Accepted Manuscript

Visual navigation using edge curve matching for pinpoint planetary landing

Pingyuan Cui, Xizhen Gao, Shengying Zhu, Wei Shao

Pl S0094-5765(17)31732-0
DOI: 10.1016/j.actaastro.2018.02.033
Reference: AA 6728

To appearin:  Acta Astronautica

Received Date: 23 November 2017
Revised Date: 11 January 2018
Accepted Date: 22 February 2018

Please cite this article as: P. Cui, X. Gao, S. Zhu, W. Shao, Visual navigation using edge curve matching
for pinpoint planetary landing, Acta Astronautica (2018), doi: 10.1016/j.actaastro.2018.02.033.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all

legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.actaastro.2018.02.033

Visual navigation using edge curve matching for pinpoint planetary

landing

Pingyuan CUi*®* Xizhen Gad"“? Shengying Zh&"°", Wei Sha8®

#School of Aerospace Engineering, Beijing Institotdechnology, Beijing 100081, China

®Key Laboratory of Autonomous Navigation and Contimi Deep Space Exploration, Ministry of
Industry and Information Technology, Beijing 1000&hina

°Key Laboratory of Dynamics and Control of Flighthiele, Ministry of Education, Beijing 100081,
China

dCollege of Automation & Electronic Engineering, @ifao University of Science & Technology,
Qingdao 266061, China

! Professor, E-mail: cuipy@bit.edu.cn.

2ph.D. Candidate, E-mail: gaosnzhen@gmail.com.

" Corresponding author, Associated Professor, Mail 2 School of Aerospace Engineering, Beijing
institute of Technology, Beijing 100081, China, Bimzhushy@bit.edu.cn.

3 Associated Professor, E-mail: greatshao@126.com.

Abstract

Pinpoint landing is challenging for future Mars aasteroid exploration missions. Vision-based
navigation scheme based on feature detection amching is practical and can achieve the required
precision. However, existing algorithms are compiotelly prohibitive and utilize poor-performance
measurements, which pose great challenges for pipdication of visual navigation. This paper
proposes an innovative visual navigation schemegusiater edge curves during descent and landing
phase. In the algorithm, the edge curves of theergdracked from two sequential images are udlize
to determine the relative attitude and positiontted lander through a normalized method. Then,
considering error accumulation of relative navigatia method is developed. That is to integrate the
crater-based relative navigation method with crhtesed absolute navigation method that identifies
craters using a georeferenced database for comgnestimation of absolute states. In addition,
expressions of the relative state estimate biagleniged. Novel necessary and sufficient obseritgbil
criteria based on error analysis are provided tprawe the navigation performance, which hold true
for similar navigation systems. Simulation resulesnonstrate the effectiveness and high accuracy of
the proposed navigation method.
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1. Introduction

Future space exploration missions will require appint landing capability, both for sample
acquisition and return missions and landing onndifieally interesting sites precisely [1]. Howeyer
severe time delays which is caused by the longudigts between target and the earth poses technical
challenges. In addition, the lack of acknowledgen@drplanetary environments results in the limited
accuracy of navigation system for processing ridiggientific and engineering operations [2, 3]. To
address these problems, the lander is requiredelp on an accurate navigation system to
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