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based on sampling limitations
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Abstract: This paper presents a designated-time adaptive output feedback control scheme for quadrotors affected by
sampling constraints. First, based on the principle of invariant manifolds, an efficient filter-based unknown system
dynamics estimator is developed for overall uncertainty estimation. The unknown system dynamics estimator (USDE)
design introduces a variable-threshold event-triggered state observer to replace the actual velocity measurements,
maintaining estimation accuracy at low computational cost. Secondly, considering the strict response speed
requirements of the quadrotor, an appointed-time funnel control ( ATFC) scheme is designed to ensure that
displacement errors converge within the predetermined time and to constrain error boundaries, thereby enhancing the
system’s transient and steady-state performance. Finally, the stability of the closed-loop system is proven through
Lyapunov analysis theory. and simulation results validate the effectiveness and superiority of the proposed method.

Keywords: appointed-time funnel control ( ATFC); unknown system dynamics estimator ( USDE); sampling

constraints;adaptive tracking control;quadrotor

0 35l

ML AE S, DU JESE T AL A Sy — i R B AR A 11
AE P28 722 ARRM TR Bz . HAE
F 2 30 T A HLSL L IH B i 7 0 0 SR S5 U Y ) 12
BEHT S T AR SRR B SR . SR, 5 EE R
4 2 TR S BRSO B A AR B AT AT 52 B A T R
F19 S0 R ) X PR AR R R B b R 1 A A2 A R B P AT
55 PRAT RE 1 AR FHHE F

N T X — L SR E T R 2 R A S BT

il

W H ) .2025-11-27
* FEIH . FHEHARPEE 4 (61873247 T H % B

¢« 90 o

Pl vk, SCERCA 4R T — B0l 3 B 45 1 Csliding
mode control, SMC) 5 . #i-F2 43~ 43 # Hill (proportional-
integral-derivative, PID)#H 4% & 0918 & = # 5K w& , T #b
2 HL HL 2R 48 (microelectromechanical system, MEMS) ¢
WAL SN THE . SCHROS A 8 7 —Fh 1 38 AR 4
iy ¥ A4S 45 i SR W, FH LA AR e MEMS Fi B2 43 41356+ 46 A
R A0 5 PR Y 52 W 3 5 R SR AR G Y G B R
I3 R T L B A T TR A R A s, AT
itk 1R 2 2 e 9 A A5 X K THT 4 A0 14 Bk L SR 6 )R T T
28 X 28 1) T 1 R A 11 R B i RO iff L T R A R AP T



ZHRTF FATRAHAORG WAL IHNE AEBHEMNGHTR

%12

AR R TSR T £ AR & B 1 . (A5 1E
B R ST R GE AR R kU R T
PR T D B 7 A e o H FE A (9 R A e R N K = 1
SR T i 3 R T HC T D 3 A o R e b S B T
55 bR B oA B0 T 2R Y IR AR L R IR S W 2
(extended state observer, ESO)™ @I T A% A 115 & 2%
FEFNTE /D 0 2 B8 B 55 W E L. SCHRL 7 16 X MEMS
BSR4, 5T R A ESO Sk Al TH &R G0 A 8 8 M8, %05
A A% LB A9 T 53 B S B R 10 S A E UL DA T
5k MEMS BEIBAL RGP THERE J1 . IR, S T 3458
PO 35 14T T4 R 1 SCHRCS 1SR 1 ESO 2k X Ah 3 41 2l
BEAT AL T, O 38 o 45 ) f A K D0 s kb A2 . G Ah L 2R OK AR
SEUR T — Rk T RAR S A £ L AR T T DU e
B 2 W sh T 0 e R RS B 5 b e A AT UK R 22
AR R IR 2l SRR TR 45 A SE LT R RE 1Y
BT R . SR ESO Jr ik 09 R A A7 AE — 4> 56 5 19 B
& W, T BV I R A TR 2 AT . R
TR — [n) , SCRRC11 ] 51 B R A &R 48 3 S Ak &
(unknown system dynamics estimator, USDE) i 3z & il &
WEHAR RS AL 1 R T E S, IR AR T
i 2P P) 45 4, i LA RO T e 4, % USDE
TR DU e 3 A B B 4 o R e A T DL SRR R AT
P THRRE 1. eAh, ZE T RIS B USDE B, 0 25 4 1
2 P U HE I Y G AR A e R RS T R ERE
I i 25 A% K B 2k B DL Kodi A KR S8 A A T
FR

