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A Car Transportation System Using Multiple Coordinated Robots : iCART
(2nd Report, A Distributed Coordination Control Algorithm)
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We proposed a novel car transportation system termed as iCART (intelligent Cooperative
Autonomous Robot Transporters). This system transports cars using two mobile robots that move
in coordination. In this paper, a leader—follower type decentralized motion control algorithm
considering the effect of rolling friction at the contact of the end-effector with the ground is proposed.
The consideration of the rolling friction effect is needed, because an end-effector of the robot is
grounded for supporting weight of a car. The proposed algorithm was applied to the experimental
system, and experiments were done. Experimental results illustrate the validity of the proposed

algorithms.

Key Words: Car Transportation System, Multiple Robot Coordination, Distributed Control

LiE U & k&

HAOE+THEREZ 2007 FEOELZEBEORAN
2k Bk 377,835[km?] THBHH, ZOHBED 7 H
PILERHEA, W, #EECcH Y, BETTREE X
112,343[km?] L RESI NS, FLRAFEEOREETIE,
ANIiZ 127,767,944[ A1 TH 3. BEAREEE» S E
WU 7= AOEEIX 1052.95[ Nkm?] &2 Y, EHES
ErBEATHEMAEIMERS,

—7%, ERD 2 A1 AVEHBEZFELTEY,
2007 FEEICBER S LT W HEEUZ 79,306,033[ 5] i<
DIFS, R L 72 & 9 ICEH L ERESEO TR AT
B8, s O ZEET 3B ORISR IC
%%, B ALLBE CHIISE TR IC B T,
ZAUEEAN R R D 2 5.

D, Bonl-LMm2EHEL, BEX
R—AZHRT DLEDPDH D, DD, BRI

* ERS2AF 2009 4E 6 15 H. ‘

*TEE, HAASE TS (B 963-8642 B 1L I AT AR & 5 b

AR 1).
*IEE, 7 xu—, EiLKERERTERFRE (S 980-8579 1l
BB ERETEIE 6-6-01).

* bR SRR TAERIeRE

* EE, MLk AER: TR

*5 THI 3 M () (@ 104-0044 BREH PR REAGET 6-4 =

F v ABARTEL).

E-mail : m_endo@mech.cenihon-u.ac.jp

— 103 —

ISR B3 2 L XD Hll | B omBEICEEE
DHEMEHEL, EORVEHELEHRTS, ¥7—-
N Y FRIVLR—F « —F v PEOREL W,
REHEEIFE SN, E{HOSNTEL, LrLE
Mo, BWRABESIARRCHBEOOIEHTE
2 DR E A R— 2D 70, EIEFICEEE
SR ZERT S, IRICLY, BLEDEBRELT
Tl EEEPEEE LEWEERICRRBRINAHE
HHH 5, 07D, WRAEES XY LR
FEHIMEBOVBHER D =X v TR EDIEH
ERLTREDOPHINTH 3,

UKL THEE S, BEOEHFH Xy +2H
W 7 K > A 7 2 iCART (intelligent Cooperative
Autonomous Robot Transporters) % 2% L T\ 3@,
COTATHAEELIZRT LI, 280Ky M
kY HENCEEORE 2T bDOTH S, BEMIC
vk hEEVERZBEL, oXy b BEHED
FHEEFTHBNICRE), HWEZOREL, BIFL T
2795, HEliEEEOR Ry Mok YBET 3o L
&Y, WeRICHELR Pt XY 5 2 ElEA
THET DI ENTE S0, g/ lze Xy +
LED, BEEDEOATES LI HEHH 5O,

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

104 B Ry P RAOEAR% S A7 A iCART G 2#H)

Fig. 1 Concept of the Car Trasnportation System
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Fig. 2 Robot of the Car Transportation System iCART
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Fig. 5 Relation of Each Trajectory
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Fig. 6 Process for Generating Movement of Robots
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Fig. 10 Results of Experiment Including the Effect of the Friction

