2024 International Conference on
Space Robotics (iSpaRo 2024)

Luxembourg
24-27 June 2024

I E E E IEEE Catalog Number: CFP24UL9-POD
° ISBN: 979-8-3503-6724-9



Copyright © 2024 by the Institute of Electrical and Electronics Engineers, Inc.
All Rights Reserved

Copyright and Reprint Permissions: Abstracting is permitted with credit to the source.
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private
use of patrons those articles in this volume that carry a code at the bottom of the first
page, provided the per-copy fee indicated in the code is paid through Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.

For other copying, reprint or republication permission, write to IEEE Copyrights
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ 08854. All rights
reserved.

*** This is a print representation of what appears in the IEEE Digital
Library. Some format issues inherent in the e-media version may also
appear in this print version.

IEEE Catalog Number: CFP24UL9-POD
ISBN (Print-On-Demand): 979-8-3503-6724-9
ISBN (Online): 979-8-3503-6723-2

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

E-mail: curran@proceedings.com
Web: www.proceedings.com

com

proceedings



TABLE OF CONTENTS

Semantic Masking and Visual Feature Matching for Robust Localization.............cccceeeiveinienieneeiieeeieceeen,

Luisa Mao, Ryan Soussan, Brian Coltin, Trey Smith, Joydeep Biswas

Disturbance Effects Observed During Micro-Gravity Experiments on the Astrobee Free-Flyer and

IMItIGALION IMEASUIES .......vieuvieiretiesieeteeteeteeetesteesseesseesseesseessasssessaessaesseassesssesseesssesssesseesseessaassenssesenssesnsenssesssenses

Monica Ekal, Rodrigo Ventura

Optimization-Based Application Point Determination of External Wrench for Gravity

Compensation 0f SPACe MaANIPULALOT ........c.ceccuiiiiiiiiieiieecite ettt ete et e s ae e s beessaeessbeessaeessseensseessseensneens
Junsik Kim, Gwangyeol Cha, Minchang Sung, Youngjin Choi, Alejandro Astudillo, Jan
Swevers

Sensor Data Fusion for Precise Orbit Determination of Interplanetary Spacecraft...........cccceeevveviveienieneeninnee.
Antonio Genova, Simone Andolfo, Martina Ciambellini, Pierluigi Federici, Riccardo Teodori,
Tommaso Torrini, Alessandro Zavoli, Edoardo Del Vecchio, Anna Maria Gargiulo, Flavio
Petricca, Guido De Matteis, Valeria Cottini

Precise Orbit Determination Through a Joint Analysis of Optical and Radiometric Data............c..cceeeverneennenne.
Simone Andolfo, Antonio Genova, Pierluigi Federici, Riccardo Teodori, Valeria Cottini

Martian Exploration of Lava Tubes (MELT) with ReachBot: Scientific Investigation and Concept

OF OPCIATIONS ...ttt ettt ettt ettt e ea e e te et e e et e st e es e e ehee b e e e e eaeeemeeeaeeesee et aneeemteemeeesseas e e st enseenseeneesntesneenseenes
Julia Di, Sara Cuevas-Quifiones, Stephanie Newdick, Tony G. Chen, Marco Pavone, Mathieu
G. A. Lapotre, Mark Cutkosky

Risk-Aware Coverage Path Planning for Lunar Micro-Rovers Leveraging Global and Local
Environmental Data...........ccooueiiiiiiiiicieceece et
Shreya Santra, Kentaro Uno, Gen Kudo, Kazuya Yoshida

Multi-Objective Global Path Planning for Lunar Exploration with a Quadruped Robot ............cccceoeiininnen.
Julia Richter, Hendrik Kolvenbach, Giorgio Valsecchi, Marco Hutter

RAPF: Efficient Path Planning for Lunar MICTOTOVETS ........cc.coerueruiiiiiiniiniinenieeieecetentestesie e
Thomas Manteaux, David Rodriguez-Martinez, Raj Thilak Rajan

