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Event-triggered Tracking Control for a Class of Nonlinear Systems With

Observer and Prescribed Performance

YOU Xing-Xing! YANG Dao-Wen"?> GUO Bin' LIU Kai' DIAN Song-Yi' ZHU Yu-Qi'

Abstract This paper investigates an adaptive fuzzy tracking control method for a class of nonlinear systems with
external disturbances. Firstly, fuzzy logic systems and the fuzzy state observer are implemented to approximate un-
known nonlinear functions and estimate the unmeasured states of systems, respectively. Then, the tracking error
can be constrained within the specified range by means of the performance function. Furthermore, an event-
triggered adaptive fuzzy controller is designed by employing the Backstepping method and Lyapunov functional
with logarithm function. The proposed control strategy can ensure that all the signals of the closed-loop system are
semiglobally uniformly ultimately bounded based on the Lyapunov stability theory and the properties of tanh func-
tion. Finally, a numerical simulation example is provided to verify the effectiveness of proposed method.
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Bt R P ) 28 o A1 3 N A 192 N
g = — co tanh(sy) — tanh(sy) —

5 anh(sn) (20 hem e (50)
2 a. 52 ay 221 2

192 = —72 tanh(sz)qbg(gg) - 0'2’[92 (51)

R DA% 1) 2 g D 3 L 95 FRNR (49),
QE!

Vo < —1o|2]12 +

Z 19T19 Z c;j tanh (s;)+

3 2

1 1 P~

3 tanh?(s;) + E 555 + E Qﬂ?ﬂl +
i=2 =1

1 o ~
59191 +Co (52)

LB i (i=3,--,n—1). 5FTE1ALE
2 KA M TTERRL, B0 A5 R 241 Lya-
punov iz B4

1 e s
YV, =V;_ 1+1n(COSh(SZ))+T"9;’F"9i (53)

Bt A ) 2 o R ELE R 9, 43500 A
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o = —C; tanh(sz) - ta'nh(sl) -
5 Dai_y1 5
3 tanh(s;) ( gy 1) —kizZ1 + H; (54)

EEF‘, Ciy, 04y i %&i+ﬁg£§§&
aaz 12X
ay Lz + 9T (1)) +Z 5%, 2+

Do
H; =

— dai dai—1 ()
193'+Z Y
= a’ﬂj = ay((i] 1)
FT R (53) ~ (55), AIRA v MSECH

n

. 1 S !
Vi < —Ll|Z)2 + Eziﬁﬂi — > cjtanh’(s;) +

i=1 j=1

i+1
1
Etanh2 s1 —I—Z 55 —l—ZUJﬂTt? +

Jj=2 J1

(56)

Hrp, =1, —
$9;T;

T8 n. HEERWE, £EE KAV ENE
) RS, — > S B A Al R 5 1 T X RS
TG R R E). Hal R U, BHIE T u(t)
AN T8 B SRR, T2 U R A AR
FRbR AR H150E ) BE 2 A A AT 5 8. ARG
B R RE S ) RIS E T RS R
7E_EIRGHE AL b ST [ E B 0 S
il SR B

w(t) = ay + yc(ln) 7] tanh (tanhésn)n) (57)

11—‘%7 C —Cz 1+ 61 %J

u(t) = u/(tk), vVt € [tk, tk+1) (58)
te1 =inf{t e R[ [6(t)] = n}, t1 =0 (59)

o, o n, 7> BRNIEREE, 6(t) = w(t) —u(t)
RoRMEIRE, ty, k € T RoR¥EH 48 1 FH 4l &
I %1, B4R 20 (59) H I SR A4 A R BT B[R] A
Nty 1, EHME S EHN u(tiy ) N T RE;
ot € [y, tirr) B, BHIE T w(ty) REFAZL. R,

FAE — B A R () W 2T (t) =0,
T(thy1) = £1, |[7(t)| < 1, Vt € [ty thyr), HF w(t) =

u(t) +7(t)n.
i G LA PR U Lyapunov 32 bR

o
Vy, = V-1 + In(cosh(sy)) + Wﬂgﬂn (60)

