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4.0 GENERAL COMMITTEE TECHNICAL SESSION

4.1 Government Agencies Summary Reports

4.1.1  US Army – No Report

4.1.2 U.S. Navy

4.1.2.1  NAWCAD S&T - Marc Steinberg
No abstract received.
4.1.3  US Air Force

4.1.3.1  Air Force Research Lab – Dave Doman
The Control Science Center of Excellence at the Air Force Research Laboratory is focused on control related research in three areas: cooperative control of unmanned air vehicles, fault tolerant autonomous space access & prompt global strike and aerodynamic flow control.  The current research in UAV cooperative control is focused on providing the ability to operate in cluttered urban terrain, identify and tag targets for separate shooters and communicate with special operations personnel on the ground.  Flight tests utilizing a small and micro-UAV are underway and are demonstrating the ability of multiple UAVs to accomplish the objectives outlined above.  Research in space-access has focused on providing fault-tolerant autonomous capabilities for all flight phases.  Two new 6.2 programs were started in 2006 to develop these capabilities for the ascent and reentry flight phases, which will add to the capabilities demonstrated in past programs for terminal area energy management and approach and landing.  Work has continued on the development of a dynamic model of an airbreathing scramjet powered vehicle that includes interactions between the aerodynamics, propulsion system, structure and thermal environment.  The model is being used to identify feasible configuration modifications that can make such vehicles more amenable to feedback control techniques of any type. Work has continued in the area of aerodynamic flow control.  Identifying order reduction methods for fluid dynamic equations that work well in conjunction with feedback control has been the primary focus of this effort.

4.1.4  NASA

4.1.4.1  Dryden Flight Research Center  – John Bosworth
Recent activities at NASA Dryden include first flights of the Quiet Spike sonic boom reduction project, a successful autonomous airborne refueling, and delivery of the Ikhana (Preditor) testbed vehicle. The Aeronautics Research Mission Directorate (ARMD) has begun implementation planning. Work at Dryden will include Blended Wing Body subscale testing (subsonic fixed wing), using Phoenix missiles as hypersonic testbeds, some supersonic testing on the F-15B, and adaptive flight controls testing for the Integrated Resilient Aircraft program. The C-20A aircraft is preparing for a flight readiness review in support of the Unmanned Aerial Vehicle Synthetic Aperture Radar (UAVSAR) program. Dryden’s contribution to the Crew Exploration Vehicle will be in the area of man rating the launch abort system through flight tests. Dryden continues to contribute to aeronautics research in a wide range of diverse programs.

4.1.4.2  Glenn Research Center – Sanjay Garg

No Report

4.1.4.3  Langley Research Center – Chris Belcastro
The long-term mission of the Integrated Resilient Aircraft Control (IRAC) Project is the development of technologies to reduce aircraft loss of control accidents and to ensure safe flight under adverse, upset, and hazard conditions in the current and next-generation air transportation system.

Loss of control is a leading and complex aircraft accident category, and over the period 1987-2004 resulted in 2,524 fatalities (approximately 26%) across the worldwide commercial jet fleet. Numerous causal and contributing factors can be cited for loss-of-control accidents, with multiple factors often combining to result in loss of control. Causal and contributing factors can be categorized as adverse conditions, vehicle upset conditions and external hazards.

Numerous overarching technical challenges must be overcome in developing advanced control technologies that will be effective in improving aviation safety and in supporting safe operation within the next generation air transportation system – particularly under abnormal conditions. A long-term research framework has been developed for IRAC to systematically solve these challenges with progress scoped over 5-year research phases.

Technologies for reducing aircraft loss-of-control accidents during the first five years will focus on the following problems: icing effects, damage effects, and vehicle upset. In order to solve these problems, icing and damage conditions must be detected, characterized, and mitigated in flight, and vehicle upset conditions must either be prevented or recovered. The following three areas are seen as the key technical challenges to solving these problems and will form the basis of technology deliverables during the first five years of the IRAC project.

· Modeling and Simulation: Aircraft prevention and recovery from loss-of-control requires the ability to identify and assess, via physics-based modeling and simulation, loss-of-control precursors, causal or contributing factors, and their impact on aircraft safety of flight and recoverability. These factors lead to coupled vehicle dynamics effects, and must therefore be characterized using an integrated multidisciplinary modeling approach that includes aerodynamics, vehicle dynamics, structures, and propulsion. Current modeling and simulation methods enable some coupling between aerodynamics and propulsion, and between aerodynamics and aeroelastic structural effects. However, current methods do not include the capability for high-fidelity modeling and simulation of coupled, massively separated flows resulting from upsets, damage, or icing conditions, which poses enormous technical challenges in the disciplines of aerodynamics, vehicle dynamics, structures, and propulsion. Towards solving this technical challenge, we will focus on technologies for the integrated multidisciplinary modeling of aerodynamics, vehicle dynamics, structures, and propulsion in order to characterize abnormal conditions and their impact on aircraft dynamic response.

· Vehicle State Assessment and Resilient Control: Recovery from loss of control requires advanced multidisciplinary, multi-objective control methods to detect, identify, and mitigate a variety of dissimilar causal and contributing factors onboard and in real time. Since loss of control under these conditions can occur very quickly and the time available for recovery is limited, the vehicle state must be continually assessed and all available control power utilized to maintain or regain control, in order to ensure safe flight within the current and future air transportation system. Current adaptive and reconfigurable control methods are not multidisciplinary since they often address only the vehicle dynamics. The lack of multi-objective stability, control, and trajectory management functions in the current adaptive control methods render them ineffective in dealing with abnormal conditions whereby dissimilar and coupled effects exist. Our research will focus on the development of coupled adaptive flight, engine, and airframe control technologies that are integrated with trajectory, thrust, and loads management technologies. Control autonomy requirements for effective trajectory management under abnormal conditions will also be considered in the presence of vehicle dynamics constraints including propulsion and airframe effects.

· Verification and Validation: The transition of simulation models and resilient control methods for onboard control under abnormal conditions requires new validation and software verification methods that include predictive capability assessment techniques. Rigorous methods for adaptive software verification and system validation must be developed to ensure that control system software failures will not occur, to ensure the control system functions as required, to eliminate unintended functionality, and to demonstrate that certification requirements can be defined and satisfied. Current methods focus on models and systems designed for normal operation under nominal conditions. Validation methods to be developed include analysis methods for adaptive control systems, simulation based methods for guided Monte Carlo evaluations, and experimental test methods for ground and flight-testing under abnormal conditions. Methods and tools for probabilistic uncertainty characterizations and risk analysis will also be developed for experimental risk mitigation and as a prerequisite for establishing predictive capability assessment methods. Research into software verification and safety assurance methods for safety-critical adaptive systems will also be initiated.

4.1.4.4  Langley Research Center – Celeste Belcastro
Integrated Vehicle Health Management (IVHM) systems offer the potential to improve safety, reduce costs, and improve performance in every aircraft class.  However, many IVHM technology components are too immature for aircraft application and many tools for supporting their implementation in aeronautics applications do not yet exist.  Over the next five years, NASA proposes to close IVHM technology gaps and create a sustainable pipeline of tools and techniques for developing and deploying IVHM technology.  
Our concept for IVHM operations includes on-board and off-board components.  The on-board function monitors, detects, diagnoses, prognoses, and mitigates damage, degradation and/or failures.  In most cases, mitigation consists of notifying the flight crew or ground support, but the vision is to also include locally-activated response mechanisms such as self-healing materials.  The off-board function provides fault and failure diagnostics to the ground crew, hazard information to ground support facilities, a birth-to-death database per part number, models of failure and degradation, environmental hazards models, prognostics-based maintenance scheduling, and fleet-wide trending and data mining.  Models and databases in the off-board component can be up-linked to the on-board IVHM component for model updates during flight.  Included in our vision for IVHM is achieving a truly integrated approach to vehicle health management.  This approach would effectively integrate aircraft data, health state data, and hazard data.  Integration of aircraft data with health state data would enable diagnostic and prognostic reasoning that can adapt to aircraft state and flight conditions as well as phase of flight.  Vehicle-wide integration of airframe, propulsion, and aircraft system malfunction, degradation, damage, and failure information would enable improved diagnosis and prognosis under coupled failure mechanisms.  Integration of hazard information in diagnostic and prognostic reasoning would enable the IVHM system to account for deterioration in performance and/or expected useful life as a result of ice accretion, electromagnetic disturbances, ionizing radiation, and onboard fires. We believe that integration of aircraft data, health state data, and hazard information will enable more accurate diagnostics and prognostics with decreased false positive and false negative rates by accounting for aircraft state, flight conditions, coupled failure mechanisms, and environmental hazards during all phases of flight that could otherwise be misinterpreted.  The realization of this vision will take a long-term research investment. 

