IAF Space Exploration
Symposium 2020

Held at the 71st International Astronautical Congress
(IAC 2020)

Online
12 — 14 October 2020

ISBN: 978-1-7138-3265-2



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

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

Copyright© (2020) by International Astronautical Federation
All rights reserved.

Printed with permission by Curran Associates, Inc. (2021)

For permission requests, please contact International Astronautical Federation
at the address below.

International Astronautical Federation
100 Avenue de Suffren

75015 Paris

France

Phone: +33 145 6742 60
Fax: +33 142732120

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

SPACE EXPLORATION OVERVIEW

NASA'S PATH FROM LOW-EARTH ORBIT TO THE MOON AND ON TOMARS .........ccccvvinene.

Marshall Smith, Jacob Bleacher, Douglas Craig, Tom Cremins, Erin Mahoney, Julie A.
Robinson, Michelle Rucker

FORESIGHT-DRIVEN ASSESSMENT AND MANAGEMENT OF TECHNOLOGY AREAS,
CRITICAL ISSUES, AND OPPORTUNITY PATHWAYS FOR THE ESTABLISHMENT OF A

HABITABLE SETTLEMENT ON MARS BY 2117: TOWARDS AN ACTION ROADMAP. ...............

Khaled Al Hashmi, Rafael Popper, Talal Al Kaissi, Murad Mohammad, Kaj Helin, Alia A.
Alameri, Hamda Alshehhi, Sumaya Al Hajeri

GLOBAL PROSPECTS FOR SPACE EXPLORATION: A STRATEGIC AND ECONOMIC

ASSESSMENT ...ttt sttt sttt b e s bt et et

Simon Seminari, Natalia Larrea Brito

ADVANCING SPACE EXPLORATION THROUGH CROWDFUNDING SPACE PROJECTS ...........

Bruce Betts, Jennifer Vaughn, Bill Nye

USC 2019 ARTEMIS PROJECT: MAXIMUM IMPACT MOON MISSION(MAXIM) TRIBUTE

TO APOLLO ...ttt et e ettt eb ettt a e s et e bt eb oo e e aen

Madhu Thangavelu

MOON EXPLORATION - PART 1

VIPER: PATHFINDING IN-SITU RESOURCE UTILIZATION ....cc.cociiiiiiiiniinienieneeeceeceeeeeeieeiees

Daniel Andrews

INTERNATIONAL COOPERATION OF THE CHANG’E-4 MISSION AS A CONTRIBUTION

TO THE SUSTAINABLE DEVELOPMENT OF SPACE SCIENCE AND TECHNOLOGY ..................

Zhe Zhang, Yuhua Tang, Hui Du, Jizhong Liu, Weiren Wu, He Zhang, Zhaobin Hu, Changbin
Xue, Jilian Wang

ILEWG REPORT TO IAF: SCIENCE, TECHNOLOGY, EUROMOONMARS, MOONBASE,

MOONVILLAGE, MOONMARS SYNERGIES .......cccoiiiiiiiiiteenenene ettt

Bernard Foing

AMARIS: MITIGATING DUST ACCUMULATION USING ELECTROSTATIC FORCES AND

A LITHIUM ION NANOFOIL SHIELD WITH APPLICATIONS TO LUNAR MISSIONS..................

Christina Cross, Kevin Simmons, Victoria Cross, Caeden Dooner, Theodore Ouyang, Beau
Kimler, Paul Kiesling, Samer Elhoushy, Alexa Ernce, Logan Eskildsen

ATTITUDE CONTROL SUB-MODE DESIGN FOR SUN POINTING AND TARGET

POINTING OF THE KOREA PATHFINDER LUNAR ORBITER .......cccccociiiiiiiiiiiiiienieeecece

Jae-Wook Kwon

LUNAR SURFACE ACCESS SERVICE (LSAS) — UPDATE ON THE OHB-IAI

COLLABORATION ON COMMERCIAL LUNAR LANDERS ......cccoiiiinirieieceneneneeeeeeeeienaens

Lutz Richter, Ehud Hayun, Yaron Naimark, Meir Nissim Nir, Bjorn Ordoubadian, Andrea
Jaime, Timo Stuffler

....... 15



DESIGN METHOD OF PRECISE LANDING SITE SELECTION AND EVALUATION FOR

CHANG’E-4 MISSION AND IN-ORBIT VERIFICATION........ccccectertiiininininieeieieienenienieeeeeeeeenennens

Yang Zhao, Fei Li, Xue Ying Wu, Zhang He

DEMOCRATIZING ACCESS TO THE MOON FOR SMALL SATELLITE OPERATORS ..................

Richard French

CANADA & NEW INTERNATIONAL-COMMERCIAL LUNAR EXPLORATION.........cccceoeeiiennnnne

Nadeem Ghafoor, Perry Edmundson, John Hackett, Josh Newman, Peter Visscher, Martin
Picard

CISLUNAR AUTONOMOUS POSITIONING SYSTEM TECHNOLOGY OPERATIONS AND

NAVIGATION EXPERIMENT (CAPSTONE) ...c..ooiiiiiiiiiiiieccteceee e e

Bradey Cheetham

DEVELOPMENT OF CUBESAT MOON LANDER OMOTENASHI .......cccoctvviiiiiininenineeeeeeieennen

Tatsuaki Hashimoto, Junji Kikuchi, Ryo Hirasawa, Naoki Morishita, Nobutaka Bando, Yuta
Kobayashi, Shintaro Nakajima, Tetsuo Yoshimitsu, Kota Miyoshi, Hiroyuki Toyota, Kakeru
Tokunaga, Chikako Hirose, Aiko Nagamatsu, Hitoshi Morimoto, Wataru Torii, Tetsuya
Yamada, Masatsugu Otsuki, Toshinori Ikenaga, Atsushi Tomiki

SUBSURFACE THERMAL ANALYSIS OF LUNAR SKYLIGHTS.......cocoiiii e

Zihao Yuan, Yangyi Liu, Yangping Li, Haifeng Zhao

MOON EXPLORATION — PART 2

FIRST RESULTS FROM THE MULTI-ROBOT, MULTI-PARTNER, MULTI-MISSION,

PLANETARY EXPLORATION ANALOGUE CAMPAIGN ON MT. ETNA IN SUMMER 2020.........

