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Project Team Introductions

Integrated Resilient Aircraft Control
Principal Investigator:  Joseph Totah

Project Scientist:  Dr. Kalmanje Krishnakumar
Project Manager: Sally Viken, Associate Project Manager: Jennifer Cole

Partnerships
Sally Viken and Jennifer Cole

Integrated Dynamics and Flight
Control

Dr. Pat Murphy

Integrated Propulsion Control
and Dynamics

Dr. OA Guo

NRAÕs
Dr. Kalmanje Krishnakumar

Airframe and Structural
Dynamics

Dr. T. Krishnamurthy

Systems Analysis for
Robust Configurations

Sally Viken

Intelligent Flight Planning and
Guidance

John Kaneshige

V&V Methods and Testbeds
Dr. David Cox and John

Bosworth

Management

Sub-Projects
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Goals and Objectives

Integrated Resilient Aircraft Control Project Goals and Objectives:

Develop validated, multidisciplinary integrated aircraft control design tools and techniques for

enabling safe flight in the presence of adverse conditions (faults, damage, and/or upsets).

¥ Advance the state-of-the-art in adaptive controls as a design option that will provide

enhanced stability and maneuverability margins for safe landing in adverse conditions

*http://www.ostp.gov/nstc/html/NationalAeronauticsRDPolicy06.pdf

National Aeronautics R&D Policy*

(p. 7: Aviation safety is paramount.)

Aviation Safety Program Goals:

Develop technologies, tools, and methods to -

¥Improve intrinsic safety attributes of air

vehicles that will operate in NextGen

(focus on foundational research)

¥Support Agency’s human and robotic

exploration missions in areas relevant to

sustaining long endurance and remote

operations in harsh environments.
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Adaptive Control

[From the 2004 NASA Adaptive Controls Task Force]

A control system that continually changes itself to conform to changes in the ‘plant’

(controlled system) and environment to maintain safe and satisfactory performance

Adaptive

Control
Intelligent

Control

Robust

Control

Adaptive control is most versatile
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Overarching Challenges

2004: ÒAdaptive Controls Task ForceÓ
NASA Internal, subsequently briefed to Panel D of the Decadal Survey for Civil Aeronautics

Existing technology not adequate to handle large uncertainties and system
changes, unknown component failures and anomalies, high degree of complexity,
non-linear unsteady dynamics, revolutionary vehicles, novel actuators and
sensorsÉ   Changes can be continuous or discrete (varying flight conditions, abrupt
failures, structural damageÉ )

2004: ÒReview of NASAÕs Aerospace Technology EnterpriseÓ
http://www.nap.edu/catalog/10810.html#toc, http://books.nap.edu/catalog/10861.html#toc

ÒThe CICT panel highlighted the 17 out of 242 tasks that are examples of world-
class work:Ó [Intelligent Flight Control was one of the 17 tasks]
ÒThe Aviation Safety Panel cited the Aircraft Icing subproject represents the best
technical work in the Aviation Safety Program and is an important national asset.Ó

2006: ÒThe Decadal Survey for Civil AeronauticsÓ
http://www.nap.edu/catalog/11664.html

Challenges cited by Panel D (Dynamics, Navigation, Control, Avionics):
D1. Advanced guidance systems
D2. [É ] decision-making under uncertainty, and flight path planning and prediction
D4. Intelligent and adaptive flight control techniques
D13. More efficient certification processes for complex systems
D14. Design, development, and upgrade processes for complex, software-intensive
systems, including tools for design, development, and validation and verification.

“Finally, the problem of multiple correlated, simultaneous failures remains unsolved”, section D4, p. 44
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Examples of Control Under Adverse Conditions

1998: X-36 RESTORE

Reconfigurable Systems for
Tailless Fighter Aircraft

2006: F-15 IFCS

Intelligent Flight
Control System

1996: F-16 VISTA

Self-Designing
Controller

1993-1995: PCA

Propulsion Controlled
Aircraft
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Technical Scope

Goal: Validated multidisciplinary integrated aircraft control design  tools and techniques for

enabling safe flight in the presence of adverse conditions (faults, damage and/or upsets).

