IAF Space Communications and
Navigation Symposium 2021

Held at the 72nd International Astronautical Congress
(IAC 2021)

Dubai, United Arab Emirates
25 — 29 October 2021

ISBN: 978-1-7138-4302-3



Printed from e-media with permission by:

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

proceedings

OOV

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

Copyright© (2021) by International Astronautical Federation
All rights reserved.

Printed with permission by Curran Associates, Inc. (2022)

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

International Astronautical Federation
100 Avenue de Suffren

75015 Paris

France

Phone: +33 14567 4260
Fax: +33142732120

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

1. ADVANCES IN SPACE-BASED COMMUNICATION SYSTEMS AND SERVICES, PART 1

DESIGNING A 3GPP NB-IOT NTN SERVICE FOR CUBESATS IN LOW DENSITY

CONSTELLATIONS ..ottt sttt a4t bes et e st ekt e b b e s e s et e s et et e s e ss et e s e b et e ne st e bere st ete e neann 1
Marco Guadalupi, Josep Ferrer, Ramon Ferrus, Isaac Llorens Aymerich, Alberto Gonzalez
Muifio, Alberto Mafiero, René Brandborg Sgrensen, Henrik Krogh Moeller, Anna Calveras,
Timo Kellermann, Shahwaiz Afaqui

SECURE EMBB SERVICE DELIVERY OVER 5G NR NON-TERRESTRIAL NETWORKS ..........ccccc... 10
Federica Rinaldi, Chiara Suraci, Sara Pizzi, Antonella Molinaro, Giuseppe Araniti

BRIDGING THE COVERAGE GAP IN NIGERIA VIA SMALL CELLS AND HTS

BACKHAUL SOLUTION ....cutiietitiistiisietee sttt ettt sse e st sssaesesessasessssesesessesesessesessssesessssesenenns 16
Zubaida Aminu Jalal, Umar Sani Abdullahi, Bashira Sani, Chuka Ozoadibe, Blessing Bariyat
Omowumi, Gideon Ewa

RURAL CONNECTIVITY IN DEVELOPING NATIONS: A TECHNICAL COMPARISON OF
GEO VHTS AND LEO MEGACONSTELLATIONS.......cciiiieiiiteis e 18
Alan Mattos, Dilhan Clavijo Urrelo

ON THE DESIGN OF A MODULAR MINIATURIZED SATELLITE COMMUNICATION
SYSTEM FOR LOW EARTH ORBIT APPLICATIONS ... .ottt 26
Mariam Al Darmaki, Maryam Al Nabooda

ADVANCED SPACE-BASED INTERNET-OF-THINGS (I0T) CONSTELLATION BRINGING
HIGH REVISIT & LOW LATENCY COMMUNICATION SERVICES........cccccoviirineiiisee e 32
Kammy Brun, Charlotte Chen, Wei Sun, Jinhui Zhao

ITCAN: A 3U CUBESAT FOR REAL-TIME IN ORBIT FUNCTIONAL TESTS.....ccccooviiiiirererseiensienns 36
Mahyar Naderi, Sara Pourdaraei, Adeel Anwar, Niki Sajjad

ISL OPERATION BETWEEN CHASER AND TARGET (TELEMETRY, TRACKING AND

COMMAND FOR SRMSAT-3) ISL OPERATION ENABLES COMMUNICATION BETWEEN

THE TARGET CHASER AND THE GROUND STATION AND HENCE PLAYS AN

IMPORTANT ROLE IN COMPLEX TASKS SUCH AS AUTONOMO .......ooootiiiiee et 44
Tushar Baranwal, Sibte Abbas

SATELLITE COMMUNICATION FOR HOT ...ttt 45
Florian Zeiger, Hans-Peter Huth, Markus Sauer, Fatih Arslan

DESIGN AND DEVELOPMENT OF A HIGH-SPEED COMMUNICATION SYSTEM FOR A
LEO NANO SATELLITE . ...ttt etttk bbbt sttt bns 52
Shayan Majumder, Hrishit Tambi, Karan Mathur, Pranay Putrevu, Hariharan Venkat

DEVELOPMENT OF A SUPPORT SYSTEM FOR THE TELEVISION MIGRATION PLAN
FROM ANALOGUE TO DIGITAL IN ANGOLAN TERRITORY ....coccviiriieiisieiesise e 63
Pedro Ngombo Lunguieki, Marco Romero, Silvio Jodo Thone



