
 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 978-1-7138-1479-5 

22nd IAA Symposium on  
Human Exploration of the  
Solar System 2019 

Washington, DC, USA 
21-25 October 2019 

 

Held at the 70th International Astronautical  
Congress (IAC 2019) 

 



Printed from e-media with permission by: 

 
Curran Associates, Inc. 

57 Morehouse Lane 
Red Hook, NY  12571 

 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© (2019) by International Astronautical Federation 
All rights reserved. 
 
Printed with permission by Curran Associates, Inc. (2020) 
  
For permission requests, please contact International Astronautical Federation 
at the address below. 
  
International Astronautical Federation 
100 Avenue de Suffren 
75015 Paris 
France 
 
 
Phone:  +33 1 45 67 42 60 
Fax:  +33 1 42 73 21 20 
 
www.iafastro.org 
 
 
Additional copies of this publication are available from: 

 

Curran Associates, Inc. 
57 Morehouse Lane 
Red Hook, NY 12571 USA 
Phone:  845-758-0400 
Fax:      845-758-2633 
Email:   curran@proceedings.com 
Web:     www.proceedings.com 



TABLE OF CONTENTS 

 

HUMAN EXPLORATION OF THE MOON AND CISLUNAR SPACE 

DEMONSTRATING CAPABILITIES FOR MARS EXPLORATION ON THE MOON .................................. 1 
Christopher Moore 

MOON DIRECT: ENABLING RAPID LUNAR EXPLORATION AND DEVELOPMENT 
THROUGH EFFICIENT USE OF LOCAL RESOURCES. ................................................................................ 2 

Robert Zubrin 

EVOLVED SLS PERFORMANCE CAPABILITY FOR ADVANCED EXPLORATION 
MISSIONS ........................................................................................................................................................... 3 

Benjamin Donahue 

CREWED LUNAR LANDING MISSION CAMPAIGN FROM THE GATEWAY ........................................ 22 
Timothy Cichan, Joshua Ehrlich, Adam Marcinkowski, Lisa May, Rachael McKee, Steven 

Ramm, Danielle Richey 

GATEWAY, PAVING THE WAY TO DEEP SPACE HUMAN EXPLORATION AND 
INNOVATIVE TECHNOLOGIES .................................................................................................................... 31 

Maria Antonietta Perino, Franco Fenoglio, Abele Quaregna, Xavier Roser, Albane Lorieau, 

Matthias Boehme, Mathias Rohrbeck, Philippe Schoonejans, Sarmad Aziz, Marcella 

Salussolia 

CURRENT ACTIVITIES AND FUTURE VISION OF JAMSS TO NEAR-FUTURE LUNAR 
EXPLORATION ................................................................................................................................................ 33 

Shigeru Imai, Mari Kigoshi, Yuuki Kaneko 

LUNAR ORBITAL PLATFORM SEGMENT FOR SUPPORT AND PROVISION OF LUNAR 
SURFACE MISSIONS ...................................................................................................................................... 35 

Dmitry Zarubin, Nikolay Sevastiyanov, Evgeny Mikrin, Rushan Beglov, Yury Makushenko 

SIERRA NEVADA CORPORATION'S GATEWAY ARCHITECTURE ........................................................ 42 
Jeffrey Valania 

BUILDING AN ECONOMICAL AND SUSTAINABLE LUNAR INFRASTRUCTURE TO 
ENABLE HUMAN LUNAR MISSIONS .......................................................................................................... 43 

Allison Zuniga, Hemil Modi, Aurelio Kaluthantrige, Heloïse Vertadier 

COMMON POWER AND ENERGY STORAGE SOLUTIONS TO SUPPORT LUNAR AND 
MARS SURFACE EXPLORATION MISSIONS ............................................................................................. 58 

Lee Mason 

LUNAR PROPELLANT FACTORY MISSION DESIGN TO SUSTAIN FUTURE HUMAN 
EXPLORATION ................................................................................................................................................ 65 

Sonia Alejandra Botta, Iain Adamson, Davide Barbero, Erwan Beauvois, Stefano Bertolotto, 

Davide Carabellese, Guillaume Chavanas, Matteo Devecchi, Jack Di Lieto-Danes, Marco 

Giuliani, Manohar Karnal, Alessandro Lovagnini, Lorenzo Marchino, Isaac Mitchell, 

Shrrirup Nambiar, Paolo Pino, Lorenzo Rabagliati, Guillaume Thirion 



LUNAR MISSION TECHNOLOGY AND STANDARDS REVIEW: TOWARDS 
INTERNATIONAL COLLABORATION AND SAFE, SECURE DEMOCRATIZATION OF 
LUNAR ACCESS .............................................................................................................................................. 80 

