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Navigation System for Mobile Robot Based on Local Path Information and

Pedestrian Flow in Dynamic Unknown Environment
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This paper proposes a new navigation method that makes a mobile robot move in
dynamic unknown environments. Past dynamic motion planning methods are applied to low
pedestrian density. If the robot is surrounded by a lot of pedestrians, it becomes difficult that
the robot breaks away from the crowd. To overcome this problem, we introduce a new potential
field method that makes the robot follow and avoid pedestrians without map information. The
robot can move smoothly by joining a pedestrian flow that is headed in a leading vector. The
leading vector indicates about the direction of the destination. In addition, the leading vector
is updated by local path information, such as an informatory sign in a station, and pedestrians.
Simulation results show the effectiveness of the proposed method.

Key Words : Mobile robot navigation, Potential method, Path planning

. U & I

P—E2uRy FOHICEWLT, NiEnRy PR
HNaRy PP b EET 2201y FH
SrHSEiERES TIC CHMRMICEEIT 5 2 ENETH
%, aXy FENEREE T IC CHBBE 2 ARE L T2
e DIHTHEOET IO TFH IR, BEin Ry Fo
FEF— 3 v FHEOHFKEPIEEECTH 5.

AFRCIEFEF =y a v FICERHT 2. AR
DREFEDa v 7 M%E Fig. 1 I d, ¥7, K
hofEflo Xk Hica Ry F DR WLITFEICHL, [H
FHaAEC B TH LR RO T EDEET 585
AICBWT, aRy MMIITT 2B TEDEET 55
WICHE L T2 RMEZBET 2, ZoRETRR Y
F DSENEZE BT B LT LT AT LT A fE
Btk £ 2 720 ¢, EITDWEEE 25 2 LY
I, 2ZCRAHNCH S L HicaRy b EFE
M ANHES BT ENEET 28 E cBEIL, Zo%p
BRI E> CEMZBHI T2 2 itk h EED
M IS 3,

FES =y a VICBT BEE RIS B W THEA T

*ORRCR AR A BE LA R R 4 LA W (7 113-8656
FORHS SR IXASE 7-3-1) {kumahara, masuyama, yamashita,
asama} @robot.t.u-tokyo.ac.jp

2 O RAERE AR R AR (T 112-8551 HUTHRSTR
X#H 1-13-27) tamura@mech.chuo-u.ac.jp

BRI AT 4 7 AL AR TYT (201343 H14H~15H

BIZOWTHERLRENTER, £7, FESF—> 3
VERLTI R OIIEREEEN 21T ) BN H D, DR
Iide =2 S =< 2 FET 2 468B3H 5, u—n)L
oo R T AREEIEE LTI ST ART
Sy lEHOERT Yy e LEOR ERRITF oG,
Lo L, BINERE T COMHZEEL TRV dIC
BREIET 2 L EIRRTREEZRD 2 Z LWL 72 %
RIS ®, 21T EICEIZLLr Ry b oBH)
BEDMREN L CL FVLHMWH E TEET % £ TORTE
W DSERIVBREE IC LER AR & S HINT B HE A 2T 5
na,

NS DONERFERT 2780, BB NI L
7=y a VREPREIN TV S, Agirrebeitia

|R0b0tjoins the pedestrian flow which is headed in the leading vector |

4
f
o U O 1
Pedestrians ¥ O ? é
. . l
Velm:ity‘l’vec:lor(jfD é (5 Q A
i
) @ "0
Leading vector | v ®
, O o®
i Wall ¥ 4 O
Robot O I (5

Fig. 1 Conception of navigation method.

- i)

— 522 —



SPEH BT vy v VBB RER L, BMETIR
DFEEFEYIZO VT H ERN, BIMEREE N I8 W TH]
TR FEF =y a v FEEAREE L. Ge 50%
Huang® D FiETlE, @HOXT vy v LikP0 X9
e pEEY E OMED S ELINE KT v vl
Iz, HAEELZE LR T vy vy LB2ERT S
LIk DB FES - a v EHEBELTWS, 7L,
NS DWEIFu Ry D RFICEINEEY N E X 2,
3MFET 2 L) RBEZ-EL TS, Z200%
B OB EY) CHME L 7RDLTIE, B2 ELEE{E S
RELYBEY HISERLCLE S, IREILTLE
) EDORED D B

LEloRE IR L, B85 ® 1% Laser Range Finder
(LRF) ZHwTu Ry MEHD 2 I FHD T —%
ZHFFL, 20 o B fTHEZR A LEITS LT
e EY REE % P ICiT> Cw b, Lo L, IRMEER
BT CIBBREN MU EEYOZICENTLE S A&
IN— a USBEHEBICEEL, RFfA I L—Ya v
PHILTLESBESICIINESHEEE 705, F77,
AR S OB MBIE T TO HCMEERT) 2 L %
HWEE LT e =y a VRERREL 0D, K
L, ZOWETIRERICOR Y b BEIT 2 8% 2%
BT 200D % 72 OAABETEA~ O X INEHETH 2,

