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Attitude Tracking Control of Quadrotors under
Multiple Event-Triggered Mechanism

CHANG Bilin, LONG Lijun, CHENG Yang, LIU Xueyi, SHEN Zihan, WANG Zetong

(College of Information Science and Engineering, Northeastern University, Shenyang 110819, China)

Abstract: In order to reduce the loss of internal calculation and communication resources in the
attitude tracking control of quadrotors, an attitude tracking control based on the backstepping
method and multi-event triggered mechanism is proposed. First, the dynamic model of the
quadrotor aircraft is established, and the roll angle system is taken as an example. Also, a
continuous controller is designed using the backstepping method to achieve the tracking control of
the aircraft roll angle to the reference signal. Second, an event-triggered controller is constructed
by introducing an event-triggered mechanism. Based on the Lyapunov stability theory, it is
proved that the designed event-triggered controller can keep the roll angle system stable and avoid
the Zeno phenomenon. At the same time, the same method is adopted for the other three systems
of the quadrotor. Under different parameters, the corresponding event-triggered mechanism and
event-triggered controller are designed, respectively. The four event-triggered mechanisms
constitute the multi-event triggered mechanism of the quadrotor. Finally, the simulation results

show that under the multi-event triggered mechanism, the proposed event-triggered controller can
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be triggered 150 times in 3 seconds to achieve the same tracking effect as the periodic sampling

controller for 3 000 consecutive samples.

Keywords: quadrotors; attitude tracking control; backstepping; multi-event triggered mecha-

nism; event triggered controller

AR . DU E B RAT AR T A R R
N WA B TR SO AT R — R AT A /N A
TRATAS IR B 2 R TR A T 5 AR A
R T Tz R

A fioh A i 2 — ol nT LA v AR VR A 4 o
FEWG o TE AL G0 0 JR R AR 0 vy R 46 D T 1 B
Vi) 5] ol 247 1 I A i 5 4 ) BRI o S T i £
ARG GEIRAIR 5. FEF MRS T, ZREE R
{1 A2 5 W) R R 0 D9 R 1 ik % B PR R
BT A AR BRI R Re A A A
SRR . A S5 ik & 4 8 B B AL BT AR K
(4 B2 15 8 T o R )2 E HICAR R e M M A B M
[T SR N R - T

BT UBEE AT de A B R — AR & 22 i A Ze vk
R, HAE “AT R D 5 22 B A 3h L B MR 5
Yy BN (5, BT R R AR R R A
Z& . BT AN T R DU E B AT 2R 4R R
Gt LIF R T R BRI TAE. Hob & W
P BT O k E A PID i R 2
. SCERLLIBRSE 7 3% 4609 IO e 38 % AT
A AR G 4 O 1 RO TR BT Y ) 4 xR
ATER A PEAT W AW B 35 B PID 45 i #5 X €
AT 45 w5 BRI B AT P ] s SCRL2 058 T 3 F IR b
T 11 VU E 3 RA T AR AR ) R G ) s SCk S R
FADSCELT DY BE S AT AR PL R EE . SR, 0]
I FE =R M 22 ML o A S B DU i 35K AT A A S AR
B R AT R ARG S R A
ik .

AR SCER X DUTES AT A R HE T 2 5 1 fil
AL A RAT RS 4 A oA B9 K 3R Bh R 4
IRE) T WO A R R AR . 5 SRS A L ARG E
TR SO SR AT RGN E
5 GG . A SO e TR % £ B BT i LAk
3B F OB R A L SR S AR T R T 1 4 1
TR IR L5 ISR P ik & 2 w0 AL L A8 2 fioh &
FEfil 4% . IF B Lyapunov g€ MBS IE W] T BT i it
f 4 1l 2 R G AR HF AR . HO B R Zeno LA,
A Ml R FH 5 TR B 1 2 G A ) 0 9 o 45 15 1 O Tk
XoF DU E B oM 3 AN RGBT T R il & 45 A

http: // zkxb. xjtu. edu. cn

I 4 A Al A LR B AT R £
HRFf AL P B AR R, 5 R R A 4R
frAH L BT R Y 22 S5 fik e AL A Y A fi
AR A A AR 15 A SR A 5 o A A [ 0 4 )
ROR L XAMTAE T REWNTHAE S EERE.
1 PUBERE AT A s
1.1 shh%EHE

