
ASTRODYNAMICS 2009

Volume 135
 
ADVANCES IN THE ASTRONAUTICAL SCIENCES

Edited by
Anil V. Rao
T. Alan Lovell
F. Kenneth Chan
L. Alberto Cangahuala

Proceedings of the AAS/AIAA Astrodynamics
Specialist Conference held August 9-13 2009,
Pittsburgh, Pennsylvania.

Published for the American Astronautical Society by
Univelt, Incorporated, P.O. Box 28130, San Diego, California 92198

Web Site: http://www.univelt.com



vi

Copyright 2010

by

AMERICAN ASTRONAUTICAL SOCIETY

AAS Publications Office
P.O. Box 28130

San Diego, California 92198

Affiliated with the American Association for the Advancement of Science
Member of the International Astronautical Federation

First Printing 2010

Library of Congress Card No. 57-43769

ISSN 0065-3438

ISBN 978-0-87703-557-2 (Hard Cover Plus CD ROM)

Published for the American Astronautical Society
by Univelt, Incorporated, P.O. Box 28130, San Diego, California 92198

Web Site: http://www.univelt.com

Printed and Bound in the U.S.A.



xiii

CONTENTS
Page

FOREWORD vii

PREFACE xi
Part I

SESSION 1: ORBIT DETERMINATION 1
Improved Radar Cross-Section “Target-Typing” for Spacecraft (AAS 09-301)
M. D. Hejduk . . . . . . . . . . . . . . . . . . . 3

Satellite Collision Detection and Avoidance Using Star Trackers (AAS 09-302)
Reza Raymond Karimi, Troy A. Henderson and Daniele Mortari . . . . . 19

Initial Orbit Design for Regional Coverage (AAS 09-303)
Ossama Abdelkhalik and Ahmed Gad . . . . . . . . . . . . 29

Covariance Realism (AAS 09-304)
David A. Vallado and John H. Seago . . . . . . . . . . . . 49

Generalized Covariance Analysis of Additive Divided—Difference Sigma—Point
Filters (AAS 09-305)
J. Russell Carpenter, Sun Hur-Diaz and F. Landis Markley . . . . . . 69

Impact of Electric Propulsion Uncertainty on Orbit Prediction (AAS 09-307)
Peter Zentgraf and Sven Erb . . . . . . . . . . . . . . . 85

SESSION 2:
ATTITUDE DYNAMICS, DETERMINATION AND CONTROL I 105
Constrained Time-Optimal Slewing Maneuvers for Rigid Spacecraft
(AAS 09-309)
Robert G. Melton. . . . . . . . . . . . . . . . . . 107

Using Underspecification to Eliminate the Usual Instability of Digital System Inverse
Models (AAS 09-310)
Yao Li and Richard W. Longman . . . . . . . . . . . . . 127

Dynamically Driven Helmholtz Cage for Experimental Magnetic Attitude
Determination (AAS 09-311)
Andrew Klesh, Sheryl Seagraves, Matt Bennett, Dylan Boone, James Cutler
and Hasan Bahcivan . . . . . . . . . . . . . . . . . 147

A Direct Method for Identifying Linear Time-Varying State-Space Models
(AAS 09-312)
Minh Q. Phan, Richard W. Longman and Jer-Nan Juang . . . . . . . 161



xiv

Page
Comparison of State-of-the-Art Steering Logics for Control Moment
Gyroscopes (AAS 09-313)
Frederick A. Leve, George A. Boyarko, Josue D. Munoz and
Norman G. Fitz-Coy . . . . . . . . . . . . . . . . . 175

Adaptive Angular Velocity Estimator (AAS 09-314)
Bong Su Koh and Daniele Mortari . . . . . . . . . . . . . 189

SESSION 3:
RENDEZVOUS, RELATIVE MOTION, AND PROXIMITY MISSIONS 205
Optimization of a Spacecraft Maneuver to Dock with a Tumbling Object
(AAS 09-316)
George A. Boyarko, Oleg A. Yakimenko and Marcello Romano. . . . . 207

Optimal Control for Proximity Operations and Docking (AAS 09-317)
Daero Lee and Henry Pernicka . . . . . . . . . . . . . . 225

Linear State-Space Models for J2-perturbed Satellite Relative Motion
(AAS 09-318)
Srinivas R. Vadali . . . . . . . . . . . . . . . . . 245

