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Stability Principles Underlying Dynamic Gaits of Passive and

Active Rimless Wheels and Its Application to
Deadbeat Gait Generation

Fumihiko Asano*

It was clarified that underactuated dynamic bipedal walkers with free ankles can generate fast-convergent level

gaits by achieving constraint on impact posture. This paper then identifies the condition for achieving deadbeat

gait generation through mathematical investigations of simple rimless spoked walkers and proposes a method for

generating fast-convergent gaits based on the obtained results. First, we simplify the transition functions for the

state error of the stance phase of a passive rimless wheel by eliminating the steady step period. Second, we consider

an active rimless wheel that generates ballistic gaits on level ground and show that the transition function of the

stance phase can be specified in the same manner as the passive case. Based on the theoretical results, we design a

control law for achieving deadbeat gait generation and investigate the validity through numerical simulations. The

physical meaning of the derived transition function is also discussed. Furthermore, we extend the method to an

underactuated rimless wheel with a torso by applying a discrete-time output deadbeat control. Through mathemat-

ical and numerical investigations, it is clarified that the driving effect that changes from acceleration to deceleration

tends to achieve deadbeat generate generation.

Key Words: Limit Cycle Walking, Stability, Rimless Wheel, Deadbeat Control, Gait Generation
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Fig.1 Rimless wheel model
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Fig.3 Time evolutions of total mechanical energy of nonlinear

model and E(x)
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Fig.4 Evolution of state error norm

5t —

A eeq Eeq - Pmax

Q - é_ . E;—; - Prnax <23>
eq

EHEEBEIND, ZHHFTOBEIIANVF—REAZLY

E;q = E,;q fJ“JﬂZ b _\JZ.OO)T, E@%iﬁ E;q - Pmax = E;q - Pmax
B LB, K (23) TR
+
Q= ?jq (24)
Ocq

LEMING. &b, Eej;meax WE RN L RT
vy )b - N 7 (Potential barrier : LN PB) %2284 572
ORI ANTF—FHERLTEY, BERSTEHSITHIE
HPEANLGERLTIEHEELRLZEEMNEELTBL. T2, K
(12) (24) &9, R7 I VEROEEHTEAN & 2wk
DEIAPHEOLND.
1\ 2
(eeq) : (25)

QR =RQ =

3.4 HfE>I2L—Ya>

T, XEHFTICBIF BIREERAZE ) VA LTI T A )L F—
DEBE, B Il —3a Y CHRELTEL.

Fig. 4 i3 Fig. 3 OBAEIC B 2 HZB2EAT - WHROIREESR®S )
NNl LAe’j DB 2R 7Ty N Lb DT
o AERLY, WM - THHONF BT, FLET
HESHIHD LTV LT L a0 5.

IR R 2 FF7- e T T VS AREPREICRT 58
BIZBWTIE, ZOMRAEETE )V AT HAIC B W TR L,
AN BV T T 2D R Sz (6] Zhusxt Liligeis
B & 0L EE) 2 WHREIE, ZOREFRBISEHPTRWE
EoThH, WTFROMIZBWTL —EDEIS TIRAER®SE /)L L4
AR T 5 2 & TREDCET % [9]. HAINAR 2 VA0
BALERFEO L) B TIX, BEILZRWISEWRETH S LA
BATAZENRNTELS.

4. HESTICRET SLERE

4.1 MEHE
RETIX 1 HHERE LTRZ 5B RW OBIER 2T 7L

May, 2013



5H) - fE#) Rimless Wheel DEJHIREIZNIET 5 L HEL L Z OF PSR A AR ADISH

Fig.5 Active combined rimless wheel model
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Fig.7 Evolution of state error norm in ballistic gait where
Tset = 0.15[s] and ug = 5.0[N]
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