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Abstract: This paper proposes a novel event-triggered tracking control scheme for a class of strict-feedback nonlinear
systems based on deterministic learning. Firstly, this paper designs an adaptive neural network control for strict-feedback
systems on the local control test side and realizes the knowledge acquirement of unknown dynamics in the control process.
Then, based on stored constant weights, this paper designs a novel event-triggered controller and a triggering condition. By
combining Lyapunov stability analysis with nonlinear impulse dynamic system theory, the proposed control scheme can
be verified to guarantee that the tracking error converges to a small neighborhood of zero and all the signals in the closed-
loop system are uniformly ultimately bounded. Moreover, the proposed control scheme uses constant weights instead
of estimated weights, which makes the proposed scheme possess some good features including the easy-to-implement
triggered condition, the improved transient control performance, and the less network resource occupancy. A comparative
simulation is given to illustrate the effectiveness of the proposed scheme.
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Fig. 1 The control framework of the proposed event-
triggered control based on deterministic learning

3.1 HRRA RGBS HIRTRIRE L K A
FEA I 7 1) 00 ko, D42 ) 5 E 2R G AR 1t ELI 2%

PIRTE R ML, B el it FE B R 2 1

il &, S PP AR R GE B AR LA S A7 i

FiXA<i<n EXRENz =x; — a1y,
Hag = xq;. IR ATLAEE]
Zi = 9i(®i)Tip1 + fil®:i) — Qiar (6)

cvig, A LAFF 3]

/—\Exzi—&-l =Tijt+1 —

Z = 9i(®;)(Zig1 + aur) + fi(@i) — diae. (D)
TE RIS H (Z) N
fi(®:)  du_ae
Hi Zi = N — 8
B =@ al@) ®
/ﬁ\:qui = [5’3? diflf]T-
FIFHRBF#H£ W48 1 R AIZNAS H (Z;)
Hi(Z;) = W' S8(Z;) + &:i(Z;), &)
Horp: WX AR AR E NS BUE, €,(Z;) NiBiT

B2 B, A

= —k;z; — VAVz'TS(Zi)» (10)

Horhr: k5 E RTS8, W B AEBUE W ff G
fi.

T BHO T I — W e 22, AT DL I s

Oife

Tius + e = o, aye(0) = ;(0). (11)
Fnb ELRENzZ, =2, — apore. RILRSGE
), 1%
b = gu(@)ut ful@a) — G (12)
ENAKHENEH, (Z,) 1
H,(2,) = 7218) G (13)

9n(@n)  gul(@n)
;E\qun = [iz O‘énflf]T.
FIHRBF#HZ W& I R AENAS H (Z,,)
H.(Z,)=W'8(Z,) +¢c.(Z,), (14)

Hodr: W R FN AR & N2 BUE, €, (Z,,) NiE
IR ZE . LR u A
uw=—knz, — WI8(Z,), (15)
Horh: k,, S IEIBETHS%, W, W EARRUE W G
fH. B)E, A EHE A
m:Fz(S(Zz)Zz_Usz)7 Zzl, ,n, (16)
Hrp I flo, 2 IE %S4
SIF8 2081 e R IR R G B HEE T
)~ %’E%IJiﬁﬁ)x(10)(15)%%%59%%@?2(16)%EliEI’J EIEZ
ARG N TAERS ERIEASEAE Syq, B IV
ZAMLAREW;(0) = 0, AT AW, BEig 4R 50l S BAR
WA H—AN NSk, - BLRFNBNZS H, (Z;) e i v
HHHASEE S Z N EGENEWLS(Z,) R
g, ik A
H(Z)=W'S8(Z) +e(Z)), 17)