Armin Wedler, Marcus Gerhard Mdller, Martin Schuster, Sebastian Brunner, Peter Lehner,
Hannah Lehner, Démel Andreas, Mallikarjuna Vayugundla, Florian Steidle, Ryo Sakagami,
Lukas Meyer, Michal Smisek, Wolfgang Stiirzl, Nicole Schmitz, Bernhard Vodermayer,
Emanuel Staudinger, Enrico Dietz, Bernhard Rebele, Riccardo Giubilato, Josef Reill, Andre
Fonseca Prince, Ingo Von Bargen, Maximilian Durner, Rudolph Triebel, Kristin Bussmann,
Rainer Krenn, Susanne Schrdder, Sven Frohmann, Anko Borner, Stefan Volk, Andreas Kimpe,
Christian Braun, Esther Bischoff, Aaron Pereira, Levin Gerdes, Lukas Hann, Thomas
Krueger, Frank Van Der Hulst, Peter Kyr, Kjetil Wormnes, Arnold Bauer, Gerhard Paar,
Bernard Foing, Heike Rauer, Heinz-Wilhelm Hibers, Johann Bals, Séren Hohmann, Alin
Olimpiu Albu-Schaffer

ANALOG-1 — AN ANALOGUE MISSION TO GUIDE ESA’S ROBOTIC MOON

EXPLORATION EFFORTS ..ottt st

William Carey, Thomas Krueger, Kjetil Wormnes, Jessica Grenouilleau, Kim Nergaard,
Edmundo Ferreira, Frank Van Der Hulst, Emiel Den Exter, Levin Gerdes, Andrei
Gherghescu, Lukas Hann, Angelo Pio Rossi, Matteo Massironi, Riccardo Pozzobon,
Francesco Sauro, Erica Luzzi, Thorsten Graber, Aaron Pereira, Sebastian Martin, Samuel
Payler, Philippe Schoonejans

BUILDING A PIECE OF THE MOON: CONSTRUCTION OF TWO INDOOR LUNAR

ANALOGUE ENVIRONMENTS. ..ottt

Philippe Ludivig, Abigail Calzada-Diaz, Miguel Olivares Mendez, Holger Voos, Julien
Lamamy

..... 105



GENERATION-II LUNAR ENTRY APPROACH PLATFORM FOR RESEARCH ON

GROUND: A NOVEL CONCEPT FOR LOW COST, HIGH LONGEVITY AUTONOMOUS

OPERATIONS ON THE MOON......ccciiiiiieiiieiieeeie et e steesveestveesebeessseessseessseeseseassseesssesssseesssesssseesssesssseennns 110
Michael Smat, Aloisia Russo, Olufikunayo Famutimi, Ishan Puranik, Alan Osmundson,
Antariksh Narain, David Bernacchia, Rahul Rughani, David Barnhart

ILOA 5 MOON MISSION UPDATE OCT 2020: MOON LANDINGS ON THE HORIZON.........ccccceue.... 120
Steve Durst

IMPACT OF THE LUNAR GATEWAY LOCATION ON THE HUMAN LANDING SYSTEM

IN CASE OF PERMANENT BASE AT THE LUNAR SOUTH POLE .......ccccoeiiiiiiiiiciieeeecee e 124
Kir Latyshev, Sydney Dolan, Skylar Eiskowitz, George Lordos, Alejandro Trujillo, Matthew
Moraguez, Bruce Cameron, Edward Crawley, Olivier De Weck

PREDICTING THE SCIENTIFIC OUTCOME OF LUMIO LUNAR CUBESAT......cccccecccermeinneiineenens 134
Gianmario Merisio, Carmine Giordano, Vittorio Franzese, Mauro Massari, Pierluigi Di
Lizia, James Douglas Biggs, Francesco Topputo, Detlef Koschny, Johan Vennekens, Roger
Walker

PROGRESS OF LUNAR POLAR EXPLORATION MISSION ......ccttiitiiiiieriieiiieeieeeieeeieesveesveesveesveeenne 148
Takeshi Hoshino, Dai Asoh, Sachiko Wakabayashi, Hiroyasu Mizuno, Yuji Katsumata,
Hiroka Inoue, Takahiro Hayashi, Hiroshi Kanamori, Makiko Ohtake, Yuzuru Karouiji,
Hiroaki Shiraishi

LUNAR SURFACE MISSION PREPARATION STATUS IN KOREA: LANDER STUDY, ISRU
RESEARCH & SCIENTIFIC CONTRIBUTION TO THE CLPS PROGRAM........ccceeiiieiieeiieeeeeeeeieeee 150
Gwanghyeok Ju, Kyeong Ja Kim, Hyu-Soung Shin

EXPERIENCE AND LESSONS LEARNT AS CREW-COMMANDER-IN-TRAINING FOR
EMMIHS-III LUNAR-ANALOGUE SIMULATION .....ccccccniiiiiiniieinieieinnereinetetnrereenteneesretesesseneesnenenens 151
Priyanka Das Rajkakati, Bernard Foing

CONVERTING AN INDUSTRIAL AUTONOMOUS ROBOT SYSTEM INTO A LUNAR

Silver Latt, Mihkel Pajusalu, Quazi Saimoon Islam, Riho Ké&go, Mart Noorma, Priit Vellak