2.ADVANCES IN SPACE-BASED COMMUNICATION SYSTEMS AND SERVICES, PART 2

INTERNET IN SPACE! DEVELOPING EUROPEAN CAPABILITIES: PUSHING FOR THE
NEXT GENERATION OF OPTICAL TELECOMMUNICATION TECHNOLOGIES .........ccccoviiiennieiennn. 75
Christopher Vasko, Harald Hauschildt, Eric Wille, Josep Maria Perdigues Armengol

DEVELOPMENT STATUS FOR SUB-SYSTEM ASSEMBLY AND INTEGRATION TEST ON
ENGINEERING TEST SATELLITE 9 HIGH-SPEED LASER COMMUNICATIONS MISSION,
B = 1 (2N 5 SRR 81
Yasushi Munemasa, Hideaki Kotake, Yoshihiko Saito, Alberto Carrasco-Casado, Dimitar
Kolev, Phuc V. Trinh, Hideki Takenaka, Kenji Suzuki, Toshihiro Kubo-Oka, Tetsuharu Fuse,
Hiroo Kunimori, Koichi Shiratama, Yasuhiro Takahashi, Morio Toyoshima

DESIGN OF MOON TO EARTH OPTICAL TRUNK DATALINK FOR 400 MBPS ........ccccoceovrvinieririeenenns 85
Martijn Dresscher, Eric Bertels, Dorus De Lange, Jeroen Rotteveel, Oana Van Der Togt

DEVELOPMENT OF A MINIATURIZED LASER-COMMUNICATION TERMINAL FOR

A I Y N I I N 1 SRR 95
Alberto Carrasco-Casado, Koichi Shiratama, Phuc Trinh, Dimitar Kolev, Yasushi Munemasa,
Yoshihiko Saito, Hiroyuki Tsuji, Morio Toyoshima

LINK BUDGET ANALYSIS OF VARIOUS LINK SCENARIOS FOR ADAPTIVE OPTICAL
SATELLITE NETWORK ...ttt ettt et e e st e et e e st eesae e e stb e e saeeesteeesaeeestaeenneeesreeennneenees 100
Hideaki Kotake, Yuma Abe, Tetsuharu Fuse, Toshihiro Kubooka, Morio Toyoshima

3.ADVANCES IN SPACE-BASED COMMUNICATION SYSTEMS AND SERVICES, PART 3

DISRUPTIVE, COST-EFFECTIVE, FAST DEPLOYMENT LASER-BASED LUNAR

TELECOMMUNICATION NETWORK BASED ON NOVEL SMALL SATELLITE

TECHNOLOGIES.......ot ettt ettt sttt ettt et s e et e nese et e s e e et e s e ssebe s e st et e se st eberessesenenenrs 110
Matias Campos, Jules Nader, Juan Jaramillo

NEW TECHNOLOGY INNOVATIONS FOR THE FRONTIER RADIO FROM THE

EMIRATES MARS MISSION, EUROPA CLIPPER, DART, AND MORE .........ccccoiiiiinienreene e 116
Michael O'Neill, Matthew Angert, Justin Bradfield, Adam Crifasi, Daniel Eddowes,
Christopher Haskins, Connor Thompson

DESIGNING THE RADIO LINK FOR A LUNAR CUBESAT: THE LUMIO CASE .......ccccoovviviiniinnienns 128
Stefano Speretta, Erdem Turan, Angelo Cervone, Alessandra Menicucci, Eric Bertels,
Francesco Topputo

THE PRETTY CUBESAT SYSTEM REDUNDANCY CONCEPT......cccooitiriiniiieinieiee e 137
Andreas Johann Hormer, Manuela Wenger, Reinhard Zeif, Manuel Kubicka, Maximilian
Henkel, Otto Koudelka, Heinrich Fragner, Roger Walker, Camille Pirat

DESIGN METHOD OF INFORMATION INTERACTION OF COMPLEX SPACECRAFTS
WITH COMBINATION MODBE.......c.iiitiiiiiiiteniees ettt b et b e et b e et b e bbb nr e ane e 145
Zhengyan Jing, Peng Ying, Chan Jing, Hongjiang Song, Shimin Song

COMPUTATIONAL APPROACHES FOR SATELLITE SYSTEMS USING NON-
GEOSTATIONARY ORBIT IN RADIO INTERFERENCE ANALYSIS.....ccoo i 152
Timur Kadyrov, Vladislav Beregovskiy



4.ADVANCES IN SPACE-BASED COMMUNICATION TECHNOLOGIES, PART 1

COMMUNICATION SYSTEM OF MULTIPLE DEPLOYABLE PAYLOADS WITH RANGE
MEASUREMENT CAPABILITY ettt ettt sttt sttt sh s s bt s s has s eba s s sbasssba s s sbassbasssbassbasssbassbasens 164
Tetsuo Yoshimitsu, Takashi Kubota, Atsushi Tomiki