Hrhe, (Z;) R R /NRET R 7, HE A2 45T



1580 oA R 5 N A

38 3

{1
W; = mean W;(t) =

tE[ta,tn]
1 th o
P—— L Wi(s)ds, (18)
Ht, >t > T, [ta, o) WAL G IR R B
3.2 RIFAF6 I 250 1R AR i S ik e 4 il 2%
TEEFEYE T B, RpH 28 ANTE R G At H 2%
FEM 2% R IRIIAES T, ARG RG R s
UG TR, KA BT IR A ki 25 1 B, 78 DRAE R i) 1
R P [ Fsf BARAR X 1 5 4] o
(O] LS 2
51 = qi(x1)xe + fi(z1) — Tar- (19)
I'EX{Q = T2 — 017, CIPREE:|
& = gi(21) (22 + ane) + fi(zr) — dar =
file) _ da
n@) gy @
E SRR AR FAEN A H (Zy), i@ s AT
T Jasdt, icH (Zn) == Hi(Z,). #=T 51 327]
H:

g1(w1) (&2 + ane +

H,(Zn) = W['S(Z) + en(Zn), (21)
e W BN B 48 2 BUIE )=, €0 (Z0)
y‘jﬁi&i%iﬁE(%/iGH(Zn) < Erl.
WAR AL RIEAR 21, = (&1 zq1 ) TRAERE R
25 28 UL FTTR(18), BT 38T SR fi A 1 i F0L 92 o)
@Oén y\]
o = —c1&, — WES(Z0), t <t < tiyr, (22)
o o RIERIIHSEL, € = &) — 2ar.
HEFSH N7 i g, 7] AR ER AL &
Qqpf:
T duir + e = on, au15(0) = a1 (0). (23)

B2 <i<n) BXRENE =2 — ayia,
HRHEN() AT LS 2]
éi = gi(T;)Tip1 + fi(®;) — duias. (24)
EX&PA = Ti+1 — 4, CIYEEE|
&= 9:(®;) (i1 + our) + fi(®) — duimre. (25)
TENXKHNESH; (Z) N
Hi(Z;) = ——
( : ) gz(ﬂh)
H: Zy = &) dn—ae] "
PRI — PR BV 28 (11)(23), W] LA 1E % £y, 18
51T AT o g, IRIBE, 2T 5] BR2FRAS H 256 50

-1t
- (26)
gz(mz)

i, A[1§
Hi(Z,) = W'S(Zy) + eu( Zy), 27
Hod: WA B B MG BUE &, e,(Z1;) N
AL T 25120, 2T Fe il s L o A% B AL 4 21
PRI IE B2, B R Zy, = [T dn_y]T. G
TEE PR 28 I 28 AUE F1IR (18), BT T F A fi A )
REFFE I a0 N
Q= _Ciéi — ﬁ/iTS(ZA]i), i, <t < tk+1, (28)
Hrb: o RIEMBHSHL & = & — . WY
JEEER, T DRAF SIS & ane
TiiOuie + Qe = auy, 0uie(0) = 0u;(0), (29)
o, 2 /NIE R 2L
CIYECE

EXKHNESH,(Z1,) N
fo(Zi)  Gupors
H,(Z,) = — — —, 31
(Zr) In(Zi)  gn(Z:) Gl
;E\:EPZM == [iz O.élnflf]T.
FIRZRE0RW, (R(18)73
Hn(Zln) - WES(ZITL) + 6ln(Zln)a (32)
/Eéﬁpﬁln(zln)yﬂﬁﬁi%ﬁﬂf%/@ﬂn(Z]n) < €,
%XZAM = [592 dln—lf]T, ﬁ:qj:%nféf%?fﬁ’?i%in
L HA R AL AR RSB B A E 5. BE)S,
BT T S R i SEBRgss il A u ol
u = _Cnén - W:S(Zln)a ty <t < tk+17 (33)
o o, RIERBIHSHL, €, = £ — .
Ee(t) =lei(t) ex(t) -+ e, i=1,--,
n, &(t) = [6u(t) &(t) - &u(0)]T, MFHARE A

Wit
e (t)]1* < pll&)]?, (34)
Hrp
21"
= - : (35)
> (Bei + |[Wi|IPL3)
=1

KHERIEMRIT S5, LR 5w S (Zy) RS A

A1 S STR 1251 AR S AR, AR fil
W FAF N (BS) HEL 5 IIBUE A7 1) 8 A ABUE W AR 4 =X
(B5)FT R, pfE P LB 45 58 1T, ¢, L 1| W || 5 T 5
L. SR, SCHR (2517 -l S AL R B AR AUE
A W,, FAZAE TR T R i ol 2 =, AT 58



