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1 Motivation

Motion planing is crucial for humanoid robots to walk out-
side labs and be useful in daily life. But it is computation-
ally intractable to generate a full body motion plan in real
time due to high dimensionality. However this kind of plan-
ning is usually unnecessary for simple locomotion tasks (i.e.
walking without much perturbation). Such tasks are ideal
for carefully designed primitives because of their simplicity
and efficiency. On the other hand, trajectory based optimal
controllers are much more expensive to generate, but capa-
ble of more difficult tasks. We are proposing to combine
the advantages of both in a way to best utilize limited online
computation and still be able to traverse relatively rough ter-
rain dynamically.

2 Related work

In the graphics community, Yin et al. [6] demonstrated sim-
ple state machine based controllers that are cable of a va-
riety of simple locomotion behaviors. Parameters for these
controllers are also optimized in [5] to handle external per-
turbation and various terrain. These simple controllers are
shown to be robust against external perturbation to some ex-
tent. Coros et al. presented a planning framework for the
stepping stone problem in a reduced state and action space
[2]. In [1], an online optimized preview plan is generated
for a reduced model, which is then mapped back to the full
robot state. Although this approach demonstrated promising
capabilities, it still does not run in real time.

3 Proposed approach

Our approach gives step to step plans using a library of prim-
itives. This requires a mapping between robot states on con-
secutive steps given an action and certain terrain. For each
primitive a;, we will learn the approximate step to step dy-
namics under various initial conditions across different ter-
rains using Gaussian Process Regression similar to [4]. GPR
naturally provide us with an estimation of the next state to-
gether with its uncertainty. Since we will train GPR with
successful (s,a,s’) tuples, it also serves as an approximation
for the basin of attraction given certain primitive and terrain.
During execution, we will continuously add new training ex-
amples to adapt the learned mapping to the current terrain.

A preview planer is used on top of these learned dynamics to

select a sequence of optimal primitives to maximize stability
and minimize state uncertainty. If the primitives are insuf-
ficient for the task (e.g. a large step down), we will then
switch to a trajectory based approach. Similar to [3], we
will formulate initial trajectory generation as a constrained
optimization problem, and apply off-the-shelf optimizers to
solve it. We then use Differential Dynamic Programming
to locally optimize along the initial trajectory and compute
local linear polices.

4 Open questions

We are heavily relying on the robustness of the underlying
primitives and computed policies for execution and transi-
tion between actions. Since a trajectory based policy can
be quite sensitive to changes in initial condition, we may
need to use a small set of trajectories for successful transi-
tion from the previous action. The proposed approach en-
capsulates model uncertainty, external perturbation and ac-
tuation uncertainty all in the learned step to step dynamics.
Learning this mapping can be very hard, or the estimation
step can be too slow for the preview controller.
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