Guidance, Navigation and Control System for Autonomous Proximity
Operations and Docking (AAS 09-319)
Daero Lee and Henry Pernicka . . . . . . . . . . . . . . 259

Hypercomplex Eccentric Anomaly in the Unified Solution to the Relative Orbital
(AAS 09-321) Motion
Daniel Condurache and Vladimir Martinusi . . . . . . . . . . 281

From Elliptic Restricted Three-Body Problem to Tschauner-Hempel Equations:
A Control Strategy Based on Circular Problems (AAS 09-322)
Mai Bando and Akira Ichikawa . . . . . . . . . . . . . . 301

SESSION 4:
SPECIAL SESSION: FLIGHT DYNAMICS FOR MAGNETOSPHERIC
SURVEY MISSIONS 315
Magnetospheric Multi-Scale Mission’s Orbit Propagation Sensitivity to
Navigation Errors (AAS 09-323)
J. Russell Carpenter . . . . . . . . . . . . . . . . . 317

Magnetospheric Multiscale Mission (MMS) Phase 2b Navigation Performance
(AAS 09-324)
Paige Thomas Scaperoth, Anne Long and J. Russell Carpenter . . . . . 335

Magnetospheric MultiScale (MMS) Mission Commissioning Phase Orbit
Determination Error Analysis (AAS 09-325)
Lauren R. Chung, Stefan Novak, Anne Long and Cheryl J. Gramling . . . 355

MMS Separation and Commissioning Phase Maneuvers (AAS 09-326)
Trevor Williams . . . . . . . . . . . . . . . . . . 375



xv

Page
Launch Window Opportunity Assessment for the Magnetospheric MultiScale
Mission (AAS 09-327)
Laurie M. Mann, Jason Tichy and Cheryl J. Gramling . . . . . . . 395

Overview of the Magnetospheric MultiScale Formation Flying Mission
(AAS 09-328)
Cheryl J. Gramling . . . . . . . . . . . . . . . . . 407

Apogee Raising Technique for the Magnetospheric Multiscale Formation Flying
Mission (AAS 09-329)
Craig E. Roberts, Jason Tichy and Cheryl J. Gramling . . . . . . . 419

Optimal Control and Near Optimal Guidance for the Magnetospheric Multiscale
Mission (MMS) (AAS 09-330)
Steven P. Hughes. . . . . . . . . . . . . . . . . . 439

Conjunction Assessment for the Magnetospheric Multi-Scale (MMS) Formation
(AAS 09-331)
David McKinley, David Rohrbaugh and J. Russell Carpenter . . . . . 463

SESSION 5: TRAJECTORY OPTIMIZATION I 473
An Overview of Three Pseudospectral Methods for the Numerical Solution of
Optimal Control Problems (AAS 09-332)
Divya Garg, Michael A. Patterson, William W. Hager, Anil V. Rao,
David A. Benson and Geoffrey T. Huntington. . . . . . . . . . 475

A Learning Approach to Sampling Optimization Applied to a Global Trajectory
Optimization Problem (AAS 09-333)
Troy A. Henderson and Daniele Mortari . . . . . . . . . . . 489

A Survey of Numerical Methods for Optimal Control (AAS 09-334)
Anil V. Rao . . . . . . . . . . . . . . . . . . . 497

Method and Solution for the 2009 Global Trajectory Optimization Contest
(AAS 09-335)
Brianna S. Aubin, Bruce A. Conway, Jacob A. Englander,
Alexander M. Ghosh, Christopher S. Martin and Bradley J. Wall . . . . 529

Fast Sensitivity Computations for Trajectory Optimization (AAS 09-337)
Nitin Arora, Ryan P. Russell and Richard W. Vuduc . . . . . . . . 545

New Approach to NLP-Based Trajectory Optimization of Space Applications
(AAS 09-338)
Sven O. Erb, Andreas Wiegand and Sven Weikert . . . . . . . . 561

On Ballistic Acquisition of Short Period Out-of-Ecliptic Trajectories
(AAS 09-339)
Jun’ichiro Kawaguchi, Yasuhiro Kawakatsu, Mutsuko Morimoto
and Justin A. Atchison . . . . . . . . . . . . . . . . 577



xvi

Page
SESSION 6: ORBITAL DYNAMICS I 589
Vertical Correction of an Approximate Planar Periodic Orbit About the Larger
Primary (AAS 09-340)
Mohammed Ghazy and Brett Newman . . . . . . . . . . . . 591