ENABLING TECHNOLOGIES FOR LUNAR ROBOTIC ISRU MISSIONS IN THE

FRAMEWORK OF THE RUSSIAN LUNAR PROGRAM, ROBOTIC CONCEPTS AND

DEVELOPMENT CHALLENGES .......oooiioii ettt ettt et e s ate et e steesabeesnsaeenseesnsaesssaeenseennns 159
Olga Rudakova, George Karabadzhak, Konstantin Raykunov, lvan Moskatiniev

INTERNATIONAL MOONBASE ALLIANCE ANALOG SPACE MISSIONS AT HI-SEAS -
PREPARING FOR THE HUMAN EXPLORATION OF THE MOON & MARS .......cccoovvmiiiiieciieeeireen 160
Michaela Musilova, Bernard Foing, Henk Rogers

PROJECT TRAILER: TANDEM OF ROVER AND ASSOCIATED WAIN FOR LUNAR

EXTENDED ROAMING.......uoiiitieiiieiieeitieestteeetteetteeteeeteeeteeestaeesseeasssasssessssaeasseessseesssessseesssesssseesssesanseennne 164
Peter Weiss, Robert Davenport, Anna Barbara Imhof, Thibaud Gobert, Makthoum Peer, René
Waclavicek, Roland U. Sonsalla, Florian Cordes, Nisheet Singh, Theo Chalal, Martin Zwick

AN ANALYSIS INTO THE USE OF CUBESATS IN LUNAR ORBIT TO ENHANCE MOON
EXPLORATION ...ttt ettt ettt sttt s et e st e st e st e st b et e st b et es e b entes e b eneeneasennenenen 174
Calum Hervieu, Adriaen Van Camp, Helge Eichhorn

CABLECAT: AN AUTONOMOUS SYSTEM TO DEVELOP POWER AND DATA
INFRASTRUCTURE ON THE MOON ..o 175
Andrew Barth



TERRAIN BASED ANALYSIS, DESIGN, ASSESSMENT AND PLANNING TOOLBOX
(TERRAIN-ADAPT) FOR A PLANETARY ROVER MISSION......cccciiiiiieiieiiieeiee sttt evee s 185
Niti Madhugiri, Yogeshwaran Jayaraman, Barath Charles, Adithya Kothandhapani

MOON EXPLORATION - PART 3

A KANGAROO-INSPIRED LUNAR HOPPING ROBOT WITH THE RIGID-FLEXIBLE
COUPLING MECHANISM ....coiitiieiiiiiietietisietteteste sttt sttt sttt st ste st etesaestetessesessesseseesasseseesassessesessesensens 198
Yufei Guo, Jianping Yuan, Wang Mingchao, Jing Fang, Zixuan Zheng

AUTONOMOUS SOIL ASSESSMENT SYSTEM: CONTEXTUALIZING ROCKS,
ANOMALIES AND TERRAINS IN EXPLORATORY ROBOTIC SCIENCE (ASAS-CRATERS)............ 204
Kaizad Raimalwala, Michele Faragalli, Melissa Battler, Evan Smal, Michael Aziz, Ewan Reid

EXPERIMENTAL RESULTS OF LUNAR SOFT LANDING SOLVED VIA SWARM
INTELLIGENCE ...ttt sttt ettt ettt sese s ete st s esese s et ase s eseneesesasesesansesesessesesenseseseneas 214
Andrea Carbone, Andrea D'Ambrosio, Dario Spiller, Fabio Curti

EXPLOITING THE LUNAR ENVIRONMENT AS TESTBED FOR FUTURE TITAN
EXPLORATIONS ...ttt ettt ettt e ette et e et e e taeebee e taeesbaeastaeessaesssaeesseesnsaeanseesnseessseesnsaesssessnseesssesnnsennnns 215
Vincenzo Chiaramida, Manuel Amouroux, Nicolas Baudeau, Marco Campagnoli, Marco
Capasso, Kévin Danancier, Fabio De Bortoli, Aitor Estarlich, Robin Figuiere, Romain
Fonteyne, Augustin Gallois, Erwann Gougeon, Alfonso Guilarte Herrero, Baptiste Laulan--
Souilhac, Thibault Lemattre, Aswin Manohar, Hugo Martinelli, Mazoyer Victor, Clara
Moriceau, Giorgio Nicola, Lippin Pauly, Fernando Potenza, Marco Romero, Gueorguy
Serafimov, Theodora Varelidi Strati

LUNAR LIFE SCIENCES PAYLOAD ASSESSMENT ..ottt eeeeeeeaeseeseeaaessseassessansssnenans 225
Fathi Karouia

LUNAR AGRICULTURE FARMING FOR THE FUTURE .........oooiiiiiiiiieceecee et 226
Mohamed Alremeithi

NEUTRON DETECTOR FOR SURFACE MAPPING OF LUNAR WATER......c.cccooiviiiiieciieeieeceeee 227
Robert Filgas

SELF-FEEDBACK SWARM ROBOT FOR THE FUTURE HABITAT CONSTRUCTION
MISSION ON THE MOON SURFACE ......cocciiitiiiiniiieiiietnietetteeie sttt ettt ettt sren e seesnenenens 233
Kyunghwan Kim

NOVEL FLUID-DRIVEN ARTIFICIAL MUSCLES FOR USE IN LUNAR ENVIRONMENT .................. 234
Wang Mingchao, Jianping Yuan, Yufei Guo, Jing Fang

MOON GALLERY - THE BEST VISIONS FOR THE FUTURE MOON CULTURE..........ccccccvvevruiiennnn. 239
Elizaveta Glukhova, Anna Sitnikova, Bernard Foing, Priyanka Das Rajkakati