CHALLENGES OF OPTICAL AND MMWAVE/RF COMMUNICATION LINKS FOR
NANOSATELLITE MISSIONS ...ttt e s e et e st e e nb e e e s teeesneeestaeennaeesraeenneeans 168
Visweswaran Karunanithi, Prem Sundaramoorthy, Chris Verhoeven, Cicero. S. Vaucher

COMMUNICATION SYSTEM ARCHITECTURE AND FIRMWARE DESIGN FOR NANO

SATELLITES ...ttt ettt ettt b ettt e b b e s s bt e s b e Re et et s e e et s e ss et ere b et eness et ere e sene s 169
Tushar Tandon, Mayank Mayank, Johannes Schumacher, Ravneet Kaur, Udit Kumar Sahoo,
Guhan Sundaramoorthy, Markus Gardill

PHLEXSAT - A NOVEL PHOTO-DIGITAL COMMUNICATION PAYLOAD FOR VERY

HIGH THROUGHPUT SATELLITES ..ottt ettt 178
Madhubrata Chatterjee, Chiara Palla, Edem Fiamanya, Antoni Castells Cervello, Laurent
Roux, Miguel Angel Piqueras, Patrick Runge, Nigel Cameron, Jakub Zverina

CAST ALL ELECTRIC PROPULSION SATELLITE PLATFORM DEVELOPMENT AND
A A L@ A N I [ N PSSR 189
Min Wang, Wei Wang, Zhao Hu, Siyue Jiang

X-BAND AND BEYOND: THE ADVENT OF A PURE-SOFTWARE WIDE-BAND RECEIVER
FOR EO SATELLITE PAYLOAD ...ttt ettt ettt e sttt b st s s sba s s eba s sb e s s eba s s sbassbasssbassbenans 197
Tomislav Nakic-Alfirevic

WIRELESS MULTIPLEXING AGILE ANTENNA-BASED CONTROL SYSTEM FOR SPACE
AAPPLICATION . ..o ettt e et e et e e et e e st e st e e s et e e eaee e et seeaeeseaeeeeteesarenesreeeaneeaas 198
Saifudeen A Kabeer, Mahmoud Al Ahmad

MODULATION RECOGNITION BASED ON CONVOLUTION NEURAL NETWORK AND
FUSION TIME-FREQUENCY FEATURES.........ctitiititiirieiiesee ettt nansenas 204
Chengjun Guo, Weijuan Tu

A MODULATION RECOGNITION METHOD FOR OFDM BASED ON COMPRESSED
SENSING ..ottt ettt e te s b et te b et Re e b et Re bt Ee e he et Re b et e R e bt Re et et e teebe e e tenae s erentens 205
Yang Yao, Weijuan Tu, Chengjun Guo, Jing He

TESTING AND IMPLEMENTATION OF COMMUNICATION SUBSYSTEM OF A 3U
CUBESAT USING SOFTWARE-DEFINED RADIO .....ccciiiitieieienieee et 211
Hrishit Tambi, Shayan Majumder, Ishan Khare, Rishabh Hulsurkar, Karan Mathur

ACHIEVEMENT OF ON-ORBIT WIRELESS LAN DEMONSTRATION FOR DOCKING

VIDEO TRANSFER ...ttt bbbt b e bbb bbb bt e et b e eb e nn s 221
Yuri Hachiya, Takeshi Sasada, Yoshinori Kondoh, Satoshi Noritake, Tomoya Suehiro,
Susumu Fujita, Norimasa Ito

5.ADVANCES IN SPACE-BASED COMMUNICATION TECHNOLOGIES, PART 2

ADVANCEMENTS IN PLASMA ANTENNAS FOR SATCOM NAVIGATION SYSTEMS..........cccccue.. 226
Paola De Carlo, Mirko Magarotto, Giulia Mansutti, Antonio Selmo, Antonio Capobianco,
Daniele Pavarin



DATASAT — ADA GROUND STATION NETWORK. AUTOMATIC DIRECTIONAL
ANTENNA FOR SPACE COMMUNICATIONS ON LEO SPACECRAFTS ..o sisteesieee st 232
Sergio Soares

AN ULTRA-LOW PROFILE HIGH-GAIN ANTENNA POINTING MECHANISM FOR MICRO
LUNAR ROVER PL AT ORI oot ee e sessesnssssssne s snssnssnnsnnnssnnnnnnnnnnnnnnnnnnnnnen 241
Sam Bunka, Charmaine Neufeld

