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Fast nonsingular terminal sliding mode trajectory tracking control of a
quadrotor UAV based on extended state observers

ZHAO Zhen-hua', XIAO Liang, JIANG Bin, CAO Dong
(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: In this paper, the trajectory tracking control of a quadrotor UAV system with multi-source disturbances is
studied. A full loop composite fast nonsingular terminal sliding mode trajectory tracking control scheme is proposed
by considering both position and attitude loop dynamics. Firstly, the trajectory tracking problem is transformed into the
commands tracking in position and attitude loop. Then, the couplings between different channels and the influences of
multi-source disturbances are regarded as lumped disturbances and estimated by extended state observers. Based on the
disturbances’ estimation and the fast nonsingular terminal sliding mode control algorithm, the composite fast nonsingular
terminal sliding mode controllers are constructed both in the position loop and the attitude loop. Finally, the real control
action of UAV, i.e., rotor speed, is calculated based on the virtual controller. The simulation results show that the proposed
control scheme significantly improves the trajectory tracking performance.

Keywords: quadrotor UAV; extended state observer; disturbance estimation; fast nonsingular terminal sliding mode
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KT EEIR. Hey (b, + to)Pe—9e)/Pe = O, A £,

W 2
1\ 9=/P=
Pe — G
B X PRI R 22 e, W EAG BRI TE] US4 2 0.
Zx BRIk, 38 (21) HEHI & ay, T ORIEA B
[A] % X 3 T8 BB R R ZE e, A PR TR SRR 0. [F] 3 E
P37 B[R] P 0 28 (2 1) v AMRIE Y Z 838 7 B B ER
TR ZEAT BRI A 84
AL BRI 25 [l B R R R Z B3h & () R (11) M
T (12) ~ (14) AT (15) ~ (17)« TE T (20) LA B 4% ]
A% (21) A1 (22) W] L, A7 B RN 22 25 [B] i T BR R R 22 B
AV E T I T A4 ANy
T 30— 25, DR A 3 o7 B (] s 42 1) 8 e e PR IR BA

ex(tr)l_qm/pw ’
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A% — [ A9 BB [ s i) 2% ) A T, R4 28
(22) AIPRUEZAS [0 R 8 4 BRER 1 22 A7 BRI [R] U 8
4 GIEAHT

41 HEEE

N T IR BT 4R ) A DR T S 2 i T A
(composite fast nonsingular terminal sliding mode,
CFNTSM) #2 il 5L 1A R0, A5 5 T DU e 32 6 A
HUBE 2 B35, 5K ] Matlab / Simulink 17 B3 A, %} fr 42
HH SRR AT 0 BN, DY e 3 T0 AMLA (R 45 14 2 4
BUEWTF:

m = 0.8kg, J, = J, = 5.445 x 10" * kg - m*,
J,=1.089 x 107 2kg - m?, | = 0.165m,
b=2x10"", k, =298 x 1076, k, =9 x 1072,
VUi 2 6 AW B LSV E BE W R

z(0) =2, y(0) =2, 2(0) =0,

£(0) =0, y(0) =0, 2(0) =0,

6(0) = 71/18, ¢(0) = 7t/18, (0) = 7/12

p(0) =0, ¢(0) =0, r(0) = 0.

225 BT g [ A R e it 2, B
x% = 0.5sin(0.5t), y* = 0.5cos(0.5¢),
24 =24 0.1t
SN A BE N
Y = 60° sin(0.5¢).

TR AT I AR 52 37 AR R R IR
AR A AR 52, o DY Jie 380 AALAM TP E
W N ) T 5% R SR AR A T S S R AE AR F) L 7 ) AH
RIEAETE I H G, LA E B 2%, 8 7T e
S hn-E B, R FL VB O R R R A, DURIE L S RN
MU I A — B %, RR s E AN

Foo = Fyy = Fy, =
2m, 0 <t < 10;
0.6m + m - sin(0.5¢), 10 < ¢t < 20;
—2m, t > 20.

Hom AT ANUR = LSRN AT HIE A

Tde = Tdy = Tdz =
0.3, 0 <t<10;
0.2+ 0.2 -sin(0.5¢), 10 < ¢ < 20;
—0.3, t > 20.

JT 4 H ) CEINTSM 44 il 55032 00 Wl 28 142 1) 285 73
B A (12) ~ (17) F1(21) ~ (22) BT R, 42 il #%

FIALI 28 S H BAR BT a0 R
1) A7 & B B35 H 2 S 50N

Oy = Oy = 0, = 5;

ﬂzzﬁy:ﬁzzlv
h1:37 gz:’?, Qz:3ap1:572:wayvzv
kIl :kmz:kyl :kyz :kzl :kz2:1;

My = My = m, = 11;

Ng =Ny =N, = 5.

2) A | B SRS HON

Q¢ = Qg = Qy = D;

By = Bo = By = 3;

hi=3,9i=17 ¢=3,pi=5,1=¢,0,1;
kg, =8, kg, =8, ky, = 10;

kg, = ko, = ky, = 5;

Mg = Mg = my = 11;

Ng = Ng = Ny, = 5.

)P IR MM ZR SN

lpw, = lpy, = lpz, = 10,
lpwy = Loy, = lpzy = 25,
ki = kj = ky = 60,
k? = k3 = k3 = 900.

N BRI T4 B R, AR 43 i R
PRI |E AT e 2 U i 15 B0 (fast nonsingular terminal
sliding mode, FNTSM) 1 & & 3F &7 53 £ i Vi 455 552
(composite nonsingular terminal sliding mode, CNTSM)
BEAT X O J. bk, 5 S0k [6] A0 SCHR [7] B 5%,
SEE YIRS WM 5B, 720 5l Wit T 2 &0 By
PID ¥ il #5 Al 52 & [ 3& )37 PID #5125, 8 H T4 1
RGHATIR. O B R, N T 85 R G EHR,
CFNTSM. FNTSM. CNTSM = i #4225 vh 45 5%
FHARAN R BB 75 5 R K, B
1, s > A;

T lsl< 4
-1, s< —A,

sign(s) ~ sat(s) =

HrpA=0.20.
42 HESERDH

B3 2y 5 Ffga ) 77 v T DU e 388 A WL = 3858 £
B IR R 2 e N . T T AP T TR AS [R] T vk
AT ECB: D) U RE: Firdi Hh 4% 151 77 %€ CENTSM A
CNTSM it T 14 68 f 4, w] PRE 5 8 T P B 42+
P O T BRER R 22 POE W 83 0, B4 4 ¥ PID AN
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j@ 1 283338 na11712.0 %0225 23.0 %
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= 0F 1% N
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= 1 -0.55
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b, 5 450 PID FISE £ 13551 PID (SR 1
Bl
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TR ) 7 VAR e G (RAE AR i I 4

~ 2.0
= T 0.94 ,
& LOp X 090 Ry FNTSM
= L5 o o1 02 98¢ 55, — CENTSM
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(d) JiE 38 4 3 I 28
7 FERIFLIRNE L%

P S RO 6 4393 A 5 b il v T DY e 386 AL
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