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Abstract In this paper, an event-triggered adaptive control algorithm is proposed to address the consensus tracking

problem of non-strict feedback nonlinear multi-agent systems with prescribed performance and full state constraints. With

the aid of performance function, tracking error converges to a specified range within a specified time. By introducing the

Barrier Lyapunov function into the backstepping approach, the full states of the systems satisfy the constraints. And

the dynamic surface technique is employed to dispose the problem of “explosion of complexity”. Moreover, the radial

basis function neural networks (RBF NNs) are utilized to approximate unknown nonlinear functions in the systems.

According to the Lyapunov stability theory, all signals are semi-globally uniformly ultimately bounded, and the tracking

error converges to a bounded neighborhood of the origin with prescribed performance. Finally, the effectiveness of the

proposed control algorithm is verified by simulation results.
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1 ý��£�¯K£ã
1.1 �êãØ�©^ãØ5£ã�UN�m�Ï&ÿÀ. �UN�m�k�ãPǑ ζ = (V, E ,A), Ù¥, V =

(1, 2, · · · , N) ´!:ê, L«XÚ¥¹k N ��UN. E ⊆ V × V Ǒ!:�>, A = [ai,j] ∈ RN×N Ǒ��Ý
. !: j � i �>PǑ (Vj,Vi) ∈ E , L«�UN i U
�Â��UN j �&E, �UN i ��Ø!:�8Ü½ÂǑ Ni = {Vj|(Vj,Vi) ∈ E , i 6=
j}. éu��Ý
 A, XJ!: j �&EU�!:
i �Â�, �o ai,j > 0, ÄK ai,j = 0. ½Â!: i

�ÝǑ di =
∑

j∈Ni
ai,j, éÆÝ
 D = diag{d1, d2,

· · · , dN}. k�ã ζ �.Ê.dÝ
Ǒ L = D −A.½Âÿ�ã ζ̄ = (V̄, Ē), Ù¥ V̄ = (0, 1, 2, · · · , N),

Ē ⊆ V̄ × V̄, 0 L«+�ö, Ó��, �!: i U
�Â+�ö 0 �&Ò� ai,0 > 0, ÄK ai,0 < 0.Ún 1[22]. XJ�3�^´»U
l�!:��¤kÙ�!:, �o¡k�ã ζ äk��)¤ä.½Â B = diag{a1,0, · · · , aN,0}, Ù¥!: 0 ¡Ǒ)¤ä��, KÝ
 L + B ´�ÛÉ�.

1.2 XÚ£ãéuäk N �Ó��UN�õ�UNXÚ, 1
i ��UN�±^±e n ��î��"���5XÚ£ã

ẋi,m = xi,m+1 + fi,m (xi) , m = 1, 2, · · · , n − 1

ẋi,n = ui + fi,n (xi)

yi = xi,1 (1)Ù¥, xi = [xi,1, xi,2, · · · , xi,n]T ∈ Rn L«1 i ��UN�G��þ, yi ∈ R Ú ui ∈ R ©OL«1 i��UN�ÑÑÚ��ìÑ\, fi,m(xi) Ú fi,n(xi)´��1w���5¼ê, i = 1, 2, · · · , N .b� 1[1]. k�ã ζ äk��)¤ä. !: 0 �Ï";, yd ´��J[�+�ö, ��U�Ü©�UN��¼�. yd ®�, yd 9Ù n ��êÑ´ëY�k.�.½Â 1[23]. XJéu?¿��k�;8 Ω ∈
Rn, x(0) ∈ Ω, �3k.� ε > 0 ±9~ê N(ε,

x(0)), ��
‖x(t)‖ < ε, ∀t ≥ t0 + NKXÚ (1)�)´��Û���ªk.�.

1.3 »�Ä¼ê ²�ä3�©¥, RBF NNs^u%CXÚ¥���5¼ê[24−25]

f(Z) = W TS(Z)Ù¥, S(Z) = [S1(Z), S2(Z), · · · , Sk(Z)]T L«Ä¼ê�þ, k ǑRBF NNs �!:ê, W = [W1,W2,

· · · , Wk]
T ∈ Rk Ǒ�­�þ. �3��ð½�n��­�þW ∗, �±e�§¤á

f(Z) = W ∗TS(Z) + δ(Z), ∀Z ∈ Ω ⊂ Rq

W ∗ = arg min
W∈Rk

{sup
Z∈Ω

|f(Z) − W TS(Z)|}Ù¥, W ∗ = [W ∗
1 ,W ∗

2 , · · · ,W ∗
k ]T ∈ Rk, %CØ�

δ(Z) ÷v |δ(Z)| ≤ ε, ε > 0. �©�^�pdÄ¼êXe
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Si(Z) = exp