Development Strategies for Multi-Robot Teams in Context of Planetary Exploration ...........ccccceveeviiiinieneen.
Wiebke Brinkmann, Leon Danter, Amrita Suresh, Mehmed Yiiksel, Manuel Meder, Frank
Kirchner

Path Planning for the Pragyan Rover: Experiences and Challenges............ccoooveieeiieiiiieiieierieeeeeeeeeene
Rima Ghosh, Shashank Tomar, Chinmay S. Mhatre, Kakanuru Sumithra, Bharat Kumar G. V.
P M. S. Siva

Multi-Robot Strategies for Communication-Constrained Exploration and Electrostatic Anomaly
CATACEETIZALION. 1. ettt ettt b ettt et ettt b e eb e eb e ea e e s et e et e e bt sheeb e e st en s e b et e abe s bt ebeestensententeabesbeebeene
Gjosse Zijlstra, Karen L. Aplin, Edmund R. Hunt

Inertial LIDAR Motion Distortion Correction on Spherical Mobile Mapping Systems for Planetary
2540 ) (0] 1510 3 PRSPPSO
Paul Heinisch, Fabian Arzberger, Andreas Niichter

Estimating Rover Slope Climbing Ability from Single Wheel Experiments...........c.ccccoeveneninienrceienenencnnens
Alexander Demishkevich, Krzysztof Skonieczny



Simulation Platform to Design and Validate Control Laws for a Space Manipulator System
Performing On-Orbit SIVICINEZ ... ccueeiuietieieeiieit ettt ettt ettt et et e e e et e e see st esbeesseeseemaesmeesseesseeseenteenseeneenneens 98
Sofiane Kraiem, Mathieu Rognant, Sérgio Waitman

Revisiting Space Mission Planning: A Reinforcement Learning-Guided Approach for Multi-Debris
RENACZVOUS ...ttt ettt sttt st ettt et b st et b st teae e e bt sb e ene st e st naens 104
Agni Bandyopadhyay, Giinther Waxenegger-Wilfing

A Modular High-Fidelity Photorealistic Simulator of Orbital Scenarios: A Space Debris Removal

L6 I O TIPSR 111
Xiao Li, Antoine Richard, Baris C. Yalgin, Maxime Hubert Delisle, Miguel Olivares-Mendez,
Carol Martinez

Characterization of a Rotating Magnetic Dipole Field for Contactless Detumbling of Space Debris............... 119

Travis J. Allen, Adam J. Sperry, Nicholas R. Posselli, Benjamin A. Minor, Jake J. Abbott

Space Debris Active Interception Using Spacecraft Swarm Based on Differential Game Theory................... 125
Fang Zhengqing, Kinthong Lee, Wang Zhaokui

A Convex Formulation of the Soft-Capture Problem ...........cccveiieiiiiiiieiieeee e 131
Ibrahima Sory Sow, Geordan Gutow, Howie Choset, Zachary Manchester

Gait Analysis and Control of Rimless Wheel Rovers for Planetary Exploration............ccccceceeeeeeiienienenenenne. 139
Dennis Schlee, Shubham Vyas, Raul Dominguez, Frank Kirchner

Breadboarding the European Moon Rover System: Discussion and Results of the Analogue Field
TESE CAMPAIZI...veevvieetieeieetieeiiesteete et e teettestee st esteessessaessaeseenseensesssesstesseanseanseanseassenseenseenseensesnsesnsenseenseensennsens 145
Cristina Luna, Augusto Gomez Eguiluz, Jorge Barrientos-Diez, Almudena Moreno, Alba
Guerra, Manuel Esquer, Marina L. Seoane, Steven Kay, Angus Cameron, Carmen Camaries,
Philipp Haas, Vassilios Papantoniou, Armin Wedler, Bernhard Rebele, Jennifer Reynolds,
Markus Landgraf

Tetherbot: Step Planning for a Cable-Driven Climbing Robot in Microgravity..........c.cceeevvecveeieneerieenieenneennn.s 151
Simon Harms, Kenji Nagaoka

