
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 978-1-7138-2619-4 

Guidance, Navigation,  
and Control 

Online 
11-15 & 19-21 January 2021 

Volume 1 of 4 

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 

AIRCRAFT GNC - FLIGHT CONTROL I 

NONLINEAR FLIGHT PHYSICS OF THE LIE-BRACKET ROLL MECHANISM ........................................ 1 

Haitham E. Taha, Ahmed Hassan 

NONLINEAR TRAJECTORY BASED REGION OF ATTRACTION ESTIMATION FOR 

AIRCRAFT DYNAMICS ANALYSIS ............................................................................................................. 19 

Brian Lai, Torbjørn Cunis, Laurent Burlion 

ROBUST FULL-ENVELOPE FLIGHT CONTROL DESIGN FOR AN EVTOL VEHICLE .......................... 33 

Hao Yang, Rafael Morales 

GROUND-BASED TURN COORDINATION FOR VTOL VEHICLES WITH WIND 

COMPENSATION ............................................................................................................................................. 54 

Marc Welsch, Walter Fichter 

AIRCRAFT GNC - FLIGHT CONTROL II 

SATURATION PROTECTION WITH PSEUDO CONTROL HEDGING: A CONTROL 

ALLOCATION PERSPECTIVE ....................................................................................................................... 68 

Jiannan Zhang, Florian Holzapfel 

A NEAR-OPTIMAL ANALYTIC SOLUTION TO THE OPTIMAL LEAD TURN PROBLEM ................... 78 

Shawn S. Stephens, David Casbeer, Donald L. Kunz, William Baker, Joshuah A. Hess 

DESIGN AND ANALYSIS OF A NONLINEAR GUIDANCE LAW FOR SMALL UAV............................. 98 

Ehab Safwat, Mohammed A. Abozied, Ahmed Kamel 

GENERIC UAV AUTOPILOT PROTOTYPE BASED ON ADAPTIVE MODIFIED 

INCREMENTAL BACKSTEPPING ............................................................................................................... 112 

Ehab Safwat, Ahmed Kamel 

DESIGN, MODELING AND HYBRID CONTROL OF A QUADPLANE ................................................... 129 

Akshay Mathur, Ella M. Atkins 

EDL GN&C TECHNOLOGY I 

LUNAR NAVIGATION PERFORMANCE USING THE DEEP SPACE NETWORK AND 

ALTERNATE SOLUTIONS TO SUPPORT PRECISION LANDING .......................................................... 145 

Bradley C. Collicott, David Woffinden 

DEVELOPMENT OF A SIGNATURE-BASED TERRAIN RELATIVE NAVIGATION SYSTEM 

FOR PRECISION LANDING .......................................................................................................................... 162 

Chris Owens, Kori Macdonald, Jeremy Hardy, René Lindsay, Morgan Redfield, Michael 

Bloom, Erik Bailey, Yang Cheng, Dan Clouse, Carlos Y. Villalpando, Ashot Hambardzumyan, 

Andrew E. Johnson, Andrew D. Horchler 



NASA AND BLUE ORIGIN COLLABORATIVE ASSESSMENT OF PRECISION LANDING 

ALGORITHMS AND COMPUTING .............................................................................................................. 182 

David Rutishauser, Ray Ramadorai, John Prothro, Thadeus Fleming, Peter Fidelman 

ADVANCES IN FEEDBACK CONTROL ARCHITECTURES FOR AUTONOMOUS 

SYSTEMS I 

AUTONOMOUS MAV LANDING ON A MOVING PLATFORM WITH ESTIMATION OF 

UNKNOWN TURBULENT WIND CONDITIONS ....................................................................................... 193 

Aleix Paris, Andrea Tagliabue, Jonathan P. How 

AUTONOMOUS AUTOROTATION OF A MULTIROTOR VEHICLE USING OUTPUT 

FEEDBACK MODEL PREDICTIVE CONTROL WITH ONLINE LEARNING ......................................... 208 

Elias Wilson, Richard J. Prazenica 

FLOW PARAMETER ESTIMATION BASED ON ON-BOARD MEASUREMENTS OF AIR 

VEHICLE TRAVERSING TURBULENT FLOWS ........................................................................................ 225 

Hengye Yang, Dongheng Jing, Vahid Tarokh, Gregory Bewley, Silvia Ferrari 

AIRBORNE SENSING FOR SHIP AIR WAKE SURVEYS WITH A TETHERED 

AUTONOMOUS UAV .................................................................................................................................... 235 

Andrew J. Torgesen, Jonathan P. How, Benjamin Cameron 

AIRCRAFT GNC - FLIGHT CONTROL III 

REAL-TIME MODEL PREDICTIVE CONTROL FOR GUST LOAD ALLEVIATION ON AN 

AEROELASTIC WIND TUNNEL TEST ARTICLE ...................................................................................... 252 

Bijan Barzgaran, Jake D. Quenzer, Mehran Mesbahi, Kristi A. Morgansen, Eli Livne 

MANEUVER LOAD ALLEVIATION OF VERY FLEXIBLE AIRCRAFT VIA NONLINEAR 

DECOUPLING CONTROL ............................................................................................................................. 270 

Molong Duan, Ilya V. Kolmanovsky, Carlos E. Cesnik 

TIME-DISTRIBUTED SCENARIO-BASED MODEL PREDICTIVE CONTROL APPROACH 

FOR FLEXIBLE AIRCRAFT .......................................................................................................................... 289 

Mateus De Freitas Virgilio Pereira, Ilya V. Kolmanovsky, Carlos E. Cesnik, Fabio Vetrano 

NONLINEAR INCREMENTAL CONTROL FOR FLEXIBLE AIRCRAFT TRAJECTORY 

TRACKING AND LOAD ALLEVIATION .................................................................................................... 308 

