
 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 978-1-7138-2648-4 

Unmanned Systems 

Online 
11 - 15 & 19 - 21 January 2021 

Volume 1 of 2 

Papers Presented at the AIAA SciTech Forum and Exposition 
2021 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The contents of this work are copyrighted and additional reproduction in whole or in part 
are expressly prohibited without the prior written permission of the Publisher or 
copyright holder. The resale of the entire proceeding as received from CURRAN is 
permitted. 
 
For reprint permission, please contact AIAA’s Business Manager, Technical Papers.  
Contact by phone at 703-264-7500; fax at 703-264-7551 or by mail at  
12700 Sunrise Valley Drive, Suite 200, Reston, VA 20191, USA. 

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. 
 
 
 
 



TABLE OF CONTENTS 

 

VOLUME 1 

UNMANNED SYSTEMS I 

REAL-TIME ONBOARD TRAJECTORY OPTIMIZATION USING INDIRECT METHODS ....................... 1 
Sean M. Nolan, Clayton A. Smith, Jacob D. Wood 

DYNAMIC MODELING AND CONTROL OF QUADROTOR SLUNG-LOAD SYSTEM 
USING PID AND NONLINEAR BACKSTEPPING CONTROLLER ............................................................. 14 

Mohammed B. Mohiuddin, Ayman M. Abdallah 

A ROBUST CONTROLLER DESIGN FOR A TAILLESS UNMANNED AIR VEHICLE WITH 
EFFECTIVE CONTROL ALLOCATION ......................................................................................................... 36 

Ethem H. Orhan, Kamesh Subbarao 

MINIMUM ENERGY WIND DEPENDENT OPTIMISED PATH GENERATION FOR 
MULTIROTORS ................................................................................................................................................ 54 

Alexander McConville, Colin Greatwood, Duncan Hine, Peiman Moradi, Thomas S. 

Richardson 

UNMANNED SYSTEMS II 

ANALYSIS AND OPTIMIZATION OF COAXIAL PROPELLER-DRIVEN DRONES ................................ 67 
Mustafa Soliman, Satoru Yoshikawa, Takenori Matsue, Shinji Andou 

TRAJECTORY AND DESIGN OPTIMIZATION OF MULTIROTOR DRONES WITH SYSTEM 
SIMULATION ................................................................................................................................................... 73 

Scott Delbecq, Marc Budinger, Clément Coic, Nathalie Bartoli 

RAPID DESIGN PROCESS OF SHROUDED ROTORS FOR EFFICIENT UAV PROPULSION ................ 88 
Fabian Chew, Samuel Gan, Henrik Hesse 

‘SWITCHBLADE’: WIDE-MISSION PERFORMANCE DESIGN OF A MULTI-VARIANT 
UNMANNED AERIAL SYSTEM .................................................................................................................. 107 

Victor  Maldonado, Dioser Santos, Mitchell Wilt, Darius Ramirez, Justin Shoemaker, 

Wolduamlak Ayele, Bruce Beeson, Blake Lisby, Jerimiah Zamora, Corbin Antu 

UNMANNED SYSTEMS III 

IMPLEMENTATION OF MULTIPLE MODEL: SIMULATION AND EXPERIMENTATION 
FOR FUTURE STATE PREDICTION ON DIFFERENT CLASSES OF SMALL UNMANNED 
AERIAL SYSTEMS ........................................................................................................................................ 120 

James Z. Wells, Rumit Kumar, Manish Kumar 

A VISION-BASED SOLUTION TO ESTIMATING TIME TO CLOSEST POINT OF 
APPROACH FOR SENSE AND AVOID ....................................................................................................... 135 

Tanya Glozman, Anthony Narkawicz, Ishay Kamon, Franco Callari, Amir Navot 



DETECT-AND-AVOID MANEUVER PLANNING: BENEFITS OF INCLUDING ROUTE 
RECAPTURE ................................................................................................................................................... 149 