Planetary Localization in GPS-Deprived Environments with Open-Source Software and
Commercial-Off—the-Shelf COMPONENLS..........cccoiiriiiiiieiieiieiece ettt b e ee e teesteesbeesaeennas 158
Kaiaka Kepa-Alama, Baylor De Los Reyes, Andrew Tennebaum, Hao Wang, Frances Zhu

Robust Mobility Performance of Lunar Exploration Rovers Under Multiple Wheel Failure

SCEIATIOS ..ottt ettt ettt sttt ettt ettt sttt s et ae st b e s et e bt s et e bt s et e bt s et e b et en e et e s a et ne e ene e 165
Jorge Ruben Casir Ricano, Ryota Hino, Yuzuki Fukata, Taichi Nakamura, Tomoki Koshi, Sota
Yuasa, Kenji Nagaoka

Portable Bevameter Design for Geotechnical Characterization on Planetary Surfaces.........c..ccccecvevenencnnenne. 172
Jack Saito, Hao Wang, Frances Zhu

Visual Servoing for Robotic On-Orbit Servicing: A SUIVEY .......ccveiirieiiiieie et 178
Lina Maria Amaya-Mejia, Mohamed Ghita, Jan Dentler, Miguel Olivares-Mendez, Carol
Martinez

Comparative Analysis of Connection Interfaces for Space Applications ...........ccoeveevveriieriiecienienieneeseeeeene 186

Kosuke Fujii, Ismael Rodriguez, Ferdinand Elhardt, Gerhard Grunwald, Maximo A. Roa

Space Debris Reliable Capturing by a Dual-Arm Orbital Robot: Detumbling and Caging ............ccccceeeenneee 194
Akiyoshi Uchida, Kentaro Uno, Kazuya Yoshida



Object-Centric Reconstruction and Tracking of Dynamic Unknown Objects Using 3D Gaussian
N 0] 1351 Y PRPRR
Kuldeep R Barad, Antoine Richard, Jan Dentler, Miguel Olivares-Mendez, Carol Martinez

Shadow-Aware Formation Flying Using Solar Radiation Pressure with Neural Network ............cccccoevencnen.
Shogo Kitamura, Keito Otsubo, Toshihiro Chujo, Hiroki Nakanishi

Design of a Health Monitoring System for a Planetary Exploration ROVer ...........ccoocoviiiiiiiniinieieeeeee,
Sarah Swinton, Euan McGookin, Douglas Thomson

Autonomous Control of Lunar Excursion Vehicle 2 (LEV-2) .....c..ccooviiiiiniiiiiciecieceee e

Mariko Inazawa, Daichi Hirano, Masataku Sutoh, Hirotaka Sawada, Masaharu Nagata, Gen
Sakoda

Field Trials of the Integrated BreadBoard 3: Demonstrating a Rover System in the Sample Fetch
ROVET IMISSION COMEEXL......eiiieitiiieeitiieeeeiieeeete e e ettt e e eette e e e eteeeeeetaeeeeetaeeeeeteeseetseeeeesseeeeansaeeeessseeeassesesassseseensees
Robert Marc, Chris Barclay, Geoffray Doignon, J. Ricardo Sanchez-Ibanez, Ben Brayzier,
Raul Arribas, Gianluca Borgo, Max Braun, Binal Chavda, Todd Cooper, Elia D’Ambrosi,
Michael Dinsdale, Charlotte Garcia, Chris Hackett, Duncan Hamill, William Horton, Chris
Lee, Yvonne Pickering, Jason Richards, Vincent Schaeffer, Timothy Smith, Daniel Thomas,
Piotr Weclewski, Martin Azkarate, Chiara Lombardi, Pantelis Poulakis

Comparison of Concentric Surface Planetary Explorations Using an Ackerman Rover in a Lunar
STMUIALION ...ttt ettt st eb et ea et et a e se e bt eaeeb et e st e b e st e e bt saeebeeaeensesentenrenueas
Miguel A. Gonzalez-Santamarta, Francisco J. Rodriguez-Lera