GRAVITATIONAL LENSING OF SUN FOR DEEP SPACE COMMUNICATION.......ccccevievire e 256
Bhavana B Rao

A REVIEW OF NEAR FUTURE OPTICAL TECHNOLOGY FOR HIGH-SPEED AND SECURE
CUBESAT COMMUNICATIONS ...ttt sttt stk b et bttt bbbt b 257
Desire Muhire, Daria Stepanova, Kanchan Bhale, Moitrayee Chakraborty, Daniel Wischert,
Marco Filipe Romero

6.ADVANCES IN SPACE-BASED NAVIGATION SYSTEMS, SERVICES, AND
APPLICATIONS

PERFORMANCE ANALYSIS OF A MARTIAN POLAR NAVIGATION SYSTEM......ccccccvvviniiiiieirnns 268
Serena Molli, Daniele Durante, Gael Cascioli, Simone Proietti, Paolo Racioppa, Simone
Simonetti, Elisa Maria Alessi, Luciano less

MOONLIGHT NAVIGATION SERVICE - HOW TO LAND ON PEAKS OF ETERNAL LIGHT............. 279
Pietro Giordano, Antoine Grenier, Lorenzo Bucci, Alexander Cropp, Richard Swinden, Paolo
Zoccarato, David Gomez Otero, Wael El-Dali, William Carey, Ludovic Duvet, Bernhard
Hufenbach, Fabrice Joly, Javier Ventura-Traveset

ANALYSIS OF A SMALL-SATELLITE CONSTELLATION FOR LUNAR NAVIGATION
CAPABILITIES ...ttt btk bbbtk bt b e e bt b e b e e bt e bt b e bt ekt bt et sb et b 293
Angel Arcia Gil, Chantal Cappelletti, Daniel Renwick

INTEGRATED GROUND GRAVITY AND NAVIGATION RTK NETWORK. .....cccccviiiiiireeesserinienns 308
Sergiy Matviyenko

A-POSTERIORI PRIVACY-PRESERVING TRACING MECHANISM EXPLOITING
SATELLITES TO PREVENT FRAUDULENT POSITIONING .......cooiiiiiieciee ettt 318
Antonia Russo, Gianluca Lax

STUDYING MULTIPATH ERROR IN ISRO'S NAVIC SATELLITE SIGNALS........coooeeeeeiee e 324
Kartik Tiwari, A Althaf, Hari Hablani

OPTIMAL POSITIONING ACCURACY FOR GLOBAL NAVIGATION SATELLITE
SY STEIMS ..ttt bbb bbbt £ b E £ b b £ b b £ R R £ bRt R bRt e bbb bRttt e b 336
Deepak Gaur

REGIONAL IONOSPHERIC RANGE ERRORS — A COMPARISON BETWEEN SHARJAH

AND BAHRAIN REGIONS ..ottt ettt ettt st st st e e s te st s s aa s s bt e ebeesbeebeesbesbaesreesbeesteaneas 337
Sahar Sowdagar, Mohammad Musharraf, Muhammad Mubasshir Shaikh, llias Fernini,
Hamid Al Naimiy

UNIVERSAL POSITIONING SYSTEM-THE FUTURE OF SPACE NAVIGATION........ccccoveivrerreririenns 342
Nithyaashree Giridharan, Shreyansh Sharma, Kunal Bavikar, Adarsh Chandra, Ravindra
Kulkarni



7. ADVANCES IN SPACE-BASED NAVIGATION TECHNOLOGIES

ORBIT DETERMINATION AND TIME SYNCHRONISATION IN LUNAR ORBIT WITH

GNSS - LUNAR PATHFINDER EXPERIMENT .....coviiitiiitiiie ettt sttt et be et sbe s sre s 353
Pietro Giordano, Antoine Grenier, Paolo Zoccarato, Richard Swinden, Francesco Liucci,
Bernhard Hufenbach, Javier Ventura-Traveset

DUAL EKF-BASED COLLABORATIVE OBSERVATION AND ATTITUDE
DETERMINATION FOR A TUMBLING NON-COOPERATIVE SPACE TARGET ....c.cccovvevireveciree 364
Di Zhao, Chong Sun, Xianghao Hou, Jianping Yuan

DYNAMIC RECURSIVE OPTIMIZATION FOR OPTICAL NAVIGATION FEATURE
SELECTION IN ASTEROID LANDING .......cooitiitiiiteiisieesiseesesie st sassesessssesessssessssssesessssesens 365
Wenbo Xiu, Pingyuan Cui, Shengying Zhu, Jiateng Long

