Key Words: Pedestrian Flows, Control of Swarm, Temporal/Spatial Frequency

1. ¥ U & (Z

NADELEST L KET T ADTINOREMEISSHEIZAET 5.
Fig.1(a) DL ) RROa > a— 2213 Lok LT, M, A
Ny MEBHEIZBOTRERDO NORNDIREL, AREPH
MOEBREOERN &> TWh, REEFHBENLY A7 8T
HIIEANDOTHNE AL —=RIZT B EIRDOLN, ZD7DIC
X, ANojiihzEeETMLL, T2 &L ETHL. AD
MNDETIWLICE T EHIETIE, Z2oODANDRNDKET 5
[ ] EMHEN L BED L {Fbh, REFEIZB W TORAT
HHDTIROBEZTER L CEATIT BN BRI S LT
5 [1][2]. BlZiE Fig. 1(b) D LI IO DMNATEE IS ET
DA, TEAUIH L 45° W 2RIk BESER S D . ik,
O L) B NOBZEE)NIEE 2 BR % T VAT 2W5eh%TH
T &7 [3]~[5).

ANDOFNOFIEZE L Tid, ThFTIHTE~DOFEr—
Ta v, MEFHEOOICEBTENMANICTERE S 2 5 HE
PRESNTS (6. LaL, FROZDIIEESITEI R
EZTAETNA RO ENPBETH), KEHIZBWTR
HEZHROSTEZ R ET LA IITES V. —F, Ho

Efmsefd 2010 412 20 H
TSRS
*Tokyo Tech.
B ORGSR EMECRMi S L E L7

HATR Y MERGE29 % 8 5

Escalator

(a) (b)
(a) Congestion in the station and (b) the crossing pedes-
trian flows. When two pedestrian flows cross vertically,
diagonal stripe pattern emerges

Fig.1

Ky b, YVFI—TYxr bV AT LOWMETIE, KEHORH
% HAH E THRET BHCEER T AT 4 [7] 8] PRESN TV B,
I BMEEANDOEIEIRR T 7% {, B % B 8
2HETH Y, FFELHOMBEEZR) DIEL TS, 2
59 IBBERT AT A LAMAZ IO S, DROFERIZ
$ o THESE &l ) 2 B IR A~ 2 TR 4% L 72, Okada
5 [10] X AEEELC & o TR E BRI BE UIRMER A5
HREEERELL. LA2L, TROSOMETIIE—DO AT
Ao THY, RMELEFIREBICLS L) et d% e L
T3, ERICBWTHRITEOR LG 5121%, sSHEH
THEL BN RMEENEZET LI EPLETH L.

2011 4 10 H



738 (RN N

REFLTIE, KERICB DR TEHORMEZRET S, F
T, REFNC B B IRMEOBNZEL %R 72012
MAEETIVERET L. #EREETVTE, Bo~ s oLEE)
RHENT MV TEHZ, RMEEY ERAORE L L CEHET
BT LIV ER RN ZTRECT S, 72, KEROFIZ
FEBAEEL, —RORTEN OFER F I CHELNE
AR LTt e R &2 G 2 FEE2IREd 5.
BURIRI IR 2T RV, KTz ofhsz [#
OWERIGHIE] LIS, REFETIE, EFRETEET L
EROBMBESICER L, FEEICOANBHEZITOE, 20
B A E OBICAE L 2B EFIHT 5 2 & CTiRng %
L5, SRS OFFORER - Z2HEEEICE B L 72 fFHTI2
L0, FHEEA M ESELHET L T) XL ERT L, 8
B2, MABEDIEALT 5 £ 9 % — MM 72RE 12 b Rk
TNhITY AL E ) FEHENE LT 5 2 2RT. REFHE
3R CTH 2 BEOREHRE FV 505, EEORTENHES
NDAHE R NEOTHHRITERNTH D, Z s &N 2%
OMEIZERST DLEDSH L. 22T, LHVEBRIGEVWETVE
L CREMROMTETNVEEEL, EOMBERERYSRENZ
BN RS L CIRETEZENT 52 LT, HTEFIVIC
BOTHFERANM LTS L 2R

2. WEEHOETIVE

2.1 EEANY MUBIZEZADFEADO 7 OFEFIVE
RE L TEZRICFIAIC BT 25T E8OBE 2 MR L T2
SCHK[9] [10] & RIS, SHOBATEI L o TR ENE ADiT
No~ s anBeizRENs MV TEFMVET S, Thbb,
WiEe=[zy|T CBIL2HEEFEv=[vw]" BERDOL) %
Ry MV f(z) THABNS.

v = f(x) (0

Bz 1, Fig.2 D L) REH L IF) AOTRNEEZ L. il
DHMEGZBEMRY MVE d, BRADIEE we £ 5. IF
LY NEIOME TIZHFENRZ MY d (ST EEEHS, Ml
TIZBONMAG I EAEND L) adlE® 5257 b V%
E25. ZOLE, f(x) BUTOX)IHEFTES

Fay ="
vod + k([ — wo) -

lInll

(]l < wo)

(][ > wo)

2T, vo ETE wo DN BT HHEETH Y, — A2 AD
BATHE AL T 5. DA, vo Z8ENS MUV OFEHERE &

AN NN

e
— > -
— >

Fig.2 Velocity vector field of a line-shaped pedestrian flow
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Fig.3 Simulation of the crossing flows with the particle model
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Table 1 Temporal average velocity of the particles

Flow A | Flow B
without guides 0.82 0.83
with guides 0.88 0.91
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