Improving Access to the Semi-Analytical Satellite Theory (AAS 09-341)
Paul J. Cefola, Donald Phillion and Ken S. Kim . . . . . . . . . 611

Constraints on the Motion of Electrostatically Charged Spacecraft (AAS 09-342)
Joseph W. Gangestad, George E. Pollock and James M. Longuski . . . . 657

Rock-Around Orbits (AAS 09-343)
Scott Bourgeois and Daniele Mortari . . . . . . . . . . . . 675

Keeping a Spacecraft on a Vertical Circular Orbit around an Earth-Moon
Lagrange Point (AAS 09-344)
Mohammed Ghazy and Brett Newman . . . . . . . . . . . . 693

Orbital Maneuvering with a Solar Sail through the Use of Natural Attitude
Coning (AAS 09-345)
Jay W. McMahon and Dale A. Lawrence . . . . . . . . . . . 713

A New Navigation Force Model for Solar Radiation Pressure (AAS 09-346)
Jay W. McMahon and Daniel J. Scheeres . . . . . . . . . . . 727

Solar Radiation Pressure Perturbations at Binary Asteroid Systems
(AAS 09-347)
Julie Bellerose, Hajime Yano and Daniel J. Scheeres . . . . . . . . 747

Part II

SESSION 7: PLANETARY, ASTEROID AND DEEP SPACE MISSIONS I 765
Accessing the Design Space for Solar Sails in the Earth-Moon System
(AAS 09-348)
Geoffrey G. Wawrzyniak and Kathleen C. Howell . . . . . . . . 767

Cassini-Huygens Maneuver Experience: First Year of the Equinox Mission
(AAS 09-349)
Emily M. Gist, Christopher G. Ballard, Yungsun Hahn, Paul W. Stumpf,
Sean V. Wagner and Powtawche N. Williams . . . . . . . . . . 787

Flight Dynamics Operations for the IBEX Mission: The First Six Months
(AAS 09-350)
Lisa Policastri, John Carrico and Ryan Lebois. . . . . . . . . . 809

Overview of the Cassini Solstice Mission Trajectory (AAS 09-351)
John Smith and Brent Buffington . . . . . . . . . . . . . 829

Astrodynamic Constraints on Mars Round-Trip Mission Design (AAS 09-352)
Nicola Sarzi Amade’ and James R. Wertz . . . . . . . . . . . 855



xvii

Page
SESSION 8: SPECIAL SESSION: OUTER PLANET FLAGSHIP MISSION 873
Europa Orbiter Mission Design with Io Gravity Assists (AAS 09-353)
Kevin W. Kloster, Anastassios E. Petropoulos and James Longuski . . . . 875

Mission Design for the Jupiter Europa Orbiter Flagship Mission Study
(AAS 09-354)
Anastassios E. Petropoulos, Kevin W. Kloster and Damon F. Landau . . . 891

Broad Search for Solar Electric Propulsion Trajectories to Saturn with Gravity
Assists (AAS 09-355)
Try Lam, Damon Landau and Nathan Strange. . . . . . . . . . 905

Mission Design for the Titan Saturn System Mission Concept (AAS 09-356)
Nathan Strange, Thomas Spilker, Damon Landau, Try Lam, Daniel Lyons
and Jose Guzman. . . . . . . . . . . . . . . . . . 919

An Overview of the Jupiter Europa Orbiter Concept’s Europa Science Phase
Orbit Design (AAS 09-357)
Robert E. Lock, Jan M. Ludwinski, Anastassios E. Petropoulos,
Karla B. Clark and Robert T. Pappalardo . . . . . . . . . . . 935

Aerobraking at Titan (AAS 09-358)
Daniel T. Lyons and Nathan J. Strange. . . . . . . . . . . . 953

Mission Design Issues for the European Orbiter of Laplace/EJSM: Callisto
Flybys Sequence(AAS 09-359)
Yves Langevin . . . . . . . . . . . . . . . . . . 967

SESSION 9:
SPACECRAFT GUIDANCE, NAVIGATION, AND CONTROL I 987
Application of Time Varying Eigensystem Realization Algorithm to Guidance
and Control Problems (AAS 09-360)
Manoranjan Majji, Jer-Nan Juang and John L. Junkins . . . . . . . 989