Xuerui Wang, Tigran Mkhoyan, Roeland De Breuker 

EDL GN&C TECHNOLOGY II 

FUNNEL SYNTHESIS FOR THE 6-DOF POWERED DESCENT GUIDANCE PROBLEM ...................... 335 

Taylor Reynolds, Danylo Malyuta, Mehran Mesbahi, Behcet Acikmese, John M. Carson 

ABORT GUIDANCE DURING POWERED DESCENT FOR CREWED LUNAR MISSIONS ................... 356 

Ping Lu, Sergio A. Sandoval 

LEARNING-BASED OPTIMAL CONTROL FOR END-TO-END HUMAN-MARS ENTRY, 

POWERED-DESCENT, AND LANDING MISSION .................................................................................... 371 

Sixiong You, Changhuang Wan, Ran Dai, Jeremy R. Rea 



SIX-DIMENSIONAL ATMOSPHERE ENTRY GUIDANCE BASED ON DUAL QUATERNION ........... 385 

Changhuang Wan, Chaoying Pei, Ran Dai, Gangshan Jing, Jeremy R. Rea 

ADVANCES IN FEEDBACK CONTROL ARCHITECTURES FOR AUTONOMOUS 

SYSTEMS II 

GAIN SWITCHING CONTROL LAW FOR DYNAMIC INVERSION BASED ADAPTIVE 

CONTROL WITH UNKNOWN SIGN OF CONTROL EFFECTIVENESS .................................................. 401 

Jeffrey A. Lewis, Eric N. Johnson 

STABILITY VERIFICATION FOR UNCERTAIN MULTIAGENT SYSTEMS IN THE 

PRESENCE OF HETEROGENEOUS COUPLED AND ACTUATOR DYNAMICS ................................... 426 

Kadriye Merve Dogan, Tansel Yucelen, Jonathan A. Muse 

MEASURES AND LMIS FOR VALIDATION OF AN AIRCRAFT WITH MRAC AND 

UNCERTAIN ACTUATOR DYNAMICS ...................................................................................................... 438 

Daniel R. Wagner, Didier Henrion, Martin Hromcík 

A SAFE LEARNING MODEL REFERENCE ADAPTIVE CONTROLLER FOR UNCERTAIN 

AIRCRAFTS MODELS ................................................................................................................................... 446 

Mario Luca Fravolini, Nicholas Cartocci, Kadriye Merve Dogan, Tansel Yucelen 

ENERGY-BASED ADAPTIVE FLIGHT CONTROLLER FOR IMPROVED COORDINATED 

LONGITUDINAL CONTROL ........................................................................................................................ 462 

Metehan  Yayla, Ali T. Kutay, Aykut Kutlu 

AIRCRAFT HANDLING QUALITIES 

APPRAISAL OF ROTORCRAFT HANDLING QUALITIES REQUIREMENTS FOR 

LATERAL-DIRECTIONAL DYNAMICS ...................................................................................................... 480 

Neil Cameron, Wajih A. Memon, Mark D. White, Gareth D. Padfield, Linghai Lu, Dheeraj 

Agarwal 

ESTIMATING HANDLING QUALITIES RATINGS FROM HOVER FLIGHT DATA USING 

SCOPE ............................................................................................................................................................. 498 

Edward N. Bachelder, Jeffrey Lusardi, Bimal L. Aponso, Martine Godfroy-Cooper 

INVESTIGATION OF THE EFFECTS OF SLUNG LOAD COUPLED DYNAMICS ON 

HELICOPTER CONTROLLABILITY AND HANDLING QUALITY ......................................................... 514 

Kaan Sansal, Arda Caliskan, Volkan Kargin 

PILOT TRAINING AND TASK BASED PERFORMANCE EVALUATION OF AN 

UNMANNED AERIAL VEHICLE ................................................................................................................. 528 

Shawn M. Herrington, Muhammad Junayed Hasan Zahed, Travis Fields 

AIRCRAFT GNC - FLIGHT CONTROL IV 

POWER ALLOCATION FOR HYBRID ELECTRIC AIRCRAFT VIA OPTIMAL CONTROL 

DURING CLIMB, CRUISE, AND DESCENT ............................................................................................... 557 

Mengyuan Wang, Mehran Mesbahi 

WING SWEEP EFFECTS ON THE MAXIMUM SPEED PERFORMANCE IN HIGH-SPEED 

DYNAMIC SOARING .................................................................................................................................... 573 

Gottfried Sachs, Benedikt Grüter, Haichao Hong 



FLIGHT ENDURANCE ENHANCING THERMAL MANAGEMENT PART I: ONLINE 

SATURATED FLOW CONTROL DESIGN ................................................................................................... 593 

David Sigthorsson, Michael W. Oppenheimer, David B. Doman, George P. Huang, Austin L. 

Tipton 

FLIGHT ENDURANCE ENHANCING THERMAL MANAGEMENT PART II: THERMAL 

ENDURANCE GAUGE AND MISSION PLANNING .................................................................................. 614 

David Sigthorsson, Michael W. Oppenheimer, David B. Doman, George P. Huang, Austin L. 

