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Abstract: The quadrotor UAV has complex aerodynamic characteristics and is prone to be interfered, which
will greatly affect the stability of the UAV. In order to enhance the anti-interference ability of the UAV’s
attitude control system, an attitude control system is designed based on the improved Active Disturbance
Rejection Control ( ADRC) . The proposed method combines the traditional ADRC technology with the global
fast terminal sliding mode control technology, which is used to optimize the feedback control law of the
nonlinear state error in the ADRC system. In addition, the ADRC system is redesigned, and its stability is
proved by using Lyapunov theory. Experimental results show that the improved ADRC system has faster

response speed and stronger anti-interference ability in attitude control.
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Fig.3 Attitude angle changing with time

3.2 EHRAGZHRTHIE

RIS B S R I R AR SO Y B 5 YA AR B AR
DU HeAR G J7 A5 4 SR A S O B (ELAE S PR PR A T
155 I To AL 23 18 B 4% Ff 1400, P Bt v 0
AMURVE R B HE . Ry I, X AR SCB T 1 225 45 ) &
G T TR RS -

TETC 0 B % 52 3 B ilt L, o ) A RF A A TR
F DAL A 3 AN TEIE A SSE D 0277 2209 10 15 i
M PR AU DU e 3 TE ABLZ B R R AE T 7 TR
ST 4538 1 Bl N 1) A2 fl it 2 an P 4

Pl 4 D ARFAD 1 ~ TR 2 £ R D T A 5 s 307 1 M P
PR RIZE 2. B 4(a) ~ Kl 4(c) 15 ~10 s
BOXASCB 9 R GV e AT 0, o A S 2R 3k 4

27 %
i
4 = —
3| P,
- 2 Fv R
L — i ADRC
—ADRC
® o
g -1
4 L
Y | NP L0 N
w R
0 2 4 6 8 10 12 14 16 18 20
tls
(a) 1B A
4
3L P
& — g
<, — () ADRC
—ADRC
'
Z
¢ X
-3 Phpaa T,
A
202 4 6 8 10 12 14 16 18 20
tls
(b) HEA
4 ; = .
3 i
& — e
<, — (k) ADRC
—ADRC
£
&
=2l X
T | ..
-t MWV
02 4 6 8§ 10 1z 14 16 1§ 20
tls
(c) mATA

P4l PR P T 25 A B 1) A2 Al th 2k
Fig.4 Attitude angle changing with time under
interference of white Gaussian noise
F4 FBEZTHRTREIITENER(HHEHR 3I°)
Table 4 The tracking trajectory fluctuations of

each channel with noise( expected 3°)

B E 27 ATy {45 ADRC
PWESEE 2.9570 ~3.0489 2.4372 ~3.3608
i /() ¥ 3.0000 2.9835
F 0.0003 0.0510
WETEE 2.9504 ~3.0477 2.4587 ~3.3914
TRHmff /() BifE 3.0001 3.0143
Vit 0.0003 0.0506
WHSEE 2.9531 ~3.0549 2.4416 ~3.3651
ERER(°) ¥i{E 3.0002 2.9860
VT 0.0003 0.0508

M % 4 s T LAE 5T ekt ADRC Ry FE il &
SRR R I SR PR ) S5 K S B Ry 2. 953 1° ~
3.054 9° AZIR L I SE R 0. 1°( Uk Sh{E K Fe R %
B A /N B)) A5 SE ADRC $5 1 22 52 i I s Bl Ry
2.4416° ~3.3651°, P Bt K 0.92°, [a B Al 15, thifk
445 il 22 G5 70 IR A0 F 0 D AT A 300 22 6 IR 30T 19 38 sl R



12 R/NHESE: BET G ADRC Y PUBEEE TE AN TSR R gt 83
A2 0. 1° ABGET7 i BB E % 76 0. 9%« HeAh, RS0 (4] EATHE T ERR R AF LT R i DU E R

A ) 2 G0 4% 38 18 1) B H AR BRI 0 1 7 22 4 7E
0.0003° {54 R G IREE DL 7 2276 0. 05° 2 47,
tHZE—HZA5. HIAT L, 5] A GFTSM %) ADRC # il
ARG R 7 T T B sh A /N RE s R 7E
SRAH PR 1A% 5t 2 Ge e SR AE IS i sh R B, e LA ek
HE 4R R GEXT T AT B0 i 0 i 6E T .
3.3 RO