Jessy Kate Schingler, Jacob Guglin, Mehak Sarang, Ariel Ekblaw 

A PARAMETRIC ANALYSIS OF LOW-COST, NEAR-TERM, SUSTAINABLE HUMAN 
LUNAR EXPLORATION ................................................................................................................................. 92 

David Akin 

ASSESSMENT OF LUNAR LANDER ARCHITECTURES IN TERMS OF PROGRAMMATIC 
STAKEHOLDER OBJECTIVES ....................................................................................................................... 93 

William O'Neill, Daniel Delaurentis 

LUNAR POLAR SITE OCCUPATION TIMING AND METHODOLOGY ................................................. 108 
John Culton 

CONTEMPORARY MARKET RESEARCH FOR LUNAR TOURISM: ESTIMATING THE 
SIZE AND VALUE OF THE MARKET ......................................................................................................... 111 

Mina Takla, Nabil Parwez, Camilo Andrés Reyes Mantilla, Werner Grandl, Andrea Barzon 

HUMAN EXPLORATION OF MARS 

POSSIBLE DEEP SPACE GATEWAY SUPPORT FOR HUMAN MARS MISSIONS ............................... 121 
Kent Joosten, Michelle Rucker 

DEFINING THE REQUIRED NET HABITABLE VOLUME FOR LONG-DURATION 
EXPLORATION MISSIONS .......................................................................................................................... 122 

Chel Stromgren, Steven Rivadeneira, Michelle Rucker 

MARS HABITAT RESOURCE MANAGEMENT USING MULTI-AGENT MODELS AND 
MACHINE LEARNING FORECASTS ........................................................................................................... 123 

Simon Engler, Bryan Caldwell, Kim Binsted 

SPACE RESOURCE LOGISTICS FOR HUMAN EXPLORATION TO MARS .......................................... 124 
Hao Chen, Tristan Sarton Du Jonchay, Linyi Hou, Koki Ho 

BIOREGENERATIVE SYSTEMS ON MARS : WHY, CHALLENGES, AND HOW TO GET 
THERE ............................................................................................................................................................. 141 

Erwan Beauvois 

MARS DIRECT 2.0 HOW TO SEND HUMANS TO MARS USING STARSHIPS. .................................... 151 
Robert Zubrin 

PARAMETRIC EQUATION FOR THE SETTLEMENT OF MARS ............................................................ 156 
Jean-Marc Salotti 

DESIGNING A TECHNOLOGY ECOSYSTEM FOR THE INTEGRATION OF 
ENVIRONMENTAL ANALYSIS AND HEALTH DIAGNOSTICS TO ASSIST HUMANS IN 
THE COLONISATION OF MARS ................................................................................................................. 161 

Anushri Rajendran, Franz Konstantin Fuss, Yehuda Weizman 

SYSTEM LEVEL DESIGN FOR A LARGE SCALE COLONY ON MARS ................................................ 176 
Paolo Guardabasso, Calum Hervieu 



DESIGN AND MODELING OF AN ELECTROCHEMICAL DEVICE PRODUCING 
METHANE/OXYGEN AND POLYETHYLENE FROM IN-SITU RESOURCES ON MARS .................... 177 

Jeffery Greenblatt 

A DRAFT INTERNATIONAL TREATY OUTLINING A SYSTEM OF GOVERNANCE FOR 
THE COLONISATION OF MARS ................................................................................................................. 178 

Eleanor Griffin 

NEAR-EARTH ASTEROIDS MINING AS INTERPLANETARY ECONOMY SUPPLY: 
DESIGNING AN AUTONOMOUS MARS COLONY .................................................................................. 179 

Shamil Biktimirov, Anne-Marlene Rüede, Anton Ivanov 

THE 2019 ANALOG MARS MISSION SEASON AT THE DESERT MARS ANALOG RAMON 
STATION ......................................................................................................................................................... 187 

Hilel Rubinstein, Reut Sorek Abramovich, Danna Linn Barnett, Hadas Nevenzal, Alon Shikar, 

Neta Parnas, Danny Dahan, Jonathan Shvartzberg, Yoav Paz, Yael Yair, Shai Bainberg, Yuri 

Orlov, Mikhail Raizanski, Nir Chen, Shmuel Mauda, Konstantin Margulyan, Reuven 

Abramovich, Eran Schenker, Oded Aharonson, Gal Yoffe, Nadav Kushnir 

HUMAN AND ROBOTIC PARTNERSHIPS IN EXPLORATION - JOINT SESSION OF THE 

IAF HUMAN SPACEFLIGHT AND IAF EXPLORATION SYMPOSIA 

SEEKER ROBOTIC FREE FLYER EVOLUTIONARY DEVELOPMENT APPROACH ........................... 199 
Brian Banker 

DEPLOYMENT OF THE SOLEX ENVIRONMENT FOR ANALOG SPACE TELEROBOTICS 
VALIDATION ................................................................................................................................................. 200 

