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FOREWORD

This vol ume is the eigh teenth of a se quence of Space flight Me chanics vol umes which
are pub lished as a part of Ad vances in the Astronautical Sci ences. Sev eral other se quences
or subseries have been es tab lished in this se ries. Among them are: Astrodynamics (pub -
lished for the AAS ev ery sec ond year), Guid ance and Con trol (an nual), In ter na tional Space
Con fer ences of Pa cific-Basin So ci eties (ISCOPS, for merly PISSTA), and AAS An nual Con -
fer ence pro ceed ings. Pro ceed ings vol umes for ear lier con fer ences are still avail able ei ther in
hard copy or in mi cro fiche form. The ap pen dix at the end of Part III of the hard copy vol -
ume lists pro ceed ings avail able through the Amer i can Astronautical So ci ety.

Space flight Me chanics 2008, Vol ume 130, Ad vances in the Astronautical Sci ences,
con sists of two parts to tal ing about 2,200 pages, plus a CD ROM sup ple ment which con -
tains all the avail able pa pers in dig i tal for mat. Pa pers which were not avail able for pub li ca -
tion are listed on the di vider pages of each sec tion in the hard copy vol ume. A chro no log i cal 
in dex and an au thor in dex are ap pended to the sec ond part of the vol ume.

In our pro ceed ings vol umes the tech ni cal ac cu racy and ed i to rial qual ity are es sen tially
the re spon si bil ity of the au thors. The ses sion chairs and our ed i tors do not re view all pa pers
in de tail; how ever, for mat and lay out are im proved when nec es sary by our ed i tors.

We com mend the gen eral chairs, tech ni cal chairs, ses sion chairs and the other par tic i -
pants for their role in mak ing the con fer ence such a suc cess. We would also like to thank
those who as sisted in or ga ni za tional plan ning, reg is tra tion and nu mer ous other func tions re -
quired for a suc cess ful con fer ence.

The cur rent pro ceed ings are valu able to keep spe cial ists abreast of the state of the art;
how ever, even older vol umes con tain some ar ti cles that have be come clas sics and all vol -
umes have ar chi val value. This cur rent ma te rial should be a boon to aero space spe cial ists.

AAS/AIAA SPACE FLIGHT ME CHANICS VOL UMES

Space flight Me chanics 2008 ap pears as Vol ume 130, Ad vances in the Astronautical
Sci ences. This pub li ca tion pres ents the com plete pro ceed ings of the AAS/AIAA Space
Flight Me chanics Meet ing Con fer ence 2008.

Space flight Me chanics 2007, Vol ume 127, Ad vances in the Astronautical Sci ences, Eds.
M.R. Akella et al., 2230p., two parts, plus a CD ROM sup ple ment.

Space flight Me chanics 2006, Vol ume 124, Ad vances in the Astronautical Sci ences, Eds.
S.R. Vadali et al., 2282p., two parts, plus a CD ROM sup ple ment.

Space flight Me chanics 2005, Vol ume 120, Ad vances in the Astronautical Sci ences, Eds.
D.A. Vallado et al., 2152p., two parts, plus a CD ROM sup ple ment.

Space flight Me chanics 2004, Vol ume 119, Ad vances in the Astronautical Sci ences, Eds.
S.L. Coffey et al., 3318p., three parts, plus a CD ROM sup ple ment.
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Space flight Me chanics 2003, Vol ume 114, Ad vances in the Astronautical Sci ences, Eds.
D.J. Scheeres et al., 2294p, three parts, plus a CD ROM sup ple ment.

Space flight Me chanics 2002, Vol ume 112, Ad vances in the Astronautical Sci ences, Eds.
K.T. Alfriend et al., 1570p, two parts.

Space flight Me chanics 2001, Vol ume 108, Ad vances in the Astronautical Sci ences, Eds.
L.A. D’Amario et al., 2174p, two parts.

Space flight Me chanics 2000, Vol ume 105, Ad vances in the Astronautical Sci ences, Eds.
C.A. Kluever et al., 1704p, two parts.

Space flight Me chanics 1999, Vol ume 102, Ad vances in the Astronautical Sci ences, Eds.
R.H. Bishop et al., 1600p, two parts.

Space flight Me chanics 1998, Vol ume 99, Ad vances in the Astronautical Sci ences, Eds.
J.W. Middour et al., 1638p, two parts; Mi cro fiche Suppl., 2 pa pers (Vol. 78 AAS Mi cro fiche
Se ries).

Space flight Me chanics 1997, Vol ume 95, Ad vances in the Astronautical Sci ences, Eds.
K.C. Howell et al., 1178p, two parts.

Space flight Me chanics 1996, Vol ume 93, Ad vances in the Astronautical Sci ences, Eds.
G.E. Powell et al., 1776p, two parts; Mi cro fiche Suppl., 3 pa pers (Vol. 73 AAS Mi cro fiche
Se ries).

Space flight Me chanics 1995, Vol ume 89, Ad vances in the Astronautical Sci ences, Eds.
R.J. Proulx et al., 1774p, two parts; Mi cro fiche Suppl., 5 pa pers (Vol. 71 AAS Mi cro fiche
Se ries).

Space flight Me chanics 1994, Vol ume 87, Ad vances in the Astronautical Sci ences, Eds.
J.E. Cochran, Jr. et al., 1272p, two parts.

Space flight Me chanics 1993, Vol ume 82, Ad vances in the Astronautical Sci ences, Eds.
R.G. Mel ton et al., 1454p, two parts; Mi cro fiche Suppl., 2 pa pers (Vol. 68 AAS Mi cro fiche
Se ries).

Space flight Me chanics 1992, Vol ume 79, Ad vances in the Astronautical Sci ences, Eds.
R.E. Diehl et al., 1312p, two parts; Mi cro fiche Suppl., 11 pa pers (Vol. 65 AAS Mi cro fiche
Se ries).

Space flight Me chanics 1991, Vol ume 75, Ad vances in the Astronautical Sci ences, Eds.
J.K. Soldner et al., 1353p, two parts; Mi cro fiche Suppl., 15 pa pers (Vol. 62 AAS Mi cro fiche
Se ries).

AAS/AIAA ASTRODYNAMICS VOL UMES

Astrodynamics 2007, Vol ume 129, Ad vances in the Astronautical Sci ences, Eds. R.J.
Proulx et al., 2892p, three parts plus a CD ROM Sup ple ment.

Astrodynamics 2005, Vol ume 123, Ad vances in the Astronautical Sci ences, Eds. B.G.
Wil liams et al., 2878p, three parts plus a CD ROM Sup ple ment.

Astrodynamics 2003, Vol ume 116, Ad vances in the Astronautical Sci ences, Eds. J. de
Lafontaine et al., 2746p, three parts plus a CD ROM Sup ple ment.

Astrodynamics 2001, Vol ume 109, Ad vances in the Astronautical Sci ences, Eds. D.B.
Spencer et al., 2592p, three parts.

Astrodynamics 1999, Vol ume 103, Ad vances in the Astronautical Sci ences, Eds. K.C.
Howell et al., 2724p, three parts.

Astrodynamics 1997, Vol ume 97, Ad vances in the Astronautical Sci ences, Eds. F.R. Hoots
et al., 2190p, two parts.
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Astrodynamics 1995, Vol ume 90, Ad vances in the Astronautical Sci ences, Eds. K.T.
Alfriend et al., 2270p, two parts; Mi cro fiche Suppl., 6 pa pers (Vol. 72 AAS Mi cro fiche Se ries).

Astrodynamics 1993, Vol ume 85, Ad vances in the Astronautical Sci ences, Eds. A.K. Misra
et al., 2750p, three parts; Mi cro fiche Suppl., 9 pa pers (Vol. 70 AAS Mi cro fiche Se ries)

Astrodynamics 1991, Vol ume 76, Ad vances in the Astronautical Sci ences, Eds. B. Kaufman 
et al., 2590p, three parts; Mi cro fiche Suppl., 29 pa pers (Vol. 63 AAS Mi cro fiche Se ries)

Astrodynamics 1989, Vol ume 71, Ad vances in the Astronautical Sci ences, Eds. C.L.
Thorn ton et al., 1462p, two parts; Mi cro fiche Suppl., 25 pa pers (Vol. 59 AAS Mi cro fiche
Se ries)

Astrodynamics 1987, Vol ume 65, Ad vances in the Astronautical Sci ences, Eds. J.K.
Soldner et al., 1774p, two parts; Mi cro fiche Suppl., 48 pa pers (Vol. 55 AAS Mi cro fiche
Se ries)

Astrodynamics 1985, Vol ume 58, Ad vances in the Astronautical Sci ences, Eds. B. Kaufman 
et al., 1556p, two parts; Mi cro fiche Suppl. 55 pa pers (Vol. 51 AAS Mi cro fiche Se ries)

Astrodynamics 1983, Vol ume 54, Ad vances in the Astronautical Sci ences, Eds. G.T. Tseng
et al., 1370p, two parts; Mi cro fiche Suppl., 41 pa pers (Vol. 45 AAS Mi cro fiche Se ries)

Astrodynamics 1981, Vol ume 46, Ad vances in the Astronautical Sci ences, Eds. A.L.
Friedlander et al., 1124p, two parts; Mi cro fiche Suppl., 41 pa pers (Vol. 37 AAS Mi cro fiche
Se ries)

Astrodynamics 1979, Vol ume 40, Ad vances in the Astronautical Sci ences, Eds. P.A. Penzo
et al., 996p, two parts; Mi cro fiche Suppl., 27 pa pers (Vol. 32 AAS Mi cro fiche Se ries)

Astrodynamics 1977, Vol ume 27, AAS Mi cro fiche Se ries, 73 pa pers

Astrodynamics 1975, Vol ume 33, Ad vances in the Astronautical Sci ences, Eds., W.F.
Powers et al., 390p; Mi cro fiche Suppl., 59 pa pers (Vol. 26 AAS Mi cro fiche Se ries)

Astrodynamics 1973, Vol ume 21, AAS Mi cro fiche Se ries, 44 pa pers

Astrodynamics 1971, Vol ume 20, AAS Mi cro fiche Se ries, 91 pa pers

All of these pro ceed ings are avail able from Univelt, Inc., P.O. Box 28130, San Diego,
Cal i for nia 92198 (Web Site: http://www.univelt.com), pub lish ers for the AAS.

Rob ert H. Jacobs, Se ries Ed i tor

Amer i can Astronautical So ci ety (AAS) http://www.space-flight.org/ and http://www.astronautical.org/

Amer i can In sti tute for Aero nau tics and As tro nau tics (AIAA) http://www.aiaa.org/
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PREFACE

The 18th An nual Space Flight Me chanics Meet ing was held from Jan u ary 27 through
Jan u ary 31, 2008, in Galveston, Texas at the San Luis Re sort Spa and Con fer ence Cen ter.
The meet ing was spon sored by the Amer i can Astronautical So ci ety (AAS) Space Flight Me -
chanics Tech ni cal Com mit tee and co-sponsored by the Amer i can In sti tute of Aero nau tics
and As tro nau tics (AIAA) Astrodynamics Tech ni cal Com mit tee. Ap prox i mately 190 peo ple
reg is tered for the meet ing; reg is tered at ten dees in cluded en gi neers, sci en tists, and math e ma -
ti cians rep re sent ing gov ern ment agen cies, the mil i tary ser vices, in dus try, and ac a de mia from
the United States and abroad.

There were 133 technical papers presented in 21 sessions on topics related to space
flight mechanics and astrodynamics. The two special sessions Lunar Missions and Analyses, 
and U.S.A. Space History, were well received and strongly attended. A special workshop on 
Lunar Mission Design was hosted on Sunday by John Carrico of Applied Defense Solu-
tions, Dave Folta of NASA Goddard Space Flight Center, and Jim Woodburn of Analytical
Graphics, Inc.

The conference included several special events. On Monday evening, the 2008 AAS
Dirk Brouwer Award re cip i ent, Ber nard Kaufman, presented his lecture entitled “A Per-
sonal Remembrance.” On Tuesday evening, attendees participated in a guided tour of
Johnson Space Center, followed by special dinner, awards presentation, and guest lecture by
Dr. Wendell Mendel at Space Center Houston.

The editors of these proceedings extend their gratitude to the Session Chairs who made 
this conference successful: Jeff Beck, Matthew Berry, Dennis Byrnes, Michael Gabor, Jim
Gearhart, Bob Glover, Felix Hoots, Kathleen Howell, Alan Lovell, Don Mackison, Craig
McLaughlin, Bo Naasz, Frederic Pelletier, Ron Proulx, Hanspeter Schaub, Paul Schumacher, 
Tom Starchville, Al Treder, Jim Turner, Matthew Wilkins, and Jim Wood burn. Our grati-
tude also goes to Shannon Coffey for his continual support and assistance with website
admin- istration.

We would also like to express our thanks to Analytical Graphics, Inc. (AGI), for the
program cover design, program printing, and for donated supplies.

John H. Seago Beny Neta
Analytical Graphics, Inc Naval Postgraduate School
AAS Technical Chair AIAA Technical Chair

Thomas J. Eller, Frederic J. Pelletier
Astro USA, LLC Jet Pro pul sion Lab o ra tory
AAS General Chair AIAA Gen eral Chair
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AAS 08 – 124 An Anal y sis of the Tran sient Col li sion Threat with Or bital De bris Re sult ing
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AAS 08 – 125 Close Ap proach Pre dic tion Anal y sis of the Earth Sci ence Con stel la tion with
the Fengyun-1C De bris, Mat thew Duncan and Da vid K. Rand

AAS 08 – 126 In ves ti gating Or bital De bris Events us ing Nu mer i cal Methods with Full Force
Model Or bit Prop a ga tion, Tim o thy Carrico, John Carrico, Lisa Policastri and
Mike Loucks

AAS 08 – 127 Analysis of the Response of a Space Sur veil lance Net work to Or bital De bris
Events, Da vid Finkleman, Dan iel L. Oltrogge, Anthony Faulds and
Joseph Gerber

AAS 08 – 128 The 2007 Chi nese ASAT Test – Im pli ca tions to the Im pact of Space
War fare on the LEO En vi ron ment, Da vid Tal ent

AAS 08 – 129 A Study of the Rel a tive Ve loc ities of Small Par ti cles that are Or biting the
Earth, Cláudia Celeste Celestino, Othon C. Win ter and
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AAS 08 – 130 Anal y sis and Man age ment of 2006 and 2007 Pe ri odic Con junc tions
Be tween CNES Sat el lites, Stéph a nie Delavault, Laurence Lorda and
Alain Lamy

AAS 08 – 131 Space De bris Anal y sis of Low-Thrust Trans fer Ma neu ver from LEO to GEO
for a Large Struc ture, Yu Takahashi

SES SION 5: AT TI TUDE DY NAM ICS, DE TER MI NA TION AND CON TROL – I

AAS 08 – 132 Ex per i men tal Study and Anal y sis on Three Dimensional Re ac tion Wheel for
Microsatellites, Yoji Shirasawa and Yuichi Tsuda

AAS 08 – 133 On-Ground At ti tude and Torque Re con struc tion for the Gaia Mis sion,
Malak A. Samaan and Stephan Theil

12



AAS 08 – 137 On the At ti tude Prop a ga tion of an Axisymmetric Sat el lite, A. Pizarro-Rubio
and J. Peláez

AAS 08 – 138 Po ten tial Ap proach for Con strained Au ton o mous Ma noeuvres of a
Space craft Equipped with a Clus ter of Con trol Mo ment Gyros,
Giulio Avanzini, Gianmarco Radice and Imran Ali

AAS 08 – 139 On Sin gle-Wheel Con fig ured Space craft and the At ti tude Sta bil ity Re visited,
Jun’ichiro Kawaguchi, Akifumi Kitajima, Osamu Mori and Kenichi Shirakawa

AAS 08 – 220 Spin-Axis At ti tude De ter mi na tion from Earth-Chord-Angle Vari a tions for
Geo sta tion ary Sat el lites, Jozef C. van der Ha and Frank L. Janssens

SES SION 6: FOR MA TION FLYING AND REN DEZ VOUS     – I

AAS 08 – 140 An At tempt for Reg u lar iza tion and For ma tion Flight Ex pres sion Along
Two-Body Mo tion, Ryu Funasa and Jun’ichiro Kawaguchi

AAS 08 – 141 Op ti mal Geo sta tion ary Sat el lite Col lo ca tion, Igor Beigelman and Pini Gurfil

AAS 08 – 142 Ex plicit Pre dic tive Con trol Law for Sat el lite For ma tion Flying in Ec cen tric
Or bits, Vin cent Simard Bilodeau and Jean de Lafontaine

AAS 08 – 143 For ma tion Flying Im pli ca tions of the Re coil Ef fects from Wire less Power
Trans fer, An drew E. Turner

AAS 08 – 144 Non lin ear Op ti mi za tion of Low-Thrust Tra jec tory for Sat el lite For ma tion:
Legendre Pseudospectral Ap proach, Baolin Wu, Danwei Wang,
Guangyan Xu and Hang Yue

AAS 08 – 145 Dy nam ics and Con trol of Sat el lite For ma tions Using a Quasi-Rigid Body
For mu la tion, Chris to pher Blake and Arun K. Misra

AAS 08 – 146 Ro bust Con trol Law for For ma tion Flying Sat el lite in Ec cen tric Or bits,
Philippe Brazeau, Vin cent Simard Bilodeau, Aymeric Kron and
Jean de Lafontaine

SES SION 7: TETHERS

AAS 08 – 148 Sta bil ity of Tethered Sat el lites Using Floquet The ory for a Non-Equilibrium
Reference, Jean H. Slane and Steven Tragesser

AAS 08 – 149 Or bit-Nadir Aligned Cou lomb Tether Re con fig u ra tion Anal y sis,
Arun Natarajan and Hanspeter Schaub

AAS 08 – 150 Nu mer i cal Model De vel op ment and Ver i fi ca tion for the Dy nam ics of an
Elec tro dy namic Tether Sys tem, Joshua R. Ellis and Chris to pher D. Hall

AAS 08 – 151 Non lin ear At ti tude Dy nam ics and Con trol for Sat el lite Tethered For ma tion
Flying in Three-Dimensional Free Space, Insu Chang, Sang-Young Park
and Kyu-Hong Choi

AAS 08 – 152 Ef fects of Libration on Gen eral Electrodynamic Tether Or bital Ma neu vers,
Nickolas Sabey and Ste ven Tragesser

AAS 08 – 153 Sim ple Con trol Laws for Self-Balanced Elec tro dy namic Tethers,
Manuel Sanjurjo-Rivo and Je sus Peláez
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SES SION 8: OR BIT DE TER MI NA TION

AAS 08 – 154 Al ter nating Di rec tional Implicit Method En hanced Non lin ear Fil tering,
Jangho Yoon and Yunjun Xu

AAS 08 – 155 A Gaussi an func tion Net work for Un cer tainty Prop a ga tion through Non lin ear
Dy nam i cal Sys tem, Puneet Singla and Tarunraj Singh

AAS 08 – 156 Ap pli ca tion of the Back wards Smoothing Ex tended Kalman Fil ter to Or bit
Es ti ma tion, Zachary J. Folcik and Paul J. Cefola

AAS 08 – 157 Or bit Grav ity Er ror Covariance, James R Wright, James Wood burn,
Son Truong and Wil liam Chuba

AAS 08 – 159 Sam ple Or bit Covariance Func tion and Fil ter-Smoother Con sis tency Tests,
James R Wright, James Wood burn, Son Truong and Wil liam Chuba

AAS 08 – 160 Or bit De ter mi na tion Using GPS In clud ing Per tur ba tions Due to Geopotential
Co ef fi cients of High De gree and Or der and So lar Ra di a tion Pres sure,
Rodolpho Vilhena de Moraes, Paula Cristiane Pinto Raimundo and
Helio Koiti Kuga

AAS 08 – 161 Or bit Covariance In ner In te grals with Poly no mials, James R Wright,
James Wood burn, Son Truong and Wil liam Chuba

SES SION 9: SPACE CRAFT GUID ANCE, NAV I GA TION AND CON TROL – II

AAS 08 – 162 A High Or der Method for Es ti ma tion of Dy namic Sys tems, Part I : The ory,
Manoranjan Majji, James D. Turner and John L. Junkins

AAS 08 – 163 In er tia Pa ram e ter Ex per i men tal Es ti ma tion of a Sat el lite Sim u la tor,
Luiz Carlos Gadelha DeSouza

AAS 08 – 164 Com mu ni ca tion, Ocean and Me te o ro log i cal Sat el lite Or bit De ter mi na tion
Ac cu racy Im prove ment, Yoola Hwang, Byoung-Sun Lee, Hae-Yeon Kim and
Jaehoon Kim

AAS 08 – 165 Op ti mal In te grated At ti tude and State Es ti ma tion for Lu nar De scent to
Land ing Nav i ga tion, Renato Zanetti and Rob ert H. Bishop

AAS 08 – 166 Op ti mal Au ton o mous Ma noeuvre Planning for Space craft For ma tion Flying -
Po si tion As sign ment, Ross Burgon, Pe ter C. E. Rob erts and Finn Ankersen

AAS 08 – 167 Sim ple Sat el lite Or bit Prop a ga tor, Pini Gurfil

AAS 08 – 168 Nav i ga tion Anal y sis to Fa cil i tate Pre ci sion De cent Nav i ga tion for Land ing at
the Moon, Kyle J. DeMars and Rob ert H. Bishop

AAS 08 – 169 Time Varying Eigensystem Re al iza tion Al go rithm with Re peated
Ex per i ments, Manoranjan Majji and John L. Junkins

