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4.0 GENERAL COMMITTEE TECHNICAL SESSION

4.1 Government Agencies Summary Reports

4.1.1 US Army – Dr. Mark Tischler
Mark Tischler presented recent and ongoing research work at the Army / NASA Rotorcraft Division (Ames Research Center).  Work is divided roughly equally between manned and unmanned systems.  In the manned area, work focuses on improving the handling qualities of the legacy helicopter fleet with focus on the low speed / hover regime in poor visibility.  In the unmanned research area, much of the effort is on the PALACE program, that is developing technologies for autonomous landing in a non-cooperative environment using machine vision.  Dr. Tischler concluded with a review of ongoing work to advance state-of-the-art control system design and simulation tools.

4.1.2 US Navy

4.1.2.1 NAWCAD S&T – Marc Steinberg
Abstract Unavailable

4.1.2.2 NAVAIR  – Shawn Donley
The SAE A-6 Aerospace Actuation, Control and Fluid Power Systems committee has taken on the task of updating the MIL-F-9490 Flight Control Specification and converting it to a SAE Aerospace Standard, AS-94900.   This new Standard will establish general performance, design, development and quality assurance requirements for the flight control systems of military manned piloted aircraft.   
Several members of the Aerospace Control and Guidance Systems Committee are helping with this effort.   The new Aerospace Standard is being prepared in three sections to better manage the workload.  Part 1 addresses general system requirements including redundancy, safety, maintainability and survivability requirements.  Part 2 deals with detailed system design, performance and testability requirements.  Part 3 addresses subsystem design requirements, component design and fabrication, and quality assurance requirements.  The draft Part 1 is complete and was submitted for ballot at the A-6 meeting in the fall of 2004.  Part 2 will be submitted for ballot in the spring of 2005 and Part 3 in the summer of 2005.  The entire draft will then undergo one last review before going to ballot in the spring of 2006.    ACGSC members were encouraged to join in this effort to provide the aerospace community with a solid design standard for flight control systems.
4.1.3 US Air Force
4.1.3.1 Air Force Research Lab – James Myatt
Research in the Air Force Research Laboratory's Control Science Center of Excellence (CSCoE) is focused on three areas: (1) cooperative control of unmanned aerial vehicles, (2) adaptive and reconfigurable controls for autonomous space access vehicles, and (3) feedback flow control.  These efforts are complemented by work at the Collaborative Center of Control Sciences at the Ohio State University.  In a new program, Cooperative Operations in Urban Terrain (COUNTER), small and micro aerial vehicles will be used to provide positive identification and verification of targets in cluttered urban environments.

4.1.4 NASA

4.1.4.1 Dryden Flight Research Center – Joe Pahle
NASA Dryden flight research center continues to fly research vehicles with a significant guidance, navigation and control component. Manned vehicle programs with flight activity in FY05 include the F/A-18 Active Aeroelastic Wing (AAW), the F-15 Intelligent Flight Control System (IFCS), and the C-20 (GIII). The AAW aircraft will complete the phase II series of flights this spring, where the project team is evaluating advanced control law design methodologies coupling aerodynamic and structural deflection models. This summer, the Gen II adaptive control laws will begin research flights, evaluating a dynamic inversion control law with a modified sigma-pi neural network for damage adaptation. There is a significant interest at DFRC in UAV flight research as well. For small UAVs, flight test has been completed for a cooperative network team project, and just begun for an autonomous soaring effort. The Network UAV teams project was a RSCA-funded partnership with NASA Ames. The final flight series included autonomous path re-planning, coordinated group transit (boid), and 4-d waypoint management. The autonomous soaring effort is focused on demonstrating a significantly increased endurance for small, electric powered UAVs by utilizing atmospheric energy (primarily thermals). 2004 was also a banner year for the X-43A Hyper-X program with a successful Mach 7 flight in March and a Mach 10 flight in November. Although the fate of hypersonics within NASA is not clear, DFRC is working with the project partners to collect and disseminate the technical lessons learned for future applications. 

4.1.5 FAA

4.1.5.1 FAA Technical Center - Stan Pszczolkowski
A number of significant events have occurred in the last several months – 10 Year Controller Staffing Plan announced, Domestic Reduced Vertical Separation implemented, contract to operate Flight Service Stations awarded, the FAA’s FY06 system acquisition budget reduced 3% from FY-05, and the Next Generation Air Transportation System Integrated Plan delivered to Congress. Vision 100 – Century of Aviation Reauthorization Act (PL 108-176) directed that an integrated plan be developed to “… ensure that the Next Generation Air Transportation System meets air transportation safety, security, mobility, efficiency and capacity needs beyond those currently included in the FAA’s Operational Evolution Plan.” As a result of this Act, a Senior Interagency Policy Committee was formed and a Joint Planning and Development Office (JPDO) was established. (The director of this office is also the FAA’s Air Traffic Organization’s Vice President for Operations Planning.) The JPDO is a small and focused office, independent from the FAA, which works in close collaboration with experts in government and the private sector. The JPDO and these experts developed the Next Generation Air Transportation Integrated Plan. The plan contains 8 Integrated Strategies and corresponding areas of research. Some of the research areas of interest to our committee include: service/function allocation between ground/air, requirements determination and candidate architectures, capacity improvements, UAV accommodation, data sharing and net-centric architecture. One area of net-centric research in the FAA is the use of an “Airborne Internet” as an enabling technology for a system-wide Collaborative Information Environment. This technology will permit the near real-time exchange of data among several users. 

4.2 Research Institutions, Industry and University Reports

4.2.1 Research Institutes and Companies
4.2.1.1  AeroArts - John Hodgkinson and Brooke Smith
AeroArts continues its development of advanced water tunnel test techniques, combining flow visualization, aerodynamic force and moment measurement, and a 6-degree-of-freedom dynamic model support. Currently work progresses toward the goal of Synthetic Free Flight that pumps the measured aerodynamics through the equations-of-motion to compute the trajectory of the air vehicle in real time. An example video is shown of the launch transient of a small expendable air-launched munition. During the transient, angle of attack ranges from the initial +70 degrees to –40 degrees, demonstrating a 110-degree range of motion for the Scorpio support system.   