Aviators’ Emergency Mantra - Aviate, Navigate, Communicate.Performance

Measures

Envelope/Loads

Maneuverability

Handling Qualities
(CHR)

Safe Landing

Gain/Phase
Margin

High-Level Metric
Categories

StabilityIRAC Performance
Targets

Focus - Adverse Conditions

N+2 (2020)

N+1 (2015)

Target - Beyond Current Generation (N)

(leverages data mining in IVHM)
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D4. Intelligent and

adaptive flight control

techniques

IRAC: A Control-Centric Project
 “Stability, Maneuverability, and Safe Landing

in the Presence of Adverse Conditions

Vehicle
Testbeds

Adaptive Flight
Control

Adaptive
Guidance

Real-Time
System ID

Emergency
Planning

Pilot

IIFD

IVHM
Maneuvering
Envelope ID

Trajectory
Planning

Adaptive
 Engine Control

Adaptive ASE
Augmentation

Aeroelastic, Static

and dynamic load

Constraints

Algorithm Validation and
Risk Assessment

AAD

D1. Advanced guidance systems

D2. […] decision-making under

uncertainty, and flight path

planning and prediction

D13. More efficient certification processes for

complex systems

D14. […] processes for complex, software-

intensive systems, including tools for design,

development, and validation and verification

Intelligent Flight

Planning  and Guidance

(IFPG)

Integrated Dynamics

and Flight Control

(IDFC)

Integrated Propulsion

Controls and Dynamics

(IPCD)

Verification and Validation

Methods and Testbeds

(VVMT)

Airframe & Structural

Dynamics

(ASD)

Decadal Survey

Panel D R&T Challenges
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On-line integrity
monitoring for
adaptive control

Adaptive control
assessment /
validation

Trajectory
optimization

Stiffness and
frequencies

Full envelope
engine
simulation

Direct adaptive

Baseline
simulation for
control law
development

Near-Term

Tool suite for
detection of
failure cases

Manueverability
assessment /
validation

Maneuvering w/
constraints

Loads

Performance
requirements

Indirect
adaptive

Integrated
aerodynamic
and structural
modeling under
adverse
conditions

Mid-Term

Verification and validation processes
and tools for adaptive flight control.

Testbed capability and techniques for
relevant experimental validation

Improved maneuverability for safe
flight

Provide static, dynamic and aeroelastic
constraints for adaptive flight control

Provide the capability for engines to be
used as an integrated part of the
overall flight control system

Improved stability for safe flight

Research Thrusts

Procedures for
software V&V

Upset prevention
/ recovery
assessment /
validation

VVMT

IFPG

ASD

IPCD

IDFC

Area

Adaptive path
planning

Control system
constraints

Integrated
engine controller

Hybrid direct /
indirect adaptive

Integrated
aerodynamic,
aeroelastic, and
structural under
adverse
conditions

5-Year

Research Thrusts
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Schedule

OGA & INDUSTRY PARTNERSHIPS, WORKING GROUPS

Level 4

Level 3

Level 2

Level 1

Aviation Safety

Technical Conference

NASA Research

Announcement

FY07 | FY08 | FY09 | FY10 | FY11 |

FY07 | FY08 | FY09 | FY10 | FY11 |

4.1.1 - Direct Adaptive Control

Assessment of Improved Stability

Adaptive Flight /

Propulsion Control

4.1.3 - Upset

Prevention /

Recovery

3.3.2.1 - Integrity

Monitoring for

Adaptive Systems

2.5.3.2 - V&V Tool Suite

Static, Dynamic, and

Aeroelastic Load

Constraints

F/A-18 Experiment Req.

AirStar Dynamics Val.