Toward that end, we propose to develop technologies to determine system/component degradation and damage early enough to prevent or gracefully recover from in-flight failures.  These technologies will enable nearly continuous on-board situational awareness of the vehicle health state for use by the flight crew, ground crew, and maintenance depot.  To achieve this, we will advance the state-of-the-art in on-board health state assessment to enable the continuous diagnosis and prognosis of the integrated vehicle’s health status.  One of our key contributions will be the incorporation of environmental hazard awareness with the more traditional electro/thermo/mechanical failure, damage and degradation mechanisms to more accurately assess the vehicle’s health state.  Another of our key contributions will be the sharing of information between the various vehicle subsystems to more accurately determine the health of both those subsystems and the integrated vehicle.  All of our proposed work supports the following three critical focus areas:
· Integrated continuous on-board vehicle health state assessment and management (detect, diagnose, prognose, and mitigate problems);
· On-board environmental hazard detection and effects mitigation (incorporate hazards into diagnosis and prognosis);

· IVHM system technologies (develop architectures to collect, transfer, and process data and tools to perform system-wide assessments).

Our approach is to:

· Develop and employ virtual and real sensors to assess subsystem states; 

· Couple state awareness data with physics-based and data-driven models to diagnose degradation and damage caused by environmental hazards and electro/thermo/mechanical failures; 

· Integrate sub-system information to provide diagnostics and prognostics for the integrated vehicle, including using data from one subsystem to provide information for another; 

· Develop locally-controlled mitigation techniques to extend safe operation time; and

· Develop a public database and testing capabilities for IVHM technologies.

In the first five years, we will develop IVHM technologies in the three focus areas, as well as standard benchmark problems and metrics to evaluate health management system performance.  This will give us confidence that the approaches that we have chosen are worthwhile for further development in the second five year period.   A sampling of plans for the first five years includes:

· Techniques for on-board continuous assessment of structural health state, including detection through advanced sensor development, efficient diagnostic algorithms, prognostics with sensor data updates, and mitigation through self-healing materials and structures;

· Techniques for the on-board continuous assessment of aircraft gas-turbine engine gas-path state, including deterioration trend monitoring, and fault detection and isolation, and a wireless pressure sensor;

· Techniques for onboard continuous assessment of aircraft system health state including diagnostic and prognostics algorithms for complex electromechanical systems, electrical power systems, and avionics;

· Techniques for onboard detection and mitigation of hidden fires, engine icing, electromagnetic disturbances, and ionizing radiation;

· Design methods, architectures, communications protocols, and databases for distributed IVHM systems;

· Analytical, simulation, and experimental techniques, methods, and tools for verification and validation of IVHM technologies;

· Master simulation and experimental plan, metrics, and tools for assessing IVHM system safety and cost benefit.

4.1.5  FAA

4.1.5.1  FAA Tech Center - Stanley Pszczolkowski
Some recent events at the Federal Aviation Administration (FAA) include the implementation of the new air traffic controller contract, efforts to accommodate very light jets and the A380 in the National Airspace System, the appointment of directors for the Joint Planning and Development Office (www.jpdo.aero) and the FAA Technical Center (www.tc.faa.gov) and considerable activities on the Next Generation Air Transportation System (NGATS or NextGen ATS). These last include the expansion of the current “Operational Evolution Plan” to the “Operational Evolution Partnership” (www.faa.gov/programs/oep/partnership), approval to begin the implementation of several enabling technologies and the identification of a number of projects as NextGen ATS related. There are also several funding-related requests to accelerate/begin NextGen ATS architecture, research, human factors and facility related studies, analyses and demonstrations.

The FAA has approved the implementation of Automatic Dependent Surveillance-Broadcast (ADS-B) (www.adsb.gov), a NextGen ATS “contributor” program. ADS-B equipped aircraft broadcast their internally derived position (GPS and/or FMS) to/for the use of other ADS-B equipped aircraft and the ground system. An air/ground functional architecture, definition of services and an implementation schedule have been developed. Two primary capabilities include Traffic Information Service (TIS) and Flight Information Service (FIS). TIS provides ADS-B equipped aircraft with position reports from secondary surveillance radar on non-ADS-B equipped aircraft. FIS transmits National weather Service products, temporary flight restrictions and special use airspace information. Other planned services support enhanced visual awareness operations, conflict detection and final approach, runway occupancy and airport surface awareness. There will be a geographically segmented implementation that builds upon previous efforts. The initial services will be available in 2010 with additional capabilities planned through 2025.

4.2 Research Institutions, Industry and University Reports
4.2.1 Universities

4.2.1.1  Ohio State University – Rama Yedavalli
This presentation gives an overview of the aerospace controls research being carried out by Prof. Yedavalli and his group of graduate students in the department of Aerospace Engineering at The Ohio State University. Over the last five years, Prof. Yedavalli and his research group have been working on various funded and unfunded research projects, with research sponsorship from AFRL, NASA Dryden, NASA Glenn/GEAE, United Technologies Corporation and US Army Research Office.  During the 2001-2004 period, in the research project sponsored by AFRL under Collaborative Center of Control Sciences established by AFRL at OSU, a Dynamic Inversion embedded State Dependent Riccati Equation based approach of control design was developed to provide robust stabilization with improved stability domain for Hypersonic Reusable launch vehicles with uncertain model data. During the 2004-2006 period, under the sponsorship of NASA Dryden, a Radial Basis Function Neural Network based controller is designed to provide stability and robustness guarantees for nonlinear flight controllers with application to advanced fighter aircrafts. During the 2004-2005 period, under the sponsorship of United Technologies Corporation, a full nonlinear simulation model with component maps in the MATLAB/SIMULINK environment was developed for Turbine Engines that can be used in the simulations for illustrating various control and estimation techniques for propulsion systems. During the 2005-2006 period, under the sponsorship of NASA Glenn/GEAE, advanced Robust Estimation techniques are developed for propulsion systems using Adaptive Neural Network based observers and bank of Kalman Filters. In addition, robust Fault detection techniques using adaptive/dynamic threshold are developed for sensor/actuator faults that minimize false alarms and improve fault detection. Under the sponsorship of ARO, during the 2006-2009 period, robust stability and control techniques are being developed for multi-body ground vehicles with uncertain dynamics and failures. Finally a new research direction for designing controllers is being developed using the sign (qualitative) stability ideas from the field of Ecology. These controllers are shown to be highly robust and nonfragile compared to the traditional Pole placement and LQR techniques as these controllers `work’ with the natural dynamics rather than `fight’ with it to stabilize the dynamics.      