4.2.1.2  Athena Tech., Inc. - Ben Motazed

Abstract Unavailable
4.2.1.3  BAE Systems - Jerry Wohletz
Over the past five years, BAE System Advanced Information Technologies, formerly ALPHATECH Inc., has developed the Multi-vehicle Mission Control System (M2CS) product in support of our Nation's growing need for autonomous cooperative mission control of unmanned systems.  The M2CS product generates tactics, schedules, tasking, and routing for teams of heterogeneous unmanned vehicle systems.  Mission plans are generated autonomously and dynamically based on the battle space situation while exploiting the unmanned system characteristics to operate within an adversary's timelines.  The M2CS products impact is evident by its role on the Nations prominent unmanned system programs.  On the Joint Unmanned Combat Air System (J-UCAS) program, the M2CS product has been designated as best of breed by the US Government and is being incorporated into the baseline J-UCAS Common Operating System Build 0.0.  On the Unmanned Combat Armed Rotorcraft (UCAR) program, the M2CS product demonstrated a highly effective Manned & Unmanned Armed Reconnaissance mission that greatly reduced the number one risk area in the UCAR program.
4.2.1.4  Barron Associates  - Dave Ward
Barron Associates, Inc. reported on a number of recent and ongoing controls projects.  The Retrofit Reconfigurable Control for the F/18 (NAVAIR Ph III) has been implemented and evaluated in HIL simulations on the Navy’s Fleet-Support Flight Control Computer (FSFCC at Pax River.  This controller uses parameter identification and receding-horizon control to compensate for failures.  Flight tests are scheduled for June, but could take place as early as April.  Barron Associates is also working on fault detection approaches for transport aircraft (Langley) and marine diesel engines (ONR).  In the area of transport aircraft, Barron Associates is working with Lockheed, Ft. Worth to provide diagnostics and adaptive outer loop technology to their AIMSAFE project (NASA Langley).  In an STTR with UVA and U. Wyoming, Barron Associates is working to develop active flow control hardware and control algorithms for synthetic jet actuators (AFOSR).  With Boeing and the Air Force, Barron is developing adaptive guidance, control, and trajectory generation algorithms for the DARPA CAV.  Two Navy controls applications include control of undersea vehicles with multiple, diverse effectors (NavSEA) and control of a supercavitating torpedo (ONR).  Barron Associates also continues to conduct research and development into tools and methods for V&V of intelligent systems.  Projects in this area include. Control-law Automated Evaluation through Simulation-based and Analytic Routines- CAESAR  (NASA Langley), Real-Time Monitoring of Safety Margins (NASA Langley) and Run-Time Verification and Validation for Flight Critical Systems (AFRL).  The former is concerned with intelligent Monte-Carlo analysis of complex control laws with analytic and simulation-based margin generation and estimation; the monitoring work is concerned with real-time margin estimation and flight test supervision, and the AFRL work is concerned with software “wrappers” that monitor the execution of flight-critical software and safely revert to an off-line validated system in the presence of software errors or unforeseen adverse algorithm behavior.

4.2.1.5  Hoh Aeronautics, Inc. - Dave Mitchell
HAI has just started a program to develop an Aeronautical Design Standard (ADS) for verification and validation of helicopter simulators.  The structure of the ADS will be similar to the rotorcraft handling qualities specification ADS-33, also written by engineers at HAI.  It will be directed toward engineering simulators, where high math model fidelity is required.  This work is sponsored by the Army in Huntsville, AL, and is funded through an SBIR issued to Advanced Rotorcraft Technology.

We are supporting Robert Heffley Engineering on a Phase II SBIR for the Navy to develop Task-Pilot-Vehicle models for aircraft operations near ships.  Ultimately, this will be a self-contained software package to evaluate pilot workload in different ship-airwake models.

HeliSAS, an autopilot system developed for the Robinson R-44 helicopter, has been getting increased attention.  We are considering several opportunities for outsourcing the manufacturing process.  Other ongoing projects include HUD flight director work and support for V-22 and rotorcraft flying qualities and flight control R&D.

4.2.1.6  Honeywell Tech Center - Sanjay Parthasady
This talk reviews significant milestones accomplished at Honeywell’s Aerospace Center of Excellence in Guidance, Navigation and Control, since the 2004 Fall meeting of ACGSC ( # 94).

1) Autonomy – Several programs at Honeywell address intelligent autonomy:

a. Micro-Air Vehicle (MAV):  The first tethered flights of the MAV 
 (backpackable ducted-fan UAV) were successfully completed at Honeywell’s Albuquerque site on December 22, 2004.  Several challenging problems in flight controls and navigation were addressed.  SMARTLabs, a facility for prototyping & visualization of new algorithms, is being extensively used for this program.

b. Organic Air Vehicle (OAV-2): Phase I effort on this DARPA-sponsored program was kicked-off.  The OAV is conceived to be a focused on developing and implementing collision avoidance algorithms using multiple sensor modalities.

c. HURT program:  (Heterogeneous Urban RSTA Teams) – This DARPA program led by  Northrop Grumman was kicked-off early January.  HURT will provide on-demand reconnaissance using multiple UAVs in urban environments.  Honeywell will provide the planning and control modules for this program.

2) Advanced Control

a. 7E7 Fly-by-wire program:  Preliminary design reviews are ongoing with Boeing.  Honeywell labs is working on the end-to-end system modeling and redundancy analysis.

b. Boeing / AFRL CMUS program:  Honeywell labs completed the design and analysis of adaptive inner loop algorithms that will be responsive to IVHM signals under the CMUS program.  The final technical review was completed last quarter.

c. NASA CUPR program:  Honeywell labs recently completed our last piloted simulation at NASA Langley under the Controlled Upset Prevention Recovery (CUPR) program.  We demonstrated that benefits of reconfigurable control on the CUPRSys system.  Results will be presented at the next ACGSC meeting.

3) Multi-vehicle control
a.   Formation Flying System (FFS) for C-17:  Honeywell and Boeing are working on the USAF C-17 Formation Flying System program, to ensure safety, separation and coordination.  Honeywell Labs is working on system level analysis and algorithm design of TCAS-ADSB hybrid surveillance for C-17 formations.
4.2.1.7  Institute of Flight Research at DLR - Jörg Dittrich
The initial development of the Autonomous Rotorcraft Testbed for Intelligent Systems (ARTIS) Research UAV has been completed. Autonomous flight has been demonstrated and the vehicle is ready for experiments. Further research in unmanned systems includes: passive Sense & Avoid through stereo imaging, Manned-Unmanned-Teaming with DLR’s FHS helicopter, development of an on-board machine decision system and multiple UAV simulation with swarming behavior. Manned-Unmanned mission scenarios are going to be tested in a distributed system simulation by linking the FHS and the ARTIS simulators.

