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Stable swim
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Flying and swimming:

use passive stability
as much as possible




Nothing new...

Biology: always search for natural
(passive) stability

Insects that run
Riding a bike

Juggling
Walking




Insects that run
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Riding a bike













Lean-to-steer coupling







1D juggling
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Open Loop Stable Control Strategies for Robot Juggling

Stefan Schaal and Christopher G. Atkeson

The Artificial Intelligence Laboratory and the Brain and Cognitive Sciences Department,
Massachusetts Institute of Technology, NE43-T71, 545 Technology Square, Cambridge, MA 02139

Absiract: In a series of case siudies out of the jfield of dvanamic
manipulation (Mason, 1992), different principles for open loop
stable control are iniroduced and analvzed. This investigation
may provide some insight into how apen loop control can serve as
a usefil foundation for closed loap control and, particularly, what
o focus on in learning conirol.

| Introduction

This paper explores open loop stable control strategies for a
variety of juggling tasks. By control strategy we mean the
way a movement system structures itself to approach a task.
An open loop stable control strategy does not use active re-
action to respond to perturbations. It uses the geometry of
the mechanical device, the kinematics and dynamics of mo-
tion, and the properties of materials to stabilize the task ex-
ecution. It is distinguished from closed loop control strate-
gies by the absence of sensory input to the computing of ac-
tuator commands for error compensation. Some open loop
controlled devices use no actuators at all (McGeer, 1990).
As has been shown by McGeer’s (1990) passive dy-
namic walking machines, dynamic systems are likely to of-
fer regions in state and control space which are inherently
more advantageous to the execution of a task then others.
Analogously, such favorable, although not open loop, con-
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2 Case Studies of Stable Open Loop Control

2.1 Paddle Juggling

In paddle juggling, a ball (or multiple balls) is kept in the
air by hitting the ball vertically with a horizontal paddle (a
behavior often exhibited by tennis plavers waiting for a
court). Under visual guidance, this is a closed loop task
which has been examined by (Aboaf 1988, Biihler 1990,
Rizzi 1992a&b, Ballard 1989, and Toshiba 1989). Without
information about the ball state, only open loop control is
possible. This task received considerable attention in recent
vears, for the vibrating paddle version (high paddle oscilla-
tion frequency with small amplitude) can be shown to ex-
hibit period bifurcations, strange attractors, and chaos-like
motion (Lichtenberg & Lieberman, 1982; Guckenheimer &
Holmes, 1983; Moon, 1987; Tufillaro et al., 1992}, In the
following, open loop stable control strategies for paddle
Juggling will be ex plored. The emphasis lies on achieving a
constant bouncing height and period; control of the horizon-
tal dimensions will be ne glected for the moment. The pad-
dle mass is assumed to be much larger than the ball mass.
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Inter-leg angle ¢ [rad]
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Step time deviations AT = Tk - T [s]
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2D biped Meta taking a
3cm stepdown

Daan Hobbelen
Jan van Frankenhuyzen
2007

Delft Biorobotics Laboratory

%
TUDelft




3D biped Flame
walking in the hallway
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Biology: find the easy way

Find natural (passive) stability
Steady state

flying

swimming
Cyclic motion

running

biking

[[Ve[e]ilale

walking







W,

CONCORD |FIELD STATION
HARVARD UNTYERSITY

Monica A. Daley

n

]

—
=
—
>
o
[
Q
| =
L
=
o
&}
£
@
[o)]
|
o
=
&)

n