Constrained, Minimum-Time Maneuvers for CMG Actuated Spacecraft
(AAS 09-362)
Andrew Fleming, Pooya Sekhavat and I. Michael Ross . . . . . . . 1009

Nonlinear Adaptive Control of a LEO Satellite Perturbed by Atmospheric
Drag, J2 Effect, and Moon Gravity (AAS 09-363)
Reza Raymond Karimi and Daniele Mortari . . . . . . . . . . 1029

Closed-Form Solution to the Minimum-Total-Delta-V-Squared Lambert’s
Problem (AAS 09-364)
Jeremy Davis, Martín Avendaño and Daniele Mortari . . . . . . . 1037

Comparison between the Mission Design and Reconstruction of the Cassini-
Huygens Trajectories and Maneuvers of the Prime Mission (AAS 09-365)
P. W. Stumpf, C.G. Ballard, E. M. Gist, Y. Hahn, J. B. Jones,
S. V. Wagner and P. N. Williams . . . . . . . . . . . . . 1053



xviii

Page
Continuous-Time Bilinear System Identification Using Repeated Experiments
(AAS 09-366)
Manoranjan Majji, Jer-Nan Juang and John L. Junkins . . . . . . . 1065

On Underweighting Lidar Measurements (AAS 09-367)
Renato Zanetti, Kyle J. DeMars and Robert H. Bishop . . . . . . . 1085

SESSION 10: CONJUNCTION ASSESSMENT I 1097
Analysis of the Iridium 33-Cosmos 2251 Collision (AAS 09-368)
T. S. Kelso . . . . . . . . . . . . . . . . . . . 1099

It’s Not a Big Sky after All: Justification for a Close Approach Prediction
and Risk Assessment Process (AAS 09-369)
Lauri Kraft Newman, Ryan Frigm and David McKinley . . . . . . 1113

A First Order Forensic Analysis of the Iridium 33 / Cosmos 2251 Collision
(AAS 09-370)
Johannes M. Hacker . . . . . . . . . . . . . . . . 1133

Correlating Spacecraft Debris from Various Tracking Measurements
(AAS 09-371)
Timothy A. Craychee, John P. Carrico and Richard Hujsak. . . . . . 1143

A Description of Filters for Minimizing the Time Required for Orbital
Conjunction Computations (AAS 09-372)
James Woodburn, Vincent Coppola and Frank Stoner . . . . . . . 1157

A Single Conjunction Risk Assessment Metric: The F-Value (AAS 09-373)
Ryan Clayton Frigm . . . . . . . . . . . . . . . . 1175

Assessing Satellite Conjunctions for the Entire Space Catalog
using COTS Multi-core Processor Hardware (AAS 09-374)
Vincent T. Coppola, Sylvain Dupont, Kevin Ring and Frank Stoner . . . 1193

The Collision Risk Assessment and Risk Mitigation Process for the NPP and
NPOESS Missions (AAS 09-375)
Amy Bleich, Matthew Duncan and Joshua Wysack . . . . . . . . 1207

SESSION 11: TRAJECTORY OPTIMIZATION II 1223
Lunar Orbit Insertion from a Fixed Free Return (AAS 09-376)
Mark C. Jesick, Cesar A. Ocampo and Gerald L. Condon . . . . . . 1225

Shrinking the V-Infinity Sphere: Endgame Strategies for Planetary Moon
Orbiters (AAS 09-377)
Ryan C. Woolley and Daniel J. Scheeres . . . . . . . . . . . 1245

A Collocation Approach for Computing Solar Sail Pole-Sitter Orbits
(AAS 09-378)
Martin T. Ozimek, Daniel J. Grebow and Kathleen C. Howell . . . . . 1265

Kepler Trajectory Design (AAS 09-379)
Roby S. Wilson, Julie A. Kangas and Min-Kun J. Chung . . . . . . 1281



xix

Page
Global Performance Characterization of the Three Burn Trans-Earth Injection
Maneuver Sequence over the Lunar Nodal Cycle (AAS 09-380)
Jacob Williams, Elizabeth C. Davis, David E. Lee, Gerald L. Condon,
Timothy F. Dawn and Min Qu. . . . . . . . . . . . . . 1297