4.2.1.8  Calspan - Lou Knotts
The former General Dynamics Advanced Information Systems business operations related to flight and aerospace research are now an independent small business known as Calspan Corporation based in Buffalo, NY.

The following topics were discussed:


Divestiture by General Dynamics


New Niagara Falls Hangar


Additional Learjet In-flight Simulator


Automatic Aerial Refueling Project


FAA Upset Recovery Training  

General Dynamics chose to divest much of the aeronautical research operations of the former Veridian Corporation and dialogue related to this activity took place throughout 2004.  Finally, in mid February 2005 the Buffalo Aero and Transportation Testing operations were divested to a local management group.  This business which consists of the Flight Research operation, the Transonic Wind Tunnel, the Transportation Science Center, the Crash Data Research Center, and the System Integration operation became Calspan Corporation (again) at that time.

The new Flight Research hangar at the Niagara Falls Airport is nearly complete.  The Calspan research aircraft were relocated to the hangar in late November 2004.  Some of the engineering spaces including electronic shops and the machine shop were complete at that time.  The remainder of the complex will be complete and occupied by April 2005.

An additional Learjet Model 25D was acquired in late February in order to modify it into an in-flight simulator.  This effort will take approximately 1 year and cost slightly under $2M.  The purpose of this aircraft will predominantly be to provide a platform to support Upset Recovery Training demand and eventually to replace the first Learjet in-flight simulator which has been in operation for 24 years.  

Discussion of 2 current technical projects:

The first project discussed is the continuation of the Automated Aerial Refueling project for AFRL.  In this project the Learjet is used as a surrogate for J-UCAS.  EO and Precision GPS sensors were installed and evaluated with respect to a NYANG KC-135 tanker last fall.  This coming summer the engines of the Learjet will be modified to include servo control in order to provide x-axis control of the Learjet.  Closed loop control tests in the refueling position are planned for the summer of 2006.

The FAA Upset Recovery Training project is continuing again this year.  The goal is to optimize airborne training for airline pilots in order to reduce the loss of control accidents in the Air Transport community.  Over 200 pilots have received this training so far and the response has been very positive.   Data is being collected on the training flights in order to help determine the efficacy of the training. Based on the “Recovery Rating” scores (similar to Cooper-Harper) gathered from the training subjects the data shows that pilots who have moderate to high confidence of recovery from upset events jumps from 51% to 99% after receiving this airborne training.  Pilots who feel that their loss-of-control recoveries are in doubt drop from 49% to 1% following the airborne training.  Several air carriers are now in discussion with Calspan to include this training routinely in their Captain training.

4.2.1.9  Saab - Sundqvist, Bengt-Goran
The system consists of a data link for communication between the aircraft, the algorithm described below and the flight control system (FCS), which is used for executing the avoidance maneuver. If the aircraft is already equipped with an appropriate data link no additional hardware is needed in which case the Auto-ACAS system can be implemented by software changes only.
Claim space method

This Auto-ACAS algorithm does not try to identify collisions based on predicted probable trajectories of the aircraft. Instead it claims space along a computed escape trajectory (time tagged positions where the aircraft will be after an avoidance is activated) which the aircraft will use in the case an avoidance maneuver is necessary. The major benefit of using an escape trajectory is that it can be predicted much more accurate than the probable trajectory which the aircraft will follow if no avoidance is executed. This is because the escape trajectory is executed in a predetermined way by the Auto-ACAS algorithm using the FCS, whereas the probable trajectory is affected by the change in pilot commands. The size of the claimed space is computed using knowledge of the wingspan, navigation uncertainty and accuracy of the predicted trajectory compared to the one the FCS will make the aircraft follow if the escape command is given. 
Each aircraft sends its predicted escape maneuver and the size of the claimed space along this track to other aircraft, using the data link. All aircraft will use the escape maneuvers from the different aircraft to detect a future lack of escape, see Figure 1. If the distance between the escape trajectories is greater than the safety distance, the track is stored as the one to use in case of avoidance. Else the avoidance is executed using the FCS to make the aircraft follow the stored trajectory.
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Figure 1. Collision detection using predicted escape maneuvers

The escape maneuver directions are chosen to maximize the minimum distance between all aircraft. In this way the avoidance will be executed at the last possible instant and the system will thus guarantee a very low nuisance level.
Failures affecting the algorithm

Data dropouts, due to errors identified through parity check of the link data, “shadowing” or misalignment of the antennas etc., causes the established data communication between two algorithms to disappear. To allow dropouts, even close to an activation, and still supply protection against collision, the change of escape direction is limited as a function of actual distance and estimated time to activation. This limitation of change is balanced by the requirement that the escape maneuver shall be optimal and thus have the ability to change fast. At data dropouts the claimed space for the aircraft which the communication is lost for is also expanded in the own aircraft to handle unknown maneuvering and change of escape direction of the other aircraft.
Navigation degradation, due to loss/degradation of GPS, air data sensors, inertial navigation system or terrain navigation etc. is inherently handled by the algorithm. As the size of the claimed space is computed using the current navigation uncertainty a degradation of navigation performance only expands the claimed space according to the new uncertainty.
Failures in other sensor data, used in the computation of the predicted escape trajectory, is handled dependent of how imminent the activation is. Close to an activation (collision) the latest computed own predicted escape trajectory is dead reckoned and the size of the claimed space is increased correspondingly for up to 4 seconds. After this time of normal collision detection the system goes to failed state. When no activation is imminent the system goes directly to failed state. At failed state Auto-ACAS stops transmitting own messages over the link.
Formation flying logic

To enable aircraft equipped with Auto-ACAS to rejoin and fly in formation, the algorithm contains logic which inhibits the activation of Auto-ACAS against aircraft who fulfill the condition in the inhibit region in Figure 2. (The condition also contains a hysteresis to be less sensitive to noise in the transition phase).
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Figure 2. Inhibit condition in Formation Flying Logic

If the distance between the aircraft becomes less than the claimed spaces at the first point along the escape trajectory, Auto-ACAS is inhibited for all aircraft. This is done to ensure that Auto-ACAS does not activate a maneuver, which could cause a collision. An activation of a maneuver when the algorithm is not sure of the relative position of the aircraft (i.e. they are inside each others position uncertainties) might turn the aircraft into each other. 

When Auto-ACAS is totally inhibited in an aircraft fulfilling this last condition, the algorithm in all other aircraft is set to yield to this formation. This includes boosting their claimed space and re-computing/predicting the trajectory of the formation to be along the velocity vector of the formation. This makes aircraft not flying in formation do all of the maneuvering in case of an activation.