4.2.1.2  Old Dominion University – Brett Newman
Modeling, analysis, and synthesis of a propeller subsystem for application to ultra-long duration balloon (ULDB) trajectory steering is considered. The ULDB configuration is a constant volume, large diameter lobed spheroid balloon with under slung gondola containing the scientific payload, flight computer, telemetry unit, solar collector, and propulsion device, that is to be floated above 100,000 ft altitude. Propulsive force will be used for small meridional wind disturbance rejection and cross track trajectory steering. Design requirements include constraints on power consumption, thrust generation, and propeller dimension, while design freedoms available for selection are airfoil shape, propeller diameter, aspect ratio, twist profile, number of blades, and propeller turn rate. Float altitude is a mission dependent parameter. A critical factor in the study is identification, utilization, and optimization of subcritical Reynolds number airfoil behavior where laminar flow separation is present and dominant. Blade element theory with effects from induced velocity, nonlinear aerodynamics, and finite span blade tip losses is utilized. A family of four airfoil sections including thin symmetric, thin cambered, flat plate, and curved plate sections are considered. Thin cambered and curved plate airfoil sections provide an ability to meet the design requirements across a significant portion of the altitude envelope. If carefully designed, results indicate that ULDB propulsion controllability objectives are within reach using low risk concepts.
Trajectory Management Concepts for Future Small Aircraft Transportation Systems:

Methodology for construction and implementation of inflight trajectory management systems for vehicles participating in future small aircraft transportation systems (SATS) is considered. The SATS concept is a modern regional airspace system exploiting integration of key airborne and ground infrastructure technologies to facilitate efficiency and safety improved operations at non-controlled public use airports. An area where new trajectory management guidance systems may provide significant benefit is the transition between en route flight and the terminal airspace boundary, or possibly interior terminal airspace navigation fix points, for both approach and departure. Energy state theory and space-time curve geometry are investigated as tools for tailoring time-to-interface or time-to-land with traffic constraints. Results imply the trajectory management concepts offer significant design freedom to tailor flight paths and vehicle states for optimum performance and safety in real-time. This strategy will also tend to provide practical trajectory profiles while avoiding heavy computational burdens.
4.2.1.3  UC Davis – Ron Hess
An overview of recent research conducted in the Division of Aeronautical Science and Engineering at UC Davis was presented.  Five topics describing ongoing or recently completed research studies were described. The first involved the design and construction UAV at UC Davis. The vehicle is intended for use by University of California campuses for research in remote sensing.  The second project focused upon a sliding mode control design for a nonlinear model of a ducted fan organic air vehicle.  The third project dealt with development of simplified pursuit models of the human pilot in multi-axis tasks in which the pilot model could be created using computer simulation time histories of the (possibly nonlinear) vehicle model. A project entitled Operational Based Visual Assessment (OBVA) was described next. This project has a goal of bridging the gap between clinical assessment of the human pilot’s visual capabilities and pilot performance. The presentation closed with a brief discussion of one result from a NASA Langley piloted simulation study of transport aircraft rudder pedal force/feel systems.

4.2.1.4  University of Colorado – Dave Schmidt
no abstract received

4.2.1.5  University of Florida – Rick Lind

No Report

4.2.1.6  UC Irvine – Ken Mease
In the Mechanical and Aerospace Engineering Department, two new faculty members were added over the summer, one of these in guidance, navigation and control. There is an ongoing search for 4 more aerospace faculty: two in structures, one in space propulsion and one in aerospace systems.

In the Flight Dynamics and Control Lab, three research projects are in progress. Model Decomposition for Multiple Time-Scale Nonlinear Dynamical Systems is funded by NSF. In this project, Lyapunov exponents and vectors are used for nonlinear systems for purposes similar to those for which eigenvalues and eigenvectors are used for linear time-invariant systems. Entry Guidance for Mars Landing, a collaborative project with JPL engineers, is funded by JPL. Entry and aerocapture guidance laws are being developed and tested to support future Mars missions. Flight Control via Internal Moving Mass is a collaborative project with Optimal Synthesis, Inc., funded by an STTR from MDA.

The UCI Rocket Project, involving a team of 25 students with the speaker serving as the faculty advisor, successfully designed, built and launched a 12 foot rocket that reached an altitude of almost 10,000 feet. The speaker has also been involved in the COSMOS summer program for high school students, an in-residence 4 week program in which top California high school students attend lectures about aircraft aerodynamics and flight mechanics and control and build and fly R/C airplanes.

4.2.1.7  University of Minnesota – Gary Balas
The current research on going at the University of Minnesota in the controls area includes:

· “Control Reconfiguration and Fault Detection and Isolation Using Linear, Parameter Varying Techniques,” NASA Langley Research Center, NASA Aviation Safety Program, Dr. Christine Belcastro Technical Monitor

· “Stability and Control of Supercavitating Vehicles,” ONR, Dr. Kam Ng Program Manager. A special session planned for the 2006 American Control Conference entitled “Modeling and Control of High-Speed Underwater Vehicles”

·  “Development of Analysis Tools for Certification of Flight Control Laws,” joint work with Andy Packard at UC Berkeley and Pete Seiler at Honeywell. This research is being funded by AFOSR.

· “High Integrity Navigation,” Lockheed Martin sponsor

· “UAV/RPV as Intelligent Transportation System Sensor Platform,” UMN ITS

· “MnSat” Micro and Nano-Satellite Design, USAF

· “Prediction of Parachute Opening Dynamics”

· “Azimuth Pointing Control of a Balloon-Borne Stabilized Platform”

· “Guidance and Control of Autonomous Vehicles”

4.2.2 Research Institutes and Companies
4.2.2.1  Airbus – Xavier LeTron
Some examples of Airbus (associated to Europeen Research centres & Universities) R&T activities in the field of Flight Control were briefly presented, including:

· testing of a “Brake to Vacate” function, which coupled with an Airport Navigation system can provide adaptative braking to reach a pre-selected runway exit;

· a concept for distributed Flaps Drive actuation system

· a topology adapted to mixed (logical / numerical) signals

· some contributions on Automatic control: robust and non-linear control, adaptative control, and multi-objective control

· a contribution to Wake Vortex probability and severity assessment.

4.2.2.2  Athena Tech, Inc. – Vlad Gavrilets
Athena Technologies has achieved several new milestones in the half a year since Spring 2006 SAE committee meeting. Shadow 200 Tactical UAV by AAI Corp., flown with Athena’s Guidestar GS211e integrated flight control, navigation, and vehicle management system, achieved 100,000 operational flight hours in Iraq. Lockheed Martin SkunkWorks awarded Athena a contract to provide an entire flight control system for its morphing aircraft (based on an off-the-shelf Guidestar GS111m). General Atomics awarded Athena a contract for equipping its fleet of US Army Warrior Extended Range/Multiple Payload (ERMP) with dual backup INS/GPS integrated navigation systems (our new tactical grade Guidestar GS511). MicroGuidestar - a four ounce flight control system with a complete sensor suite - was added to Athena’s Guidestar product family.

Under DARPA’s Damage Tolerance program, Athena is preparing a flight demonstration of automatic landing after sustaining simulated battle damage. This capability is enabled by Athena’s adaptive control algorithms. Full nonlinear simulations show that, for example, after a significant damage to wing trailing edge, including loss of an aileron, the test bed aircraft (turbojet powered F-18 model) can not adequately perform a last-minute decrabbing maneuver in a strong cross-wind due to excessive coupling between sideslip and bank response. It has been shown in simulation that Athena’s adaptive control algorithms recover the original performance by suppressing cross-axis response. 

4.2.2.3  Calspan – Lou Knotts
Four recent projects at Calspan are discussed.  The first is the Automatic Air Refueling project which utilized the Learjet (#2) variable stability aircraft as an unmanned air vehicle surrogate.  This project flew from the Niagara Falls, NY airport while a KC-135 tanker from the New York Air National Guard served as the tanker test bed.  Flight test program aspects were discussed and several photos and videos were shown of the Learjet while in both the air refueling contact position as well as on the KC-135 tanker’s wing (observation position).  The second project discussed was the upcoming AFRL Sense and Avoid project.  This project also uses the Learjet as a surrogate UAV and the purpose of the flight test program is to evaluate the ability of the onboard sensors to allow unmanned vehicles to share the National Airspace System safely with manned aircraft.  This project will begin flight test at Niagara Falls, NY during October 2006.  The third update of Calspan flight activities is a status update of the Variable Stability In-flight Simulator Test Aircraft  (VISTA) NF-16D.  After a busy and successful year at Edwards AFB, the aircraft was recently flown to Hill AFB where it will undergo about nine months of USAF Depot maintenance which will extend its service life for at least another 15 years.  The last project discussed is an instrumentation and parameter identification project of the Oregon Iron Works, Inc. unmanned SeaScout seaplane.  Calspan’s role was to provide a small, inexpensive instrumentation and data recording package as well as reduction of the data to provide an aircraft model data.

