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Cooperative Manipulation of Objects by Multiple Mobile Robots with Sticks under Errors
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In this paper, we propose a method to manipulate an object by multiple mobile robots by using sticks as tools. We build
the manipulation technique, which is suitable for mobile robots by position-control. We propose the manipulation method
without using sensor information considering the motion errors of mobile robots and the indefinite element of environment
from the planning stage. We compute the conditions, in which the object gets unstable during manipulation, and generate the

motion of each mobile robot with these analyses.
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Fig. 1 Manipulation by Using Sticks as Tools
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Fig. 2 Pose-changing Manipulation
I THERDOIGIR, BREB I OELOME, WKL IRi-

L DBEAERITIAETRME TS5, £, EFNITHIE
DEBENEITOZLET D, ZNHLDOREDFT, ¥
KEEFIEEZA 7 74 CTHEANIEE L, BE#rAy b
WL OMERRBEZM e RBRT LT 5.

3. MARBRETTEF &
WEEBEEZ LT OFRIETRET 5.

(1) ETOMEREE 912K LT, BiIROFHIEREZR TS
Pe DBERIAL B & BRE T REFEIK & L TR DH. Z DR,
B L TIRRES 0 LML B & T D K E
fHI; 2" Z 7 (Stable Domain Graph) % {Epkd 5.

(2) FLITBT HREBEL T 7 7B 2R 2 M
L, TNbLORMS%E /) — KT 2EEST T
(Operation Graph) 4% 5. #BES T 7IZBT D
RAEREEEEZM FICLY, WEBIEFIEEZRE TS
5. MRERETIENE L2581, BoEzRET
5.

3.1 RMETRESRIBL D W AEAT

Wik & “UOEET L & LT, BROBEMLE % (x, v),
UL % (Xg, yg), WD DR 5 1) ROKE N 5%
JohES, e T B, T, Wik HHB L Ok -k
i ORI L 1, w2 (Fig.3)

aeuefede
A AF
: €

®) _?eﬂe

Fig. 3 2-Demention Model Of an Object
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Fig. 5 Stable Domain Graph with Motion Errors
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(a)Motion Errors
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Fig. 7 Simulation Result
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Fig. 8 Motion Errors of Mobile Robots
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Fig. 9 Proposed Mechanism
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