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Mathematical Modeling

* Moment and force equations

* 4 modeled effects: gravity,
gyroscopic moments, thrust, air
drag torque on rotors

* Simplification for around
hovering condition: no drag
force/moments on airframe

* Non-linear and linearized model
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Experimental Identification

* Rotor torque experiment for
air drag and inertia
coefficients

* Thrust experiment

thrust ]

* Weighting for masses, % 1(330 2;0 300 45)0 soo Esténo 7;0 800
calculation of inertias

700

* Interpolation of time |
identification of other Y
parameters
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Control Design

4DOFs: (X,Y.Z) +heading |
» Classical nested loops (P,PI) / }/ ‘

DR _

* One-level LQ state-feedback e :
o For mOdeI and parametriC O5H b ................. ......... _i
uncertainties: o L

— 1.1, mixed-sensitivity #,

— I y-synthesis with DK-
iterations

Paper accepted for MSC 2011,
Denver, USA

Kontakt 2011 Marcelo De Lellis 4




Modeling, Identification and Control of a
Quadrotor Aircraft

Author: Marcelo De Lellis (r1zrdzizllis@gmzil.corm)

Supervisor: Ing. Zdenék Hurak, Ph.D. (iurzk@rsl.cyut.cz)

1) Mathematical Modeling:

-4 sources of force/moments: Earth's == - ---——-—-—-—-——

. . ' i M'l i U osition
gravity, thrust, gyroscopic moments and air | oo =1l dame ;3,;»__?_%____
drag torque; | | dynamies
— Assumption: near-hovering condition, — 5| altitude
1 - quadrotor's
hence no air drag on airframe. e
s A 4 ,
: ii (wi _wi)_l_& 24: 0w (_l)j_l_ (]y—fz) , Fig. 1: Quadrotor's dynamic subsystems. =
P = Y ¥\ ®2™ I, qul / I, 1 Fig. 2: Coordinate systems. _
l 3 I, 4 ; (1.—1.) . Fig. 3: Real quadrotor system.
= ]—Z y (@ —[—pz w,(=1))=———=pr The moment equations produce the angular rates i =v r—w q—g sin6
lx’_l A v U7 g which determine the attitude, whereas the force v=w p—ur+g sin¢ cos0
=—=) (I,w,+k,w'+B,w.)(-1) eqguations yield the linear speeds which determine >
L, JZ::I L J the 3D-position. w=ugq-v ptgcose COS@__Z 2.y w
Eg. 1: Moment equations. j=li=1

Eqg. 2: Force equations.

2) Experimental Identification:

— Measurement of rotor torque and thrust; o o Llnea_rlzed rotor 20 orc_:ler transfer
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Fig. 4: Linearized rotor step response
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Eigt. ?: Rotdorl sin;gla:ion against real Fig. 6: Simulink implementation of rotor. Fig. 7: Approximations for thrust Fig. 8: Effect of non-linear air drag
ata for model validation. behavior. damping on rotor gain y—-w .
3) Control Design: wi oo oooo-—o-—-o-—--—- 4) Kalman Filtering:
— Goals: reference tracking, disturbance . i : B ] o If_lnear bapproach_ wgrks well
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Fig. 9: Classical control with hierarchical architecture. E
Considering robustness, MS H_ produced
better results in terms of performance
(oscillations and settling time). p-syn DK- DT
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