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MAYV: A new class of aerial vehicles smaller than 15 cm

Advantages of Flapping wing micro air vehicles
*Flapping wings benefit from unsteady aerodynamics at
insect scale to generate greater lift than steady-state
aerodynamics.

*High maneuverability and agility as seen in insects and
hummingbirds.
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f(x,t,e) 1s T periodic in t

Theorem:

If |2(0) = 2(0)| = O(e), then |x(t) —x(t)| = O(¢) on

a time scale t ~ 1/e.

If x* is an exponentially stable equilibrium point of

Eq. (10), then there exists e, > 0 such that for all
0 < € < €, |x(t) —zt)] = Ole) for all t €
[0, oc]. Moreover, the original system has a unique,
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[VERSITY or JLECHANICAL
EIAWARE American Controls Conference 2007, _| ‘ﬁ:‘-“s- [ 511‘115’ T
. New York City, USA 4 ABORATORY



# $

Time varying system
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The feedback from the filter should
controller | _ x*(f) Approximates the time averaged
state feedback.
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Time Averaged system %
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To motor centers in the thorax
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Huygens center of oscillation __ of an arbitrary shaped

body is defined as the distance from the axis of
oscillation to the length of simple pendulum having
the same natural frequency.
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Simple pendulum
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Earth frame
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F =x+ Esin6,
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L =2+ Fcost
r=F—

z2=L—
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*Offline-trajectory planning algorithm from
“Differentially Flat systems ”

American Controls Conference 2007,
New York City, USA



= is the time of flight or the time to
traverse the complete circle.
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We have shown using time-averaged theorem and Fourier series
approximation of aerodynamic forces that a simpler time averaged model

approximates the high frequency time-varying dynamics of the original
system.

Based on the fact that the longitudinal dynamics of the system is differentially
flat, we designed a flatness based trajectory tracking controller.

Simulation results show that the average system follows the trajectory very

closely while the time-varying system follows the average system with a
bounded error,

$

The mean aerodynamic forces which are the control inputs to the system will
be mapped to the physical kinematic parameters governing the wing motion.

Actual sensor dynamics will replace the filter dynamics used in the current
work.

Extension of the control scheme to the full 6 DOF flight dynamics.
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