VUi 3 AT g il ok AT 4 AR E A Y i Bk
il CAT S R R S A . A CET 4 MR
AU BER KAT AR Ay Bh 2 A . O PO R B R AT AR R
WA, 2 AT B P AN R AE TR AR s @ DU iE 3 RATHR 11
SRR A% X HR ; O DU e 3 R AT 2 BT i 5 e gl 0 R
FEAAR s @7 AT B b I e 32 R AT A AL TR R AR E
R RE A ¢ SMHD S 0 YagE 20097,

HRETBE BRI R E (20 vy 2z HHUE AR
RB(x, vy =) WE LR, $.0.¢ 500l KR ©AT
i TR FL A IRAD A AR AL AR L ICE D= (8 0 )"

ooy oz RomUHER CATAREBER T M0
BAIRLCEE=(x vy )", H 2.y, Fon DU HER
RATERAEMRER FMEERE. i h V=~ y ",
H paqar 535 3RR Ve 3 K AT g SEHLIA AL bR R 1Y 3
AN S B ICE 2= (p ¢ T,

w55 § A RE I Y e
L WL AR bR 2 5 B AL B 5

Fig. 1 Body coordinate system and inertial coordinate system

H A T DA RAT SR AR BUE AR AR 2R T B Z
HEE T RN




208 W% %

H.
s
4

S 556 &

- 1

x = Z(%sg% + 55 F

| - .

y = E(C’?S.Sgb'/, — 5,00 F { (D)

= g—LeenF
m

R Fo= S k! N 4 I A AT

8B ) J1 R AL s ¢, = cosy, s, =siny.c, = tany,
Y=¢:0,¢sg NI EE 5m S CATER T,

H T Ve B KA i A R AR R AR L PR s SCRIL
PRSI I=diag(I, I, 1), 7EEE&MET A
153 iz 8h

R

s L—IL.. | . U

0= I, ¢¢ I‘ywr¢+1y - (2)
L L—1,., U
A T L

Ay, — Z<—1>'w,; Tk B o L sl 1

U ~U, AT R 00 4 APl far A 23 )
i QAT A B TR IR Az B BRI
! k(o + w) + o) + o))

Ul | kil —wdL

Uy | k(@) — oL

U, ki(wi + @) — i —w?)
Horbr kg R 3 ZB0 L Ry DO TiE 3R AT 4% 1Y L AL 3]
KATAREO MR,

1.2 RE=TEER
FACTE AR AL B LR AL
f1(X) = k19¢+k29wr1
F2(X) = kygd + ki o, (3)
f3(X) = ks gh f
P cky sk ks ko ks RN AR S S B R R B X
=33 00pprayyz)T,
FIEF| U, =F, A3 8PRE 2 ] 25
X = (¢, LX) +b0U5.0, (XD +b.U,

¢,f3 (X) +bU, ,im%(cggsgcs,, +5585,)
.U U
y,;l(csﬁsg.w*sggc\b),é,g*?f};(%(ﬂ)ﬂ €Y)
A 01362 by ¥IATH O,
2 JebE A it
S5 R AR R G — P R Gy

http: // zkxb. xjtu. edu. cn

T it s OB R AR AR R
SR AR LN R GEAR I FL D TR R i S AT
RGN — T RGEITR BT Z T REEHY Lya-
punov PR TE LR UE S — iy F 5 40 B A Fo e Py A
fiff ARG % T R AR S8 R — B RS
MBI - TR SR B R 48 v LS — B 2 48 1Y HE 4045
HARAE R 56 B & g0 1 IR B eR R LS T56 — B
RGER BT 7 15 BT AR B T R G0 R UL
o AR 28 HE L A B B A LB AR G 9 R AU 9
i

VATR A 22 50 0 91 (B BE TR % # BB 25 S 1 2
FHS N o JHARPBEBIHZ RGO RS . 2

1 = ¢; a3 = ¢; ult) =U, (5
MR % ) ZRGE T R N
& = x93 &2 = [1 (XD +DiulD) (6)
2 = x — X 7
BEXS =0 o 436 1E E PR AL
v, = 24 (8)
Xf VRS A
Vi =225 =z (x, — i) (9
BT o
a1 =— 1z T d (10)
X e, >0,
BEXT a0 o 28 LR 22
2, = Xy —ai (11D
5] A Lyapunov PR
VvV, =V, +%z§ (12)
XV, TR
V, =V, + 22 =