4.2.2.4  Barron Associates  – Dave Ward
Barron Associates, Inc. reported on a number of recent and ongoing controls projects, including:

· Retrofit Reconfigurable Flight Control for F/A-18:  Recently completed program demonstrated the ability of a “wrap-around” system to compensate for unforeseen failure.  Project concluded with a series of F/A-18 flight tests.

· Adaptive Control of Morphing Aircraft: Adaptive control is being applied to aircraft with changing wing shapes to ensure stability and performance during wing morphing.  Work is proceeding toward closed-loop wind-tunnel experiments.

· High-Speed Supercavitating Torpedo: Adaptive Backstepping and Receding-Horizon   controllers are being developed for a supercavitating torpedo.  Work is proceeding toward closed-loop water-tunnel experiments.

· UAV Upset Recovery Control System:  Reinforcement-learning-based path planning and control are being developed to prevent and recover from UAV upset conditions.  Of particular interest are shipboard landing applications.  Phase II will conclude with flight tests using NASA AirSTAR (GTM) testbed.

· Integrated, Adaptive, Guidance & Control:
· Recently completed HIL demonstrations showed the merit of real-time trajectory shaping for TAEM and A/L segments of RLV flight.

· Current AFRL BAA with Boeing is looking at reentry portions of flight.

· Current AFRL BAA with NGC is looking at launch and ascent portions of flight – including launch abort and return-to-base.

· Current AFRL SBIR is looking at leveraging rapid trajectory planning approaches for fast RLV mission planning..

· High-Speed Vertical Lift Simulation Development:  Barron Associates is near completion of a publicly-releasable Matlab/Simulink models of high-speed vertical lift aircraft with innovative effectors.  This simulation includes ship motion and airwake and is designed for controls researchers.

· Adaptive Control of Synthetic Jet Arrays with Unknown Nonlinearities:  Virtually shape airfoil at low angles of attack and control flow separation at high angles of attack.  Work is proceeding toward wind-tunnel demonstrations.

· Generic Software Wrappers for Runtime V&V:  Software wrappers monitor safety-critical systems and handle switching to reversionary modes when the software or algorithm fails.  Follow-on work includes:

· Wrappers for triplex systems

· Development of additional monitor blocks

· Automatic generation of monitor bounds

· Bounds estimation for Neural Networks.

· Real-Time Estimation of Stability Margins
· Intelligent Monte-Carlo Simulation for Automated Control Law Evaluation.
4.2.2.5  Honeywell Tech Center – Sanjay Parthasarathy
This talk reviews significant milestones accomplished at Honeywell’s Aerospace Center of Excellence in Guidance, Navigation and Control, since the 2005 Fall meeting of ACGSC (# 96).

1) Autonomous systems – Highlights since March from some programs at Honeywell in intelligent autonomy are listed below:

Micro-Air Vehicle (MAV): The MAV (a backpackable ducted-fan UAV) developed under a DARPA-ACTD program has been selected as the FCS-Class I vehicle, and is undergoing testing at Schofield.

Organic Air Vehicle (OAV-2): Phase 2 of this DARPA program completed successfully with Collision Avoidance System demonstrated at Ft. Benning. Phase 3a in progress.

HURT program: (Heterogeneous Urban RSTA Teams) – HURT aims to  provide on-demand reconnaissance using multiple UAVs in urban environments. This DARPA program is led by Northrop Grumman. Honeywell provides the planning and control modules for this program. Coverage planner, surveillance system, vehicle tracker delivered and tested. Honeywell is working on removing Altitude-constraints on the UAVs - 2 UAVs can then be at the same altitude, but still be safe and fulfill the surveillance requests.

2. Air Traffic Management (ATM Modernization)

· Single European Sky ATM Research (SESAR) program

US Industry Input to this consortium is being provided via Boeing, Rockwell-Collins and Honeywell. Deliverables thus far have been an assessment of the current state of the ATM system, and blocking points in increasing traffic three-fold over Europe. 

· En Route Air Traffic Soft Management Ultimate System (ERASMUS)  program kicked-off in May, 2006.Funded by the European Commission, and led by Eurocontrol in Bretigny, France, this program proposes an air-ground cooperative work aiming at defining and validating innovative automation and concepts of  operations for the En-route phase. The goal is to propose an advanced automation while maintaining the controllers in the decision loop. Three majors applications are proposed to be investigated:

· Enhanced Medium Term Conflict Detection (MTCD); 

· “ATC autopilot”;

· subliminal control.


Honeywell is investigating 4D predictions, negotiations, secure communication and human factors involved in optimizing traffic and preventing conflicts.

4.2.2.6  Institute of Flight Research at DLR – Frank Thielecke
A²STRA – DLR’s new Flight Test Aircraft. Since 1986 the flight test aircraft ATTAS is in operation at DLR Braunschweig leading to more than 30 years of in-flight technology demonstration. However, since ATTAS is the last operated VFW 614 aircraft, DLR has no industrial support anymore and the end of ATTAS operation is expected within the next 2-3 years. In September 2005 a project team was initiated to start the procurement of an appropriate aircraft as a successor of ATTAS. The selected aircraft is an A320-232 operated by FlyNiki until March 2006. After the final decision for procurement A²STRA was delivered to DLR and the first official presentation was in June 2006. The next steps are the definition and implementation of technical modifications in close cooperation with Airbus. Based on DLR’s research objectives, it is intended to implement long term research cooperation with Airbus and to integrate A²STRA into the upcoming European Clean Sky JTI Program.

SHEFEX 2. Sharp Edge Flight Experiment. The main objectives of SHEFEX are the proof of concept for a new TPS (symmetrical facetted forebody with 8 identical segments) and the validation of aero-thermodynamic data. A hypersonic flight experiment with active control via canards / fins will be performed in 2009. The experiment phase will be between 90 and 20 km altitude leading to an experimental time of 45 to 65 sec. For the post-flight analysis of TPS the recovery of the experiment vehicle is planned.

FASTWing and MiTraPor – Airdrop Related Activities. In November 2006 the European Commission started the FASTWing CL project with the objective to development of a self-guided parafoil/payload system for cargo up to 6.000kg. DLR’s work packages are data acquisition and evaluation, video analysis, modeling and system identification as well as the demonstration of fault tolerant control algorithms. Complementary to FASTWing, the MiTraPor project was initiated by DLR to develop and validate airdrop simulation models for military transport aircraft like the A400M. Four DLR Institutes are involved to build a general framework for multi-disciplinary simulations of airdrop missions. 

HMI for Manned Unmanned Teaming. Based on the Scientific Exchange Program between the US Air Force and DLR, Lt. John Casey from Siva Banda’s Lab is working with the ARTIS team at DLR Braunschweig. The research focus is on interface design for crew situational awareness, direct voice input (DVI), syntax and applications for voice command strategies, as well as a haptic interface design (Active Sidestick) to be evaluated in hardware-in-the-loop simulations and flight tests. 

Model Predictive Control. In close cooperation with Prof. Kienitz from CTA, a Brazilian PhD student is working on robust and adaptive MPC. The research agenda of this 3-years- project includes adaptability for control / aerodynamics / propulsion modifications and safe operation near flight envelope boundaries. The performance of MPC will be demonstrated on ATTAS and ARTIS. 

4.2.2.7 Jet Propulsion Laboratory – Dan Burkhardt

This talk gives an overview of the Jet Propulsion Laboratory (JPL).  It will briefly cover the high points of some past missions (MER, Stardust, Deep Impact), current missions (MRO, Cassini), and upcoming missions (MSL).
4.2.2.8  Optimal Synthesis – P.K. Menon

During 2005-2006, the research projects at OSI were on air traffic management, nonlinear control of internally actuated vehicles and aircraft engines, and data mining methods for store-separation trajectory analysis. In the air traffic management area, software is being developed for regulating surface traffic at airports, and en-route traffic flow control. Real-time nonlinear control systems are being designed for hyper-velocity flight vehicles using center of mass management.  Data mining methods are being employed to explore the parameters influencing dynamic behavior of stores are they are released at high speeds and low altitudes from various flying platforms. 

