AHS Specialists’ Meeting on
Unmanned Rotorcraft & Network
Centric Operations 2011

Tempe, Arizona, USA
25-27 January 2011

ISBN: 978-1-61839-323-4



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.

Copyright© (2011) by the American Helicopter Society International
All rights reserved.

Printed by Curran Associates, Inc. (2012)

For permission requests, please contact the American Helicopter Society International
at the address below.

American Helicopter Society International
217 N. Washington Street
Alexandria, VA 22314-2538

Phone  (703) 684-6777
Fax:  (703) 739-9279

staff@vtol.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:  845-758-2634

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

SESSION 1 - INVITED SPEAKERS

CUTTENT ACHIVITIES ...t b bbb bbb bbb bbb bbbt 1
Jeff Bergson, Chinh Vuong
Autonomous Helicopter R&D at the Army Aeroflightdynamics DireCtorate............ocooveiririncieieieicsnee e 15

Matthew S. Whalley
Specialists Meeting on Unmanned Rotorcraft and Network Centric Operations - State of Net-

CentriCity IN NAVY AN0 DOD.........ooiiiiiiiee ettt sttt b ettt e e b e s e et e s e eaeebe e e e ebeeeenseseemeabeebesbeseeabeneeneaneaneas 31
Lee Zimmerman
Flight Mechanics and Control Challenges in Aerial MiCrorobOtiCS .........cooviiiiieiiicre e 39

J. Sean Humbert

SESSION 2 — INVITED SPEAKERS

A Cost Effective System Safety Approach for Integrating Routine Unmanned Aircraft Systems into

LT N o] Fo LN ] o Ut OSSPSR 59
Daniel P. Schrage

Little Bird and Unmanned VTOL TeChNOIOGIES.........ccuiiiiiiiiiiiii ittt sb et a s resnenan 84
Dino Cerchie

Unmanned Rotorcraft Programs in South Korea and ASIA ...........cooeiiiiiiiiieeesee e 88
Yung H. Yu

A160T (YMQ-18A) Hummingbird Unmanned Airborne System - YMQ-18A (A160) Unmanned

Rotorcraft Deployment Demonstrations and Transition t0 ProduCT.............cooeieiiicinieie e 108

Paul Rozman, Brad Gupta

SESSION 3 - UAV CONTROL AND AUTONOMY 1

Experimental Verification of a Visual-Augmented Inertial Navigation System for Small Rotorcraft

L0 N SRS 114
Ehsan Asadi, Carlo L. Bottasso, Pietro Danest, Mehmet Suat Kay, Koray Kucuk, Domenico Leonello
Minimal Risk Motion Planning: A New Planner For Autonomous UAVs In Uncertain Environments..................... 123

Chad Goerzen, Matthew Whalley

Advanced Attitude Command Generation for a Helicopter UAV in the Context of a Feedback Free
RETEIEINCE SYSTEIM ...ttt bbb bbbt bt bt H b e e e Rt e b £ e bt bt nb e b et e b e bt ebeeb e et e b e ent et e ebennen 144
Johann C. Dauer, Sven Lorenz, Joerge S. Dittrich

SESSION 4 - UAV CONTROL AND AUTONOMY 11

Simulated Dynamic Interface Testing Techniques for Unmanned Air Vehicles ..o 156
Bernard Ferrier, John Duncan, John Nelson, Dean Carico
High Performance Nap-of-the-Earth Unmanned Helicopter FIght.............ocooiiiiii e 167

Eric N. Johnson, John G. Mooney, Chester Ong, Vineet Sahasrabudhe, Jonathan Hartman

Adaptive Path Planning in a Dynamic Environment using a Receding Horizon Probabilistic
Roadmap: EXperimental DeMONSIIAtION .........c..coiiiiiiiiieieiee sttt sttt st ettt ese s e besbesbe e e e eseesenbesbeneen 176
Thomas A. Frewen, Harshad Sane, Marin Kobilarov, Sanjay Bajekal, Konda R. Chevva