Tipton 

EDL GN&C TECHNOLOGY III 

THE SPLICE PROJECT: SAFE AND PRECISE LANDING TECHNOLOGY DEVELOPMENT 

AND TESTING ................................................................................................................................................ 631 

Ronald R. Sostaric, Sam Pedrotty, John M. Carson, Jay N. Estes, Farzin Amzajerdian, Alicia 

M. Dwyer-Cianciolo, James B. Blair 

SPLICE FLIGHT HARDWARE ENVIRONMENTAL TEST QUALIFICATION PROGRAM ................... 640 

Jay N. Estes, Sam Pedrotty, Ronald R. Sostaric 

NAVIGATION, ESTIMATION, AND SENSING TESTBED (NEST) FOR LABORATORY 

VALIDATION OF ALGORITHMS ................................................................................................................ 651 

Andrew B. Simon, Manoranjan Majji, Carolina I. Restrepo, Ronney Lovelace 

VISION AND INERTIAL SENSOR FUSION FOR TERRAIN RELATIVE NAVIGATION ....................... 663 

Andrew Verras, Roshan Thomas Eapen, Andrew B. Simon, Manoranjan Majji, Ramchander 

Rao Bhaskara, Carolina I. Restrepo, Ronney Lovelace 

ADVANCES IN FEEDBACK CONTROL ARCHITECTURES FOR AUTONOMOUS 

SYSTEMS III 

APPLICATION OF A DISTRIBUTED CONTROL APPROACH TO AN AERIAL SWARM 

WITH A MISBEHAVING VEHICLE ............................................................................................................. 684 

Emre Yildirim, Tansel Yucelen, Stefan Ristevski 

VOLUME 2 

DYNAMIC EVENT-TRIGGERED DISTRIBUTED STABILIZATION OF PARTIALLY 

UNKNOWN INTERCONNECTED MULTIAGENT SYSTEM..................................................................... 693 

Vahid Rezaei, Margareta Stefanovic 

AIRCRAFT GNC - FLIGHT CONTROL V 

HIGHLY INTERCHANGEABLE CARRIER LANDING ANALYSIS AND SIMULATION (HI-

CLAS) SOFTWARE FOR CONTROL SYSTEMS ......................................................................................... 706 

Kevin P. Leyden, Joshua Harris, John R. Clanton, Michael A. Niestroy, Brian Holm-Hansen, 

Jeremy A. Artho, Marc M. Protacio, Drew T. Modjeski 

REAL-TIME ADAPTIVE OPTIMAL PREDICTION OF SAFE CONTROL SPACES AND 

AUGMENTED-REALITY HEAD-UP DISPLAYS TOWARDS AIRCRAFT LOSS-OF-

CONTROL MITIGATION .............................................................................................................................. 722 

Melvin Rafi, James E. Steck, Animesh Chakravarthy 



PILOTED SIMULATOR EVALUATIONS OF AN ADAPTIVE LOSS-OF-CONTROL 

AVOIDANCE PREDICTION ARCHITECTURE AND AUGMENTED-REALITY PILOT 

ADVISORY DISPLAY .................................................................................................................................... 748 

Melvin Rafi, Justin Schmitz, Alok N. Menon, Robert Ross, Abbas Qamar, James E. Steck, 

Animesh Chakravarthy 

FLYING QUALITIES ASSESSMENT USING NONLINEAR FREQUENCY RESPONSE 

ANALYSIS ...................................................................................................................................................... 778 

Duc H. Nguyen, Mark H. Lowenberg, Simon A. Neild, Thomas S. Richardson 

AN ACTIVE SIDE STICK CONTROLLER FOR AIRCRAFT GROUND OPERATIONS .......................... 791 

Marlon Galea, David Zammit Mangion, Alan Muscat, Ian Thornton, Jason Gauci 

EDL GN&C TECHNOLOGY IV 

MULTI-MODEL MONTE CARLO ESTIMATORS FOR TRAJECTORY SIMULATION .......................... 807 

James Warner, Samantha C. Niemoeller, Luke Morrill, Geoffrey Bomarito, Patrick Leser, 

William Leser, Robert A. Williams, Soumyo Dutta 

PTERODACTYL: SYSTEM ANALYSIS OF AN ASYMMETRIC AND SYMMETRIC 

DEPLOYABLE ENTRY VEHICLE FOR PRECISION TARGETING USING FLAPS ................................ 822 

Sarah N. D'Souza, Antonella Alunni, Bryan Yount, Wendy Okolo, Benjamin Margolis, 

Breanna J. Johnson, Ken Hibbard, Jeffrey Barton, Veronica M. Hawke, Zane B. Hays, 

Brandon Reddish, Daniela Rocca-Bejar 

PTERODACTYL: AERODYNAMIC AND AEROHEATING MODEL FOR A SYMMETRIC 

DEPLOYABLE ENTRY VEHICLE WITH FLAPS ....................................................................................... 843 

Brandon Reddish, Veronica M. Hawke, Zane B. Hays, Hyung Kang, Sarah N. D'Souza 

PTERODACTYL: GUIDANCE AND CONTROL OF A SYMMETRIC DEPLOYABLE ENTRY 

VEHICLE USING AN AERODYNAMIC CONTROL SYSTEM .................................................................. 866 

Benjamin Margolis, Wendy Okolo, Sarah N. D'Souza, Breanna J. Johnson 

ADVANCES IN FEEDBACK CONTROL ARCHITECTURES FOR AUTONOMOUS 

SYSTEMS IV 

DIRECT UNCERTAINTY MINIMIZATION ADAPTIVE CONTROL FOR A GUIDED 

PROJECTILE ................................................................................................................................................... 885 

Benjamin C. Gruenwald, Joshua Bryson 

PROJECTION BASED ROBUST OUTPUT FEEDBACK DIRECT ADAPTIVE SYSTEMS ...................... 901 

Vinod P. Gehlot, Mark J. Balas 

PERFORMANCE ANALYSIS OF ADAPTIVE DYNAMIC TUBE MPC .................................................... 916 

Savva Morozov, Parker C. Lusk, Brett Lopez, Jonathan P. How 

COGNITIVE PREADAPTATION FOR RESILIENT ADAPTIVE CONTROL ............................................ 932 

Deepan Muthirayan, Pramod Khargonekar 

SPACECRAFT AND LAUNCH GNC I 

ASCENT AND DESCENT GUIDANCE OF MULTISTAGE ROCKETS VIA 

PSEUDOSPECTRAL METHODS .................................................................................................................. 942 

