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r IDR . ¡ ö

The “Impulse Disturbance Rejection" radius r IDR of a system
with generalized momenta p is de�ned as

(x � ; y� ) = arg min kpx � pyk2 ; x 2 QNR ; y 2 QLC

� pIDR = x � � y�

r IDR = min k� pIDR k2 ;

where Q is the con�guration space of the system, QLC � Q
are states passed through during a circuit of the limit cycle,
and QNR � Q are states which result in the system not
returning to the limit cycle. The notation (:::)x means
evaluated at a point x.
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rEDR . ¡ ö

The “Energy Disturbance Radius” rEDR is de�ned as the
change of kinetic energy resulting from an impulse
disturbance:

(x � ; y� ) = arg min( px � py)T M � 1(px � py); x 2 QNR ; y 2 QLC

� pEDR = x � � y�

rEDR = min � pT
EDR M � 1� pEDR ;

Here M is the inertial matrix (tensor) of the Lagrangian
system. Since M is a metric tensor of a Riemannian space
and p is a linear space, rEDR is a coordinate invariant
quantity. We could also have written rEDR = � _qM� _q if we
wished to express rEDR in terms of generalized velocities.
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Effect of Varying Lower Leg Length

Greatly affects robustness. This is the only graph where r IDR

and rEDR do not agree.
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Effect of Mh

Little effect on robustness.
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Effect of khip

Great effect on robustness, peaking behavior interesting.
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Effect of kankle

Slightly unphysical, but improves robustness
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Effect of Arc Feet

Increasing arc radius improves speed and robustness
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Effect of Torso

Adding a torso made robot less robust
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What about varying more than one parameter?

Let's pick some design parameters randomly and evolve a
biped
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Summary of rEDR Data
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VSSEA schematics
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VSSEA schematics
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