Cert. Standards Gaps

FOUNDATIONAL RESEARCH (CONTROL THEORY, MODELING, V&V)

Trajectory / Flight

Planning

Integrated

Adaptive Path

Planning

Intelligent Flight

Planning and

Guidance Sim

Integrated Adaptive

Control and

Dynamics Sim

Engine Controller and

Safe Operations

Simulation

Engine Life Usage

Estimation Tool

Adaptive

Control Metrics
AirStar On-Line

PID Capability

Damage Propagation Modeling

and Residual Strength

Evaluation of

Flight / Propulsion

Control

Procedures for S/W

Verification and

Exp. Validation

Assessment of Imp.

Maneuverability

Major Event
Other Key

Deliverables
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Milestones
Program

Commitments
PART
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Foundational Research
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Multi-Disciplinary

System-Level Validation

“Stability, Maneuverability, and Safe Landing

in the Presence of Adverse Conditions”

Validated Adaptive Control Design Tools
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Control

¥ Intelligent Flight Control System

Ð Upcoming tests (1Q-2Q FY08)

Ð Two adverse conditions:
¥ Symmetric Canard Response (A matrix)

¥ Right Stabilator Lock (B matrix)
Ð Two flight conditions:

¥ 20K ft, M=0.75

¥ 25K ft, M=0.90

¥ Research Objectives

Ð Improved stability and reduced cross-coupling of direct adaptive
approach at more challenging conditions than those examined in 2006

Ð Examine the effects on stability as a function of

¥ 3- Input Sets
¥ 2- Learning Laws (Lyapunov, Performance Seeking)
¥ 1- Adaptation Gain Augmentation Set
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Modeling

6.5%-scale S-3 Viking Icing Research Aircraft Model

¥ Icing Effects

Ð Wind tunnel tests
Ð Experimental conditions

¥ Non-iced configuration

¥ Two Iced (LEWICE3D)
configurations

¥ Research Objectives

Ð Gather data for modeling and
simulation

Ð Understand icing effects on:

¥ Performance
¥ Stability
¥ Controllability

Model Installation - LaRC 14x22 Tunnel

¥ Damage and Unsteady Effects

Ð Wind tunnel tests
Ð Experimental conditions

¥ Damage configurations -
static

¥ Undamaged configuration  -
dynamic motion

¥ Research Objectives

Ð Aerodynamic database to:

¥ Characterize nonlinear,
unsteady behaviors

¥ Develop simulation that
includes dynamics that are
not normally captured
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V&V Methods and Testbeds

¥Airborne Subscale Transport Aircraft Research Team (AirSTAR).

Ð S2 UAS completed successful data collection flights
Ð Tests included Mobile Operations Station
Ð Real-time, high quality data transmitted via downlink at Wallops Island Flight Facility

¥Research Objectives:

Ð Data quality and bandwidth suitable for parameter identification research

Ð Results: http://www.aeronautics.nasa.gov/technical_seminar.htm

ÒThe Quest for Onboard Real-Time Characterization of Aircraft Stability and ControlÓ
 - Dr. Eugene Morelli
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Collaboration
Funded opportunities

¥ NRA’s

Round 1 letters out next week
¥ 2007 SBIR’s: 4 Sub-Topics
A1.04 Adaptive Flight Control
A1.09 Integrated Avionics Systems for Small Scale Remotely Operated Vehicles
A1.10 Adaptive Structural Mode Suppression
A1.13 On-Board Flight Envelope Estimation for Unimpaired and Impaired Aircraft

Partnerships and Working Relationships

¥ Other Government Agencies
NASA / AF Executive Research Committee
JPDO Safety Working Group
FAA RTCA SC-205 - Software Considerations in Aeronautics Systems Committee
NATO AVT-161 Assessment of Stability and Control Prediction MethodsÉ

¥ Industry
CAST/JIMDAT
VSA, Recovery, and Control Working Group

Technical Conferences
Sponsoring invited sessions at AIAA GN&C 2008
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Questions

Integrated Resilient Aircraft Control Project

Technical Plan is located at:

 http://www.aeronautics.nasa.gov/nra_pdf/irac_tech_plan_c1.pdf