KAV, 35
Vi = Vyo1 + tanh(s,,) [u(t) + 9, (2,) -

80én 1

9L dn(2,) —

(22 + Af + 9T (1) +
1 ~m2
e+ di(t)) = Ha] + 7—1921% -

Vn 1+tanh Sn [ ap,

Tt + 0 dn(2;) — Dnbn(2,

oy,
Cnt (22 +Afi +191 ¢1(%1) +

€1+ dl(t)) —H,

1 ~p 2
+ —99,
Yn (61)

Hr,

aO‘n 12
0%

aan 1
Hy = By

—— (2% + 91 ¢1(21)) +Z 2+

— D1 Oan—1 (j)
9; + Z P G- Yd
j=1 J Jj=1 yd

WRIE5I 2 5, W15 T AR

— tanh(s, )7 (t)n — tanh(s, )7 tanh (

| tanh(s,,)7| — tanh(s, )7 tanh <
0.278 5 (62)

it AL (56), (61) M1 (62), AT

n n—1
. 1 I
Vo < = LIZIP+ =D 979 = > ¢jtanh®(s;) +
mia j=1
1tanhzs —1—212 19T19+
2 ) 2% !
j=2
n—1 o; = 1
Z —9;9; + tanh(s,) | a, + 3 tanh(s,) +
=11
2
gtanh(sn) (8057;1) +knZi — Hp |+

9T (tanh(sn)qﬁn(%n) - Vlén) n
0.278 5¢ + Cn (63)
RERAEH 2% o, A IS AR 9, Wi N R R R
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1
an = — cp tanh(s,) — 5 tanh(s,) —

Oy 1

)
i tanh(sn) ( ay

2
) —knZi+ M, (64)

9, = —7, tanh(s, ) pn(2,) — 0,0y, (65)
22 TREMSH

AR 2 Y EEVRDRIUL I 2 R 25 S AL ) P RA 2R
4 (1) MRS E TEFIE R L BLA ST 421 H Ax.

zﬂilf@u1~3&4%%ﬁ?¢%ﬁﬁm
BEHIEE S (40), (50), (54), (64), HMZH RHES
é&ﬁﬁﬁaﬁir“ﬁ§(41) (51), (55), (65) LA R Ffifilk
A (57) ~ (59), WA PAGRIES (1) Frfiiid i 26
PR LR A& 1) ORISR KRG A S
FH R BUR KA TN 2) REGERERR Z ISk T
JiE AU AR P L RE % 2 T e 1B 3) FE ARk
Rt [a] [a) B AR E — AN R IR ¢ Hoer > 0, Bli%dE
il #3184 1 Zeno 1T M.

MERR . AR (60) BETHAIELE T X EL) Lypunov
PR, S R O R A S R (63), KT
) RE A2 1) 2% (64) AE & M (65) AR (63),
&1

Vo < —LIZ)? +

1 n_ n
— 3 979 = ¢ tanh’(s;
m 2= i < cjtanh”(s;) +

1 2 "1, n—1 g
§tanh (s1) +22§sj + T191191+
=

3 Z9T9; + 02785 +C,

j=1 1 (66)
N5 3 A 4, A]45
1 ) L
— < Z
3 tanh”(s1) < 2 (67)
9 lars * *
ﬁ%%s-Tﬁm+§mﬁ% (68)

Rz (68) fAASt (66), T4

vn < - (ln + \Ijn) ||,£’||2 - ch tanhz(sj) -

j=1
o1 1 n—1 ST &
T 919, —
<271Jr Ym 2 ) .
n 1 o
}: Tiqg— =) 9T, +
2v; m/) J

N |
Tll2)? + Z@'ﬂ}rﬂj D58 A

j=1 j=1

(69)