SES SION 10: SO LAR SYS TEM MIS SIONS

AAS 08 – 170 Mis sion to Bi nary As ter oids: 1999 KW4 as a Case Study, Julie Bellerose
and Dan iel J. Scheeres

AAS 08 – 171 Chasing a Comet with a So lar Sail, Robert W. Stough, An drew F. Heaton
and Mark S. Whorton

AAS 08 – 172 Nav i ga tion for the Sec ond Ve nus Flyby of the MES SEN GER Mis sion to
Mer cury, K. E. Wil liams, A. H. Tay lor, B. R. Page, J. K. Miller, J. Smith,
P. Wolff, D. Stanbridge, B. G. Wil liams and J. V. McAdams
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AAS 08 – 173 Hayabusa’s 1st Half of Re turn Cruise – Flight Re sults on At ti tude Con trol
and Ion Engines Pro pul sion, Jun’ichiro Kawaguchi, Osamu Mori,
Hitoshi Kuninaka, Takashi Kominato and Kenichi Shirakawa

AAS 08 – 174 The Com pen sa tion Method of the Ob ser va tion Er ror of the Tar get Po si tion
for High Ac cu rate Nav i ga tion at Flyby, Shunsuke Okada, Osamu Mori and
Jun’ichiro Kawaguchi

SES SION 11: EARTH AND PLAN E TARY MIS SION SCI ENCE

AAS 08 – 175 Evo lu tion Mech a nism and Re lated Astrodynamics Char ac ter is tics for Small
Ce les tial Bodies, Jun’ichiro Kawaguchi, Akifumi Kitajima, Yuichi Miwa and
Masatoshi Hirabayashi

AAS 08 – 176 De ter mi na tion of Thermospheric Winds from GRACE Ac cel er om e ter Data,
Minkang Cheng, By ron D. Tapley, Srinivas Bettadpur and John C. Ries

AAS 08 – 177 Com par i son of To tal Den sity Derived from CHAMP Pre ci sion Or bits and
CHAMP Ac cel er om e ter, Craig A. McLaughlin and An drew Hiatt and
Ben S. Bieber

AAS 08 – 178 Or bit De ter mi na tion Re quire ments for ABYSS: A Pro posed Space Station
Sci ence Pay load, C. K. Shum, P. A. M. Abusali, Hyongki Lee, James Ogle,
R. Keith Raney, John C. Ries, Wal ter H. F. Smith, Drazen Svehla and
Changyin Zhao

AAS 08 – 179 Or bital Me chanics, Per tur ba tions, and GRACE Sci ence and Mis sion De sign,
Srinivas Bettadpur

SES SION 12: DY NAM I CAL THE ORY OF SPACE FLIGHT PROB LEMS

AAS 08 – 180 Quasi Con stant-Time Or bit Prop a ga tion with out Solving Kep ler’s Equa tion,
Jeremy Da vis, Chris tian Bruccoleri and Daniele Mortari

AAS 08 – 181 Ec cen tric Or bits Around Plan e tary Moons, Ryan P. Rus sell and
Adam T. Brinckerhoff

AAS 08 – 183 Anal y sis of Two-Body Rec ti lin ear Tra jec tories, Douglas H. May

AAS 08 – 184 An a lyt i cal Model for Lunar Or biter, Juan F. San-Juan, Alberto Abad,
An to nio Elipe and E. Tresaco

SES SION 13: SAT EL LITE CON STEL LA TIONS

AAS 08 – 185 The Flower For ma tion Flying – Part I: The ory, Daniele Mortari and
Stefania Tonetti

AAS 08 – 186 The Flower For ma tion Flying – Part II: Ap pli ca tion, Stefania Tonetti,
Da vid C. Hyland and Daniele Mortari

AAS 08 – 188 Non-Linear Dis crete Con trols for the Re con fig u ra tion Pro ce dure of the
Tet ra he dron Con stel la tion, Pedro A. Capó-Lugo and Pe ter M. Bainum

AAS 08 – 189 Sta bil ity and Con trol of a Two-Craft Mag netic Con stel la tion, Is lam I. Hussein
and A. M. Bloch

AAS 08 – 190 So lar Pres sure Ef fects for a Con stel la tion in a Highly El lip ti cal Or bit,
Pedro A. Capó-Lugo and Pe ter M. Bainum

AAS 08 – 191 A Heu ris tic Ap proach to the De sign of an Or bit for a Tem po rary
Re con nais sance Mis sion Using a Few LEO Sat el lites, Hae-Dong Kim,
Hyochoong Bang and Ok-Chul Jung
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SES SION 14: TRA JEC TORY DE SIGN AND OP TI MI ZA TION – I

AAS 08 – 192 Power-Limited Multi-Revolution Inter-Orbital Trans fers,
Al ex an der Alexandrovich Sukhanov and An to nio Fernando Bertachini
de Almeida Prado

AAS 08 – 193 De signing Tra jec tories in a Planet-Moon En vi ron ment Using the Con trolled
Keplerian Map, Piyush Grover and Shane D. Ross

AAS 08 – 194 End-to-End Op ti mi za tion of Con cep tual Roundtrip Mars Mis sions with Ex act
Pre ces sion El lip ti cal Parking Or bits, Aaron D. Olds and Mi chael L. Cupples

AAS 08 – 195 Or bital Sta bil ity of Space crafts in Un sta ble Orbital En vi ron ments,
Iman Alizadeh and Benjamin Villac

AAS 08 – 196 Power Con strained Ura nus Trans fer and Moons Tour by Three Body
In vari ant Man i folds and Elec tric Pro pul sion, P. Per gola, K. Geurts,
C. Casaregola and M. Andrenucci

AAS 08 – 197 Op ti mal Earth Es cape Tra jec tory Using Con tin u a tion Method and Costate
Es ti ma tor, Donghun Lee and Hyochoong Bang

AAS 08 – 198 The In clu sion of the Higher Or der J3 and J4 Zonal Har monics in the
Modelling of Op ti mal Low-Thrust Or bit Trans fer, Jean A. Kéchichian

SES SION 15: OR BITAL DY NAM ICS, PER TUR BA TIONS AND STA BIL ITY – I

AAS 08 – 199 Optimal Two-Impulse Phasing for El lip ti cal Or bits, Julio Cesar Benavides
and Da vid B. Spencer

AAS 08 – 200 Sub re gions of Mo tion and El lip tic Ha lo Orbits in the El lip tic Re stricted
Three-Body Prob lem, Stefano Campagnola, Mar tin Lo and Paul New ton

AAS 08 – 201 Small Ec cen tric ity Sat el lite Or bits: Lin ear Per tur ba tions, G. E. O. Giacaglia
and B. E. Schutz

AAS 08 – 203 Third Body Per tur ba tion Using a Sin gle Av er aged Model Con sidering El lip tic
Or bits for the Dis turbing Body, Rita de Cássia Domingos, Rodolpho Vilhena
de Moraes and An to nio Fernando Bertachini de Almeida Prado

AAS 08 – 204 The Two-Body Problem with Drag and High Tan gen tial Speeds,
Thomas E. Carter and Mayer Humi

AAS 08 – 205 Val i da tion of Grav ity Ac cel er a tion and Torque Al go rithms for Astrodynamics,
Blair F. Thomp son, Da vid G. Hammen, Al bert A. Jack son and
Edwin Z. Crues

AAS 08 – 206 Vari a tion of Pa ram e ters Using Com plex Ex po nen tials to Solve the
Per turbed Two-Body Prob lem, Troy A. Henderson, Gianmarco Radice and
John L. Junkins

SES SION 16: FOR MA TION FLYING AND REN DEZ VOUS – II

AAS 08 – 207 Open-Loop Elec tro static Space craft Col li sion Avoid ance Using Patched
Conics Anal y sis, Shuquan Wang and Hanspeter Schaub

AAS 08 – 208 Dy namic Models of Sat el lite Rel a tive Mo tion Around an Ob late Earth,
Guangyan Xu and Danwei Wang

AAS 08 – 209 Or bital Ex press Au ton o mous Ren dez vous and Cap ture Flight Op er a tions –
Part 1 of 2: Mis sion De scrip tion, AR&C Ex er cises 1, 2 and 3,
Tom A. Mulder
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AAS 08 – 210 Rel a tive Tra jec tory De sign to Min i mize Stationkeeping Ef fort,
Steven G. Tragesser and Brent Skrehart

AAS 08 – 212 The Pre cise Au ton o mous Or bit Keeping Ex per i ment on the PRISMA
For ma tion Flying Mis sion, Sergio De Florio, Simone D’Amico and
Miquel Gar cia Fernandez

AAS 08 – 214 Re con fig u ra tions and Station-Keepings with Nonlinear Control of
State-Dependent Riccati Equa tion, Han-earl Park, Sang-Young Park and
Kyu-Hong Choi

SES SION 17: AT TI TUDE DY NAM ICS, DE TER MI NA TION AND CON TROL – II

AAS 08 – 215 Quaternion Con strained Kalman Fil ter, Manoranjan Majji and
Daniele Mortari

AAS 08 – 216 Sub-Arcsecond At ti tude Con trol for Sound ing Rocket Pay loads,
Neil S Shoe maker, Charles G. Kupelian, Gerard P. Doyon, John Ozanne,
Jeffrey W. Percival, Kurt P. Jaehnig, Stephan R. McCandliss, Roxana Lupu,
Ron ald A. Hall and Mark S. Clark

AAS 08 – 219 An Ex pec ta tion-Maximization Ap proach to At ti tude Sen sor Cal i bra tion,
Yang Cheng and John L. Crassidis

AAS 08 – 221 At ti tude Con trol of Spinning So lar Sail with Huge Mem brane,
Fuminori Hanaoka, Osamu Mori, Yuichi Tsuda, Ryu Funase and
Jun’ichiro Kawaguchi

SES SION 18: SPE CIAL SES SION – U.S.A. SPACE HIS TORY

AAS 08 – 223 Echo I and II — The First Com mu ni ca tions Sat el lites, Ron ald M. Mul ler

AAS 08 – 224 De fining Mo ments in the Na val Re search Lab o ra tory’s Pro ject Van guard,
Pat rick W. Binning

AAS 08 – 226 Space Spinoffs, Carlos Fran cisco Camacho, Colin A John son-Giammalvo,
James Wanliss, Jo seph Mosca and Paige Vic to ria Kahler

AAS 08 – 227 A His tory of Mag netic Mo men tum Dumping on Global Po si tioning Sys tem
(GPS) Sat el lites, Thomas J. Eller and Ron ald P. Fuchs

AAS 08 – 228 His tor i cal Ex am i na tion of Im prove ments to Libration Point Tra jec tory
De sign, Da vid C. Folta

AAS 08 – 229 The Re nais sance of the Amer i can Nau ti cal Al ma nac Of fice – 1940,
Raynor Duncombe

SES SION 19: OR BITAL DY NAM ICS, PER TUR BA TIONS AND STA BIL ITY – II

AAS 08 – 230 A State Tran si tion Ma trix Using Com plex Ex po nen tials for the Two-Body
Prob lem, Troy A. Henderson, Gianmarco Radice and John L. Junkins

AAS 08 – 231 Or bits and Rel a tive Mo tion Near an Ob late Body, Mayer Humi and
Thomas E. Carter

AAS 08 – 232 Effect of Earth’s Pre ces sion on Geosynchronous Sat el lites un der Lunisolar
Per tur ba tions and Tesseral Res o nance, So fia Belyanin and Pini Gurfil

AAS 08 – 233 GPS Forces and Or bit Evo lu tion, Bob E. Schutz and Laurent Froideval
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AAS 08 – 234 Im pact of the Ini tial Con fig u ra tion on the Mo tion Near the Tri an gu lar
Libration Points of the Sun-Perturbed Earth-Moon Sys tem,
Jean-Philippe Munoz and Bob E. Schutz

AAS 08 – 235 In te gra tion of Or bit Tra jec tories in the Pres ence of Mul ti ple Full Grav i ta tional
Fields, Mat thew M. Berry and Vin cent T. Coppola

AAS 08 – 236 Long-Term Be hav ior of a Mer cury Or biter Per turbed by the El lip tic Mo tion of
the Sun, Mar tín Lara, Je sus F. Palacián, Pa tri cia Yanguas and
Carlos Cor ral

AAS 08 – 237 Three-Dimensional Anal y sis of Cap ture Tra jec tories to the Pe ri odic Or bits of
L1 and L2 Points, Masaki Nakamiya, Dan iel J. Scheeres,
Hiroshi Yamakawa and Makoto Yoshikawa

SES SION 20: SPACE CRAFT GUID ANCE, NAV I GA TION AND CON TROL – III

AAS 08 – 238 Geo sta tion ary Sat el lite Sta tion-Keeping Ma neu ver in the Pres ence of
Twice-a-Day Thruster-Based Mo men tum Dumping, Byoung-Sun Lee,
Hae-Yeon Kim, Yoola Hwang and Jaehoon Kim

AAS 08 – 239 Au ton o mous Nav i ga tion Al go rithm for Pre ci sion Land ing on Un known
Plan e tary Sur faces, Baro Hyun and Puneet Singla

AAS 08 – 241 The Planning of Op ti cal Nav i ga tion Pic tures for the Cassini Ex tended
Mis sion, Ste phen D. Gillam, Rodica Ionasescu and Powtawche Wil liams

AAS 08 – 242 Ma neu ver Planning for Con junc tion Risk Mit i ga tion with Groundtrack Con trol
Re quire ments, Da vid P. Mc Kin ley

AAS 08 – 243 Pay load Line-of-Sight Cal i bra tion with Dual Op ti cal Sen sors in Ther mal
Vac uum Cham ber, Tai Mao, Charles Chang, Kevin Rigg, Yaujen Wang,
Pe ter C. Lai, Gary Hsieh and Sabby Sabnis

SES SION 21: TRA JEC TORY DE SIGN AND OP TI MI ZA TION – II

AAS 08 – 246 Op ti mal Space craft Tra jec tories Via Trade Space Ex plo ra tion,
Dan iel D. Jor dan, Da vid B. Spencer, Tim o thy W. Simpson,
Mi chael A. Yukish and Gary M. Stump

AAS 08 – 247 Ge om e try of Op ti mal Cov er age for Tar gets Against a Space Back ground
Sub ject to Vis i bil ity Con straints, Belinda G. Marchand and
Christopher J. Kobel

AAS 08 – 248 High Road to Geosynchronous Or bit: Lu nar Gravity As sist to Min i mize
Delta-V, An drew E. Turner

AAS 08 – 249 Im pul sive Trans fer Strat egies Along Sta ble Pe ri odic Or bit Fam ilies,
Benjamin F. Villac

AAS 08 – 251 Cost-Based Launch Op por tu nity Se lec tion Ap plied to Ren dez vous with
99942 Apophis, Jon a than S. Townley, Jon a than L. Sharma and
Jarret M. Lafleur
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WITHDRAWN OR NOT ASSIGNED

AAS 08 – 112, 134, 135, 136, 142, 158, 182, 187, 202, 211, 213, 217,
218, 222, 225, 240, 244, 245, 250, 252 to 260

18



SES SION 1: SPE CIAL SES SION – LU NAR MIS SIONS AND ANAL Y SES
Chair: Dr. James Wood burn, AGI

AAS 08 – 100
Lin ear Covariance Anal y sis Tech niques Ap plied to Orion Cislunar Op er a tions

Chris to pher D’Souza, NASA John son Space Cen ter;
Fred Clark, C.S. Draper Lab o ra tory

The Orion ve hi cle is be ing de signed to pro vide nom i nal crew trans port to the lu nar 
trans por ta tion stack in low Earth or bit, crew abort prior dur ing tran sit to the moon, and
crew re turn to Earth once lu nar or bit is achieved. De sign of guid ance and nav i ga tion al -
go rithms to per form ma neu vers in sup port of these func tions is de pend ent on the sup -
port pro vided by nav i ga tion in fra struc ture, the per for mance of the onboard GN&C sys -
tem, and the choice of tra jec tory ma neu ver meth od ol ogy for out bound and re turn mis -
sion phases. This pa per pres ents the first use of lin ear covariance to in ves ti gate the
guid ance and nav i ga tion per for mance of the Orion ve hi cle dur ing the cislunar phase.

AAS 08 – 101
Per for mance of an Au to mated Fea ture Tracking Lu nar Nav i ga tion Sys tem

Mi chael Osenar, U.S. Air Force; Fred Clark, C.S. Draper Lab o ra tory;
Chris to pher D’Souza, NASA John son Space Cen ter

This pa per de scribes the per for mance of an au to mated lu nar fea ture track ing nav i -
ga tion sys tem that could be used by the Orion lu nar mis sions. The Orion ve hi cle will
have a high res o lu tion dig i tal cam era. It is an tic i pated that it will have an au to mated lu -
nar land mark-based nav i ga tion sys tem. The per for mance of this au to mated lu nar land -
mark sys tem has been in ves ti gated us ing lin ear covariance tech niques. This pa per will
in ves ti gate not only the per for mance of a dig i tal cam era-based onboard au ton o mous
nav i ga tion sys tem, but it will also pres ent the sen si tiv ity of the state es ti mate to var i ous
types of cam eras.

AAS 08 – 102
A Lu nar Re lay Mis sion De sign and Nav i ga tion Ini tia tive Using Ex isting NASA
Re sources

Da vid C. Folta, Mi chael A. Mesarch and Ron ald Miller
NASA Goddard Space Flight Cen ter

The Space Com mu ni ca tions and Nav i ga tion Con stel la tion In te gra tion Pro ject
(SCIP) is tasked with de fin ing, de vel op ing, de ploy ing and op er at ing an evolv ing multi-
de cade com mu ni ca tions and nav i ga tion in fra struc ture in clud ing ser vices and sub sys tems 
that will sup port both ro botic and hu man ex plo ra tion ac tiv i ties at the moon. This pa per
dis cusses a pro posed idea for an early dem on stra tion of lu nar re lay or bits us ing the ex -
ist ing WIND space craft. The WIND space craft was placed into a Sun-Earth co-linear
L1 libration point or bit that will be main tained for the fore see able fu ture. This pa per de -
scribes an in ex pen sive WIND mis sion ex ten sion to in ves ti gate lu nar or bits to sup port
the Vi sion for Space Ex plo ra tion (VSE) goals and val i date lu nar ini tia tive re search.
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AAS 08 – 103
Or bit De ter mi na tion of Sat el lites in Lu nar Or bit Using an Op ti mal Se quen tial
Fil ter

James Wood burn and John H. Seago, An a lyt i cal Graph ics, Inc.

De ter mi na tion of or bits about the moon poses a num ber of chal lenges on top of
those pre sented by Earth or bit ing sat el lites. Most prob lem atic for se quen tial es ti ma tion
is the un cer tainty in the dy nam i cal en vi ron ment. We pres ent an a de scrip tion of the de -
ter min is tic and sto chas tic up grades that were made to the Or bit De ter mi na tion Tool Kit
in pur suit of this goal. We pres ent re sults for the pro cess ing of track ing data for Lu nar
Pros pec tor over a one month pe riod and STE REO dur ing the lu nar fly-by por tion of the 
mis sion. Finally, we will dis cuss the ex pected im prove ment from SELENE de rived
grav ity fields.

AAS 08 – 104
Sur face Fea ture Nav i ga tion in Low Lu nar Or bit

Brandon A. Jones, Uni ver sity of Col o rado at Boul der

With the planned re turn of hu mans to the moon, de mands on au ton o mous nav i ga -
tion in lu nar or bit have in creased. Given the rel a tively un known lu nar grav ity field, the
pre dic tion ac cu racy of a ground de ter mined or biter state may not meet mis sion safety
re quire ments. Re sults of a pre lim i nary study to de ter mine im prove ments us ing vi sual
nav i ga tion and track ing lu nar sur face fea tures from low lu nar or bit are pre sented. Given 
crater lumination and lo ca tion, re quire ments for min i mum tracked sur face fea ture size
were stud ied. As suming these re quire ments, the ben e fits of rel a tive bear ing mea sure -
ments be tween the fea ture and the or biter were char ac ter ized.

AAS 08 – 105
Op ti cal Nav i ga tion for the Orion Ve hi cle

Joel Getchius, En gi neering Ser vices Con tract Group;
Tim o thy Crain and Chris to pher D’Souza, NASA John son Space Cen ter

The Orion ve hi cle is be ing de signed to pro vide nom i nal crew trans port to the lu nar 
trans por ta tion stack in low Earth or bit, crew abort prior dur ing tran sit to the moon, and
crew re turn to Earth once lu nar or bit is achieved. One of the de sign re quire ments lev ied 
on the Orion ve hi cle is the abil ity to re turn to the ve hi cle and crew to Earth in the case
of loss of com mu ni ca tions and com mand with the Mis sion Con trol Cen ter. Cen tral to
ful fill ing this re quire ment, is the abil ity of Orion to nav i gate au ton o mously. In low-
Earth or bit, this may be solved with the use of GPS, but in cis-lunar and lu nar or bit this 
re quires op ti cal nav i ga tion. This pa per doc u ments the pre lim i nary anal y ses per formed
by mem bers of the Orion Or bit GN&C Sys tem team.
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AAS 08 – 106
KAGUYA (SELENE) Tra jec tory Re con fig u ra tion Plans Pre pared for Anom aly in
Translunar Phase

Yasuhiro Kawakatsu, Ja pan Aero space Ex plo ra tion Agency

Re ported in this pa per are two con tin gency plans pre pared for a Jap a nese Lu nar
ex plorer KAGUYA for the case that the Lu nar or bit in jec tion ma neu ver is not per -
formed nor mally. The first case is that, it turns out prior to the Lu nar or bit in jec tion that 
the main en gine is un able to be used. The sec ond case is that, a cer tain anom aly pre -
vents the ex e cu tion of the Lu nar or bit in jec tion ma neu ver and KAGUYA once flies by
the Moon. Not only the re sult of the re con fig ured tra jec tory, but also the pro cess of the
tra jec tory de sign is to be shown in the pa per.