Z 2 TR TIFEINEEM DS BT 5 KA
BE T COHHWELZEH e Ry FtOFES =2 a v
FEOMELZHET., FHL B INETOMIICT,
FHEAN 27 PV (Leading Vevtor) % V>, BREENZ: &
ICIFIE S 2 LNEES 7 E ORI (Local Path
Information) & BTHRIGHICIEED W THFER T L
FHEHTEIEICEETES =L a vy FERRELT
21000 UL, chsofffEcidnRy FoE
AR MVOFE LW RO BT EROGET 2856
KBWTHHTERZPEFITS X ICLTaRy b
TS 2. 2D, SEDOMITT BT EIRDHE
ET25AICIIBTERICH LIRS NTL £v», HW
2 FET 5 £ TORFERHRC > TL £ 9 RE
o7z,

COREAR BT 272012, AFETIERTF VS ¥
NEDRT v ¥ v VBB T T AT iZ =6 N
ZIBLELF—FYa—vARFrov L (LI RT
YIwl) ZRRTAIETFg l0avye 7 IS
HbEkHicaRy bW ERRTE 2 T,
F—Ar~EG ST HEZBET 22 E20EEE L, &
fIEMIC X 2R BT 2 7L 3 AL %RET
5., IHWIKEBOSITET YA LICLD,
FEEEE A ME LB T B LT e RE 2 ik
HDDEBEET S,

REDFEORERIZRD L )12l >Tw3, BH2ET
e Ry b OHIETETH 2 KT v VEESAL,
S OISR G5 6 N AFEER 7 PV LT
FIRICI > THHT T 2 RIS OWTHAT 5, H3H
TIFEBBREICOWTHAT 2. 5 4 BECIIBEINERE
TlcBWTY I al—yarvziTuHfTERzH- 3

RSJ2013RS5D1 ©2013 RSJ

CEOFRMEERRYT. ZLTESEICBWTELRZIT
WV, RIBICE LD ESBDEEZBXRS,

2. FET—vavFEORE

ARETIE, RABEEICEWTBHT Ry b 23 EATR
BSOS TER & o HBRBETICIFE T 2 EHR 2 TS
ALTHFETr = a vy 2479 FEERET S, 20l
DFET = a vy FEOMEEX, FT vy ki
WITHTH PR EOREY) L OfZE kY, Rk
BERIC X DFER Y ML ZEF L, FREAOHTED
Wz v 7452 LIk DRIKICIH - - B
DN EREERT 2 k9 mFEch 1000
TIZFEoFMZ R T,

2.1 FEARIVNILORERE RF vy v ViEIEA
3k, BRI R T vy v L%, BEEYICIZR R
TV IV ERENICELE L, ZOARIHh>TaRy
F OREERETEIT)bDTH S, LrL, uly b
BREHIR Z R L T WS HNSS e v v
THIFANICEE L 2R HivtugRmE 2 b, HIN
oD IRTF vy V2R TE R,

Z 2 TAMECIRH ISR Ry o v v S
FHNICIFIE T DA DR IR T v 2 VEEH X4,
Z NSO HL TR TR D X 9 ISR ISR -
HWHE TOHIERLIFERT FLHVS, Z
D, BIIRT Y 2 VDAY b VDA DS
HiviZ R L Cwd—H, FHERY bvidHNHAR
) RIS TR R LI RE I —EDRY ML
ET 5, FRARABNE TICEWTEEERY Lz
FHTT A%, RPTRESIE RO A TSSO+ & v
IIRMDIE Z 5D, Z 2 CTAWE TR SR
I Z A TH IR CRE DT %2 FEICFRE R 7 b L %2 BT
95,

FEAN Y FVOEFITEIZDWTIE 2.3 fillcR T,

22 RFVIvILBHORR FERY L3
ATHATH S0 Ry b DERT L & F T RANE
OABTH BT B & TEZERLEEI{EORhFRLZ X
57:%, LIXRT VoY L2RETS, LIXT V%
N ERFEHARFEICIZZ6 hzRLTED, KT
MIpEEEDS (1) D g5, 005 12 & > TE F % MMl &
D HREOEHTIZF DI 6 &, NS OLRHICIZRS
MiEEoL, TORTF VY ILORBEIC LD FEFIZ—
THEEZ S, BEHn Ry FoSBHTIELIRT Yy
WA ERERER O HOMED HEIEED € 7Y v 75 Bl
AushTwz®? Kfgecid, vRy baskfig
DBHREZERTAEDICLI ATy v LZ2Hws,

79, LIRTF v LOREAEZR () IR,

Orj\P o7\ 1

U(r) =4e; KT) —(T) } (p>q) (1)

KX (D) OFE 1EIFFEEZRLTED, FH2HHX5
JEZERL T3, 7, Fig.2 Dl Ry k&
BATEORERE r, X U(r) #£L T3, Fig. 2
DR DI TIER (1) DR NEDIEICE E, K
TN SN TG IEPBALIC@ . 2079,

— 523 —



' [m]

Fig. 2 Lennard-Jones potential curve.
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