SESSION 5 - UAYV CONTROL AND AUTONOMY 111

Self-contained Passive Autonomous FOrmation FIGhT ... 185
Matthew White, Alan Finn, Jay Fletcher, Steven Braddom, Vineet Sahasrabudhe, Hongcheng Wang
Towards Obstacle Avoidance and Autonomous UAY OPEIratiON.........cccviivieieriiieieeiise st e s e sre s 196

Chen Friedman, Inderjit Chopra, Svetlana Potyagaylo, Omri Rand, Yaron Kanza



Distributed Flight Controls for Unmanned Fixed Wing and VTOL Air Vehicles .........ccccocoiiiiiiiiiiiniceeseee 205
Robert M. McKillip Jr., Todd R. Quackenbush, Marc J. Sibilia, Thomas B. Curbishley

Flight Test Evaluation of Safety Concepts for Manned-Unmanned Rotorcraft Flight Operations in a

] Lo AN ] o - Lot OSSPSR 223
Gordon Strickert, Joerg S. Dittrich

TECHNICAL SESSION 6 - MICRO AIR VEHICLES |

Design, Control, and Performance Verification of 2 QUadrotor MAV ... 232
Dean Bawek, Inderjit Chopra

From Falling to Flying: The Path to Powered Flight of a Robotic Winged Seed ...........cccccocvveviiiiieiiiienceceesee 249
Evan Ulrich, Darryll Pines, J. Sean Humbert

Optimal Design Study of @ MiCro QUAA ROTOK ........c.oiiiiiiiiiie bbb e 263
Aaron M. Harrington, Paul Samuel, Inderjit Chopra

Twist Control of an Extremely Flexible Rotor Blade for Micro-Aerial Vehicles ... 272
Jerome Sicard, Jayant Sirohi

Investigation Of Aerodynamics Of Rigid Flapping Wings For MAV Applications: CFD Validation........................ 283

Ria Malhan, Vinod K. Lakshminarayan, James Baeder, Inderjit Chopra

Experimental Investigation of the Effect of Rotor Geometry and Blade Kinematics on the

Performance of a MAV-Scale CyCloidal ROTOK ............coiiiiiiiii e 302
Moble Benedict, Tejaswi Jarugumilli, Inderjit Chopra

TECHNICAL SESSION 7 - MICRO AIRVEHICLES I

Design and Testing of a Morphing Micro Aerial VENICIE ...........ccoviviiiiiciic e 321
Rohan Mahadik, Anand Karpatne, Jayant Sirohi

Control of a Biomimetic Flapping Mechanism for a Hovering Micro Air Vehicle ... 332
Pranay Seshadri, Moble Benedict, Inderjit Chopra

Performance and Rotor-Based Control of a Shrouded Rotor MAV in Edgewise FIOW ..., 350

Vikram Hrishikeshavan, Inderjit Chopra

TECHNICAL SESSION 8 - NETWORK CENTRIC OPERATIONS

Interoperability with Unmanned Air Vehicles as an Operationally Effective Alternative to Wideband
YN 0@ 1Y o T (0] (o] o] - | AP SO 369
Thomas A. Dubois, W. Brendan Blanton, John A. Clemens, Adam Patrick, Paul R. Meyers

Applying Virtual Simulation in Operational Testing of Apache Block 111 Levels of Interoperability

WIth UNMAaNNEd AGKIAL SYSTEMIS.........cuiiiiitiiieiteiteie ettt ettt a et teete s b e b et e e e ssebeebeebesbe b e e enseteabesbesbesbeeensesaaneas 378
Scott Swinsick, Christa Luna
Unmanned Rotorcraft Electronics — Network Centric Reference Architecture & Applications............ccoccovevenenne. 385

David C. Jedynak, Michael Macpherson, Bradley Dolbin

Architecture Framework for Aviation Systems Participating in Network Centric Operations

DeVelOPMENTAL FIIGNT TESES ...ttt ettt e e e e e sttt b et eee e b e e e s e e beebeebeseeebennenseseaneenas 395
Mark E. Palich, Dale L. Johnson, Michael W. Donnerstein

Author Index