AAS 08 – 107
The Lu nar Sling shot — An Elec trically Powered Launcher

Ron ald M. Mul ler, Perot Sys tems Gov ern ment Ser vices

A de sign of an elec tri cally driven re us able Lu nar Sling shot ca pa ble of send ing a
1000 kg pay load to a Sun-Earth or Earth-Moon Lagrange point is pre sented. It would be 
lo cated at the high est point near a pole. It con sists of an elec tric mo tor with a ver ti cal
shaft that car ries a can ti le vered hor i zon tal boom. The boom car ries a reel of ca ble with
the pay load on its free end. The mo tor ro tates the boom at a con stant rate as the ca ble is 
paid out. The pay load is re leased when at the right point in the ro ta tion to send it on its
de sired tra jec tory.

SES SION 2: SPACE CRAFT GUID ANCE, NAV I GA TION AND CON TROL – I
Chair: Dr. Don Mackison, Uni ver sity of Col o rado

AAS 08 – 108
Space Sta tion Zero Pro pel lant Ma neu ver Flight Re sults Compared to Eigenaxis

Nazareth Bedrossian and Sagar Bhatt, The Charles Stark Draper Lab o ra tory, Inc.

This pa per pres ents flight re sults for the Zero Pro pel lant Ma neu ver (ZPM) con trol
con cept and com pares ZPM tra jec to ries to eigenaxis tra jec to ries. The first-ever ZPM,
which ro tated the In ter na tional Space Sta tion (ISS) 90 de grees with out us ing pro pel lant, 
was per formed on No vem ber 5, 2006. On March 3, 2007, an other ZPM ro tated the ISS
180 de grees, also with out any pro pel lant use. The same ma neu vers per formed with
thrust ers would have con sumed an es ti mated 150lbs of pro pel lant. A ZPM is a pre-
planned time-sequenced at ti tude com mand tra jec tory to tran si tion the ISS be tween spec -
i fied ini tial and fi nal states while main tain ing the CMGs within their op er a tional lim its.
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AAS 08 – 109
A Sta ble Clock Er ror Model Using Cou pled First- and Sec ond-Order
Gauss-Markov Pro cesses

Rus sell Car pen ter, NASA Goddard Space Flight Cen ter; Taesul Lee, a.i. so lu tions, Inc.

Long data out ages may oc cur in ap pli ca tions of GPS or bit de ter mi na tion to mis -
sions that spend sig nif i cant frac tions of their or bits above the GPS con stel la tion. Cur -
rent clock er ror mod els based on the ran dom walk ide al iza tion may not be suit able in
these cir cum stances, since the covariance of the clock er rors may be come large enough
to over flow flight com puter arith me tic. A model that is sta ble, but which ap prox i mates
the ex ist ing mod els over short time ho ri zons is de sir able. A cou pled first- and sec -
ond-order Gauss-Markov pro cess is such a model.

AAS 08 – 110
Adap tive Mea sure ment Covariance for Multi-Input Kalman Fil ter-Based
Space craft Nav i ga tion

Kevin K. Choi and Blair F. Thomp son, Od ys sey Space Re search, LLC

Strin gent safety and re dun dancy stan dards for space craft op er a tion are sat is fied, in
part, by the use of mul ti ple, si mul ta neous Global Po si tioning Sys tem (GPS) and In er tial 
Mea sure ment Unit (IMU) sen sors. The adap tive mea sure ment covariance model pro -
posed in this pa per eval u ates the qual ity of the in put data by com par ing it with the pre -
dicted state of the fil ter, and then adap tively ad just ing the mea sure ment covariance for
each sen sor. This strat egy will serve as a bridge be tween Fault De tec tion and Iso la tion
(FDI) and the Kalman fil ter; it is de signed to in crease the re li abil ity of the Kalman fil -
ter-based al go rithm by smooth ing un ex pected out li ers or bi ases.

AAS 08 – 111
A Gen eral Bang-Bang Con trol Method for Lo rentz Aug mented Or bits

Brett Streetman and Ma son A. Peck, Cor nell Uni ver sity

Or bit con trol by Lo rentz Aug mented Or bits (LAO) is ex am ined. A space craft car -
ry ing an elec tro static charge moves through the geo mag netic field. The re sult ing Lo -
rentz force is used to evolve the space craft’s or bit. A high-order spher i cal har monic ex -
pan sion is used to model the mag neto sphere. The space of lon gi tude and lat i tude is par -
ti tioned in a phys i cally mean ing ful way, based on the har monic ex pan sion. Within any
given par ti tion, or bital el e ments evolve only in a sin gle di rec tion un der a con stant
space craft charge. A bang-bang con trol ler is im ple mented with switch ing only at par ti -
tion bound aries. Con trol se quences are de vel oped to pro duce ar bi trary ma neu vers.
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AAS 08 – 112
Withdrawn

AAS 08 – 113
Ex e cu tion-Error Modeling and Anal y sis of the Cassini-Huygens Space craft
Through 2007

Sean V. Wag ner and Troy D. Goodson, Jet Pro pul sion Lab o ra tory

The Cassini-Huygens space craft ar rived at Sat urn in 2004, be gin ning a four-year
tour. The Sat urn tour has been ex tended by two years, a tes ta ment to the con tin ued suc -
cess of the mis sion. One con trib u tor to this suc cess has been the ex cel lent per for mance
of the space craft’s pro pul sion sys tems and at ti tude con trol. In or der to better un der stand 
this per for mance, the Cassini Nav i ga tion Team has an a lyzed and re fined the Gates ex e -
cu tion-error mod els of the pro pul sion sys tems. This pa per doc u ments the evo lu tion of
the ex e cu tion-error mod els that have been em ployed for Cassini ma neu vers, along with
the anal y sis and soft ware as so ci ated with the de vel op ment of these mod els.

AAS 08 – 114
Feed back Con trol Methods to Pre vent Unstart in a Hy per sonic In let

John Hatlelid and Maruthi Akella, Uni ver sity of Texas at Aus tin

Air breath ing scramjet en gines pres ent unique op por tu ni ties for use as re us able
launch ve hi cles. In let unstart is a com plex dy nam i cal phe nom e non in which the shock
struc ture in an air breath ing in let is dis placed by flow dis tur bances, both up stream and
down stream of the in let, ul ti mately caus ing the shock struc ture to be ex pelled from the
in let. Using sin gu lar per tur ba tion tech niques, we de rive a model for oblique shock wave 
dy nam ics. We val i date this model by com par ing with real ex per i men tal data ob tained in 
a hy per sonic wind tun nel. We also de rive novel feed back con trol tech niques us ing the
model that pro vide rig or ous as sur ances of unstart pre ven tion.

AAS 08 – 115
Guid ance Eval u a tion for Mars Pre ci sion Land ing

Craig A. Kluever, Uni ver sity of Mis souri-Columbia

Fu ture Mars mis sions will likely re quire ac tive, closed-loop guid ance sys tems.
Gen erally, guid ance meth ods fall into two broad cat e go ries: 1) ref er ence path track ing
meth ods and 2) pre dic tive path-planning meth ods. This pa per eval u ates the mer its of
these two guid ance con cepts for Mars en try. The ref er ence-path guid ance is based on
Apollo en try guid ance, while the pre dic tive guid ance re-computes a new tra jec tory at
reg u lar in ter vals. Nu mer i cal sim u la tions are pre sented for Mars en try cases which in -
clude the ef fects of in er tial nav i ga tion, at ti tude ac tu a tion, at mo spheric den sity vari a -
tions, and ini tial state dis per sions.
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SES SION 3: OP TI MAL CON TROL
Chair: Dr. James Turner, TAMU Aero space Engineering

AAS 08 – 116
A Non-Linear Op ti mi za tion Al go rithm

Prashant Patel and Dan iel Scheeres, Uni ver sity of Mich i gan

We pres ent a non lin ear op ti mi za tion al go rithm that ex tends and gen er al izes Dif fer -
en tial Dy namic Pro gramming (DDP). The al go rithm gen er ates a non lin ear con trol law
that optimizes to the sec ond or der. The al go rithm re quires sec ond or der de riv a tives of
the cost func tion, states, and con straints with re spect to the states, con trol, and pa ram e -
ters. Like DDP the al go rithm gen er ates a con trol back back wards then ap plies the up -
date for ward. The al go rithm dif fers from pre vi ous meth ods be cause it sat is fies the con -
straints to the sec ond or der us ing a non lin ear up date.

AAS 08 – 117
Ini tial Lagrange Mul ti pliers for the Shoot ing Method

Da vid G. Hull, Uni ver sity of Texas at Aus tin

An of ten used nu mer i cal method for solv ing op ti mal space craft tra jec tory prob lems 
is the shoot ing method. How ever, to make it work, a good guess is needed for the ini tial 
Lagrange mul ti pli ers. A stan dard op ti mal con trol prob lem (no con trol bounds) and its
optimality con di tions are stated. Fol low ing a brief der i va tion of the shoot ing method,
sev eral meth ods for ob tain ing ini tial Lagrange mul ti pli ers are dis cussed: di rect shoot ing, 
col lo ca tion, parameterization of the con trol within the shoot ing method, Speyer’s
method, dy namic pro gram ming, and adjoint-control trans for ma tion.

AAS 08 – 118
Ini tial iza tion of Real-Time Op ti mal Con trol

Hui Yan and Kyle T. Alfriend, Texas A&M Uni ver sity

Re cently real-time op ti mal con trol has at tracted in creas ing at ten tion since it
showed a great po ten tial in non lin ear feed back con trol. Com puting speed and the as sur -
ance of a re li able so lu tion in real-time have been the ma jor lim it ing fac tors in ap ply ing
real-time op ti mal con trol. In this pa per we use a neigh bor ing op ti mal con trol to gen er ate 
ini tial guesses of the next step op ti mi za tion us ing pseudo spec tral meth ods. In the real-
time op ti mal con trol scheme we con sider the sub se quent op ti mi za tion as the neigh bor -
ing of the cur rent op ti mi za tion, the neigh bor ing op ti mal con trol could be used to gen er -
ate ac cu rate initializations for the sub se quent op ti mi za tion. Thus the speed and con ver -
gence of the real-time com pu ta tion can be im proved with these initializations.

24

http://www.univelt.com/book=1661
http://www.univelt.com/book=1662
http://www.univelt.com/book=1663


AAS 08 – 119
De signing It er a tive Learning Con trol lers from Limited P ulse Re sponse Data

Anil P. Chinnan and Rich ard W. Longman, Co lum bia Uni ver sity

It er a tive learn ing con trol (ILC) pro duces high pre ci sion track ing at high speeds
when one re peat edly per forms the same track ing ma neu ver. There are space craft ap pli -
ca tion to scan ning with high pre ci sion sen sors. ILC laws use a Toeplitz ma trix of
Markov pa ram e ters or im pulse re sponse, and the ma trix size is the num ber of dig i tal
con trol time steps dur ing the ma neu ver which can be large. Ac cu rate pa ram e ter val ues
for all ma trix en tries may not be avail able. This pa per ex am ines sev eral im por tant ILC
laws and de vel ops an un der stand ing of how and when in ac cu racy in knowl edge of the
pa ram e ters will re sult in in sta bil ity of the learn ing pro cess.

AAS 08 – 120
Implementing Lin ear It er a tive Learning Con trol Laws in Non lin ear Sys tems

Rich ard W. Longman, Co lum bia Uni ver sity;
Katja D. Mombaur, Uni ver sity of Hei del berg

It er a tive learn ing con trol (ILC) ap plies to sit u a tions when a sys tem per forms a
track ing ma neu ver re peat edly. The er ror in each run is used to ad just the com mand in
the next run, aim ing to con verge to zero er ror. Space craft ap pli ca tions in clude mak ing
fine point ing equip ment fol low a pre cise scan pat tern in spite of flex i bil ity ef fects. Very 
ef fec tive, gen eral ILC de sign meth ods have been de vel oped for lin ear sys tems. This pa -
per shows how in ter nal nu mer i cal dif fer en ti a tion can be used to very eas ily ex tend the
meth ods to non lin ear prob lems. Methods of relinearization and as so ci ated is sues are
also pre sented, to ex tend the range of con ver gence.

AAS 08 – 121
Feed back Con cept Using Con trolled Vir tual Point Fol low ing

Sergey V. Drakunov, Embry-Riddle Aero nau ti cal Uni ver sity

In this pa per a novel feed back de sign con cept is con sid ered for space flight ap pli -
ca tions. The con cept is us ing reach ing a man i fold in the state space as an in ter me di ate
step to a con trol ob jec tive with a con trol la ble vir tual point con strained within the man i -
fold. The vir tual point is con trolled by vir tual con trols which are used in com bi na tions
with orig i nal con trols. As a re sult, we ob tain more re sil ient and ro bust con trol al go -
rithms to be used in flight dy nam ics for sin gle and mul ti ple sys tems con trol such as for -
ma tions. The cur rent study is not only the o ret i cal and nu mer i cal, but has been al ready
tested in on-board con trol sys tems.
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AAS 08 – 122
Per sis tence Fil ters for Non-Feedback Linearizable Sys tems With Time-Varying
Con trol Gains

S. Srikant and M. R. Akella, The Uni ver sity of Texas at Aus tin

The ge neric prob lem of de vis ing sta bi liz ing con trol laws for sys tems with time-
vary ing con trol gains is con sid ered. This class of sys tems do not in gen eral per mit con -
trol ler de sign through the stan dard feed back linearization tech niques. The con trol gains
can be come sin gu lar at cer tain in stants in time or stay sin gu lar for large time in ter vals,
thus amount ing to loss of con trol la bil ity. We as sume the con trol gains to pos sess cer tain 
struc ture ex pressed in terms of per sis tent ex ci ta tion con di tions. A per sis tence based fil -
ter con struc tion is de vel oped which is then used to sta bi lize the sys tem. The re sults are
ap plied to the at ti tude reg u la tion prob lem of spacecrafts with mag netic ac tu a tors.

AAS 08 – 123
The Ad van tages and Dis ad van tages of Kalman Fil tering in It er a tive Learning
Con trol

Benjamas Panomruttanarug, King Mongkut’s Uni ver sity of Tech nol ogy;
Richard W. Longman, Co lum bia Uni ver sity

It er a tive learn ing con trol (ILC) can elim i nate de ter min is tic track ing er rors of a
con trol sys tem that re peat edly per forms a track ing ma neu ver. It has space craft ap pli ca -
tions when fine point ing sen sors per form re peated scans. When there is sub stan tial
noise one nat u rally con sid ers us ing a Kalman fil ter as an a lyzed here, par al lel ing a pre vi -
ous anal y sis for re pet i tive con trol. New as pects in clude the tran sient phase, and the abil -
ity to han dle re peat ing dis tur bances. The fil ter de creases the in flu ence of noise, but in -
tro duces de ter min is tic er ror based on the ac cu racy of the sys tem model used in the fil -
ter, im ply ing that a Kalman fil ter can make the er ror level worse.

SES SION 4: OR BITAL DE BRIS AND CHI NESE ANTI-SATELLITE
Chair: Dr. Thomas Starchville, The Aero space Cor po ra tion

AAS 08 – 124
An Anal y sis of the Tran sient Col li sion Threat with Or bital De bris Re sult ing from
the Feng Yun 1C In ter cept

Rob ert (Lauchie) Scott, De fence R&D Can ada Ot tawa

The de struc tion of Fengyun 1C weather sat el lite by a Chi nese in ter cep tor rocket
re sulted in an ec cen tric or bit ing de bris field ini tially dis persed in the plane of the 0830
de scend ing-node sun-synchronous or bit. In this study, the en hance ment of col li sion
probabil ity dur ing the ini tial evo lu tion of the de bris cloud is ex am ined by es ti mat ing the 
de bris cloud den sity dur ing con junc tions with the RADARSAT sat el lite. This anal y sis
in spects the short term evo lu tion of the de bris cloud on the time scales of one to two
days post-intercept dur ing which the de bris cloud den sity re mains rel a tively high in
com par i son to the lon ger term den sity evo lu tion of de bris ob jects.
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AAS 08 – 125
Close Ap proach Pre dic tion Anal y sis of the Earth Sci ence Con stel la tion with the
Fengyun-1C De bris

Mat thew Duncan and Da vid K. Rand, a.i. so lu tions, Inc.

Rou tine flight op er a tions for the NASA Earth Sci ence Con stel la tion (ESC) in clude 
as sess ing the risk of col li sion be tween mem bers of the con stel la tion as well as be tween
the con stel la tion mem bers and other space ob jects. On Jan u ary 11, 2007, de struc tion of
a Chi nese weather sat el lite cre ated a sig nif i cant amount of de bris near the ESC op er a -
tional al ti tude. This pa per de scribes the op er a tional im pact of this event on the ESC
mis sions, in clud ing close ap proach sta tis tics, a sum mary of the Terra avoid ance ma neu -
ver per formed in June. An anal y sis is also pre sented that pre dicts in creased fu ture ESC
mis sion risk based on evo lu tion of the de bris pop u la tion.

AAS 08 – 126
In ves ti gating Or bital De bris Events us ing Nu mer i cal Methods with Full Force
Model Or bit Prop a ga tion

Tim o thy Carrico, An a lyt i cal Graph ics, Inc.; John Carrico and Lisa Policastri,
Ap plied De fense So lu tions; Mike Loucks, Space Exploration Engineering

The au thors pres ent sev eral tech niques that can be em ployed to in ves ti gate and un -
der stand or bital de bris events. The au thors show tech niques used to ex am ine and re con -
struct the Chi nese FY-1 ASAT de bris event em pir i cally based on TLE data. The pa per
gives a method to rec re ate the equiv a lent 3-dimensional delta-v vec tor dis tri bu tions
from sta tis tics us ing geo met ric and fuzzy logic clus ter ing tech niques. The delta-v dis tri -
bu tions are then used to cre ate a rep re sen ta tive par ti cle de bris cloud model which is
prop a gated us ing a high pre ci sion or bit prop a ga tor in clud ing the af fects of at mo spheric
drag. The re sul tant par ti cle ephemerides are used to ex am ine de bris cloud evo lu tion.

AAS 08 – 127
Analysis of the Response of a Space Sur veil lance Net work to Or bital De bris Events

Da vid Finkleman, Se nior Sci en tist, Cen ter for Space Stan dards and In no va tion;
Dan iel L. Oltrogge, 1 Earth Re search, LLC; Anthony Faulds, Trinnovations, Inc.;
Joseph Gerber, Applied Defense Solutions, LLC

This pa per will re port the re sponse of an SSN to an or bital de bris event, such as
the re cent Chi nese test. We have de vel oped a co-simulation among COTS and GOTS
astrodynamics, sen sor, and com mu ni ca tions sim u la tions. The sim u la tion in cludes val i -
dated NASA mod els of de bris events. We re view dif fi cul ties en coun tered, such as prop -
a gat ing rap idly thou sands of ob jects and de vel op ing mes sage stream rep re sen ta tions.
Finally, we will com pare the out comes of stan dard space sur veil lance anal y ses based on 
ki ne mat ics and ge om e try and our more re al is tic end to end as sess ment of the en tire pro -
cess from event, through real sen sor de tec tion, and com mu ni cat ing data to en able re ac -
tion.
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AAS 08 – 128
The 2007 Chi nese ASAT Test – Im pli ca tions to the Im pact of Space War fare on
the LEO En vi ron ment

Da vid Tal ent, Oceanit Laboratories, Inc.

As the num bers of de bris ob jects in creases in Low Earth Or bit (LEO), so does the
threat of col li sion with high value as sets. In Jan u ary 2007, the Chi nese gov ern ment con -
ducted an anti-satellite (ASAT) test at an al ti tude of 850 km pro duc ing over 2000 de bris 
ob jects. Ap pli ca tion of an en vi ron men tal model called PODEM sug gests that these de -
bris ob jects will only slowly de cay out of LEO over sev eral hun dred years. The im pact
of mul ti ple and si mul ta neous ASAT events – space war fare – in LEO is ex am ined. En -
vi ron men tal sta bil ity against cat a strophic de bris growth, as a func tion of al ti tude, is also 
dis cussed.

AAS 08 – 129
A Study of the Rel a tive Ve loc ities of Small Par ti cles that are Or biting the Earth

Cláudia Celeste Celestino, Instituto Nacional de Pesquisas Espaciais - São José dos
Cam pos; Othon C. Win ter, UNESP – Guaratinguetá.; Antonio F. B. de A. Prado,
Instituto Nacional de Pesquisas Espaciais - São José dos Cam pos

The evo lu tion of the ve loc ity of par ti cles with re spect to the cir cu lar or bits that the 
par ti cles will cross, sug gests a range of pos si ble ve loc i ties of im pact. A study made
from those re sults show that the max i mum rel a tive ve loc i ties oc cur at the semi-lactus
rec tum, in de pend ent of the ini tial semi-major axis of the par ti cle. Con sidering both the
so lar ra di a tion pres sure and the flat ten ing of the Earth, it is vis i ble that a pre ces sion in
the or bit oc curs and a vari a tion in the ini tial ec cen tric ity of the par ti cle as a func tion of
its or bital re gion and its size.