218t 2ty = 2 (& —&10) T 222, (13)
Xz KRG HH
2 = bu(t) + f1(X) —a 14
% &5
Ty = 2y T a (15
B (10) (13) (14 (15) .15
V, =—c 2t + 2z +bul) + [1(X) —a)
(16)
iV, <<0 Bt w (o) i R S04 1 Ay
@ = (enba—fi0 =) AD

itqj >0,
Mu)=a WA V,=—c 2l —o.23 AL




5 3 S T A B DU BB TR 0 5 L 209
FERRER . [l A AMIE 52 3 9 )32 S TR 7 AR B JR IR

ARG AOADAOD) B ¢ R
Pl R

U, = ])i(*fzzz +a — [1(X) 21)1
1
21 = ¢ duo (18)
2, = S;S—al {
a —— %) +<}310

[F)BE . o n] LA 2 U U, UL 5942 6 3
= J7 1) 2 GE 5 TR

U, :_C%(_C/1Z,1 +ds —g—zg)l
%3 T 2T R0 - (19D
2y = 2 az [
a; =— 323 + 210

x J7 ) R GE R
U, = ﬂ(* cozs +ads — ;)
D1

|
|

Iy — X 7 X
g = & —a;
as =— 325 T do

A op
v J7 6] 2R Ge 45 i

U, = ])ﬂ2<_ cszg +ar —

=500y 5,85,,

Z7)l
27 = Y Yo - 2D

% =y—a {
ar =— crzr + o
;EEEF‘ P2 TTCS98 5 S4Cy0
IEAM 1 0 FR Gen ol Ay

U3 - bi(i C10 <10 +d9 *fz(X) Zo)l
2 = 0— 0o (22)
Z10 :(.9*0() [
@ =— cozo + 01y
TR A ¢ G805 il
U, = {i(* 12212 tan — (XD —=z1)
03
n = P o (23)
12 — 9.[1*0111
a1 = (X +$'[)10

3 ZEFFAt A ALH

Wt 7 190 4 4 1 R 0 1Y) TR P i e ) R
AT 2 4% R GRS 1A BT IR A D0 4 F)

http: // zkxb. xjtu. edu. cn

FEgE ) by 2R 40 AT S A% R A 5 AT 3R
X A SR ik = — E B R REE . AT RE 2 i I — &
B R B (i 45 L R B R TR 2R L A ik R
B i B v B 45 ) e AT TR 2R GE R R AR
B A 2 RAE S AT # A, B DA E R G TR 2 A &
HEAT A5 A i A ) T

AR T —Fh R b R AL AR 2 R
0 B 20 i A B At b ST IR B R it T
R R gy . TR R EE SIS i Lyapunov £
SEVEBE IR WY AT DL AR 48 IR R AR E . HL AT LUl A
Zeno LA . SRJG A HIXS PUBERL K AT &% H AR 3 AR
AR RGBT Tl S A A
1l i AR O G B 0 ik K ML o B BEIE A 4 A
f ] DATE DU R 3 AT A% B[R AR Jf hix 4 45
) 45 B ik S AL 1 A4 ok Y 22 i A flh A AL ) 2 2L sl
21
3.1 EHmRIE

DLV f 22 523X (6) S ] BT o 28 i 422 o i

u(t) = wi () s Vi€ [typstynn) (2D

w (1) = ay — fm]arctan( 12 ) (25)

€1
e H—IEHELLEN 5 {1, ) &R A i &
F 200 1 47 vy A fi 2 AL A
tyn = inf{z € R| | w (6) —ult) | =m }1
tp =0 [
(26)
Horpom, B omy 2 TS BEE B H B B R my >m,y
=0, A il A L i A B R Ge AN w (e, 0
TR ulty ) JFRABIRGE S . BOE 1,000 HF
T i Sz R TR) KE 2,00 A P A 28 BB R )
VL Lyapunov F& % M B¢ S 1k B iy i 11 0% 25 7
fih 47 ) 4% 0 AR SR TR AR E
SIE 1 X FAELMER G K (6) , FHF il A 4 i 5 =X
(24) (26) ffl 13 BT 1 WL 9 Lyapunov p& % V. =

