Modeling and Simulation
Technologies

Papers Presented at the AIAA SciTech Forum and
Exposition 2019

San Diego, California, USA
/7 -11 January 2019

Volume 1 of 2

ISBN: 978-1-5108-8421-2



Printed from e-media with permission by:

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

proceedings

.com

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

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.



TABLE OF CONTENTS

VOLUME 1

Obijective Motion Cueing Test. Development, Strengths, Weaknesses and PosSibilities..........ccccoevieviiiiiiiieieiineiene, 1
Eddy Van Duivenbode, Erik Van Oene, Johan Van Hoof, Luc Jacobs, Dennis Belleter, Michel Mol

The Application of Frequency Domain Techniques to Motion for Crew Training Flight Simulators .............ccccccee... 8
Daniel Littmann

Eigenmode Distortion Analysis for Motion Cueing Evaluation in Fixed-Wing Aircraft Simulators ............c.ccccco..... 24
Stanimir Stoev, Olaf Stroosma, Marinus M. Van Paassen, Ivan Miletovic, Max Mulder

The Suitability of Objective Motion Criteria for Rotorcraft Man0eUVIES...........cccoviiiiiiii e 45
Michael Jones

An Adaptive Model Predictive Control Based Motion Drive AlGOrithm ..........ccoeiiiniiiiieceseee e 68

Aleksandar Bukal, Bruce Haycock, Peter R. Grant
Introspective Control Systems: Fast Model Predictive Control with Explicit Optimization Search,

Nonlinear Models, and ON-1INE LEAINING .......cuiiiiiiieieiiie ettt ettt sb bttt b et e bt e b e e e st e bt ebesbe e s 86
Kirill Zaychik, Timothy Miller
Adaptation of the Classic Cueing Algorithm for Automotive APPliCAtiONS...........ccoviiiiiiiiiieie e 113

Martijn De Mooij, Edwin De Vries, Jelle Van Doornik
Verification of a Motion Cueing Strategy for Stall Recovery Training in a Commercial Transport

ST T F= o OSSOSO URSRPRTON 125
Peter Zaal, William W. Chung, Diane M. Carpenter, Kevin Cunningham, Gautam H. Shah

Efficient Prediction of Aerodynamic Response Behavior for Control Surfaces using the Linear

FrEQUENCY DOMEIN .....etiiiiiiiiite ettt bttt bbb bbb h bt b £ bt bt s e b e e Rt e b £ e bt e bt b e b et e st e b e ebeeb e et e b e e et et e ebennen 140
Ruben B. Seidler, Sebastian Marten, Markus Widhalm, Jochen Wild

Maximizing Effectiveness of a High-Performance Computing Grid by Using the DASE Protocol...............cccccoeueee. 160
Jaylan S. Jones, Alex I. Scherling, Tyler M. Allen, Terril N. Hurst

Statistical Learning for Munition Trajectory PrediCtion ... 174
Mark Carpenter, Roy J. Hartfield, Lucy Zhou

Model Fidelity Studies for Rapid Trajectory OPtimiZation ............ccceviiiiiiiiiiieiee et ees 185

Lisa Hood, Gerard Bennett, Julie J. Parish

Distilling Model Equation from Numerical and Experimental Data Using Equation Inference

F AN [0 To] 11 0 o £ ISP T SO S OO SO PRV PTSOUPORPRTON 210
Masashi Kanamori, Akiko Hidaka, Shinji Nagai

New Algorithm for Fuel Flow Prediction and its Correction during the Cruise - Application on the

Cessna Citation X BUSINESS ATFCEATT.......c.iiiiiiieie e ettt s e st tesbesbe e et e s e eneene e 225
Khalil Abid, Georges Ghazi, Louis Thioulouse, Ruxandra Mihaela Botez

Robust Aerodynamic Model Identification: A New Method for Aircraft System Identification In the

Presence of General Dynamic Model DEfiCIEBNCIES .......cc.cveiiiiieiiiiiieieee sttt e et reees 238
Gregory J. Moszczynski, Jordan M. Leung, Peter R. Grant

Designing Instrument Approach Procedures Compatible with the Use of ATC Automation for

TrajeCtOry-DaSEa OPEBIALIONS.........cui ittt ettt et et et eaeebeebesbeseeaae e e meebeeReebeebeabeneemteseameabeabesbeasensensaneasesneas 266
Lesley A. Weitz, Roland Sgorcea, Alexander Boyd

