L 2% Bl 1R

Aeronautical Science & Technology Jun. 25 2025 Vol. 36 No.6 78-87

SRR, R RIS, T HEF, X, A
PHAE TS, B P%E 710072

B ZAPATEIERK ML R Wi R T A ATE(QUAV), AR P T — BT E8MAT
#(EID) 7 % 09 5 R S e . £ THATEEE TN EFl N B iy ICER 5, B LA BR TR — 8o,
By EID J7 B #EAT R At e SRR FIH T /™ 8 S LBOR, UAMZ QUAV R iy e e e dp i H LALMBF S, HE T 4 M
Fl-Aa(PDEH &, BT @A EID F %k 5 LM AR G PIEEH K , A SCRM T — M ETEID W AS =4 7 £,
AN RELR —BRAHRMERER, FHRTTARRAREN TSR, RA GREREFRYL TR ENARES
LR, EERRETEST AAE S THIME R, AXTRENAEERN A RALEZNSENE L) H A

Ry
Al 3 o

KR THIH FNMATH: ZBEH; AEREEH; WREEAATE

FESES:V249.1 XERFRIRES A

A 1917 4255 — 42 T6 A ML (UAV) [ tH LI, JTE APLES
Bl TR 20, QAT s g as ) IR M) R
RSSO, AR, TUERTC N I T4 (QUAV)
LA IS AT R AR AT A BE T, T AAS Bl A2 5¢
BUERH CATAE S5 IR A 24 51l T ok 2
B I E SR 5 B DG TE . (HUR , QUAV A4 il 1H1 I 1 2 1]
M. WIQUAV UK 8l R G J& R UK 8h R 4t , KA H AR HAT
LA B E PERREG s QUAV 7E AT IR AT B 2318
FNAR A KT PEAE S A X EEERREAIR T QUAV 1Y
FEIVERE ARk TRk . Bk, SR80 ok
i e bR 1) B, X 52 EE QUAV A i A B s thl HL B2
Mo SRR R KSR, Kendoul 7R H T —Fh FH T A0 BR
KK Bl B AR SR AT RE S 4 1 AT 6 i Hh 1) QUAV
FATAT 4 4N o e A BRAR LR MR T, — BRI R
I AR AL Ty 1 R ™ 5 R AL A B 2R M 0, Al 2k
Pk QUAV R Gk ik RGE), iR JRUA AR £ R 8K
3 QUAV ARG T — 45 THRIMAE RS . 7—Jr

IFSEHA: 2024-11-15; RIEEHA: 2025-01-23; RFABHA: 2025-03-14

DOI.10.19452/j.issn1007-5453.2025.06.009

1, M ANB I s % QUAV R GRS , 2 & (T 14 TF
271, A 3 N B N, [ A R R A
R 18 2= o

B TR FEE T HRRZ A, AT RS 2R
K QUAV iy I MERE . XF T/ NI ) QUAV , AR ME TS fin 4t
SR R DA T AR . R, Sl e s il A v A o
XFER MBI, DA BE R K A SCHE R R g bt 1
— TP . AR T HSE AR s AR R 32 2
FEHIES, QUAV RG b e i DL sl i il e 2 —J& 42
ARSI R, IS PRAT A B A A 4 e A
EHFHVLHL R ESHORE MR, R, — s B il gy
2, AR B (SMC) |, 8 FH R Ab B T il e, (HIB A8
s g D EPHR, B A& A A%,

HAS T B0, DEIC A AN o VAl T DARRERR Ay S0 A 4
3o PRI, AT AR A4 A 80 A7 3 401 2R Bl 5 BEHAT Sy
SMIE T o B AT A B A SRR T4 T4, Wang Ban
PR T AT ORI g RAL T RS RS

BB : MERSER(20232034053001) ;/ RAEM SN AEMARES(2023A1515111175)

SIFE#I(: Cai Wenjing, Gao Lipeng, Yu Jiaping, et al. Fault-tolerant control for QUAV based on equivalent input disturbance under unknown
external disturbances(J].Aeronautical Science & Technology,2025,36(6):78-87. X%, SIS, FEF, & . KIS FEF
FEMBNFHAITTIEE TN K T88B 51 HF74[J ] SRR, 2025,36(6) : 78-87.



SEOCHE 8 RASMERIRSD FAE TR N PR P I N €A de A R T ik 79

SRS G 0N T BHR . SR, SMC Rl FSE i T
Pl RGP RS BN TR AT A Ak

A HUH o R AME QUAV AN T A %0 ¥ - Xiao
Bing ZEPIE A AN T8 A R st L T AT
#o Aboudonia FFPNKE A FE 5 TN #F (DOB) 25 42
4%l QUAV. Yang Hongjun PN 14 KUy 41 A e 2y, I
Wit T —F T ARSI Z R T A1 Castillo 5525 F
H PP R R AR E M. SCER27 1 i s 5
DOB #4564 : DOB il 18 5 SN TP 52, 1fif SMC 2 il
FAMEPGHE I AR TG, A X RS UE T T AME
O Rk T QUAV [l PERE . RIS (R e S, i 4k
HMEZEAT IR 5 QUAV FyF il PEfE .