AAS 08 – 130
Anal y sis and Man age ment of 2006 and 2007 Pe ri odic Con junc tions Be tween CNES 
Sat el lites

Stéph a nie Delavault, Laurence Lorda, Alain Lamy, CNES

In the last 2 years CNES had to han dle a 6-month re pet i tive con junc tion be tween
two LEO mis sions : Demeter and ESSAIM (a DGA 4-satellite for ma tion). First the rel a -
tive or bits and the dif fer ent mon i tor ing strat e gies (es pe cially the use of Au ton o mous Or -
bit Con trol) are an a lyzed in or der to ex plain the long and short term repetitivity pe riod
of the en coun ter. The sec ond part de scribes the evo lu tion of the avoid ance anal y ses and
im ple mented strat e gies for the 3 con junc tions han dled since mid-2006. In the last part,
the les sons from these suc ces sive events are drawn as rec om men da tions for the man age -
ment of fu ture cases.
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AAS 08 – 131
Space De bris Anal y sis of Low-Thrust Trans fer from LEO to GEO for a Large
Struc ture

Yu Takahashi, Embry-Riddle Aero nau ti cal Uni ver sity (Un der grad u ate)

This pa per an a lyzes the space de bris im pact on a large struc ture dur ing a low-
thrust ma neu ver from LEO to GEO. This anal y sis is cru cial for de sign ing a Space So lar 
Power Sat el lite (SSPS) be cause of the large sur face area of the SSPS and there fore the
greater chance of de bris im pact. MASTER-2005 was used as a means to per form this
de bris anal y sis. The use of this anal y sis is not only lim ited to the SSPS but is ap pli ca ble 
to other kinds of sat el lite in or der to pre dict the ef fects of space de bris dam age on the
sat el lites.

SES SION 5: AT TI TUDE DY NAM ICS, DE TER MI NA TION & CON TROL I
Chair: Dr. Hanspeter Schaub, Uni ver sity of Col o rado

AAS 08 – 132
Ex per i men tal Study and Anal y sis on Three Dimensional Re ac tion Wheel for
Microsatellites

Yoji Shirasawa, Uni ver sity of To kyo; Yuichi Tsuda, ISAS/JAXA

This pa per pres ents a novel at ti tude con trol de vice which is called three di men -
sional re ac tion wheel (3DRW). 3DRW con sists of only one lev i tated spher i cal mass
which can ro tate around ar bi trary axes. This leads to the re duc tion of the weight and
vol ume of the sys tem as com pared to ex ist ing re ac tion wheel. Fur ther more, this de vice
has no me chan i cal con tact be tween ro tor and stator, so the fail ure caused by the me -
chan i cal con tact would be re duced. In this pa per, the re sults of the anal y sis and ex per i -
ment on the dy nam ics and con trol of 3DRW are shown, and the ad van tage of 3DRW
for very small sat el lites is re vealed.

AAS 08 – 133
On-Ground At ti tude and Torque Re con struc tion for the Gaia Mis sion

Malak A. Samaan and Stephan Theil, ZARM, Uni ver sity of Bre men, Ger many

This pa per con cerns the ac cu rate On-Ground At ti tude (OGA) re con struc tion for
the astrometry space craft Gaia in the pres ence of dis tur bance torques act ing on the
spacecraft. The re con struc tion of the ex pected en vi ron men tal torques act ing on the
spacecraft will be also in ves ti gated. The telemetry data from the space craft will in clude
the on-board real time at ti tude which is of or der of sev eral arcsec. This raw at ti tude is
the start ing point for the fur ther at ti tude re con struc tion. The OGA will use the field co -
or di nates of stars mea sured by pay load in stru ments to im prove the raw at ti tude. The
first ap proach for the OGA will be us ing Kalman Fil ter. Fur ther more, we will de sign a
smooth ing type es ti ma tion al go rithm and batch least squares al go rithm for the OGA to
get more ac cu rate OGA es ti ma tion.
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AAS 08 – 134
Withdrawn

AAS 08 – 135
Withdrawn

AAS 08 – 136
Withdrawn

AAS 08 – 137
On the At ti tude Prop a ga tion of an Axisymmetric Sat el lite

A. Pizarro-Rubio, EADS Casa-Espacio - Spain;
J. Peláez, Tech ni cal Uni ver sity of Ma drid - Spain

This pa per de scribes the method de vel oped in the Group of Tether Dy nam ics of
the UPM to gain ac cu racy in the nu mer i cal prop a ga tion of the at ti tude dy nam ics of a
rigid axisymmetric space craft. We use a per tur ba tion method which takes as un per -
turbed prob lem the Eu ler-Poinsot case (torque free). The per turbed prob lem pro vides
the mo tion forced by non-vanishing ex ter nal torques. Some nu mer i cal com par i sons have 
been car ried out to check the kind ness of the pro ce dure tak ing as forced mo tion some
par tic u lar case of the Lagrange top, whose an a lyt i cal so lu tion per mits a easy de ter mi na -
tion of the er rors made in the nu mer i cal de scrip tion of the mo tion.

AAS 08 – 138
Po ten tial Ap proach for Con strained Au ton o mous Ma noeuvres of a Space craft
Equipped with a Clus ter of Con trol Mo ment Gyros

Giulio Avanzini, Politecnico di Torino - It aly;
Gianmarco Radice and Imran Ali, Uni ver sity of Glas gow - Scot land

A po ten tial func tion ap proach for the au ton o mous con trol of at ti tude ma noeuv res
in pres ence of con straints on the ad mis si ble at ti tudes (“ob sta cles”) is im ple mented for a
space craft con trolled by a clus ter of Con trol Mo ment Gy ro scopes. A gimbal po si tion
com mand gen er a tion is em ployed, in or der to di rectly im ple ment the an gu lar ve loc ity
com mand de rived from the po ten tial func tion de fined in the quaternion er ror vec tor
space.

AAS 08 – 139
On Sin gle-Wheel Con fig ured Space craft and the At ti tude Sta bil ity Re visited

Jun’ichiro Kawaguchi, Akifumi Kitajima, Osamu Mori and Kenichi Shirakawa,
In sti tute of Space and Astronautical Sci ence (ISAS), Ja pan Aero space Agency

This pa per pres ents what the Hayabusa space craft ex pe ri enced when it re started
the three axis sta bi li za tion. Due to the loss of two wheels aboard and also due to the
loss of fuel, the pri mary axis of in er tia of the space craft was tilted off set to the geo met -
ri cal axis. The in sta bil ity was ob served un ex pect edly since there was lit tle thought
about the in sta bil ity as so ci ated with the sin gle wheel sys tem. The re sults can be ap plied 
for other space craft. The flight re sults are shown as well.
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AAS 08 – 220
Spin-Axis At ti tude De ter mi na tion from Earth-Chord-Angle Vari a tions for
Geo sta tion ary Sat el lites

Jozef C. van der Ha, Kyushu Uni ver sity, Japan; Frank L. Janssens, Con sul tant

The pa per de scribes a tech nique for the spin-axis at ti tude de ter mi na tion based on
Earth-sensor data only. The method is at trac tive for spin-stabilized sat el lites in geo sta -
tion ary or bit where the vari a tions in the Earth-chord-angle mea sure ments are es sen tially 
pe ri odic with or bital pe riod.  A set of equi dis tant mea sure ments are sam pled over the
or bit and pro cessed by a batch least-squares es ti ma tion method. The ap proach is val i -
dated and il lus trated by means of re al is ti cally sim u lated sen sor mea sure ments as well by 
ac tual (METEOSAT) mea sure ments. A covariance anal y sis for the prop a ga tion of bias
er rors into the at ti tude so lu tion is car ried out.

SES SION 6: FOR MA TION FLYING & REN DEZ VOUS I
Chair: Bo Naasz, NASA GSFC

AAS 08 – 140
An At tempt for Reg u lar iza tion and For ma tion Flight Ex pres sion Along Two-Body
Mo tion

Ryu Funase and Jun’ichiro Kawaguchi, In sti tute of Space and Astronautical Sci ence
(ISAS), Ja pan Aero space Agency

This pa per deals with how the for ma tion flight tar get is ex pressed as triv ial in
some ap pro pri ate co or di nates, in stead of an or bital tar get. There is at tempted to show
the reg u lar iza tion pro cess to ob tain a spe cial co or di nate through a Levi-Civita non-lin -
ear trans form. The pa per will show how and which the vir tual tar get cor re sponds to the
phys i cal for ma tion con fig u ra tion.

AAS 08 – 141
Op ti mal Geo sta tion ary Sat el lite Col lo ca tion

Igor Beigelman and Pini Gurfil, Technion-Israel Institute of Technology

We de velop a sat el lite col lo ca tion al go rithm us ing rel a tive or bital el e ment cor rec -
tions, which rep re sent the dif fer ences be tween the or bital el e ment cor rec tions of any
two space craft in a geosynchronous slot. The main idea is that for mu lat ing the prob lem
of col lo ca tion in terms of rel a tive or bital el e ment cor rec tions leaves the fi nal val ues of
the or bital el e ments un con strained. The free dom ren dered by this mod el ing is used to
find op ti mal im pul sive ma neu vers min i miz ing the squared L2-norm of the ve loc ity cor -
rec tions vec tor, which can be used for col lo ca tion ini tial iza tion and con trol. The op ti mi -
za tion is solved us ing the method of least squares. Syn chro nous el e ments are used for
the lin ear ap prox i ma tion of the rel a tive mo tion in or der to de tect op ti mal im pul sive ve -
loc ity cor rec tions for the col lo ca tion prob lem.
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AAS 08 – 142
Ex plicit Pre dic tive Con trol Law for Sat el lite For ma tion Flying in Ec cen tric Or bits

Vin cent Simard Bilodeau and Jean de Lafontaine, Université de Sherbrooke

This pa per pres ents a Model Pre dic tive Con trol (MPC) law for for ma tion fly ing in
ec cen tric or bits based on the Lawden and linearized Gauss Vari a tion Equa tions mod els.
Past MPC tech niques have re lied on the op ti mi za tion of the com mand ef fort us ing com -
plex al go rithm to main tain the rel a tive po si tion into a user-defined er ror box. The pro -
posed tech nique rather min i mizes a cost func tion that in cludes fu ture er rors sub ject to
in put con straints. A near-optimal com mand is ex plic itly ob tained with a pro jec tion of
the cost func tion on the con straints that re duces com put ing time. These con trol laws al -
low re con fig u ra tion ma neu vers and main te nance of a for ma tion with good per for mance.

AAS 08 – 143
For ma tion Flying Im pli ca tions of the Re coil Ef fects from Wire less Power Trans fer

An drew E. Turner, Space Sys tems/Loral

Wire less trans fer of power be tween space craft in volves the ex change of mo men -
tum and there fore per turbs space craft or bits. This could cause clus ters of space craft to
con tract, risk ing col li sion, if the space craft are ar ranged in a “pearls on a string” for ma -
tion, un less com pen sa tory mea sures are in tro duced. For ma tions in which space craft un -
dergo cir cu lar or el lip ti cal rel a tive mo tion may ben e fit from mod i fied ge om e try to mit i -
gate power trans fer re coil ef fects. A plat form in tended to beam power down to the sur -
face of the Earth from geosynchronous or bit (GEO) for do mes tic con sump tion will ex -
pe ri ence per tur ba tions not pre vi ously en coun tered in this widely used or bit, re quir ing
new tech niques for com pen sa tion.

AAS 08 – 144
Non lin ear Op ti mi za tion of Low-Thrust Tra jec tory for Sat el lite For ma tion:
Legendre Pseudospectral Ap proach

Baolin Wu, Danwei Wang, Guangyan Xu and Hang Yue,
Nanyang Tech no log i cal Uni ver sity

We pro pose a method to de ter mine fuel-optimal tra jec to ries for sat el lite for ma tion
ma neu ver sub jected to col li sion avoid ance us ing low-thrust con tin u ous pro pul sion. A fi -
nal bounded de sired for ma tion is ob tained by in clud ing ter mi nal en ergy-matching con -
di tion and fi nal ge om e try con fig u ra tion con straints in the op ti mi za tion for mu la tion. The
dy nam ics model used is a newly de vel oped ex act non lin ear rel a tive dy nam ics con sid er -
ing ec cen tric ity and earth oblateness. Re sulting non lin ear op ti mal con trol prob lem is
tran scribed into non lin ear pro gram ming prob lem by a re cently de vel oped di rect tran -
scrip tion method called Legendre pseudospectral method. The non lin ear pro gram ming
prob lem is then solved us ing a sparse non lin ear op ti mi za tion al go rithm named SNOPT.
Ex am ples are pre sented across a range of ap pli ca tions. These ex am ples dem on strate the
ap pli ca bil ity of Legendre pseudospectral method to op ti mal tra jec tory de sign for for ma -
tion ma neu ver.
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AAS 08 – 145
Dy nam ics and Con trol of Sat el lite For ma tions Using a Quasi-Rigid Body
For mu la tion

Chris to pher Blake and Arun K. Misra, McGill Uni ver sity

The quasi-rigid body (QRB) for mu la tion views a sat el lite for ma tion as a sin gle en -
tity. We pres ent a gen eral def i ni tion of a QRB frame, which cap tures the ori en ta tion of
a for ma tion, and we show how it may be in cor po rated into sys tem dy nam ics, us ing both 
New to nian and Lagrangian meth ods. For geo cen tric for ma tions, we pres ent bounded
rel a tive or bit so lu tions, quan tify the forces needed to main tain a rigid for ma tion, and in -
ves ti gate an open-loop con trol strat egy based on rigid body dy nam ics. The QRB for mu -
la tion can fa cil i tate de vel op ment of con trol al go rithms fo cused on main tain ing for ma -
tion ori en ta tion and per form ing slew ma neu vers.

AAS 08 – 146
Ro bust Con trol Law for For ma tion Flying Sat el lite in Ec cen tric Or bits

Philippe Brazeau, Vin cent Simard Bilodeau, Aymeric Kron and Jean de Lafontaine,
Universite de Sherbrooke

This ar ti cle pro poses a dis crete ro bust con trol law for for ma tion fly ing in ec cen tric 
or bits based on Lawden model. Pre vi ous ro bust ap proaches have re lied on sched uled H
in fin ity con tin u ous con trol ler to re con fig ure and main tain co he sion of an ar ti fi cial for -
ma tion. This pa per rather pro poses a dis crete, with re al is tic sam pling rate, non-sched -
uled, sta bil ity guar an teed con trol ler. This con trol ler is ob tained by choos ing ad e quate
wait ing func tion that min i mizes rel a tive po si tion er ror with sim i lar com mand ef fort and
by im pos ing strict closed-loop poles con straints to H in fin ity syn the sis al go rithm.

SES SION 7: TETHERS
Chair: Dr. Thomas Lovell, AFRL

AAS 08 – 148
Sta bil ity of Tethered Sat el lites Using Floquet The ory for a Non-Equilibrium
Reference

Jean H. Slane, En gi neering Sys tems Inc.; Steven Tragesser, Uni ver sity of Col o rado

Or biting sev eral space craft in rel a tively close for ma tion, or for ma tion fly ing, may
sig nif i cantly in crease the per for mance of ap pli ca tions such as re mote sens ing plat forms. 
Tethers have been pro posed to main tain the sat el lites’ rel a tive po si tions while min i miz -
ing sta tion keep ing ma neu vers. This re search in ves ti gates the sta bil ity of a flex i ble for -
ma tion of teth ered sat el lites where the spin axis cre ates a cone in in er tial space. In fin i -
tes i mal sta bil ity is eval u ated by ap ply ing Floquet The ory to linearized time-periodic
equa tions of mo tion at sev eral con di tions. The sta bil ity anal y sis pro vides in valu able in -
for ma tion for eval u at ing the con trol ef fort nec es sary to main tain the sat el lites’ rel a tive
po si tions in the for ma tion.
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AAS 08 – 149
Or bit-Nadir Aligned Cou lomb Tether Re con fig u ra tion Anal y sis

Arun Natarajan, Vir ginia Tech; Hanspeter Schaub, Uni ver sity of Col o rado

While reconfiguring a two craft Cou lomb tether aligned along the or bit ra dial di -
rec tion, the linearized charged equa tion of mo tion (EOM) of the out-of-plane an gle is
de coup led from the Cou lomb forces. An an a lyt i cal so lu tion is de vel oped for this mo tion 
us ing Bessel func tions for a con stant rate of re con fig u ra tion. Bounds on the ini tial out-
of-plane os cil la tion are de duced such that the fin ial os cil la tion will re main within the
pre scribed lim its. This pa per also pres ents the in flu ence of a smoothed re con fig u ra tion
rate on the switch over os cil la tions of the in-plane an gle and sep a ra tion dis tance er ror.

AAS 08 – 150
Nu mer i cal Model De vel op ment and Ver i fi ca tion for the Dy nam ics of an
Elec tro dy namic Tether Sys tem

Joshua R. Ellis and Chris to pher D. Hall, Vir ginia Tech

Two dif fer ent so lu tion meth ods for solv ing the par tial dif fer en tial equa tions of mo -
tion of an elec tro dy namic tether sys tem are de vel oped, ver i fied, and com pared. The first 
method is based on an ex pan sion of the tether dis place ments us ing as sumed mode func -
tions, and the sec ond method is a fi nite el e ment method us ing cu bic Hermite in ter po la -
tion poly no mi als. The Method of Man u fac tured Ex act So lu tions is used to ver ify the ac -
cu racy of the nu mer i cal so lu tions pro duced by each method, and the two meth ods are
com pared us ing prin ci ples of Rich ard son ex trap o la tion to de ter mine which method is
better suited to nu mer i cal sim u la tions of EDT sys tems.

AAS 08 – 151
Non lin ear At ti tude Dy nam ics and Con trol for Sat el lite Tethered For ma tion Flying
in Three-Dimensional Free Space

Insu Chang, Sang-Young Park and Kyu-Hong Choi, Yonsei Uni ver sity

The ob jec tive of the cur rent re search is to an a lyze the dy nam ics of sat el lite teth -
ered for ma tion where the teth ered units are mod eled as ex tended rigid bod ies. The three 
in line ar ray sys tem is used and the gen eral for mu la tion of the gov ern ing equa tions of
mo tions of the sys tem is ob tained through a Lagrangian ap proach. The main con tri bu -
tion of this re search is to in tro duce the State-Dependent Riccati Equa tion(SDRE) tech -
nique to at ti tude con trol prob lem in teth ered for ma tion fly ing. The sta bil ity re gion for
the SDRE-controlled sys tem is es ti mated by us ing nu mer i cal method. The sim u la tion
re sults for the at ti tude con trol dem on strate the ef fec tive ness for the SDRE ap proach.
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AAS 08 – 152
Ef fects of Libration on Gen eral Electrodynamic Tether Or bital Ma neu vers

Nickolas Sabey, Lockheed Mar tin Mis sion Ser vices;
Ste ven Tragesser, Uni ver sity of Col o rado at Col o rado Springs

For per form ing ma neu vers with changes in all or bital el e ments, a time vary ing cur -
rent along an elec tro dy namic tether is re quired. A guid ance scheme to achieve ar bi trary
fi nal or bital el e ments has been pre vi ously de vel oped for a ver ti cal tether. In this work, a 
nom i nal pe ri odic so lu tion for the libration dy nam ics is em ployed. Pre vi ously ob tained
pe ri odic so lu tions for a con stant cur rent are ex tended to the case of vari able cur rent.
The pe ri odic so lu tion is then ap plied to the guid ance scheme to de ter mine the deg ra da -
tion of the ma neu ver due to libration.

AAS 08 – 153
Sim ple Con trol Laws for Self-Balanced Elec tro dy namic Tethers

Manuel Sanjurjo-Rivo and Je sus Peláez, Tech ni cal Uni ver sity of Ma drid

Elec tro dy namic teth ers ex hibit an un sta ble be hav ior at in clined or bits. The res o lu -
tion of this un de sir able per for mance has been tack led in sev eral ways. One of the pro -
posed so lu tions, the self-balanced elec tro dy namic tether (SBET) con cept, al lows a con -
trol pro ce dure, namely, the con tinuos con trol, which pro vides high cur rents with out
destabilizing torques. In this ar ti cle we un der take the im prove ment of this con trol
method broaden its field of ap pli ca tion, re duc ing the com plex ity in its prac ti cal im ple -
men ta tion and ex plor ing close strat e gies. Fur ther more, we face with the pos si bil ity of
ex tend the con tin u ous self bal anced con trol so the sys tem will be as ymp tot i cally sta ble.

SES SION 8: OR BIT DE TER MI NA TION
Chair: Dr. Craig McLaughlin, Uni ver sity of Kan sas

AAS 08 – 154
Al ter nating Di rec tional Implicit Method En hanced Non lin ear Fil tering

Jangho Yoon and Yunjun Xu, Uni ver sity of Oklahoma

Non lin ear fil ter ing us ing Fokker-Planck equa tion (FPE) and Bayes’ rule should
pro vide better op ti mal es ti ma tions than Ex tended Kalman fil ter be cause it does not re -
quire linearized dy nam ics and/or mea sure ment model. How ever, lack of ef fi cient meth -
ods to solve FPE nu mer i cally lim ited its ap pli ca tions. In this pa per FPE and Bayes’ rule 
based fil ter ing is ap plied to or bital po si tion es ti ma tion. Evo lu tion of state prob a bil ity
den sity func tion (PDF) be tween mea sure ments is ob tained by solv ing FPE us ing al ter -
nat ing di rec tional im plicit (ADI) method. As com pared other meth ods, ADI method re -
duced com pu ta tional cost dra mat i cally. Bayes’ rule up dates state PDF nu mer i cally ac -
cord ing to mea sure ments. To fur ther de crease com pu ta tional cost, the mov ing do main is 
em ployed to re duce the do main of in te gra tion. Sim u la tions for both Hill’s and
Keplerian equa tion dem on strate the fea si bil ity of im ple men ta tion in real ap pli ca tions.