Flight Simulator Assisted by a Robotic Motion Platform - SIVOR - Design and Applications ............c.ccceeveinienns 282
Edmar Thomaz Da Silva, Sergio D. Penna, Marco Antonio D. Alves, Wesley R. Oliveira, Emilia Villani, Luis
Gonzaga Trabasso

A Hybrid Learning Approach for the Simulation of Aircraft Dynamical SyStems...........cccoeieiriinienineneneesiseniene 298
Yang Yu, Houpu Yao, Yongming Liu

Simulation of the Reel-In Operation of Towed Target System with Constant-Length Method...............ccccccooiiee. 311

Tielin Ma, Zhihua Wei, Xiangsheng Wang, Haibing Chen
The Impact of In-Flight Motion on the Aggressiveness of Pilot Inputs: A Comparison with Fixed-base

ST 101 F= 1 o o IO OSSOSO USSR 322
David H. Klyde

Motion Cueing Fidelity in Upset RECOVETY SIMUIALION .........ccciiiiiiiiiiiiicecc et 337
Larisa Zaichik, Yury Yashin, Pavel Desyatnik, Yury Arkhangelsky

A Simulator Comparison Study into the Effects of Motion Filter Order on Pilot Control Behavior ......................... 351
Marc A. Pieters, Peter Zaal, Daan M. Pool, Olaf Stroosma, Max Mulder

Evaluation of the Pilot Perception in a Robotic Flight Simulator with and without a Linear Unit..............ccccccooe.e. 376

Wesley Rodrigues De Oliveira, Aline Matheus, Guilherme Rodamilans, Rodrigo Nicola, Diego Arjoni, Luis
Gonzaga Trabasso, Emilia Villani, Edmar T. Da Silva



Mitigating the Coriolis Effect in Human Centrifuges by coherent G-misalignment.............cccocoiiiiiiinincinicseneen, 389
Tigran Mkhoyan, Mark Wentink, Marinus M. Van Paassen, Max Mulder, Bernd De Graaf

Pilot Sensitivity to Simulator Flight Dynamics Model Formulation for Stall Training..........c.ccccvvvniiiieiiciniens 421
Kevin Cunningham, Gautam H. Shah, Patrick C. Murphy, Melissa A. Hill, Brent Pickering

Lessons for Design and Evaluation of Flight Crew Attention and AWArENESS ...........c.covieierierierieieiesieseseieseessesnens 435
Michael Feary, Randall Mumaw, Dorrit Billman

Virtual Day-VMC Displays for Attitude State AWAIENESS ..........c.uriiiiiieiieee ettt se e seeane 444

Kyle K. Ellis, Lawrence J. Prizel, Katherine M. Ballard, Renee C. Lake, Stephanie N. Nicholas, Jarvis T. Arthur,
Randall E. Bailey, Daniel J. Kiggins

Motion Cueing for Stall Recovery Training in Commercial Transport Simulators ... 458
Peter Zaal

Investigation of Reduced-Order Modeling for Aircraft Stability and Control Prediction............ccccovvviiiivicininennn, 469
Neal T. Frink, Brett R. Hiller, Patrick C. Murphy, Kevin Cunningham, Gautam H. Shah

Piloted Simulation Study Findings On Stall ReCOVErY GUIGANCE .........ccoiiiiiiiiieiieeee e 511

Stefan Schuet, Thomas Lombaerts, Vahram Stepanyan, John Kaneshige, Gordon Hardy, Kimberlee H. Shish, Peter
Robinson, Timothy Etherington, Lynda Kramer, Emory Evans, Taumi Daniels, Steven D. Young, Douglas Rodzon

Evaluation of Technology Concepts for Energy, Automation, and System State Awareness in

Commercial AIrHNE FIGNT DECKS ......cc.civiieiiictiseste ettt et et et e st s be s b e b st e s e eseetesbesbesae b eseenseneane 534
Lynda J. Kramer, Timothy Etherington, Emory Evans, Taumi Daniels, Steven D. Young, James Barnes, Stefan
Schuet, Thomas Lombaerts, Lance Sherry

Performance Evaluation of Predictive Altering of Energy Methods using Flight Simulator Data............c..cccceeeneee. 554
Maarten Uijt De Haag, James Engelmann, Chad Mourning

VOLUME 2

An Analysis of Air Traffic Management Concepts of Operation Using Simulation and Formal

R LT 1= Ao ] PO SO URURPRN 568
Lanssie M. Ma, Adam Houser, Karen M. Feigh, Matthew Bolton

Workload Assessment of Terminal Radar Approach Control Performance............cococvoieiiiiniennccnei e 583
Kenneth S. Lindsay, Francis N. Sutton