The DLR Moon-Mars Test Site for Robotic Planetary EXploration ..............ccceecvevierieniieciiecieeienieseesveeve e
Martin Gorner, Jennifer Cebulsky, Andreas Domel, Maximilian Durner, Riccardo Giubilato,
Moritz Kuhne, Marcus G. Miiller, Kristin Lakatos, Peter Lehner, Roy Lichtenheldt, Bernhard
Rebele, Mattias Roser, Ryo Sakagami, Yunis Scheeler, Martin J. Schuster, Manuel Schiitt,
Wolfgang Stiirzl, Mallikarjuna Vayugundla, Armin Wedler

Optimization Within and with the DLR Rover Simulation TOOIKit............cccceviviiiienieiiicieeiecieceeceeie e
Antoine Pignede

RAPID & FASTNAV Projects: High-Speed Semi-Autonomous Rovers Enabling High Return
o TS 7o LY T 10) 4 TSSO
Matteo De Benedetti, Steven Kay, Jorge Ocon, Raquel Jalvo, Manuel Esquer Cerezo, Augusto
Gomez Eguiluz, Mercedes Alonso, Javier Ramos Fernandez, Karl Buckley, Robert Field,
Angus Cameron, Vassilios Papantoniou, Ares Papantoniou, Carlos Perez Del Pulgar,
Konstantinos Kapellos, Martin Azkarate

Two-Stage Reinforcement Learning for Planetary Rover Navigation: Reducing the Reality Gap

With Offline NOISY DALA .......ecuieriieiieiieieeiecte sttt ettt e e ae st aesteesseesbeensesasesseesseenseenseensesssenseenseenses
Anton Bjorndahl Mortensen, Emil Tribler Pedersen, Laia Vives Benedicto, Lionel Burg, Mads
Rossen Madsen, Simon Bogh

RLRoverLAB: An Advanced Reinforcement Learning Suite for Planetary Rover Simulation and
TTAINIINE ...vevveeieieete et et e et e st este e teesteeseesteesseesseesseessesssessaesseessaessesssesssesssenseenseesseassanssessaesseenseassessseseenseensenssens
Anton Bjorndahl Mortensen, Simon Bogh

Evaluating the Reliability of Vision Transformers for Space Robotics Applications............cceeeveevereeneenennee.
Pablo Rafael Bodmann, Paolo Rech, Matteo Saveriano

A Mask R-CNN Approach to Identify Lunar Landforms in Diverse Lighting Conditions...........cccccceveruennene
Aelyn Chong Castro, Sofia Coloma, Ernest Skrzypczyk, Miguel A. Olivares-Mendez



Deep Learning Based Semantic Segmentation for Mars Rover Terrain Classification ..........c.cceceeeeecvencnennene 292
Fakher Mohammad, Yang Gao, Steven Kay, Robert Field, Matteo De Benedetti, Evridiki
Vasileia Ntagiou

Towards Learning-Based Trajectory Tracking Control for a Planetary Exploration Rover:
Development and TESTNG ........cccveriieriieieeieriesieete e etesee st esreebeestesseesseesseesseesseessesssesseesseessesssesssesseenseensenssens 299
Kristin Lakatos, Niklas Baldauf, Alen Turnwald

Modified Optimal Motion Cueing Algorithm with Haptic Feedback for Full Motion Simulation for
a Reduced Gravity ENVITONIMENT ........ccouiiiiiiiiiiieiiee ettt ettt ettt ettt et e et eeseesseesneenneeneeeneas 307
Julia Born, Andreas Seefried, Miguel Neves, Houshyar Asadi, Tobias Bellmann

Virtual Reality Lab for Rover Navigation Using Mars Datasets .........ccccceveerieeriiiienieniienieeieeeeeeesieesveese s 315
Raul Castilla-Arquillo, Gonzalo J. Paz-Delgado, Matteo Madi, Carlos J. Pérez-Del-Pulgar

