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Near-earth objects such as asteroids have a great scientific importance for space
exploration. In this respect, locomotion over such low-gravity bodies becomes essential
for in-situ scientific measurements. However, this microgravity environment and rough

terrain conditions on these objects impose new challenges on mdbﬂity for rovers to

overcome.

Multi-limbed robot locomction seems to work better in such environments. Such a robot
would need to remain attached to the asteroid while moving over the surface. This
condition requires knowledge of the forces interacting under the surface while the robot
walks in grasping modes to calculate the position and force in its walking gates. Proper

study of these forces will play an important role in developing new control algorithms.
This dissertation presents the analysis of the effects of multi-limbed robot locomotion
that considers the reaction and friction forces at end tips in contact with the surface,

and is able to land and move in a simulated microgravity asteroid surface environment.

The work is divided into six parts. ¥chapfintro} is introductory and outlines the nature
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of small solar system bodies. Also, a short literature survey that makes an overview of
previous missions, dynamic modeling, gait planning and control strategies up to now is

introduced.

Chapter 2 develops the dynamic equations governing the motion of general
multi-limbed robotic systems. The formulation presented is used as a framework for

the remaining chapters of this thesis.

Chapter 3 makes an analysis of the interrelation between the friction forces and the
contact stability. This anaiysis plays a fundamental step towards the developmént of
limb motions that result in maintaining the stationary state of thé robot's base in the
presence of internal/external wrenches. This way the‘ robot can walk in a stable fashion
remaining attached to the surface while resisting the dynamic reaction from the

moving limbs.

The proposed control methods in this dissertation would be useful to improve the
operational performance and efficiency for robots capable of landing smoothly and

moving on an asteroid.

Chapter 4 introduces a novel standardized way to communicate among platforms,
leading t§ the feusability of resources based on a dialect qf XML. The hardware test
bed i;lcluding the physicél structure, on-board controller, actuators and sensors are
described. Also, the develépment ofa micrqgravity emulator is presented in the larger
context of being a test field where future asteroid exploration. rovers can be tested on
Earth, but still behaves as if it was in a low-grgvity environment. Simple e‘xperiments
are performed to sho§v how proper selections of parameter values lead to a ménipulator

behavior desirable for emulating microgravity.
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The proposed control methods are validated using hardware-in-the-loop simulations in
Chaptei' 5. Experiments .are performed under microgravity conditions, with a
multi-limbed robot attached to the manipulator end tip. Experimental results show the
difficulties in approaching another object in microgravity as it is rejected after
touchdown. With pioper grasping at the time of impact, it can be demonstrated that a
multi-limbed robot is able to grasp the surface and hold on to it. In ’short, experiments
show expected results and the robot mc;ves and behaves as if it was in the emulated
environment. It is demqnstrated that proper knowledge of the force cone interaction
with the surface will play a significant role in the future to develop proper control
procedures that can allow the next generation rovers not even to land successﬁﬂy, but
to ‘gain proper mobility in the microgravity environment. The arrangement of such
forces will not only provide succéssful touchdown under the low gravity environment,
which can pr‘ex.fe,nt the failure of an exploration mission, but will also allow proper
mobility on the surface of the asteroid to gain the capacity necessary for its scientific

in-situ studies.

The microgravity emulator can be used for future robot experiments, and in particular

used for identifying desirable walking patterns for legged robots.

The final chapter consists of conclusions and directions for future work.
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