Adaptive Frequency Oscillators Applied to Dynamic Walking
I1. Adapting to Resonant Body Dynamics
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INTRODUCTION frequency (e.g. by change of weight).

One of the important problems of robots with body dynarWe show how to devise an adaptive controller for legged
ics is the fact that control methodologies are largely mig@bots with springs in their legs. We show results of the con-
ing. While it is clear that body dynamics offers advantagésller performance in simulations (cf. [3]) and the experi
such as energy efficient operation, simple control, and setfental robot PUPPY II (cf. [1]). Especially we will show
stabilization, we do not know how to systematically corrow the controller successfully finds the resonant frequenc
struct controllers that make use of those properties. Hithitiates locomotion, and how it re-adapts to changed body
erto, finding the body modalities relies heavily on heucisti weight. We have shown that the convergence behavior of
The body dynamics is very dependent of the physical prop&FOs with a feedback loop can successfully be treated and
ties of the robot and the environment. Since these progerti@derstood with a linear plant[1], which constitutes a frsd
might vary over time, we need adaptive controllers that cinportant step towardsmethodology for designing adaptive

find and track the body properties that are important for dgentrollers for robots with body dynamics.

namic locomotion. In this contribution we show how adaptivks presented in another contribution to this workshop [5],
frequency oscillators (AFOs) can be used to devise adaptive AFOs can be used to encode given dynamics into a CPG
controllers that find —and readapt to— the resonant frequeagd modify the encoded limit cycle by sensory feedback to
of a quadruped robot and therefore elicit interesting losonachieve stability for biped locomotion. AFOs make it thus
tion behavior. possible to merge these two approaches for even more power-
ADAPTIVE FREQUENCY OSCILLATORS ful development techniques for controllers for legged tebo

Adaptive frequency oscillators are oscillators which axe eW'th passive dypamlcs. . . .
he controller is extremely simple, no complicated signal

tended with an evolution law for the intrinsic frequency (o rocessing techniques and no algorithmic processing are
nother parameter which influences the intrinsic frequenc : .
another paramete ¢ qup );r::eeded. Learning and control are embedded in the same dy-

w~ xF(t) namical system. No offline learning, no discrete learning tr
wherez is a state variable of the oscillator aft{¢) the input als are needed, and no exploration and exploitation phases
signal to the oscillator (for details see [4]). This adaptat needs to be distinguished. The formulation of controllars i
law allows the oscillator to adapt its own frequency to one tie language of dynamical systems offers several advasitage
the frequencies present in the signal. This adaptationtis rebustness of the solutions (due to structural stabilityg
mere synchronization, the initial frequency of the ostiita ease of fuse in sensor input, the possibility of fusing culler
can be very far away from the frequency in the input signalhierarchies, smooth transitions under parameter vansitio
The adaptive frequency Hopf oscillator has been introduceaime a few.
in [2] as an adaptive controller for a crawling robotic tOYRerereNCES

system with body dynamics. In a subsequent contribution e 5 g,chji, F. lida, and A.J. ljspeert. Finding resonance
adaptive fre_quency concept has begn generalized for a wi eAdaptive frequency oscillators for dynamic legged loco-
class of oscillators and for the adaptive frequency Hopil-osc motion. 2006. submitted.

lator it has been proved that such an oscillator adapts to J. Buchli and A.J. ljspeert. A simple, adaptive locomo-
of the components of the frequency spectrum of the input [4]. 44, toy-system. IrProceedings SAB' 04, pages 153—162.
APPLICATION TO DYNAMIC WALKING: FINDING RESO- MIT Press, 2004.

NANCE IN A QUADRUPED ROBOT [3] J. Buchli, L. Righetti, and A.J. ljspeert. A dynamicaksy
Certainly one of the most pronounced characteristics that a tems approach to learning: a frequency-adaptive hopper
body can have in terms of passive dynamics are resonant orrobot. InProceedings ECAL 2005, Lecture Notes in Arti-
natural frequencies. Exciting such a body at the resonant ficial Intelligence, pages 210-220. Springer Verlag, 2005.
frequency means that even with small inputs we can initigtg§ L. Righetti, J. Buchli, and A.J. ljspeert. Dynamic heabi
movements of the body. Resonant frequencies are thus thelearning in adaptive frequency oscillatoRhysica D. In
primary candidate solutions for efficient locomotion explo press.

ing body dynamics. [5] L. Righetti, J. Buchli, and A.J. ljspeert. Adaptive fre-
Adaptive frequency oscillators can be used in feedback loop quency oscillators applied to dynamic walking 1. pro-
with a plant (i.e. the robot) to find resonant frequencie®ieft  grammable central pattern generatorsPinceedings of
plant [2]. Due to the dynamic formulation of the adaptation Dynamic Walking 2006 (this volume), 2006.

law the controller continously tracks changes in the resbna
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