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SUMMARY

Dynamic walkers are capable of walking with low eyye
use and high robustness, however they have no
demonstrated great versatility. For instance nandate
have been able to quickly make a large velocityngea
We showed that a significant walking speed tramsitian

be made within one transition step. We applied dyna
walking methods to the transition step, in an afteto
make use of the advantages of low energy use amglesi
control. We also investigated optimization of energe
and robustness for such transitions. We realizeelacity
increase of 6 times the initial walking speed witlaine
step in the powered simplest walking model. The
transition step strategy could be applied to motereled
models or robots and to transitions between otbggdd
locomotion actions, and may lend insight into human
coordination strategies.

M ODEL AND APPROACH
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Figure 1, Phase space representation of one step throtigh x
(with speed v=0.2) followed by the transition stema one step
through %" (with speed v=0.4).

transition has to be robust against disturbancaghacan
occur before and during the transition step.

We describe the ability of a walker to avoid fadim spite

of the presence of a disturbance as its robustness.

We used an extended version of the powered simplestHowever, many simulation steps are needed to @ikul

walking model [1], a double pendulum model witharp
mass in the hip and massless feet. Energy is adtiethe
system by push-off impulse P directed to the higsrand
the massless swing leg is actuated by a combinafibip
stiffnress K and a torquet. Each fixed point has a
corresponding set of control inputs R, &dr.

We approached a walking speed transition as onarndign
walking step with different control input valuegarting
with the initial conditions of the first walking cle (fixed
point %) and ending with the initial conditions for the
second walking cycle (fixed point,X. The response to
disturbances was investigated by applying a stemado
disturbance and a Gait Sensitivity Norm [2].

TRANSITION STEP REALIZATION

We used the gradient search method to obtain thdeuke
control input values for P, iandz to realize a transition
between two fixed points, minimizing the Euclidean
distance between the end of the transition stepfixed
point x". In spite of the fact that the system consists of

whether the walker will fall or not. A fall is a reict
consequence of the fact that the transition stédmdt end
exactly at ¥. This means that robustness might be
improved by making the transition step end closext.
We will refer to the ability to end the transitistep in or
close to ¥ in spite of disturbances as “targeting”. The
targeting performance might be improved by applying
state feedback control, by adjusting the contrplis for
the transition in proportion to the deviation fromh

RESULTSAND DISCUSSION

We showed in simulation that it was possible tdizeaa
one-step transition ending with a gait with 6 tinkeger
dimensionless velocity than before the transitigh.
velocity-decreasing transition was possible as ,walit
with a maximal decrease of only 20% of the initial
velocity because energy could only be dissipatetndu
foot strike in this model.

Using state feedback control on the transition stéh
available control inputs P, Kandr, the robustness was

only two independent generalized coordinates on the improved. A step-down disturbance prior to the siton

Poincaré section, we used three control inputsringb
about the walking speed transitions. This impliest the
system is underconstrained, which leaves room for
optimization of energy use and robustness.

ROBUSTNESSAND TARGETING

Cyclic stability, which is important in dynamic vkahg,
does not hold for the transition step, because dgniy one
step that ends in a different state than it stargil, the

resulted in perturbed initial conditions at therista the
transition. Without state feedback control only teps
down of 0.1% of the leg length could be overcométhwW
state feedback control the system was able to baadl
step-down of 2% leg length.
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