D i SR e

V<—oV+A 27)
b o A J& 45 € /Y IEH 50 B R G20 6) i Bir AR
AR A .
IR X VR 153
V=25 +22% (28)
HERADFHZBRS vy =2Fa =2, +d1 —c121»
CIEE




210 [ . ]

Ko

Eird i 56 %

R

V=—c2t+2b0u)+z(f{(X)—d4 +=2)
29
T2 b % AL 3K (26) w0 fioh & kA T
PIAFE] [, () —u() | <<my s Y€ [ty ty001) 0 K
ARy — Sy I8 8 Bl 2 A (g,0) =0,

Aty =1, RO, V€[t sty WAH
wy (1) = u(t) +A()m, (30)

A (300, IE A X (17) (25) 44 3

. ) 5 2, m; 2,
V=—c2 —c2 — —blmlzzarctan(7>*
T €1

ZzbllnlA(t) (31)
R B R IE V) B EL arctan HAT MR

0 <| /c‘*zxarctan<£><£€ (32)
e 13 e

A€ Rse B—HHL HIW R 0,
1637 2 (31) (32) Ak AT . 15 5]

Ve Dot + Lo, (33)
i=1 T

. 2
2 g=min{2¢; ,2¢, ) \A:;€1{71 A

w<4—%§kﬂ+A:—wwu (31

i=1

WM@VU%QV&Qe”“%“+§yw,iﬁﬁ(m

T A AR AR A AL . TEEE .
38 3 B 1 IR B T T A S ok ] A O
RGN Zeno MG,
FE1 FHEREXG)  FMAER S CH
TR RS AR B Zeno L%, BIFEAE ¢* >0, f#
153 G0 By AT I R] 8] B8 A0 B B B B (i —tp s
VEENTIRRZE
WM &
e(D)=w, () —ult)y, Y€ [typstynr) (35
Xt le(o) [ 3K S A

D] _d )t e [ 36)
H1t (25) 7 2

i
wer 1+ (myz,/e0)?
WIRSIFE T M, 20 a0 1 XO R HSEREHEHE A
TS

37

'L'Ul(t) — dz -

2mi 1
v 14 Gryze /e)?
AHEUERT 7 () 2 — A SR W ) () A AR
o M — DR 015w (0| <g.

XY RENT M =1, B A e(t,,)=0; 4FH

(38)

h(zy) =

http: // zkxb. xjtu. edu. cn

b & Bt B [w, () —u() | =m, B, lim ()=

et

myo TELty ety EXF e | B3 34545 :0(36) ,
(GE
r“|aw\m<wmuw(wﬂ—%u

Lok

< C(Z¢,k+] _tgﬁ-,k) (39)
XK

J[Mﬂ le(o) [ dt = lim | e() [—]et,) [= m,

bk [#ng,kfl

40)
Bt LA

Lots — Ly = %» Yk e N 41

B4 ¢ :%,ﬁﬁ%‘%%%i‘ﬂﬁﬁﬂﬁ]l‘ﬂﬁ%ﬁﬁiﬁ‘]%

Bty —ty)  VEENTHIF RS ¢, JEHE,
3.2 MR THENSESHMENT

Fie IR 3.1 79 Th TR R 3R 0 1 k4 L 0
T BT I AR A AR B 3R 40 0 S5 M % 1 1 2%
ZERNE .

TEHMNB = RGN

U (1) = w, (t.)s V1 E [tepston) 1

2 My 2.
w, (1) = ay — —nﬁzarctan(#>
T €2

Logn = inf(z € R| | w, (1) —U, (1) | = mg)J/
(42)
Wi fl 6 =50
Us (1) = wy (tg) s Yt € Ltoston) I

ws (1) = ajg — 1nfqgarctan(msﬂ>
e €3
Ly = inf(z € R| | ws (1) —U; () | = mg)J
(43)
WA ¢ RGEH

U4<t) — u'4(t¢,k)9 Vt 6 [tw,k 9t¢,k+]) 1

2 My 2y
w, (t) = qi, — —m,arctan| ———
7T €4

tyrn = inf(z € R| | w, (1) —U, (1) | = mJJ
(44)
K omy oy omy oy o omy BT S ECELE L m,
>my, >0 > my >0, >my > 056006564 N IE
HHL.
B 0 10 A S 1 ik i 428 o) 4% A8 DO g 3 kAT 4 b
() BNf A 6 PTG 22 o < A i ML AR S Lo 2 2 fi
R Z