Variational Model for the Optimization of Constrained Finite-Burn Escape
Sequences (AAS 09-381)
Cesar Ocampo and Jean-Philippe Munoz . . . . . . . . . . . 1317

Preliminary Trajectory Design for the Artemis Lunar Mission (AAS 09-382)
Stephen B. Broschart, Min-Kun J. Chung, Sara J. Hatch, Jin H. Ma,
Theodore H. Sweetser, Stacy S. Weinstein-Weiss and Vassilis Angelopoulos . 1329

SESSION 12:
ATTITUDE DYNAMICS, DETERMINATION, AND CONTROL II 1345
Low-Cost Approaches to Star Tracker Lab Testing (AAS 09-384)
Tom Dzamba and John Enright . . . . . . . . . . . . . 1347

Information Theoretic Weighting for Robust Star Centroiding (AAS 09-385)
Brien R. Flewelling and Daniele Mortari . . . . . . . . . . . 1365

On the Relationships between Proofs of Convergence in Continuous and Discrete
Time Iterative Learning Control (AAS 09-386)
Joe W. Yeol, Richard W. Longman and Hans Georg Bock . . . . . . 1383

Identification of Linear Time-Varying Systems By a Canonical Representation
(AAS 09-387)
Minh Q. Phan, Richard W. Longman and Jer-Nan Juang . . . . . . 1401

Sliding Mode Observer for Spacecraft Attitude Estimation: A Special Case
(AAS 09-388)
Mohamed M. Aly, Hossam Eldin-A. Abdel Fatah and Ahmed Bahgat . . . 1417

SESSION 13: FORMATION FLYING 1437
Charged Spacecraft Formations: A Trade Study on Coulomb and Lorentz Forces
(AAS 09-389)
George E. Pollock, Joseph W. Gangestad and James M. Longuski . . . . 1439

Closed-Loop One-Dimensional Charged Relative Motion Experiments
Simulating Constrained Orbital Motion (AAS 09-390)
Carl R. Seubert and Hanspeter Schaub . . . . . . . . . . . 1459

Switched Lyapunov Function Based Coulomb Control of a Triangular 3-Vehicle
Cluster (AAS 09-391)
Shuquan Wang and Hanspeter Schaub . . . . . . . . . . . 1477

A Peer-to-Peer Refueling Strategy using Low-Thrust Propulsion (AAS 09-392)
Atri Dutta, Nitin Arora and Ryan P. Russell . . . . . . . . . . 1497

Nonlinear Coulomb Feedback Control of a Spinning Two Spacecraft Virtual
Structure (AAS 09-393)
Shuquan Wang and Hanspeter Schaub . . . . . . . . . . . 1517



xx

Page
RF Based Navigation for PRISMA and Other Formation Flying Missions in Earth
Orbits (AAS 09-394)
Michel Delpech, Pierre-Yves Guidotti, Thomas Grelier and Jon Harr . . . 1533

Formation Flying Control Implementation for Highly Elliptical Orbits
(AAS 09-420)
Pedro A. Capó-Lugo and Peter M. Bainum . . . . . . . . . . 1553

Part III

SESSION 14:
DYNAMICAL SYSTEMS THEORY APPLIED TO SPACE FLIGHT 1573
KAM Tori Normal Coordinates (AAS 09-395)
William E. Wiesel . . . . . . . . . . . . . . . . . 1575

Instability Characterization of Spacecrafts Near Stable Manifolds (AAS 09-396)
Iman Alizadeh and Benjamin Villac . . . . . . . . . . . . 1583

Numerical Exploration of Small-Body Orbiter Dynamics Using Chaoticity
Indicators (AAS 09-397)
Benjamin F. Villac, Katherine Yi-Yin Liu and Stephen B. Broschart . . . 1603

Locally Optimal Transfers between Libration Point Orbits Using Invariant
Manifolds (AAS 09-398)
Kathryn E. Davis, Rodney L. Anderson, Daniel J. Scheeres and
George H. Born . . . . . . . . . . . . . . . . . . 1623

Transfers to Periodic Distant Retrograde Orbits (AAS 09-399)
Christopher J. Scott and David B. Spencer . . . . . . . . . . 1643

Transfers to Sticky Distant Retrograde Orbits (AAS 09-400)
Christopher J. Scott and David B. Spencer . . . . . . . . . . 1665