THE IMPORTANCE OF QUALITATIVE PRIVATE ASTRONAUT TRAINING......c.ccccoveriieeieeeieeeieees 240
Nancy Vermeulen, Bernard Foing

THE NETWORK INFRASTRUCTURE FOR THE ARCHES DEMOMISSION SPACE........ccccccoevviieeneen. 244
Stefan Vélk, Andreas Kimpe, Martin Schuster, Armin Wedler

ALL FOR ONE AND ONE FOR ALL: RECOMMENDATIONS FOR SUSTAINABLE

INTERNATIONAL LUNAR BASE UTILISATION AND EXPLORATION APPROACHES.................... 245
Matej Poliacek, Amelia Batcha, Chinmayee Govinda Raj, Shayna Hume, Ashley Kowalski,
Atila Meszaros, Annaliese Meyer, Paolo Pino, Antonino Salmeri, Jahnavi Shah



SPACEFARING FUTURE OF THE MIDDLE EAST: THE ROLE OF MOON MISSIONS ........ccccevvvenn. 258
Burak Yaglioglu, Mohammed Khesroh, Neda Senturk, Mucahit Tasdemir, Reut Sorek
Abramovich, Tuva Atasever

EFFICIENT LUNAR-EARTH COMMUNICATION SYSTEM BASED ON SOFTWARE
DEFINED RADIO ...ttt ettt ettt sttt sttt b et skt b et b ekt sesesnene e 269
Sara Almaeeni, Pieter Winter, Hamad Almarzooqgi

EXPERIMENTAL VALIDATION OF SYNTHETIC TRAINING SET FOR DEEP LEARNING
VISION-BASED NAVIGATION SYSTEMS FOR LUNAR LANDING.....ccccccstrieiniieinieieierieieesieeeeees 270
Stefano Silvestrini, Paolo Lunghi, Margherita Piccinin, Giovanni Zanotti, Michéle Lavagna

HYDROSPHERE LUNAR SURFACE SIMULATOR ....coooiiiiiiiiieii 280
Mohamed Makthoum Peer Mohamed, Thibaud Gobert, Theo Chalal, Peter Weiss, Aidan
Cowley

OXYGEN EXTRACTION FROM LUNAR SOIL OXIDES: ON GROUND EXPERIMENTS

AND NUMERICAL MODELLING FOR THERMAL REDUCTION PROCESSES ........ccceovviiiieeiieeieens 288
Michele Lavagna, Giovanni Zanotti, Jacopo Prinetto, Andrea Colagrossi, Paolo Lunghi, lvan
Troisi

POSSIBLE SCENARIOS FOR MOON EXPLORATION MANNED MISSIONS AND FIELD OF
EFFICIENT APPLICATION OF UNMANNED TRANSPORT SYSTEMS, LANDING, TAKE-
OFF AND LANDING SYSTEMS TO ENSURE THE DEPLOYMENT AND RESOURCES
SUPPORT FOR VISITED AND SCIENTIFIC INFRAS ......oooiiieie ettt 289
Konstantin Raykunov, George Karabadzhak, Alexander Lopota, Aleksandr Shirshakov, Julia
Bodrova, Alexander Kondratiev, Igor Dalyaev, Oleg Sedykh, Nikolay Kabanov

AN APPROACH TO DEVELOPMENT OF THE LIST OF BASELINE SPACECRAFT TO

PROVIDE SUSTAINABILITY OF THE LUNAR EXPLORATION PROGRAM TAKING INTO

ACCOUNT CHANGING SCIENTIFIC PRIORITIES.......cceotttrieieiirieieierieieesteteieseeeeie st 291
Konstantin Raykunov, George Karabadzhak, Julia Bodrova

MAXIMISING “RISK VERSUS REWARD” IN LUNAR EXPLORATION MISSION
PLANNING ...ttt ettt ettt ettt ettt stte e s tbeestte e s st e essaeesstaensseeasseeasseessseeasseesssaeanseessseeasseessseennseessseenseennee 292
Nick Gollins, Markus Landgraf

LUNAR EXPLORATION THROUGH CHIPSATS ...ttt ettt e e eeree e seveaeeeraaeennns 303
Yuktee Gupta, Aakash V, Riya Singh, Hrithik Agrawal, Anmol Harshana, Siddharth
Khandelwal, Vatsal Kanodia, Akshat Vira, Shruti Agrawal, Sanskriti Bhansali

TERRESTRIAL, SPACE AND LUNAR HUMAN ISOLATION: COMPARISON OF

PROXEMICS DIMENSION AND OTHER ISOLATION STRESSOR FROM CORONAVIRUS

TO SPACE. ..ottt skttt etttk b ekttt ene e 313
Irene Lia Schlacht, Melchiorre Masali, Francesca F. Pregnolato Rotta, Margherita
Micheletti Cremasco, Bernard Foing

MARS EXPLORATION — MISSIONS CURRENT AND FUTURE

MARS SAMPLE RETURN CAMPAIGN STATUS .....ooi ottt ettt et eeeeeeeteesteesteessaeeeseesvaessveesnseennns 318
Brian Muirhead, Austin Nicholas, Orson Sutherland, Kelly Geelen, Sanjay Vijendran

MARS SAMPLE RETURN CAMPAIGN - STATUS OF THE ESA PROVIDED ELEMENTS................... 319
Kelly Geelen, Orson Sutherland, Pietro Baglioni, Francois Spoto, Ludovic Duvet, Jakob
Huesing, Friederike Beyer, Sarmad Aziz, Sanjay Vijendran, Brian Muirhead