He A, =C,+>" ﬂﬂ”m+n2m& ik B

j=1 2
w4
1 -1
A RN R el Y
2v1 m 2
(70)
95 Nt i
2/_}/] + J XJ7 ] 27 7n
EEF” X;>0a ]:17 N
JE ST A ) &
7T T
h= |:£Ta TanhT(§n)’ ET:| ) C = |:£T7 §E‘L? ET:|
(71)
HAr, 2=z, -, 2,|7, Tanh(s,) = [tanh(s{), - -,
tanh<5n)]T ; ["91’ %y 'én]Ta §n = [81, Y Sn]T .
B, =X (69) i 2
Vo < —oi||Bl* + oo[C)1 + A (72)

Hrf, o1 = min{l, + ¥, Cjs X;}, 02 = max{¥,, %,
Y N THARRFEFHEESAE R, e A
E oA

—o1|[BlI” + o2[I¢II> <0 (73)
Mt (73) 7T EASEA Ay
Vi < —os|hl* + A, (74)
) 03 > 0 R BEEM AL
FETF5H 4 A |12 > tanh?(||C]]), 7T i (73)
7857 s
(gl +1)? < & (75)
Ah, 3K (60) K Lyapunov BREGH & T 1A Fik:
D1(I€1) < Vi < 2(IIC)) (76)
Hob, (Il = %1D(Cosh(HCH)), a(l<1) = ISP,
X ERE
€| < arccosh(e?¥r) (77)
Rl anil T HA %R
[arccosh(e®¥) + 1] <& (78)
02
W, MBI (75).

H IR > tanh®([[¢]]) FTAI, AN4F
—BRIEN

3 (74) v

Vo < =ta([€l) + An

ot g : RP™ — RN RGOS AR R 8, €
A Y3([I€I) = o3 tanh® (||| HHE IR [1, 15, 26-27]
B T as R, IR AR B ¢ — B A& AT A, RY

(79)
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He, 7 RIREE2, s, EMERER, TF (IC0)])
F&— N I BUER OR B IR BRI 1 B AR 7 T(F,
1¢0)|) BRI N

7> (vt o) (Y3 (AR))

0, (O] < (3" oun)(7)

- 3 LAl<O)) - 1 (95" 0 1h1)(7))
Y3 (hy o) (F) — A, '
[CO)]| > (3 " 0 1hr)(7)

Horr, “o”FoRMBIME I, W (78) M (80)
e, K (73) KRS %N

[arccosh(e®) + 1] 2

01
< = 81
02 ( )

o, o= max(7, [IC(0)])).
Pk, A RFEHIFTAES 2, s,, Tanh(s,),

E RGN, 456 (32) M RGESIH 5~
P, FEIAEE KL
[s1()] = (1) — 5 I <§“> <F o (82)
CIEGR =P S
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FIHAZ e (29) F1 Y () 9™ I 3 R B VR, BR
ERRZE T
)
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HEES

B (84) AIS, HBKAEAEF BT 0N, RSt
ERERRZE 51 () T 0; MIRIPEEFET co B, R
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Buaxp(0)} . BRI, 2 (84) PR ER IR 2 & S U8k
B P fO A AR, Bl 2 4R 11 Re

HRYE 5(t) = w(t) — u(t), Vt € [ty tpyr), WTFF

1600 = S (5(0) x 5(1)) =
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HT RATITAE SH LA TN, WL IR
—NIEE B v, 5 w@)] < v. TEZ Al R LT
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HIA KA Zeno 174, O

3 hEEH

HREIE 1 rhly A R TE BRI BB AT AL T,
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A

& 21 =q, 20 = ¢ 73 HRIRIERT B FEAN S H
Z, B RBEARNIBLE REL, J =2 AL e s 15
B, MEEFIBE, | R8T H2 50 A,
g R IIMESL. RS (85) FFALANRINB, W15
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J J J J
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(85)
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2—3+5\?
16
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{51 =S+ 91 h1(51) +Fkaly — 41) (87)
Zo=u+9,¢1(2;) + kao(y — %1)
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8 X FR A B

\
" ER B

7 RS B (K SR AT LA T

K1

Single-link robot arm with a gearing connection

Fig.1
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