4.2.2.9  Robert Heffley Engineering – Robert Heffley

No Report
4.2.2.10 Saab – Stephan Bogg
The presentation consists of three parts; Gripen, UAV’s and miscellaneous activities. The focus is on FCS activities but the briefing covers some information on other a/c activities where Saab is (yet) not doing any efforts on flight controls

The current status of the JAS 39 Gripen FCS is that most of the control law design is finalized. The Wake Vortex Transient Reduction function is implemented, verified and delivered to all versions of Gripen, all customers. 

To handle a more aft c.g. then originally specified, due to new pylons and twin store carriers, an increased AoA feedback has been implemented and flight test verified in the dual seat version of Gripen (JAS 39D). Yet to be verified is the characteristics in the single seater (JAS 39C).

With regard to FCS functionality the next software load for the Gripen FCS mainly contains a cleanup of deactivated code and unused Flight Test Functions. It also contains functionality for other systems, e.g. improvements in the synthetic AHRS function.

The Saab technology demonstrator UAV’s Sharc TD and Filur has been concluded with flight tests proving full autonomous flight including TO & L for conventional and low observable configurations. Saab is now developing our first products in the area, one VTOL configuration and one fixed wing TUAV. Currently flight test is ongoing with a prototype of the VTOL a/c.

Other activities at Saab include development of an AEW capability for Saab 2000 by fitting a radar on the fuselage the same way that has been done on the Saab 340. This programme is planned not to contain any FCS changes.

A programme where Saab has major responsibilities is the Neuron. Saab is partly responsible for the general a/c design and is responsible for e.g. the fuel system, avionic system and the functionality for autonomy. The FCS is however developed by Dassault.

The R&T activities performed recently consist of participation in two GARTEUR work groups, one aiming at developing a PIO toolbox for Matlab and one where methods for robust design and verification of control laws are explored. 

Two master theses has been produced the last year, one where the QFT design method for control law design where used and one developing an optimized based method for V&V.

4.2.2.11  SAIC – Roger Burton
No Report

4.2.2.12  Scientific Systems – Raman Mehra

SSCI is performing projects in the areas of Intelligent and Autonomous Control Systems, Signal and Image Processing, Information and Communication and System Integration.  The application areas are:  collaborative control, autonomy and situational awareness for manned and unmanned vehicles (air, surface, underwater, space); C4ISR and Network Centric Warfare; Sensor Fusion and Sensor Management; Automatic Target Recognition and Multisensor Multitarget Tracking.  Currently, SSCI is performing on five Phase II SBIR projects on Autonomy for Spacecraft Formation Flying, Coordinated Control of UAVs for Forest Fire Monitoring, Helicopter Formation Flying and Integrated Damage Modeling and Adaptive Control for commercial and military aircraft.  SSCI has developed a very accurate system for GPS-denied navigation using high resolution video imagery and Digital Elevation Map (DEM).  Flight Test data has been collected and analyzed jointly with Boeing to demonstrate accuracy better than DEM.

4.2.2.13  Systems Technology Inc. – David Klyde
I begin this summary of recent activities at Systems Technology, Inc. with the unfortunate truth that several of our most interesting commercial consulting activities are protected by various non-disclosure agreements and several of our most recent DoD activities are protected by ITAR restrictions. Suffice it to say that we have some very interesting programs underway… I just can’t tell you about them.

On an “approved for public release” note, STI is happy to announce that our fourth annual STISIM Drive Conference will be held later this month. The host site for this year’s conference is MIT. Previous conferences were held at Cranfield University, UC San Diego, and Bosch Automotive in Stuttgart, Germany. Over the two day event 20 plus technical papers from more than 15 different organizations will be presented. Collected papers from two previous conferences were published in two special issues of the international journal – Advances in Transportation Studies. Paper topics included: driver training, driver impairment, lower limb movement variability in elderly persons, road safety evaluations, performance measurement paradigms, and driving simulation in a clinical setting. Next year’s event will be held in Rome, Italy at the University Roma Tre.

In other work, Systems Technology, Inc. (STI) under a Phase II Small Business Innovation Research (SBIR) program for NASA Dryden Flight Research Center is investigating the use of dynamic distortion to predict and alleviate loss of control. In terms of aviation safety this program is emphasizing loss of control associated with unfavorable pilot-vehicle interactions in general and pilot-induced oscillations in particular, especially those severe events associated with rate limiting.  Some unfavorable pilot-vehicle interactions can be connected with “dynamic distortion” (i.e., dynamic differences between actual and idealized control system characteristics). Force feedback control elements to the pilot provide a means to develop cues that can offset the ill effects of dynamic distortion. When favorable, these can be considered “smart-cues.” Mechanizations for the various force feedback concepts have been developed and evaluated using STI’s flight simulator and a McFadden centerstick control loader. The control stick is representative of a legacy F/A-18 inceptor. Formal flight test evaluations will be conducted later this year using the Calspan Learjet in-flight simulator. Continuous closed-loop tracking task evaluations will be made in cruise flight using a head down display. Approach and landing evaluations will be made using the precision offset landing task.

4.2.2.14  Hoh Aeronautics, Inc. – Dave Mitchell
HAI has completed work on a Phase I Small Business Innovation Research (SBIR) contract from Naval Air Systems Command (NAVAIR) to develop updates to the rotorcraft handling qualities specification ADS-33E-PRF.  Phase II, expected to start in early 2007, will be focused on updates for maritime operations and for very large cargo and UAV helicopters.  Several ground simulation and flight research programs are planned, working in conjunction with Advanced Rotorcraft Technology (ART) of Mountain View, CA, which will be funded under a separate Phase II SBIR contract.  An outcome of the work will be a software application package that will assist the user in the interpretation of requirements.  Unlike other available software (such as CONDUIT or the DLR/IIT HAT toolbox), ASAP will alert the user to issues with compliance and questions about input data.

HAI has just delivered a final report to the Federal Aviation Administration outlining a test plan for studying rudder usage issues.  We have received additional funding to perform an initial simulation investigation to identify the level of motion required for executing the test plan.  The NASA Ames Vertical Motion Simulator will be used for this investigation.  In addition, we are under contract with NASA Dryden to help with a flight research program to identify pitch/roll coupling limits for flight with failed control surfaces.
4.2.2.15  Aurora – Jim Paduano
Aurora Flight Sciences has been a leader in unmanned aerial vehicle technology for research, defense and homeland security organizations for over 15 years, pioneering civilian and military UAV applications and continually pushing the limits of unmanned flight.  Aurora’s business is divided into three primary sectors: science applications, tactical systems, and aerostructures manufacturing; and consists of four facilities:  The Engineering Center & Corporate Headquarters in Manassa, VA, production facilities in Clarksburg, WV and Columbus/Starkville, MI, and the Research and Development Center (RDC) in Cambridge, MA.  Aurora opened the RDC in January 2006 to further diversify its technology portfolio and integrate more innovative technologies into the company’s UAV products.  

Currently Aurora is executing six different UAV programs.  Three of these are tactical vehicles aimed at organic operations from the small combat team level to the brigade level and above.  The GoldenEye-50 and GoldenEye-80 are ducted fan UAVs with unique ‘free-wings’ that enable transition to efficient fixed-wing flight.  The GoldenEye-80 is part of the Phase III OAV development program.  The Exalibur is a fixed wing VTUAV with a 350 lb payload and significant high-speed dash capability.  

In the science applications area, Aurora is developing the Orion High Altitude, Long Loiter vehicle designed to fly for 100 hours and achieve 65,000 feet altitude using ultra-lightweight composites and liquid hydrogen engines derived from the Boeing HALE program.  Also in the science arena, Aurora is the airframe manufacturer for NASA’s ARES program to fly a UAV in the Mars atmosphere.  Aurora is solely responsible for the structural design and fabrication of these vehicles, uncluding two demonstrators (one of which flew at 100,000 feet in 2002) and three final flight airframes, to be launched in 2009.