FEETIE, VY I8 I TEERD vy A I

1{m] % 20[sec] TREIT 28iE%2 52 %, BLEids5 XK
B cAERT 5. 7407 I3RTECIRE L A 2
ATy —YoEgzH#EL, V—4 LEH# L CHi
LT 5,

61 ER1 EHNVEEBEERULAVES B
DIEN ) BEOME L ER L hWIRILTERET-
7o, 7AQUPEEOPELER L L VIR EERT
37012, R(16) ICBWTEEIC X Y RET 2ER
ASTHEIZO0TH B E L, BEOHTERTS. Thb
L, 740 VIHEHEE Ay ORI THE R E
BT 5, EEICHEZ T BEZHICRYT, /3
7 OEZERY) —FORRTH Y, BERST7 A 07O
BTH 3.

PEORRLDbOPB LI, 742 71FY —FH
yEIARICENTWA Z E2#EE L THEL TREX L

CTRBIENDYB,

TV 308, (b) o EESELET 3 fiE I BiEuED
Im] iV =%, 7 7icEELTuinI E2h
5, THUIT AT LOMITH R EICEE b BB
BMb 370 TH5, MATHEDOHEMZE S B
LML CWB Z E8bd3s, ZHuizsn
7 AR ) B OBE L ERE T CHEoE R T
TWa ks, EFNMEERENPHERE L 2o TEHNLT
WEZHEEIOND,

—H, N/ = AV T+ DRERPObPB X I, V—
FET7 A0 OWEIPEEBHIRL 7T T 7icko
I Y — T DARIEHS D BEHE
LT ARSI CIEIL, 74 v 7RO EER
DAVBEHEDHTHSD, £/ EhbrB L),

WXL T2 AP GIREISFEL THwE I E
R TH# 5. ‘

—108 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechani cal

Engi neers

EH o Ry v EROIEREGEY A7 4 iCART (B2 #H) 109

62 ER2 ENVEREZERLLBE R
R EROPE»ER L - FEEHVT, %
fTot, V=740 7IZQNXHHED R Y F 7 —

7 Qnet HOBETHV 6NE, QNX A vk —P v/

EVHEETD Fan g v So[Hz] TEET 3.

EREICWEZ TR ER 10 IR T, Zhth
DY S 7HRRTHERIIR LEKETH 3.

EOERLYDOPB LI, 74071V —FD
EBEHELC, BHLTHBEL TV I L osbn b,
@ &h b3 L) xEHIARICIIHEEERENREL
TWwa2, (b) &) yliAmoBE X HETED &L B
DICERAEIIC 1m] ISEL, oY —FE 7107
DYEDHEEME D /DI BoTn 3, JHUIEND
BEEAERTHILICEY, ZOHEZHHIL T3
L5 TH B,

—H, N/E—A DT 7051, V—FE74
07y L CRBERRE IR Y-S 7407 T
SEL, WAL TR Ldhds. V—F, 7140
VDY 7ERENBRINAOHETHE LELS
s, @), IHMEAEEDOIREP RN S,
3, BRAETY - oo TS 2HEHRHEHRS
N3Nz, REFICT7 407 OSHEIED 5729,
AT ABHBRAREIC RS> THAPLEEELS
ng, LrLids, b)) LhbdrsdkHicHuXizid
FTEEAE U Tk, BELZFERZRAWT, BEXR
BRBENEHTE TV I0BbL 5,

7.8 b b [

AT, FHEOMVRHFEL LHEEBES AT L
iCART OWCEFICHET SRS ERELZEL /-,
V=% 7xuyBosUnREE T V) A b %
RELL, Co7PATY XL TRY —FRXIE%
Ezon, 74073V -5 LOMEERCETE,
Y=z 2 o WL HEET 5. 72, BELL
SEHFME T LT XL EBEOU Ry MEHL
fTol-EROFBEREZ R L., EROFERID, K1Y
PR 2 B L o BHTREE 7L Y XL oFEE
RL7.