4.2.1.10 SAIC - Roger Burton
SAIC has been supporting the Navy at Patuxent River since the 1970’s beginning as Systems Control Technology and established a local office in 1983 providing air vehicle support with emphasis on aerodynamics, simulation and flight controls.  Systems Control Technology was acquired by SAIC in 1994.  In flight simulation we have been working on simulator development and acceptance, simulation/stimulation technology, real-time and physics based modeling, hardware and software development and IV&V.  In flight testing we provide planning, execution and data analysis support with emphasis on systems identification.  In flight controls we provided support for control system testing and development including UAVs, classical and modern control theory,software IV&V, specification compliance and handling qualities. We have a standard architecture for our control systems that is used in all of our UAV design efforts.  Examples of our programs include simulation support for the F-18, V-22, S-3, C-130, and AH-1W.  Blade element modeling for the AH-1W, CH-53, UH-1N, CH-47F andSH-60R/S.  Trainer model development for the AH-1W, F-14A/B, CH-53E, UH-1N, C-130H2/T, CH-47F and SH-60R.  We have provided flight control hardware support for the SAFCS, S-3, V-22, F-18 and EA-6B.  In the area of UAVs we have supported SAIC fixed and rotary wing aircraft, Hunter and Pioneer.  We have been systems developer for the specialized simulation systems SIMES and IDEAS.  The special instrumentation systems (SIMES)was designed to measure simulator cueing systems and their fidelity including the motion system, cockpit controls and visual system.  The Integrated Data Evaluation and Analysis System (IDEAS) is a “High-End” data analysis and simulation tool featuring an expert system, data archiving, data calibration and systems identification.
4.2.1.11 Systems Technology, Inc. - Dave Klyde
Under a Phase II SBIR for the Army Research Laboratory, a combined biodynamic and vehicle model is used to assess the vibration and performance of a human operator performing a driving task. This analysis requires the coordinated use of separate and mature software programs for anthropometrics, vehicle dynamics, biodynamics, and systems analysis.  The total package is called AVB-DYN, an acronym for Anthropometrics, Vehicle, and Bio-DYNamics.  The biodynamic component of AVB-DYN is compared with an experimental study that investigated human operator in-vehicle reaching performance using the U.S. Army TACOM Ride Motion Simulator.

Classic flutter flight testing involves the evaluation of a given configuration at a stabilized test point before clearance is given to expand the envelope further.  At each stabilized point flight test data are compared with computer simulation models to assess the accuracy of predicted flutter boundaries.  Because of the time constraints associated with these procedures, the Air Force has been seeking methods to improve current flight test methods.  An ongoing AFFTC Phase II SBIR at STI has developed a technique that provides a rapid, on-line tool for the identification of aeroservoelastic systems.  The technique involves the use of discrete wavelet transforms to compute the impulse response (Markov parameters) of the estimated system. This is then used in the Eigensystem Realization Algorithm (ERA) method to compute the discretized state-space matrices.  Although the method does require that the identification begin from stabilized initial conditions, it has been shown to be relatively insensitive to input forcing function. A model of a modern naval fighter aircraft was used to evaluate the capabilities of the identification method including the effects of input and output noise and gust disturbances.  

4.2.2 Universities
4.2.2.1  Massachusetts Inst. of Technology - James Paduano
MIT has been participating in UAV coordination, guidance, and control for several years in programs such as SEC, MICA, PALACE, and ONR-AINS.  In this context, MIT has developed technologies that are ripe for transition to UAV applications. Nascent Technology Corporation was formed in 2001 to perform these transitions and commercialize technologies in the following areas:  aggressive rotorcraft UAVs, tools for multi-vehicle coordination, and UAV flight test services.  In the area of aggressive rotorcraft UAVs, MIT’s aggressive miniature helicopter has been upgraded for longer missions and higher payloads, automatic take-off and landing, and interface through an API with user control stations.  In the area of multi-vehicle coordination, NTC (with consulting from MIT) has created operator interfaces for TTWCS and for implementation of Army CONOPs – motivated “deceptive” search and convoy route recon.  Algorithms such as MILP, simulated annealing, and randomized search have been transitioned from MIT to NTC.  In the area of flight test, our low-cost UAVs, low altitude operations, and simple protocols allow us to test coordinated algorithms, sensors, and avionics components at extremely low cost.  To date we have provided flight test support to MIT and Lockheed Martin Systems Integration in Owego.   See www.nascent-tech.com for further details.

4.2.2.2 University of Kansas – Richard Colgren
The topics discussed in this presentation addresses the facilities and the current research being conducted at the University of Kansas in the areas of piloted and unmanned aerial vehicle (UAV) dynamic model development, instrumentation, and flight test.  This presentation specifically identifies the Department of Aerospace Engineering’s Flight Test Center’s extensive facilities that support The University of Kansas’ undergraduate and graduate education and research missions.  Specific facilities and equipment available for this effort are discussed below.

Hangar Facilities 

The Aerospace Engineering Garrison Flight Research Hangar (22,000 square feet) at the Lawrence Municipal Airport contains a classroom, machine shop, electronics shop, offices, conference room, and hangar bays including a UAV Lab.  These provide resources for developing intelligent vehicle systems and for the flight research of both piloted and intelligent air vehicles.  These facilities have recently has an over half million dollar upgrade, with an additional $350,000 provided for further improvements.  An AST 4000 digital flight simulator has also been purchased at a cost of approximately $140,000 for this research.  Additional shop and assembly space, along with a propulsion test cell, are available in an adjacent building.