Machine Learning FDI Approach to Aircraft Failures Using SIVOR Simulator..........c..ccocoeeveiiieiiiiineneceseeseen 599
Aline Dahleni Kraemer, Emilia Villani

Preliminary Results Towards Fidelity Evaluation of an In-flight SImulator..............cccocoiiiii e, 612

Benjamin Fragniére, Johannes Wartmann, Steffen Greiser
Modeling of the Aircraft’s Low Energy State During the Final Approach Phase Using Operational

[ 1T ] g S - - VTSRS 625
Xiaolong Wang, Javensius Sembiring, Phillip Koppitz, Lukas Hohndorf, Chong Wang, Florian Holzapfel

Evaluating Augmented Reality in a Three-Axis Manual Tracking TasK..........ccccoovvieiiiiiiiiiinoiecese e 637
John Karasinski, Stephen Robinson

Pilot Workload Estimation: Synthesis of Spectral Requirements Analysis and Weber’s Law ..........c.ccocoeivinencne. 649

Edward N. Bachelder, Martine Godfroy-Cooper
Assessment of Maximum Unnoticeable Added Lag-Lead or Lead-Lag Dynamics with a Cybernetic

AN o] o] o= T o OSSOSO URURRN 674
Martin C. Butijn, Tao Lu, Daan M. Pool, Marinus M. Van Paassen

Manual Control Adaptation to Variations in Short-Period Natural Frequency and Damping .......c.ccccovcvevneiinienns 690
Simone Fasiello, Tao Lu, Daan M. Pool, Marinus M. Van Paassen

Revisiting Active Manipulators in Aircraft Flight CONTrol.........c.coooiiiiiiii s 706
Wei Fu, Marinus M. Van Paassen, Max Mulder

An Adaptive Haptic Aid Based on Pilot PerfOrmManCe.............cooiiiiiiiiiii e 725
Antonio Arenella, Giulia D'Intino, Mario Olivari, Stefano Geluardi, Heinrich Bulthoff, Lorenzo Pollini

Encounter-Based Simulation Architecture for Detect-And-Avoid Modeling ..........cccoooeiiiiiiiiiiii e 734
Mohamad Refai, Michael Abramson, Seungman Lee, Gilbert Wu

Piloted Full-Motion Simulation With SIMUIINK® ..........c.cooiiiiiii et 747
Emily K. Lewis

A Tactical Simulation in Simulink with Object Oriented Design APProach ...........ccccevveiiiiiinenieieiese e 763
Anil Ozturk, Gunes Aydin

Verification and Testing of Embedded Software with Model Based DeSign...........cocoeiriiinineieineseseseeeescsiesiens 775

Jay Abraham, Paul Urban, Pat Canny

A Model Based Flight Control System Design Approach for Micro Aerial Vehicle Using Integrated
Flight Testing and HIL SIMUIBLION ........oo.oiii ettt b e et s ettt sbe e e ereeneenas 782
Burak Yuksek, Emre Saldiran, Aykut Cetin, Ramazan Yeniceri, Gokhan Inalhan



Scenario-Driven Development and Testing of ATC Conflict Detection ...t 808
Kevin Richard, Shafagh Jafer, Mohammad Moallemi, Neal C. Thigpen, Krishan Patel

Building ATC Simulator through Scenario-Driven Requirements ENGINEEriNg.........cccuvirireieieieneienene e 817
Mohammad Moallemi, Christopher Shannon, Shafagh Jafer, Ashok V. Raja, Neal C. Thigpen

Evaluation of Scenario-Centric Training in ATC SIMUIALOIS .......ooiiiiiiiiie et 825
Bharvi N. Chhaya, Shafagh Jafer, Mohammad Moallemi

Fast and Efficient Aviation Analysis with Metrosim and the Predictive Query Language ..........cccocoerinerniinienene 835
Frederick Wieland, Rohit Sharma, Kleoniki Vlachou, Andrew Hoban, Teimuraz Trapaidze

Subjective Noticeability of Variations in Quasi-Steady Aerodynamic Stall Dynamics.........ccoceoeovrinenenenenieeseneens 848

Stephan C. Smets, Coen C. De Visser, Daan M. Pool
A Benefit Analysis of Satellite-based Surveillance and Communication Technologies for Oceanic

Flights — Benefit Estimates for Airlines and Air Traffic CONtrollers ..o 863
Tao Li
Developments Targeting Hybrid Test Systems for HIL TeStING........ccovviiiiiiiiiiieiicese e 880

Andreas Himmler, Lars Stockmann, Stefan Walter, Sven Laux
The Role of Software Simulators in the Independent Verification and Validation of Commercial

