540 55 3 1 R N A R N S A Vol. 40 No. 3
2023 43 H Control Theory & Applications Mar. 2023

VU e 3 76 AVLVEZS R G E & E S PO AF 77 7 28 i i A {2 )

BRI, 25 ) £ R, i R!
(1. RIS AEMLEERE, YEI5 BERT 211106; 2. B RUMTE K2 BerRl g, L5 B 210023)

FEE: ASCE X 2 Z IR P VU e BT ANVES RS, 5T H A &SPl JF 7 7 £ m i R, WS 7438
TR AR AR ANG DL N (R EESLAT PR AN 5] 28 25 BR s ] 17 AL ¥ 5, 61 DU e 3 e AR 25 ml B 3l ) A A 8, i i 51
N R UL 1) R ST B A BRI R 22 ) 25 ) =3B AP AR LU, 20 S 0 T BRI R 22 B A et b T RO s, Sk
BUR B iR 2 AR R M BT I BRI A T Fa, 456 R A MERRZ AR THE S, dsh SRk R4 7
LI AL, FEAE PRI BE T b P 1R SR e B AR A5 B B A PRIE R ) B R 2. O 2 T Lyapunov /) T 77k gh th 1%
ASBRER R ZE A PRI (RSO ™ A% UE R, 017 B4 RASIE 1 B 3207 1% 1A 2tk

KRR DUNE IR IC AN, LA PR IR, Lt AL, RO 25 A BRI )4l

SIARE: BIRME, 2, 2R, 55, NIRRT ANEE KRG E GG LL Pl 9F 75 7 2 s TS s . Fe b 218 5 N A,
2023, 40(3): 459 — 467

DOI: 10.7641/CTA.2022.10986

Composite continuous fast nonsingular terminal sliding mode
control for quadrotor UAV attitude systems

ZHAO Zhen-hua', LI Ting?f, JIANG Bin!, CAO Dong!
(1. College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing Jiangsu 211106, China;
2. School of Mathematical Sciences, Nanjing Normal University, Nanjing Jiangsu 210023, China)

Abstract: This article investigates the attitude tracking controller design for a quadrotor UAV with multi-source distur-
bances based on the composite continuous fast nonsingular terminal sliding mode (FNTSM) control method. Firstly, based
on the attitude loop dynamics of a quadrotor UAV, the attitude tracking error dynamics in three channels are decoupled with
each other by introducing virtual control actions. Secondly, the high-order sliding mode observers (HSMOs) are designed
based on the decoupled tracking error dynamics to realize the finite-time estimation of attitude angle commands rates and
the lumped disturbances. And then, the dynamical FNTSM are constructed based on the estimation information of HSMOs.
Finally, the composite continuous FNTSM controllers are designed by utilizing the power function to replace the sign func-
tion in the switching terms of the control action. Strict stability analysis is given based on the Lyapunov method and the
simulation results also verify the effectiveness of the proposed method.
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Fig. 3 Tracking response of attitude angles
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