A Mission Architecture for a Human-Robot Collaborative Planetary Exploration Cascade ...........c.cccceunnee. 321
Simon Jusner, Stefan Moser, Sebastian Schaffler-Glopl, Richard Halatschek, Matthias Eder,
Gerald Steinbauer-Wagner

Int-Ball2: ISS JEM Internal Camera Robot with Increased Degree of Autonomy — Design and
INItIAL CHECKOUL ... e et e e e e e e et e e eeaae e e eeateeeeeaeeeeeaeeeeeenneeeeennreeeennneens 328
Seiko P. Yamaguchi, Tatsuya Yamamoto, Hideyuki Watanabe, Riichi Itakura, Masaru Wada,
Shinji Mitani, Daichi Hirano, Keisuke Watanabe, Taisei Nishishita, Yuta Kawai, Shota Inoue,
Yusuke Arai, Keiji Hagiwara, Yuya Shimoda, Masayuki. Yamamoto, Kazuko Hagiwara, Soki
Kuga, Ikujiro Ao, Hideaki Kikuchi

Cosmic Troubleshooting: Exploring Third-Person View for Error Handling in Telerobotic Planetary
INfrastructure MaINtENANCE. ........co.eeuteiiiiiertert ettt sttt ettt st b ettt e st e s b sae bt e bt eat et etenteseenes 334
Liliane Filthaut, Dave Murray-Rust, Maria Luce Lupetti, Neal Y. Lii, Peter Schmaus, Daniel
Leidner

Remote Operations and Streamlining Communication in Mars Analog Missions: Robot-Agnostic

Augmented Interface for Live Annotations During Teleoperated Exploration Tasks..........c.ccoceeeieieiencnenene 342
Rute Luz, Gongalo Coelho, Mariana Campos, Rui Abrantes, Ricardo Querido, Margarida
Pereira, Inés Sousa, Jéssica Corujeira, José Luis Silva, Rodrigo Ventura

Identifying Challenges and Validating Solutions for Dexterous Operations in Space Environments

With CommUNICAION DEIAYS ....c..eeuiiiiiieiieitieitee ettt ettt ettt s ettt ettt e e st e e seesneenbeenneeneas 349
Itoshi Naramura, Yili Dong, Hiroyuki Kaneko, Tetsuaki Kurebayashi, Mako Sudo, Riichi
Itakura, Seiko. P. Yamaguchi, Masaaki Muromachi, Tetsuya Inagaki

Leveraging Procedural Generation for Learning Autonomous Peg-In-Hole Assembly in Space..........c......... 357
Andrej Orsula, Matthieu Geist, Miguel Olivares-Mendez, Carol Martinez

Efficient Arm Motion Planning with Reduced Viapoints for Mars Rover Operations ..........c.ccccceeeereenuereenuenne. 365
Justin Huang, Valen Yamamoto, Ana Warner

Adaptive State-Dependent Riccati Equation Attitude Control for Rotation-Flying Dual-Arm
IMANIPUIALOTS ...ttt ettt ettt ettt b e e bt eb et e ettt be s bt ebeest e st et e st e bt sbeebeeseestenaente b nae 372
Alessandro Scalvini, Andrea Fois, Saeed Rafee Nekoo, Alejandro Suarez, Anibal Ollero

Axis Kinematics Algorithm for Satellite Manipulator System in Orbital Motion ...........cccceeeerieieneieneneee 380
Junsik Kim, Yuna Choi, Youngjin Choi, Donghoon Son, Alejandro Astudillo, Jan Swevers,
Jonghoon Park, Daehee Won



Analysis of Sensor Errors of a Suspension Systems for Space RObOtS .........ccevvviiciirieniinieieeececeeeeeee,
Ferdinand Elhardt, Marco De Stefano, Manfred Schedl, Andreas Stemmer, Tobias Bruckmann,
Maximo A. Roa

Author Index





