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Transportation of an Object by Multiple Distributed Robot Helpers
in Cooperation with a Human
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In this paper, we propose a concept of a human-robots cooperation system referred to as
distributed robot helpers and a decentralized motion control algorithm of multiple mobile robot
helpers for handling a single object in cooperation with a human/humans. The prototype system of
distributed robot helpers referred to as Dr Helper consists of an omni-directional mobile base, a six-
axis body force sensor, a folk lift, and an onboard controller. Each system is controlled by a kind
of a damping motion control law using its own controller. Multiple Dr Helpers transport a single
object in cooperation with a human based on the operator’s intentional force/moment. Experiments
using two Dr Helpers will illustrate the concept and show the validity of the proposed control
algorithm.
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Fig. 1 Handling an Object with Robot Helpers
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Fig. 2 Handling an Object with Human Helpers
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Fig. 4 Controller
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Fig. 5 Interaction between Humans and Robots
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Fig. 6 3-DOF Damping Control
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Fig. 7 1-DOF Damping Control

my g oAy FOEROYE. Moy Aafy FOE
BUGE L+ 5 L KR TRENS.

lmA:B.L' — lmmi _ lmxdi (4)

YMEOBIEOEBBREUNDOEFRNZaL T4 T
V2HIEETBIEICE ST, HHRE, Fulhy h
I 31T DIEE RO 2 FRRESHFETH I &
MTED. LML, oy FOEERBICHEE
FRRRENFET HDRETR VIO ME/EE 41T
&, R (4) ICB DEBRLE M A BRELARY, &
RONZHEOBEHBRRENDIGZGELHD. ZDLEH
IRIEE BT B, RWVCIBBEOIEEETIZ, &
oRy FEIZBWTEBEZEROREZITOLERD S,
EEROREICEL TR, EEo8xm)cREL
o, VRRAN U T AN E BT EBEROREEY

BATHLICE D ERTE S,

42 AMOBEERO#TE AT, ARO
EEERE Ry RBREDLIIHETINEEZS.
T, AMOEEEREDEICMAOND /T
APDORESICES>THETDHDEL, afRy b
CHERENENEE Y ORBICE>TaA Y FOES)
ARETHIRSIEREND &) k¥ T— FHEESR
(Handling Mode Estimator) #3%& 4 5.

AAFFETIL, —AREIRBIRICBWTAR LD
Ry MK 2 HFBEEEE 2BBEDEE L LTHE
T5H. —2iF, HLBEMEFE TOEWEROMREE
(THY, bI—OIFEBEMBEFET, ToOWEDK
FERICREB T A-OICMEBERCER 2 AR T 5 E
RDIEETHD. T, FoRy b2 >D/EE
¥, FOXSILTaRy MMz bhdf/E— 2
VIEDOHETIENEE L, TOFHEO—FERT.

XLOIZ, RWVCEBOEEEEICEVTE, @%,
MR T AERIER SRRV EA D, AR
HDE—EDHFEUIKERAEIIZET—AL FEMZ B
EEZOND. 2T, HEH5—FEBEULDH/E— 2

i-th Robor

| Force/torque Sensor I<

Force/moment

y
I Handling Mode Estimalor]

Real Moti
Control Mode Object eal Motion

v L
I Robot Motion Controller ]

X Command Velocity
Current Velociry
Robot >

|Hur.nan} >

! Force/i

Fig. 8 Structure of System

VEBREOFEIIMI GNHEIT, Ry Mo
EEET— F2ERSE5.

WX EEET— FLIT, DEOREBEICEEREZRE
L, ANEB#HEIIZ BFIDF BN ¢ dhfE Thiud,
i AEICH LTR (2) 02T I o504
YTRIBEEITY, BODFHET bbb gyl e AR
AEY OEEFMICE L TIIR (3) 0L E T &
QAT ITAT UV RFETEENI LD THS.

BRI y B M A~MA bR BB KRERBEIE, v
EMA~DOWEELLREL, yEFm~F s
i, BOOFE~NIaI L TIAT U ARIEETS.
Fro, RRAEV B T— X2 b KE REEE,
RERAEY OEERIZE L TIZF o v ZHE %2470,
c#h, yEAFEICIEa T4 T O REIEMEITS. L
ROBMUMIKRERABMOBHEIE, K (1) O
HEHETIIICE2FEICH L TE vy %47
S5HDETH. L, ZOBAILEROEBEE R
ETHIEMNTER.

MEORKRAITMD D/ /ET— A2 FB/PNEVIFE
i, ARMIMEOMBREZ OMRELERLTH
50 LT, oy MK (1) OFHEE2E~T &
IRBFMADF L THEZITV, MBROEE
FEBRSED. IS, AOELERICE U TH
HE—FEGOEZHIZET, AFOABELZERL:
BRy FEDOBTHEEELERTHIENTE S,

AETIE, RETH2EHEEOHFEEZHEDRETAC
RESNTEBEFZRD z, y @R OFEAEY OEER & E
FLE. LAL, ThooFmENL, BXT 3mE0K
RPAHOME /BB VERBICE(LESER R
T&S. ¥, RANBRECTOMEEZ LT, &
(4) D mag (CHEGEM AR BERESE X B LItk o
T, BHIEEYEEER ENERTE 5. WEORK

—185—

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

12 AR & B O HEE O Ky F~t— L OWTC & b ST ORE

Fig. 9 Experimental System
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