35

http://www.univelt.com/book=1693
http://www.univelt.com/book=1694
http://www.univelt.com/book=1695


AAS 08 – 155
A Gaussi an func tion Net work for Un cer tainty Prop a ga tion through Non lin ear
Dy nam i cal Sys tem

Puneet Singla and Tarunraj Singh, Uni ver sity at Buf falo

A Gaussi an func tion net work is pro posed to solve the Fokker-Planck Equa tion
(FPE) for ex act un cer tainty prop a ga tion through a gen eral non lin ear sys tem. The so lu -
tion to the FPE, the tran si tion prob a bil ity den sity func tion, is ap prox i mated by a fi nite
sum of Gaussi an den sity func tions whose pa ram e ters are de ter mined by us ing a qua -
dratic pro gram ming based ap proach. The method is ap plied to the FPE for two-di men -
sional dy nam i cal sys tems, and ar gued to be an ex cel lent can di date for higher di men -
sional sys tems and the tran sient prob lem. Re sults are com pared with ex ist ing global
tech niques.

AAS 08 – 156
Ap pli ca tion of the Back wards Smoothing Ex tended Kalman Fil ter to Or bit
Es ti ma tion

Zachary J. Folcik, MIT Lin coln Lab o ra tory;
Paul J. Cefola, Mas sa chu setts In sti tute of Tech nol ogy

The Back ward Smoothing Ex tended Kalman Fil ter (BSEKF) is a type of It er ated
Ex tended Kalman Fil ter. The fil ter was de vel oped for state es ti ma tion prob lems with
highly non lin ear dy namic and mea sure ment equa tions. Its pur pose is to pro vide more
re li able con ver gence and ro bust ness than other types of fil ters, i.e. the Ex tended
Kalman Fil ter and the Un scented Kalman Fil ter. Pre vi ously, the BSEKF was ap plied to
a dif fi cult space craft at ti tude es ti ma tion prob lem. Our in tent with this pa per is to ap ply
the BSEKF to an or bit es ti ma tion prob lem and de ter mine whether an anal o gous im -
prove ment is achieved.

AAS 08 – 157
Or bit Grav ity Er ror Covariance

James R Wright, James Wood burn, Son Truong and Wil liam Chuba,
An a lyt i cal Graph ics, Inc.

Op ti mal or bit de ter mi na tion re quires a phys i cally con nected method to cal cu late a
grav ity er ror pro cess noise covariance func tion to drive the fil ter time-update across
each prop a ga tion time in ter val. We de rive the or bit covariance func tion from an ac -
quired covariance ma trix on po ten tial func tion co ef fi cient es ti ma tion er rors. We em ploy 
ex ist ing the ory, de rived from re sults due to Kaula, Pechenick, and Wright to cal cu late a
dou ble in te gral in six-dimensions, the or bit covariance func tion for the fil ter. Our ex ist -
ing method has been lim ited to a sin gle po ten tial func tion, and our al go rithm ar chi tec -
ture has been lim ited to a re stricted LEO class. Now we have con structed a new method 
that broad ens the al go rithm ar chi tec ture, with ap pli ca tions to GRACE, EGM96, and
LUNAR-PROPECTOR po ten tial func tions.
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AAS 08 – 158
Withdrawn

AAS 08 – 159
Sam ple Or bit Covariance Func tion and Fil ter-Smoother Con sis tency Tests

James R Wright, James Wood burn, Son Truong and Wil liam Chuba,
An a lyt i cal Graphics, Inc.

A new method was de vel oped to ac cu mu late and prop a gate an or bit sam ple
covariance func tion, de rived di rectly from an en sem ble of nu mer i cal or bit in te gra tions
driven by the po ten tial func tion covariance ma trix. Con sis tency of the fil ter er ror
covariance func tion with the sam ple covariance func tion im plies con sis tency of the fil -
ter er ror covariance func tion with the po ten tial func tion covariance ma trix. Rig or ous
ODTK fil ter-smoother con sis tency test re sults, us ing real track ing data, are pre sented
for JA SON-GRACE, JA SON-EGM96, and LUNAR-PROSPECTOR. The fil ter-
smoother con sis tency test is sen si tive to all mod el ing er rors, in clud ing the ex is tence of
mod el ing er rors in the po ten tial func tion covariance ma trix.

AAS 08 – 160
Or bit De ter mi na tion Using GPS In clud ing Per tur ba tions Due to Geopotential
Co ef fi cients of High De gree and Or der and So lar Ra di a tion Pres sure

Rodolpho Vilhena de Moraes, UNESP/FEG;
Paula Cristiane Pinto Raimundo and Helio Koiti Kuga, DMC – INPE.

Using sig nals of the GPS con stel la tion the or bit of ar ti fi cial sat el lites are de ter -
mined. Per tur ba tions due to high de gree and or der of the geopotential co ef fi cients and
di rect so lar ra di a tion pres sure were taken into ac count. It was also con sid ered the po si -
tion of the GPS an tenna on the sat el lite. An ap pli ca tion has been done, us ing real data
from the TOPEX/PO SEI DON sat el lite. The best ac cu racy ob tained in po si tion was
smaller than 3 me ters for short pe riod (2 hours) and smaller than 28 me ters for long pe -
riod (24 hours) or bit de ter mi na tion.

AAS 08 – 161
Or bit Covariance In ner In te grals with Poly no mials

James R Wright, James Wood burn, Son Truong and Wil liam Chuba,
An a lyt i cal Graph ics, Inc.

We de rive the grav ity er ror pro cess noise or bit covariance func tion for the fil ter
from an ac quired covariance ma trix on po ten tial func tion co ef fi cient es ti ma tion er rors.
We em ploy ex ist ing the ory, de rived from re sults due to Kaula, Pechenick, and Wright,
to cal cu late a dou ble in te gral in six-dimensions, the or bit covariance func tion for the fil -
ter. The dou ble in te gral is cal cu lated as an it er ated in te gral, first an in ner in te gral and
then an outer in te gral. Here we de scribe cal cu la tion of the in ner in te gral with poly no mi -
als.
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SES SION 9: SPACE CRAFT GUID ANCE, NAV I GA TION AND CON TROL – II
Chair: Dr. Kathleen Howell, Purdue Uni ver sity

AAS 08 – 162
A High Or der Method for Es ti ma tion of Dy namic Sys tems, Part I : The ory

Manoranjan Majji, James D. Turner and John L. Junkins, Texas A&M Uni ver sity

An an a lyt i cal ap proach to prop a gate un cer tainty through non lin ear dy nam i cal sys -
tems is con sid ered for fil ter ing ap pli ca tions. The method in volves the com pu ta tion of
the time evo lu tion of ar bi trarily high or der mo ments as a func tion of the sta tis tics of the 
pro cess at ini tial time by in te gra tion of high or der state tran si tion ten sors as de vel oped
by [Turner, Park]. Cen tral to the ap proach, is a data struc ture work ing in tan dem with
OCEA (Ob ject Ori ented Co or di nate Em bedding Method). Non lin ear Kalman fil ter
struc tures are pro posed the state tran si tion ten sor frame works that make use of the ex -
cel lent prop a ga tion prop er ties. We con clude the dis cus sion with notes on con clu sions
and cur rent and fu ture work plan.

AAS 08 – 163
In er tia Pa ram e ter Ex per i men tal Es ti ma tion of a Sat el lite Sim u la tor

Luiz Carlos Gadelha DeSouza, Na tional In sti tute for Space Re search - INPE,
S J Cam pos – SP, Brasil.

This pa per pres ents the in er tia pa ram e ters es ti ma tion of the 1-D (DMC) sim u la tor
by a re cur sive least squares ap proach us ing ex per i men tal data. The data are ob tained in
a sim ple ex per i ment and it con sists of the torque ap plied by the re ac tion wheel and the
plat form an gu lar ve loc ity mea sured by a gy ro scope. To per form that es ti ma tion one de -
rives the ACS sim u la tor equa tion of mo tion. The in er tia pa ram e ters es ti mated is in
agree ment with the val ues ob tained by other method. As a re sult, the 1-D DMC sim u la -
tor de scrib ing the sat el lite dy nam ics and ACS is ready to im ple ment and test dif fer ent
at ti tude con trol sys tems and con trol laws strat e gies.

AAS 08 – 164
Com mu ni ca tion, Ocean and Me te o ro log i cal Sat el lite Or bit De ter mi na tion
Ac cu racy Im prove ment

Yoola Hwang, Byoung-Sun Lee, Hae-Yeon Kim and Jaehoon Kim,
Elec tron ics and Tele com mu ni ca tions Re search In sti tute, Ko rea

An op er a tional Or bit De ter mi na tion and Pre dic tion sys tem for geo sta tion ary Com -
mu ni ca tions, Ocean and Me te o ro log i cal Sat el lite mis sion re quires ac cu rate sat el lite po -
si tion ing knowl edge to ac com plish Im age Nav i ga tion Reg is tra tion (INR) on the ground. 
How ever, the or bital lon gi tude of the COMS is so close to that of sat el lite track ing site
that a geo met ric sin gu lar ity af fects observability. Ranging and track ing data from sin gle 
ground sta tion are used for the Or bit De ter mi na tion (OD). A method to solve az i muth
bias of sin gle sta tion in sin gu lar ity is pe ri od i cally to ap ply a cal i brated az i muth bias us -
ing two ground sta tions rang ing and track ing data. Al though the re sult of or bit de ter mi -
na tion us ing only sin gle sta tion was 5-6 km RSS, the dif fer ence from truth or bit was re -
duced to within 2-3 km when the cal i brated az i muth bias was ap plied.
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AAS 08 – 165
Op ti mal In te grated At ti tude and State Es ti ma tion for Lu nar De scent to Land ing
Nav i ga tion

Renato Zanetti and Rob ert H. Bishop, The Uni ver sity of Texas at Aus tin

Con di tions on the optimality of the in tro duc tion of preprocessed at ti tude es ti mates
in the Kalman fil ter are de vel oped. The re sults are ap plied to lu nar de scent to land ing
nav i ga tion. The at ti tude es ti mate is ob tained with the Dav en port q-method and a mod i -
fied mea sure ment model. To gether with the at ti tude es ti mate, the pre pro cessor passes to 
the Kalman fil ter the es ti ma tion er ror covariance.

AAS 08 – 166
Op ti mal Au ton o mous Ma noeuvre Planning for Space craft For ma tion Flying -
Po si tion As sign ment

Ross Burgon and Pe ter C. E. Rob erts, Cranfield Uni ver sity;
Finn Ankersen, Eu ro pean Space Tech nol ogy Cen tre (ESTEC), The Neth er lands

For ma tion fly ing of space craft in or bit around the Earth and in deep space is be -
com ing an en abling tech nol ogy for a num ber of space mis sion con cepts. One such con -
cept is sep a rated space craft in ter fer om e try a tech nique to be used by ESA’s Dar win
planet find ing mis sion. In this pa per a po si tion as sign ment al go rithm is in tro duced de -
signed to find the post-manoeuvre space craft po si tions that sat isfy in ter fer om e try sci -
ence goals whilst op ti mis ing for fuel use or fuel bal anc ing con sid er ations. Gains of up
to 45% less fuel for fuel mini mis ing ma noeuv res and a 450% in crease in fuel bal anc ing
are ob served us ing Dar win-like mis sion pa ram e ters.

AAS 08 – 167
Sim ple Sat el lite Or bit Prop a ga tor

Pini Gurfil, Technion - Is rael In sti tute of Tech nol ogy

An in creas ing num ber of space mis sions re quire on-board au ton o mous or bit de ter -
mi na tion. The pur pose of this pa per is to de velop a sim ple or bit prop a ga tor (SOP) for
such mis sions. Since most sat el lites are lim ited by the avail able pro cess ing power, it is
im por tant to de velop an or bit prop a ga tor that will use lim ited com pu ta tional and mem -
ory re sources. In this work, we show how to choose state vari ables for prop a ga tion us -
ing the sim plest nu mer i cal in te gra tion scheme avail able — the ex plicit Eu ler in te gra tor.
The new state vari ables are de rived by the fol low ing ra tio nale: Ap ply a vari a tion-of-pa -
ram e ters not on the grav ity-affected or bit, but rather on the grav ity-free or bit, and teart
the grav ity as a gen er al ized force.
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AAS 08 – 168
Nav i ga tion Anal y sis to Fa cil i tate Pre ci sion De cent Nav i ga tion for Land ing at the
Moon

Kyle J. DeMars and Rob ert H. Bishop, The Uni ver sity of Texas at Aus tin

Sen si tiv ity anal y sis is per formed for a nav i ga tion fil ter which has been de signed to 
fa cil i tate pre ci sion land ing at the Moon. In or der to per form the sen si tiv ity anal y sis, an
er ror bud get is de vel oped. Er ror groups are de fined by group ing el e ments of the ini tial
state pa ram e ter un cer tain ties, the pro cess noise spec tral den sity, and the mea sure ment
noise covariance. The re sult ing state un cer tain ties due to each in di vid ual group are then
cat a logued into an er ror bud get. From the er ror bud get, a sen si tiv ity anal y sis is per -
formed to pre dict the fil ter per for mance for off-nominal val ues of the ini tial state pa -
ram e ter un cer tain ties, the pro cess noise, and the mea sure ment noise.

AAS 08 – 169
Time Varying Eigensystem Re al iza tion Al go rithm with Re peated Ex per i ments

Manoranjan Majji and John L. Junkins, Texas A&M Uni ver sity

This manu script pres ents an ex ten sion of the cel e brated Eigensystem Re al iza tion
Al go rithm (ERA) to in clude the iden ti fi ca tion of time vary ing sys tems. Time vary ing
sys tem mod els, in dis crete time are in tro duced and the dif fer ences and unique prop er ties 
are dis cussed in the light of the time in vari ant sys tem mod els. Re al iza tion the ory spe -
cial ized to ac count for the time vari a tion of the sys tem mod els is re vised to setup the
con ven tions for the re main der of the pa per. This is fol lowed by a brief pre sen ta tion of
the Eigensystem Re al iza tion Al go rithm for the lin ear time in vari ant plant mod els. The
gen er al iza tion of this al go rithm is pre sented and is dis cussed with an ex am ple.

SES SION 10: SO LAR SYS TEM MIS SIONS
Chair: Frederic Pelletier, JPL

AAS 08 – 170
Mis sion to Bi nary As ter oids: 1999 KW4 as a Case Study

Julie Bellerose and Dan iel J. Scheeres, Uni ver sity of Mich i gan

Using the en ergy con straints of the Re stricted Full Three-Body Prob lem (RF3BP)
we de sign a ro botic mis sion at a bi nary as ter oid sys tem. The case of rel a tive equi lib ria
be tween the bod ies is as sumed for a el lip soid-sphere sys tem. In this work, we give an
over all mis sion de sign for plan e tary ex plo ra tion ac count ing for the par tic u lar dy nam ics
of the bi nary sys tem and a space craft in this grav i ta tional field. We dis cuss ap proach to
the bi nary, dy nam ics and con trol of co op er a tive hop pers per form ing sur face in ves ti ga -
tion, and trans fer from one body to the other. The bi nary as ter oid 1999 KW4 is used as
a case study.
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AAS 08 – 171
Chasing a Comet with a So lar Sail

Robert W. Stough, An drew F. Heaton and Dr. Mark S. Whorton, NASA

So lar sail pro pul sion sys tems en able a wide range of mis sions that re quire con stant 
thrust or high delta-V over long mis sion times. One par tic u larly chal leng ing mis sion
type is a comet ren dez vous mis sion. This pa per pres ents op ti mal low-thrust tra jec tory
de signs for a range of sailcraft per for mance met rics and mis sion tran sit times that en -
ables a comet ren dez vous mis sion. These op ti mal tra jec tory re sults pro vide a trade
space which can be parameterized in terms of mis sion du ra tion and sailcraft per for -
mance pa ram e ters such that a de sign space for a small sat el lite comet chaser mis sion is
iden ti fied. These re sults show that a fea si ble space ex ists for a small sat el lite to per form 
a comet chaser mis sion in a rea son able mis sion time.

AAS 08 – 172
Nav i ga tion for the Sec ond Ve nus Flyby of the MES SEN GER Mis sion to Mer cury

K. E. Wil liams, A. H. Tay lor, B. R. Page, J. K. Miller, J. Smith, P. Wolff,
D. Stanbridge and B. G. Wil liams, KinetX, Inc.;
J. V. McAdams, Johns Hopkins Uni ver sity Ap plied Phys ics Lab o ra tory

MEr cury Sur face, Space EN vi ron ment, GEo chem is try, and Ranging (MES SEN -
GER) is the sev enth mis sion in NASA’s Dis cov ery Pro gram. The space craft was
launched on 3 Au gust 2004 and will ar rive in or bit about Mer cury be gin ning in March
2011. The cruise phase in cludes plan e tary grav ity-assist fly bys of Earth (in Au gust
2005), Ve nus (in Oc to ber 2006 and June 2007) and Mer cury (in Jan u ary and Oc to ber
2008 and Sep tem ber 2009). This pa per de scribes the nav i ga tion re sults for the pe riod
en com pass ing Ve nus flyby 2 and fo cuses on or bit de ter mi na tion, tra jec tory cor rec tion
ma neu vers, op ti cal nav i ga tion tests per formed af ter the en coun ter and im pli ca tions for
the up com ing first Mer cury en coun ter.

AAS 08 – 173
Hayabusa’s 1st Half of Re turn Cruise – Flight Re sults on At ti tude Con trol and Ion 
Engines Pro pul sion

Jun’ichiro Kawaguchi, Osamu Mori, Hitoshi Kuninaka, Takashi Kominato and
Kenichi Shirakawa, In sti tute of Space and Astronautical Sci ence (ISAS),
Ja pan Aero space Ex plo ra tion Agency (JAXA)

This pa per pres ents the flight op er a tion sum mary dur ing the first half of the re turn
cruise back home in Hayabusa mis sion. This pa per fo cuses its at ten tion on how we have 
coped with the at ti tude con trol dif fi culty us ing so lar ra di a tion pres sure, also on how the
guid ance and nav i ga tion have been per formed while pro pelled via ion en gines. The
flight re sults are given.
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AAS 08 – 174
The Com pen sa tion Method of the Ob ser va tion Er ror of the Tar get Po si tion for
High Ac cu rate Nav i ga tion at Flyby

Shunsuke Okada, Uni ver sity of To kyo;
Osamu Mori and Jun’ichiro Kawaguchi, In sti tute of Space and Astronautical Sci ence
(ISAS), Ja pan Aero space Ex plo ra tion Agency (JAXA)

This pa per de scribes the nav i ga tion strat egy of the small probe for flyby us ing the
im ages of the tar get. The com plex ity of the tar get shape and the shadow area on the tar -
get im age make it dif fi cult to know the cen ter po si tion of the tar get. For high ac cu rate
flyby, the ob ser va tion er ror of the tar get cen ter needs to be com pen sated. In this pa per,
the com pen sa tion method of the er ror is de rived sup pos ing that the tar get shape is
sphere. The va lid ity of the method is ex am ined in the ex per i ment.

SES SION 11: EARTH AND PLAN E TARY MIS SION SCI ENCE
Chair: Dr. Paul Schumacher, Air Force Re search Lab o ra tory

AAS 08 – 175
Evo lu tion Mech a nism and Re lated Astrodynamics Char ac ter is tics for Small
Ce les tial Bodies

Jun’ichiro Kawaguchi, In sti tute of Space and Astronautical Sci ence (ISAS), Ja pan
Aero space Agency; Akifumi Kitashima, Yuichi Miwa and Masatoshi Hirabayashi,
Graduate School of University of Tokyo

The pa per pres ents how the ini tial con tact bi nary state was as to a near earth as ter -
oid Itokawa, and dis cusses dy nam ics en ergy to spec u late the evo lu tion pro cess. The
study also looks at the frag ments ac cre tion mech a nism and touches on the sur face fea -
ture dis tinc tion mech a nism as well. All of the con tents are looked at from Astrody nam -
ics point of view not from sci en tific point of views.

AAS 08 – 176
De ter mi na tion of Thermospheric Winds from GRACE Ac cel er om e ter Data

Minkang Cheng, By ron D. Tapley, Srinivas Bettadpur and John C. Ries,
The Uni ver sity of Texas at Aus tin, Cen ter for Space Re search

Mea suring the thermospheric neu tral winds is im por tant for im prov ing our un der -
stand ing of the ion o sphere-thermosphere cou pling. Thermospheric neu tral winds re dis -
trib ute en ergy glob ally and drive the heat bal ance of the ther mo sphere and pro duce ad -
di tional per tur ba tions on the along and cross-track com po nents of the sat el lite or bit. The 
ac cel er om e ter (ACC) data from GRACE, which mea sure the non-gravitational forces on 
sat el lite, are par tic u lar well suited for ex plor ing the up per at mo spheric den sity vari a -
tions and the thermospheric neu tral winds as well. This pa per pres ents the pro ce dure for 
anal y sis of 10 Hz ACC data, and re views the ba sic the ory for de ter mi na tion of the at -
mo spheric winds and den sity from the GRACE ac cel er om e ter data. Pre lim i nary re sults
of at mo spheric winds will be pre sented.
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AAS 08 – 177
Com par i son of To tal Den sity Derived from CHAMP Pre ci sion Or bits and CHAMP 
Ac cel er om e ter

Craig A. McLaughlin and An drew Hiatt, Uni ver sity of Kan sas;
Ben S. Bieber, Uni ver sity of North Da kota

At mo spheric den sity mod el ing has long been one of the great est un cer tain ties in
the dy nam ics of low Earth sat el lite or bits. Ac cu rate den sity cal cu la tions are re quired to
pro vide mean ing ful es ti mates of the at mo spheric drag per turb ing sat el lite mo tion. This
pa per uses pre ci sion sat el lite or bits from the Chal leng ing Minisatellite Pay load
(CHAMP) sat el lite to pro duce a new data source for up per at mo spheric den sity and
changes that oc cur on time scales less than a day. The pre ci sion or bit de rived den sity is
com pared to CHAMP ac cel er om e ter de rived den sity to de ter mine the ac cu racy of us ing
pre ci sion or bit de rived den sity over a range of time pe ri ods.