José V. Garrido, Marco Sagliano 



OPTIMAL ON-BOARD ABORT GUIDANCE BASED ON SUCCESSIVE 

CONVEXIFICATION FOR ATMOSPHERIC RE-ENTRY ........................................................................... 967 

Guillermo Joaquin Dominguez Calabuig, Erwin Mooij 

A 6-DOF SUCCESSIVE CONVEXIFICATION POWERED DESCENT GUIDANCE 

IMPLEMENTATION USING MODIFIED RODRIGUES PARAMETERS .................................................. 992 

Padraig Lysandrou, Robert D. Braun 

ONBOARD GUIDANCE FOR REUSABLE ROCKETS: AERODYNAMIC DESCENT AND 

POWERED LANDING .................................................................................................................................. 1009 

Marco Sagliano, Ansgar Heidecker, José Macés Hernández, Stefano Farì, Markus 

Schlotterer, Svenja Woicke, David Seelbinder, Etienne Dumont 

DISTRIBUTED, COOPERATIVE, AND MULTI-VEHICLE GNC I 

DECENTRALIZED TRAJECTORY OPTIMIZATION OF MULTIPLE AIRCRAFT USING 

INTENT-BASED COORDINATION ............................................................................................................ 1044 

Nobuhiro Yokoyama 

MULTI-AGENT REINFORCEMENT LEARNING FOR THERMALLING IN UPDRAFTS .................... 1060 

Fabian Schimpf, Stefan Notter, Pascal Groß, Walter Fichter 

INTERACTIVE ROUTE-PLANNING AND MOBILE SENSING WITH A TEAM OF ROBOTIC 

VEHICLES IN AN UNKNOWN ENVIRONMENT ..................................................................................... 1072 

Jie Fang, Hanqing Zhang, Raghvendra V. Cowlagi 

MULTI-UAV PATH PLANNING IN A SPREADING WILDFIRE ............................................................ 1089 

Rachit Aggarwal, Alexander A. Soderlund, Mrinal Kumar 

ADVANCES IN FEEDBACK CONTROL ARCHITECTURES FOR AUTONOMOUS 

SYSTEMS V 

ATTITUDE CONSENSUS CONTROL OF A RIGID BODY MULTI-VEHICLE SYSTEM WITH 

HETEROGENEOUS COMMUNICATION DELAYS ................................................................................. 1108 

Mohammad Maadani, Eric A. Butcher 

DISTRIBUTED AND COOPERATIVE CONTROL FOR SWARMING MUNITIONS ............................. 1126 

Luisa D. Fairfax, Luke S. Strohm, Frank Fresconi 

EXPERIMENTAL VALIDATION OF AN EVENT-TRIGGERING APPROACH FOR 

SCHEDULING NETWORKED GUIDANCE DATA TRANSMISSIONS .................................................. 1133 

Stefan Ristevski, Tansel Yucelen, Jonathan A. Muse 

SPACECRAFT AND LAUNCH GNC II 

MINIMUM-TIME EARTH-TO-MARS INTERPLANETARY ORBIT TRANSFER ASSUMING 

ELLIPTIC PLANETARY MOTION ............................................................................................................. 1154 

Brittanny Holden, Shan He, Anil V. Rao 

EPHEMERIS VALIDATION OF RENDEZVOUS GUIDANCE IN LUNAR NRHO ................................. 1174 

Giordana Bucchioni, Mario Innocenti 



ADVANCEMENT OF THE UDWADIA-KALABA APPROACH FOR RIGID BODY 

CONSTRAINED MOTION ANALYSIS IN GEOMETRIC MECHANICS ................................................. 1191 

Brennan S. McCann, Wesley T. Stackhouse, Morad Nazari 

DISTRIBUTED, COOPERATIVE, AND MULTI-VEHICLE GNC II 

ROBUST DISTRIBUTED STABILIZATION OF INTERCONNECTED MULTIAGENT 

SYSTEMS WITH SWITCHED CONTROL SUBLAYERS ......................................................................... 1203 

Vahid Rezaei 

RING FORMATION MANEUVER: SINGLE-INTEGRATOR KINEMATICS .......................................... 1216 

Dzung M. Tran, David Casbeer, Eloy Garcia, Isaac E. Weintraub, Dejan Milutinovic, 

Satyanarayana G. Manyam 

GENERALIZED POLYNOMIAL CHAOS EXPANSION-BASED STOCHASTIC LINEAR 

QUADRATIC REGULATOR FOR MULTI-AGENT SYSTEMS................................................................ 1228 

Rajnish Bhusal, Kamesh Subbarao 

TRAJECTORY PLANNING AND CONTROL FOR A MULTILIFT SYSTEM BASED ON 

LOAD DISTRIBUTION ................................................................................................................................ 1244 

Junyi Geng, Puneet Singla, Jack W. Langelaan 

SPACECRAFT AND LAUNCH GNC III 

MAGNETORQUER-ONLY NONLINEAR ATTITUDE CONTROL FOR CUBESATS ............................ 1259 

Davide Carabellese , Joshua S. Umansky-Castro, Mason A. Peck 

MULTI-HYPOTHESIS TEST DETECTION FOR STAR TRACKING SYSTEMS .................................... 1273 

Jordan T. Kirk, Stephen C. Cain 

DISTRIBUTED, COOPERATIVE, AND MULTI-VEHICLE GNC III 

MULTI-AGENT PASSIVE SAFE OPTIMAL CONTROL USING INTEGRATION 

CONSTANTS AS STATE VARIABLES ...................................................................................................... 1293 

Tommaso Guffanti, Simone D'Amico 

AUTONOMOUS REFERENCE ORBIT REFINEMENT FOR OPTIMAL SWARM 

RECONFIGURATION .................................................................................................................................. 1321 