New Families of Multi-Revolution Terminator Orbits Near Small Bodies
(AAS 09-402)
Stephen B. Broschart, Daniel J. Scheeres and Benjamin F. Villac . . . . 1685

SESSION 15:
SPACECRAFT GUIDANCE, NAVIGATION, AND CONTROL II 1703
Failure-Robust Thruster Commanding for Space Vehicles Control (AAS 09-403)
Fabio Curti, Riccardo Bevilacqua and Marcello Romano . . . . . . 1705

Nonlinear Monte Carlo Mission Simulation and Statistical Analysis
(AAS 09-404)
Christopher L. Potts, Richard M. Kelly and Troy D. Goodson . . . . . 1725

Pseudospectral Optimal Control on Arbitrary Grids (AAS 09-405)
Qi Gong, I. Michael Ross and Fariba Fahroo. . . . . . . . . . 1741



xxi

Page
Simultaneous Computation of Optimal Controls and Their Sensitivities
(AAS 09-406)
Chris M. McCrate and Srinivas R. Vadali . . . . . . . . . . 1761

On the Curse of Dimensionality in Fokker-Planck Equation (AAS 09-407)
Mrinal Kumar, Suman Chakravorty and John L. Junkins . . . . . . 1781

Trajectory Reconstruction of the ST-9 Sounding Rocket Experiment Using IMU
and Landmark Data (AAS 09-408)
R. S. Park, S. Bhaskaran, J. J. Bordi, Y. Cheng, A. J. Johnson, G. L. Kruizinga,
M. E. Lisano, W. M. Owen and A. A. Wolf . . . . . . . . . . 1801

Approximate Minimum-Time Control Versus the PEG Control for Lunar Ascent
(AAS 09-425)
David G. Hull . . . . . . . . . . . . . . . . . . 1813

SESSION 16: CONJUNCTION ASSESSMENT II 1821
Discriminating Threatening Conjunctions with Data Fusion Principles
(AAS 09-409)
David Finkleman, Salvatore Alfano and Timothy Carric . . . . . . 1823

Hazard Evaluation of the Space Debris in the Geostationary Orbit (AAS 09-411)
Jorge Martins do Nascimento . . . . . . . . . . . . . . 1835

Examination of Nonlinearity Based on the Second Order Expansion of the
Orbit State Transition (AAS 09-412)
Sergei Tanygin . . . . . . . . . . . . . . . . . . 1843

Re-Examining Probability Dilution (AAS 09-413)
Joseph H. Frisbee, Jr. . . . . . . . . . . . . . . . . 1863

Analytic Launch Collision Avoidance Methodology (AAS 09-414)
Felix R. Hoots . . . . . . . . . . . . . . . . . . 1871

Anti-Satellite Engagement Vulnerability (AAS 09-415)
Salvatore Alfano . . . . . . . . . . . . . . . . . 1891

Space Situation Monitoring Laboratory: An Integrated Web-Based Environment
for Space Environment Information and Analysis (AAS 09-416)
Justin F. McNeill, Jr., John M. Coggi, William H. Ailor, Thaddeus O. Cooper,
Raymond L. Swartz, Jr. and Russell P. Patera . . . . . . . . . 1909

SESSION 17:
SATELLITE CONSTELLATIONS/TETHERED SATELLITES 1927
A Preliminary Study of the Dynamics and Control of the CubeSail Spacecraft
(AAS 09-417)
Andrew Pukniel, Victoria Coverstone, John Warner and Rodney Burton . . 1929

Cost Effectiveness of On-Orbit Servicing (AAS 09-418)
Tiffany Rexius . . . . . . . . . . . . . . . . . . 1949



xxii

Page
Long-Term Stability of Flower Constellations under Planetary Oblateness
(AAS 09-419)
Troy A. Henderson and Martín Avendaño . . . . . . . . . . 1963

New Color Visualization for Satellite Constellation Coverage (AAS 09-421)
Paul J. Cefola and John E. Draim . . . . . . . . . . . . . 1973

The Determination of Time-Variable Gravity from a Constellation of
Non-Dedicated Satellites (AAS 09-422)
Brian C. Gunter, Pavel Ditmar and João Encarnação . . . . . . . 1999

