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Abstract

State estimation strategies for dynamic robots are typically based on inertial sensing
and leg kinematics, and are affected by continuous drift. Laser measurements can be used
to compensate for this drift via 3D scene registration.

In this work, we present a system for robust localization of floating-base robots. The
approach fuses inertial, kinematic, stereo vision and laser signal sources to achieve robust
and accurate continuous estimation of the robots base link states (pose and velocity),
in the presence of challenges such as limited field of view, uneven terrains and crowds of
people in the environment, as well as disturbances such as slips and missteps. Our solution
builds upon a modular inertial-driven Extended Kalman Filter based state estimator, with
additional inputs from stereo visual odometry and laser registration. We show that the
simultaneous use of both stereo vision and laser helps combat operational issues which
occur in real applications.

The first contribution is a laser-based localization system capable of overlap-based auto-
tuning [2]. As part of the registration module, the outlier rejection filter is automatically
tuned at run-time to allow alignment to a fixed reference cloud, in conditions of non-
uniform overlap. The reference cloud is updated rarely, when the overlap drops to neg-
ligible percentages. The non-incremental registration strategy allows the system to avoid
accumulated errors and satisfy exacting accuracy and robustness requirements.

Secondly, to the best of our knowledge, this work is the first to discuss the complexity
of consistent estimation of pose and velocity states, as well as the fusion of multiple exte-
roceptive signal sources at largely different frequencies and latencies, in a manner which is
acceptable for a quadrupeds feedback controller [1].

Extensive experimental evaluations have been carried out in closed loop control on the
NASA Valkyrie humanoid robot and the IIT quadruped HyQ, during exploration of a va-
riety of semi-structured environments. Further experiments have been run on the Boston
Dynamics humanoid Atlas, using a dataset collected during the DARPA Robotics Chal-
lenge Finals. The system demonstrated continuously accurate localization and drift per
distance travelled below 1 cm/m on highly dynamic gaits and speed up to 0.5 m/s.

The NASA humanoid robot Valkyrie, operating in a laboratory (top left). The Boston Dynamics hu-
manoid Atlas during the DARPA Robotics Challenge finals (bottom left, photo credits: MIT team). The
IIT quadruped HyQ operating on a challenging terrain (right).
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