SPACE VENICIES ... ettt ettt et et ea e e bt b e besH e b e e e me e b2 e Rt eheee e beeRen e e R e e Rt ebeebeebe e et eneene et e 891
Michael Rubin

Cluster Node Computing for Target Generation Systems in Aircraft Simulations ...........cc.ccoceeeiiiiiiiienece 911
Spencer C. Monheim, Michael Feher, Bonnie Andro-Avila, James R. Murphy

Automated Scenario Generation for Meeting Human-in-the-Loop Simulation Requirements .............ccccecevveiieeanne 923
Gano Broto Chatterji, Yun Zheng

Scenario-Based Development of DSL Models using Domain-Specific Scenario (DoSS) Framework............cccccc...... 934
Bharvi N. Chhaya, Shafagh Jafer, Umut Durak

Tools for Scenario Development Using System ENtity STrUCTUIES.........cccoiiiiiiiiiieice e 944
Bikash Chandra Karmokar, Umut Durak, Shafagh Jafer, Bharvi N. Chhaya, Sven Hartmann

Virtual Reality As a Testbed for Star Tracker AlGOrtNMS.........ccccoiiiiiii e 953
Neil McHenry, Tanner Hunt, Gregory Chamitoff, Daniele Mortari

Optimization of @ NON-ClasSiCal TraECOIY .......ccuiiiiiieiiiei ittt b e bbb eseeseabeabe e e 965

Alan R. Moorman, Ankit Rukhaiyar, Patrick Serafin, Francisco Boudreau, Dongeun Seo, Sergey Drakunov

Rapid Virtual Object Development using Photogrammetric Imagery Obtained with Small Unmanned
Aircraft Systems -Applications for Disaster Assessment and Cultural Heritage Preservation............c.cccoocvvinennne 974
Nickolas D. Macchiarella, John Robbins, Daniel Cashdollar

Formally Bounding UAS Behavior to Concept of Operation with Operation-Specific Scenario

Dol T o o g =TT TU T o -SSR 985
Christoph Torens, Umut Durak, Florian Nikodem, Sebastian Schirmer

Flight Simulator-Based Verification for Model-Based Avionics Applications on Multi-Core Targets............c.coe... 996
Peer Ulbig, David Muller, Christoph Torens, Carlos C. Insaurralde, Timo Stripf, Umut Durak

Advanced Logging And Analytics Infrastructure For Simulation Based Verification.............cccccccvvivieviieiiiiniiennns 1008

Hakan Aydemir, Ugur Zengin
A Simulation-Based Machine Learning Approach for Flight Control System Design of Agile

LY QLT =T g T To A LU olo] ) (=] OSSOSO TP 1016
Samet Uzun, Berkay Akbiyik, Burak Yuksek, Umut Demirezen, Gokhan Inalhan
A Simulation-Based Development and Verification Architecture for Micro UAV Teams and Swarms.................. 1041

Mehmet Akcakoca, Bilge Mirac Atici, Basak Gever, Sinan Oguz, Mustafa Demir, Emre Saldiran, Burak Yuksek,
Emre Koyuncu, Ramazan Yeniceri, Gokhan Inalhan

Modeling and Simulation of Vehicle Performance in a UAV Swarm Using Horizon Simulation

[ = L0 1Yo o OO TSURSRPRO 1056
Adam J. Frye, Eric A. Mehiel

Modeling and Simulation of UAV Carrier LandinNgS..........ccocveiiiiioiiieene et sve st sse e sseanens 1076
Gaurav Misra, Tianyu Gao, Xiaoli Bai

Practical System Identification for Small VTOL Unmanned Aerial Vehicle ...........ccccovviiiiiiiciciiieeeees e 1096
Manan S. Gandhi, Lee Whitcher, Evangelos Theodorou, Eric N. Johnson

A 2-DoF Haptic Support System for Helicopter Control Tasks based on Pilot Intent Estimation.............c.ccccoceee. 1120

Giulia D'Intino, Mario Olivari, Lorenzo Pollini, Heinrich Bilthoff

Evaluating RPAS Integration with General Aviation Traffic by Means of Real-Time Human-in-the-

oTo] o ST 1101 F= U] 3OO 1132
Ettore De Lellis, Ezio Bove, Umberto Ciniglio, Federico Corraro, Gianluca Corraro, Edoardo Filippone, Nicola
Genito, Roberto Palumbo

Differential Flatness-based Optimal Air Combat Maneuver Strategy Generation...........ccococevveveeiieseseseresissiennens 1141
Baris Baspinar, Emre Koyuncu

Author Index





