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Humanoid Walking on Ice Utilizing Slipping and Static/Kinetic Friction
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Humanoid’s biped walking has been researched extensively regardless of simulations or

actual experiments. However, there are many discussions focusing on the simple model based

on an inverted pendulum model and linear approximation. Besides, humanoid’s biped walking

realized by the controller based on Zero-Moment Point (ZMP) known as reliable control method

is different from human-like walking on the view point that ZMP-based walking does not include

falling state. And research on walking realized in a slipping environment has not been conducted

previously. In this research, walking model of humanoid including slipping, bumping, surface-

contacting and line-contacting of foot is discussed, and its dynamical equation is derived by

Newton-Euler method. Then, walking stabilization strategy named “Visual-Lifting Approach”

proposed to enhance standing robustness and prevent humanoid from falling down is introduced.

In this paper, discussions of the walking in a low coefficient of friction environment have been

extended by using humanoid models that include feet slipping motions.
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Fig.1 Definition of Humanoid model
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Fig.2 Gait transition for walking like an ice skating.
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Fig.3 Concept of Visual-Lifting Approach

X (21) 2B\ T, TR 1% “On-line visual pose estimation”
ko THIES N ¢(t) ZHNVCRHEFRETH 525, AHIFET
TR 2027 VP —RIC L DRI L > THDLOTIEARL,
BEMOLESE L TH->TW A, LT, dp(t) = ¢ (t) —p(t) &
L CERINDBEO BIRE & ERORAEL RN ET D201,
B L7 BRI A I &N D ~_& M BRUTORL VEHR SN D.

Tr(t) = Ju(q)Kporp(t) (22)

2T, Ju(q) I3XEE» HEEME COME B ERTY
DR, K, BHGIZ A v 2R LTWA. TADLR (22) 1
SHER 2 HARMLEICS 5585 ) f, BRI L, HEAIZ X HERER
FUNLE O T KO PRI ATRE 72 1 0 RCHMELIC X D st 2 B k5
DR A, K (22) OHIEEHT Fig.2 & ST b2 TOHRERIC
BOWTHEHENS.

5 L2al—23y (74RRr— MES))
51 LIal—i3 Bt &#

AP LIFFRA BMER LI 2—~ /A4 NETVIGEB S H 5
72 DHEEMIE & DEEER IR & OREBRBT A2 R T

No. 18-2 Proceedings of the 2018 JSME Conference on Robotics and Mechatronics, Kitakyushu, Japan, June 2-5, 2018
2A2-109(3)



5.1.1 $Ethim & OERFREHIZONT

AEl BEgEINIIE Y 2R L2 TEI TH DT A AR —
ML EEBTHD. 128\ T y BhiED Fm &2 ®IT84 7T
L LTWa., #ITHRITICHET Y, & & i oM o BER %
0.005 & LTW5. L LETHm~OME S %2> F oty H
LIZE - THED =0, HEITHITE WM & & ITERG
¥AEZ09 L LTWD., ZHIITA AR — MIBWTAZ— bk
Va—AD MUY I EEB LD THS.

5.1.2 ZMP IZDW\T

A2l — g BT ZMP IFEHHEETH Y, ZMP #H
ORI ZHLISA A TWRNZ & A2 Z ZITRT. ZOFMEFE L L
TUW5 ZMP OEHFIEIZHOWTORY. ZMP OEH TR Ry
OFFH L, RS E & ToEB T RXA i < BT ZMP 0OEH %
T/, ZMP ZLLFO L SIS EHTE S, I = frl/(fr+ fr),
frlT — fflf =0. 22T fr, ff li@, Oi%ﬂ:ﬁ’ﬁ’éﬁj}, lr,lf
WX, SFEND ZMP £ COWEZ R LTS, 72 f, fr I
BLCid=a— oA A T —kOWB R 2T > 7 el
LBV TCEI-HEE— A PEVERLEEMOLDOTHD.
5.1.3 HBEBBRDICE TS EBEHOYY X &4

X 2127 A AR — NEBOSFERX &R, 1~16 DT
IXZENENOHBRET KIS DB RO ERT. &
RETNHORANGEE OEBRZEIR L, ZOEBORESMIT
KEND EIZRT.