Flight Test Laboratory 

The Flight Test Laboratory can support aerodynamic, performance, and stability and control flight testing.  This laboratory, located at the Lawrence Municipal Airport, includes the mentioned 22,000 square foot hangar, which houses the department’s Cessna 172 Skyhawk and Cessna 182 RG.  The Cessna 172 is used both for transportation and research, while the Cessna 182 is dedicated to flight research activities, including multi-spectrum Earth Resources Mapping and flight research into flush air data systems.  The Cessna 182 is specifically configured to accommodate in-flight test instrumentation.  There is also a one-third scale Piper Cub used for fixed wing UAV research.  Two Raptor 50 helicopters have been obtained specifically for intelligent vehicle research.  One has been extensively modified into the V2 configuration for this work.  It is equipped with a three axis accelerometer, a three axis gyro, four string-pots to measure the pitch and roll collectives, the throttle, and the tail rotor, and a data logger to record both analog and digital sensor channels.  A three axis magnetometer is being added.  The second is being used for performance evaluations, and will eventually be used for cooperative flight experiments.  Over $92,000 has been invested in a Yamaha RMAX for rotary wing UAV research.  It is able to carry even heavier payloads than the Raptor 50s.  In addition to a programmable INS with three axis gyros and accelerometers, it will have a differential GPS and a three axis magnetometer, along with fully instrumented controls and flight test recorder and data link.  A Lanier Edge 540T fixed wing aerobatic airplane is being used for validation of CFD codes of aircraft in unusual attitudes.  The KU developed the Hawkeye 14’ wingspan, 200 kmi range (4+ hour endurance) modular fixed wing UAV is also in flight test, as is the KU heavy lift fixed wing airplane.  An all electric (including propulsion system) helicopter UAV using lithium-poly batteries is in final construction.

Aerospace Manufacturing Facilities

The Department of Aerospace Engineering maintains a research machine shop with several milling machines, lathes, sheet metal break and shear equipment, band saws and drill presses.  In addition, the School of Engineering maintains a fully equipped machine shop with multiple milling machines, surface grinders, vertical and horizontal band saws, drill presses, welding equipment, and a paint booth.  New acquisitions include a KMZ mauser precision coordinate measuring machine, a powder-based ink-jet binder 3D printer and a computer numerically controlled (CNC) mill with five axes of motion and 48" x 20" x 20" travel in translational axes.  The University of Kansas’ Hawkeye UAV was developed and built in this facility and the molds were built using this milling machine.

Design Laboratory

The Aerospace Vehicle Design Laboratory consists of a general work area and a multimedia classroom equipped with PC and workstation computer terminals and printers.  Specialized software design packages (interactive computer-aided design programs such as AeroCADD and the Advanced Airplane Analysis programs) are resident on the laboratory's computers.  Other computer hardware and software packages available to faculty and students are listed below.

5.0 Subcommittee E – Flight and Propulsion Control Systems

5.1  “Software Enabled Control HWIL and Flight Testing,” Gary Balas, University of Minnesota.
Today, the role of a control algorithm is evolving from a static design

synthesized off-line to dynamic algorithms that adapt in real-time to

changes in the controlled system and its environment.  The paradigm for control system design and implementation is also shifting from a centralized, single processor framework to a decentralized, distributed processor implementation framework, operating on geographically separate components. Correspondingly

communication and resource allocation within a distributed, decentralized environment become significant issues.  Hence software and its interact with the controlled system will play a significantly larger role in the control of emerging

real-time systems which was the basis for the DARPA Software Enabled Control (SEC) program.
This talk describes autonomous uninhabited vehicle (UAV) guidance technologies developed and demonstrated by the University of Minnesota researchers on the DARPA SEC fixed wing flight test. The flight experiment took place in June 2004

using a Boeing UAV testbed and demonstrated important autonomy capabilities enabled by a receding horizon guidance controller and fault detection filter.

5.2  “Morphing Aircraft Flight Test,” Derek Bye, Lockheed - CANCELLED

5.3  “Flight Critical Systems Certification Initiative,” David Homan, AFRL Wright-Patterson AFB
As the Air Force works toward developing intelligent and autonomous weapon systems, a daunting task looms.  How can we certify that a decision-making intelligent system is safe when the decisions are unpredictable?  Trusting decisions made by autonomous control software will require completely new methods and processes to guarantee safety.  The difficulty lies in determining how these intelligent systems will operate in a dynamic environment and with less human oversight.  UAV autonomous control is a revolutionary leap in technology.  Such control replaces decision-making that required years of training for human operators.  Neglecting autonomous control certification research today will dramatically increase tomorrow’s cost of ownership for future users.  Certification of flight control technologies is already the most rigorous testing embedded computer systems endure.  Intelligent control adds a whole new dimension of issues.  New paradigms will be needed to assure safety.  Cost and safety objectives will not only influence how we design and build intelligent, autonomous control systems, but will dictate how certification for safety is developed and implemented.  The Air Force Research Laboratory Air Vehicles Directorate (AFRL/VA) is currently building an R&D portfolio to investigate Verification & Validation (V&V) technologies to enable airworthiness certification for future intelligent and autonomous control systems under its Capabilities Focused Technology Investment (CFTI) process.  The Flight Critical Systems Certification Initiative (FCSCI) has been formed to foster collaboration within the Fixed Wing Vehicle community.  In addition, VA has been charged to form a multi-directorate task force to address airworthiness certification under its One Voice R&D planning activity.   VA is interested in uniting the aerospace community to join it in a national forum to address the problem in a coordinated manner, and has been advocating an S&T initiative with NSF, NASA and FAA through the High Confidence Software Systems (HCSS) Coordinating Group under the President’s Office for Science and technology Policy.  This presentation provides an overview of a strategic plan to organized government agencies, airframe manufacturers, systems integrators, control systems manufacturers, and academia to meet airworthiness certification needs by 2015 and beyond.
5.4  “History of Reconfigurable Flight Control,” Marc Steinberg, NAVAIR
This paper presents a historical overview of research in reconfigurable flight control with a focus on work done in the United States.  For purposes of this paper, the term reconfigurable flight control is used to refer to software algorithms designed specifically to compensate for failures or damage of flight control effectors or lifting surfaces by using the remaining effectors to generate compensating forces and moments.  This paper will discus influences on the development of the concept of control reconfiguration and initial research and flight-testing of approaches based on explicit fault detection, isolation, and estimation as well as later approaches based on continuously adaptive and intelligent control algorithms.  Also, approaches for trajectory reshaping or an impaired aircraft with reconfigurable inner loop control laws will be briefly discussed.  Finally, there will be some discussion of current implementations of reconfigurable control to improve safety on production and flight test aircraft and remaining challenges to enable broader use of the technology such as the difficulties of flight certification of these types of approaches.

