Author’s Accepted Manuscript

e

FLSiViER

Methodology for Finding and Evaluating Safe l\ié

Landing Sites on Small Bodies

Douglas J. Rodgers, Carolyn M. Ernst, Olivier S.
Barnouin, Scott L. Murchie, Nancy L. Chabot

PII: S0032-0633(16)30110-6
DOI: http://dx.doi.org/10.1016/j.pss.2016.10.010
Reference: PSS4231

To appear in:  Planetary and Space Science

Received date: 9 May 2016
Revised date: 7 October 2016
Accepted date: 10 October 2016

Cite this article as: Douglas J. Rodgers, Carolyn M. Ernst, Olivier S. Barnouir
Scott L. Murchie and Nancy L. Chabot, Methodology for Finding and Evaluatin,
Safe Landing Sites on Small Bodies, Planetary and Space Science
http://dx.doi.org/10.1016/5.pss.2016.10.010

This is a PDF file of an unedited manuscript that has been accepted fo
publication. As a service to our customers we are providing this early version o
the manuscript. The manuscript will undergo copyediting, typesetting, an
review of the resulting galley proof before it is published in its final citable forn
Please note that during the production process errors may be discovered whic
could affect the content, and all legal disclaimers that apply to the journal pertain


http://www.elsevier.com
http://dx.doi.org/10.1016/j.pss.2016.10.010
http://dx.doi.org/10.1016/j.pss.2016.10.010

Methodology for Finding and Evaluating Safe Landing Sites on Small Bodies

Douglas J. Rodgers*, Carolyn M. Ernst, Olivier S. Barnouin, Scott L. Murchie, Nancy L.
Chabot

The Johns Hopkins University Applied Physics Laboratory, Laurel, Maryland, USA
*corresponding author, email: douglas.rodgers@jhuapl.edu, phone: (443) 778-4228, fax:
(443) 778-0630

Keywords (4 to 6): landing sites; small bodies; surface characteristics; space missions

Abstract

Here we develop and demonstrate a three-step strategy for finding a safe landing ellipse
for a legged spacecraft on a small body such as an asteroid or planetary satellite. The first
step, acquisition of a high-resolution terrain model of a candidate landing region, is
simulated using existing statistics on block abundances measured at Phobos, Eros, and
Itokawa. The synthetic terrain model is generated by randomly placing hemispheric
shaped blocks with the empirically determined size-frequency distribution. The resulting
terrain is much rockier than typical lunar or martian landing sites. The second step,
locating a landing ellipse with minimal hazards, is demonstrated for an assumed approach
to landing that uses Autonomous Landing and Hazard Avoidance Technology. The final
step, determination of the probability distribution for orientation of the landed spacecraft,
is demonstrated for cases of differing regional slope. The strategy described here is both a
prototype for finding a landing site during a flight mission and provides tools for
evaluating the design of small-body landers. We show that for bodies with Eros-like
block distributions, there may be >99% probability of landing stably at a low tilt without

blocks impinging on spacecraft structures so as to pose a survival hazard.

1. Introduction
Landed missions represent a vital stage of spacecraft exploration of planetary bodies.

The access to surface materials provided by landing enables a wide variety of
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