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Model-Reference Adaptive Pitch Attitude Control of Fixed-Wing UAV
Byung-Wook Kim' and Sang-Hyuk Park®

Korea Aerospace University

ABSTRACT

Despite the well-known mathematical model of fixed-wing aircraft, there are various studies
to meet desired performances by considering the modeling errors in the extended flight
envelope. This paper proposes a new adaptation mechanism of model-reference adaptive
control, which applies the Levenberg-Marquardt algorithm to the pitch attitude control of
fixed-wing UAV. In addition, reference model in the adaptation law is set by referring to the
dynamic properties of the plant model. The performance of the proposed adaptive control law
is verified through simulations and flight tests.
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Marquardt’s Updating Strategy
User Define p,, z,,
While
z, =z, Az,
If StoppingCriteria
break
Else
o=I[F(z,)
If 0>0.25
W= puX2
Else if 0>0.75
= p/3
End
End
End
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vi=2
While
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If StoppingCriteria
break
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Modified Updating Strategy
User Define p,,
vi=2,
While
Ty =Xt Ay,

Nielsen©] A

If StoppingCriteria

break
Else
o=[U,~ U]/,
If 0>0
= X max{1/3,1— (29—1)2}/PT
vi=2
Else
p=puXvXpp
vi=vXx2
End
End

End
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ol Table 1. Flight Test about Each Control Law
g o———=EE=== Il N Control|  Date Time | Wind | RMS(e) | RMS(e)
=N Xy Law | [YY.MM.DD] | [sec] | [m/s] | [rad] [rad]
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- ‘ NS G.S. 18.12.19 1224 1.3 | 0.02129 -
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NMIT | 19.01.10 | 859 | 4.1 | 0.00640 | 0.00482
w lradis] 19.01.10 701 34 | 0.00617 | 0.00458
. 19.01.14 876 2.1 0.00467 | 0.00368
Fig. 11. Frequency Response @ |AS=14m/s 190116 586 23 1 0.00787 | 0.00530
o] ‘ ‘ Avg. 0.00600 | 0.00449
= 0 =—=== — 18.11.02 1643 | 2.9 | 0.00579 | 0.00510
%_10 18.11.28 1133 | 4.7 | 0.00455 | 0.00251
. NMIT-| 19.01.11 | 717 | 05 | 0.00698 | 0.00472
- ‘ LM 19.01.14 903 1.1 0.00632 | 0.00438
5 10° 19.01.16 895 1.5 | 0.00518 | 0.00362
T QrradLoon | | Avg. 0.00576 | 0.00407
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w [rad/s]

Fig. 12. Frequency Response @ IAS=18m/s
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