EMIRATES MARS MISSION (EMM) 2020 OVERVIEW AND STATUS......ccoiiieeieeieeeeee e 320
Omran Sharaf, Sarah Amiri, Suhail Aldhafri, Adnan Alrais, Mohammad Wali, Zakareyya
Alshamsi, Ibrahim Algasim, Khuloud Alharmoodi, Nour Al Teneiji, Hessa Al Matroushi,
Mariam Alshamsi, Eman Altunaiji, Fatma Lootah, Khalid Badri, Hoor Almazmi, Maryam
Yousuf, Noora Almheiri, Michael McGrath, Pete Withnell, Nicolas Ferrington, Heather Reed,
Brett Landin, Sean Ryan, Brian Pramann, David Brain, Justin Deighan, Michael Chaffin,
Christopher Edwards, Francois Forget, Robert Lillis, Michael Smith, Michael Wolff

DISCOVERIES AND STATUS OF NASA’S INSIGHT MARS MISSION INSIGHT: [INTERIOR
EXPLORATION USING SEISMIC INVESTIGATIONS, GEODESY AND HEAT TRANSPORT] ........... 323
Ramon P. De Paula, William Bruce Banerdt

NETWORK OF SMALL SATELLITES FOR THE EXPLORATION OF MARS........coovviiiiiiieieeeeieee, 324
Alain Lamy
MARS MOTHER GLIDER & CHILD DRONES ........ooiiiiiiiiieceeteteieieiete ettt sse s eneenes 325

Mohamed Alameri, Abdulla Alshehhi

MODELING A MARS LOX/LH2 ARCHITECTURE WITH CRYO-MANAGEMENT, ISRU,

AND FUEL CELLS ...ttt ettt sttt ettt st sttt ettt sat e sbt e sbe e bt et e eaaesenesbaenbeeaee 326
Kir Latyshev, Skylar Eiskowitz, Sydney Dolan, George Lordos, Matthew Moraguez, Alejandro
Trujillo, Olivier De Weck, Bruce Cameron, Edward Crawley

ANALYSIS OF MARS AEROCAPTURE WITH A DEPLOYABLE DRAG DEVICE.......cccccoceveineienenne. 336
Giorgio Isoletta, Elena Fantino, Michele Grassi, Jesus Pelaez

EXAMINING THE POTENTIAL OF LIQUID WATER ON MARS........coooiiieeee e 346
Manish Sharma

MARS EXPLORATION - SCIENCE, INSTRUMENTS AND TECHNOLOGIES

OVERVIEW OF MARS RESEARCH AT THE NATIONAL SPACE SCIENCE AND

TECHNOLOGY CENTER, AL AIN, UAE ...ttt ettt sve e teesveesbe e sveesbaesssaessbaesnseennns 347
Roland Young, Claus Gebhardt, Luca Montabone, Aquib Moin, Ahmad Jalil, Rawdha Al
Bedwawi, Khaled Al Hashmi

SUPERCAM ON ITS WAY TO MARS ..ottt sttt sttt st se st se e ene e 354
Gabriel Pont, Roger Wiens, Sylvestre Maurice, Olivier Gashault, Scott Robinson, Pernelle
Bernardi, Philippe Cais, Tony Nelson, Muriel Deleuze, Jean-Michel Rees, Fernando Rull,
Raymond Newell, lvair Gontijo, Peter Willis, Vishnu Sridhar

IMAGING SCIENCE PLANS FOR THE MASTCAM-Z INSTRUMENT ON NASA’S MARS
2020 PERSEVERANCE ROVER ..o 361
Melissa Rice, Jim Bell, Justin Maki

USING PLAN REPAIR METHOD TO COPE WITH PLAN FAILURES IN CHINESE
ORBITING MARS MISSION ...ttt ettt ettt sttt ettt sttt sttt st e st st see st sbesteseeteseenesnens 362
Chao Chen, Rui Xu, Zhaoyu Li, Shengying Zhu, Pingyuan Cui

SLOTTED WING CONFIGURATION FOR MICRO - UAV’S DESIGNED FOR FUTURE
PLANETARY EXPLORATION ..ottt ettt ettt ettt sesesenenes 368
Rakshith Vishwanath, Shreyas Chadaga, Supreeth R



GMVISION, AN IMAGE PROCESSING BOARD (IPB) COPROCESSOR HARDWARE FOR

SPACE EXPLORATION MISSIONS: THE MSR CASE.....ooiiiieiieeeete ettt 369
David Gonzalez-Arjona, Paul Bajanaru, Andrei Birlan, Dragos Gogu, Ruben Domingo, Luigi
Strippoli

A CHILEAN ROBOTIC SOLUTION FOR SPACE MINING IN MARS .....ccoiiiiiiieeie ettt 370

Alexandra Suarez, Carla Muttoni, Victoria Fernanda Valdivia Cerda, Ignacio Alcarraz

USING OBJECT BASED IMAGE ANALYSIS (OBIA) FOR MAPPING AND

CHARACTERIZATION OF MARTIAN NORTHERN POLE DUNES ......oooiiiiiiiieeie et 371
Ahmad Jalil
COMPARATIVE DRILLING TECHNIQUES: EARTH VS.SPACE........ccooiieeee e 380

Noura Al Nuaimi, Alanoud Alameri, Waleed Ahmed

SMALL BODIES MISSIONS AND TECHNOLOGIES (PART 1)

DOUBLE ASTEROID REDIRECTION TEST (DART) PHASE D MISSION DESIGN ........ccccoeveieirnnnne. 381
Maria McQuaide

SMALLSAT MISSION TO DIDYMOS: ENHANCED GNC DESIGN FOR THE LICIA

SCIENCE RETURN MAXIMISATION .....ooiiiiiiiiieiirieieitsieiet ettt sttt sttt st ese st sesae e ene e 382
Andrea Capannolo, Giovanni Zanotti, Michéle Lavagna, Simone Simonetti, Marco Zannoni,
Elisabetta Dotto, Simone Pirrotta, Marilena Amoroso