10 M

(A 7 R I R 2R S T || W || A B A H e e 2.
BRI, 5530k [251AHEL, AR SO H I S0 fih R %Atk i 5 T 7E
et SE D, NG T L. thAk, 4563 T Sk B
S 2% 2 S 2R T (33), BENSTE 315 T U 4 AS BN L Y
F IS > B 22 A i VB
TE A HIE 2= A H R R ZE N
yi:alif_aliaizla"'7n_1a (36)
AR (20)(22)(24)(28)(30)(33)(36), T 4540 FE
THAAR IR ZE RS
& = g:(&:) €1 + yi — ciés + WT(S(Zy)—
S(Zy) +eul,i=1,--,n—1,
én = gn(jn)[_cnén + WES(ZM) + 61n]7

yi:_yi/Tli_aliy 2217 7n_17
§1:—$'d1>
éi:*aiflfa 1225 , T,

(37
;H\:EFIS(ZM) = 8(Z,) - S(Zln)'

EE1 WTFRGA), fEEE 1200 K&
22(28), T2 bR 1% ) 25 (33) M Z A firh 2 S5 A (34) IR /E
T, XM FAERA E N pL T2V (0) < p 1
WILRIRZS, RT3 5E 2 (B S 8, BRER R 224, (1)
REBBICSH B /NET I, IR R B T A (5 5 #0
FEIRA T TN, HAEWHERR 24

UE RS R RO
V=Ve+Ve+V, (38)
Horp:
A e UAg i g
Vazzfi,VgZZ*fi,VyZZ*yiyi-

i=1 29; i=1 2 =12
B fREREE € (tr, tee], £ =1,2,---).
RHEN3T) BL AR 2, AT

. n—1 ~ _
V< ; §i(ir1 +yi — il + |Wi|| Ls || €]+

n_l —Yi )
em) + 2 il — du;)—
i=1

% i

n 91512

~ n—1 ~
> 2g2 —Za1&1 — Y ieivas (39
i=1 40; i=1

yﬂT@?ﬁfﬁﬁE@ﬁE%, B e v o e Mege, XHT
e; =& — &y Y = ougg — oq AEBIRANGE S, W45

n—1

V= E:Zl (&i&iv1 + &yi) + é(—cilff +ciiei—

o€l — cineily + cin€? + &||Wi|| Li el +
n—1 n—1 4,2

&en) + éli'dl + > uDi— > &‘f‘
i=1

i=1 Tli

A PR R R G R Sk 2 S 1581
=l n ;&7
> Yibi — D 5 5 (40)
i=1 i=1 29;

;H\:EP: D1(i‘d1,i‘d)201i'd1 +Ci'd1, j{FEXﬂ‘ﬂ:Z:Z SR
n—1,%

Di(yla T 7yi—17i'(11,fi'd1) =
i\~ Yi— = oS .i—
C ( y 1) + WZT - y 1 7
Ti—1 Ocv;—15 Tii—1

B RGBT M, a1, Sar, Far RSIRHE S, 7
DAFELE 4
Q4 =
{04024 = (xa1, Bar, Za1) : x5, + 23, + £5 < Bo},
KB, > 0. T4

n §Z2 n

2={0212=Y(3)+ L0 <2}

i=1 Ui

A, M2 x QB4 D, ()TERER x 2,
o, ELAS T D; (), AR BN AR D () || <
Ni. T da G S, BT F g AEE—A
KHHB,. VIR, 5 mRAER, 1

V<
n—1

5) 3+Ci2 —|')\z
[(—zea+——F—
iz1 6 2
1 C; o = _
—yl+ ?2612 + cin€} — &l + |Wil|PLE |l &) *+
2
2, Cu 1 _i 1
2)\i + (2(51 T + ’yiJrlTl%
5 Cn2
= N2 — (=¢,y —
7,} (6c 1 2
Cn, F X =
2+ cnoep, — Cuals + WL |€,]*+