Corinne Lippe, Simone D'Amico 

INFORMATION-BASED GUIDANCE AND CONTROL ARCHITECTURE FOR MULTI-

SPACECRAFT ON-ORBIT INSPECTION ................................................................................................... 1350 

Yashwanth Kumar K. Nakka, Wolfgang Hönig, Changrak Choi, Alexei Harvard, Amir 

Rahmani, Soon-Jo Chung 

SIMULTANEOUS CONTROL OF RELATIVE POSITION AND ABSOLUTE ATTITUDE FOR 

ELECTROMAGNETIC SPACECRAFT SWARM ....................................................................................... 1372 

Yuta Takahashi, Hiraku Sakamoto, Shin-Ichiro Sakai 



VOLUME 3 

ADVANCES IN FEEDBACK CONTROL ARCHITECTURES FOR AUTONOMOUS 

SYSTEMS VI 

COMPARISON OF DISCRETE DIRECT AND INDIRECT ADAPTIVE CONTROL LAWS FOR 

UAV FAULT-TOLERANCE......................................................................................................................... 1395 

Mansi S. Bakori, Hever Moncayo 

HAMILTONIAN ADAPTIVE AND OPTIMAL CONTROL OF LAGRANGIAN INFINITE-

DIMENSIONAL SYSTEMS WITH GUST LOAD ALLEVIATION APPLICATION ................................ 1410 

Nhan T. Nguyen 

HIGHER ORDER REFERENCE MODEL FOR CONTINUOUS DYNAMIC INVERSION 

CONTROL ..................................................................................................................................................... 1441 

Pranav Bhardwaj, Stefan A. Raab, Florian Holzapfel 

SIMULTANEOUS TRAJECTORY TRACKING CONTROL AND ONLINE MASS 

ESTIMATION FOR A REGOLITH EXCAVATING ROBOT VIA INTEGRAL CONCURRENT 

LEARNING.................................................................................................................................................... 1456 

Max L. Greene, Michael Dupuis, Joe Cloud, Warren E. Dixon 

SPACECRAFT AND LAUNCH GNC IV 

ADVANCED H-INFINITY SYNTHESIS FOR LAUNCH VEHICLE ATTITUDE CONTROL IN 

ATMOSPHERIC FLIGHT ............................................................................................................................. 1469 

José P. Belletti Araque, Alessandro Zavoli, Domenico Trotta, Guido De Matteis 

PLANETARY ENTRY IN A RANDOMLY PERTURBED ATMOSPHERE ............................................. 1488 

Jack Ridderhof, Panagiotis Tsiotras 

A CHANCE CONSTRAINT PREDICTIVE CONTROL AND ESTIMATION FRAMEWORK 

FOR SPACECRAFT DESCENT WITH FIELD OF VIEW CONSTRAINTS .............................................. 1504 

Steven Van Leeuwen 

A NOVEL SLIDING MODE-BASED GUIDANCE FOR SOFT LANDING OF A SPACECRAFT 

ON AN ASTEROID ....................................................................................................................................... 1512 

Shincy V S, Satadal Ghosh 

INCREMENTAL SLIDING MODE CONTROL FOR AEROELASTIC LAUNCH VEHICLES 

WITH PROPELLANT SLOSH ...................................................................................................................... 1525 

Erwin Mooij, Xuerui Wang 

ADVANCES IN FEEDBACK CONTROL ARCHITECTURES FOR AUTONOMOUS 

SYSTEMS VII 

A PREDICTIVE GUIDANCE SCHEME FOR PURSUIT-EVASION ENGAGEMENTS .......................... 1548 

Mehmet Ugur Akcal, Girish Chowdhary 

A GEOMAGNETIC-BASED INTEGRATED ARCHITECTURE FOR DEAD-RECKONING 

NAVIGATION ............................................................................................................................................... 1563 

Andrei Cuenca, Hever Moncayo 



INFORMATION HEDGING FROM SENSING TO COGNITION TO ENSURE COHERENT 

DECISION MAKING .................................................................................................................................... 1577 

Suresh K. Kannan, Natasha A. Neogi 

BEYOND VISUAL RANGE TACTICS ........................................................................................................ 1589 

Eloy Garcia, Dzung M. Tran, David Casbeer, Dejan Milutinovic, Meir Pachter 

ADVANCES IN FEEDBACK CONTROL ARCHITECTURES FOR AUTONOMOUS 

SYSTEMS VIII 

AN ONLINE MACHINE LEARNING PARADIGM FOR SPACECRAFT FAULT DETECTION............ 1609 

Nolan Coulter, Hever Moncayo 

SPACECRAFT FORMATION CONTROL WITH INTERMITTENT MEASUREMENT AND 

COMMUNICATION ..................................................................................................................................... 1623 

Sean Phillips, Christopher Petersen, Rafael Fierro 

SPACECRAFT TESTBED TO SUPPORT CONTROL SYSTEM DESIGN FOR SPACE 

MISSIONS ..................................................................................................................................................... 1638 

Yomary A. Betancur, Hever Moncayo 

SPACECRAFT AND LAUNCH GNC V 

OPTIMIZATION OF MANY-REVOLUTION MINIMUM-TIME LOW-THRUST 

TRAJECTORIES USING SUNDMAN TRANSFORMATION .................................................................... 1656 

Ehsan Taheri 

APOLLO 11 RELOADED: OPTIMIZATION-BASED TRAJECTORY RECONSTRUCTION ................. 1673 

Marco Sagliano 

CONVEX OPTIMIZATION GUIDANCE FOR PRECISION LANDING ON TITAN ............................... 1692 

Rayan Mazouz, Marco B. Quadrelli, Erwin Mooij 

CONTROL THEORY FOR AEROSPACE APPLICATIONS I 

A METHOD FOR THE NUMERICAL SOLUTION OF SINGULAR OPTIMAL CONTROL 

PROBLEMS USING AN ADAPTIVE RADAU COLLOCATION METHOD ............................................ 1713 

Elisha R. Pager, Anil V. Rao 

ENERGY OPTIMAL CONTROL ALLOCATION FOR INDI CONTROLLED TRANSITION 

AIRCRAFT .................................................................................................................................................... 1725 