All of the vehicles described above are built by Aurora in their state-of-the art precision composite manufacturing facilities.  In addition, Aurora is a key member in the team producing the Global Hawk airframe, currently producing all fuselage composite structures except radomes.  Aurora assisted Northrop Grumman Corp. in evolving the design and manufacturing process and controls of the prototype Global Hawk design in the source inspection production environment.  Aurora expanded production facilities and added composite rate production capability supporting first-article inspection (FAI), government source inspection of fracture critical components, and non-destruction inspection (NDI) including C-scan ultrasonic to B-2 class specifications.  Aurora continues to be the only Small Business that is a “major supplier” in the Global Hawk program.

5.0 SUBCOMMITTEE A – AERONAUTIC AND SURFACE VEHICLES
5.1 “Human Supervisory Control Issues in Unmanned Vehicle Operations,” Missy Cummings, MIT
This presentation will discuss ten human supervisory control  challenges that could significantly impact operator performance in the control of one or more unmanned vehicles. The ten challenges include information overload, appropriate levels of automation, adaptive automation, distributed decision-making through team coordination, complexity measures, decision biases, attention allocation, supervisory monitoring of operators, trust and reliability, and accountability. Unmanned vehicles operations, particularly those with heterogeneous components, will bring increases in the number of information sources, volume of information, and operational tempo with significant uncertainty, all which will place higher cognitive demands on operators. Thus it is critical that human-systems integration research focus not only on technological innovations, but also the strengths and limitations of human-automation interaction in a complex system.

5.2 “Results of NASA/DARPA Automatic Probe and Drogue Refueling Flight Test,” Keith Schweikhard, NASA Dryden
The Autonomous Airborne Refueling Demonstrator (AARD) project was a fifteen month technology demonstration effort funded by DARPA to demonstrate fully autonomous probe to drogue refueling using a system utilizing a combination of relative GPS solution, and an optical tracking system.  This system was designed, developed, integrated, and tested.  On August 30, 2006 a successful autonomous plug was demonstrated using Boeing 707 tanker and a F-18B aircraft.  This presentation provides an overview of the AARD project and flight test activities.
5.3 “Wake Vortex Flight Test Results,” Staffan Bogg, Saab Aircraft
During the 1990 evaluation of JAS 39 Gripen’s characteristics at wake vortex passages only flight test was used. This made it hard to cover all the possibilities of wake vortex passages.

At 1999 a JAS 39 Gripen a/c was lost during combat training at low altitude encountering a wake vortex passage. This event started development of a complete wake vortex simulation model.

During air combat training 2003 a Gripen a/c encountered a wake vortex passage, which resulted in a high AoA spin. The high AoA spin was recovered by the FCS high AoA automatic recovery control laws.

This event resulted in further refinement of the wake vortex simulation model. The data from the spin incident could also be used to define a FCS change to solve the problem with wake vortex passages. The proposed FCS change was implemented in the JAS 39 Gripen FCS. The control system change was simple and effective.

The wake vortex effect on the angle of attack vane signal, which is normally used by the FCS, caused an elevator/canard command that resulted in an angle of attack overshoot when maneuvering at maximum AoA.

The new FCS change detects a wake vortex passage and switch to a complementary filtered AoA, which is used under the wake vortex passage, and the transient is significantly reduced.

Extensive batch simulations with 12000 simulations at each envelope point were performed to verify the FCS change using the wake vortex simulation model.

The FCS change was also extensively flight tested using information from the batch simulations. The FCS wake vortex control law change showed very good wake vortex passage characteristics with very small transients.
5.4 “Concept Validation and Risk Reduction Flight Test Program for the 787,” Vera Martinovich, Boeing
The new Boeing 787 Dreamliner is less than a year from its first flight in summer 2007.  This presentation introduces some of the features of this airplane and describes why over 470 orders have been placed for the aircraft so far.  The control laws of the airplane had to satisfy some rigorous, challenging requirements, which are described next.  The control law philosophy is discussed, along with the design process.  Special attention is paid to the Concept Validation and Risk Reduction (CVRR) vehicle, a leased 777-200ER used to test the candidate control laws.  The CVRR flight test program is discussed, including maneuvers flown and lessons learned.  The presentation ends with a look ahead to tasks facing the control law team between now and first flight.  

6.0 SUBCOMMITTEE B – MISSILES AND SPACE
6.1 "The Federal Russian Mission Oriented Programs: GLONASS and United Time & Positioning Program (2006-2015)," Mikhail N. Krasilshikov, Moscow Aviation Institute
This is an official presentation about actual Federal Mission Oriented Program (FMOP) "GLONASS'' status and update, including all aspects of GLONASS upgrades: political, financial, hardware & software as well as about State Concept of Russian United Positioning, Navigation and Time System (UPNTS). Presentation is prepared by board of Russian authors, responsible for both GLONASS and UPNTS development and upgrades:

V. Klimov, Russian Federal Space Agency,

V.Bartenev, V. Kossenko, Scientific Production Corporation of Applied Mechanics, named after Academician M.F.Reshetnev,

V. Dvorkin, Russian Research Institute of Space Device Engineering,

A. Tyulyakov,  Russian Institute of Radio Navigation and Time,

S. Revnivykh, V.Pochukaev, Central Research Institute of Machine Building,

M. Krasilshchikov, Moscow Aviation Institute (State Technical University).

6.2 "Overview of Entry, Descent, and Landing for Mars Science Laboratory," Daniel Burkhart, JPL
The long-term effort of robotic exploration of Mars by NASA’s Mars Exploration Program will continue in 2010 with the arrival of Mars Science Laboratory, a rover designed to assess whether Mars ever was, or is still today, an environment able to support microbial life. To find out, the rover would carry the largest, most advanced suite of science instruments ever sent to the Martian surface.  To deliver this payload safely to the surface of Mars, the next generation of Entry, Descent and Landing (EDL) systems will be implemented, including a guided lifting entry, the largest parachute ever deployed at Mars and an innovative soft landing system dubbed “Sky Crane”.  This presentation describes these key EDL elements in terms of the requirements that drive it, specifically delivery of a large payload with higher accuracy, a higher landing site altitude and a wider range of accessible landing latitudes than possible without these advances.  A complete notional EDL timeline is then presented that integrates these key elements.

6.3 "Historical Perspective on Large Scale SRBs," by Dave McGrath from ATK
The presentation traces the development of large solid rocket motors and the thrust vector control (TVC) systems they used.  An overview of TVC types is presented as is a detailed schematic of the Shuttle SRB nozzle which uses the most common solid rocket TVC nozzle design – the flexseal.  The presentation uses historical photographs to highlight the programs and their place in the chronology of large motor development as well as the development of our defense and space exploration capabilities.  It highlights some system tests that never became operational but demonstrated capabilities that could be used if the mission requirements demanded.  The presentation ends with the current motor development activity for the new NASA launch vehicles – the Ares I and the Ares
6.4 "Adaptive Flight Control of a Sensor Guided MK-82 JDAM," Kevin Wise, Boeing
In this paper, direct adaptive model reference control is applied to a modified MK-82 Joint Direct Attack Munition weapon flight control system.  This adaptive flight control system was designed and flight tested without wind tunnel measurement of any aerodynamic changes to the modified weapon.  The adaptive flight control augments the weapon’s baseline autopilot which was designed using a linear quadratic regulator incorporating integral control. While the latter was constructed to provide system stability and command tracking using nominal plant data, the adaptive augmentation was designed to maintain the desired closed-loop system characteristics in the presence of the aerodynamic uncertainties caused by the hardware modifications, environmental disturbances, and potential control failures.  This paper summarizes the design, simulation testing, and flight test results using the adaptive flight control system.

7.0 SUBCOMMITTEE C – AVIONICS AND SYSTEM INTEGRATION
7.1  "Vision-Based GNC and Decision Making for an Unmanned Helicopter," Frank Thielecke, DLR
The research presented in this talk intends to contribute towards the utilization of small UAVs in uncertain environments and towards the increase of vehicle autonomy to operate even under systems failures. For the demonstration of the developed concepts in the fields of vision-based GNC and on-board decision making, DLR’s VTOL UAV demonstrator ARTIS is used. 