Wei-Ching  Wang, Minghong G. Wu, Kevin J. Monk 

IMITATION LEARNING FOR UAS NAVIGATION IN CLUTTERED ENVIRONMENTS ...................... 162 
Caleb M. Harris, Youngjun Choi, Dimitri N. Mavris 

UNMANNED SYSTEMS IV 

EXTENDING UNDERGROUND WIRELESS COMMUNICATIONS FOR THE WARFIGHTER ............. 173 
Mary Hood, Michael L. Anderson, Joseph Anderson, Nicholas Black, Jedd Lebrilla, Joseph 

Puglisi, Colton Bassford 

AN ASSESSMENT OF UNMANNED AIRCRAFT SYSTEM OPERATIONS WITH THE 
EXTENSIBLE TRAJECTORY OPTIMIZATION LIBRARY ........................................................................ 182 

Olatunde B. Sanni, Thanakorn Khamvilai, Teppatat Puntawuttiwong, Eric M. Feron 

OPTIMAL CRUISE, DESCENT, AND LANDING OF EVTOL VEHICLES FOR URBAN AIR 
MOBILITY USING CONVEX OPTIMIZATION .......................................................................................... 203 

Zhenbo Wang, Peng Wei, Liang Sun 

TOWARDS DEVELOPING AN AERIAL MAPPING SYSTEM FOR STOCKPILE VOLUME 
ESTIMATION IN CEMENT PLANTS ........................................................................................................... 218 

Ahmad Alsayed, Mostafa R. Nabawy, Akilu Yunusa-Kaltungo, Farshad Arvin, Mark K. Quinn 

UNMANNED SYSTEMS V 

FRAMEWORK FOR THE ESTIMATION OF SAFE WAKE SEPARATION DISTANCE 
BETWEEN SAME-TRACK MULTI-ROTOR UAS ....................................................................................... 226 

Chung Hung J. Wang, Joshua C. Nathanael, Ee Meng Ng, Bing Feng Ng, Kin Huat Low 

TRAJECTORY OPTIMIZATION OF UNMANNED AERIAL VEHICLES FOR WIRELESS 
COMMUNICATION WITH GROUND TERMINALS .................................................................................. 240 

Kellen Oleksak, Yufei Wu, Megan Abella, Zhenbo Wang, Hao Gan 

UAV PATH PLANNING OPTIMIZATION BASED ON GNSS QUALITY AND MISSION 
REQUIREMENTS ........................................................................................................................................... 255 

Nikolaos Nanos, Oguz Kagan Isik, Ricardo Verdeguer Moreno, Ivan Petrunin, Dimitrios 

Panagiotakopoulos, Antonios Tsourdos 

AIRBORNE JUST IN TIME RESUPPLY IN AUSTERE ENVIRONMENTS .............................................. 267 
Austin Ahern, Acierto Cabigas, Ashton Barnes, Eric Dittman, Michael L. Anderson, Elliott 

Weiler 

DISTRIBUTED AND ADAPTIVE MULTI-UAS BEHAVIORS TO SUPPORT NUCLEAR 
RESPONSE ...................................................................................................................................................... 279 

Cooper Cone, Samantha Sullivan, Malik Hancock, Kevin Carey, Andrew  Kopeikin 

UNMANNED SYSTEMS VI 

KRIGING VARIANCE AND HUMAN FACTORS TO STEER AN UNMANNED AIRCRAFT 
SYSTEM SWARM TO SURVEY A RADIATION FIELD ............................................................................ 290 

Justin Robinson, Andrew  Kopeikin, David Helmer 



DEPLOYMENT OF MULTIPLE UAVS FOR AREA COVERAGE MISSION WITH STATIC 
AND MOBILE CHARGERS ........................................................................................................................... 300 

Chris Moneyron, Moe Sakamoto, Mo Rastgaar, Nina Mahmoudian 

AUTOMATED REAL-TIME VOLCANIC PLUME INTERCEPTION FOR UAVS .................................... 316 
Ben Schellenberg, Thomas S. Richardson, Arthur Richards, Matt Watson 

