
70th International Astronautical Congress 2019

22nd IAA SYMPOSIUM ON HUMAN EXPLORATION OF THE SOLAR SYSTEM (A5)
Human and Robotic Partnerships in Exploration - Joint session of the IAF Human Spaceflight and IAF

Exploration Symposia (3-B3.6)

Author: Mr. Joshua Moser
Virginia Polytechnic Institute and State University, United States, joshnm7@vt.edu

Dr. John Cooper
National Aeronautics and Space Administration (NASA), Langley Research Center, United States,

john.r.cooper@nasa.gov
Mr. James Neilan

National Aeronautics and Space Administration (NASA), Langley Research Center, United States,
james.h.neilan@nasa.gov

Mr. William Chapin
Virginia Polytechnic Institute and State University, United States, wchapin@vt.edu

Ms. Samantha Glassner
Northeastern University, United States, glassner.s@husky.neu.edu

Dr. Erik Komendera
Virginia Polytechnic Institute and State University, United States, komendera@vt.edu

A REINFORCEMENT LEARNING APPROACH FOR THE AUTONOMOUS ASSEMBLY OF
IN-SPACE HABITATS AND INFRASTRUCTURES IN UNCERTAIN ENVIRONMENTS

Abstract

As the frontier in space science and exploration advances, the construction and repair of structures
and equipment on astronomical bodies is becoming imperative. Autonomy will be necessary to facilitate
the accurate assembly and maintenance of structures in orbit and on the surfaces of the Moon and Mars;
however, robust autonomy requires advances in path planning and decision making in uncertain dynamic
environments without reliable teleoperation assistance. Autonomous assembly and maintenance is thus a
Partially Observable Markov Decision Process (POMDP) problem. In this paper, a novel reinforcement
learning solution will be discussed and evaluated as a solution to the POMDP with an emphasis on framing
the states in such a way that the model can be reduced in dimension and solved without losing the required
fidelity. The proposed state space will be evaluated with reinforcement learning through simulations of an
applicable autonomous assembly task with stochastic elements. Future work will incorporate hardware-
in-the-loop tests and further evaluate the state space while increasing the complexity of the assembly
tasks.
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