5 3 S T A B DU BB TR 0 5 L 211
Lo A Pl 4 O fE 2 B AR il AL T R G s

E0~3 s N BE 4 MERNSHES 20N
$10=0. 7cos (0. 5¢) rad,f,, =0. 7cos (0. 5¢) rad, ¢
=0.7co0s(0.5¢) rad, z;, =0. 7cos(0.5¢) m, 5
Bt 05 DU HEF AT RIS AE .0,z H 0. 7 rad
0.7 m,a=y=0,$=0=¢=0,¢=0,5=0.184 8
m/s,y=—0.040 9 m/s. ¥ o HIRL {9 S KR

&Kﬁéﬁﬂ—l“:mlzo-l?ﬁ’ﬁl:léJ»mzzo-l’ﬁzz
Urx o Ux o Mm my
2 smy; =0.09,m, 2 s My 0.25,m, 2 e
m;

=T T 052,70 =0. 0157 =0.016 kg » m*. I

& & &
=diag(0.061,0.061,0.06) kg * m* ,m=5 kg,

Kl 2 518 3 5350k 2 8 A b AL R 5 R
KRG .00 FIRERRCRE . X LW E W LA
L ZEFA ARG T 4 AR 2SR Y IR R RUR
KB 75 R AR 5 R AR E I A RCR A R RE
REFH IR ER B E NS HAG S

o 0
£ (1)(5) —
S 05k
0_

101 — 0y,

(=1
o U
/.

z,219/m WY o/rad 6,0 y/rad ¢,
5

L — %0
0.5f ey
0-
1.0r =
0.5F \
0 0.5 1.0 1.5 2.0 2.5 3.0

t/s
K2 ZHEBMEIET 6.0,z FERERRUR
Fig. 2 Trajectories of states ¢, @, ¢ and = under multi-event

triggered mechanism

e .
310 —,
S“N
=Y
< 0
=1 =
E 1.0 — by
SO'SN
)
<« O
= =
‘\cg 1.0 —_—v,
sosf T e
L e
x 0°
£ 1.01 i
SO Ttz
N" 1 1 1 1 1

0 0.5 1.0 15 2.0 2.5 3.0

t/s
B3 ARG T ¢.0.¢. = B ERERRCR
Fig. 3 Trajectories of states ¢, 6, ¢ and = under periodic

sampling control

http: // zkxb. xjtu. edu. cn

HHMESHETHRE . AT LA I A A 45
i i A i R R GTIRIE AR O BOARAE L BRERSICR
R4f

T 0.010f

=

(=1

(=2

(=3

(=%
T

0101
.005F

Ol/rad 19,1/

[— ]

(=]
[

0101
005

(=]

(=}

010

L0051
I . =N W S
0.5 1.0 1.5 2.0 2.5 3.0
tls

zl/m |Y-wl/rad 16,

(=T =]

210

(=1

B4 ZEA AL T B9 R ER 3R 22

Fig. 4 Tracking errors under multi-event triggered mechanism

& 5 h Z d ik & AL T i A s 2 % flh &[]
R 545 . AT LU I iR B, R g3t
filh & 150 ¥, AT 2 W IR ik A i 2 22 18] 8] B% B/ R
0.021 s>0,EHAGEAE KA Zeno A,

0.351
*
0.30
0.25F
0.20F

0.15F

Lo~ /'8

0.101 %* ¥ ”
* * * Aok ¥

* *
W Ty
4 Hye
0 0.5 1.0 1.5 2.0 2.5 3.0
t/s

0.051

*
*
X ool !