DEVELOPMENT OF A FRAMEWORK TO COMPARE LOW-ALTITUDE UNMANNED AIR 
TRAFFIC MANAGEMENT SYSTEMS ......................................................................................................... 339 

Coline Ramee, Dimitri N. Mavris 

DESIGN/ANALYSIS OF UNINHABITED AERIAL SYSTEMS I 

MANUFACTURING AND FLIGHT TESTING OF A VERTICAL TAILLESS BLENDED 
WING-BODY UAV DESIGN ......................................................................................................................... 363 

Tristan M. Sherman, Jet Ericson C. Tirona, Yahia Haggag, Cesar Morales, Jonathan 

Cardeno, Brian Camey, Samuel Gioia, Subodh Bhandari, Lorenzo Parra 

DESIGN AND PROTOTYPING A BUTTERFLY-INSPIRED FLAPPING-WING MAV: NOVEL 
APPLICATIONS OF DRONES FOR MET GALA FASHION EVENT ........................................................ 378 

Nicole Zint, Humberto III Silva, Mostafa Hassanalian 

DESIGN/ANALYSIS OF UNINHABITED AERIAL SYSTEMS II 

THRUST ANALYSIS OF A MARTIAN-BASED FIXED-WING DRONE IN CRUISE AND 
LOITERING FLIGHT PHASES ...................................................................................................................... 386 

Steven Lukow, Mostafa Hassanalian 

DESIGN AND FREE PLAY ANALYSIS FOR A CONTROL MECHANISM OF AN INSECT-
TYPE FWMAV ................................................................................................................................................ 395 

JaeWon Choi, DuHyun Gong, NamKyung Yoon, Sang Joon Shin 

DESIGN AND FLIGHT TESTING OF A MULTIROTOR VEHICLE WITH CYCLIC-
COLLECTIVE PITCH CONTROL ................................................................................................................. 407 

Colin A. Sledge, Haitham E. Taha, Robert H. Liebeck 

UNMANNED SYSTEMS VII 

FULL ENVELOPE SYSTEM IDENTIFICATION OF A VTOL TAILSITTER UAV .................................. 431 
Carl Olsson, Sebastian L. Verling, Thomas Stastny, Roland Siegwart 

PRELIMINARY STUDY OF ACTUATOR FAULT DETECTION FOR RUAVS USING 
NEURO-FUZZY SYSTEM ............................................................................................................................. 445 

Thanaraj T, Bing Feng Ng, Kin Huat Low 

MULTI CREW COORDINATION FOR REMOTE PILOTED TRANSITION VTOL ................................. 454 
Philipp Reiss, Daniel Dollinger, Christopher Schropp, David Löbl, Florian Holzapfel 

VOLUME 2 

OPTIMAL TUNING FOR ROBUST CONTROL OF A SMALL FIXED-WING UAV ................................ 461 
Domenico Trotta, Guido De Matteis, Alessandro Zavoli, Vincenzo D'Antuono 



DECOUPLED TRANSLATIONAL AND ROTATIONAL FLIGHT CONTROL DESIGNS OF 
CANTED-ROTOR HEXACOPTERS.............................................................................................................. 478 

Pengcheng Cao, James Strawson, Thomas Bewley, Falko Kuester 

DESIGN/ANALYSIS OF UNINHABITED AERIAL SYSTEMS III 

CONCEPTUAL DESIGN FOR LONG-ENDURANCE CONVERTIBLE UNMANNED AERIAL 
SYSTEM .......................................................................................................................................................... 491 

Karim Fayez, Yuchen Leng, Thierry Jardin, Murat Bronz, Jean-Marc Moschetta 

DESIGN AND PERFORMANCE OF A 3D-PRINTED MORPHING AIRCRAFT ....................................... 518 
Sabrina A. Snow, Douglas F. Hunsaker 