THE ESA HERA MISSION TO THE BINARY ASTEROID DIDYMOS: PLANETARY

DEFENSE AND BONUS SCIENCE.......cciiiitieiiieieesiieeteeieeestteeteestaeeteesaaeesseesssaesssessssesssesssessssesssseennns 392
Patrick Michel, Michael Kueppers, lan Carnelli, Adriano Campo Bagatin, Benoit Carry,
Sébastien Charnoz, Julia De Leon, Alan Fitzsimmons, Simon Green, Carsten Giittler, Alain
Herique, Martin Jutzi, Ozgiir Karatekin, Naomi Murdoch, Petr Pravec, Holger Sierks, Colin
Snodgrass, Paolo Tortora, Kleomenis Tsiganis, Stephan Ulamec, Jean-Baptiste Vincent, Kai
Winnemann, Andy Cheng, Andrew Rivkin, Nancy Chabot, Olivier Barnouin, Carolyn Ernst,
Derek C. Richardson, Angela Stickle

HERA VISION BASED GNC DESIGN.......uiiitiiitiitiie ettt ettt ettt et eae et et e e eneesseesneenees 394
Andrea Pellacani, Pawel Kicman, Francisco Da Silva Pais Cabral, Paul Bajanaru, Jesus Gil
Fernandez, lan Carnelli, Ingo Gerth, Mark Fittock

SCIENCE OPPORTUNITIES IN THE DIDYMOS BINARY: THE ROLE OF POST-IMPACT
EJECTA LONG-TERM DYNAMICS IN THE PROXIMITY OPERATIONS DEFINITION...........cccoeueee. 396
Giovanni Zanotti, Michéle Lavagna

KINETIC IMPACTOR FOR SHORT WARNING ASTEROID DEFLECTION .......cccccceeviiiiienieeeiieeieene 411
Francisco Da Silva Pais Cabral, Andrea Pellacani, Mariella Graziano, Miguel Hagenfeldt

TRAJECTORY ANALYSIS AND DESIGN FOR AN EUROPEAN FAST KINETIC
DEFLECTION MISSION ...ttt oottt e e e et e e e et e e e st e eeseaaeeeseaeeeeaaeeesseaseessaseesesreeeessanns 413
Pablo Hermosin, Marcello Sciarra, Albert Falke

SPACECRAFT TRAJECTORY SIMULATION FOR AUTONOMOUS LANDING ON SMALL
PLANETARY BODIES .......cooiiiiitiiieietinteteestetetet ettt sesessesesessesesessesesessesesessesesassasesassasesessasesensesesanens 421
Larissa Balestrero Machado, Harvey Gomez Martinez, Max Hofacker, Thomas Pany, Roger
Forstner



SMALL BODIES MISSIONS AND TECHNOLOGIES (PART 2)

SYSTEM DEFINITION OF MARTIAN MOONS EXPLORATION (MMX) ...c.covviiuiiiieieeieeieereeereeeveeenen 435
Yasuhiro Kawakatsu

THE ROVER FOR THE JAXA MMX MISSION: A STATUS ...ttt svee e eaee e 451
Gabriel Pont, Stéphane Mary, Markus Grebenstein, Patrick Michel, Stephan Ulamec, Denis
Arrat, Maxim Chalon, Caroline Lange, Simon Tardivel, Jens Biele

COMET INTERCEPTOR: AN ESA MISSION TO A DYNAMICALLY NEW SOLAR SYSTEM
OBJIECT ..ttt b ket b skt b et et b s b et bt ket e bt ekt b ket es ekt e st ket e sttt e st et teneeten 457
Joan Pau Sanchez Cuartielles, Geraint Jones, Colin Snodgrass

DEVELOPING AUTONOMOUS IMAGE CAPTURING SYSTEMS FOR MAXIMUM

SCIENCE YIELD FOR HIGH FLY-BY VELOCITY SMALL SOLAR SYSTEM BODY

EXPLORATION ..ottt ettt sttt ete st st se s et e sese s esesessesese s eseseeseseseesesansesesasesesansebesensesesensesesenens 463
Mihkel Pajusalu, Joosep Kivastik, laroslav lakubivskyi, Andris Slavinskis

THE PHILOSOPHY OF DESIGN AND OPERATION OF SPACE PROBES FOR UNKNOWN
ASTEROIDS INCLUDING HAYABUSA AND HAYABUSAZ. ..ottt 471
Tetsuya Masuda, Toshio Kamiya, Kazutsuna Hebiishi, Yuichi Tsuda, Takanao Saiki, Fuyuto
Terui, Makoto Yoshikawa, Takeshi Oshima

OVERVIEW OF THE RESULTS OF THE OSIRIS REX LASER ALTIMETER AT ASTEROID
BENNU.L .ttt ettt ettt a bt e st b et e st h bt h b st h bt h bt eh bt s et et nenen 483
Cameron Dickinson, Dante Lauretta, Michael Daly

JANUS: A NASA SIMPLEX MISSION TO EXPLORE TWO NEO BINARY ASTEROIDS .......cccvvvveveene 484
Daniel Scheeres

THE CORSAIR COMET HARPOON IN THE CONTEXT OF PAST PLANETARY
PENETRATOR CONCEPTS ... .ottt ettt ettt ettt ettt eb et s et et s b et seabeneeneanen 487
Stefan Volk, Stephan Ulamec, Jens Biele, Walter F. Smith

APOPHIS EXPRESS, A UNIQUE OPPORTUNITY FOR VISITING APOPHIS IN 2029 .......ccccceeeeviieenns 488
Jean-Yves Prado, Daniel Hestroffer, Alain Herique

