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Motion Planning for Cooperative Manipulation of an Object by Multiple Mobile Robots

Yamashita Atsushi, Non-member, Ota Jun, Non-member (The University of Tokyo), Kawano Kou,
Non-member, Fukuchi Masaki, Non-member (SONY), Arai Tamio, Non-member (The University of
Tokyo), Asama Hajime, Member (The Institute of Physical and Chemical Research (RIKEN))

In this paper, we propose a motion planning method for manipulation of an object by multiple mobile
robots. In the previous cooperative works by multiple mobile robots, manipulation technique based on force-
control has been proposed. However, mobile robots are moving by position-control, and motion errors can
often arise. Then, we build the manipulation technique, which is suitable for mobile robots by position-
control. We propose the manipulation method without using sensor information, and consider the motion
errors of mobile robots and the indefinite element of environment from the planning stage. We compute the
contact position to the object where the object is stable. And the order of operation is generated from the
result of these analyses. After that, we compute the sticks’ paths and each robot’s motion by considering
the limitation of robot motion. We verify the effectiveness of our proposed method through simulations.

¥—7—F D UEBHON b, BIENE BN, WERE LY ATSCal-Sas, BE

1. & ]

Oy FEFOESICLY, THRICBVWTIRERPD
Ky PDPEREITI LI o TERICAL ¢, £EME.
HRaoSRBOMENESN TS, §kiz, THAOKT
WETHAERBOR Y PR CHELL, HEFFCLEHM—
BRERTHOAVTFFY R, BFH757 PizRB|ENBA
MAER 2T 5 1A fabRiEA VISR IER, FIIRES,
EBFJBUATOOE y P ORIBAIMFEEATVS, L
LERDEER~=Y 2l — 72138 HM 2 (BT
HERITH57-0, THEEAINNESL, T DBRFHTOE
RICRBL T, 22T, BHOFy Mzt 26%0
BITHMFEEA TS,

FHETOBHOFK v bOABECOVWTELLL,
BT, aPF08iG - B - THRe, &8 - 8%, B0
0Ky PEREE ML ThE2PHEER YIRS B L
AW, TITIE, BHOFE Y PAERETFIRSOE
e, TOERICHL HEOBHOFE Y FEHRTIS

BERC, 121438, PR13LE

549

LHLETHD, T T, BBEMC>VWTORHELHS
KIThhTEH @, BRETIIBEICKEROKR v FAHES
h, TLBFOaEy rHHERPTCH 2,

FNSHL T, REDAMCIR, HESBHCBIT 2EHH»
L OWMDRERL B, RRSOZM—LHEE» S BHFH
777 FOFKERICBII A BBOMACEEM, AvF
T A%, BROKy PRELEBRL TREI2HELRY
BAEEDNB WO, LELENG, 7IF21—5%0H
REOBRIZL Y, BEBIHOK Y Mz LROERETHE
ST LIFELV, T4, BRTIR—ADAMEL ASDES
T HEBHOKE Y b TIRETRTETH 2, £2C, BHE
DRMHOE Y PPN ESbETHEELETT 2 EXBE—
MEBHOK Y ML BREE—IRRENVE,

ALRo@ Y, MEBEHOE v FXSREIBEL TKEY
BEBETAERICHTABEIREV, ThIT, B
BEICHTAMATIE, ZRTF@EAIC BT 2 ERHERN
e, BREBREHBMEI R BRI TEL ™, L
PLEYMS, FTE2THHDABIIREFMOERL T



LYOEBE TS E LY, ZRTEMICBT 2HE0E
ELVEETHAH. TIT, REXTIIHEBBHOAK » M S
LA BEAMERECDVWVTRYRICEET S,
BEOEy PREERN=YalL—F7 L EEL T, BE
BoOBIHEENKEW, HIZ, oFy FAEELEEESN
Twiwice, fFEPIChHE 2o RS 2158z, /
A XL OAHERLOLBIIFEEICTHTV, E-T, Al
HR—ATHESEDZLEEETH 2, T, BHOF
MRS B EP M L MEBEE T 5 2 L IIEET
Hh, TOMERRESINS, EoT, RKAHXLTII,
o WEDIMELETH A BEOE v b id, BEHIIENEL,
frfEmm o — 2 TS 5
o BBEHOK v b OWIEICIEHIBRA S 5
CERERL, BEIOK Y ML 2MERMEFERRET S,

2. YERMEFE

(2-1) #MBPBHOKY MCSEZBEDERE  BHES
WOy MZXo TREPELTRNZIEEXELEE, @
ERvoEal—7 LA, 8P IEHLELETT
BETAILIZEHETH S, TIT, FRYARBLICEM
LR CHERELITIC L ET 5, HEPIBEICE
BLTWwAIEIZL), BRPYOLERELBIHOFK v FAF
FZBULENL L, NERHTRETRRL 25, 72, 26
PDEooFy b2 2Ho 1 oOmcERL TEOEAT
ML ERET AR, R 28U EoOFRy FAREL
oMK WSRO LIIHAEETH D, TS TEHRLT
(&, R (4) CIERENTWAH EHIZ, FuKy bDEh%E
BHICERL, DoMBY~OEMEMIKE 2 ) RE
LMENERT A ELS, 2HBOTK v b2 1 KO
ML TR, HEAVWTHEERETS (H1),

(2:2) PEEME  BEOEY Mo THEEZRD) R
IWFEIcBWTIE, BF v bOBEREEICHIET A0
EEERIZZ 4 —=F 28y 2247w, MBEEHIEL 2575 (5§
ERTTH2FEFREINTNS O-®)

ZRIEFmAILBW T EZ L TRET A {EEICOW
Tix, MLIAERICML THEEY=_¥alL - DOHMESHFT
BONZHROE b LI, BRMLWETEEZT, 5%
it A RV TITHT 2 FESIREINTVS ),
WEEBHOFE Y MIXoTIEBFL, Fb BT THuET 51k
FICHLTYH, EFRICREs N O FOiE#HRE B
Ty H7 4= Ny s THFEMRFINLTVE O, =
RICZEMIZ B 2 EDOEB IOV TIX, BEDFR Y b

F1 MEEBEoEy ML S 5EERE

Fig. 1. Cooperative manipulation by mobile robots
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Fig.2. Excessive innner force applied to object
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Decision of stick orbit
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