6.0 Subcommittee D – Dynamics, Computation, and Analysis
6.1 “Transatlantic Autonomous Flight of Aerosonde Laima,” Juris Vagners, University of Washington
In this talk, we present an overview of the development of a class of miniature Unmanned Aerial Vehicles (UAVs), called Aerosondes, intended for weather data gathering in remote regions, such as over the Northeast Pacific ocean. Development started in 1991 and the enabling technology was the availability of small, low power consumption GPS units. Initial development proceeded sporadically, with flight testing at various locations around the globe. By 1998, testing had shown that the UAVs could survive severe winds, rain and icing conditions and we were ready to demonstrate significant long range performance. The decision was made to cross the North Atlantic following aviation pioneers Alcock and Brown. The decision was made with some trepidation, since we did not have satellite communications, so no contact would be possible with the vehicle en-route. Nevertheless, after negotiations with various authorities, we went to launch from Bell Island, Newfoundland, with the destination at Benbecula in the Outer Hebrides off the coast of Scotland. The first two attempts failed, but success was achieved with the third vehicle.             
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The  Aerosonde Laima lifts out of her cartop launch cradle on Bell Island, Newfoundland, 7:29 local time on 20 August 1998.  Through a stormy night over the Atlantic she was guided by the old-world luck of her namesake (pronounced "Lye-mah"), the ancient Latvian deity of good fortune, and the new-age technology of GPS.  After 26 hr 45 min she plopped down in a meadow on South Uist, off the Scottish coast, and so became the first unmanned aircraft - and, at only 13 kg gross weight, by far the smallest aircraft - ever to have crossed the Atlantic. The flight covered 3270 km and consumed 4 kg (~1 ½  gal) of aviation gasoline. This  marked a milestone in the evolution of autonomous flight and encouraged further development of this miniature class of UAVs.

Motivated by opportunities in field other than weather recon (not to mention that there was limited funding interest from weather services!), development at The Insitu Group focused on a new generation of UAVs, the Seascan. Primary applications for the vehicle were in ISR, whether in the commercial or the military sector. The distinguishing features for the Seascan were the development of an inertially stabilized video camera and a patented landing system, the Skyhook. The Skyhook allows the Seascan to operate anywhere on land as well as off of small boats, such as fishing vessels. Further advances in differential GPS allow autonomous landing of the Seascan by capturing the Skyhook line, even at night. The camera system allows covert surveillance and tracking of targets, and we show typical examples of this performance in the talk. The military version of the Seascan, called the ScanEagle, has been deployed to support the 1st Marine Expeditionary Force in Iraq, where extensive operational hours are being accumulated. On the civilian side, the vision of weather recon still is alive and well. Ohter variants of the UAV are being developed for magnetic anomaly mapping. Development of more extensive autonomous capabilities is continuing to reduce operator workload and to exploit potential benefits of autonomous cooperative behavior of multiple vehicles.

Further information can be found on the web sites:  www.insitugroup.com  and http://www.aa.washington.edu/research/afsl/  The complete story of the Transatlantic Flight of Laima  can be found in “Flying the Atlantic – Without a Pilot”, Tad McGeer and Juris Vagners, GPS World, February, 1999. The paper is available from either web site.

6.2 “A Comparison of LPV, NLPV and CIFER Models or Rotary Wing UAVs,”  Richard Colgren, University of Kansas
The topics discussed in this presentation address the current research being conducted at the University of Kansas in the areas of unmanned aerial vehicle (UAV) dynamic model development, instrumentation, and flight test.  This presentation specifically identifies the instrumentation currently used to record dynamic variables in remotely piloted vehicles and the software tools being used to generate these models.  The UAVs covered in this presentation are the Raptor 50 and Raptor 50 V2 helicopters, with a brief mention of current work on the Yamaha RMAX helicopter.  Two methods for the dynamic modeling of these remotely piloted vehicles are presented.  A decoupled, three degrees of freedom linear parameter varying (LPV) theory-based longitudinal dynamics model of the Raptor 50 V2 helicopter was created within The MathWorks’ Matlab environment.  The option to simulate a linear time invariant (LTI) model was also presented.  Nonlinear and coupling terms are being incorporated within a nonlinear linear parameter varying NLPV model.  The second method discussed uses the Comprehensive Identification from FrEquency Response (CIFER) software system.  The CIFER program is an integrated facility for system identification based on a comprehensive frequency response approach. The methods used to develop a CIFER database were reported.  These methods can produce a high quality extraction of complete multi-input and multi-output (MIMO) nonparametric frequency responses.  These responses characterize the full characteristics of the system without a-prior model form assumptions.  High fidelity models of these aerial vehicles are important in the understanding of vehicle dynamic response to control inputs.  This research will be applied to robust autonomous control of these classes of vehicles.

6.3 “Aerodynamic Flow Control,”  James Myatt, AFRL Dayton
The integration of feedback control with active flow control methods (synthetic jets, blowing, suction, or pulsed jets) will enable the development of aircraft having designs optimized for requirements other than those associated with aerodynamic performance.  Research in this multidisciplinary effort focuses on two areas:  (1) developing methods for modeling the relationship between the flow control actuators and the aerodynamic response, and (2) control law design for these models.  Two approaches to model development are considered.  The approach that is more immediately applicable is the construction of low-order models based on experimental data.  These models are used for control law design, and the control law is then tested in simulation and validated in experiment.  In the second approach, more mathematical rigor is sought in an effort to explore a larger design space before hardware selection occurs, thereby increasing the possibility for a better solution.  Applic!

 ations of this technology include drag reduction, noise reduction, and ultimately the use of flow control devices to replace traditional aircraft control surfaces.  Efforts to reduce drag fulfill a near-term objective to improve the fuel efficiency of air and ground vehicles.  Improved fuel efficiency will, in turn, increase range, loiter time, and payload.  Lower acoustic levels will apply to areas ranging from structural load reduction in weapons bays to noise reduction in automobile passenger compartments.  Finally, the ability to maneuver aircraft using flow control devices rather than deflecting control surfaces will help air vehicles survive in hostile environments.  Experimental demonstrations of the use of feedback control in conjunction with active flow control are presented for the control of the motion of a pitching airfoil and for separation control on an airfoil.

6.4 “"UAV Cooperative Airspace Operations" ,”  Dan Thompson, AFRL Dayton
The Air Vehicles Directorate of the Air Force Research Laboratory (AFRL/VA) is leading an initiative towards Cooperative Airspace Operations (CAO), a capability focused development of technologies to make UAV's more effective for the military end user. By emphasizing key attributes and time-phased products, CAO can more effectively apply limited technology development funding towards more critical user needs. 
 
CAO addresses two primary attributes: Operation in Manned and Unmanned Teams" and "Safe Operation from Airbases and in Airspace". While certainly related, these attributes address different objectives. "Teaming" addresses the key technologies that enable multiple entities to work as a synergistic system of systems. "Airspace Op's" also addresses multiple entities, but rather from the perspective of safe interoperability. 
 
