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Trajectory tracking control of quadrotor UAV based on composite
global non-singular fast terminal sliding mode

CHEN Cheng!, LIU Yunping!, ZHANG Yonghong', SUN Yuanxin!, XU Liang?
(1. School of Automation, Nanjing University of Information Science and Technology, Nanjing 211044, China;
2. PLA Dalian Naval Academy, Dalian 116016, China)

Abstract: To improve the trajectory tracking accuracy and rapidity of quadrotor unmanned aerial vehicles
under multi-source interference, a composite global non-singular fast terminal sliding mode control method is
proposed. Firstly, the characteristics of the position and attitude loop of the quadrotor UAV are fully
considered and divided into four independent channels to convert them into cascade channels. Secondly, the
expanded state observer is adopted to estimate the lumped interference (coupling terms and external
disturbances in each channel) and state information. Based on the estimated information, a composite global
non-singular fast terminal sliding mode control method is designed, and the saturation function is used instead
of the sign function to ensure the continuity of the control quantity. Finally, the simulation results show that
compared with the traditional PID, active disturbance rejection control, and non-singular fast terminal sliding
mode control schemes, the proposed control schemes are 76.3%, 62.7% and 74.4% higher, verifying that the
proposed control schemes have higher trajectory tracking accuracy and anti-disturbance.

Keywords: quadrotor UAV; trajectory tracking; extended state observer; non-singular fast terminal sliding
mode; anti-disturbance
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Fig.1 Structure diagram of a quadrotor drone
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de, 4Py, /D " \q, /p
=AUk g, ) (49)

%
_W _ q, /p/ My nwfl
e, de, =(=p4,)" " (1+1/ae, )

ay ! py

dt

my -1

m¥p,>0,1<p,/q,<m, /n, <2, e;w/
Tl 2R (45) 15
7«// v '/// v
e, "'"de,<-p," " dt (46)

A(46) P [F] I FR 3 ] 45

>0,

e, (" <e, (t)™" ~(p, —a,)/ p,B,” (t—1,) (47)
A7) AT, e, (0" BB,
e, 20, HILH e, ()" I %
e, ()" =0, BIM = 0, o ABRIFHIWSIEI%,
g5 LR, EWAEBE 1R 2: 4 REURAME By Al
BRI D, WERS T TR BB 2 o, A4 BRI 8L
H%,

4 RS
4.1 HERE

T UL 3 TR LB A R, AR
FIZE T SRR LI #5% 9 1 73 S DR ok 2 v 5 AL 428 1 5
ES ( Non-singular Fast Terminal Sliding Mode Control
Based on ESO, NFTSMC+ESO ) #14: # PID-PID
(PID+PID ). A& WL 5 # NFTSMC % i 5 5 3L
BR[16] 25 T4 skAR S MM &+ /9 PD 451 J7 % (PD



1056 o B AR F IR

% 33 %

scheme based on ESO, PD+ESO ) ATk, 1%y Aass
HH I FF 5 R, SRV R BT 5 sR B AR UE
Pl R Lk . TR PR AL
sign(8)),|S,| > d
sat(S.,d) =1 s (48)
—IS[<d
d

@8 H: d MIEHHUE, d=0.2.

T o1 A& W& M NFTSMC M b F
NFTSMCHESO #fil#y, 7ExN(11). (12) K (13)H 4%
D..D,. D, . D,. DD, , HAbFh#HSH—5;
PD+ESO HEARE 1157 CHR[16],

DY e 3T AHLI IR OL BN RS BERE N, y(0) =1,
HMP G LN 0, 2% Pl M M E N
x? =co0s(0.5t) , y* =sin(0.5¢) , z/ =02t +2 , y’ =7/3 .

BN P9 i 38 T8 AHLLE ST AR 55 b i DL B 1 8 Tl
A, 2 BRI E AN P 7 DY i 3 00 A LA o] %
HR I T PR IS ; B RS APLE AT
R 5 32 BN IRIEB B, 7K -8 SE S 0 i
HRRECT R IR ANTE AT R p B Y i L
Al (AN JE AU AR 24 . KK LA B iz i ) s 5 3
AL R, A BTSN

0,0<r<10
0.5,10<7 <20
d, =d, =10.55in(0.5¢)+ 0.5, 20<¢ <30
—0.5, 30<t < 40
0, 40<1 <50
dy=2-0.02t,0 <1 <50

