e TR A S L 2026, 34(5)
*fﬁ %IJ *i 7K Computer Measurement & Control + 197

NEHS 1671 -4598(2026)05-0197 —09 DOI:10. 16526/j. cnki. 11-4762/tp. 2026. 05. 024 FE4ES . TP273 XERFRIRAG : A

FEEHARENSRELAVNBEN —EFR
K umE R B RI= 7T A

éwif—

CP 2yt = WOl B AR 24 Bl AL =S 22 Be, P42 710089)

BE: ZHREILAMNE TSRS HAIEE TG R, FBOUT TR S 5 5 52 2158 3 B AR A o E
PER R XELUREF R A AT FEIRES s Dl SR AR W R A G BR A 22 B 32 T8 AL 1 3 1o — Al 7 S 2 S A A 4
el ik ZOTE e M RNG . RANRF I E WA R R . M TAN TSR K5 RIET AN
QAT SR DA R AT AR 55 o SRR Al o e 0 S T A6 e SRR B s e LR S W 25 T 3 TG N AL AR i S 4 i A T A A B
il . PID Jy WER S, it e T AL Rt 454, MR AT R0 4R (8 5 2 1 b 2 I 10 g 25 1R D P B, O AR
ﬁiitﬁﬁéﬁflﬁﬁ(ﬁ"fi$q&&fﬁ]¢» i o A A AT S B 2 e B TE AL A OE I — AR A e ¢ s A R R ) e o RE

RIREE . TERABOH R AT R 5 2E . PHRFEE LUK R/ A e (EBUE B /. ELAE A [ XU A 628 T
/ET LT3R TC AN BY 4 T R 22 I S 1 B AR 5 PR AL BTy v A 4 1 M A LA B o7k mE T B A I A
KW WA R ZHERTAN; BHEN S AFa Lo h s &g

Adaptive Non-Singular Terminal Sliding Mode Cascade Control Method for
Multi-rotor UAV with Unsteady Coupling Correlation

HU Shaohua
(College of General Aviation, Xi'an Aeronautical Polytechnic Institute, Xi’an 710089, China)

Abstract: A multi-rotor unmanned aerial vehicle (UAV) has the characteristics of unsteady coupling and correlation dur-
ing the flight, and susceptiblility to external disturbance and inertial uncertain during mission operation, which makes it dif-
ficult to maintain a good flight balance. Therefore, an adaptive non-singular terminal sliding mode cascade control method
for a multi-rotor UAV with unsteady coupling correlation is proposed. The method first considers the unsteady coupling rela-
tionship between disturbed wind fields and UAV loads, while detecting the initial values of UAV’ s operating parameters.
Then, according to UAV flight principle and mission requirements, it solves the non-singular terminal sliding mode cascade
control objectives. Finally, taking the constructed non-singular terminal sliding mode surface of multi-rotor UAV as the
outer loop control and the PID as the inner loop control, a cascade control structure of multi rotor UAV is designed. Ac-
cording to the deviation between flight initial value and control objective as the control quantity, a non-singular terminal slid-
ing mode cascade control law is adaptively presented, which achieves an adaptive non-singular terminal sliding mode cascade
control of multi rotor UAV according to a control law. Performance test shows that the optimal design control method has
smaller speed control error, buffeting degree and minimum singular value, and a lower control error fluctuation index for
multi rotor UAV under different wind fields and loads. The optimal method has notable advantages in control performance
and adaptive performance.

Keywords: unsteady coupling correlation; multi-rotor UAV; adaptive control; non-singular terminal sliding mode con-

trol; cascade control
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