(

−
(Z − ιi)

T(Z − ιi)

ω2
i

)Ù¥, ιi = [ιi1, ιi2, · · · , ιiq]
T Ú ωi (i = 1, 2, · · · , k),©OL«pd¼ê�¥%Ú°Ý.Ún 2[26]. -

S(x̄q) = [S1(x̄q), S2(x̄q), · · · , Sk(x̄q)]
TǑ RBF NNs �Ä¼ê�þ, Ù¥, x̄q = [x1, x2,

· · · , xq]
T, éu?¿���ê p ≤ q, Kk

‖S(x̄q)‖
2 ≤ ‖S(x̄p)‖

2

2 ¯�>ug·A���{�O�©�^�Ú{ÚÄ�¡Eâ�O
��¯�>ug·A���{�õ�UNXÚ��±e��8I: 1) ¤k�UN�ÑÑÑUéÏ";,?1�l¿÷v�½5U; 2) XÚ¥¤k�&ÒÑ´��Û���ªk.�.½Â±e�IC�
s̃i,1 =

∑

j∈Ni

ai,j(yi − yj) + ai,0(yi − yd)

si,m = xi,m − zi,m

λi,m = zi,m − αi,m−1, m = 2, 3, · · · , n (2)Ù¥, s̃i,1 L«�lØ�, si,m L«J[Ø�¡,

zi,m L«��ÈÅì�ÑÑ&Ò, λi,m ǑÈÅØ�,

αi,m−1 ǑJ[��&Ò.�½5U�±^±eØ�ª?1£ã:

−δminµ(t) < s̃i,1(t) < δmaxµ(t), ∀t > 0Ù¥, δmin Ú δmax ´�N!�ëê, 5U¼ê
µ(t) k.�î�üN4~, Ù/ªǑ µ(t) = (µ0

− µ∞)e−vt + µ∞, ª¥, v, µ0 Ú µ∞ Ñ´�¢ê, µ0 = µ(0), À�·�� µ0, �� µ0 > µ∞,

−δminµ(0) < s̃i,1(0) < δmaxµ(0).Ǒ
÷v�½5U, ?1Xe��C�:

s̃i,1(t) = µ(t)Ψi(̟i(t)), ∀t ≥ 0Ù¥, ̟i ǑC�Ø�, Ψi(̟i) = δmaxe̟i−δmine−̟i

e̟i+e−̟i
,du¼ê Ψi(̟i) ´î�üN4O�, � ∂Ψi

∂̟i
=

2(δmax+δmin)

(e̟i+e−̟i )2
> 0, Kk

̟i(t) = Ψ−1
i

(

s̃i,1(t)

µi(t)

)

=
1

2
ln

Ψi + δmin

δmax − ΨiÙ�êǑ
˙̟ i(t) = ri

(

˙̃si,1 −
µ̇s̃i,1

µ

)

Ù¥, ri = 1
2µ

[ 1
Ψi+δmin

− 1
Ψi−δmax

]. ½Â�IC�
si,1(t) = ̟i(t) −

1

2
ln

δmin

δmaxÙ�êǑ
ṡi,1(t) = ri

(

˙̃si,1 −
µ̇s̃i,1

µ

)

(3)½Âg·AëêǑ
θ∗

i,m = ‖W ∗
i,m‖2, m = 1, · · · , nÙ¥, W ∗

i,m ǑRNF NNsn��­�þ, θ̂i,m ´ θ∗
i,m��O, � θ̃i,m = θ∗

i,m − θ̂i,m.½Â kbl ǑØ� si,l ��å, = |si,l| < kbl, i =

1, 2, · · · , N ; l = 1, 2, · · · , n.Ún 3[27]. éu?¿�~ê kbl, e÷vØ�ª
|si,l| < kbl, si,l ∈ R, Kk

log
k2

bl

k2
bl − s2

i,l

<
s2

i,l

k2
bl − s2

i,lÚn 4[4]. ½Â s1 = [s1,1, s2,1, · · · , sN,1]
T, y =

[y1, y2, · · · , yN ]T, ȳd = [yd, yd, · · · , yd]
T, Ù¥, yd��êǑ N . Kk

‖y − ȳd‖ ≤
‖s1‖

σ(L + B)Ù¥, σ(L + B)´Ý
 L + B ���ÛÉ�.Ún 5 (Young′s Ø�ª)[26]. éu ∀(x, y) ∈
Rn, k±eØ�ª¤á

xy ≤
pa

a
|x|a +

1

bpb
|y|bÙ¥, p > 0, a > 1, b > 1, (a − 1)(b − 1) = 1.¯�>ug·A���{�äN�OÚ½Xe:Ú½ 1. �Ú{1 1 ÚÀ�� Barrier Lya-

punov ¼êǑ
Vi,1 =

1

2
log

k2
b1

k2
b1 − s2

i,1

+
1

2
θ̃2

i,1 (4)dª (1)∼ (4), ��
V̇i,1 =

si,1ri

k2
b1 − s2

i,1

[

(di + ai,0)(si,2 + λi,2 + αi,1) +

f̄i,1 −
∑

j∈Ni

ai,jxj,2 − ai,0ẏd −
µ̇s̃i,1

µ

]

