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Fuzzy Uncertainty Observer Based Adaptive Dynamic Surface Control for
Trajectory Tracking of a Quadrotor

WANG Ning? WANG Yong!

Abstract In this paper, a dynamic surface trajectory tracking control scheme using a fuzzy uncertainty observer (FUO)
is proposed for a quadrotor with unknown external disturbances and system uncertainties. The quadrotor system is
divided into three subsystems, i.e., dynamics of positions, attitude angles, and angular velocities, and each subsystem has
a virtual controller to tackle coresponding underactuated constraints. First-order filters are employed to reconstruct the
designed virtual control signals together with their first derivatives required successively in the dynamic surface control,
and thereby decoupling the iterative design of the quadrotor tracking control. Fuzzy uncertainty observers are designed
to estimate and compensate the unknown nonlinearities including unknown external disturbances and uncertainties so
as to contribute to the closed-loop system stability, uniformly ultimately bounded tracking errors and bounded states.

Simulation studies demonstrate the effectiveness and superiority of the proposed trajectory tracking control scheme.
Key words Quadrotor, trajectory tracking control, fuzzy uncertainty observer (FUO), adaptive dynamic surface control

Citation Wang Ning, Wang Yong. Fuzzy uncertainty observer based adaptive dynamic surface control for trajectory
tracking of a quadrotor. Acta Automatica Sinica, 2018, 44(4): 685—695

LA, BEE PR S A AT TR B, PUhEsE BhkRE, IR H, HAERER. M. BB K DT TR

PWNGIL CINPNIII TS SE AR i \1) 5/ UN
PUSERERIFREG Y, R DA E HIAE 25 vp Bef, il ad i
AR 4 AR T AR AT, AT L

Ik HIH 2016-06-20 S H H i 2017-05-06

Manuscript received June 20, 2016; accepted May 6, 2017

F % A S BSR4 (51009017, 51379002), KIETA I HERHEAA
SCRFRI (2016RJ10), JOETT 2R A G SH5 71 (2015R065),
T R R AR L 35 9% L T R H (3132016314) )

Supported by National Natural Science Foundation of China
(51009017, 51379002), Fund for Dalian Distinguished Young
Scholars (2016RJ10), Innovation Support Plan for Dalian High-
level Talents (2015R065), and Fundamental Research Funds for
the Central Universities (3132016314)

ALTHERME Ve B

Recommended by Associate Editor SUN Fu-Chun

1. RIEEMFIEAAN R TR KIE 116026

1. School of Marine Electrical Engineering, Dalian Maritime
University, Dalian 116026

BN IZ A, B, PUEEE e AL —FhE 2
3 FEME T ANLR G, (5 HOR B2 i AR5 5
I 7 5 DU BE R R AT R B F A ] e 1),
%fXTEIﬁ;E%%ﬁ%%E’J%ﬁ?’FﬂHE?E%’J, RN
SR T VR 1 SR LR AR S B b Y
Pl Sfems A PID bl (7. 5 s ) 100 n v s
) S ARk, RO K i 2 ) 25 e
(¥ K J, ASTRYF2 i o 22 90 5 s il 4101 7 e 3
PEl s BT T A B Z Y . Lk b, BT
PUTE3E AT d e — R DU A A 7S 194 L 2 R KBl 2R
g, Pl g m ot A BORHME L. Sl SR UL
Pl it JEAEREHITT AL T DA Y ER €
T P BRI PERE, (RN, Sl i B G 2
BB T ORI A, R v o i



