Accepted Manuscript

ADVANCES IN
% SPACE

REseArcH

An innovative navigation scheme for Mars entry using dynamic pressure meas-

urement

Jianfeng Deng, Ai Gao, Hua Zong, Pingyuan Cui

PIL: S0273-1177(17)30628-2

DOI: http://dx.doi.org/10.1016/j.asr.2017.08.033
Reference: JASR 13389

To appear in: Advances in Space Research

Received Date: 23 November 2016

Revised Date: 6 July 2017

Accepted Date: 29 August 2017

Please cite this article as: Deng, J., Gao, A., Zong, H., Cui, P., An innovative navigation scheme for Mars entry
using dynamic pressure measurement, Advances in Space Research (2017), doi: http://dx.doi.org/10.1016/j.asr.
2017.08.033

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.


http://dx.doi.org/10.1016/j.asr.2017.08.033
http://dx.doi.org/http://dx.doi.org/10.1016/j.asr.2017.08.033
http://dx.doi.org/http://dx.doi.org/10.1016/j.asr.2017.08.033

An innovative navigation scheme for Mars entry using
dynamic pressure measurement

Jianfeng Deng *® ¢, Ai Gao* > ¢, Hua Zong°, Pingyuan Cui * "¢
School of Aerospace Engineering, Beijing Institute of Technology, Beijing, 100081, China.
®Key Laboratory of Dynamics and Control of Flight Vehicle, Ministry of Education, Beijing;
100081, China.
¢ Key Laboratory of Autonomous Navigation and Control for Deep Space Exploration, Ministry of
Industry and Information Technology, Beijing, 100081, China.
? National Key Laboratory of Science and Technology on Aerospace Intelligent Control, Beijing,
100854, China.

Abstract

Complete observability of dynamic system is a major concern of navigation in Mars
precision landing exploration missions. It is demanstrated that, however, the current
measurements used for navigation during Mars entry cannot guarantee the complete
observability of the dynamic system. This paper proposes an integrated navigation
scheme for Mars entry phase using the dynamic pressure and accelerations from inertial
measurement unit (IMU). The dynamic pressure derived from the Mars Entry
Atmospheric Data System (MEADS), and the triaxle accelerations from IMU are
integrated in a filter as navigation measurements to increase the dynamic system
observability and perform state estimation on-board. Afterward, the perturbation of the
dynamic caused by parameter uncertainties is built. In order to address the impact of
perturbation on state estimation, an adaptive estimator based on modified
mixture-of-expert framework is given. Numerical simulation results demonstrate that
the proposed integrated navigation scheme can ensure the complete observability of the
dynamic system, and the state estimation are converged with entry time after the
dynamic pressure has built up.
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1. Introduction

Future Mars landing exploration missions will require the entry vehicle with the
capability of landing at certain sites for specific interests to gather samples of high
scientific quality. One of the significant engineering challenges for delivering the entry
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