AAS 08 – 178
Or bit De ter mi na tion Re quire ments for ABYSS: A Pro posed Space Station Sci ence
Pay load

C. K. Shum, Hyongki Lee, Ohio State Uni ver sity; P. A. M. Abusali, John C. Ries,
Uni ver sity of Texas at Aus tin; James Ogle, ITT Space Sys tems; R. Keith Raney, Johns
Hopkins Uni ver sity; Wal ter H. F. Smith, NOAA; Drazen Svehla, Technical University
of Munich, Germany; Changyin Zhao, Pur ple Moun tain Ob ser va tory, China

The Altimetric Bathymetry from Sur face Slopes, ABYSS-II, a pro posed 2010 or
be yond sci ence pay load on the Ex press Lo gis tics Car rier (ELC) of the In ter na tional
Space Sta tion (ISS), is a De lay-Doppler ra dar al tim e ter (DDA) ca pa ble of mea sur ing
ocean sur face slope in the 6–200 km half-wavelength band range with an ac cu racy of
0.5 µra di ans. This mea sure ment al lows an im proved map ping of the global bathymetry,
en abling a wide range of sci en tific re search and ap pli ca tions. The non-repeat ISS or bital 
ground track is ideal for ABYSS-II. This pa per de scribes a study on ef fects of Earth’s
grav ity field and other er rors, in clud ing ther mal bend ing of the ISS, on or bit de ter mi na -
tion of the DDA an tenna phase cen ter lo ca tion and the ISS, to wards ful fill ing the sci -
ence ob jec tives of ABYSS-II.

AAS 08 – 179
Or bital Me chanics, Per tur ba tions, and GRACE Sci ence and Mis sion De sign

Srinivas Bettadpur, Uni ver sity of Texas at Aus tin Cen ter for Space Re search

The NASA/DLR GRACE mis sion has pro vided unique in sights into the mass flux
within the Earth sys tem and the un der ly ing geo phys i cal and cli mate pro cesses. The
mass flux mea sure ments at weekly to inter-annual time scales, and 300 km and larger
res o lu tions, are de rived from es ti mates of Earth grav ity field changes ex tracted from
pre cise mea sure ments of rel a tive or bital mo tion be tween two co-planar low-Earth or bit -
ing sat el lites. This pa per re views the or bital me chan ics bases be hind the GRACE mis -
sion de sign, data pro cess ing al go rithms and sci en tific in fer ence.
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SES SION 12: DY NAM I CAL THE ORY OF SPACE FLIGHT PROB LEMS
Chair: Dr. Fe lix Hoots, The Aero space Cor po ra tion

AAS 08 – 180
Quasi Con stant-Time Or bit Prop a ga tion with out Solving Kep ler’s Equa tion

Jeremy Da vis, Chris tian Bruccoleri and Daniele Mortari, Texas A&M Uni ver sity

Ef fi cient meth ods for solv ing Kep ler’s equa tion have been stud ied for cen tu ries
and gen er ated a vast lit er a ture. This pa per pro pose a shift of fo cus from the ef fi cient so -
lu tion of Kep ler’s equa tion to the al ter na tive that, when the po si tion of the space craft at
pre cise in stants in time is not re quired, one may sim ply use a quasi con stant-time prop -
a ga tion tech nique to ob tain a good ap prox i ma tion of the space craft tra jec tory. This
method is much faster than solv ing Kep ler’s equa tion iteratively and pro vides, dur ing
the ini tial stages of mis sion anal y sis, a good so lu tion from which deeper in ves ti ga tion
of the or bit char ac ter is tics can pro ceed.

AAS 08 – 181
Ec cen tric Or bits Around Plan e tary Moons

Ryan P. Rus sell and Adam T. Brinckerhoff, Geor gia In sti tute of Tech nol ogy

Ec cen tric or bits in the third-body per turbed prob lem are eval u ated for po ten tial use 
in plan e tary moon mis sions, with a par tic u lar em pha sis on Ganymede. Models for anal -
y sis in clude the dou bly-averaged Hill’s, the un-averaged Hill’s plus non-spherical po -
ten tial, and a full ephemeris. Prom ising re sults in clude long-term ephemeris sta ble or -
bits that find max i mum in cli na tions above 60 de grees and cy cle be tween high and low
ec cen tric ity while dis trib ut ing the close ap proaches through out all lon gi tudes. The cir cu -
lat ing or bits are less ex pen sive to achieve than low-altitude cir cu lar or bits, and the or -
bital ge om e try and tim ing are fa vor able for a va ri ety of both plan e tary moon and plan e -
tary sys tem sci ence.

AAS 08 – 182
Withdrawn

AAS 08 – 183
Anal y sis of Two-Body Rec ti lin ear Tra jec tories

Douglas H. May, Uni ver sity of Ar i zona

This pa per ex tends the lin ear tra jec tory so lu tions de scribed in prior work that pro -
duced time-displacement equa tions for the com plete range of two-body or bital mo tion.
In cluded were the rec ti lin ear tra jec to ries for each type of or bit, el lip tic, par a bolic, and
hy per bolic. This pa per ex tends that ap proach with fur ther anal y sis of the lin ear el lip tic
tra jec tory, de riv ing rel a tive mo tion equa tions. With ap pli ca tion in the con text of rel a tiv -
ity the ory, the ap proach pro vides a means to re late mo tion be tween all lin ear el lip tic tra -
jec to ries. Al ter nate in er tial ref er ence frames be come ev i dent in the der i va tion ex pand ing 
the un der stand ing of rel a tive or bital mo tion.
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AAS 08 – 184
An a lyt i cal Model for Lunar Or biter

Juan F. San-Juan, Uni ver sity of La Rioja, Spain;
Alberto Abad, An to nio Elipe and E. Tresaco, Uni ver sity of Zaragoza, Spain

We con sider the mo tion of an or biter about the Moon un der the Moon grav ity and
the third body at trac tion un der Hill hy poth e sis. To this model, a per tur ba tion the o ries
are ap plied, namely elim i na tion of the par al lax and Delaunay nor mal iza tion. By so do -
ing, we get one de gree of free dom nor mal ized Hamiltonian. we de ter mine the evo lu tion 
of the phase flow, equi lib ria and b ifurcations, that is, we find fam i lies of frozen or bits
since crit i cal points of the nor mal ized Hamiltonian cor re spond to frozen or bits in the
orig i nal Hamiltonian.

SES SION 13: SAT EL LITE CON STEL LA TIONS
Chair: Dr Ron Proulx, Draper Lab o ra tory

AAS 08 – 185
The Flower For ma tion Flying – Part I: The ory

Daniele Mortari, Texas A&M Uni ver sity;
Stefania Tonetti, Politecnico di Milano, It aly

This pa per pres ents the the ory of Flower For ma tion Flying. Mo ti va tion co mes
from the need to ex tend the The ory of Flower Con stel la tions to a con fig u ra tion of sat el -
lites with small rel a tive dis tances. Two dif fer ent types of Flower For ma tion Flying are
here pre sented: the Cir cu lar and the El lip ti cal Flower For ma tion Flying which are built
on a ref er ence or bit that is cir cu lar or el lip ti cal, re spec tively. Sim i lar to Flower Con stel -
la tions, the Flower For ma tion Flying are ruled by some in te ger pa ram e ters for the sat el -
lite phas ing and by other pa ram e ters iden ti fy ing the ref er ence or bit and the for ma tion
size. The Flower For ma tion Flying al lows to cre ate for ma tions of spacecrafts with any
rel a tive dis tance and or bital ec cen tric ity, over com ing the Clohessy-Wiltshire equa tions
lim its.

AAS 08 – 186
The Flower For ma tion Flying – Part II: Ap pli ca tion

Stefania Tonetti, Politecnico di Milano, Italy;
Da vid C. Hyland and Daniele Mortari, Texas A&M Uni ver sity

This pa per shows how to de sign a Flower For ma tion Flying for a multi-spacecraft
interferometric sys tems to im age with high res o lu tion so lar sys tem plan ets, Moons, as
well as sat el lites in GEO belt. To de sign the op ti mal for ma tion, con sist ing in cov er ing
the res o lu tion disk of the fre quency plane, two op ti mi za tion tech niques have been
adopted: Ge netic Al go rithm and Par ti cle Swarm Op ti mi za tion. Both de sign tech niques
in clude the Earth’s eclipse prob lem. This pa pers shows the cov er age as a func tion of the 
num ber of tele scopes and of the im age pixel num ber. Nu mer i cal re sults clearly show
the cov er age gain of Cir cu lar and El lip ti cal Flower For ma tions with re spect to the clas -
sic string-of-pearls for ma tions.

45

http://www.univelt.com/book=1723
http://www.univelt.com/book=1724
http://www.univelt.com/book=1725


AAS 08 – 187
Withdrawn

AAS 08 – 188
Non-Linear Dis crete Con trols for the Re con fig u ra tion Pro ce dure of the
Tet ra he dron Con stel la tion

Pedro A. Capó-Lugo and Pe ter M. Bainum, Howard Uni ver sity

The NASA Bench mark Tet ra he dron Con stel la tion re quires a re con fig u ra tion pro ce -
dure be tween the dif fer ent spe cific sizes of the pro posed tet ra he drons. In pre vi ous work, 
the au thors de vel oped a fuzzy con trol ler that can be used as a non-linear tech nique for
the re con fig u ra tion pro ce dure of this prob lem. This pa per will fo cus on the use of dis -
crete non-linear con trol lers based on fuzzy con trol lers, non-linear dis crete Lyapunov
con trol lers, and im pul sive ma neu vers for the re con fig u ra tion pro ce dure. These non-lin -
ear dis crete con trol tech niques are used for the cor rec tion of the in-plane and out of
plane mo tion. Hence, these dis crete non-linear con trol lers will be used to re con fig ure
the pro posed con stel la tion.

AAS 08 – 189
Sta bil ity and Con trol of a Two-Craft Mag netic Con stel la tion

Is lam I. Hussein, Worces ter Poly tech nic In sti tute; A. M. Bloch, University of Michigan

Vir tual-tether sat el lite con stel la tions have re ceived much in ter est in re cent years.
Vir tual teth ers can be cre ated us ing dis tance ac tion forces such as those cre ated by a
mag netic po ten tial. In this pa per, we will study a two-spacecraft mag netic sys tem. We
will de rive the sys tem equa tions of mo tion, and con served quan ti ties will be iden ti fied
and used to re duce the size of the equa tions of mo tion. Rel a tive equi lib ria will be de -
rived and their sta bil ity tested. We will also in ves ti gate con trol la bil ity of the shape dy -
nam ics of the sys tem via mag netic ac tu a tion. Finally, we will fo cus on open loop con -
trol, where we use the no tion of geo met ric phases to iden tify how to achieve a con fig u -
ra tion shape change through a change in the mag netic di pole mo ment.

AAS 08 – 190
So lar Pres sure Ef fects for a Con stel la tion in a Highly El lip ti cal Or bit

Pedro A. Capó-Lugo and Pe ter M. Bainum, Howard Uni ver sity

In highly el lip ti cal or bits, the so lar pres sure can per turb the mo tion of a con stel la -
tion be cause of the lon ger ex po sure of the sat el lites to the Sun. To study these ef fects in 
for ma tion fly ing, the Tschauner-Hempel equa tions for a per turbed mo tion, de vel oped in 
a pre vi ous pa per by the au thors, are aug mented to in clude the ef fects of the so lar pres -
sure force. Also, the au thors de velop a dis crete con trol scheme to cor rect for this per tur -
ba tion. In con clu sion, this pa per will show how the so lar pres sure will af fect the con trol 
ef fort to cor rect the sep a ra tion dis tance con straints for a pair of sat el lites within the con -
stel la tion.
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AAS 08 – 191
A Heu ris tic Ap proach to the De sign of an Or bit for a Tem po rary Re con nais sance
Mis sion Using a Few LEO Sat el lites

Hae-Dong Kim and Ok-Chul Jung, Ko rea Aero space Re search In sti tute;
Hyochoong Bang, Ko rea Ad vanced In sti tute of Sci ence and Tech nol ogy

This pa per ad dresses the prob lem of de sign of tem po rary sat el lite con stel la tion
with ex ist ing re sources to re duce the av er age re visit time over a par tic u lar tar get site
dur ing pe riod of time (30-days). The ge netic al go rithm (GA) is ap plied to the re con nais -
sance mis sion de sign as a heu ris tic ap proach. The best sets of ini tial con di tions are
sought by ap ply ing the GA al go rithm to pro vide max i mum cov er age ca pa bil ity.
Through com pre hen sive sim u la tion study, the pos si bil ity of us ing a ge netic al go rithm to 
a tar get-point re con nais sance mis sion is dem on strated. This may be dif fi cult to ob tain
by an a lyt i cal ap proaches due to the com plex ity and non lin ear na ture of the prob lem.

SES SION 14: TRA JEC TORY DE SIGN AND OP TI MI ZA TION I
Chair: Dr. Mat thew Berry, An a lyt i cal Graph ics, Inc.

AAS 08 – 192
Power-Limited Multi-Revolution Inter-Orbital Trans fers

Al ex an der Alexandrovich Sukhanov, Space Re search In sti tute (IKI) of the Rus sian
Acad emy of Sci ences, Mos cow; An to nio Fernando Bertachini de Almeida Prado,
Instituto Nacional de Pesquisas Espaciais, São José dos Cam pos, Brazil

A multi-revolution spi ral power-limited trans fer be tween two given or bits in a
strong grav ity field is con sid ered. There are var i ous meth ods for solv ing the op ti mi za -
tion prob lem in this case. How ever, most of the meth ods are rather com pli cated or have 
a lim ited ap pli ca tion; in par tic u lar, they are ap pli ca ble only to neigh bor ing or bits or to
pla nar trans fers, etc. A sim ple and ef fec tive method for op ti mi za tion of the low thrust
trans fers men tioned above is sug gested.

AAS 08 – 193
De signing Tra jec tories in a Planet-Moon En vi ron ment Using the Con trolled
Keplerian Map

Piyush Grover and Shane D. Ross, Vir ginia Poly tech nic In sti tute and State Uni ver sity

We pres ent a method to de sign fuel ef fi cient space craft tra jec to ries for a multi-
moon or biter in the Ju pi ter-Europa-Ganymede sys tem. Patched three-body ap proach is
used to deal with this four body prob lem. Using a Hamiltonian struc ture pre serv ing con -
trolled Keplerian map de rived ear lier, we ex ploit the un der ly ing dy nam ics con sist ing of
mul ti ple grav ity as sists out side the sphere of in flu ence of the perturber, and use in stan -
ta neous ve loc ity con trol in puts that force the space craft to visit re gions which lead to
rapid change of semi-major axis in the de sired di rec tion. Pre lim i nary re sults are en cour -
ag ing and we ex pect to find tra jec to ries with re al is tic time-of-flight and low fuel re -
quire ments.
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AAS 08 – 194
End-to-End Op ti mi za tion of Con cep tual Roundtrip Mars Mis sions with Ex act
Pre ces sion El lip ti cal Parking Or bits

Aaron D. Olds, An a lyt i cal Me chanics As so ci ates, Inc.;
Mi chael L. Cupples, Raytheon Mis sile Sys tems

Pre vi ous con cep tual stud ies of roundtrip Mars mis sions have con sid ered or bital op -
er a tions in de pend ently of the op ti mal roundtrip in ter plan e tary tra jec tory. For el lip ti cal
park ing or bits that nat u rally al low for tan gen tial ar rival and de par ture ma neu vers, a de -
coup led op ti mi za tion yields a dis crete set of iso lated so lu tions. By cou pling the op ti mi -
za tion of the roundtrip tra jec tory and the or bital op er a tions at Mars, the de sign space is
ex tended and shown to be con tin u ous in many re gions. Ad di tionally, im prove ment is
found in a num ber of so lu tions that are op ti mal in the de coup led prob lem.

AAS 08 – 195
Or bital Sta bil ity of Space crafts in Un sta ble Orbital En vi ron ments

Iman Alizadeh and Benjamin Villac, Uni ver sity of Cal i for nia, Irvine

Sta ble man i folds of pe ri odic or bits are im por tant in de sign ing space mis sions.
They pro vide thrust free trans fers to wards their as so ci ated pe ri odic or bits and have been 
used to ex tend spacecrafts life-time in un sta ble or bital en vi ron ments. In this pa per the
fea si bil ity of tar get ing sta ble man i folds for such ap pli ca tions is in ves ti gated nu mer i cally 
and re lated to the dy nam i cal prop er ties of the tar get pe ri odic or bits. In par tic u lar, a con -
cept of bound ary layer and mea sure is de vel oped to char ac ter ize these prop er ties. By
nu mer i cal anal y sis it is shown that tra jec to ries in side this bound ary layer have better
sta bil ity prop er ties. These ideas are il lus trated for the Earth-Moon and the Ju pi ter-
Europa sys tems. These re sults are ex pected to im prove the cur rent de sign meth od ol o -
gies for space mis sions that re quire good or bital sta bil ity char ac ter is tics while in volv ing 
un sta ble dy nam ics.

AAS 08 – 196
Power Con strained Ura nus Trans fer and Moons Tour by Three Body In vari ant
Man i folds and Elec tric Pro pul sion

P. Per gola, K. Geurts, C. Casaregola and M. Andrenucci, Alta S.p.A., Italy

The con struc tion of a space craft mis sion to Ura nus with an as so ci ated low en ergy
tour to Ura nus is de scribed. The en tire in ter plan e tary tra jec tory to gether with the plan e -
tary tour or bit ing sev eral of the Ura nian moons, is com puted us ing cou pled three body
mod els. This ap proach is com bined with power con strained Elec tric Pro pul sion to pro -
vide for the re quired en ergy changes. The to tal mis sion is di vided into two parts: the
long in ter plan e tary trans fer and the plan e tary tour within the Ura nus sys tem. Both parts
rely on dif fer ent in trin sic char ac ter is tics of the three body mod els em ployed.
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AAS 08 – 197
Op ti mal Earth Es cape Tra jec tory Using Con tin u a tion Method and Costate
Es ti ma tor

Donghun Lee and Hyochoong Bang,
Ko rea Ad vanced In sti tute of Sci ence and Tech nol ogy

Multi-Revolution Op ti mal Tra jec tory for the Earth es cape is stud ied in this pa per.
The cost func tion is re lated fuel con sump tion of a Low-thrust, fi nal time is fixed and
some fi nal states are fixed. The aim is to find ini tial costate val ues when we adopt in di -
rect method at the Low Earth Or bit. Con tin u a tion method based on poly no mial in ter po -
la tion is used to over come the dif fi cul ties. At High Earth Or bit, the num ber of rev o lu -
tion is small, so this so lu tion is used for the con tin u a tion method. Ini tial costate val ues
with re spect to ini tial ra dius from the Earth, be haved some fash ion. This be hav ior is ap -
prox i mated with poly no mi als. Then, at the LEO, the ini tial costates are es ti mated us ing
the poly no mi als.

AAS 08 – 198
The In clu sion of the Higher Or der J3 and J4 Zonal Har monics in the Modelling of
Op ti mal Low-Thrust Or bit Trans fer

Jean A. Kéchichian, The Aero space Cor po ra tion
The higher fi del ity mod el ling of min i mum-time trans fers us ing con tin u ous con -

stant ac cel er a tion low-thrust is de picted by in clud ing the higher zonal har mon ics J3 and 
J4. Two sets of dy namic and adjoint dif fer en tial equa tions in terms of nonsingular or bit
el e ments are de rived by fur ther con sid er ing a more ac cu rate per tur ba tion model in the
form of the higher or der earth zonal har mon ics. Pre vi ous anal y ses in volved only the
first or der J2 in or der to model op ti mal low-thrust trans fers be tween any two el lip tic or -
bits. The math e mat ics of both nonsingular for mu la tions are mu tu ally val i dated by gen -
er at ing an op ti mal trans fer ex am ple that achieves the same tar get con di tions.