THE DLR SAMPLE ANALYSIS LABORATORY - COMBINING IN-SITU, REMOTE
SENSING AND SAMPLE AN ALY SIS oo e e e e e e e e e e e e e e e e e e e aeaeaeeeaeearereaeaeaasananaaans 491
Joern Helbert

SOLAR SYSTEM EXPLORATION INCLUDING OCEAN WORLDS

METHODS FOR RECONSTRUCTION OF SOLAR CORONA BASED ON COMPRESSIVE
SENSING OF TOMOGRAPHY IMAGES. ..ottt et ettt ettt saeenean 492
Daniele Dias, Cristiano Miosso, Giancarlo Santilli

TESTING TORSION THEORIES OF GRAVITY WITH THE ESA/JAXA BEPICOLOMBO
MISSTION TO MERCURYY ...ttt ss s esssesssesmsesssesmnssmsmnmnmnnnnnnnnnnnn 498
Giulia Schettino, Daniele Serra, Giacomo Tommei

INVESTIGATION OF VARIOUS LANDER’S CONFIGURATIONS POSSIBILITIES
CAPABLE OF MANEUVERING DESCENT TO THE VENUS SURFACE .......ocoovoiiiiieeeeeeeeeeeeee e 499
Anastasia Kosenkova, Victor Minenko



PRELIMINARY MISSION DESIGN TO VENUS: EXPLORATION OUR SISTER PLANET

USING ATMOSPHERIC GLIDER AND CUBESAT CONSTELLATION - AN ENGINEERING

APPROACH. ...ttt ettt ettt e et e et e et e e bt e e taeeaseeastaeasseeassaaasseeersaeesseeansseasseeanseeanseesnsaenssesanseennns 506
Adhithiyan Neduncheran, Chandra Rohan, Sruthi Uppalapati, Ugur Guven, Monish Mathur

BUOYANCY PROPELLED AIRCRAFT FOR VENUS EXPLORATION.......cooovviiiiiiiiiiiiiiiiiiiii 521
Andrew Sabovik, Joshua Anson, Mikala Malkus, Alexander Deutsch, Reece Davis, Tevon
Martinez, John M. Horack

EUROPA RECONNAISSANCE ORBITER- A COMPREHENSIVE SPACECRAFT
INSTRUMENTATION STUDY FOR EXPLORATION OF JUPITER’S ICY MOON EUROPA ................ 531
Anand Kumar Singh, Kirti Vishwakarma

A MICRO/NANO SATELLITE MISSION IDEA CONTEST FOR DEEP SPACE SCIENCE AND
EXPLORATION ..ottt sttt ettt ettt sttt sttt skttt sb et et sae st snenenea 538
Rei Kawashima, Willem Steyn, Shinichi Nakasuka, Naoya Ozaki, Munetaka Ueno, Ryu
Funase, Rainer Sandau, Chris Welch, Yukihito Kitazawa

CONCEPTUAL DESIGN OF TECHNOLOGIES FOR A TITAN EXPLORATION MISSION ................... 545
Aitor Estarlich, Marco Campagnoli, Marco Capasso, Vincenzo Chiaramida, Kévin
Danancier, Fabio De Bortoli, Robin Figuiere, Romain Fonteyne, Augustin Gallois, Alfonso
Guilarte Herrero, Baptiste Laulan--Souilhac, Thibault Lemattre, Aswin Manohar, Hugo
Martinelli, Mazoyer Victor, Clara Moriceau, Giorgio Nicola, Lippin Pauly, Fernando
Potenza, Marco Romero, Gueorguy Serafimov, Theodora Varelidi Strati, Erwann Gougeon,
Manuel Amouroux, Nicolas Baudeau

SYSTEM ENGINEERING STUDY OF A FLOATING PROBE FOR TITAN MARE
EXPLORATION ..ottt ettt ettt ettt et st bt e s bt et et e et sbte s bt e s bt e bt emteemtesatesbe e beenbeennens 559
Mazoyer Victor

EXPLORATION OF ENCELADUS THROUGH CONSTELLATION OF CUBESATS. ......ccoeoieveeienenne. 568
Vipul Mani

ACCESSING THE WATER OF OCEAN WORLDS .....ooooiiotiitieteeeeeee ettt ettt evs e enee s 569
Tom Cwik

FOSSIL - FINDING OUR COSMIC ROOTS ..ottt ettt ettt 570

Mihaly Horanyi, Neal Turner, Tibor Balint

PRELIMINARY DESIGN OF A MULTISPECTRAL IMAGING SYSTEM FOR THE

CHEMICAL CHARACTERIZATION OF ENCELADUS LANDING SITE (MIMESIS)......ccccccceviiienieens 577
Swarnajyoti Mukherjee, Valentina Marchese, Renato Cirelli, Juan Mateo Arbelaez Correa,
Aloisia Russo

VIRTUAL PRESENTATIONS - IAF SPACE EXPLORATION SYMPOSIUM

SPACE RADIATION CHALLENGES POSED TO SMALL /NANO SATELLITE SYSTEMS
AND LONG DURATION SPACE HUMAN MISSTONS . ..o eeeeeeeeeeeeeenesannnans 592
Irene Schneider

A REVIEW ON THE APPLICATION AND KEY PROBLEMS OF SEVERAL BIONIC ROBOT
TECHNOLOGIES IN THE CONSTRUCTION OF LUNAR BASE .....oooiiiieieeeeeeeeeeeeeee et 597
Hao Zhou, Yufei Guo



A NOVEL TOOL FOR FACILITATING MINERAL HARDNESS ASSESSMENT ON LUNAR
SURFACE EVA ...ttt ettt e et e st e et e e bt e e bt e eabee s teeesbeeaabeeestaeessseenseeessseanseeansaeenseeensaaensens 610
Shawna Pandya, José M. Hurtado Jr.