Ralph Bayer, Peter Schmaus, Martin Pfau, Benedikt Pleintinger, Daniel Leidner, Fabian 

Wappler, Annika Maier, Thomas Krueger, Neal Lii 

POTENTIAL LIFE CYCLE BENEFITS OF INTELLIGENT TOOLS FOR GROUND CONTROL 
OF SPACE ROBOTICS ................................................................................................................................... 211 

Christopher S. Langley, Kieran Kneisel, Richard Rembala, Paul Fulford, Philipe Bellefeuille, 

Bardia Bina 

BENEFITS OF ROBUST INTRAVEHICULAR ROBOTIC SYSTEMS FOR DEEP SPACE 
EXPLORATION .............................................................................................................................................. 221 

Kyle Davidson 

EVALUATION OF A HIGHLY DEXTEROUS ROBOTIC MANIPULATOR FOR 
UTILIZATION OF ON-ORBIT SERVICING................................................................................................. 229 

Caitlin King, Thomas Low, John Troll, Antonio Ortiz, Brand Griffin, Matthew Stephens 

A REINFORCEMENT LEARNING APPROACH FOR THE AUTONOMOUS ASSEMBLY OF 
IN-SPACE HABITATS AND INFRASTRUCTURES IN UNCERTAIN ENVIRONMENTS ...................... 240 

Joshua Moser, John Cooper, James Neilan, William Chapin, Samantha Glassner, Erik 

Komendera 

DEVELOPING GENERAL AI, BLOCKCHAIN, & AR/MR FOR EMERGENCY MEDICAL 
TRIAGE, DISASTER RELIEF AND REMOTE MEDICAL RESCUE FOR ANALOG 
ASTRONAUTS LIVING IN I.C.E .................................................................................................................. 251 

John Hanacek Ma, Susan Ip-Jewell, Romulo Velasco III 



ETHICAL IMPLICATIONS OF THE USE OF ARTIFICIAL INTELLIGENCE IN HUMAN 
SPACE OPERATIONS. ................................................................................................................................... 252 

Michael Pope, Cristina Viana, Ryan Kressler, Kirsti Wattles, Trenton Druesedow, Alyssa 

Hodum, Kirsten Bauernschmidt 

ROBOTIC CONSTRUCTION & PROTOTYPING OF A 3D-PRINTED MARS SURFACE 
HABITAT ........................................................................................................................................................ 265 

Melodie Yashar, Nikita Cheniuntai, Sergey Nefedov, Christina Ciardullo, Michael Morris, 

Rebeccah Pailes-Friedman 

HEXHAB 3D CONSTRUCTION-PRINTED PLANETARY HABITAT FOR EXTREME 
ENVIRONMENTS .......................................................................................................................................... 279 

Samuel Ximenes, Dallas Bienhoff, Serdar Baycan, Prashant Rao, Subramanian Sankaran, 

Suzana Bianco, Zachary Taylor, Allison Shaffer 

SPACE TRANSPORTATION SOLUTIONS FOR DEEP SPACE MISSIONS 

NASA’S SPACE LAUNCH SYSTEM: PAYLOAD OPPORTUNITIES FOR LUNAR 
EXPLORATION, SCIENCE MISSIONS ........................................................................................................ 290 

Steve Creech, Kimberly Robinson, Robert Stough 

EMPOWERING INNOVATION: THE GATEWAY POWER AND PROPULSION ELEMENT 
PUBLIC-PRIVATE PARTNERSHIP .............................................................................................................. 302 

Ronald Ticker, Christopher Zavrel, Kathleen Schubert, David Frate, Michael Barrett, Laurie 

Chappell, Michele Gates 

FAST SOLAR SYSTEM TRANSPORTATION WITH ELECTRIC PROPULSION POWERED 
BY DIRECTED ENERGY ............................................................................................................................... 312 

Todd F. Sheerin, Elaine Petro, Kelley Winters, Paulo Lozano, Philip Lubin 

THE DEVELOPMENT OF A LAUNCH SYSTEM FOR THE NASA PARKER SOLAR PROBE 
MISSION ......................................................................................................................................................... 324 

Steven Vernon, James Kinnison, Robert Gagnon, Brian Lathrup 

A GATEWAY SUPPLY MISSION SCENARIO AND FLIGHT PLAN WITH UPGRADED H3 
AND HTV-X .................................................................................................................................................... 325 

Shoyo Hyodo, Daisuke Tsujita, Shinobu Matsuo, Osamu Kitayama 

CREWED CERES MISSION USING HUMAN MARS TRANSPORT ......................................................... 330 
Charles Esty, John Connolly, Laura Burke, Joshua Fitch, William O'Neill 