X 2 128 T 14 035 3 ~OE) Y B 2 D3 3CRFIE & lE 38 0 &%
DBEAI T ThD. KRKZ DY) Iz 1 B b2 3R
TH DR OPEME ) O TH 5 & OBEHE ~ ZMP 23%8) L 7=
B SR OG0 B2 BN RAET D, L LAY I 2 —vg
TBWCH R O ZMP (338 L O RV, F, ERH
W OY) D B Z T FELOALE & FEH O R OALE % 55 (28] 0 &
ZHEITH TS,

52 YIal—ia iR

VIial—va YRR CEMSIC P 7 EA LTy I 2
L—a U &To0z. fEEE LT 100 #42 E Tilkls L THRLV=. 100
HrF COBERFMIT 80.49[s], HBEEEIX 385.88[m] TH o7
FZOBFTHOBRKER X 2 17T, BEBBOMIFICEL
T1HBREM2FD1—->5->6—>14—3—1, ZhlUREIT3—
7—15—16 > 14 — 3 OERB CTHEBI 21T > 7-.

Iy Ialb—ya RO SHEORM LW HE, WO
MR 4 L5, K6 I1RT. AEIE 100 FETHOYI 2L —
v arThAHTDENLMEGEENZ T 5085 NEanbin
2, X4 OHBATRINCET 5 75 7035 HIFIER USRI b
ITATNDZ EMND 100 AL b EE ikl L TITA b &
EZzbNb.

L 0.024[s]
0.9 'l'

038 e 1‘

_07
=
2 0.6
s 05
g 04
&
03
0.2
0.1

0

Range between 0.854 and 0.878

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100
STEP

Fig.4 Step cycle per step up to 100 steps.
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Fig.5 Step cycle per step up to 100 steps.
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S5

S. Kajita, M. Morisawa, K, Miura, S. Nakaoka, K. Harada,
K. Kaneko, F. Kanehiro and K. Yokoi, “Biped Walking Stabi-
lization Based on Linear Inverted Pendulum Tracking,” Proc.
IEEE/RSJ International Conference on Intelligent Robots
and Systems, pp.4489-4496, 2010.

H. Dau, C. Chew and A. Poo, “Proposal of Augmented Linear
Inverted Pendulum Model for Bipedal Gait Planning,” Proc.
IEEE/RSJ International Conference on Intelligent Robots
and Systems, pp.172-177, 2010.

S. Kajita and K. Tani, “Study of Dynamic Locomotion on
Rigged Terrain-Derivation and Application of the Linear In-
verted Pendulum Mode,” Proc. IEEE International Confer-
ence on Robotics and Automation, pp.1405-1411, 1991.

P.B. Wieber, “Trajectory free linear model predictive control
for stable walking in the presence of strong perturbations,”
Proc. International Conference on Humanoid Robotics, 2006.

A. Herdt, N. Perrin and P.B. Wieber, “Walking without think-
ing about it,” Proc. IEEE/RSJ International Conference on
Intelligent Robots and Systems, pp.190-195, 2010.

T.Aoyama, Y.Hasegawa, K. Sekiyama and T.Fukuda, “Stabi-
lizing and Direction Control of Efficient 3-D Biped Walking
Based on PDAC”, 2009 IEEE/ASME transactions on mecha-
tronics., pp.712-718, 2009.

T. Sugihara and Y. Nakamura, “Whole-body Cooperative
COG Control through ZMP Manipulation for Humanoid
Robots”, Proceedings of the 2nd International Symposium on
Adaptive Motion of Animals and Machines, SaP-111-4, 2003.

Christine Chevallereau, J. W. Grizzle, Ching-Long Shih,
“Asymptotically Stable Walking of a Five-Link Underactuated
3-D Bipedal Robot”, Proceedings of IEEE/RSJ International
Conference on Intelligent Robots and Systems, pp.6228—6233,
2010.

J. Nishiguchi, M. Minami, A. Yanou, “Iterative calcula-
tion method for constraint motion by extended Newton-Euler
method and application for forward dynamics”, Transactions
of the JSME (in Japanese), Vol.80, No.815, 2014.

No. 18-2 Proceedings of the 2018 JSME Conference on Robotics and Mechatronics, Kitakyushu, Japan, June 2-5, 2018
2A2-109(4)