− θ̃i,1
˙̂
θi,1

(5)Ù¥, f̄i,1 = (di + ai,0)fi,1(xi) −
∑

j∈Ni
ai,jfj,1(xj).^ RBF NNs%C f̄i,1, ��
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f̄i,1 = W ∗T

i,1 Si,1(Zi,1) + δ(Zi,1)Ù¥, Zi,1 = [xi, xj]
T, δ(Zi,1) Ǒ%CØ��

|δ(Zi,1)| ≤ ε̄i,1.dÚn 2 ÚÚn 5, ��
risi,1

k2
b1 − s2

i,1

f̄i,1 ≤
r2

i s
2
i,1‖W

∗
i,1‖

2ST
i,1(Zi,1)Si,1(Zi,1)

2p2
i,1(k

2
b1 − s2

i,1)
2

+

1

2
p2

i,1 +
r2

i s
2
i,1

2(k2
b1 − s2

i,1)
2

+
1

2
ε̄2

i,1 ≤

r2
i s

2
i,1θ

∗
i,1S

T
i,1(Xi,1)Si,1(Xi,1)

2p2
i,1(k

2
b1 − s2

i,1)
2

+

r2
i s

2
i,1

2(k2
b1 − s2

i,1)
2

+
p2

i,1 + ε̄2
i,1

2
(6)Ù¥, Xi,1 = [xi,1, xj,1]

T.

(di + ai,0)risi,1

k2
b1 − s2

i,1

(si,2 + λi,2) ≤

(di + ai,0)
2r2

i s
2
i,1

(k2
b1 − s2

i,1)
2

+
s2

i,2 + λ2
i,2

2
(7)�O�Ú{1 1Ú�J[��&Ò αi,1 Úg·AÆ ˙̂

θi,1 ©OǑ
αi,1 =

1

di + ai,0

[

−
ci,1si,1

ri

−
risi,1

2(k2
b1 − s2

i,1)
−

risi,1

2p2
i,1(k

2
b1 − s2

i,1)
θ̂i,1S

T
i,1(Xi,1)Si,1(Xi,1) −

(di + ai,0)
2risi,1

k2
b1 − s2

i,1

+ ai,0ẏd +

∑

j∈Ni

ai,jxj,2 +
µ̇s̃i,1

µ

]

(8)

˙̂
θi,1 =

r2
i s

2
i,1

2p2
i,1(k

2
b1 − s2

i,1)
2
ST

i,1(Xi,1)Si,1(Xi,1) −

σi,1θ̂i,1 (9)Ù¥, pi,1, ci,1, σi,1 Ñ´���Oëê.òª (6)∼ (9) �\ª (5), ��
V̇i,1 ≤−

ci,1s
2
i,1

k2
b1 − s2

i,1

+
1

2
s2

i,2 +
1

2
λ2

i,2 +
1

2
p2

i,1 +

1

2
ε̄2

i,1 + σi,1θ̃i,1θ̂i,1 (10)Ú½ 2. ÄuÄ�¡Eâ[28] , ½ÂXe��ÈÅì^u)û�Ú{� “O��¿” ¯K

τi,2żi,2 + zi,2 = αi,1, zi,2(0) = αi,1(0)Ù¥, τi,2 ´���Oëê, d λi,2 = zi,2 − αi,1 �� żi,2 = −λi,2

τi,2
, Kk
λ̇i,2 = −

λi,2

τi,2

+ Mi,2(·) (11)Ù¥, Mi,2(·) = −α̇i,1 ǑëY¼ê.5 1. dÚ½ 1 í�Ñ αi,1 �, 3e�Ú�J[��&Ò�OL§¥7LéÙ��, ¿�3���z�Ú¥Ñ�éJ[��&Ò?1�E��, l
�) “O��¿” ¯K. Ú\Ä�¡EâòJ[��&ÒÏL��$ÏÈÅì��Ù�O� zi,2, 3e�Ú�OL§¥^�O��OJ[��&Ò�±;�éÙ?1��, {z
��ì(�.À�1 m (m = 2, 3, · · · , n − 1) Ú� Barrier