Due to the poor quality of MEMS inertial sensors typically used in small UAVs, periods without GPS aiding cannot be bridged using unaided strapdown solution. Therefore, small, inexpensive and drift-free sensor alternatives are desired to compensate for GPS-failure. The first part of the presentation addresses the implementation and evaluation of a vision-based navigation filter for the Unmanned Aerial Vehicle ARTIS (Autonomous Rotorcraft Testbed for Intelligent Systems). The navigation filter uses vision data from ground feature tracking based on a Lucas-Kanade algorithm in order to compensate GPS-failure. An Extended Kalman Filter (EKF) is used for sensor data fusion. The developed algorithm handles data synchronisation and latency compensation. The filter is evaluated in Software in the Loop (SITL) simulation, in Hardware in the Loop (HITL) simulation and in flight test. Despite the inherent error accumulation the relative navigation approach allows the helicopter a notable area of operation. ARTIS performs stable flight in hover domain using the vision-based navigation approach. The results show the capability of the navigation algorithm to converge and to compensate GPS-failure. 

To handle more complex systems failures and to move the UAV in a partially known and dynamic environment, it is a key topic to increase the level of vehicle autonomy by onboard decision making capabilities. They allow the vehicle to perform its mission even when the system’s performance is degraded and the initial plan prepared offline is no more valid. Decision capabilities, which guaranty the adaptation of the vehicle behaviour, are implemented in cognitive architectures in order to close the loop of perception, situation evaluation, decision, and action. The capability to integrate environmental information via sensors and to evaluate the current state is indeed essential for the vehicle to assure its own safety and a minimum level of autonomy. The second part for this presentation will focus on system architectures for decision making and a design metaphor for the man-machine interface. In this context, some aspects of automatic sense and avoid will be discussed.

7.2 “UAV Operations in Urban Environments,” Sanjay Parthasarathy, Honeywell
Honeywell is working on 2 DARPA-funded programs: Organic Air Vehicle – 2 (OAV-2) and Heterogeneous Urban RSTA Teams (HURT). This talk will describe the technologies developed under these 2 programs. Phase 2 of the OAV-2 program focused on developing collision avoidance technology. Honeywell, working with Carnegie Mellon University, integrated a sensor, and, developed and tested a collision avoidance system. A strategic path planner based on Laplacian techniques, and a tactical avoidance maneuver were integrated and flown on a Yamaha R-Max helicopter at Ft. Benning. In the HURT program, Honeywell is developing the planning and control system that will enable heterogeneous UAVs to provide on-demand services e.g. Eyes-on-target, vehicle surveillance, etc. This talk will describe the planner and the interface to the HURT mission management system, and will showcase recent results.

7.3 “Switching Systems in Attitude Control,” Prof. Karl Kienitz, Instituto Technológico de Aeronáutica, São José dos Campos, SP, Brazil
Launch and space vehicles may use on-off thrusters as actuators for attitude control. Thrusters produce discontinuous control actions and are subject to switching constraints. In practical applications, switching constraints have been typically accommodated or accounted for with ad-hoc approaches, sometimes at the expense of system’s performance. This is an overview presentation that reports on ongoing work concerned with:

· analysis of system behavior when actuators are operated at the limits of their switching constraints;

· systematic handling of switching constraints at control design time.

· Common approaches for thruster activation logic are direct activation and pulse modulation.
The first part of the talk is devoted to pulse modulation. Pulse modulators convert continuous input commands in a sequence of switching signals suitable for the command of on-off thrusters. Discussed in this talk is a pulse modulation scheme based on a set of modulation curves which explicitly considers switching restrictions and implements arbitrary bounded functions between constant modulator input and averaged modulator output. Such an approach is particularly well suited for application in attitude control systems. The use of this modulation scheme does not rely on time-consuming tuning strategies. 
The second part of the talk addresses dynamical behavior patterns that may occur when actuators with switching restrictions are operated in direct activation, which consists of the use of a non-linear actuator “as is”. Based on an example attitude control system it is shown how some unusual motions can be observed arising from periodic attractors by means of bifurcations. During recent research on the issue of limit cycle control for systems with minimally spaced switching-times, it was observed that the optimal control parameter set, which guarantees minimum amplitude and minimum fuel consumption, lies on the frontier where the system bifurcates into nonperiodic persistent motion. Here the concern with the robustness of an optimal controller arises. In order to evaluate the system’s robust performance, some time is devoted to understanding these nonperiodic persistent motions. In particular, it is desirable to clarify how performance is affected by the emergence of these motions, and whether their amplitude or their appearance can be predicted. Dynamical systems tools, such as bifurcation diagrams, Poincaré maps and Lyapunov spectrum, can be used to characterize these motions. Their stability is verified and amplitudes predicted. Moreover, the coexistence of multiple attractors for a given value of the control parameter (multistability) is observed, and chaotic attractors are found.
The last part of the talk addresses the issue of controller design for systems with actuators operated in direct activation, aiming at robust limit cycling behavior, i.e. avoiding nonperiodic motion. It is shown how to tackle such design problem via the describing function framework and the Tsypkin/Hamel method. Advantages and disadvantages of these approaches as well as the operation of controllers near bifurcations borders are addressed.
Throughout the talk, open problems and directions for further research are outlined.

7.4 “Unmanned Systems Common Control Study” - Marc Steinberg, NAVAIR
Program Executive Officer for Littoral and Mine Warfare (PEO(LMW)) manages the Navy's acquisition programs for UUVs, USVs, and UGVs, and also has the responsibility for integration of unmanned systems into Naval platforms across the fleet. As such, PEO(LMW) recognizes the importance of standards, common interfaces, and modularity to ensure that unmanned systems are affordable and deployable as they become integrated into warfighting systems in increasingly significant numbers.

One important component of this is common control for unmanned systems and the application of joint interoperability standards (currently JAUS - or Joint Architecture for Unmanned Systems and NATO STANAG 4586). PEO(LMW) held an industry workshop during AUVSI’s Unmanned Systems North America 2005 to socialize their guidance to industry on application of these joint standards. This year, PEO(LMW) held a follow-on workshop during the symposium to report on progress in applying joint standards, and the findings of a special study team that has been examining the current baseline for common control architectures within the Navy and developing recommendations for the way ahead for the future.
8.0 SUBCOMMITTEE D – DYNAMICS, COMPUTATIONS AND ANALYSIS

8.1 “Station-Keeping Performance of a Large High-Altitude Notional Airship,” Prof. David. K. Schmidt, University of Colorado, Colorado Springs
There is growing worldwide interest in utilizing autonomous flight vehicles as platforms operating for extended periods of time at very high altitudes to achieve mission objectives heretofore accomplished using spacecraft. Using such vehicles in this manner is referred to as a “near-space” solution to a mission requirement, as apposed to a “space-based” solution. Key technological advances have made  near-space solutions more viable. Such advances include ultra-lightweight materials and solar-power technology. And near-space vehicular concepts include heavier-that-air (UAV’s) and lighter-than-air (airships), or hybrid designs that rely on both aerodynamic lift and buoyancy. A critical feasibility issue is the requirement for autonomous station keeping, involving the ability to remain fixed over a geo-location  in the presence of winds. After an introduction to the promise of near space, and what we mean by near space, this presentation will focus on the analysis of the winds and the station-keeping performance of a large, notional, solar-powered,  near-space vehicle. The analysis will include a power-available/power required assessment, as well as an analysis if the attitude dynamics and control of such vehicles. It is shown that the vehicle is very power limited in general, and control-power limited in general, and this issue is critical to the feasibility of the concept.