2 n
" Viga & Gi€} Lo 1
ey + &4+ — B2 41
i:zj2 1t ;1 2g? 27151 74 “h
T el = [lei|”, Hlles|[PAL || &> 20 F55F e,

i H R AT (34), TG

1
)&+ 552'2+1+

)i+

1 3
- 5)62 + §Cn1€i+

V<

=l 5 Jia 3 Ci iy po
S (e — 28— -2 Theo
= (6 ! 292 2 2 2)§’
) Gnd 1 Cn2 /\TL 2
(66"1_22_2_2_ _2)5"_

i=1 47> i=1 T 'Yi+17—12¢ 20,
Vi + 1 + nf(@Nz) + an Cas (42)
2 vi a1 d =1 2 ‘ i=1 2>\i‘

fEm2 RN ZIE =1, k=1,2,--).

TEfR I Z), Bal =, 2 = 2, B2 XE =
Ti — Q—1f, éz =& — agg_1eMly; = e — BIRA]
?%"fj =&, é:r =x; — ayi—11 = & ﬂ]gi(ﬂ_ﬁ) = 9:(Z:).



1582 oW OS5 MM #38 %
T s LS 2, BT o, TER RN 20 27 A s 1) PR (45) 5 MR A TR,
v TL(W?“ o ey €=l <lAllE—&l+F w0
AV = - — H
n (5)2 n—1 y+2 n—1 yQ £ [gl 52 gn] )
>+ > - << 2 T
i=1 2 i=1 2 i=1 2 € [51 62 gn] )
0o (&) nl—y? 0g 0 0
D DY t=t
Lo T DT b 00 G 0
(43) A= : e
HohiDE = (D)1, DY = (DY)*/245 5l e Ry i 00 0 - gu
RIEREE € (ty, ter RIS, 00 0 0
Ehﬁ(42)—(43)ﬂ%ﬂ, HE Mk S, T, f= [f f o f ]T
T Rl L ST R PRI 2R 45 ) F T 15 5 I L2 e
KPR, St <t <ty H
BETOR, HUE W 1677 R 7T BB 2 TR Del =
ARG, MERITTE—G(i = 1,- -, n), WA (if .
. . 1 enen
o ai e = e <
9ills =&y — (a0 — D&+ le.lllénll _ ] =
_ “ 1 - nll
WI(S(Zn) — S(Z0)) + en + i, el
6 4 _ . 1€ — &Il @47
i [ X X . D _ i —— ]:]
Gil€ivr — &1 +yi — (i = D&+ P REEAEO-7, BLiEL = b ey = 0. e
) . " 44 19
W (S(Zu) — S(Zy)) + e + 1, _
iT1i HenH <
= 2a it 17 t
s e J, el = )l lds =
gul-cobn + WI(S(Z1) — S(Z)+ |'|’ﬁ'|'| exp(IAN(t — 1)) — 1], ty < < brr. @8)
Yn—
nt AR [25-261, FPHALR 2% FEG) 2 e, | 1
ﬁ(44)j‘%u ﬁD—FT itﬁki %k{ﬁ%%%”én”max - \/EDE,’ ;H\:EPDE'j‘jé-E(J??‘
) T, TT LA
|§1—§1|<91|§2—f2\+f1, ||fH
’fz — év‘ < Gil&iy1 — éi+1‘ + fis (45) fDa I Al g @Rl Alt =) = 1). (49
&0 — &0l <O+ fo, i (49) Al
. 1
A A ) toon —t > (1+|‘||f|||fo) >0, (50)
= g1l(c1 + D[] + ] + 2 Wi+
S qul)@||%‘ Wil LI, TS T 0 2 R
len| + ;1|Bd|]» 4 EWIFR
A, . A5 0 FE 0L FT U R 177 20Kt B T 7 R
i — Yi ) + 1 i + i + 2 Wz +
d chliﬁ“"y' IWi b, BB T
e+ b M(q)d+ V(a,0)d + G(g) + F(d) =7, (5

f, Yn
Fo = Gulcalénl + 20 W | + 6] + g‘T’)