CRATER-BASED AUTONOMOUS POSITION ESTIMATION IN PLANETARY MISSIONS
BY DEEP LEARNING ..ottt ettt st b ettt e st st se e be s be bt e beene e st et ebeseesbenee e 370
Roberto Del Prete, Alfredo Renga

PARALLEL STATE ESTIMATION UNDER FLEXIBLE CONNECTIONS IN SMALL
CELESTIAL BODY LANDINGS ..ot ietititeiisiet sttt ettt sassesessssesessssesessssesessssesens 382
Dantong Ge, Pingyuan Cui, Xiaoxuan Lu

SOFTWARE-DEFINED MULTI-LATERATION TRACKING FOR NEAR-SPACE,
SUBORBITAL AND SPACE VEHICLES: DEVELOPMENT OF THE STRAINS EXPERIMENT ............ 389
Niccolo Picci, Luigi Di Palo, Riccardo Garofalo, Luca Collettini, Paola Celesti, Emanuele
Bedetti, Clara Di Nunzio, Linda Misercola, Andrea Gianfermo, Alessandra Graux, Gaetano
Zarcone, Maria Giulia Pancalli, Federico Curian0, Lorenzo Frezza, Francesco Santoro,
Cristoforo Romanelli, Rene Laufer, Olle Persson, Angela Volpe, Paolo Marzioli, Fabio
Santoni

WHOLE MTO ORBIT SELF-ADAPTIVE TRACKING METHOD BASED ON FPGA
RESOURCE RESTRICTED PLATFORM .....octiiiiiiiiiitt ettt 398
Jia Tian, Qian Li, Wei Wang, Pingyan Shi

8-GTS.3.SPACE COMMUNICATIONS AND NAVIGATION GLOBAL TECHNICAL
SESSION

TELECOMMUNICATION SUBSYSTEM FOR THE GEOSCAN SSA MISSION ....cccoooviieeiiiee e 404
Nerea Socorro Morales

STATISTICAL TESTING TOOLS FOR QUANTUM RANDOM NUMBER GENERATORS
ONBOARD CUBESATS. ...ttt sttt sttt sttt et st e b s e e b e sens et e se s et e s e se et e re s ebenene et ere e etenens 405
Balazs Solymos, Laszlo Bacsardi

LASER COMMUNICATION IN SPACE - STATUS AND APPLICATIONS ........ccoeiiiiiiineies e 411
Matthias Motzigemba

A NOVEL SELF-LEARNING GNSS/INS INTEGRATED NAVIGATION METHOD........ccococecvrvriinririnns 412
Chengjun Guo, Weijuan Tu

QUANTITATIVE EVALUATION METHOD OF NAVIGATION SATELLITE IN-ORBIT TEST
BASED ON FUZZY METHOD ..ottt 413
Dong Yang



IP.INTERACTIVE PRESENTATIONS - IAF SPACE COMMUNICATIONS AND
NAVIGATION SYMPOSIUM

DESIGN AND ANALYSIS OF SURFACE COMMUNICATION SYSTEM FOR THE
EMIRATES LUNAR MISSION ....oiiiiiiiiieiisiee it sis ettt sse e saesesa st e saesesessesesessesesessesessnsases 418
Sara Almaeeni, Omar Hassan, Mohamed Abou-Khousa, Hamad Almarzooqi

A MOBILE COST-EFFECTIVE SATELLITE GROUND STATION TO RECEIVE WEATHER
IMAGES IN REMOTE COMMUNITIES .....cooiiiiiiitiiiiite ettt be e snenne e ene e 419
Alex Jurgutis, August Lear, Heidi Bathory, Hooman Jazebizadeh, Bruce Burlton

POWER CONSUMPTION ENHANCEMENT FOR INTER-SATELLITE COMMUNICATIONS.............. 441
Abdalla Elshiwi

IMPROVED DEEP SPACE COMMUNICATION FOR INTERPLANETARY MISSIONS USING
SATELLITE NETWORKS IN SUN-SYNCHRONOUS POLAR ORBIT....ccviiiiiecee et 442
Saurabh Gore

COMMERCIAL SPACE RADIO TELESCOPES WITH A PARABOLIC REFLECTOR OF 1000
METERS DIAMETER. ...ttt sttt e s e et e e st e et e e s ta e e ae e e s teeeabeeenteeeneeestaeenaeesreeenneeans 443
Oleg Aleksandrov

Author Index





