Hx & x = % 5 2 R Vol.x No.x

xxxx & x B Control and  Decision XXX. XXXX

SYARMMRER T AR B & N R 17

& 1, ARK, FEN

(1. FFFMIRREE H RS 6 TR, SR 555505 /K 1610065
2. MR KRS GO SEE R, BRI ¥R 161006)

& XD eI TC AL FR G B R 0N R 5 JXURE R BOR S, ELTE S bR A0e R B0 2 vh ) 52 B AT A 1 1) A
P — P A S 808 & B AG TH SOE R S B, DY i 3G AL BOE AR R AT o0 A, R A
A BE T B ™ 4 S A 3K, 31 © 02 BORUIR 2528 815 22 0 ) W it B 2k o2 LR 7 T IR 2R 500 3 17 2
ST R, FIF 38 S SRS 2 S U, 45 & O R PRI R 22 S G300 LR TR A 188, BT
o il A N AR B AR Bl AR5, R R 0 S B 1O A AN B B B AN THE TR R ROB R R, R T
Lyapunov F2 & PEEL G, % T8 AL B PRI A5 TR (18 0 A2 08 PEREAT ™R . BIF 78 45 R AR B, P th SVELE
I ZHRFN AN B AT I L T B84 0 A NURG B BR X A EE 8, 35 T T ANLII BT, S5, a1 sk ie
BE—2BIGAE T B4 H 52 10 R

XA PUEE T AN ROobHEh] SHOER; M PUBIRER: SRz

HhE 5325 TP273 SCHERARASAD: A

DOI: 10.13195/j.kzyjc.2025.0809

SIRMER: E i, AR, FTE&A. SRR T AN R SR 46 (3], 5 vk

Adaptive backstepping control for quadrotor UAV with unknown
parameters against gusts
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Abstract: Aiming at the unknown gyroscopic factors and drag coefficients of the quadrotor UAV system, and it is
prone to be disturbed by gusts during the actual trajectory tracking process, a backstepping control with parameter
adaptation and disturbance estimation is designed. Firstly, the mathematical model of the UAV is analyzed, the model
is transform into a strict feedback format with gusty wind interference. And based on the known parameters and state
variable errors, the adaptive learning laws for the gyroscopic factors and the drag coefficients are respectively designed.
Secondly, using the parameter values obtained in real time through the adaptive law, and combining the tracking errors
of position and attitude as well as their derivatives, the disturbance estimators for the position loop and the attitude loop
are respectively designed, the estimated values are used to compensate for the gust disturbances in the control input.
Then, a backstepping control algorithm is designed using the adaptive values of the unknown parameters and the
estimated values of the gust disturbances. Based on the Lyapunov stability theory, the asymptotic stability of the
position loop and attitude loop of UAV has been rigorously proven. The research results show that the proposed
algorithm can enable the UAV to precisely follow the desired trajectory and enhance the anti-interference capability of
UAYV, when some of UAV parameters are unknown and when it is affected by gusts of wind. Finally, the effectiveness
of the proposed method was further verified by simulation.
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