Numerical Computation of Optimal Electrodynamic Orbit Transfers
(AAS 09-423)
Paul Williams . . . . . . . . . . . . . . . . . . 2009

SESSION 18: TRAJECTORY OPTIMIZATION III 2029
An Assessment of Multiple Satellite-Aided Capture at Jupiter (AAS 09-424)
Alfred E. Lynam, Kevin W. Kloster and James M. Longuski . . . . . 2031

An Optimal Initial Guess Generator for Entry Interface Targeters (AAS 09-426)
Juan S. Senent . . . . . . . . . . . . . . . . . . 2057

Constrained Optimal Orbit Design for Earth Observation Satellites Based on
User Requirements (AAS 09-427)
Sharon D. Vtipil and Brett Newman . . . . . . . . . . . . 2077

Broad Search and Optimization of Solar Electric Propulsion Trajectories to
Uranus and Neptune (AAS 09-428)
Damon Landau, Try Lam and Nathan Strange . . . . . . . . . 2093

Autonomous Multi-Rover Trajectory Planning Using Optimal Control Techniques
(AAS 09-429)
Michael A. Hurni, Pooya Sekhavat and I. Michael Ross. . . . . . . 2113

Design of Guidance Laws for Lunar Pinpoint Soft Landing (AAS 09-431)
Jian Guo and Congying Han . . . . . . . . . . . . . . 2133

SESSION 19:
PLANETARY, ASTEROID, AND DEEP SPACE MISSIONS II 2147
Mission Design of Guided Aero-Gravity Assist Trajectories at Titan
(AAS 09-432)
Jordi Casoliva and Daniel T. Lyons . . . . . . . . . . . . 2149

Spacecraft Trajectory Design for Tours of Multiple Small Bodies (AAS 09-433)
Brent William Barbee, George W. Davis and Sun-Hur Diaz . . . . . 2169

Repeated Shadow Track Orbits (AAS 09-434)
Ahmed Gad and Ossama Abdelkhalik. . . . . . . . . . . . 2189

Leveraging Flybys of Low Mass Moons to Enable an Enceladus Orbiter
(AAS 09-435)
Nathan J. Strange, Stefano Campagnola and Ryan P. Russell . . . . . 2207



xxiii

Page
On the Orbit Selection of the Space Solar Telescope ADAHELI (AAS 09-436)
Fabio Curti, Giuseppe Russo and Francesco Longo . . . . . . . . 2227

SESSION 20: ORBITAL DYNAMICS II 2247
Optimal Low-Energy Transfers in the Concentric Circular Restricted Four-Body
Problem (AAS 09-438)
Fady M. Morcos and Cesar A. Ocampo . . . . . . . . . . . 2249

Ballistic Coefficient and Density Estimation (AAS 09-439)
Craig A. McLaughlin, Andrew Hiatt, Eric Fattig and Travis Lechtenberg . . 2269

Mean Element Propagations Using Numerical Averaging (AAS 09-440)
Todd A. Ely . . . . . . . . . . . . . . . . . . . 2287

Arbitrary Order Vector Reversion of Series and Implicit Function Theorem
(AAS 09-441)
James D. Turner, Manoranjan Majji and John L. Junkins . . . . . . 2307

Earth-Moon Trajectory Design Using Lagrange Implicit Function Theorem
(AAS 09-442)
Manoranjan Majji, James D. Turner and John L. Junkins . . . . . . 2323

Low-Energy Ballistic Transfers to Lunar Halo Orbits (AAS 09-443)
Jeffrey S. Parker . . . . . . . . . . . . . . . . . 2339

State Transition Matrix Approximation Using a Generalized Averaging Method
(AAS 09-444)
Yuichi Tsuda and Daniel J. Scheeres . . . . . . . . . . . . 2359

AWARDS BANQUET PRESENTATION 2379
Featured Speaker William “Red” L. Whittaker (Abstract Only) . . . . . 2381

APPENDICES 2383
Publications of the American Astronautical Society . . . . . . . . . 2384
Advances in the Astronautical Sciences . . . . . . . . . . . 2385
Science and Technology Series . . . . . . . . . . . . . 2395
AAS History Series . . . . . . . . . . . . . . . . . 2403

INDICES 2405
Numerical Index . . . . . . . . . . . . . . . . . . 2407
Author Index . . . . . . . . . . . . . . . . . . . 2415



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