Ole Pfeifle, Walter Fichter 

ANALYTICAL SOLUTION OF CONTROLLER MATCHING PROBLEM BASED ON 

INVERSE LQR FOR SPACECRAFT RELATIVE DYNAMICS ................................................................. 1738 

Dae-Eun Kang, Hancheol Cho, Sang-Young Park 

REACHABLE SET ESTIMATION FOR DISCRETE-TIME NONLINEAR SYSTEMS USING 

ELLIPSOIDAL SET-MEMBERSHIP FRAMEWORKS .............................................................................. 1755 

Diganta Bhattacharjee, Kamesh Subbarao, Kiran Bhaganagar 

INVESTIGATION OF CONTROL REGULARIZATION FUNCTIONS IN BANG-

BANG/SINGULAR OPTIMAL CONTROL PROBLEMS ........................................................................... 1764 

Casey R. Heidrich, Michael J. Sparapany, Michael J. Grant 



MISSILE AND TRANS-ATMOSPHERIC VEHICLE GNC I 

LEAD ANGLE BASED THREE-DIMENSIONAL GUIDANCE FOR ANGLE CONSTRAINED 

INTERCEPTION ........................................................................................................................................... 1781 

Rohit V. Nanavati, Shashi Ranjan Kumar, Arnab Maity 

RANGE-ERROR BASED THREE-DIMENSIONAL SALVO GUIDANCE AGAINST 

STATIONARY TARGETS ............................................................................................................................ 1803 

Rohit V. Nanavati, Shashi Ranjan Kumar, Arnab Maity 

MOVING TARGET INTERCEPTION GUIDANCE LAW FOR ANY IMPACT ANGLE WITH 

FIELD-OF-VIEW CONSTRAINT ................................................................................................................ 1817 

Nikhil K. Singh, Sikha Hota 

INTEGRATED GUIDANCE AND CONTROL FOR DUAL CONTROL INTERCEPTORS 

UNDER IMPACT TIME CONSTRAINT ..................................................................................................... 1831 

Abhinav Sinha, Shashi Ranjan Kumar, Dwaipayan Mukherjee 

LINEAR COVARIANCE MODEL DEVELOPMENT FOR TARGET ENGAGEMENTS ......................... 1851 

Jeffrey S. Clawson, Randy Christensen 

CONTROL THEORY FOR AEROSPACE APPLICATIONS II 

A ROBUST CONTROL SYSTEM AGAINST TEMPERATURE VARIANCE FOR SPACE-USE 

SMA ACTUATORS ...................................................................................................................................... 1867 

Manato Nozaki, Kikuko Miyata, Susumu Hara, Masatsugu Otsuki 

CONIC GAIN-SCHEDULED CONTROL OF AN AEROELASTIC AIRFOIL .......................................... 1881 

Jacob J. Brown, Ryan Caverly 

A TRANSIENT-SUPPRESSING INITIALIZATION FOR LOW-BANDWIDTH ATTITUDE 

CONTROLLERS ........................................................................................................................................... 1895 

Adam Vigneron, Simon Delchambre, Tobias Ziegler, Walter Fichter 

MODEL PREDICTIVE CONTROL APPLIED TO A WING-FLAP SYSTEM IN HYPERSONIC 

(MACH 6) FLOW .......................................................................................................................................... 1911 

Viv A. Bone, Yu Shen Chia, Joshua C. Keene, Liam McQuellin, Ingo H. Jahn 

MISSILE AND TRANS-ATMOSPHERIC VEHICLE GNC II 

SLIDING-MODE BASED DIFFERENTIATION IN MISSILE GUIDANCE APPLICATION ................... 1926 

Joseph Z. Ben-Asher 

MODEL PREDICTIVE CONTROL AND CONSTRAINED DYNAMIC COMPENSATION FOR 

A HYPERSONIC FLIGHT VEHICLE .......................................................................................................... 1936 

Fabio Almeida 

SET-MEMBERSHIP FILTERING-BASED PURE PROPORTIONAL NAVIGATION ............................. 1953 

Diganta Bhattacharjee, Kamesh Subbarao, Animesh Chakravarthy 

ROBUST FLIGHT CONTROL TUNING FOR HIGHLY AGILE MISSILES ............................................. 1977 

Spilios Theodoulis, Michael Proff 



TWO STAGE OPTIMIZATION FOR AEROCAPTURE GUIDANCE ....................................................... 2003 

Enrico M. Zucchelli, Grani A. Hanasusanto, Brandon A. Jones, Erwin Mooij 

NAVIGATION, ESTIMATION, SENSING, AND TRACKING I 

UAV PATH PLANNING FOR WILDFIRE TRACKING USING PARTIALLY OBSERVABLE 

MARKOV DECISION PROCESS ................................................................................................................ 2016 

Poorya Shobeiry, Ming Xin, Xiaolin Hu, Haiyang Chao 

GEOMETRIC PATH FOLLOWING OF UNDERWATER VEHICLES ...................................................... 2034 

Nicholas A. Rober, Venanzio Cichella 

BIOINSPIRED OBSERVABILITY ANALYSIS TOOLS FOR DETERMINISTIC SYSTEMS 

WITH MEMORY IN FLIGHT APPLICATIONS ......................................................................................... 2052 

Burak Boyacioglu, Kristi A. Morgansen 

WIND ESTIMATION BASED ON THE SPECIFIC HOVER CHARACTERISTICS OF SMALL 

TILTROTOR AIRPLANES ........................................................................................................................... 2069 

Benjamin Bachmaier, Richard Anderson 

VOLUME 4 

AUTONOMY AND AI FOR AEROSPACE VEHICLE GNC I 

ACCELERATION-BASED QUADROTOR GUIDANCE UNDER TIME DELAYS USING DEEP 

REINFORCEMENT LEARNING ................................................................................................................. 2092 

Kirk Hovell, Steve Ulrich, Murat Bronz 

UTILIZING REINFORCEMENT LEARNING TO CONTINUOUSLY IMPROVE A 

PRIMITIVE-BASED MOTION PLANNER ................................................................................................. 2114 

Zachary C. Goddard, Kenneth Wardlaw, Rohith Krishnan, Panagiotis Tsiotras, Michael R. 