In In

M BB FIE ARG &5 A Ak, W]
WL fr, fif f BLRAT TR

H:qg=[q ¢ €R% M(q) € R?*2,V,, € R?*2,
G(q) e R?, F(q) € R*7pul 2 XMl & PEsE
Bl A QAR B HE AR RN R e & 7 € R2N
6 15 M(q), Vin(q,q), G(q), F(q)2& R AR H



510

FRREE: RS S ARG A A 2 ST 1583

A,
Eflx, = q, o = ¢. MAGGHEALN
T = T,
Ty = —MYz))[Via(X)xs + G(z1)+  (52)
F(xzy)]+ M xy)T,
Hh X =[] =37 HUE S8 TR

My Mo . 0.4q;
M == F =
@ <M21 M22> » Fla) (0.442 !

waaan- (8). o (%),

Hr:

d
My = ds + 5 2
COS (o
dsy
M12:d3+2 , Myy = ds,
COS (o

G = dycosq + ds cos o, Gy = ds cos(q1 + q2),
Vi = —d;sin ga(G1ga + 0.543),
Vs = 0.5ds sin(g4;),
q =dy =15+ 1 (my +my), dy = 2l,lamsy,
ds = 13ma, dy = (mq +mo)lig, ds
lh=1m, I, =1m, m; = 0.8 kg,
my = 2.3kg, g = 9.8 m/s”.
5E X
H(Z)=—-V,(x1,z2)xs — G(x1) — F(22)—
M () = [hy ho]®,

H: Z =[x, oy &]*, arNEIMIES 2o, &0t
—BruEs A At E. o = —6151 + Ta1, 51 =
Ty — xgy. W NT o + ar = oy, o (0) = a1 (0).
i B, B XS HNiley = [}, zL,]T, za
= [-lel l‘dlz]T7 La2 = [%11 i‘de]TﬁﬁEH%%ﬁ”ﬁ
BIREFRZEE = o1 — Ta1 = [E11 o) 5 M2 g =
Ta1a = sint, EECEH 40502 TE I 4 R 2%, H
LS AR TE -1, 1] x [—1,1] x [-1,1] x[-1,1]
X [—4,4] x [-4 4]L, F5E B4y 521,25, 1.25, 1.25,
1.25, 2.5H012.5; IR 2 5112 8c, = 10, ¢o = 10,
T =001, I'=6.8, L =1; RGEVIHREIED Nz,
= [iEu $12]T = [O O]T, T2 = [1”21 $22]T = [0 O]T,
=[1 1" T ERES KK E N ms. B2RE35
BRI T R — RO IR % 225 B 1) BR R AR,
B4R T S fb A AT B B[], IS 25 T Sk 1)
BRI b A R 22 ok R, AT LR AR R 2 G
ZNTBIE.

= mylsg,

t/s
Bl 2 SIS B B R R AR

Fig. 2 Position tracking performance of the first link

t/s
Bl 3 SE2ANIEAT 0 R R AR

Fig. 3 Position tracking performance of the second link

0.15 T T T

/s

%

i 1]

0.05 |

t/s
4 AR 1]

Fig. 4 Event interval time

05 T T T
—o BRE

{1 8

-4
1ot i
MED [

0.0 T
10.470 10.474 B
10 15 20

t/s

K5 SR R i L 2

Fig. 5 Curves of the threshold and event error

N T DU SR T A R, 5P



1584 B of w5 N M 38 4%
(1) [ T 7 20 DX 4 A Al R A 1 R4 T T 45 L LA 2 g 05 y x x
T3CHR [25], 7T BL T R G0(52) 1) H & B A48 N 4% 3 )
AR A S A R Z 00
R . )
T = —KaX2 — WTS(Zz), ><:
HAUE BB R A g 7 — &(DLEC) |
W =0, t), <t< by, % . | o )fll(EANC)
S €s  ovir s ' 5 10 15 20
w —W+a7b+6%S(:c1,m2) LW, t =t. s
H A oA R B 6 SIANEFTIOA B IR R
” e||2 < )‘HXHQ Fig. 6 Position tracking error of the first link
Horr: 0.5
or, £
= = ) Q
3(k1 + ha) + [W2L2 Z
e=lel e]", x =i x2]" E L
€1 =& — &Ly, €3 = Ty — Iy, (E) — Z.(DLEC)
X1 =& —Tq1 = [X11 X12]T, Q ------ X, (EANC)
X2 = T2 — Qy, X2 = Ty — Oy, ~ 110 115 20