TOWARDS THE USE OF ONTOLOGIES IN REMOTELY PILOTED AIRCRAFT SYSTEMS 
CONCEPTUAL DESIGN: OPPORTUNITIES AND CHALLENGES ........................................................... 534 

Álvaro Gómez-Rodríguez, María Poveda-Villalón, Raúl García-Castro, Asunción Gómez-

Pérez, Cristina Cuerno-Rejado 

DESIGN METRICS FOR ASSESSING UNMANNED AERIAL VEHICLE MISSION 
SUITABILITY ................................................................................................................................................. 574 

Robert C. Scott 

UNMANNED SYSTEMS VIII 

EFFECTS OF AUTONOMOUS SUAS SEPARATION METHODS ON SUBJECTIVE 
WORKLOAD, SITUATION AWARENESS, AND TRUST .......................................................................... 587 

Michael S. Politowicz, Eric T. Chancey, Louis J. Glaab 

STANDARDS FOR UAS - ACCEPTABLE MEANS OF COMPLIANCE FOR LOW RISK SORA 
OPERATIONS ................................................................................................................................................. 596 

Sebastian Cain, Christoph Torens, Andreas Volkert, Patrick Juchmann, Filippo Tomasello, 

Matteo Natale, Joost Vreeken, Tom v. Birgelen, Marta Ribeiro, Joost Ellerbroek, Damiano 

Taurino, Marco Ducci 

RELIABILITY OF ANALYTICALLY REDUNDANT SYSTEMS FOR SMALL UNMANNED 
AERIAL SYSTEMS ........................................................................................................................................ 610 

Aditya Kotikalpudi, Edwin A. Williams, Peter J. Seiler 

INCREASING OPERATOR SITUATIONAL AWARENESS DURING TRANSITION 
PROCEDURES FOR FIXED-WING VTOL UAV OPERATIONS ................................................................ 634 

Daniel Dollinger, Valentin A. Marvakov, Florian Holzapfel 

UNMANNED SYSTEMS IX 

REINFORCEMENT LEARNING FOR A PERCHED LANDING IN THE PRESENCE OF WIND ............ 646 
Liam J. Fletcher, Robert J. Clarke, Thomas S. Richardson, Mark Hansen 

DESIGN OF A NONLINEAR HIERARCHICAL ADAPTIVE CONTROLLER FOR A NOVEL 
TILT-ROTOR VTOL AQUAUAV .................................................................................................................. 660 

MoWei Hsu, Hugh H. Liu 

DATA-DRIVEN MULTI-UAV NAVIGATION IN LARGE-SCALE DYNAMIC 
ENVIRONMENTS UNDER WIND DISTURBANCES ................................................................................. 683 

Baoqian Wang, Junfei Xie, Jun Chen 



CONCEPTUAL DESIGN AND NUMERICAL ANALYSIS OF AN UNMANNED 
AMPHIBIOUS VEHICLE ............................................................................................................................... 696 

Vijayakumar Mathaiyan, Vijayanandh R, Vijayanandh R, Ramesh Murugesan, Senthil Kumar 

Madasamy, Raj Kumar Gnanasekaran, Sivaranjani Sivalingam, Dong Won Jung 

COUNTERING MALICIOUS SMALL UNMANNED AERIAL SYSTEMS: UNDERSTANDING 
THE PROBLEM FOR BORDER SECURITY ................................................................................................ 718 

Adam Wilmer, Michael L. Anderson, James Westfall 

UNMANNED SYSTEMS X 

DISASTER RESPONSE FIXED WING UAV FOR GULF OF MEXICO FIELD CAMPAIGN ................... 728 
Maxwell J. Cobar, Carlos J. Montalvo, Collin Buckner 

DEVELOPMENT AND DEPLOYMENT OF AN AUTONOMOUS UAV-BORNE GAS AND 
PARTICULATE SAMPLE CAPTURE SYSTEM FOR FUMAROLE SAMPLING ...................................... 744 

Matthew Anderson, Spencer B. Backus, Ery Hughes, Aaron Curtis, Soon-Jo Chung, Edward 