Smith, Mary R. Sena, Julie J. Parish, Anirban Mazumdar 

FAST AND EFFICIENT MOTION PLANNING USING DIRECTIONAL SAMPLING-BASED 

GENERALIZED SHAPE EXPANSION ....................................................................................................... 2127 

Vrushabh V. Zinage, Satadal Ghosh 

SAMPLING-BASED KINODYNAMIC MOTION PLANNING USING A NEURAL NETWORK 

CONTROLLER .............................................................................................................................................. 2142 

Dongliang Zheng, Panagiotis Tsiotras 

REINFORCEMENT LEARNING FOR PATHFINDING WITH RESTRICTED OBSERVATION 

SPACE IN VARIABLE COMPLEXITY ENVIRONMENTS ...................................................................... 2155 

Bethany D. Pena, Daniel T. Banuti 

NAVIGATION, ESTIMATION, SENSING, AND TRACKING II 

INTEGRATED JOINT PROBABILISTIC DATA ASSOCIATION AND INTERACTIVE 

MULTIPLE MODEL FILTER ....................................................................................................................... 2165 

Nagavenkat Adurthi, Taewook Lee 

FUSION OF VISUAL AND WHEEL ODOMETRY WITH INTEGRATED SLIP ESTIMATION ............ 2190 

Mateusz T. Malinowski, Arthur Richards, Mark Woods 



OPTIMAL POSE ESTIMATION WITH ERROR-COVARIANCE ANALYSIS ......................................... 2203 

Yang Cheng, John L. Crassidis 

STATION-KEEPING USING PERCEPTION AND RELATIVE IMAGE-BASED NAVIGATION 

AND TRACKING (SPRINT) FOR UAS ....................................................................................................... 2224 

Jovan D. Boskovic, David D. Diel, Joseph A. Jackson 

UNCERTAINTY QUANTIFICATION AND ANALYSIS OF COMPLEX AEROSPACE 

SYSTEMS 

MAHALANOBIS SHELL SAMPLING (MSS) METHOD FOR COLLISION PROBABILITY 

COMPUTATION ........................................................................................................................................... 2258 

Ulises E. Nunez Garzon, E Glenn Lightsey 

RARE-EVENT CHANCE-CONSTRAINED FLIGHT CONTROL OPTIMIZATION USING 

SURROGATE-BASED SUBSET SIMULATION ........................................................................................ 2283 

Dalong Shi, Florian Holzapfel 

PARALLELIZED GLOBAL STOCHASTIC OPTIMIZATION FOR EFFICIENT ENSEMBLE 

ENHANCEMENT WITHIN AN ADAPTIVE MONTE CARLO FORECASTING PLATFORM .............. 2299 

Andrew W. Vanfossen, Mrinal Kumar 

DETECTING EQUILIBRIUM STATE OF DYNAMICAL SYSTEMS USING SLIDING-

WINDOW REDUCED-ORDER DYNAMIC MODE DECOMPOSITION .................................................. 2316 

Indranil Nayak, Mrinal Kumar, Fernando Teixeira 

CONJUNCTION TIME AND COLLISION PROBABILITY CALCULATION BASED ON 

BAYESIAN OPTIMIZATION ...................................................................................................................... 2328 

Bin Jia, Ming Xin 

AUTONOMY AND AI FOR AEROSPACE VEHICLE GNC II 

LSTM-BASED SPATIAL ENCODING: EXPLAINABLE PATH PLANNING FOR TIME-

VARIANT MULTI-AGENT SYSTEMS ....................................................................................................... 2342 

Marc R. Schlichting, Stefan Notter, Walter Fichter 

ON THE STRATEGIES OF DEFENDING A TARGET AGAINST MULTIPLE INTRUDERS ................ 2362 

Han Fu, Hugh H. Liu 

AN EFFICIENT ALGORITHM FOR MULTIPLE-PURSUER-MULTIPLE-EVADER 

PURSUIT/EVASION GAME ........................................................................................................................ 2374 

Josh Bertram, Peng Wei 

SIMULTANEOUS TRACKING OF MULTIPLE DRONES USING CONVOLUTIONAL 

NEURAL NETWORKS AND OPTICAL FLOW ......................................................................................... 2389 

Mattia Fussi, Edoardo Corsi, Gianluca Rinaldi, Michael Alibani, Lorenzo Pollini 

NAVIGATION, ESTIMATION, SENSING, AND TRACKING III 

RELATIVE NAVIGATION OF UNCOOPERATIVE SPACE BODIES ..................................................... 2400 

Scott P. Geyer, John L. Crassidis, Manoranjan Majji, Roshan Thomas Eapen 



SPACECRAFT PROXIMITY OPERATIONS USING ULTRA-WIDEBAND 

COMMUNICATION DEVICES ................................................................................................................... 2417 

Andrew D. Dianetti, Chris Gnam, John L. Crassidis 

A PRELIMINARY FRAMEWORK AND FEASIBILITY STUDY FOR SPACECRAFT 

DISTURBANCE SOURCE DETECTION AND ISOLATION WITH DISTRIBUTED INERTIAL 

SENSORS ...................................................................................................................................................... 2430 

Adam Augustyniak, David J. Hanley, Timothy W. Bretl, Neil J. Hejmanowski, David L. 