1K 22 BT T 42 o S w7 A R S B R 6 1 7 S
TR T T TG T2 it 3 3 D B 178 0 28 o 1o A i Sk
MR R R . BAh, X Be g5 ] 7 22 MWL 8 1) 5 R 58
PRI A) 0y 0 22 FNAE 1) 2 0000 0 45 v R A O, 3 BOHE A [ 44
FAF T RE L R B W g . R R AERR
W0 25 I A b ot 1 Y e A4, 32 7 B R I DY e 3 1Y)
PUBIREAGEE . TR X — o) B, SCRRC 11 R0 1 42
H T —Fh L F U =) 72 il (funnel control, FC) By fiffH 77 & .
TR X UR 28 e 4 AT 2O L B AR R G I T T A AR 58 4
SET R RS TR S B s, FCHERT RN AT
AP . SCERC12 R FC X U e 38 A 0 370 B 5 1%
AT B ORAE AT 2 B v ™ A IR B T 3, 2840
(14 Rl 2 T SR 7 JH AU A %85 s ) 93l A L S G S
1EF AN E BLas NFFTE rh 32 1 1 5 T B A 1 0 B 3 vy R
BROT v AR SEBL T X4 D RS TR A R S IR . bk Ah A
SRAFF ST 38 DL 5 8 B U <1 Bl 25 1 42 ) L A R il 2
TR LA K 32 29 R R 2t R G 3 25 45 ) 45 R L i —
PR T AR R GRS G ke
SRS, BAT 19 FC 5 I61 58 5 6 B v SR 48 B0 A R
XERE RG22 H R RE ] B9 43 I3 e AR S
DI, 25 P 3 0 i 3 A S BR R AT Hh X e Ry T BE A T R

SR BT B B 55 0 T A FUE I TR PN S8 A PR 3 D)
BERETE— P X DU e 3, BT LU S 48 s WS TR Y FC
i,

A SO T — o BE 0T 52 R RE 29 552 R 1 DO iE 3 Y
5 I ) 19 3 R s e o i o O %8 . R T USDE Jr ik,
FE TN A8 T Ve R TRT B Y 8 B AR L O B 2% 1Y U
Z A BORT ME AL T BROR# E M. 5 ESO ik RHE,
J 3 AE AR TR BE 004 20N 2 ) AE AE ALA BT 4R
USDE A7 2 HLE 13X — BRA1 . X T 74 e 32, ) 4 W 7 ]
RETS Y 5 6 . R ECRIL B T USDE. Wik, A3
S FH AR S W00 5% Ay AN AT & A B IRAS, {15 USDE
AE 1% /o W S b A T SR B e SR X R T BN ]
G I N T R GG A, X Y e B A
A BRI RF A . T DX — ) R, A 5T
I T AR B R 1 ik e BIL D B R RS I & b, %
B 9820 T A% J% a3 4 i % 22 8] 1 05 SR RE AR I
AN TS B0 4 A TT B R N . B R AU
B T E TR A A AN A T B0 Al R 2% L 8 Ot
fiik A SR A b 3 WEAR T TSR A L WA OR A T T O e 3R
R RGP T Ee

HIA BT P RME A 6], A SCHR L 09 48 72 I i) s S| 42
#il Cappointed-time funnel control, ATFC) 7 ¥ R G i fa
FE AR IS TA] 5 ) iy 0 2 R A T 3 2 e R L S T ) RS AN IR
SHEREMREH T . SAEG R Ue S0 R AT T 4L
1) P B RSO [R] 3 6 T ik il 22 W ST 1] A AT R L O B
BT I IR] A BB 52 AR A 1R 22 T BT $2 Y 1) ATEC J5 ¥k
FHAE T2 I ) AR T 48 B0 ek 0, B 08 2R B0 1R 25 76 B E I ) N
SR B AR S T B, IR ARG g s T W Sl (B 5 4R il 2
BZEMERLR,

1 SRS MR

ST AT UG B DO e 3 Y Bl 2L L B R Oy DU B
&5 4 o A 4G — A 8 5 ZE DL B i A bR R (B AT — A
HuBR 5 IR Al AR RAE Y. B 1 TR, eh A B Y i
R P EE ) F, Gm = 1.2,3,4) 0] LU$s i DY g 38 1y
LB RIES,

Al
RI X, 7,
~ TRAN
ﬁ S
\ X){?}'Y

B e R &

Fig.1 Schematic diagram of the quadrotor
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Fig. 2 Block diagram of the control logic
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Table 2 Performance comparison of different

disturbance rejection methods
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