Z, = (&1 &2 )", Toy + o = oy,

a;(0) = a1(0), oy = —k1X1 + Tar,

X1 = &1 — Tai,
aMbFZIEH L.

FEATFOR LSRR, SR R ROREA-F- 65« 05 5L
[E1) L o 22 I 2% A s AT AR IR s SCHR (2513 10 B 1
O A 2 X £ 2 AP ik 8 45 1) 7 R S BUEBUN K = 10,
ko =10,L=1,T=0.01,I,=0.07,a=0.5,b=5,
£ = 0.00001. El6-10F57~ 7 PH 7 205 LL 1) 417 FL 45
xR
Klo-7H 1R 1 5 T 1 % 7 > I S fk & 725 1 (de-

terministic learning-based event-triggered control, DL-
EC)AI H & B 25 X 26 4 ik i 4% il (event-triggered
adaptive neural control, EANC) R 7 1= 2 %F LE A,
SAIIOFIR 1R FH L3R P A8 1) 75 G O 22 I 25 38
W AENZNZS 0T L. B 10%IA 1R Ak s il
77 SR R KON EE R Gl E R 6 R T DL A 18
M9, FTUAF AT 7 AR ELSCHR [25) Fr b i H
TN 2 D 2% A A A A ) 7 SR, FLER R R B AR,
HA @I AR FIBA AR, 108 1 s &
AT DL R 9 A A VB, AT 75 48 D 2% 3 9.
RIS 1 HT1 58 25 ST A il A 7 S0 G N A
LM% AR TT R P ERLR CE BRI P8y
YRR IE LA CPUFEIN 4L REF AR 77 TR0 B4 R
MR LT RN ST $E 05 R B SO i R ER T g, S /D
AR PR 28 B o5 FH DA B/ N SR A7 A

BT RUR

AR

18 i

7 SRR B IR ER T

Fig. 7 Position tracking error of the second link

100

-100 f

=200

h, —— NNJEiZ %R (DLEC) T
Lo o NNIEIZ AR (EANC)

5 10 15 20
t/s

K 8 FPZ A RN A by BT RCR

Fig. 8 NN’s approximation of unknown dynamics h1

100

50

=100
0

0 g

_50

h, —— NNIEZZE(DLEC)
------ NNi&@ i & - (EANC) |

"
1 L} 1 =

5 10 15 20
t/s

B9 FPLE AN RINEN A ho IE IR

Fig. 9 NN’s approximation of unknown dynamics ho



10 R PR IR R GRS A S ST 1585
10000 T T T [6] SANNER R M, SLOTINE J J E. Gaussian networks for direct adap-
& 2000 L —— DLEC ] tive control. IEEE Transactions on Neural Networks, 1992, 3(6): 837
S EANC - _863.
% 6000 - b [71 ZHANG T, GE S S, HANG C C. Adaptive neural network control
;5 4000 - ’ for strict-feedback nonlinear systems using backstepping design. Au-
o tomatica, 2000, 36(12): 1835 — 1846.
m
— 2000 [8] WANG M, WANG Z, DONG H, et al. A novel framework for
A backstepping-based control of discrete-time strict-feedback nonlinear
% 0 0.5 110 15 50 systems with multiplicative noises. IEEE Transactions on Automatic
o . Control, 2021, 66(4): 1484 — 1496.
DREE WRVE 3 x10*

K10 Btk

Fig. 10 Cumulative number of events

k1 AEPAVEREFRRAR T FAR T
52 FAAR R 7 E AT
Table 1 Comparison of EANC and DLEC
fi R A E)/s MAE  CPUAER/s