M A T4 (EID) Jy 323 WL AL ) > 4 3 EID
I M FH 2 i i A T B9 EIDPY, 50T, B g Ok
i QUAV Hh g 4E 5l . SCHER[81H QUAV R Gu#li sy ALk
HFREMEH T RS . X TIELET RS, #HIETM
RAEAK LA N I S R E R G . R TR MR
T Z 45 % EID J5 k1T LU 20 2L e 80 (9 52 0, DA T
PR T HITERE . SCHR (91X QUAV F & fifi FH ™ 45 £k 1
b, IR T 44> EID Al ke 3 il S 2E R 80, sy b 58
BT LA R BRI AR X SRS BT 5 I QUAV i
AT A5 B R 5

AR SCHG BT A A SRR A S A o SR T sl L R
EID J5 il 45 h 4t 8h o 302 27 Uk EID Jr vk i FH 4k
FREATER SR RSN 8 o B Ah , A SOfl s e Ak
X QUAV R G AT kb, I 2/ — B & A #
(GUUB) Y fa e K. th FiF A% 5 (IR AE Y w57 )
R QUAV HAT ML A BIE 5 m sk 1, e, ASciseit 1
44 PLEE il 48 R IR IR ML 1 I S % (5 5. bAh, ik ik
T 44> EID Al g ki il 42 vh He 2 o 42 s 42 i Pk s

1 MheEX A K17 R R Ria@ERiR

QUAV M RGLHINPE 1 7R . A 6 M (x,y,z2,
0,6.y) FEH AAHASEL (7,7, 7, BT

H T HERI QUAV , B e iy HACHAA, in=X (1) s
X=Xy, X, =X,
Y=Y V=,
z=z,,2,=2,
0=6,, 6,=0,
p=9,. ¢51:¢2
Y=Y, Y=Y,

BT DOiesa Jo N 6A 7 i B HATL B e HEAR AR [ 5 1
HEZR e (172 XL
Fig.1 Quadrotor and definitions of body-fixed frame S,

and earth-fixed inertial frame &

QUAV HYSE B AR N0 (2) iz

X=X,

X, =(cos¢ sinf cosy + sing siny)u, — k, x, + dx
Vi=),

y,=(cos¢ sinfsin y—sin ¢ cos y)u, —k, v, +dl
=1z,

z,=(cos¢g cos Nu,—g—kyz,+d,

91 =0,

'92: %%V/l + %

v ¥
¢1=¢2

S J,

#,= 791‘/’1_ 7¢1w+”3_k5¢1+d¢

X x

o o+u,—k,0,+d,

Y=Y,
J,

x

. -J,
Y= Ty¢101‘/ll+u4_k6‘/’1+dw

Hor
O=W,tW,~W,—0, (3)
HA

u o« a a al|®
| |~la 0 0 0|
| 0—-la 0 la ?

T B =B B

v w;
KB RFESHPIE I 1,
ik

W=+ Wy~ W, — 0,



80 LIRAEE L P N

Jun. 25 2025 Vol. 36 No.6

®1 MRETLAN K TSERSH

Table 1 Model parameters of QUAV
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Table 2 Control system parameters
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Table 3 Parameters of QUAV
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disturbance approach—analysis and application to disturbance

Fault-tolerant Control for QUAV Based on Equivalet Input Disturbance under
Unknown External Disturbances

Cai Wenijing, Gao Lipeng, Yu Jiaping, Liu Xin, Ni Jie
Northwestern Polytechnical University, Xi’an 710072, China

Abstract: This paper applies the equivalent input disturbance (EID) approach in the control of a quadrotor unmanned
aerial vehicle (QUAV) with influences of actuator faults and external disturbances. Since actuator faults can be
considered as the matched disturbances in the control-input channel, this paper take it to be a part of the lumped
disturbance and use the EID approach to solving it. And then the exact linearization method is used to compensate for
nonlinearities in the QUAV system. Four Pl controllers are used to accomplish tracking control. Combing the EID
approach, the exact linearization, with the Pl control, present the EID-based fault-tolerant control method. Next,
stability conditions are derived based on the globally uniformly ultimately bounded. Finally, simulations demonstrate
the effectiveness of the method. In practical operational environments, the fault-tolerant control strategy proposed in
this paper demonstrates significant reference value and broad application prospects when confronting numerous
uncertain factors.

Key Words: disturbance rejection; equivalent input disturbance; fault-tolerant control; periodic-trajectory tracking
control; QUAV
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