
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 ISBN: 979-8-3313-0446-1 

Simulation-Based Software 
Development and Verification 

Orlando, Florida, USA 
8 – 12 January 2024 

 

Papers Presented at the AIAA SciTech Forum and Exposition 
2024 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 

 

SIMULATION-BASED SOFTWARE DEVELOPMENT AND VERIFICATION 

An Approachable and Partially Automated Specification Modeling Workflow ................................................... 1 

Patrick Canny, Guilherme Costa Nascimento 

Obtaining Accurate Derivatives Across Adaptive-Step Integration .................................................................... 19 

Kaushik Ponnapalli, Robert Falck 

Design of an Application Programming Interface for the Program to Optimize Simulated 

Trajectories II ..................................................................................................................................................... 32 

Robert A. Williams, Rafael Lugo, James A. Hoffman 

A Multi-State Graph-Based Framework for Dynamic Modeling of Turbomachinery Components ................... 42 

Ara Bolander, Trevor Bird, William A. Malatesta, Kevin McCarthy, Neera Jain 

MODELING AND SIMULATION OF AIR AND SPACE VEHICLE DYNAMICS, SYSTEMS, 

AND ENVIRONMENTS I 

Coupled Simulation of Material Response Using Equilibrium and Finite-Rate Ablation Models ..................... 55 

Anthony Knutson, Graham V. Candler, Aleksander L. Zibitsker, Bibin Joseph, Jens 

Hannemann, Alexandre Martin 

Disturbances Quantification for Air-Bearing Spacecraft Attitude Simulation Platforms ................................... 70 

Gianfranco Di Domenico, Francesco Topputo 

Optimization of Rocket Fins Using a 6-DOF Solver .......................................................................................... 93 

Ewan R. Slabber, Glen Snedden, Timothy J. Velthuysen, Michael J. Brooks, Jonathan Bergh, 

Rylan Odayan 

MODELING AND SIMULATION FOR AUTONOMOUS GUIDANCE, NAVIGATION AND 

CONTROL I 

System Identification and Modeling of a Multirotor UAV: A Comparative Study ........................................... 105 

Khashayar Niki Maleki, Soroush Karimi, Sara Mohammadi, Kaveh Ashenayi 

Data-Driven Modeling for Multirotor Autonomous Control ............................................................................ 129 

Tatsuya Shiotsuka, Mai Bando, Shinji Hokamoto 

Non-Linear Control of a Quadrotor with Actuator Delay ................................................................................. 145 

Muhammed R. Kartal, Dmitry Ignatyev, Argyrios Zolotas 

Airborne Recovery of the X-61A Gremlin Unmanned Aircraft ....................................................................... 157 

Ryan Carter, Timothy M. Keeter, Paul Calhoun 

MODELING AND SIMULATION OF AIR AND SPACE VEHICLE DYNAMICS, SYSTEMS, 

AND ENVIRONMENTS II 

Data-Driven Geospatial Modeling for Complex Airspace Environments ........................................................ 171 

Nicolas Vincent-Boulay, Catharine Marsden, Angelina Cui 



Optimal Airspeed Selection for the Cruise and Descent Phases Under Wind Uncertainty ............................... 184 

Hyunho Jung, John-Paul Clarke 

NAS Traffic Flow Management Decision-Making Capability with Network-Wide Resilience 

Metrics .............................................................................................................................................................. 206 

Lesley A. Weitz, Max Z. Li, Adam Frewin, Lee Ellis, Roland Sgorcea, Yong Park, Ray Stanley, 

Christine P. Taylor 

MODELING AND SIMULATION FOR AUTONOMOUS GUIDANCE, NAVIGATION AND 

CONTROL II 

Hardware-In-The-Loop Validation of Autonomous Interplanetary Navigation Algorithms for 

Interplanetary Cruises with the Optical Star Stimulator ................................................................................... 231 

Eleonora Andreis, Hans Krüger, Svenja Woicke, Paolo Panicucci, Francesco Topputo 

Optimal Guidance and Control System Considering Actuator Constraints for Landing on 

Microgravity Celestial Body ............................................................................................................................ 253 

Toshiki Fukui, Masaki Takahashi, Masatsugu Otsuki 

Dynamics, Guidance, and Control of a Low-Cost Quadcopter-Based Space Vehicle Testbed ......................... 274 

William J. Elke, Ryan Caverly 

Time-Varying Observer/Controller Identification Algorithm: Applications in Guidance, Navigation 

and Control ....................................................................................................................................................... 295 

Damien Gueho 

MODELING AND SIMULATION OF AIR AND SPACE VEHICLE DYNAMICS, SYSTEMS, 

AND ENVIRONMENTS  III 

Data-Driven Reduced Order Modelling of Steady Supersonic Reacting Plumes Using Adaptively 

Sampled Reduced Basis Model ......................................................................................................................... 311 

Stefano Wahono, Richard Sandberg, Chris Manzie, Nigel Smith 

Development of Weak-Form Physics-Infused Reduced-Order Modeling with Applications ........................... 336 

Carlos A. Vargas Venegas, Daning Huang 

Application of Physics-Informed Attention-Based Neural Networks for Anomaly Detection ......................... 355 

Mohammad F. Zahid 

Small Jet Engine Reservoir Computing Digital Twin ....................................................................................... 363 

Colton J. Wright, Nicholas Biederman, Brian Gyovai, Daniel Gauthier, Jay Wilhelm 

Data-Driven Surrogate Modeling for the Flammability Reduction System ..................................................... 373 