SES SION 15: OR BITAL DY NAM ICS, PER TUR BA TIONS AND STA BIL ITY – I
Chair: Dr. James Gearhart, Or bital Sci ences Cor po ra tion

AAS 08 – 199
Optimal Two-Impulse Phasing for El lip ti cal Or bits

Julio Cesar Benavides and Da vid B. Spencer, Penn syl va nia State Uni ver sity

This study an a lyzes op ti mal mis sion ve loc ity change mag ni tudes re quired to per -
form a co-orbital phas ing ma neu ver within an el lip ti cal and cir cu lar or bit. An a lyt i cal
ve loc ity change ex pres sions are de rived in terms of ini tial or bital pa ram e ters. The re -
sults dem on strate that to tal mis sion ve loc ity change is min i mized when the num ber of
phas ing or bits trav eled by the chase sat el lite is one more than the num ber of or bits trav -
eled by the tar get sat el lite for phase an gles be tween 0 de grees and 180 de grees. For
phase an gles be tween 180 de grees and 360 de grees, ve loc ity change is min i mized when 
tar get or bits are equal to phas ing or bits. These re sults are ver i fied by an a lyz ing phas ing
ma neu vers within three dis tinct or bital cases.
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AAS 08 – 200
Sub re gions of Mo tion and El lip tic Ha lo Orbits in the El lip tic Re stricted
Three-Body Prob lem

Stefano Campagnola and Paul New ton, Uni ver sity of South ern Cal i for nia;
Mar tin Lo, Jet Pro pul sion Lab o ra tory

We pres ent spe cial for bid den re gions and pe ri odic or bits in the spa tial el lip tic re -
stricted three body prob lem. Pe ri odic or bits and re gions of mo tion are fun da men tal keys 
to un der stand any dy nam i cal sys tem; Hill’s sur faces or halo or bits have been ex ten -
sively stud ied in the cir cu lar re stricted three body prob lem. It is our opin ion that their
nat u ral ex ten sions to the spa tial el lip tic re stricted three body prob lem have not been
stud ied enough. We de fine shrink ing for bid den re gions which are valid for a rev o lu tion
of the pri ma ries. Also, we com pute branches of el lip tic ha los bi fur cat ing from ha los in
the cir cu lar re stricted three body prob lem. The el lip tic ha los have prin ci pal pe ri ods and
sta bil ity prop er ties other than those of the orig i nat ing halo.

AAS 08 – 201
Small Ec cen tric ity Sat el lite Or bits: Lin ear Per tur ba tions

G. E. O. Giacaglia, Uni ver sity of Taubaté - Brazil;
B. E. Schutz, Uni ver sity of Texas at Aus tin

The well known linearized the ory of sat el lite mo tion given by Kaula (1966) has
proven to be very use ful in cat e go riz ing the na ture of per tur ba tions on the or bit that re -
sult from zonal, tesseral and sec toral har monic grav ity co ef fi cients. In fact, the ex pres -
sions for sec u lar vari a tions and the am pli tude of some pe ri odic vari a tions are well rep -
re sented by this the ory. Nev er the less, prob lems ex ist when the ec cen tric ity is small, for
ex am ple, be cause of the use of clas si cal or bit el e ments in Kaula’s the ory. This pa per
ex am ines an al ter nate the ory in the case of small ec cen tric ity, which is the typ i cal case
for most Earth ob serv ing sat el lites, and il lus trates the char ac ter is tics of Kaula’s the ory
and the al ter nate the ory with se lected nu mer i cal ex am ples.

AAS 08 – 202
Withdrawn
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AAS 08 – 203
Third Body Per tur ba tion Using a Sin gle Av er aged Model Con sidering El lip tic
Or bits for the Dis turbing Body

Rita de Cássia Domingos and Rodolpho Vilhena de Moraes, Universida de Estadual
Paulista-Unes; An to nio Fernando Bertachini de Almeida Prado, Instituto Nacional de
Pesquisas Espaciais - São José dos Cam pos, Brazil

In the pres ent work, the as sump tions used to de velop the sin gle-averaged an a lyt i -
cal model are the same ones of the re stricted el lip tic three-body prob lem. Af ter that, the 
equa tions of mo tion are ob tained from the plan e tary equa tions and we per formed a set
of nu mer i cal sim u la tions. Dif fer ent ini tial ec cen tric i ties for the per turb ing and per turbed 
body are con sid ered. The re sults ob tained per forms an anal y sis of the sta bil ity of a
near-circular or bit and in ves ti gate un der which con di tions this or bit re mains near-cir cu -
lar. We also made an anal y sis of the sta bil ity of equa to rial or bits. A study of the be hav -
ior of some other im por tant vari ables is also per formed.

AAS 08 – 204
The Two-Body Problem with Drag and High Tan gen tial Speeds

Thomas E. Carter, East ern Con nect i cut State Uni ver sity;
Mayer Humi, Worces ter Poly tech nic In sti tute

This pa per con sid ers the re stricted two-body prob lem with at mo spheric drag. A
sim ple for mula is pre sented that ap prox i mates the at mo spheric den sity from raw data,
re places pre vi ous mod els, and is ame na ble to closed-form so lu tion of the or bit equa tion
for high tan gen tial speeds. A pro ce dure for sub di vid ing an al ti tude in ter val and cal cu lat -
ing the pa ram e ters of the for mula over each subinterval leads to highly im proved ac cu -
racy in the so lu tions and com pares fa vor ably with nu mer i cal in te gra tion. To val i date
our model we com pare it with the tra jec tory and flight time of a sat el lite in an ex po nen -
tial at mo sphere start ing from a near cir cu lar or bit at 7120 km from the Earth cen ter.

AAS 08 – 205
Val i da tion of Grav ity Ac cel er a tion and Torque Al go rithms for Astrodynamics

Blair F. Thomp son, Da vid G. Hammen, Od ys sey Space Re search; Al bert A. Jack son,
Jacobs En gi neering, ESCG; Edwin Z. Crues, NASA John son Space Cen ter

A tech nique was de vel oped to val i date spher i cal har monic grav ity ac cel er a tion and 
torque al go rithms for astrodynamics. A sim u lated sys tem of point masses was de vel -
oped to rep re sent a large grav i ta tional body. Spher i cal har monic grav ity co ef fi cients
were gen er ated to rep re sent the grav i ta tional po ten tial of the point mass sys tem. Ac cel -
er a tion and torque were si mul ta neously com puted from the grav ity co ef fi cients and di -
rectly from the point masses, then com pared to val i date the grav ity al go rithms. The
tech nique can be ap plied to the val i da tion of any spher i cal har monic grav ity al go rithms
used for en gi neer ing or space mis sion op er a tions, and is not re stricted to Earth grav ity
al go rithms.
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AAS 08 – 206
Vari a tion of Pa ram e ters Using Com plex Ex po nen tials to Solve the Per turbed
Two-Body Prob lem

Troy A. Henderson and Gianmarco Radice, Uni ver sity of Glas gow;
John L. Junkins, Texas A&M Uni ver sity

A new for mu la tion of the vari a tion of pa ram e ters method for the per turbed two-
body prob lem is pre sented. Here, this unique for mu la tion is based on a com plex ex po -
nen tial so lu tion pre vi ously de rived by the au thors. The com plex ex po nen tial for mu la tion 
pro vides an ex act an a lyt i cal so lu tion to the two-body prob lem and elim i nates the sin gu -
lar i ties as so ci ated with the el lip ti cal and hy per bolic tra jec to ries that arise at zero ec cen -
tric ity and zero in cli na tion. We pres ent the vari a tion of pa ram e ters for mu la tion and
high light the ben e fits of this ap proach com pared with the clas si cal de vel op ments.

SES SION 16: FOR MA TION FLYING AND REN DEZ VOUS – II
Chair: Dr. Mat thew Wilkins, Schafer Cor po ra tion

AAS 08 – 207
Open-Loop Elec tro static Space craft Col li sion Avoid ance Using Patched Conics
Anal y sis

Shuquan Wang and Hanspeter Schaub, Uni ver sity of Col o rado at Boul der

This pa per con sid ers a two-spacecraft col li sion avoid ance prob lem with the craft
float ing a few dozen me ters apart. The Cou lomb thrust ing ap proach is used to de velop a 
tra jec tory pro gram ming strat egy to avoid the po ten tial col li sion while con serv ing the
rel a tive ve loc ity di rec tion and mag ni tude. By as sum ing the space craft to be float ing
freely in deep space and main tain ing piece-wise con stant elec tro static charge lev els, the
rel a tive tra jec tory can be de scribed through splices of conic sec tions. A sym met ric
3-conic-sec tion pro gram ming strat egy is de signed to match up the ar rival di rec tion with
the de par ture di rec tion. Five con straints are in tro duced to for mu late the five de grees of
free dom prob lem. New ton’s method is used to solve for one vari able that re sults in the
sym met ric conic sec tion tra jec tory.

AAS 08 – 208
Dy namic Models of Sat el lite Rel a tive Mo tion Around an Ob late Earth

Guangyan Xu and Danwei Wang, Nanyang Tech no log i cal Uni ver sity

A se ries of dy namic mod els of sat el lite mo tion around an ob late Earth are de rived. 
Firstly, a dy nam ics of a sin gle sat el lite is pre sented in terms of the Ref er ence Sat el lite
Vari ables (RSV). Sec ondly, an ex act J2 non lin ear model of sat el lite rel a tive mo tion is
de vel oped based on Lagrangian me chan ics. Then, with the aid of Gegenbauer poly no -
mi als, the non lin ear model is linearized to a com plete J2 lin ear rel a tive model. At last,
by means of re mov ing the 2nd or der J2 ef fect, the lin ear model is fur ther ap prox i mated
to a first or der J2 lin ear rel a tive model. Co in ci dence with the fact that J2 grav ity is
axi-symmetric, each de vel oped rel a tive model is in de pend ent of the right as cen sion of
as cend ing node and ex pressed by 11 first-order dif fer en tial equa tions.
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AAS 08 – 209
Or bital Ex press Au ton o mous Ren dez vous and Cap ture Flight Op er a tions – Part 1
of 2: Mis sion De scrip tion, AR&C Ex er cises 1, 2 and 3

Tom A. Mulder, The Boe ing Com pany

The Or bital Ex press flight dem on stra tion was es tab lished by the De fense Ad -
vanced Re search Pro jects Agency (DARPA) to de velop and val i date key tech nol o gies
re quired for cost-effective ser vic ing of next-generation sat el lites. A con trac tor team led
by Boe ing Ad vanced Sys tems built two mated space craft launched atop an At las V
rocket from Cape Canaveral, Florida. The low earth or bit test flight dem on strated on-
or bit trans fer of hydrazine pro pel lant and a spare bat tery be tween space craft. It also
dem on strated au ton o mous ren dez vous and cap ture (AR&C) us ing new sen sor, guid ance, 
and rel a tive nav i ga tion hard ware and al go rithms. AR&C flight op er a tions are the fo cus
of this pa per.

AAS 08 – 210
Rel a tive Tra jec tory De sign to Min i mize Stationkeeping Ef fort

Steven G. Tragesser and Brent Skrehart, Uni ver sity of Col o rado

An im por tant de vel op ment in the con trol of sat el lite for ma tions is the con cept of
J2 invariance, where per tur ba tions to the pe riod and pre ces sion of the as cend ing node
are min i mized by se lect ing spe cific com bi na tions of or bital el e ments. How ever, through 
a re for mu la tion of the J2 invariance con di tions, it can be shown that this se verely lim its 
the or bit de signer’s abil ity to meet spec i fi ca tions on the for ma tion ge om e try (e.g. the
ori en ta tion of the for ma tion plane). This pa per de vel ops a ref er ence tra jec tory and con -
trol scheme that re tains some of the ben e fi cial dy nam ics of J2 invariance, while al low -
ing for a spec i fied ge om e try to achieve re quire ments re lated to the mis sion pay load.

AAS 08 – 211
Withdrawn

AAS 08 – 212
The Pre cise Au ton o mous Or bit Keeping Ex per i ment on the PRISMA For ma tion
Flying Mis sion

Sergio De Florio, Simone D’Amico and Miquel Gar cia Fernandez,
Ger man Aero space Cen ter (DLR)

Au ton o mous nav i ga tion and or bit con trol can in crease mis sion per for mance and
pro vide sig nif i cant op er a tions cost re duc tion. The ful fill ment of strict re quire ments on
dif fer ent or bit pa ram e ters can be achieved in real time and with a sig nif i cant re duc tion
of ground op er a tions. The Au ton o mous Or bit Keeping (AOK) ex per i ment is the sec ond -
ary ob jec tive of the Ger man Aero space Cen ter (DLR) con tri bu tions to the PRISMA
mis sion. The main re quire ment of the ex per i ment is to dem on strate an au ton o mous con -
trol ac cu racy of the as cend ing node of 10 m (1sigma). This pa per anal y ses the con trol
prob lem, its fea si ble so lu tions and how it is im ple mented on the on-board flight soft -
ware of the PRISMA mis sion.
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AAS 08 – 213
Withdrawn

AAS 08 – 214
Re con fig u ra tions and Station-Keepings with Nonlinear Control of State-Dependent 
Riccati Equa tion

Han-earl Park, Sang-Young Park and Kyu-Hong Choi, Yonsei Uni ver sity, Korea

In this pa per, we pres ent an op ti mal re con fig u ra tion tra jec tory and for ma tion-
keep ing in sat el lite for ma tion fly ing us ing state-dependent Riccati equa tion con trol tech -
nique and newly de vel oped state-dependent co ef fi cient form. First, the op ti mal re con fig -
u ra tion tra jec tory that min i mizes en ergy in sat el lite for ma tion fly ing was de ter mined. In 
ad di tion, we de vel oped the for ma tion-keeping con trol ler that is used state-dependent
Riccati equa tion. We used Tay lor se ries and trans for ma tion ma trix in or der to make
state-dependent co ef fi cient form from the non lin ear equa tion of rel a tive mo tion with J2. 
In con clu sion, the op ti mal re con fig u ra tion tra jec tory was able to min i mize re quired en -
ergy, and the for ma tion-keeping con trol ler had the ro bust ness in the per tur ba tions.

SES SION 17:
AT TI TUDE DY NAM ICS, DE TER MI NA TION AND CON TROL – II

Chair: Jeff Beck, Northrop Grumman Cor po ra tion

AAS 08 – 215
Quaternion Con strained Kalman Fil ter

Manoranjan Majji and Daniele Mortari, Texas A&M Uni ver sity

This pa per pres ents a novel method of norm con strained es ti ma tion of dy namic
sys tems. The fil ter thus de rived is spe cial ized to solve the at ti tude es ti ma tion prob lem.
Con tin u ous dis crete at ti tude fil ter and the dis crete at ti tude fil ter are pre sented us ing the
spe cial ized re sult. A new der i va tion of the state tran si tion ma trix, de scrib ing the time
evo lu tion of the quaternion is ob tained us ing true to na ture con sid er ations. A gen er al -
ized Farrenkopf pro cess noise model has been de vel oped to de rive the dis crete at ti tude
fil ter pre sented. Nu mer i cal com par i sons with the clas si cal Multi pli ca tive Kalman Fil ter
have been in cluded for three sit u a tions. The tests re sult high lights the gain of the pro -
posed method for ac cu racy, con ver gence, and fil ter sta bil ity.
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AAS 08 – 216
Sub-Arcsecond At ti tude Con trol for Sound ing Rocket Pay loads

Neil S Shoe maker, Charles G. Kupelian, Gerard P. Doyon and John Ozanne, NASA
Wal lops Flight Fa cil ity; Jeffrey W. Percival and Kurt P. Jaehnig, Uni ver sity of
Wis con sin; Stephan R. McCandliss and Roxana Lupu, Johns Hopkins University;
Ron ald A. Hall, Aerojet Corp.; Mark S. Clark, Consultant

This pa per de scribes an At ti tude Con trol Sys tem that has been flight dem on strated
to achieve better than 0.2 arcsec, 1 sigma and 0.5 arcsec Full Width at Half Max i mum
for each axis. Key com po nents of this ACS in clude a roll sta bi lized fi ber op tic gyro, a
pre ci sion fi ber op tic gyro, a cold gas lin ear thrust mod ule, an uplink com mand sys tem,
and a 3 axis star tracker. In ad di tion to pro vid ing gyro drift com pen sa tion, the star
tracker pro vides ce les tial ref er ence through its Lost in Space (LIS) so lu tion. Also dis -
cussed is a ma neu ver al go rithm to ro tate the point ing axis along a great cir cle.

AAS 08 – 217
Withdrawn

AAS 08 – 218
Withdrawn

AAS 08 – 219
An Ex pec ta tion-Maximization Ap proach to At ti tude Sen sor Cal i bra tion

Yang Cheng and John L. Crassidis, Uni ver sity at Buf falo

An Ex pec ta tion-Maximization ap proach to three-axis-magnetometer cal i bra tion is
pre sented. This ap proach is dif fer ent from the ex ist ing at ti tude-independent ap proaches
mainly in how the un known at ti tude pa ram e ters in the at ti tude sen sor mea sure ment
model are han dled. The at ti tude-independent ap proaches rely on a con ver sion of the
body and ref er ence rep re sen ta tions of the Earth’s mag netic field vec tor into an at ti -
tude-independent sca lar ob ser va tion by us ing sca lar check ing. The Ex pec ta tion-Max i mi -
za tion ap proach es sen tially max i mizes the ex pec ta tion of the com plete like li hood func -
tion with re spect to the prob a bil ity dis tri bu tion of the at ti tude pa ram e ters. Three test
sce nar ios of the Ex pec ta tion-Maximization ap proach us ing sim u lated three-axis-mag ne -
tom e ter data are pre sented.
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AAS 08 – 221
At ti tude Con trol of Spinning So lar Sail with Huge Mem brane

Fuminori Hanaoka, The Uni ver sity of To kyo, Japan;
Osamu Mori, Yuichi Tsuda, Ryu Funase and Jun’ichiro Kawaguchi, ISAS/JAXA, Japan

ISAS/JAXA is now con sid er ing a spin ning so lar sail mis sion for fu ture in ter plan e -
tary ex plo ra tion. One of ma jor prob lems to solve is at ti tude con trol of spin ning sail with 
huge mem brane. In this pa per, two types of at ti tude con trol is in ves ti gated, one of
which is the method us ing con ven tional chem i cal thruster and an other one is the
method us ing de vices with vari able re flec tivity such as liq uid crys tal. Both meth ods are
found to be fea si ble for the next planned so lar sail mis sion. The scope of ap pli ca tion
and the fea ture of these meth ods are also dis cussed here.

AAS 08 – 222
Withdrawn

SES SION 18: SPE CIAL SES SION – U.S.A. SPACE HIS TORY
Chair: Dr. Mi chael Gabor, Northrop Grumman

AAS 08 – 223
Echo I and II — The First Com mu ni ca tions Sat el lites

Ron ald M. Mul ler, Perot Sys tems Gov ern ment Ser vices

Echo I was launched on Au gust 12, 1960 on the first suc cess ful Delta launch. This 
100-foot di am e ter alu mi nized My lar bal loon sat el lite dem on strated sat el lite wide-band
com mu ni ca tions. Vi sually bright, it showed the world that the United States could win
the “space race.” The changes in its or bit proved that so lar pres sure was a real force.
The 135 foot di am e ter Echo II was launched on Jan u ary 25, 1964. It was con structed of 
alu mi num foil on My lar pro duc ing a much better sphere than was ob tained by Echo I.
The or bital in fla tion was ob served by the first tele vi sion from or bit.

AAS 08 – 224
De fining Mo ments in the Na val Re search Lab o ra tory’s Pro ject Van guard

Pat rick W. Binning, Ph.D., Na val Re search Lab o ra tory

On De cem ber 6, 1957, the eyes of the na tion, and the world, were on the Na val
Re search Lab o ra tory’s “first” launch at tempt with the Pro ject Van guard sys tem. NRL
was com pet i tively se lected in 1955 by a De fense De part ment com mit tee to ex e cute
Amer ica’s first space pro gram. Our na tion’s first re sponse, named Test-Vehicle 3
(TV-3) by NRL, to the So vi ets’ two suc cess ful Sput nik launches ex ploded on na tional
tele vi sion shortly af ter leav ing the pad. This de fin ing mo ment in the birth of our na -
tion’s space flight pro gram im me di ately fo cused Amer ica on the im por tance of sci ence,
tech nol ogy, en gi neer ing, and math e mat ics ed u ca tion. Ul ti mately, NRL suc cess fully
launched Van guard on St. Pat rick’s Day, 1958. The de fin ing events in Pro ject Van guard 
will be ex plored.
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AAS 08 – 225
Withdrawn

AAS 08 – 226
Space Spinoffs

Carlos Fran cisco Camacho, Colin A John son-Giammalvo, Dr. James Wanliss,
Jo seph Mosca and Paige Vic to ria Kahler, Embry-Riddle Aero nau ti cal Uni ver sity

U.S. space tech nol ogy has done more than taken man to the moon, it has fa cil i -
tated the lives of the world com mu nity. While the orig i nal uses were for grander mis -
sions than mak ing the lives of ev ery day peo ple richer and more con ve nient, it has in -
deed done just that. These are what are called spin-offs. De veloped spe cif i cally for the
sci en tific com mu nity and the ex plo ra tion of space, they have found uses in ev ery day
life. Some ex am ples of spin-offs are things like Heatsheets and WD-40.

AAS 08 – 227
A His tory of Mag netic Mo men tum Dumping on Global Po si tioning Sys tem (GPS)
Sat el lites

Thomas J. Eller, Astro USA, LLC; Ron ald P. Fuchs, Boe ing - AMSE

In the mid 1970s the first GPS sat el lites were three-axis con trolled ve hi cles us ing
four mo men tum wheels. Due to bi ased forces on the ve hi cle, wheels pe ri od i cally
needed to have their RPM re duced—their mo men tum dumped. The pro vi sion for this
was clus ters of hydrazine thrust ers fired in pairs. Fol low ing each dump, un wanted
translational forces, ren dered the or bital po si tion too un cer tain for use in nav i ga tion for
up to 24 hours. This pa per is the his tory of the so lu tion to that prob lem. It re counts the
chal lenges, the play ers in volved, the the ory, the math e mat i cal ap proach, and the se -
quence of events from con cept to op er a tional use.