BIO POLYMERS FOR IN SITU SPACE SUIT TEXTILE PRODUCTION AND REPAIRMENT .............. 611
Stella Stylianou, Anna Stinikova, Elisaveta Glukhova

DESIGN, DEVELOP AND INTEGRATING DEXTEROUS ROBOTIC MANIPULATORS WITH

ADVANCED AI SATELLITE FOR ON-ORBIT SERVICING, DEBRIS REMOVAL AND

MONITORING SERVICES ..ottt sttt ettt b ettt eenenaen 614
Sandhya Rao, Sreemon Chowdhury

EMMIHS-2, THE SECOND EUROMOONMARS IMA HI-SEAS 2019 CAMPAIGN:

SIMULATED MOONBASE OUTLOOK AND OUTCOMES — AN ENGINEERING

PERSPECTIVE ..ottt ettt ettt ettt sttt enenenea 634
Ana Paula Nunes, Michaela Musilova, Bernard Foing

EXPLORING THE MOON FROM NON-MOON ORBIT SPACECRAFT ....oveeeeeeeeeeeeeeane 639
Yun Zhao Wu
LUNAR-FLASHES. ...ttt ettt ettt ettt et ea e eae et e st e sateeae et e eaeeaaesasesaeesaeenssensesatesasesseenseennean 640

Mohmmad Talafha, Ilias Fernini, Hamid Al Naimiy, Firoz Chogle, Arya Pratap Rajawat

SAMPLE - SEMI-AUTONOMOUS MODULAR PLANT AND OTHER LIFE-SUSTAINING
EXPERIMENT ...ttt ettt ettt ettt ettt e s bt e st e st e esebeesabeesaneesaneesabeesmneenane 644
Joanna Majsak, Kacper Witasinski, Mikolaj Owczarzak, Pawel Lekan, Justyna Najczuk,
Paulina Walczak, Ryszard Zawila, Blanka Lewonowska, Justyna Wisniewska, Damian
Grabowski

DESIGNING OF AN INTERMEDIATE LUNAR BASE FOR MARS AND DEEP SPACE
IMISSTONS ..ottt ettt ettt ettt ettt et et e s eb ettt e s e s et ebese st e s ese st esese s ebess st esese s eseseasesese s esessssesesessesesnasesesnsnas 652
Navjeet Singroha, Vikrant Sharma, Pankaj Kumar

THERMAL EXPANSION INFLUENCE ON THE SPACE MASS SPECTROMETER BASED
ON CERAMIC KINGDON TRAP .....ootiieiiieteiiieieiieieteiistetestetetese st sseseseesesesessesessesesassssesassssesessssesessesesennns 656
Anastasiia Fursova, Evgeny Nikolaev

LUNAR WATER HARVESTING: WATER ADSORPTION ON JSC-1 LUNAR SIMULANT,
ZETA ADSORPTION ISOTHERM APPROACH .....ccooiiiiieie ettt ettt eeveesvee e e snnaeenns 660
Nagarajan Narayanaswamy, Aaron H. Persad, Charles Ward

MANNED ROVERS AND MOBILE BASES ON OTHER PLANETS. ....c.ccveiiiieirieieerieieerieeesieeeeee 670
Oleg Aleksandrov

RESEARCH ON OBSTACLE AVOIDANCE PATH PLANNING OF SINGLE-ARM SPACE
ROBOT USING Q_LEARNING REINFORCEMENT LEARNING APPROACH ......c.cccccevneienneiineenens 672
Yi Nong Ou Yang, Qun Fang, Siyang Meng, Zhen Zhang

RTC DEVELOPMENTS IN THE FIELD OF ROBOTICS FOR FUTURE ON-ORBIT AND
PLANETARY MISSIONS ...ttt ettt ettt s ettt as et e st et et es b e eeneabeneeneanen 682
Andrey Vasiliev

THE EFFECTS OF MEDITATION ON HUMAN BASIC PHYSIOLOGICAL NEEDS FOR
FUTURE HUMAN SPACE FLIGHT MISSIONS ......cooitiiiniiiiinieinnieininieertsiectere ettt neesnenenens 683
Farnoosh Sheini Dashtgol, Bernard Foing, Michaela Musilova, Nathan Smith



IMPACTOR TARGETING MANEUVER SYSTEM FOR 2016HO3 PROBE ...........cccccccooviiinininnn.

Yuan Zhong, Shiyu Chen, Hexi Baoyin

PLANET CENTROID EXTRACTION ALGORITHM FOR APPROACH PHASE WITH SUB-

PIXEL ACCURACY BASED ON DSP.....oiiiiiiiiiiiiiiieeeeeteee et

He Jia, Shengying Zhu, Pingyuan Cui

LONG-TERM MOBILE AND STATIONARY INHABITED STATIONS ON THE SURFACE

OF VENUS . ..t ettt et ettt et et et e s et et e e e e eanesanesanesneennee

Oleg Aleksandrov

SCIENTIFIC AND SPORTS EXPEDITION TO MARS AND ITS SATELLITES.........ccccceecveviininnen.

Oleg Aleksandrov

QCGR: A QOS SUPPORTED ROUTE ALGORITHM FOR DTN-BASED DEEP SPACE

NETWORKS ...ttt ettt e a e s bttt et sae sttt et sa et e b sneeueeueeae

Longfei Li
MOTION PLANNING FOR QUADRUPED ROBOT WALKING ON LUNAR ROUGH
Xiaoyu Chu, Qiang Zhang, Yuanzi Zhou, Wen Wen, Xiaohui Li, Weihui Liu

Author Index





