Subcommittee D

Presentation 5.1

“Application of Cognitive Engineering to UAV Operations”

Dr. Amy Pritchett, Georgia Institute of Technology

ABSTRACT

Designing for UAV systems presents novel challenges, including design of autonomous capabilities that can still interact with and be monitored by human operators, integration into the National Airspace System (NAS), and creation of operational procedures and ground control station interfaces that are robust to a range of UAV platforms and missions.  These challenges are more difficult than cognitive engineering concerns with flight deck design for three reasons: (1) the human operator, while ultimately responsible for the safe operation of the UAV, is now distal from the vehicle; (2) many UAVs have new autonomous capabilities which can be more difficult for the human operator to comprehend and supervise; and (3) unlike flight deck standards such as the ‘Basic T’ layout of primary flight displays, UAV systems do not have widespread standards, conventions and operating procedures as a starting point for design.

I will first argue that the key attribute of ‘autonomy’ is the ability to perform a function, no matter how simple or complex, without requiring supervision; this typically requires the UAV to be able to report to the operator when it can not perform the function.  

The next topic in this presentation will be the attributes of autonomous behaviors that can be easily comprehended and supervised by human operators.  Results from flight deck design will be used to illustrate how rarely-seen behaviors, and behaviors that do not mirror the operators’ other activities (e.g., interaction with air traffic control or command and control), will likely lead to confusion.  Likewise, UAV systems that provide functions conformally mapping to the language and processes of their operators can be easily and fluidly operated.

Building on these insights, the presentation will conclude by reviewing systematic design methods for creating a coherent set of operating procedures, automatic functions and operator interfaces.  The results of a simulation experiment indicate that UAV controllers using coherently designed elements achieve significantly higher mission performance and experience lower workloads than those that when using incoherently matched elements.
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ABSTRACT

As the complexity of flight controllers grows so does the cost associated with verification and validation (V&V).  Current-generation controllers are reaching levels of complexity that push the envelopes of existing V&V approaches, and further increases in controller complexity are required to provide the operational capabilities desired for next generation systems. Without improved approaches, there is little hope for affordable V&V of next-generation intelligent systems, and thus little hope that they can be safely fielded.  Barron Associates believes that successful V&V of advanced control approaches will require a combination of a variety of tools to address all aspects of the control-law design and testing process, as well as methods for monitoring the behavior of high-risk components in operational settings.  The current work addresses the safety of the flight test program for advanced control laws.  Barron Associates, under a NASA Langley SBIR contract, is developing a software tool that estimates stability margins in real-time during a flight test, and compares these to a priori predictions to validate the design model.  The tool uses worst-case analysis techniques to develop off-line estimates of worst-case stability margins at various flight conditions based on a prior uncertain linear models corresponding to those flight conditions.  On-line, “broken-loop” transfer functions are estimated using recursive, non-parametric system identification techniques, and margin estimates are derived from these transfer function estimates.  In addition to providing efficient on-line computations, the selected estimation approach provides a quantification of the uncertainty in the estimate.  This uncertainty in the transfer function estimate provides an indication of when sufficient data has been collected to draw useful conclusions.  The team is also developing approaches for online fitting of simplified uncertainty models to observed data, and on-line worst-case margins can be computed from these models.  The user is alerted to potential safety problems when on-line margins degrade below a minimum acceptable bound, and when margins degrade beyond off-line worst-case estimates, which indicates an invalid design model.  Ultimately, the tool will provide safety estimates for the current test condition as well as planned future test points.  The software tool is implemented using Matlab and Java, with Matlab used for backend computations and Java used to interface to a real-time data stream and to provide a graphical user interface.
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“A Novel Computational Approach of Determining the Stability and Control

Characteristics of Fighter Aircraft”

Lt. Col. Scott Morton, Eglin AFB 

ABSTRACT

As the capabilities of Computational Fluid Dynamics (CFD) codes to model full aircraft configurations improve, and the speed of massively-parallel machines increase, it is expected that CFD simulations will be used more and more to steer, or in some cases even replace, traditional flight test analyses.  The mission of the U.S. Air Force SEEK EAGLE office is to clear any new weapon configuration and loadings for operational use.  As more complex weapons are developed and highly asymmetric loadings are requested, the SEEK EAGLE office is tasked with providing operational clearances for literally thousands of different flight configurations. High-fidelity CFD simulations employing the turbulent Navier-Stokes equations are in a prime position to help reduce some of the required wind tunnel and/or flight test workload. However, these types of CFD simulations are still too time-consuming to populate a full stability and control parameter database in a brute-force manner. This presentation outlines and demonstrates a methodology to generate efficient but nonlinear reduced-order aerodynamic loads models from dynamic CFD solutions which in-turn may be used to quickly analyze stability and control characteristics at a particular flight condition. This technique gives stability and control engineers the ability to generate high-fidelity aerodynamic loads models of full aircraft configurations to include complex weapons loadings in a relatively short amount of time. This method may also be used to determine required control surfaces in the corners of the envelope and the overall approach may be used as early as

the conceptual design phase. Results based on the US Air Force F-16C fighter aircraft which exemplify the process are discussed as well as the current status and direction of this ongoing research.