B 5 ZEd kg pLET I il & T B
Fig. 5 Inter-event time under multi-event triggered

mechanism

K6 N ZE B EILH TRELE 6.0.9.2
(As k. ATAE H . ¢.0.¢ ¢ EH BT BIBME S, =
—0. 35sin(0. 5¢) , 3t ] 187 Sz B A 22 7 44 floh
LR ¢.0 .2 SCELT RAFAY BRI

TR EEMHMEIE T 2oy B,
EAREER T 2.y ZWA U 5 ¢.0.¢ M
. TaEBEMEE U B2ME.H ¢.0.9 1
CAME I 2.y ITEU, 5 ¢.0.9 fFFHTH
R

FEDURESE 4 AR R G h o B T35 5




z12 [ | % 556 %
Y o _

' 0 — 9 g 14 10
T -02} ---= ~0.35sin(0.57) o9 —N
[ < 0

S -04L N

0 £ Lo — b
'» — 4 <S03 N
=021 ---= -0.35sin(0.57) = ot

3 o4l o o

3 -0.4 g 1.0 Ww
- s05F T e
o0 = ___—______—___'_““‘-~—_~_,~_j;“
- - . = 0"

£ 0.2 - === —0.35sin(0.5¢) g 1.0r -
S-04° s z

NA 1 1 1 1 1
= 0 . 0 0.5 1.0 LS 2.0 2.5 3.0
t/s

5 -0.2f --== ~0.355in(0.57)

2 4 . . . i : K8 FIMHEMLT .0.¢.x WIRESHES
R 0.5 1.0 1.5 2.0 2.5 3.0

tls
K6 ZEFMMENHT §.0.¢.2 BB
Fig. 6 State trajectories of SQS, 0, ¢ and z under multi-event

triggered mechanism

0507
£0.25 /—
0
0.2
T
R

ok

g 0

E-01 N
-0.2L

0r

g —0.02

5-0.04

-0.06 ' ' ' '

0 05 10 15 20 25 30

t/s

E7 ZEHFEMEIET z.2.y.y 2L
Fig. 7 Trajectories of states z, x., y and y under the

multi-event triggered mechanism

d,d,.d;.d,
d, = 0. 2sint
d, = 0. 3sint 1
d; = 0. 315int{ 4o
d, = 0. 25sint
U i 3 2R G0 B IR A 3 8] KRGk =R oy
¢ = [1(X)+bU, +d,
0= f.(X)+bU; +d,

¢:f:s(X)+]73U’l+diiJ/ (46)

¢ =g— %(c‘¢cg) “+d,

TEA AT AT 05 S g 2R K 8 5
Bl O Fios . STl A, 5 DU g 3 4 IR R 4
B — 2 0 T BT i SO ik 2SR AR
A LA PO SR 4 SRS B ERER IS E B HE S .
AR A /N 7 A5 R AT AR SO i 2 R
ik A AL AL 150 Ui %2t v AL 6.0 ¢ 2 X 4

http: // zkxb. xjtu. edu. cn

Fig. 8 Trajectories of states ¢, 6, ¢ and = in the case of

interference
=
S 0.0101

0.005F
0

0.0101
0.005-

=)

0.0101
0.005F

=]

0101

005
o = N O e =
0.5 1.0 1.5 2.0 2.5 3.0
t/s

zl/m  W-¥l/rad 16,- 6l/rad 14, 41/

(=]

Izyq

(=3

B9 TIMERT ¢.0.¢.2 BIERERIR 22
Fig. 9 Tracking errors of states ¢, 6, ¢ and = in the case

of interference

AR AL IR T 205 7E 19 2 25 (5 5 T A JR] 3R A
P RAT AR ZOESGE R 3 000 AR 1A B [F A
AP AR o OF B A SCBTH Y S50 ok 2 42 1 4% e
RER U A LB . ZR5 Al L A SCOH M 2 EH
P il R AL A AT LA 28 2 48 9 30 A 5 3 BRI
TARE » HO AL G2 10 J) 3SR A 42 o S LA 5

5 4%

AR SCBF X Ui 3T AT A 1Y 2 2 R R 4 o 1) A4
T Z E Sk ML O DU 3 AT AR 4
AL 1 0 R G T 3 P AR R R
Lyapunov A2 % £ BIE UE W] 1 B B3 A 42 i 45 AT LA
RGO R E . 5 LA A A 300 42 1 4% A L L 7R £R
TERRER AR B[R] I 348 T R IR S fE 5
I RCEWWTE .