T 3 T AL S AT LA AR G A R &R
GAUETL TGO B A & A 2R, TE ML
o7 BE PR AL 56 )5 1k 145 i 38 G b BN A7 7 R R 3
G0 AN KRR R G A TH TR IR IR S5
I S5 Gk S0 45 X e T A5, ok Y B R 4
FETERE B A SN 8, BRI LT 5
WA, R R Gt AR . 28 B AT AR S0k
T AT FR g B AT X T 30 AS SRk s o el PR S
TR DR 8 5 X6 DU e 3 TG ALY RS A T R e
il o

4 g

ARSCEE X I e 38 T AP 2545 1 5 %2 40 [A)
A, R 2 Jry PR A i T AR B R S A B LB T
PN RGBT o AR SORI A 4R bRk 2 o
BRI LA ADRC A AR 2 P 15 22 B vt 42 il (A D e
FHE BTt ADRC Y487 St AU ADRC il i
ESO X PURE A7 52 WAl i1, 42 R PR i 2 s 1 A6 4 ol
AT B (R S A TR 8] B R ZE X T AT A . 18
15 H SR AT AI3E T ADRC Bk i) B A F i R G 1E )X
IO 3 B NG TP TT TR T2 48 ADRC FE i R 4¢

2 % XMk

[1] JIAZY,YUJ Q MEI Y S, et al. Integral backstepping
sliding mode control for quadrotor helicopter under exter—
nal uncertain disturbances [J]. Aerospace Science and
Technology, 2017, 68:299-307.

(2] QASIM M, SUSANTO E, WIBOWO A S. PID control for
attitude stabilization of an unmanned aerial vehicle quad—
copter [C]//The 5th International Conference on Inst—
rumentation, Control, and Automation ( ICA),2017: 109114.

[3] XIAN B, DIAO C, ZHAO B, et al. Nonlinear robust output
feedback tracking control of a quadrotor UAV using qua—
ternion representation [J]. Nonlinear Dynamics, 2015, 79

(4) :2735-2752.

(5]

(6]

(7]

(8]

9]

[10]

(11]

[12]

(13]

(14]

[15]

[16]

(17]

Fras sl (7], ot 5 4H,2019,26( 1) : 9296,
113.
LABBADI M, CHERKAOUI M. Robust adaptive backstep—
ping fast terminal sliding mode controller for uncertain
quadrotor UAV [J]. Aerospace Science and Technology,
2019, 93: 105306.
EEEUE. AN PID HAR ] “PHdlaEiml” ok ] &)
T.#,2002,9(3) : 1348.
ZHANG Y, CHEN Z Q, SUN M W, et al. Trajectory track—
ing control of a quadrotor UAV based on sliding mode ac—
tive disturbance rejection control [J]. Nonlinear Analysis:
Modelling and Control, 2019, 24( 4) : 545-560.
NIU T, XIONG H J, ZHAO S Q. Based on ADRC UAV
longitudinal pitching angle control research [C]//IEEE
Information Technology, Networking, Electronic and Auto—
mation Control Conference, 2016: 21-25.
eI, THM. 22T H %9 ADRC (9 AT 28 il #5i%
SIS [T]. MR ,2019,38(6) : 86-90,95.
WRAERE , 3k 79k, 8 F 0. AP fal &0 A AE DY
TR A R D). #E i P, 2018, 33
(10) : 19014907.
ZEGREEINIE R A BT BB i e AN L]
JE TR AR ( ASAREARR) L2018 (5) : 695901
R, B HelE, BT, A DUBERE G AL A ik
Pl L] 7 P ( F AR RR) ,2018,36
(2):56-62.
JEI R i ACED A AR AR 4. —FhEiERY ADRC 52
LR IE LS F A LR IR B s S LR R R 4 (D). h
E AL TR ,2008,19( 21) : 2561-2565.
DOU J X, KONG X X, WEN B C. Altitude and attitude
active disturbance rejection controller design of a quadro—
tor unmanned aerial vehicle [J]. Proceedings of the Insti—
tution of Mechanical Engineers, Part G: Journal of Aero—
space Engineering, 2017, 231(9) : 17324745.
X3 WRARLS ] MATLAB {5 5 FEARHE S
Btk (M]3 JiL. dbat: AR A, 2015,
CHEN H, CHEN H Y, XU P. Global fast terminal sliding
mode control law design of a quadrotor [C]//International
Conference on Computer, Network, Communication and
Information Systems, 2019. doi: 10. 2991 /¢nciH9. 2019.
24.
eSOz AR K2 e AHL RATIFIN & 48 [EB/OL].
[20194140]. https: / /flyeval. com/index. html.