EXTENDING THE CURRENT NASA MARS HUMAN EXPLORATION ARCHITECTURE TO 
INCLUDE TITAN ........................................................................................................................................... 331 

Daniel White, Ronald Corey 

REUSABLE IN-SPACE TRANSPORTATION ARCHITECTURE OPTIONS FOR HUMAN 
MARS EXPEDITIONS .................................................................................................................................... 340 

Patrick Chai, Raymond Merrill, Min Qu 

MARS/EUROPA INPPS HIGH POWER SPACE TRANSPORTATION ...................................................... 353 
Frank Jansen, Benedikt Bergmann, Tim Brandt, Friedrich Damme, Emmanouil Detsis, 

Simona Ferraris, James Ap Findlay, Ikkoh Funaki, Oliver Funke, Jan Thimo Grundmann, 

Lamartine Nogueira Frutuoso Guimaraes, Martin Hillebrandt, A. C. Koroteev, Daniel Kuehn, 

Jim C. Kuijper, Frederic Masson, Volker Maiwald, Jürgen Oberst, Stephane Oriol, Stanislav 

Pospisil, Martin Richter, Lars Schanz, Alexander V. Semenkin, Alexander Solodukhin, Ivan 

Stekl, Tim Tinsley, Maria Cristina Tosi, Christoph Waldmann, Jean-Claude Worms 



APPLYING MULTIPLE STREAMS POLICY ANALYSIS TO HISTORIC AND CURRENT 
NUCLEAR THERMAL PROPULSION ......................................................................................................... 360 

Nathanial Long, Rania Khamees, Elizabeth Newton, John M. Horack 

AN ANALYSIS AND SIMULATION OF INTERPLANETARY TRAJECTORIES FOR THE 
JESSE OWENS NUCLEAR THERMAL PROPULSION SPACECRAFT .................................................... 370 

Leland Klein, Nathan Hixon, David Van De Water, Joseph Work, Zachary Zoloty, John M. 

Horack, Elizabeth Newton 

THE VALUE OF ENHANCED DELTA V CAPACITY: A EUROPA CLIPPER CASE STUDY ................ 382 
Alexander Aueron, Lawrence Thomas, Paul Collopy 

EXPLORATION OF THE EDGE OF HELIOSPHERE THROUGH STRATEGICALLY PLACED 
SOLAR-SAIL PROPELLED SATELLITES ................................................................................................... 390 

Vipul Mani 

INTERACTIVE PRESENTATIONS - 22ND IAA SYMPOSIUM ON HUMAN EXPLORATION 

OF THE SOLAR SYSTEM 

CIS-LUNAR PROPULSION OPTION COMPARISON ................................................................................. 391 
Daniel Levack 

LUNAR ORBITAL PLATFORM-GATEWAY FUNCTIONALITY ENHANCED BY USING 
ADVANCED SPACE MANUFACTURING SYSTEMS ASMS, (INC). SPACE UTILITY 
MODULE ......................................................................................................................................................... 392 

Peter Humphries, Fred Barez, Michaela Brant 

FINDING TRAJECTORIES TO SEND A SPACECRAFT TO AN ASTEROID TO CHANGE ITS 
ORBIT AROUND THE SUN .......................................................................................................................... 393 

Geraldo Magela Couto Oliveira, Antonio Fernando Bertachini De Almeida Prado, Diogo 

Sanchez 

OXYGEN PRODUCTION ON MARS WITH IN-SITU RESOURCE UTILIZATION ................................. 394 
Alina Kunitskaya, Laura Fader, Anh (Annie) Nguyen, Keith Cleland 

PERISCOPE: PERIAPSIS SUBSURFACE CAVE OPTICAL EXPLORER; LUNAR CAVE 
CHARACTERIZATION FROM ORBIT ......................................................................................................... 405 

Jeffrey Nosanov 

TESTING FOR THE GROUND TEST AND ANALYSIS PROTOCOL FOR NASA’S 
NEXTSTEP PHASE 2 HABITATION CONCEPTS ....................................................................................... 406 

Michael Gernhardt, Carolyn Newton, Omar Bekdash, Harry Litaker, Steve Chappell, Kara 

Beaton 

HEXHAB VIRTUAL WALK-THROUGH OF A FULLY OUTFITTED 3D PRINTED MARS 
HABITAT ........................................................................................................................................................ 407 

Samuel Ximenes 

PILOTED ROVERS FOR EXPLORATION OF THE MOON, MARS AND OTHER PLANETS ................ 408 
Oleg Aleksandrov 

ADVANCED MONITORING SYSTEM FOR MARS COLONIZATION ..................................................... 409 
Hitesh Kumar Tetarwal, Nikita Duhan, Vikrant Sharma 

Author Index 

 