GAEE T ER

0,0<r<10

0.2, 10< 1 <20
d,=d,=d, =10.2sin(0.5/)+ 0.2, 20< <30 (50)

-0.2, 30 <1 <40

0, 40 <t <50

5 EL I3 AR S RO ) 2 S 800 e 1 1
%2 ik,

(49)

x1 EREEEANMBRESH

Tab.1 Model parameters of a quadrotor drone

*2 NEMESERIEHRSH

Tab.2 Parameters of position and attitude loop controller

2 X ¥ z ) 0 '
i 1 1 1 0.07 0.07 0.07
Pi 1 1 1 0.06 0.06 0.06
mi 5 5 5 7 7 7
ni 3 3 3 3 3 3
i 5 5 5 7 7 7
gi 3 3 3 3 3 3
kit 0.2 0.4 1 40 40 15
ki 1 1 1 3 3 3
Woi 25 25 25 50 50 20
boi 0.5 0.5 0.5 0.8 0.8 0.4
il 100 100 100 100 100 100
ri2 2 2 2 2 2 2
ho 0.001 0.001  0.001 0.001 0.001 0.001

ZH YRR X Bdd

m RGAR 2 kg

g IR 9.8 m/s?

I 2% X HhFE R 1.25 kg'm?

L 2 Y B mia 1.25 kg'm?

I 23 7 LB R 2.5 kg'm?

l PLE PR 0.25m
ki (1,2,3) BRI REL 0.012 N-s/m
ki (4,5,6) SRR 0.011 N-s/rad

4.2 {REZRSH

Bl 4. B 5 ornl% T AR EE R T2 iR G
AU B R R BRI 22 2, Hor, & 4 A%
RERERN N 2 s B 5 A R ER R 2= e 2R

1 Ny
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=] s
= 3
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Fig.4 Trajectory tracking response curve
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IR S T NS TP N S ARIE TS50 K 4(0) Bon
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Fig.5 Trajectory tracking error response curve
FEE 5 v, R T TR AS R 56T e 1) Bt
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AP PREWCENE oAt T TR APRIE W E
P 6 S8 s R AL A P A28 B AR B B 2R 22 Wi .
2, M 6T A, Bk PID+PID Jiiksb, Hib
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Bl 6(b) B nFads iz m v i 2t re g s i S %
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(a) Yaw angle command tracking response curve
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Fig.6 Yaw channel command tracking and error curve
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Fig.7 Roll angle stabilization curve
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Fig.8 Pitch angle stabilization curve
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Fig.12 Position loop velocity and its estimation
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Fig.13  Attitude loop velocity and its estimation
BeAt, T mIEAE HPUEIRERRG L, Wil 5IA
SETT IR ZERS (Integral Square Error, ISE ) SR Al & Hfg
br, ISE AR BUIMRSRFRS BB 205 HA
Mz 756 T ISE, HtHRImEmG DR
Eg=["e (o (51)

XSO, 20 1 11 53 IR AT B TFIR N TR FIZE 3K
], e() FRARIRASIRERIR 22 o

<3 4TS ER ISE B
Tab.3 ISE values of the four control methods

Ay e PID NETSMC PD+ESO AR5k
X 1.403 0.8643 2.092 0.4713
Y 1.124 0.7155 0.8809 0.3208
Z 14.61 10.41 7.115 1.287

3O TR, £ X RO R E, BTk

FHEEST PID. NFTSMC & PD+ESO il ## 1) ISE {E
IAIRTE T 66.4%. 45.5%. 77.5%; fE Y4y E,
GRIRTET 71.5%. 55% K% 63.6%UAKAE Z #iJy1h L,
SHRIRTE T 91%. 87.6% M 82%. Zi LFTiA, ASCHE
L1 7 R R A A RS S B AR B IR Y BT PR M AN P
W SHCE: o

5 4 ig
BRI DY TC AU ESITAE S5 A b 2 2 P T
SR BRERS FE R, ST R SRR A
PO L i BT 5 W 5 IR S A 5Kk
DAL &5 73 B e 7 POV R G, SEBL T
BT P IR ZSAT S DR b BE A TH AT 40T ik

JERRERER .

TEARRMWITE TR, 5 BB S RA (A AUR 28 T
PSRRI s 9 fili oH HOIRZS M5 R RE T, K xd Jo i
JRE A s SR S B JE N AL IR o R B o ) LT Jee
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