Stolper 

POTENTIAL FIELDS-AIDED MOTION PLANNING FOR QUADCOPTERS IN THREE-
DIMENSIONAL DYNAMIC ENVIRONMENTS .......................................................................................... 762 

Kyuman Lee, Daegyun Choi, Donghoon Kim 

LOW-ALTITUDE RADAR TRACK FILTERING AND CLASSIFICATION USING DEEP 
LEARNING...................................................................................................................................................... 769 

Brandon L. Emshoff, Matthew McCrink, James W. Gregory 

UNMANNED SYSTEMS XI 

AUTONOMOUS MULTI-MODAL VEHICLE CONCEPT DESIGNED TO TRAVERSE 
GROUND QUICKLY, COLLECT AND TRANSMIT DATA, FLY OVER HAZARDOUS 
TERRAIN, AND NAVIGATE WITHOUT USING GPS ................................................................................ 781 

Bennett Bartel, Ryan Bonk, Terelle Cadd, Chad Hite, Hunter Huth, Songcheng Lin, Stewart 

Nelson, Jamie O'Brien, Hannah Oliver, Zachary Preston, Nicole Schneider, Catie Spivey, 

Carson Stebbins, Christopher Titus, Isaac Vliem 

UNMANNED AERIAL SYSTEM-BASED TACTICAL OPERATIONS FOR SUPPORTING 
EMERGENCY RESPONSE IN CAMPUS COMMUNITIES ......................................................................... 825 

Shilpa Ravoory, Christopher Eggert, Michael G. Balchanos, Dimitri N. Mavris 

UNMANNED SYSTEMS XII 

PRELIMINARY STUDY OF TRANSPORT PATTERN AND DEMAND IN SINGAPORE FOR 
FUTURE URBAN AIR MOBILITY ............................................................................................................... 841 

Cho Wing Wai, Kailun Tan, Kin Huat Low 

DEFINING ROBUST TRANSITION AND RE-TRANSITION PROCEDURES FOR 
UNMANNED FIXED-WING VTOL AIRCRAFT .......................................................................................... 851 

Valentin A. Marvakov, Florian Holzapfel 

DEMONSTRATION OF A PROCEDURE-BASED APPROACH TO FUNCTIONAL ANALYSIS 
FOR AN OPTIONALLY PILOTED VEHICLE .............................................................................................. 863 

Daniel Gierszewski, Pranav Nagarajan, Jerg Jaisle, Christoph Krammer, Markus Maly, 

Florian Holzapfel 



MODELING OF UNIVERSAL ACCESS TRANSCEIVER ADS-B PERFORMANCE 
CAPABILITIES IN HIGH-DENSITY AIRSPACE ......................................................................................... 878 

Jonathan A. Barrett, Tanner Green, Cammy K. Peterson, Vincent M. Contarino 

UNMANNED SYSTEMS XIII 

FAULT-TOLERANT MAPPING AND LOCALIZATION FOR QUADROTOR UAVS .............................. 888 
Maximillian Gilson, Jason Gauthier, Kaylee Garcia, Cory Kienzle, Jonathan A. Muse, 

Xiaodong Zhang 

EVALUATION OF PROPORTIONAL NAVIGATION FOR MULTIROTOR PURSUIT ........................... 900 
Timothy Layman, Travis Fields, Oleg A. Yakimenko 

GPC-BASED DECK MOTION ESTIMATION FOR AUTONOMOUS SHIP DECK LANDING 
OF AN UNMANNED AIRCRAFT ................................................................................................................. 923 

Rushabh Patel, Brian Le Floch, Eric N. Johnson, Jacob Crouse 

A METHODOLOGY TO ASSESS THE RE-PURPOSING OF MANNED AIRCRAFT 
AIRWORTHINESS STANDARDS FOR UNMANNED AIRCRAFT ........................................................... 931 

Mekonen H. Halefom, Niloofar Shadab, Alejandro Salado, Craig A. Woolsey 

Author Index 

 