Arash Heidari, Lorin Werthen-Brabants, Tom Dhaene, Ivo Couckuyt, Can Onur, Pieter van 

Gils, Ivana Jojic 

MODELING AND SIMULATION FOR AUTONOMOUS GUIDANCE, NAVIGATION AND 

CONTROL III 

Generalized Model of a Long-Endurance Aircraft for Fuel-Optimal Guidance ............................................... 384 

Mark Karpenko, Vladimir Dobrokhodov, Kevin Jones, Adam Propst, Jason Mills, Dan 

Edwards, Richard Stroman 



The Optimal Trajectories and Modified Proportional Navigation Guidance .................................................... 399 

Hiroyuki Takano, Takeshi Yamasaki, Isao Yamaguchi 

Initial Pose Determination and Control for Sample Collection Manipulator System in Microgravity 

Celestial Body Landers ..................................................................................................................................... 409 

Takafumi Fujii, Masaki Takahashi, Kent Yoshikawa, Masatsugu Otsuki 

Singularity-Free Whole-Body Dynamical Equations of Legged Robots for Damage Simulation ................... 430 

Sahand Farghdani, Robin Chhabra 

Design of Controller with Enlarged Region of Attraction Using Union Theorem in Sum-Of-Squares 

Optimization for the F-8 Aircraft ...................................................................................................................... 441 

Bhaskar Biswas, Dmitry Ignatyev, Argyrios Zolotas, Antonios Tsourdos 

MODELING AND SIMULATION FOR CERTIFICATION AND QUALIFICATION 

MODEL-SI: Modeling and Simulation - Multi-Fidelity Surrogate Model of an eVTOL for 

Certification ...................................................................................................................................................... 451 

Andrea Pedrioli, Pierluigi Capone, Marcello Righi, Elena Garcia-Sanchez, Laurent Pinsard, 

Joana Vieira Gomes 

Recommendations on Increased Use of Modelling and Simulation for Certification / Qualification 

in Aerospace Industry ....................................................................................................................................... 473 

Fabio Vetrano, Paul Worton, Hichem Smaoui, Alexander Szukala, Santosh Thukaram, Ali Al-

Logmani, Abdalmajeed Alyazidi, Steven Green, Mark Halsall, Patrick Montagnon, Loubna 

Sahbatou, Anna-Lena Simon, Francesca Donati, Elena Galli, Giuseppe Stilo, Pierre 

Herbillon, Benjamin Haberkorn, Sven Kremer, Andreas Bergstrom, Johan Hagelin, Boris 

Brault, Yann Delga, Anne-Caroline Lemine, Gaetan Mabboux 

A Process Improvement Model and Visualization Environment for Unmanned Aerial System 

(UAS) Noise Certification Flight Testing ......................................................................................................... 504 

Michael G. Balchanos, Mali Hajar, Rahul Rameshbabu, Evan Harrison, Dimitri N. Mavris 

MBSE-Enabled System Verification of Unmanned Aerial System (UAS) Noise Certification ....................... 523 

Balaji Ravikanti, Hussein Ali, Michael G. Balchanos, Evan Harrison, Dimitri N. Mavris 

Differentiable Partial Differential Equation Solvers and Its Application to Quasi Real-Time Inverse 

Dynamical Problems on Thermal Management ............................................................................................... 539 

José E. Valenzuela del Río, Arun Ramamurthy 

HUMAN-IN-THE-LOOP SIMULATION 

Manufacture of CCSU Helicopter Flight Simulator with Virtual Reality Design ............................................ 555 

Fu-Shang Wei, Kenneth Trochsler 

Hardware-In-The-Loop Requirements Verification for an Electrically Powered General Aviation 

Aircraft ............................................................................................................................................................. 567 

Luca Hein, Purav Panchal, Stephan Myschik 

Workload Implications of the Multiple Airport Route Separation (MARS) Operation .................................... 575 

Cody Nichols, Daniel Brock, Hong Jiang, Stephen Saudargas, Scott Filleman 



Exploring Interaction Modalities for Hands-Free Menu Navigation: Insights from Immersive 

Experimentation ............................................................................................................................................... 588 

Israel Gomez III, Samantha L. DeNicola, Neil McHenry, Gregory Chamitoff, Ann M. 

McNamara 

MODELING AND SIMULATION OF UNINHABITED AERIAL SYSTEMS 

Modeling and Simulation of Virtual Rigid Body Formations and Their Applications Using Multiple 

Air Vehicles ...................................................................................................................................................... 601 

Suguru Sato, Kamesh Subbarao 

Reachability Analysis of UAVs Through Cluttered Environments ................................................................... 622 

Kumar Ankit, Shrivathsa M S, Shishir Kolathaya, Debasish Ghose 

CLEAN AVIATION SPECIAL SESSION: NEXT GENERATION AIRCRAFT COCKPITS, 

SYSTEMS AND AVIONICS 

Clean Sky 2 LPA DISruptive COckpit Large Aircraft Demonstrator (a.k.a. DisCo Demonstrator) ................. 631 

Gennaro Formisano 

Clean Sky 2 LPA DISruptive COckpit Large Aircraft Virtual Test Means ....................................................... 649 

Martial Tchatat 

Integration and Evaluation of a Full MEMS Technology in Large Passenger Aircraft Architecture ................ 654 

Francesco Conte 

Author Index 

 