(DAEZ TRl A ALH S B st 0 25 0 i %
P A% AN fih K2 150 YRIE RT LA 3k 3] Jo] 400 SR Ao 4 o i




%3

WRERE S5 ZE AR AL T DU RS G AT & Y 4 A B R 213

HELZERAES 000U Y BRER SR . AT LA RO R K 5 42
530 5 3 1 B

(FE—E MBI T - A SCBET 1 figh e 42 1
for BE O I 22 ] F) 4 AR A58 B AR E R B 45 72 19 =
FAR T AR RR B9 BRER DR 22 L UL A SCIRETH i o
Pl 4 ol e B — s I T e fE

(3D 7R SCBET I 42 ) 4 72 L 1 i 5 0 22 R AT %
(TR 5% # 5 ORATD AR 3 1E 20° A I 264

JE S TAR T 255 5 8 RAT A 1E AR BT &2
BRI B B AT IR BTS2 TP RE A7 19 1 i
Pl 25 .

5% Uk

(1] EARKR, G, Bigs, % BT D% mhER

TN AT A AR ES [J]. BF/m MR, 2018,
25(9) . 31-35.
WANG Rijun, ZENG Zhigiang, DUAN Nengquan, et
al. Hybrid stabilization control of quad-rotor aircraft
based on backstepping method [J]. Electronic Engi-
neering & Product World, 2018, 25(9); 31-35.

(2] o, /atel. DUBEE CAT 8% A9 - R T B T I b

il (1], BR2AHOR 5 TR, 2013, 13(34): 10425
10430.
ZHAO Yuanwei, LU Jingchao. Modeling and control
of a quadrotor based on the backstepping method [J].
Science Technology and Engineering, 2013, 13(34) .
10425-10430.

(3] k%, 2%, FH%E. WER UTHEH RE ik
iHeFgE (I, BT 2018, 35(4): 18-23.
QIAN Lu, LI Zhi, WANG Yongjun. Study on optimal
design of four-rotor aircraft control system [J]. Com-
puter Simulation, 2018, 35(4); 18-23.

(4] WK, Ao SEL MRG0 B & W0 i A 45
[D]. %M. AR, 2019: 15-29.

(5] Wk, =T, BRI, 55 TP g i

AR IRERPESE [V, HHEMTE. 2016, 33(5): 78-
83.
TENG Xiong, WU Huaiyu, CHEN Yang, et al. Traj-
ectory tracking of quad-rotor aircrafts base on back-
stepping [J]. Computer Simulation, 2016, 33(5); 78-
83.

(6] WRZSHME, BRIGHME. AR, DOBES TN AT &8 I 60k
Ryl ()], REr R 2% 4, 2015, 34(5): 32-36.
CHEN Yimei, CHEN Zenghui, XIU Chunbo. Back-
stepping control of quadrotor unmanned aerial vehicle
[J]. Journal of Tianjin Polytechnic University, 2015,
34(5): 32-36.

http: // zkxb. xjtu. edu. cn

(7] BB, EXRAE, XTF. UE S AT &5 AL J Koz g 4%
W L)), AR MR Y, 2017, 36(11) . 38-41.
GUO Yong, WANG Dawei, DENG Yu. Modeling and
flight control of quadrotor [J]. Transducer and Micr-
osystem Technologies, 2017, 36(11); 38-41.

(8] XL, B &, #brSfF, &5 —Fh e o he 3 e
AT I S S s, 2019, 18(1): 68-75.
LIU Shichao, LV Pin, LAI Jizhou, et al. An im-
proved modeling method for quadrotor [J]. Navigation
and Control, 2019, 18(1). 68-75.

(9] woie, R E. DURES AT & 10 a4 2 5 o 3 i |
(0], T FEIFH AL, 2014, 27(9): 98-100.

GAO Yan. YU Dan. Modeling and controi aigorithm
simuiation for quadrotor [J]. Industrial Control Com-
puter, 2014, 27(9) . 98-100.

[10] ¥tz . HE T S2b g DO B 35 [ 36 N7 AT 42 ) A e it
(J0. MUyee 7 TH, 2020, 40(1): 48-53.

HONG Yunfei. Design of quadrotor adaptive flight
controller based on backstepping method [J]. Ship
Electronic Engineering, 2020, 40(1); 48-53.

[11] =AM, dfd, % R AT IR S

MR L), AR 4, 2019, 40(10): 247-
256.
FAN Yunsheng, HE Zhiping, CAO Jian, et al. Non-
linear trajectory tracking control for a quadrotor [J].
Chinese Journal of Scientific Instrument, 2019, 40
(10) . 247-256.