KBTI, TRy FOEBGEZREET 3 DICHTO
EEICBET 3 /OEEPHRE 2 £ R T 28EE
AT XLIZELTRRS, o7 YRL%
vzl bickh, RESEEAOEMPLR Ry MH
T OBEEIEEE R PERERTE S,

X B

(1) Endo, M., Hirose, K., Sugahara, Y., Hirata, Y., Kosuge,
K. ,Suzuki, K., Oomoto, M, Kanbayashi, T., A Motion

(¢

3

C))

&)

©)

Q)

®

©

(10)

an

12)

(13)

(14)

Control Algorithm based on the Caster-like Motion for
a Car Transportation System -iCART-, Proceedings of
2009 IEEE Intternational Conference on Robotics and
Automation, (2009-05).

Endo, M., Hirose, K., Hirata, Y., Kosuge, K., Sugahara,
Y., Suzuki, K, Shinozuka, H., Arai, H., Akune, K.
and Kanbayashi, T., A Car Transportation System Using
Multiple Robots iCART (1st Report: The Design and
the Control Algorithm of Robots), Transactions of the
Japan Society of Mechanical Engineers, Series C, Vol.75,
No.755(2009).

Kosuge, K. and Oosumi, T., Decentralized Control of
Multiple Robots Handling an Object, Proceedings of the
1996 IEEE/RSJ International Conference on Intelligent
Robots and Systems, Vo.1(1996-11), pp.318-323.

Ichikawa, M., Wheel arrangements for Wheeled Vehicle,
Journal of the Robotics Society of Japan, Vol.13-1(1995-
2), pp.107-112.

Nakano, E., Ozaki, S., Ishida, T. and Kato, 1., Cooper-
ational Control of the Anthropomorphous Manipulator ”
MELARM”, Proceedings of 4th International Symposium
on Industrial Robots , (1974-11), pp.251-260.

Wang, Z.D., Hirata, Y. and Kosuge, K., Dynamic Object
Closure by Multiple Mobile Robots and Random Cagin
Formation Testing Proceedings of the 2006 IEEE/RSJ
International Conference on Intelligent Robots and
Systems, Vol.1(2006-10), pp.3675-3681.

Uchiyama, M. and Dauchez, D., Symmetric Kinematic
Formulation and Non-Master/Slave Coordinated Control
of Two Arm Robots, Journal of the Robotics Society of
Japan, Vol.7-1(1993-2), pp.19-29.

Craig, J.J. and Raibert, M.H., A Systematic Method
of Hybrid Position/Force of a Manipulator, Proceedings
of the 3rd IEEE International Computer Software and
Applications Conference, (1979-11), pp.446-451.

Sugar, T. and Kumar, V. Muitiple Cooperating
Mobile Manipulators, Proceedings of the 1999 IEEE
International Conference on Robotics and Automation,
Vo01.2(1999-5), pp.1538-1543.

Stilwell, D.J. and Bay, J.S., Toward the Development
of a Material Transport System using Swarms of Ant-
like Robots, Proceedings of the 1993 IEEE International
Conference on Robotics and Automation, Vol.1(1993-5),
pp.766-771.

Parker, L.E., ALLIANCE: An Architecture for Fault
Tolerant Multirobot Cooperation, /EEE Transactions on
Robotics and Automation, Vol.14-2(1998-4), pp.220-240.

Donald, B.R., Jennings, J. and Rus, D, Analyzing
Teams of Cooperating Mobile Robots, Proceedings of
the 1994 IEEE International Conference on Robotics and
Automation, Vol.3(1994-5), pp.1896-1903.

Pereira, G.A.S., Kumar, V., Spletzer, R., Taylor, C.J.
and Campos, FR., Cooperative Transport of Planar
Objects by Multiple Mobile Robots Using Object Closure,
Proceedings of the 8th International Symposium on
Experimental Robotics, Vol.1(2002), pp.275-284,

Arai, T. and Ota, J., Motion Planning of Multiple Mobile
Robots Using Virtual Impedance, Journal of the Robotics
Society of Japan, No.11-7(1993-10), pp.107-114.

— 109 —

NI | -El ectronic Library Service



