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Bipedal walking has long been a goal in the field of mobile robotics. While prototype robots have been built that use two-

legged locomotion, they have yet to be put into practical use. This lack of widespread implementation is due in no small

part to inherent energy inefficiency of the specific walking gait being used. Development of a more efficient gait is essential « Robot is balanced at all times

to bipedal robots in most real-world applications. over the center of pressure of the
foot

Another approach for determining an appropriate gait trajectory is to mimic the effect of gravity to help achieve a more
efficient stride. Humans typically walk with their centers of gravity ahead of their planted foot, allowing gravity to contribute
to their forward motion. A simple method of modeling this phenomenon is to place an unpowered biped on a slight incline. o
When such a model is evaluated, it has been found that an un-powered bipedal walker can take steps perpetually down the * Very energy inefficient
incline. This resulting “passive” walker has given rise to the field of passive dynamic walking. Passive-Dynamic Based
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* Robot is generally “falling
forward”, using gravity to its
advantage

The focus of this research is to identify sets of parameters which satisfy the conditions for limit-cycle walking. Furthermore,
computation of Floquet multipliers for such limit-cycle conditions allows for stability analysis of proposed gait trajectories.
This method of evaluating the bipedal system dynamics can assess sensitivity to initial conditions for any set of .
parameters. The results of this numerical analysis can be used as a theoretical foundation for developing fully-actuated * Very energy efficient

gait trajectories and produce more efficient walking in bipedal robots. - Difficult to keep stable and robust
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Uneven Terrain Model

Poincare Sections and Floquet Multipliers

Stabil ity Analysis Method Bi ped Simulation Model The goal of this analysis is to determine whether the Once limit cycle conditions are identified, a small
current conditions result in both a periodic and stable disturbance, Ax, is applied to the initial conditions. By
Parameter Study: State Variables Parameters gait. A Poincare section, P(-), is_define_d to be the running_ the simula_tion with these perturbe_d cpnditions,
: instance when the back foot collides with the ground. a linearized Jacobian of the transfer function is
Set model parameters g States which map onto themselves via the stride-to- calculated. The eigenvalues of the Jacobian, Floquet

_ _ | stride transfer function are periodic and are considered multipliers, determine the stability of the limit cycle. All
Using a numerical solver, 5 to be in limit cycle conditions. eigenvalues must lie within the unit circle in order to be
identify initial conditions which considered stable.
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15 The next stage of research involves terrain modeling. For a
bipedal robot to be effective in most real-world applications, the
walker should be able to maintain its gait when varying the
# 12 50 geometry of the ground beneath it. Shown above are
— | . 0 2504 suggested models for assessing the effects of terrain on a
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