EANC 9823 11.4550 0.1142 31.9669
DLEC 5553 7.3830 0.0730 16.7041
5 4w

BEXE S SOARENE R G, AR TR T E
O B fid R BRIER P2 1) 5 56 B I 1 E 2 ST BEAR,
SEIL T RGERFNENAS A RIRSRN, FERRBU R
fili T H AR A 2% B, 2T AR I 2 IR iR it
T o T AR A S, I et 1R
ISRl A A 2 1242 45 e DRAE PR ER DR Z2 WSk
BN N, P RGPS 55 T,
HIE G Z VLR U5 HAERIGAIE T L7 SR A fE 1T
0 28 B [R] DRAIE R A BREARCR. 515, T
LI FR AR, Frde th 7 S SR SEI B i NA 2 A
XA ik A AR 7 S AR B A S U IR R BR OR AN B

/

RS AL
SECH:

[1] HEW, GE S S, HOW B V E, et al. Robust adaptive boundary control
of a flexible marine riser with vessel dynamics. Automatica, 2011,
47(4): 722 - 732.

[2] MARTINEZ R, CASTILLO O, AGUILAR L T, et al. Optimiza-
tion of interval type-2 fuzzy logic controllers for a perturbed au-
tonomous wheeled mobile robot using genetic algorithms. Informa-
tion Sciences, 2009, 179(13): 2158 — 2174.

[3] DAI S L, WANG M, WANG C. Neural learning control of marine
surface vessels with guaranteed transient tracking performance. IEEE
Transactions on Industrial Electronics, 2016, 63(3): 1717 — 1727.

[4] KRISTIC M, KANELLAKOPOULOS I, KOKOTOVIC P. Nonlinear
and Adaptive Control Design. New York, NY, USA: Wiley, 1995.

[S] LIU Wangkui, WEI Yiyin, DUAN Guangren. Adaptive control for
second order multi-input multi-output nonlinear systems with state
and input constraints, Control Theory & Applications, 2019, 36(4):
533 - 541.

CRIMEAEE, B, B 2 RS SMAZIR P 2 M L5k
Lk R G EHEE SN, 2019, 36(4): 533 - 541.)

[91 XIA'Y, FU M, SHI P, et al. Adaptive backstepping controller design
for stochastic jump systems. IEEE Transactions on Automatic Con-
trol, 2009, 54(12): 2853 — 2859.

[10] ANTSAKLIS P J. Intelligent learning control. I[EEE Control Systems,
1995, 15(3): 5-17.

[11] WANG C, HILL D J. Learning from neural control. /[EEE Transac-
tions on Neural Networks, 2006, 17(1): 130 — 146.

[12] WANG M, WANG C. Recent advances on dynamic learning from
adaptive NN control. Control Theory and Technology, 2020, 18(1):
107 - 109.

[13] WANG M, WANG C. Learning from adaptive neural dynamic sur-
face control of strict-feedback systems. IEEE Transactions on Neural
Networks and Learning Systems, 2015, 26(6): 1247 — 1259.

[14] WANG M, WANG C, SHI P, et al. Dynamic learning from neural
control for strict-feedback systems with guaranteed predefined per-
formance. IEEE Transactions on Neural Networks and Learning Sys-
tems, 2016, 27(12): 2564 — 2576.

[15] HE S, WANG M, DAI S L, et al. Leader-follower formation control
of USVs with prescribed performance and collision avoidance. [EEE
Transactions on Industrial Information, 2019, 15(1): 572 — 581.

[16] DAI S L, HE S, LIN H, et al. Platoon formation control with pre-
scribed performance guarantees for USVs. IEEE Transactions on In-
dustrial Electronics, 2018, 65(5): 4237 — 4246.

[17] ZHANG J, YUAN C, STEGAGNO P, et al. Small fault detection
from discrete-time closed-loop control using fault dynamics residu-
als. Neurocomputing, 2019, 365: 239 — 248.

