Autonomous Aerobatics: A Linear Algorithm and Implementation for a Slow Roll
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Introduction Control Algorithm Methodology

Unmanned Combat Aerial Vehicles (UCAV’) are becoming common on the battlefield airspace but to date
they have not been implemented in fighters due to the complexity of executing maneuvers required and
the nonlinearities in aerodynamics, control response, control inputs required, and extreme attitudes.
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experience as a Certificated Flight Instructor and competition aerobatic pilot
in powered and sailplanes is applied and converted to a mathematical basis.
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Such maneuvers are crucial for Air Combat Maneuvering (ACM, “dogfighting”), low level penetration

with extreme maneuvering for bombing targets, escape and evasion from missiles, and "jinking" for
avoiding ground to air gunfire. Such flying is collectively known as Basic Fighter Maneuvers (BFM).
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This reduces the control problem to a linear system, bypassing the analytical, >Capable of ualimited e it Zes
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computational, and monetary issues with a typical engineering approach. »Onboard autonilot in a custom chassis
BFM is fundamentally composed of aerobatics, and aerobatics itself is fundamentally composed of a few e
basic maneuvers. Humans are limited in their biological ability to withstand extreme maneuvering, thus
autonomous fighter aircraft have the capacity to completely redefine the current mission paradigm of

dogfighting, air superiority, and maneuvering,

»Foam core composite airframe stressed for in

» Utilizing the existing codebase, the aitrframe launches and navigates to the Al excess of +/-15g

aerobatic box and aligns for the maneuver FEEEENG i e & e
» Input parameters of roll rate, entry speed, altitude, heading are handed CNG, laser cutting, and 3D Printing

over to the algorithm, and ACRO mode is engaged

» Advanced construction methods utilizing

A slow roll is one of three primary fundamental maneuvers, and the objective of this research is to
implement an algorithm capable of flying a slow roll and its associated variations.

Wingspan: 31.5”

Length: 45.3”

Weight: 3.5 pounds

Top Speed: 110~130 mph

» Measure error in inertial frame, and rotate errors as a function of @ to Roll (¢) X
convert to body frame for proper control deflection direction and scaling

Ao cos® sind | AAltitude
AY —sin® cos® | AHeading

» Rotated errors are used in a standard PID loop for elevator and rudder
inputs. Roll and throttle are decoupled, with throttle increases linked to
altitude loss at full control deflection

» Outputs sent to servos on control surfaces

The algorithm is based upon methods utilized by the author that are taught to flight students as a
Certificated Flight Instructor and utilized flying multiple different powered aircraft and gliders.

A concurrent objective is to design, fabricate, and flight test a suitable airframe capable of performing in
such an extreme envelope, and implementing the necessary routines in an off the shelf autopilot. A robust
hyper-maneuverable airframe was designed, constructed, and flight tested as a test vehicle, with the flight
controls implemented on an APM Autopilot with a software bridge to MATLAB.
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The algorithm will be tested by having a fly-off between the airframe and full-sized acrobatic aircraft with Yaw (y) Pitot Static Probe

pilots, with the maneuvers judged on a standard criteria from the International Aerobatics Club. The scores
of the algorithm will be compared against human pilots to give an assessment algorithm quality.
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