Swarm Enhancement of Autonomous Navigation When
Operating Near Rubble Pile Asteroids

Leonard Vance, Jekan Thangavelautham, SpaceTREx laboratory, University of Arizona. ldvance@u.Arizona.edu snaceTnEx

Test Case: Three spacecraft orbiting Bennu Individual Filter Performance

Motivation
] ] ] ] Spacecraft 1 tracks spacecraft 2 |ndIVIdl.,|6.1| 12 state flltgrs d.emonstrate convergence
!\lawgatl.o.n around small mterpl.aneta ry bodies | Sphcecraft 2 tracketpTeatE for position and veIoutY with both own-ship and
is a significant challenge, especially when the | Spacecraft 3 tracks spacecraft 1 tracked objects respectively
gravity environment is at the microgravity level | | P— Own-ship Tracked Object
consistent with rubble pile asteroids such as | , . a
Bennu or Ryugu. This project explores an | | £
()
autonavigation technique for nanospacecraft S
] . . ] . U
swarms, using mutually reinforcing line of sight 2
measurements to derive ongoing position and
velocity estimates. 09 N
Research Objectives f | f 0 3
©
1) Establish navigation in a microgravity ¥
environment using passive measurements e 0.2
of line of sight between two objects 12 Sl
0 ool m
0.4 =
(1)
. . . 0.1 — - Bennu 5
2) Enhance navigation performance with a Spacecralt :
swarm by sharing estimates and covariances 0.2 = ——— Spacecraft 2 0.6 2
between swarming spacecraft \;\,\[ Spacecraft 3
-0.2 0 0 2\(\?\ Since there are two estimates for each spacecraft, ie,
' 0.4 0.6 spacecraft 1 provides and estimate for itself and
spacecraft 2 etc., these estimates can be combined to

BaSiC AUtonaVigation Concept improve performance

Estimates are established implementing a point mass gravitational model into a 12 state
It is well established that orbital position and Extended Kalman Filter with states comprising components of position and velocity for

velocity can be inferred with sequential line of sight ownship and tracked object respectively
measurements from a known location using

Extended Kalman Filter (EKF) techniques... COmbInlng Swarm EStlmates References

Own-Ship Velocity Errors Tracked Vehicle Velocity Errors Mendel, J.M. Lessons in Digital Estimation
Own-Ship RSS Velocity Errors Tracked Spacecraft RSS Velocity Errors Theory’ Prentice-HaIl Pf'ess, 1987
Method 1: Position and Velocity Method 2: Position and Velocity Independent estimates J.R. Yim, J. L. Crassidis and J. L Junkins.
inferred from line of sight inferred from line of sight with known Autonomous Orbit Navigation Of Two
measurements from satellite . Spacecraft System Using Relative Line Of Sight
mea?surer-nents from gr(')l{nd . - covariances can be Vector Measurements, Advances in the
station with known position . with known position and ; ; Astronautical Sciences, 2005, Vol.119
& velocity & 1 combined using a , 2005, Vol.
¢ L 2 subset Of the EKF S. Bhaskaran, J.E.'Rledcl, S P.'Synnott,
" Unknown . Unknown ) _ Autonomous Optical Navigation for
- T equations for updating Interplanetary Missions. SPIE Proceedings
= estimates 1996.
Known g ] g ] K. Hill and George H. Born. Autonomous
Known RV e o 08 1 15 2 25 3 35 . Interplanetary Orbit Determination using
L) Time (hr) Satellite to Satellite Tracking. Journal of
Guidance, Control, and Dynamics Vol. 30, No.
Given 2 state estimates and 2 3, May-lune 2007
covariance matrices, calculate best B.Po_IIe,'B.Frapard, X.Sembely. Autonomous
. . ) Navigation Concepts for Interplanetary
combined estimate & covariances Missions, IFAC Proceedings Volume 37, Issue
6, June 2004
H | . Combined RSS Velocity Errors Xe =X1+ K (1“) — X1 ) i l: Karimi ar;\ld D I\/Itprtal;i.'lntti/r'p!gll’le;?ry t
) ) ...However analvsis ] . , . ] . , utonomous Navigation Using Visible Planets.
Method 3: (And su bject of this Resea rch) | h ’ that y 102 Spacecraft 1| | where: Journal of Guidance, Control, and Dynamics.
Position and Velocity of both satellites inferred d150 SNOWS 5 d | i S| X = combined sate estimate Vol. 38, Issue 6, 2015
i1t 1 ] X1 = state estiumate i ili
. . . p05|t|on anda ve 0C|ty X1 =S : : B. Polle, B. Frapard, J. Gil-Fernandez, E. Milic,
from line of Slght hIStOI’Y . K = gain matrix M Graziano, J. Rebordao, P. Motrena.
fOf both own-shi P X> = state estimate 2 Autonomous Navigation for Interplanetary
. Missions, Performance Achievements Based
Own-ships Trac.ked and traf:ked VEhICle o P. = I K P on Real and Flight Images. Proceedings of the
Vehicle Vehicle can be inferred from = c=U—-K)I 6th international ESA Conference on Guidance,
Line of Sight ol . . . s Navigation and Control Systems 17-20
ﬂ_ﬁ _________________ Measurement Iﬁ; . C Slngle line Of Slght LE where: October 2005
: i P. e g histo ry P = Comb.ined Covar%ance matrix J. E. Riedel, S. Bhaskaran, S. Desai, D. Han, B.
Position and 05|t|'on an P, = Covariance matrix | Kennedy, T. McElrath, G. W. Null, M. Ryne, S. P.
velocity unknown velocity also I = Identity matrix Synnott, T. C. Wang, R. A. Werner. Using
unknown Note that thiS basic Autonomous Navigation for Interplanetary
. . ) N —1 Missions: The Validation of Deep Space |
technique does not K = P{(P1+P>) Autonav. International Conference on Low-
requ I re coope ration | . | ! , | Cost Planetary Missions May 2, 2000
9 P . 0 0.5 1 1.8 2 2.5 3 3.5 4 where: _ 5 S. Shemar et al. Towards practical
from tracked vehicle Time (hr) P = Covariance matrix 2 autonomous deep-space navigation using X-

Ray pulsar timing. Experimental Astronomy

Combined estimates demonstrate nearly an order of magnitude vol. 42, No. 2, October 2016

improvement in performance over individual filter estimates