[12] TANG Pan, ZHANG Fubiao, YE Jianchuan, et al.
An integral TSMC-based adaptive fault-tolerant control
for quadrotor with external disturbances and paramet-
ric uncertainties [ J]. Aerospace Science and Technolo-
gy. 2021, 109. 106415.

(18] EMd. MAGE. Ry, F SRR 06X F M4

fih A 2 A P R 4R ) L0, A6 st A A i R R 2 24l
2021, 47(2) . 323-332.
WANG Shuailei, ZHOU Shaolei, DAI Feiyang, et al.
Distributed event-triggered group attitude coordinated
control of multi-spacecraft [J]. Journal of Beijing Uni-
versity of Aeronautics and Astronautics, 2021, 47(2) .
323-332.

[14] BkFavy. BRIFHE . BHWE, 5. LT HIm kBT R
ATHSAS A AR [T R 5 HIW, 2020, 3
(2): 17-25.
ZHANG Jiarui, CHEN Yicheng, DONG Xinlei, et al.
Event-triggered adaptive fault-tolerant control of
spacecraft attitude [J]. Flight Control &. Detection,
2020, 3(2). 17-25.

[15] CAO Bogiang, NIE Xiaobing. Event-triggered adap-




214 o% oZom koo R 55 56 &
tive neural networks control for fractional-order non- [20] FiEME, FRE. FHO il LT 00 025 7 6 & 5045
strict-feedback nonlinear systems with unmodeled dy- it [T %451, 2020, 19(1) . 130-134.
namics and input saturation [J]. Neural Networks, WANG Lianyao, WANG Tianbao. The controller de-
2021(142) . 288-302. sign of network control system based on event-trig-

[16] WANG Sen, BU Xuhui, LIANG Jiaqi. Event-trig- gered mechanism [J]. Software Guide, 2020, 19(1) .
gered robust guaranteed cost control for two-dimen- 130-134.
sional nonlinear discrete-time systems [J|. Journal of (21 H3m, FEME, 2257, BT 34 & HLH A B 32 242 56 BA
Systems Engineering and Electronics, 2019, 30 (6): RS (T, B AL FHAFSY . 2021, 38(3): 792-
1243-1251. 795.

(17] BEEWE, Wi, TR, %, 3T FEp & HLH 1Y SHEN Tong, TANG Ye, LI Li. Consensus for auton-
— BT U AR L R BT Y E I8 R A 2 W 4R BE R omous vehicle platoon system via event-triggered con-
#O0J). MEEE TR R¥2MARBI#ED, 2021, trol [J]. Application Research of Computers, 2021,
13(1): 59-65. 38(3): 792-795.
LIAN Yuxiao, YANG Wenjing, WANG Lingi, et al. [22] Writsit . BEIN. 56T 20 4 3500 Mk 2 HLHD 9 26 1 R 40 i
et al adaptive neural network tracking control for a sl [T, #6 T/R, 2020, 27(10): 1820-1827.
class of nonstrict-feedback nonlinear systems based on CHEN Haohao, FAN Yuan. Optimal control for line-
event-triggering mechanism [J]. Journal of Nanjing ar systems based on dynamic event-triggered mecha-
University of Information Science &. Technology(Nat- nism [J]. Control Engineering of China, 2020, 27
ural Science Edition), 2021, 13(1): 59-65. (10) . 1820-1827.

[18] XING Lantao, WEN Changyun., LIU Zhitao, et al. [237] 2R, BB, M4, #A M2 T30 00 25 45 #4236

[19]

Event-triggered adaptive control for a class of uncertain
nonlinear systems [J]. IEEE Transactions on Auto-
matic Control, 2017, 62(4). 2071-2076.

LONG Lijun, WANG Fenglan. Dynamic event-trig-
gered adaptive NN control for switched uncertain non-
linear systems [J/OL].
netics, 2021 [ 2021-04-01 ]. https:

1109/TCYB. 2021. 3088636.

IEEE Transactions on Cyber-
// doi. org/10.

http: // zkxb. xjtu. edu. cn

RATER R ()] VYRS R AE AR ), 2019, 53
(3): 88-96.

JIANG Lin, LONG Lijun, ZHAO Jun. Sliding mode
control for variable structure near space vehicles with
time-varying composite disturbance [J]. Journal of

Xi’an Jiaotong University, 2019, 53(3): 88-96.
(i E )




