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Cooperative Object Transportation by Multiple Humanoid Robots
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For cooperative object transportation by multiple mobile robots, the
leader-fol lower type cooperation has been enthusiastically studied so far. However, in the
leader-follower type cooperation, follower robots plan their biped gaits based on the forces
generated at their hands after a leader robot moves. Therefore, in the cooperation among biped
robots, the time-lag between leader and follower robots may cause fall down of biped robots.
Therefore, symmetry type cooperation has been developed in this project, in which every robots
synchronously move. Dynamic simulation results show that when the object transportation seed is
fast, the leader-follower type cooperation becomes unstable (some of robots fall), while the
symmetry-type cooperation maintains stability. The proposed symmetry type cooperation was also
verified by performing experiments using two real humanoid robots.
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FK: Forward Kinematics, IK: Inverse Kinematics
WPG: Walking Pattern Generator, HR;: jth Humanoid Robot

6 NLiE/ A 70w Rk

[ 7 OpenHRP3 TDHE

0.2
0.1
—_ 0 ’/\MM
£
= 01 ,
2 I
A R
-03
ZMP ———
04t Support region -~
0 1 2 3 4 5 6 7 8
Time [s]
(@ U—#— - 740U R
0.2
o1 T ———
E
£
g
IMP ———
04 Support region -

14 15 16 17 18 19 20 21 22
Time [s]
(b) XY b A s
M8 YIal—yalilksd __oDWHH
BB D b

Thb. K7 bof BRFEO d i3 BEHE
RT. HIENEFNDORY FVITHHIET D
Yavfslchsd. K6 lZHERrD T2y s
BRIX & 7R

4) #1152 2 = L —# OpenHRP3 TOMFE
X 7 \Z#) /)% 2 = L — 4 OpenHRP3 |Z &
52HB0E 2—~v /A4 RaARy b HRP-2 Wil
ks Ial—3ia oFETERT. X8I
WA (x Wl O RERRRZAE L ZMP
(Zero Moment Point) DFERZ 773, (A V
— X — « 7 u URHHREOR R T, (b)
DSAHIFZE CRA%E U 72 b PRI 3 3 25 o 5 SR
Thb., V—F— - 730 URERRE T
V= —NRICEFELRGE L TrL 7 41
T —NEMEZ BT D E TORFMZEIZL D,
U —%—@ ZMP 3O E MK E) L, 7 B0
I CTHRRZAIEORKICEL (X 8 (a),

—
[X| 9 HRP-2 TO Wi FEER

L7z, —F, 2T 230k,
2 BOba—~ /A KaRy so3[EY L CHE
YE$ %728, ZMP 13 HE I e B REMAE O Hh
DEIZH Y (K8 (b)), BEICHEETET
WA, ZOVIalb—a iy, xR
o R OB ME D R STz

5) EmMREEEZ v 7 &y FOBR

FEea—~/4 KaRy k HRP-2 TR
MEFERAITO 2D, YaA 3y R THEME
TAHVAT AL L. YaA Xy Fick
v, WK (9 D/A47) OHLOAEEE
BaEYaA /Ny RCTAMPEETS. AMD
BEamx, Nago xiEI iZBiFa x¢ AW N
na.

6) 2 B a—~ /A FrARy MZEDH
AlEFEHR

K 9lz, 2 BOta—~< /A FaRy b
HRP-2 |Z & 2 MREEEBR OB 277 . xhFril
WA LY, BEICHETHZ LN TE
DL aHEE L.

<5 H3CHk>

(D 0. Khatib et al., Coordination and
Decentralized Cooperation of Multiple Mobile
Manipulators, Journal of Robotic Systems,
Vol. 13, No. 11, pp. 755-764, 1996.

® K. Kaneko et al., Humanoid robot HRP-2,
Proc. of IEEE Int. Conf. on Robotics and
Automation, pp. 1083-1090, 2004.

@ K. Yokoyama et al., Cooperative Works by a
Human and a Humanoid Robot, Proc. of
IEEE Int. Conf. on Robotics and
Automation, pp. 2985-2991, 2003.

@ M.-H. Wu, A. Konno and M. Uchiyama,
Cooperative Object Transportation by
Multiple Humanoid Robots, Proc. of
IEEE/SICE Int. Symp. on System
Integration, pp.779-784, 2011.

®  S.Kajita et al., Biped Walking Pattern
Generation by using Preview Control of
Zero-Moment Point, Proc. of IEEE Int. Conf. on
Robotics and Automation, pp. 1620-1626, 2003.



5. ERRERLE
(BFFEAREESE . WFSE 003 M OSSR ZE 3 12
=)

(MRS ) (3 4F)

@D Ga-Ram Park, Atsushi Konno, Imitation
Learning Framework based on Principal
Component Analysis, Advanced Robotics,
A5EAH, Vol. 29, Issue 9, 2015, pp. 639-656,
DOI:10.1080/01691864.2015.1007084

@ Meng-Hung Wu, Shuhei Ogawa and
Atsushi Konno, Symmetry Position/Force
Hybrid Control for Cooperative Object
Transportation With Multiple Humanoid
Robots, Advanced Robotics, & A, Vol.
30, No. 2, 2016, pp. 131-149,
DOI:10.1080/01691864.2015.1096212

® AKRNEIY, NEE, B,
W, ATEPER, ERESHIEIC 3T D5 e AR
v b OBITLEAHE, ARy R
REE, HILA, 2017 (FEHLE)

(Fa¥EFR] G5

O Meng-Hung Wu, Atsushi Konno, Shuhei
Ogawa, Shunsuke Komizunai, Symmetry
Cooperative Object Transportation by
Multiple Humanoid Robots, Proc. of the
IEEE Int. Conf. on Robotics and
Automation, #E#tfi, pp. 3446-3451, Hong
Kong, China, May 31-June 5, 2014.

@ BB, KRB, EEE, b a—
<~ /A FaiRy hOREHBEITO-D
O EBATE FET L, AR
BURT 4 A AT hu=s AHEES
PR, pp. 3A1-C07(1)-(4), 2014.

©® "Hdis, NIMEY, EEE, HEEe 2 —
~ /A4 FaRy ML 5 e
D= D DRFRTIMLiE A 7Y > R
W, BArR Y MESFIGEES TRE,
RSJ2014AC1B2-05, 2014.

@ Rajat Mittal, Atsushi Konno, Shunsuke
Komizunai, Implementation of HOAP-2
Humanoid Walking Motion in OpenHRP
Simulation, Proc. of the Int. Conf. on
Computing Communication Control and
Automation, ZHt A, pp. 29-34, Pune,
India, February 26-27, 2015,
DOI:10.1109/ICCUBEA.2015.212

® NEBAZ, AKNES, SR,
XK, AHAEREICEI 22—~ /AR
2Ry b oRgg i FRELEl, AR
BFEEeRT 47 A A b= R
T TREE, pp. 2A1-12a7(1)-(4), 2016.

(XE) GF1p)
O EEE, KR EREEAE, a Ry M
AN RT 7, 653 HET—20
aAHIAE, 2017 459 HRETE

(PESE R EEAE)
OiRdL Gt 0 1)
OBtsiRdL Gt 0 1)

(Zfth)

AR A
http://scc.ist.hokudai.ac.jp/research/humanoid/hu
manoid-j.html

6. AFFERERE

ORIEe =1
I 2 (KONNO, Atsushi)
ALHRE K « KEFPRIE MBI 5e R - #d%
s 75 1 90250688

(2) WFgErsE
/KN #24 (KOMIZUNAL Shunsuke)
ALHRE K5 « KEFBRIE WA 5EE - B
75 40708004