Carroll 

AN OPTIMAL NAVIGATION FILTER FOR RELATIVISTIC SPACECRAFT ........................................ 2446 

Doga Yucalan, Mason A. Peck 

DEGENERATE GAUSSIAN SUM FILTER FOR ONBOARD SATELLITE NAVIGATION AND 

SATELLITE REENTRY ................................................................................................................................ 2458 

Masaya Murata, Isao Kawano, Koichi Inoue 

AUTONOMY AND AI FOR AEROSPACE VEHICLE GNC III 

NEAR-OPTIMAL FINITE-TIME FEEDBACK CONTROLLER SYNTHESIS USING 

SUPERVISED AND UNSUPERVISED LEARNING .................................................................................. 2468 

Dongliang Zheng, Panagiotis Tsiotras 

OPEN-SOURCE, OBJECT-ORIENTED, MULTI-PHASE PSEUDOSPECTRAL 

OPTIMIZATION USING PYOMO ............................................................................................................... 2485 

Rachel Schlossman, Kyle Williams, David Kozlowski, Julie J. Parish 

ONE TO ANY: DISTRIBUTED CONFLICT RESOLUTION WITH DEEP MULTI-AGENT 

REINFORCEMENT LEARNING AND LONG SHORT-TERM MEMORY .............................................. 2503 

Marc W. Brittain, Peng Wei 

MODEL PREDICTIVE CONTROL APPROACH FOR AUTONOMOUS SUN-SYNCHRONOUS 

SUB-RECURRENT ORBIT CONTROL ....................................................................................................... 2513 

Naohiro Hayashi, Avishai Weiss, Stefano Di Cairano 

SPACECRAFT RELATIVE-KINEMATICS STATE ESTIMATION USING CONDITIONAL 

NORMALIZING FLOWS ............................................................................................................................. 2529 

Aneesh Heintz, Mason A. Peck, Rami Pellumbi 

MOTION PLANNING, SENSING, AND OPERATIONS FOR AEROSPACE ROBOTIC 

SYSTEMS I 

3D REAL-TIME PATH PLANNING OF UAVS IN DYNAMIC ENVIRONMENTS ................................. 2539 

Christian Zammit, Erik-Jan Van Kampen 

3D REAL-TIME PATH PLANNING OF UAVS IN DYNAMIC ENVIRONMENTS IN THE 

PRESENCE OF UNCERTAINTY ................................................................................................................. 2561 

Christian Zammit, Erik-Jan Van Kampen 

FLYING COMPLEX MANEUVERS WITH MODEL PREDICTIVE PATH INTEGRAL 

CONTROL ..................................................................................................................................................... 2586 

Jintasit Pravitra, Evangelos Theodorou, Eric N. Johnson 



A MODEL PREDICTIVE CONTROL APPROACH FOR IN-FLIGHT ACOUSTIC 

CONSTRAINT COMPLIANCE .................................................................................................................... 2598 

Kasey A. Ackerman, Irene M. Gregory, Evangelos Theodorou, Naira Hovakimyan 

ON THE MOTION PLANNING AND FEEDBACK STABILIZATION OF NONLINEAR 

SYSTEMS WITH DRIFT .............................................................................................................................. 2610 

Mahmoud A. Abdelgalil, Ahmed Hassan, Haitham E. Taha 

AUTONOMY AND AI FOR AEROSPACE VEHICLE GNC IV 

HIERARCHICAL REINFORCEMENT LEARNING APPROACH TOWARDS AUTONOMOUS 

CROSS-COUNTRY SOARING .................................................................................................................... 2620 

Stefan Notter, Fabian Schimpf, Walter Fichter 

CONTROLLING ARRIVAL TIME AND AIRSPEED WITH CONSTANT BANK ANGLE 

TURNS ........................................................................................................................................................... 2636 

Shawn S. Stephens, David Casbeer, Donald L. Kunz, William Baker, Joshuah A. Hess 

AUTONOMOUS SOARING POLICY INITIALIZATION THROUGH VALUE ITERATION ................. 2651 

Benjamin J. Rothaupt, Stefan Notter, Walter Fichter 

INDICATOR PROBABILISTIC ACCELERATION VELOCITY OBSTACLES FOR DYNAMIC 

COLLISION AVOIDANCE IN UNCERTAIN ENVIRONMENTS ............................................................. 2668 

Kumar R. Dinkar, Satadal Ghosh 

MOTION PLANNING, SENSING, AND OPERATIONS FOR AEROSPACE ROBOTIC 

SYSTEMS II 

ROLLING-SHUTTER CORRECTION FOR MONOCULAR VISION-BASED OBSTACLE 

MAPPING ...................................................................................................................................................... 2686 

Oliver Dunbabin, Eric N. Johnson 

A VORONOI-BASED SAFE WAYPOINT GENERATOR FOR HOPPING ROBOTS 

EXPLORING LARGE CELESTIAL BODIES .............................................................................................. 2710 

Saurabh Upadhyay, A. Pedro Aguiar 

TRAJECTORY GENERATION FOR A MULTIBODY ROBOTIC SYSTEM USING THE 

PRODUCT OF EXPONENTIALS FORMULATION ................................................................................... 2722 

Aryslan Malik, Troy Henderson, Richard J. Prazenica 

MODELING THE FLIGHT DYNAMICS AND BATTERY UTILIZATION OF A HYBRID 

FLAPPING-GLIDING UAV ......................................................................................................................... 2740 

Lena Johnson, Derek A. Paley, Hugh Bruck 

THE CASE FOR PARAMETER-AWARE CONTROL OF ASSISTIVE FREE-FLYERS .......................... 2750 

Keenan Albee, Alejandro D. Cabrales Hernandez 

Author Index 

 