This paper will address the scope, attributes, goals/objectives, and product-based plans for the CAO initiative.

7.0 Subcommittee A – Aeronautics and Surface Vehicles
7.1 “Unified Control Concept for JSF,” Greg Walker, Lockheed Martin Aeronautics
The Joint Strike Fighter (F-35) Short Takeoff and Vertical Landing (STOVL) aircraft variant presents unique opportunities for highly augmented control concepts.  The customer has placed some unique requirements on the design to minimize pilot workload and risk of cognitive failure during STOVL operations.  The requirements are aimed at making the F-35 a safer aircraft to fly than the Harrier.  The LM team conducted a thorough trade study to examine the benefits of various control concepts explored in past simulation studies and flight demonstrations.  The Unified STOVL Control Concept was selected as being easier to fly resulting in reduced training burden for new pilots.  Favorable results have been obtained through initial piloted evaluations conducted in the NASA Ames Vertical Motion Simulator.  Further risk reduction is also being performed in flight testing on the UK VAAC Harrier research aircraft.  Mr. Walker will present an overview of the F-35 STOVL Concept of Control trade study and a top-level overview of the Unified STOVL Control mode. 

7.2  "Recent Projects on the USAF Total In-flight Simulator (TIFS),"  Eric Ohmit, Calspan Corporation
This presentation details the history and development of the USAF Total In-Flight Simulator (TIFS) over a period of over 30 years.  This includes the description of two of the most recent programs conducted on the aircraft.  These programs include the X-40 IAG&C Autoland demonstration and the ITT Viking Airborne Natural Gas detection system.

The TIFS was developed in the 70’s with its twin the CTIFS.  The TIFS has been in operation for over 30 years.  In 1998 the TIFS was modified with its new simulation cockpit nose in support of the NASA HSCT program.  The USAF discontinued operation of the TIFS in 1998 and Calspan took over operation of the aircraft under a CRADA with the USAF in 1999, an N-number was assigned by the FAA in January 2001.  The first program conduced under the CRADA was the X-40IAG&C Autoland demonstration.  This program was a risk reduction program which showed the IAG&C algorithm could accommodate single and multiple control surface failures, reconfigure the flight control system and the trajectory as necessary to provide an acceptable touchdown location and sink rate.  This program also demonstrated autonomous steep approaches to touchdown under control of the IAG&C controller without pilot intervention.  The second program was the ITT Viking Airborne Natural Gas detection system.  This program utilized the avionics nose and installed over 2200 lbs of equipment in the TIFS.  This program was a quick turn type of program typical of the TIFS with an initial enquiry of the feasibility and cost of the TIFS operation in January 04 with the completion of the flight test program in September ’04.  A successful demonstration of the Viking system was completed with the Viking detecting all leaks at the Cheyenne range as well as others which the DOE did not know about.  The performance capabilities of the aircraft were also provided and two videos of the TIFS program were shown.

The TIFS is available as an In-Flight Simulator as well as a test platform for other programs.

7.3  “Full Mission Simulation of a Rotorcraft Unmanned Aerial Vehicle for Landing in a Non-Cooperative Environment,” Dr. Colin Theodore, Army/NASA Rotorcraft Division
Accurate, reliable autonomous landing of Vertical Take-Off and Landing (VTOL) Unmanned Aerial Vehicles (UAVs) remains a challenging and important capability for operational systems to achieve greater mission flexibility, less operator involvement and more rapid sortie turnaround.  However, current technologies for the landing of UAVs are mostly limited to using an external pilot, recovery net, or auto-land capability requiring landing site based instrumentation or radar.  These current technologies preclude UAVs from landing in un-prepared environments where the terrain profile is unknown and possibly cluttered.  In addition to this, in a cluttered environment such as an urban canyon, GPS signals may be intermittent (due to occlusion or jamming) and cannot be relied upon for guidance and navigation.

This presentation presents interim results of a US Army Science and Technology (STO) program that is formulated to address some of the current limitations with the landing of VTOL UAVs.  The Precision Autonomous Landing Adaptive Control Experiment (PALACE) is a three-year program that seeks to mature and integrate vision-based guidance and control technologies for the autonomous landing task of VTOL UAVs in both simulation and flight experiments.  The first year (FY03) of the program defined the system architecture and demonstrated and validated the core machine vision technologies independently in simulation and flight.  The second year (FY04) involves the simulation of a full mission, from take-off to landing, using realistic vehicle dynamics and controls, as well as a mission manager to coordinate the work of the vision technologies.  The development, testing and evaluation of the integrated simulation in the second year of the PALACE program is the focus of this presentation.  The third year (FY05) involves transitioning from the simulation environment to flight evaluations and demonstrations of landing of a rotorcraft UAV in a non-cooperative and cluttered environment without the aid of GPS.

7.4 "X-43A Flights 2 and 3 Overview," Luat Nguyen/NASA
This presentation will provide an overview of the Hyper-X/X-43A program with particular focus on the second (mach 7) and third (Mach 10) flights. The rationale and  objectives of the program will be reviewed and the overall approach to meeting these goals will be discussed. The presentation will then cover the lessons learned from the first flight failure and their application to the Return to Flight effort. These include hardware and software changes as well as improvements to how analyses and design/development activities were conducted and reviewed. The highly successful second flight will be summarized with emphasis on the major findings and their impact on meeting the goals of the program. The paper will then discuss the Mach 10 flight -- the additional challenges associated with it, how they were addressed,  and the results that were achieved from the flight. 
8.0  Subcommittee B – Missiles and Space Vehicles
8.1 “X-43A Flights 2 and 3 GNC Performance,” Ethan Baumann for Catherine Bahm, NASA Dryden
The Hyper-X program was created to demonstrate the free-flight operation of an airframe integrated scramjet vehicle.   To achieve this goal, the Hyper-X research vehicle was required to successfully separate from its launch vehicle, maintain the required test conditions during the scramjet operation, and descend to the ocean.  The program conducted two successful flight tests.  The first successful mission to Mach 7 occurred on March 27th, 2004.  The final mission was to Mach 10 and occurred on November 16th, 2004.  This presentation provides an overview of the X-43A’s performance during the Mach 7 & Mach 10 missions.  In addition, the Mach 10 Mission’s unique challenges along with the Guidance & Controls lessons learned from the previous Mach 7 mission are discussed along with their application to the Mach 10 mission’s software update. 