[18] TABUADA P. Event-triggered real-time scheduling of stabilizing
control tasks. IEEE Transactions on Automatic Control, 2007, 52(9):
1680 — 1685.

[19] XIANG Yun, LIN Chong, CHEN Bing. Filter design of networked
nonlinear systems with adaptive event trigger. Control Theory & Ap-
plications, 2021, 38(1): 1 - 12.

CHRBE, MRER, MR, GRSl A 8 AL AR L I R GBI A BT
FERER R SR, 2021, 38(1): 1 - 12.)

[20] HEEMELS W P M H, DONKERS M C F. Model-based periodic
event-triggered control for linear systems. Automatica, 2013, 49(3):
698 —711.

[21] JIANG B, KARIMI H R, KAO 'Y, et al. Takagi-sugeno model based
event-triggered fuzzy sliding-mode control of networked control sys-
tems with semi-markovian switchings. IEEE Transactions on Fuzzy
Systems, 2020, 28(4): 673 — 683.

[22] NARAYANAN V, JAGANNATHAN S, RAMKUMAR K. Event-
sampled output feedback control of robot manipulators using neural
networks. IEEE Transactions on Neural Networks and Learning Sys-
tems, 2019, 30(6): 1651 — 1658.

[23] XINGL, WEN C, LIU Z, et al. Event-triggered adaptive control for a
class of uncertain nonlinear systems. I[EEE Transactions on Automat-
ic Control, 2017, 62(4): 2071 - 2076.

[24] YANG X, HE H. Decentralized event-triggered control for a class

of nonlinear-interconnected systems using reinforcement learning.
IEEE Transactions on Cybernetics, 2021, 51(2): 635 — 648.



1586 B owo#H w5 N

38 3

[25] LI'Y X, YANG G H. Adaptive neural control of pure-feedback non-
linear systems with event-triggered communications. IEEE Transac-
tions on Neural Networks and Learning Systems, 2018, 29(12): 6242
- 6251.

[26] GUO X, YAN W, CUI R. Event-triggered reinforcement learning-
based adaptive tracking control for completely unknown continuous-
time nonlinear systems. /EEE Transactions on Cybernetics, 2020,
50(7): 3231 — 3242.

[27] WANG M, WANG Z, CHEN Y, et al. Adaptive neural event-triggered
control for discrete-time strict-feedback nonlinear systems. /EEE
Transactions on Cybernetics, 2020, 50(7): 2946 — 2958.

[28] WANG M, WANG Z, CHEN Y, et al. Event-based adaptive neural
tracking control for discrete-time stochastic nonlinear systems: a trig-
gering threshold compensation strategy. /[EEE Transactions on Neu-
ral Networks and Learning Systems, 2020, 31(6): 1968 — 1981.

[29] YIX, LIU K, DIMAROGONAS D V, et al. Dynamic event-triggered
and self-triggered control for multi-agent systems. /[EEE Transactions
on Automatic Control, 2019, 64(8): 3300 — 3307.

[30] TANG Y, GAO H, KURTHS J. Robust Ho, self-triggered control of
networked systems under packet dropouts. I[EEE Transactions on Cy-
bernetics, 2016, 46(12): 3294 — 3305.

[31] ANTA A, TABUADA P. To sample or not to sample: self-triggered
control for nonlinear systems. IEEE Transactions on Automatic Con-
trol, 2010, 55(9): 2030 — 2042.

[32] WANG X, LEMMON M D. Self-triggered feedback control systems
with finite-gain stability. JEEE Transactions on Automatic Control,
2009, 54(3): 452 — 467.

e B A

F OB HE, WA, B AR AR AR A AR B
AET R HIMLES 2~ >, E-mail: auwangmin@scut.edu.cn;

B8 WULAT A, B ETHTITIT RO S k4% ), B-mail:
594470792@qq.com;

FEN BoR, HLA TN, BRI T MRS T SSRGS
BZAEK, E-mail: xinxg@scut.edu.cn;

RRXK LA, B a7 R E 24>, E-mail: shihao-
tian1009 @ 126.com.