AAS 08 – 228
His tor i cal Ex am i na tion of Im prove ments to Libration Point Tra jec tory De sign

Da vid C. Folta, NASA Goddard Space Flight Cen ter

Over the years, NASA has ex pe ri enced a fun da men tal change in how mis sion
anal y sis and op er a tions are per formed. Im prove ments in tra jec tory de sign have been
made that would at first glance seem dra matic. This pa per pro vides a brief his tor i cal
nar ra tive on how a fun da men tal shift has oc curred and how ‘chaos’ dy nam ics im prove
the de sign of mis sions with com plex con straints. Be gin ning with the tra jec tory de sign
of the ISEE-3 us ing op ti mi za tion tools on main frames, mov ing on to WIND de sign us -
ing dif fer en tial correctors on PCs, and end ing with JWST use of dy nam i cal sys tem the -
ory of man i folds and sta ble modes, les sons learned from de cades of con tin u ous tech ni -
cal im prove ment are pre sented along with whether these meth ods prom ise to have a sig -
nif i cant im pact on fu ture space mis sion de sign.
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AAS 08 – 229
The Re nais sance of the Amer i can Nau ti cal Al ma nac Of fice – 1940

Raynor Duncombe, The Uni ver sity of Texas at Aus tin

With war clouds gath er ing, no Air Al ma nac for the bur geon ing Army Air Corp,
de lays in pro duc tion of the Nau ti cal Al ma nac, and the res ig na tion of the Di rec tor of the 
Of fice, a search be gan for a new Di rec tor. Dr. Wallace Eckert, Head of the Com puting
Lab o ra tory at Co lum bia Uni ver sity, who had been adapt ing punched-card ma chines to
the so lu tion of sci en tific prob lems, ac cepted the po si tion of Di rec tor in 1938. Im prove -
ments in meth ods and vol ume of com pu ta tion and pro duc tion fol lowed. These im prove -
ments led to later adap tion of mod ern com put ing equip ment. A de scrip tion of IBM
punched-card ma chines, with pic tures, il lus trate their in di vid ual func tions.

SES SION 19: OR BITAL DY NAM ICS, PER TUR BA TIONS AND STA BIL ITY – II
Chair: Bob Glover, AT&T

AAS 08 – 230
A State Tran si tion Ma trix Using Com plex Ex po nen tials for the Two-Body Prob lem

Troy A. Henderson and Gianmarco Radice, Uni ver sity of Glas gow;
John L. Junkins, Texas A&M Uni ver sity

Pre vi ously, a com plex ex po nen tial so lu tion was de rived which uni fied the el lip tic
and hy per bolic tra jec to ries into a sin gle set of equa tions and pro vided an ex act an a lyt i -
cal so lu tion to the un per turbed two-body prob lem. The for mu la tion elim i nates sin gu lar i -
ties as so ci ated with the el lip ti cal and hy per bolic tra jec to ries that arise from these or bit
tra jec to ries. Using this com plex ex po nen tial so lu tion for mu la tion, the state tran si tion
ma trix has been an a lyt i cally de rived and is pre sented. We pres ent the an a lyt i cal state
tran si tion ma trix for mu la tion and high light the ben e fits of this ap proach com pared with
the clas si cal de vel op ments.

AAS 08 – 231
Or bits and Rel a tive Mo tion Near an Ob late Body

Mayer Humi, Worces ter Poly tech nic In sti tute;
Thomas E. Carter, East ern Con nect i cut State Uni ver sity

This pa per stud ies the or bits of sat el lites in the non-central grav i ta tional field of an 
ob late body that in cludes the J2 term. A dis cus sion of the an gu lar momenta and equa -
tions of mo tion of ob jects in the equa to rial, semi-equatorial, and po lar or bit is pre -
sented. Some prog ress to ward the so lu tion and ap prox i mate so lu tion of the equa tions of
mo tion is pre sented for these cases. The pa per also de rives the rel a tive-motion equa -
tions that de scribe a space craft in the vi cin ity of a sat el lite in equa to rial, semi-equatorial 
or po lar or bit in this grav i ta tional field. We show that the ren dez vous equa tions can be
sim pli fied to re sem ble the cor re spond ing equa tions for a cen tral force field. In par tic u -
lar, equa tions sim i lar to the Tschauner-Hempel equa tions ap pear for or bits in the equa -
to rial plane.
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AAS 08 – 232
Effect of Earth’s Pre ces sion on Geosynchronous Sat el lites un der Lunisolar
Per tur ba tions and Tesseral Res o nance

So fia Belyanin and Pini Gurfil, Technion - Israel Institute of Technology

In this study, we in ves ti gate the ef fect of Earth’s pre ces sion on the or bital dy nam -
ics of geo sta tion ary sat el lites. Our astrodynamical model in cludes sec ond-order zonal
and tesseral har mon ics, and lunisolar grav i ta tion. We show that the equi noc tial pre ces -
sion in duces sec u lar in cli na tion growth and thus bares a non-negligible ef fect on north-
south stationkeeping for long mis sion life times.

AAS 08 – 233
GPS Forces and Or bit Evo lu tion

Bob E. Schutz and Laurent Froideval, The Uni ver sity of Texas at Aus tin

The GPS sat el lites ex pe ri ence a set of well known grav i ta tional and non-grav i ta -
tional forces. The grav i ta tional forces are dom i nated by Earth mass dis tri bu tion and
luni-solar ef fects. At the GPS al ti tude of 20,000 km, so lar ra di a tion pres sure dom i nates
the nongravitational force cat e gory, but other forces are know to ex ist, such as y-bias, a
force di rected per pen dic u lar to the Sun-GPS line along the space craft y-axis. Using
GPS ephemerides gen er ated by the In ter na tional GPS Ser vice, the char ac ter is tics of the
or bit evo lu tion of the GPS sat el lites and the na ture of the per turb ing forces has been ex -
am ined.

AAS 08 – 234
Im pact of the Ini tial Con fig u ra tion on the Mo tion Near the Tri an gu lar Libration
Points of the Sun-Perturbed Earth-Moon Sys tem

Jean-Philippe Munoz and Bob E. Schutz, the University of Texas at Aus tin

The in flu ence of the ini tial con fig u ra tion of the Earth-Moon-Sun sys tem on the
mo tion near L4 and L5 of the Earth-Moon sys tem is stud ied un der the ap prox i ma tion of 
the Bicircular Prob lem. It is found that there ex ist two crit i cal ini tial po si tions of the
Sun for which a par ti cle ini tially at rest at L4 will re main at an av er age dis tance of
10,000 km from L4 for as long as de sired, pro vided suf fi cient nu mer i cal ac cu racy, and
that the re sult ing tra jec to ries can be fur ther im proved to re main closer to L4. These re -
sults seem to per sist in a more re al is tic model (JPL ephemerides).
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AAS 08 – 235
In te gra tion of Or bit Tra jec tories in the Pres ence of Mul ti ple Full Grav i ta tional
Fields

Mat thew M. Berry and Vin cent T. Coppola, An a lyt i cal Graph ics, Inc.

In this pa per we dem on strate the ef fect of in clud ing mul ti ple full grav i ta tional
fields in nu mer i cal or bit prop a ga tion, com pared to only in clud ing one grav i ta tional field 
and mod el ing the other bod ies as point masses. Sev eral test cases are ex am ined in the
Earth-Moon and the Jovian and Sat urn sys tems. The tests show the in creased ac cu racy
gained by mod el ing mul ti ple grav ity fields, as well as the cost in run-time. The tests
also show the ef fect of chang ing the ref er ence frame of the in te gra tion on the in te grated 
tra jec tory.

AAS 08 – 236
Long-Term Be hav ior of a Mer cury Or biter Per turbed by the El lip tic Mo tion of the 
Sun

Mar tín Lara, Real Observatorio de la Ar mada; Je sus F. Palacián and Pa tri cia Yanguas,
Universidad Publica de Navarra; Carlos Cor ral, GMV Aero space and De fence S.A.

The long term be hav ior of an or biter around Mer cury is stud ied. Only the main
part of the prob lem is at tacked, where Mer cury and the Sun are taken as mass points.
Three con sec u tive Lie trans forms av er age the prob lem to one de gree of free dom in the
space craft’s ec cen tric ity and ar gu ment of the periherm. Af ter av er ag ing, the semimajor
axis of the or biter and its po lar com po nent of the an gu lar mo men tum are dy nam i cal pa -
ram e ters. Bi fur ca tion lines of equi lib ria de fine dif fer ent re gions in the pa ram e ters plane
where the phase space is fully an a lyzed. Finally, nom i nal sci ence or bits for both MES -
SEN GER and BepiColombo are iden ti fied.

AAS 08 – 237
Three-Dimensional Anal y sis of Cap ture Tra jec tories to the Pe ri odic Or bits of L1
and L2 Points

Masaki Nakamiya, Jap a nese Grad u ate Uni ver sity for Ad vanced Studies;
Dan iel J. Scheeres, Uni ver sity of Mich i gan; Hiroshi Yamakawa, Kyoto Uni ver sity;
Makoto Yoshikawa, Ja pan Aero space Ex plo ra tion Agency

Space craft cap ture tra jec to ries to the pe ri odic or bits of L1 and L2 points in the re -
stricted Hill three-body prob lem are an a lyzed. The spe cific fo cus is on trans fer into
these vi cin i ties from in ter plan e tary tra jec to ries. This ap pli ca tion is mo ti vated by fu ture
pro pos als to use the Sun-Earth and Sun-Target body col lin ear L1 and L2 points as
space hub for plan e tary Mis sion. We uti lize sta ble man i folds for cap ture tra jec to ries to
pe ri odic or bits around the L1 and L2 points. The way of link ing be tween in ter plan e tary
trans fer tra jec to ries and the sta ble man i fold in three di men sions is also dis cussed.
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SES SION 20: SPACE CRAFT GUID ANCE, NAV I GA TION AND CON TROL – III
Chair: Al Treder, Bar rios Tech nol ogy

AAS 08 – 238
Geo sta tion ary Sat el lite Sta tion-Keeping Ma neu ver in the Pres ence of Twice-a-Day
Thruster-Based Mo men tum Dumping

Byoung-Sun Lee, Hae-Yeon Kim, Yoola Hwang and Jaehoon Kim,
Elec tron ics and Tele com mu ni ca tions Re search In sti tute, Ko rea

Geo sta tion ary sat el lite should per form sta tion-keeping ma neu ver to main tain the
po si tion in a pre-defined lon gi tude and lat i tude box. Var i ous or bital per tur ba tions due to 
the Sun, the Moon, and the Earth cause a con tin u ous change in nom i nal po si tion of the
sat el lite. Thruster fir ing op er a tions to un load the mo men tum of the sat el lite also cause a 
change of the or bital el e ment. In this pa per, geo sta tion ary sat el lite sta tion-keeping ma -
neu ver is an a lyzed when the sat el lite per forms twice a day thruster-based mo men tum
dump ing which per turbs the sat el lite or bit. Weekly based East/West and North/South
sta tion-keeping ma neu ver are per formed to main tain the sat el lite with ±0.05° lon gi tude
and lat i tude box.

AAS 08 – 239
Au ton o mous Nav i ga tion Al go rithm for Pre ci sion Land ing on Un known Plan e tary
Sur faces

Baro Hyun and Puneet Singla, Uni ver sity at Buf falo

The pur pose of this work is to pro vide an in no va tive so lu tion for au ton o mous nav -
i ga tion of a space craft on an un known plan e tary sur face. The main fea tures of this work 
is the novel frame work to au to mate the ef fi cient pro duc tion of the top o graphic con tour
maps of the plan e tary ter rain by stitch ing to gether var i ous lo cal ter rain maps and in er -
tial po si tion and ve loc ity of the space craft in a global in er tial frame. Our ap proach is
mo ti vated in search of a nav i ga tion al go rithm when any sort of in er tial in for ma tion is
not avail able. Finally, nu mer i cal sim u la tions are con ducted to val i date the ideas pre -
sented in this pa per.

AAS 08 – 240
Withdrawn
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AAS 08 – 241
The Planning of Op ti cal Nav i ga tion Pic tures for the Cassini Ex tended Mis sion

Ste phen D. Gillam, Rodica Ionasescu and Powtawche Wil liams,
Jet Pro pul sion Lab o ra tory

Op ti cal nav i ga tion is nec es sary to the suc cess of the Cassini ex tended mis sion at
Sat urn. This pa per will de scribe the op ti cal nav i ga tion im age (opnav) plan ning for the
Cassini ex tended mis sion, which in cludes nine low-altitude fly bys of the icy sat el lites
in clud ing seven of Enceladus, one of Dione and one of Rhea. Two of the Enceladus fly -
bys have clos est ap proach al ti tudes at or be low 50 Km. We will pres ent stud ies show -
ing how much the un cer tain ties in the Enceladus ephemeris can be re duced by the in -
clu sion of opnavs in the or bit de ter mi na tion. We will show that the planned opnavs will 
main tain the pre ci sion of the sat el lite ephemerides to sup port the close fly bys, cover pe -
ri ods of poor ra dio met ric data dur ing so lar con junc tions, and pro vide a backup data type 
dur ing the short pe ri ods be tween the two dou ble fly bys (where an icy sat el lite is flown
by im me di ately pre ced ing or fol low ing a Ti tan flyby, and Ti tan alone is tar geted).

AAS 08 – 242
Ma neu ver Planning for Con junc tion Risk Mit i ga tion with Groundtrack Con trol
Re quire ments

Da vid P. Mc Kin ley, a.i. so lu tions, Inc.

The plan ning of con junc tion Risk Mit i ga tion Ma neu vers (RMM) in the pres ence of 
ground track con trol re quire ments is an a lyzed. Past RMM plan ning ef forts on the Aqua, 
Aura, and Terra space craft have dem on strated that only small ma neu vers are avail able
when ground track con trol re quire ments are main tained. As suming small ma neu vers,
an a lyt i cal ex pres sions for the ef fect of a given ma neu ver on con junc tion ge om e try are
de rived. The an a lyt i cal ex pres sions are used to gen er ate a large trade space for ini tial
RMM de sign. This trade space rep re sents a sig nif i cant im prove ment in ini tial ma neu ver 
plan ning over ex ist ing meth ods that em ploy high fi del ity ma neu ver mod els and prop a -
ga tion.

62

http://www.univelt.com/book=1771
http://www.univelt.com/book=1772


AAS 08 – 243
Pay load Line-of-Sight Cal i bra tion with Dual Op ti cal Sen sors in Ther mal Vac uum
Cham ber

Tai Mao, Charles Chang, Kevin Rigg, Yaujen Wang, Pe ter C. Lai, Gary Hsieh and
Sabby Sabnis, Northrop Grumman Electronic Systems

End-to-end Pay load (P/L) line-of-sight (LOS) cal i bra tion with ver i fi ca tion of soft -
ware and hard ware in te gra tion in ther mal vac uum test ing is pre sented. The pri mary fo -
cus of this ef fort is to ver ify an onboard au ton o mous at ti tude de ter mi na tion al go rithm.
This au ton o mous pro cess in volves area of in ter est star win dow gen er a tion from star
field, star im age ac qui si tion, the bright est star and cen troid lo ca tion ex trac tion from the
im age and sub se quent com pu ta tions of at ti tude and its up date in all three axes. The
collimated beams from the star scene are placed within 1.8º x 1.8º collimator field of
view (FOV). Star win dow is gen er ated within 1.6º x 1.6º  FOV. One of the keys to the
suc cess of this test is re solv ing the star beams to be within the win dow by ad just ing
scan mir ror as sem bly.

AAS 08 – 244
Withdrawn

SES SION 21: TRA JEC TORY DE SIGN AND OP TI MI ZA TION – II
Chair: Den nis Byrnes, Jet Pro pul sion Lab

AAS 08 – 245
Withdrawn

AAS 08 – 246
Op ti mal Space craft Tra jec tories Via Trade Space Ex plo ra tion

Dan iel D. Jor dan, Da vid B. Spencer, Tim o thy W. Simpson, Mi chael A. Yukish and
Gary M. Stump, Penn syl va nia State Uni ver sity

With re cent ad vances in com put ing power and speed, de sign ers can now sim u late
and eval u ate thou sands, if not mil lions, of de sign al ter na tives more cheaply and quickly 
than ever be fore. These ad vance ments pro vide new op por tu ni ties to rev o lu tion ize trade
space ex plo ra tion for com plex dy nam i cal sys tems in the aero space in dus try, among oth -
ers. In this pa per, we ap ply our soft ware, ARL Trade Space Vi su al izer (ATSV), to
search for op ti mal im pul sive tra jec to ries. This prob lem is for mu lated as a multiobjective 
op ti mi za tion prob lem where it is de sir able to ex plore var i ous com pet ing ob jec tives.
First, we show a coplanar two-burn trans fer and com pare the re sults to that ob tained
from the Hohmann trans fer. Next, a more com plex three-dimensional trans fer is ex -
plored, and trends of op ti mal so lu tions (Pareto fronts) are found.
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AAS 08 – 247
Ge om e try of Op ti mal Cov er age for Tar gets Against a Space Back ground Sub ject
to Vis i bil ity Con straints

Belinda G. Marchand, The Uni ver sity of Texas at Aus tin;
Christopher J. Kobel, The Aero space Cor po ra tion

The op ti mal sat el lite cov er age prob lem tra di tion ally re fers to max i miz ing the vis i -
bil ity of ground based tar gets. In this study, the fo cus is shifts to space based tar gets un -
der cer tain con straints. Spe cifically, the goal of this study is to iden tify a sys tem atic ap -
proach for de ter min ing the op ti mal al ti tude that max i mizes sen sor vis i bil ity of an area
of space en closed within an up per and lower tar get al ti tude range. It is fur ther as sumed
that sen sor vis i bil ity be low the lo cal ho ri zon is di min ished due to at mo spheric or en vi -
ron men tal fac tors. geo met ri cal ar gu ments are em ployed to iden tify an an a lyt i cal ex pres -
sion for the cov er age area to be op ti mized.

AAS 08 – 248
High Road to Geosynchronous Or bit: Lu nar Gravity As sist to Min i mize Delta-V

An drew E. Turner, Space Sys tems/Loral

This pa per de vel ops the con cept of lu nar grav ity as sist (LGA) to ben e fit geo-syn -
chro nous and other space craft re quir ing large in cli na tion changes dur ing or bit-raising.
Un like pre vi ous work such as the or bit-raising for HGS-1 that re quired the moon to be
very near the equa to rial plane dur ing LGA to re move all in cli na tion, the tech nique de -
vel oped here per mits the moon to be well away from the equa tor when en coun tered.
There fore, launch op por tu ni ties are per mit ted on most or all days of the year in stead of
only a few days each month. This tech nique will also be de vel oped for in cli na tion
change to sup port other or bit rais ing sce nar ios.

AAS 08 – 249
Im pul sive Trans fer Strat egies Along Sta ble Pe ri odic Or bit Fam ilies

Benjamin F. Villac, Uni ver sity of Cal i for nia, Irvine

This pa per de scribes some im pul sive trans fer strat e gies that gen er al ize the clas sic
Hohmann trans fers and al lows to ro bustly guide a space craft along Such fam i lies of ten
rep re sent a safe and sta ble path way from dif fer ent re gimes of mo tion in an oth er wise
un sta ble or bital en vi ron ment. The pro posed strat e gies thus en sure strong sta bil ity and
re cov ery prop er ties of space craft trans fers for risk sen si tive mis sions. As a re sult, this
re search should be use ful for mis sions plan ning with con strain ing back-up op tions re -
quire ments. Ex am ples of trans fers along dis tant ret ro grade fam i lies in the neigh bor hood
of the plan e tary moons are con sid ered to il lus trate the strat e gies.
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AAS 08 – 250
Withdrawn

AAS 08 – 251
Cost-Based Launch Op por tu nity Se lec tion Ap plied to Ren dez vous with 99942
Apophis

Jon a than S. Townley, Jon a than L. Sharma and Jarret M. Lafleur,
Geor gia In sti tute of Tech nol ogy (Un der grad u ate)

Pork chop plots of launch C3 and ar rival ex cess ve loc ity are com monly used to se -
lect launch op por tu ni ties for in ter plan e tary mis sions. How ever, the launch dates for
min i mum launch C3 and min i mum ar rival ex cess ve loc ity rarely co in cide. This pa per
pres ents a method for cre at ing pro gram-cost-based pork chop plots based on launch C3, 
ar rival hy per bolic ex cess ve loc ity, and spec i fi ca tions such as pay load mass. This
method is ap plied to a mis sion to Apophis and shows that to tal pro gram cost more
closely cor re lates with ar rival ex cess ve loc ity than launch C3. Sen si tiv ities, such as the
sen si tiv ity of pro gram cost to pay load mass un cer tainty, are also as sessed.

AAS DIRK BROUWER AWARD LEC TURE

AAS 08 – 147
A Personal Remembrance (Summary)

Bernard Kaufman, ASTRO DYN

This pa per sum ma rizes re marks that Ber nard Kaufman gave af ter re ceipt of the
2007 Dirk Brouwer Award at the AAS/AIAA Space Flight Me chanics Meet ing in
Galveston, Texas. In cluded are re marks re lat ing to his ca reer at the Na val Re search
Lab o ra tory (NRL) and the Goddard Space Flight Cen ter (GSFC) and high lighted pro -
grams and re search he had worked on dur ing his 37 year ca reer in astrodynamics. These 
pro grams and re search in cluded: au ton o mous sat el lite nav i ga tion, or bit de ter mi na tion,
lu nar-solar per tur ba tions, semi-analytic re search, gravity as sist, sat el lite dis in te gra tion,
launch win dow anal y sis, star cam eras, and per tur ba tion analysis among other ar eas.

AAS 08 – 252 to – 260
Not Assigned
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