8.2 "The NASA Human Exploration Program," Linda Fuhrman/Draper 

In January of 2004, President Bush outlined a new Vision for Exploration and directed NASA to focus its efforts on Human and Robotic exploration of our Solar System “…and beyond.” This Vision calls for a manned return to the Moon by 2020 and manned missions to Mars potentially as early as 2030. Given the current lack of Heavy Lift Launch Vehicles (HLLVs), this can pose interesting guidance and control problems not encountered during the Apollo program. In this paper we will outline the scope of the Vision for Exploration, and the current plans for manifesting that Vision into reality. In addition, several examples of GN&C issues (such as precision landing on the Lunar polar far side) and potential solutions will be discussed.

8.3 "Radioisotope Power System Candidates for Unmanned Exploration Missions," Tibor Balint/JPL 

NASA’s Advanced Program and Integration Office (APIO) established two teams (the Strategic and Capability Roadmap Teams) to perform roadmapping activities. The final recommendation will be established by the middle of the next fiscal year, with inputs from the various disciplines within NASA and from outside advisory groups. These groups include the Mars Exploration Program Assessment Group (MEPAG), the Outer Planets Advisory Group (OPAG), the Solar System Exploration Subcommittee (SSES), with recommendations by the National Academies reported in the 2003 Decadal Survey. Both NASA and the science community recognized Radioisotope Power Systems (RPS) as an important enabling technology for our space exploration efforts. Currently two RPSs are under development by NASA, DoE and several industry partners. Both systems are designed to generate >110We at BOL. The MMRTG with static power conversion was down selected for the Mars Science Laboratory mission, while the SRG with dynamic power conversion could be envisioned for Lunar mission as early as the first years of the next decade. In addition, NASA and DoE is considering the development of small-RPSs in the 10s to 100s of milliwatts and 10s of watts power ranges, respectively. These RPSs would be ideally suited for solar system exploration missions, where the spacecraft must operate for a long duration, measured in years, independently from solar availability. 

8.4 "Capability Focused Technology Investment,"  Dan Thompson, AFRL Dayton
In FY04, the Air Vehicle Directorate of the Air Force Research Laboratory began a process to convert its planning to be capability-based, i.e. more end user focussed by articulating the technology deliverables in terms of warfighter capabilities.  Over the course of FY04, the Air Vehicle Directorate evolved a set of seven capability vectors, as well as their enabling attributes, i.e. the measurable characteristics that make up the capability.  Further, the key technology products that comprise each attribute were derived. This capbility/attribute/product construct allows the Air Vehicles Directorate to more clearly describe technology contributions towards end-user application, in warfighter terms, while also addressing capability and attribute costs, and TRL 6 technology transition time frames.  

This presentation discusses a recent “snap-shot” of the state of progress for the CFTI planning process.

9.0  Subcommittee C – Avionics and Systems Integration
9.1 “Flight Control for Organic Air Vehicles,”  Dale Enns, Honeywell
The Organic Air Vehicle (OAV) is a ducted fan unmanned aerial vehicle that can hover and maneuver to provide camera images to a soldier on a ground station. It is organic in the sense that it is an asset of a small group of soldiers.  The vehicle is flown both autonomously and with operator in the loop in adverse weather including wind disturbances. Vehicle attitude is controlled with control vanes in the exit of the duct and engine throttle and attitude commands are used to control vehicle position and camera heading. Sensors include 3 rate gyros, 3 accelerometers in a MEMS inertial measurement unit, GPS, barometric altimeter, magnetometer, and engine rpm. The control law is an application of Multi-Application Control (MACH), which is a reusable dynamic inversion control law that is parameterized with control system requirements and vehicle data including the vehicle mass properties, aerodynamic and propulsion, and reference geometry. The control law for OAV consists of four nested inner to outer loops (rate, attitude, velocity, position). We use proportional plus integral compensation in all of the loops. For operator in the loop flight, the control law tracks commands for velocity and camera heading rate. For autonomous flight the vehicle tracks position commands based on waypoints. The control system is linearized and obligatory stability and stability margins analyses are conducted. Simulations of closed loop behavior including trajectory commands, sensor errors, and wind disturbances have been conducted. The vehicle closed loop performance was verified in flight and shown to be consistent with simulations and analyses. These flights included hover and low speed testing while tethered and free flights (off-tether) where larger duration, range, altitude and speed conditions were evaluated. Demonstration flights were accomplished at Ft. Benning, Georgia where the OAV flew and collected video imagery from around the McKenna Military Operations in Urban Terrain site.

9.2 “Verification and Validation of Intelligent and Adaptive Control Systems,”  James Buffington, Lockheed-Martin
Emerging military aerospace system operational goals, such as autonomy, will require advanced safety-critical control systems consisting of unconventional requirements, system architectures, software algorithms, and hardware implementations.  These emerging control systems will significantly challenge current verification and validation (V&V) processes, tools, and methods for flight certification.  Ultimately, transition of advanced control systems that enable transformational military operations will be decided by affordable V&V strategies that reduce costs and compress schedules for flight certification.  This paper describes the approach and results for a study of V&V needs for emerging safety-critical control systems in the context of military aerospace vehicle flight certification.

9.3 "Validation of a Proposed Change to the TCAS Change 7
Algorithm, " Carl Jezierski, Federal Aviation Administration
The Traffic Alert and Collision Avoidance System II (TCAS II) was introduced into revenue service in 1991 to prevent the tragedies experienced over the Grand Canyon (6/30/1956, Lockheed Constellation and DC-7 in VFR conditions), San Diego (9/25/1978, Boeing 727 and Cessna 172), Cerritos (8/31/1986, DC-9 and a single engine Piper).  Since its initial introduction, the TCAS II logic has evolved with one FAA and one European mandated change.  This presentation briefly reviews the history of these changes and discusses the validation process for a proposed modification to the algorithm in light of the 2002 Lake Constance midair collision. 

9.4 “UAV See and Avoid Employing Vision Sensors,” Eric Portilla, Northrup Grumman Corp.
Collision avoidance is comprised of many layers of protection ranging from high level procedures defined by the FAA, to the pilot’s eyes and reaction acting as a last line of defense to See and Avoid.  In order for UAV’s to truly meet an equivalent level of safety of a manned vehicle this See and Avoid function must be autonomously reproduced.  While the functionality of “detection by sight” can easily be matched by a vision sensor, the real time assessment and processing performed by a onboard pilot is a much more difficult problem.  This presentation summarizes the approaches and current technologies being evaluated to provide UAV’s with the See and Avoid capabilities required for equivalent level of safety.
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