8.2  "Development of "DelFly," Micro UAV," Prof. Bob Mulder, TU Delft University
Delfly is an Micro Aerial Vehicle (MAV) design inspired by the amazing capabilities of insects to fly and maneuver. How insects manage to do this is largely unknown, however, at the very low Reynolds numbers they work with, flapping wings are mandatory as through flapping they create a dynamic leading edge vortex which, however, is quickly detached resulting in a loss of lift. By moving the wings in a figure of eight, they appear to be capable to recapture some of the beneficial effect of the shed vortex. The early version of Delfly was designed by a team of 11 BSc students which selected a configuration of four wings rotating about a single axis, each pair of two wings closing and opening while flapping. This configuration proved to work very well. An inverted V-tail with control surfaces was added for static stability and longitudinal and lateral directional control. The most recent version of Delfly features elastic tailoring of its wing spars to mimic to some extent the vortex recapturing mechanism of insect flight, a battery of 3.5 grams, data link of 0.38 grams, high resolution color camera of 1.2 grams and an efficient brushless motor of 1.5 grams, resulting in a total mass of 17 grams. Delfly is capable of high speed flight of up to 5 m/s as well as of hovering, its flying qualities turned out to be remarkably benign. Through its video data link with a ground station it will be able to fly autonomously and execute tasks as object detection and tracking. A ‘Delft Workspace for Artificial Vision’ was developed allowing easy editing and creation of vision algorithms as needed for these tasks.
8.3 "En Route Descent Advisor and Tailored Arrival," Rich Coppenbarger, NASA Ames Research Center
Tailored Arrivals (TA) are a comprehensive method of planning, communicating, and controlling descent trajectories at near-idle power from cruise altitude to runway threshold, for maximum fuel efficiency and minimal environmental impact. The potential benefits of TA are most apparent during complex, capacity-constrained operations where, in today’s environment, tactical vectoring and altitude level-offs, required for traffic management, often interrupt efficient descent profiles. Ground-based automation capable of tailoring arrival clearances to accommodate continuous descents in the presence of complex scheduling, sequencing, and separation constraints is the key to substantial widespread benefits. Towards this aim, NASA has recently begun adapting its En Route Descent Advisor (EDA) automation to support a TA concept. In cooperation with the FAA, Boeing and United Airlines, field trials were recently completed involving the delivery of EDA-supported TA descent clearances over digital data-link to Boeing 777 aircraft inbound to San Francisco from Honolulu. These trials represent an important step towards validating the technologies and procedures required for TA, and strongly support the trajectory-based concepts being developed under the joint government/industry Next Generation Air Transportation System (NGATS) initiative. The presentation will describe the concept, benefits, and supporting technologies behind TA, and present initial findings from the oceanic field trials. 

8.4 "A Piloted Simulator Evaluation of Transport Aircraft Rudder Pedal Force/Feel Systems," Eric Stewart, NASA Langley Research Center
A piloted simulation study has been conducted in a fixed-base research simulator to assess the directional handling qualities for various rudder pedal feel characteristics for jet airliners.  Three independent pedal feel parameters were investigated: (1) Force at maximum pedal travel, (2) Breakout Force, and (3) Pedal Travel.  An artificial maneuver requiring runway tracking at an altitude of 50 feet in a crosswind was used to more fully exercise the rudder pedals.  Twelve active airline pilots voluntarily participated in the study and flew approximately 500 maneuvers.  The pilots rated the various rudder pedal feel characteristics using the Cooper-Harper rating scale.  An equation for the Cooper-Harper pilot rating as a function of the three independent pedal feel parameters was fit to the data.  The equation was then used to predict optimum parameters and produce contour plots of acceptable handling qualities.  For example, for a pedal travel of +/- 2.5 inches, the optimum force at maximum pedal travel was about 80 lbs and the optimum breakout force was about 19 lbs.  The peak values of the cross spectra of the pedal force and heading angle were used to quantify the tendency to directional pilot induced oscillations (PIO).  Larger peak values of the cross spectra appeared to be correlated with larger (degraded) Cooper-Harper pilot ratings.    

9.0  SUBCOMMITTEE E – FLIGHT, PROPULSION AND AUTONOMOUS VEHICLE CONTROL SYSTEMS 
9.1 "Certification Testing of the Eclipse 500," Ken Harness, Eclipse
Eclipse Aviation, the company that defined the very light jet segment and the concept of air taxi operations has turned the general aviation world upside down with its revolutionary Eclipse 500.  Ken Harness, Eclipse’s Vice President of Engineering will present how the company was purpose-built around the concept of a total redefinition of the value proposition in the twin turbofan segment.  Specific topics will include an overview of the company behind the aircraft, and a discussion of the Eclipse 500 aircraft including design features, leading technology application such as friction stir welding and PhostrEx fire suppression systems, as well as a discussion of the flight test tools used to develop and certify this remarkable aircraft.

9.2 "Flight and Propulsion Control Technology Development Plans under the new NASA Aeronautics Programs", Sanjay Garg, NASA Glenn Research Center
The NASA Aeronautics programs have gone through a major restructuring under the leadership of Dr. Lisa Porter, the new Associate Administrator for Aeronautics Research Mission Directorate.  This presentation provides an overview of the guiding principles behind the program reorganization and summarizes the flight and propulsion control activities that are spread across various programs and projects.

The new Aeronautics program structure consists of 3 major programs: Fundamental Aeronautics (FA) , Aviation Safety (AvS) and Airspace Systems.  The flight and propulsion control activities are primarily under the various projects under FA (Subsonic Fixed Wing, Subsonic Rotary Wing, Supersonics, Hypersonics) and the IRAC (Integrated Resilient Aircraft Control) project under AS.  The focus under FA is on developing new understanding and tools and techniques to enable design of revolutionary aeronautical vehicles. The focus under SA is to develop tools and technologies that will enable multifold increase in aviation safety.  The presentation lists the flight and propulsion control related activities under the 4 FA projects and the IRAC project under SA and provides an overview of the respective technical approaches, milestones and partnering mechanisms with industry and academia. 

9.3  “Flight Test of a Retrofit Reconfigurable Control Law on an F-18C,” Tony Page, NAVAIR
Results are presented for the initial flight tests of a novel in-line retrofit reconfigurable control technique. The technique is designed as an add-on module that is intended to upgrade rather than replace the existing control laws of current aircraft. The purpose is to improve performance and safety in the event of unexpected changes in aircraft dynamics such as those caused by flight control systems failures, damage, or adverse environmental conditions. The technique achieves reconfiguration by augmenting the pilot inceptor commands rather than the actuator commands. That is, the in-line method augments the inputs rather than the outputs of the existing control law. This architecture was chosen to balance reconfiguration performance with expected software certification requirements. The retrofit reconfigurable control algorithms were hosted on specialized research flight control computers that were installed in an F/A-18C for flight testing. Handling qualities were evaluated for simulated aerodynamic control surface failures during four test flights. Failures of either a single aileron or horizontal tail were simulated by commanding the surface to remain locked at a fixed offset from trim. Flight test maneuvers included attitude captures and target tracking. Both cruise and power approach configurations were evaluated. The flight test results show that the technique is effective in restoring acceptable flying qualities following a change in the aircraft dynamics. Verification and validation of the in-line architecture requires further study to determine to what degree the certification requirements may be lessened as compared with those of other retrofit architectures.

9.4. "Advanced Verification and Validation Procedures and Tools for the Certification of Learning Systems in Aerospace Applications", Stephen Jacklin, NASA Ames Research Centerning Systems in Aerospace Applications", Stephen Jacklin, NASA Ames Research Center
This paper presents the procedures and tools presently developed or currently being developed to enable the verification, validation, and ultimate certification of adaptive control systems using learning algorithms. Verification and validation problems for both the outer-loop (finite-state) executive operating system and the inner-loop (continuous) closed-loop learning controllers are considered, including non-determinism, coverage, and regression testing.  Adaptive control technologies that incorporate learning algorithms have been proposed to enhance automatic flight control, facilitate recovery operations for autonomously controlled vehicles, and to maintain vehicle performance in the face of unknown, changing, or poorly defined operating environments.  However, in order for adaptive control systems to be used in safety-critical aerospace applications, they must be proven to be highly safe and reliable.  Rigorous methods for adaptive software verification and validation must be developed to ensure that control system software failures will not occur.  Of central importance in this regard is the need to establish reliable methods that guarantee convergent learning, rapid convergence (learning) rate, and algorithm stability.  These technologies advanced simulation techniques, the application of automated program analysis methods, techniques to improve the learning process, analytical methods to verify stability, methods to automatically synthesize code, model checking, compositional verification, and tools to provide on-line software assurance.  The application of these tools relative to the software lifecycle is discussed.
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