686 H gl 1k

2 il

44 %

DU ER AT AR BRI TR ). SR, B
1) 22 B304 T SRS AR /02 T ) 2 T i B v R L4
A5 S A 2 A AT S e 0L Sk [21) %
THEBOILI R, X Ko7 SMERHL S AT WL %3, 3
R TS RSB, HR S OB A 0 A,
S T 38 S BOR BN BT 2N A% SCHR [22] R
PGB R ARy 5 HE ) Ty ARSI RS, IR T S
HeFE | vp USSR A 2Rt SR, 21K 2% 184
RS R G . SCER (23] K5 PO e /AT
ARG AL EM LSS T RS, KRG
EFE I AT il e, S B DY S /AT A 0 PR
R, R, %A E BT RE T H BT ARA
2B 1S, R ULI g e AT A, X
JEH AT 25 A B HIBOR, S8, %SO A
IR G EMEXT RGEE, R B, AR S HE
2 o v R FULHS S AL B, (A5 R U AS B SR S AR
SRR AR, SCHR [24] i Bz I R R
T4, FEXTPURER RATER AT AN R, BT E oK
W, SEEL T PUBER RATERESASTE M, 12 OGE R L
HEAREA 22 3 Y MR g8 AMEIAT 25 SR AR
HPERRSN, PR PRI DD HE R ®AT 48 I S A IR ER S
RGN HORAS, [, BTN, 2
W T2 B RS R, AR, A SC@ R AN
B FIPAT 25 25 0™ A2 B AN E =0 AT B AR
flivh bz, SCHR [25] R @ & SCBEe E A T Ui
AT RS SRR, AN, St THE T e
SRS (Quantitative feedback theory, QFT) Fll
BRI R FT A PID #2685, % SCny i BT Sk
TG IERARNE, SR, T AN sh AU
WiEYE, ZOF A M 25T, ks b, [FEHe R
ANERPE BN R P A5 5 1 5= 4k e ml S )
FLREIRIMERY, SCHR [26] £xf—2R IRk R S, &It E
ZH 0 22 ) 25 R 3O I 2 A MEAS DRI B0 R SE R
SO, [RIES, B0 R A A5 i 5 Ak BT Sk 1)
AL, SCHRCR A T S A TR TR, i 0t R #0045
FEHEER S, BAREESRIRCR.

AT R DY e AT ) R G P R U S
KRR, R T EhAS R i, Sy
JEFE AT A PR R ) T A R AR . BT i R
ANFEAR RN ZR GEA 2 P4 4R S AR b, SR
AR AN 2 L3000 8 o0 3. AN () Gl SCEE R Y
TEF AT #8 R G RN A B s F %12 3l A3
FEPUBEFR ®ATHR A AL S R =)
BTFRG, st B, HOUSAET
fike T DU BESE AT RS KRB AR (Rl B, BB T
AR BT ERE. FET, SR — B I g A ) 2h A
T v, W R AR SIS - T ik A 3, e
Pk, [FIHPRIESE IG5 WG, 180052 bR v A

R TTIRRE; AR SGE A% T8 Tl AR TSN
2R GEAN S PR AL B S B R AR Sk, BT AR
AN LI e X AT AT, X AR EAT M,
ST A S R, AT HA SO A A
TR Bl R GEA I E VTR R AR &M — R SR
WA — . F4, BT Lyapunov #ig, IEH
TG BRI R G RS E I, R R R 22 AN LA AR
Gef5 A AE

1 PORER KITREanSHRE

WE 1 FR, ASCHFFER T AALZ B [ e 7E 1
FRHER EAHEL (Q1, Q2, Qs, Q) RSN I fiEH
To AL 530 DA RAT 2R 46 s AN RAT 2 LT 0o
J R U AR R R By = (eq, ey, e.) FIHLARAAR
& By = (e1,e9,e3). ME (,y,2) M (¢,0,v) 535l
TR RAT T e R AR AR 2 T B R AL AR
FRAPEA. Hh, ¢ RRCITHRSE ey W3
A 5P I F, A SCRRZ AR, 0 FRR &
1rae5e eo SN R SKPHJE M, FrZ
i, © FoR CATARGEUAR es Tl sl ™ A B9 mAL A
HET, RF VO BESL CATAS 7 R A B, EEASA A R =
MNSTFRE.

BT PUiEsE AT AR A
Fig.1 The configuration of a quadrotor
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(15). (16). (17). (31). (32). (41). (42), (KB BEW 3N
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Table 1  The main parameters of the quadrotor
m 1.2kg
Jz 0.015 kg-m?
Jy 0.015 kg-m?
J. 0.026 kg-m?
D, 10-6 N(m/s)~2
D, 10~ N(m/s)~2
D, 107* N(m/s) 2
g 9.81m/s?

Ho, #{ER: 2(0) = 2, y(0) = =2, 2(0) =
$(0) = 1.

EHHERITSHE NN 1 = 001, n
0.005, 75 = 0.004, K1, = diag{1,1,1}, K,
diag{20,20,20}, K, = diag{7,7,7}, K
diag{1,1,1}, 711 = 719y = 131 = 2, 719 = 7o
T35 = 100, 713 = 193 = 133 = 0.1.
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TER IR O B A S G KO R B2 25 Bl s [a) A~
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T RAT AT RE A DL A R R S 2 G, R
RE 1% LU I A 32 i) B T 0 S ol U 5 3R AT 2% 2] ik
PRERPE HARA TS ks . B 4 4 T IR R R 2E
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Fig.2 Trajectory tracking
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