Lyapunov ¼êǑ
Vi,m = Vi,m−1 +

1

2
log

k2
bm

k2
bm − s2

i,m

+
1

2
θ̃2

i,m +
1

2
λ2

i,mdª (1), (2), (11), ��
V̇i,m = V̇i,m−1 +

si,m

k2
bm − s2

i,m

[si,m+1 + λi,m+1 +

αi,m + fi,m(xi) − żi,m] − θ̃i,m
˙̂
θi,m +

λi,m

[

−
λi,m

τi,m

+ Mi,m(·)

]

(12)dÚn 2 ÚÚn 5, ��
si,mfi,m(xi)

k2
bm − s2

i,m

≤
s2

i,mθ∗
i,mST

i,m(x̄i,m)Si,m(x̄i,m)

2p2
i,m(k2

bm − s2
i,m)2

+

s2
i,m

2(k2
bm − s2

i,m)2
+

1

2
p2

i,m +
1

2
ε̄2

i,m (13)

si,m(si,m+1 + λi,m+1)

k2
bm − s2

i,m

≤
1

2
s2

i,m+1 +
1

2
λ2

i,m+1 +

s2
i,m

(k2
i,m − s2

i,m)2
(14)�O1 m Ú�J[��&Ò αi,m Úg·AÆ

˙̂
θi,m ©OǑ

αi,m = − ci,msi,m −
3si,m

2(k2
bm − s2

i,m)
−

si,mθ̂i,mST
i,m(x̄i,m)Si,m(x̄i,m)

2p2
i,m(k2

bm − s2
i,m)

−

k2
bm − s2

i,m

2
si,m + żi,m (15)
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˙̂
θi,m =

s2
i,m

2p2
i,m(k2

bm − s2
i,m)2

ST
i,m(x̄i,m)Si,m(x̄i,m) −

σi,mθ̂i,m (16)Ù¥, pi,m, ci,m, σi,m Ñ´���Oëê. Äu48�g�, òª (10), (13)∼ (16) �\ª (12), ��
V̇i,m ≤−

m
∑

l=1

ci,ls
2
i,l

k2
bl − s2

i,l

+

m
∑

l=1

σi,lθ̃i,lθ̂i,l +

m
∑

l=2

[

−
λ2

i,l

τi,l

+ λi,lMi,l(·)

]

+
1

2

m+1
∑

l=2

λ2
i,l +

1

2

m
∑

l=1

(p2
i,l + ε̄2

i,l) +
1

2
s2

i,m+1 (17)Ú½ 3. �Ú½ 2�Ó, ½ÂÈÅì
τi,m+1żi,m+1 + zi,m+1 = αi,m, zi,m+1(0) = αi,m(0)Ù¥, τi,m+1 ´���Oëê, d λi,m+1 = zi,m+1 −

αi,m, �� żi,m+1 = −λi,m+1

τi,m+1
, Kk

λ̇i,m+1 = −
λi,m+1

τi,m+1

+ Mi,m+1(·)Ù¥, Mi,m+1(·) = −α̇i,m ǑëY¼ê.À�1 nÚ� Barrier Lyapunov¼êǑ
Vi,n = Vi,n−1 +

1

2
log

k2
bn

k2
bn − s2

i,n

+
1

2
θ̃2

i,n +
1

2
λ2

i,nK Vi,n ��êǑ
V̇i,n = V̇i,n−1 +

si,n

k2
bn − s2

i,n

(ui + fi,n(xi) − żi,n) +

[

−
λ2

i,n

τi,n

+ λi,nMi,n(·)

]

− θ̃i,n
˙̂
θi,ndÚn 5 ��

si,nfi,n(xi)

k2
bn − s2

i,n

≤
s2

i,nθ∗
i,nST

i,n(xi)Si,n(xi)

2p2
i,n(k2

bn − s2
i,n)2

+

s2
i,n

2(k2
bn − s2

i,n)2
+

1

2
p2

i,n +
1

2
ε̄2

i,ng·A��ì�OǑXe/ª
wi(t) = αi,n − m̄i tanh

[

si,nm̄i

ǫi(k2
bn − s2

i,n)

]

(18)

αi,n = − ci,nsi,n −
si,n

2(k2
bn − s2

i,n)
−

si,nθ̂i,nST
i,n(xi)Si,n(xi)

2p2
i,n(k2

bn − s2
i,n)

−

k2
bn − s2

i,n

2
si,n + żi,n (19)

˙̂
θi,n =

s2
i,n

2p2
i,n(k2

bn − s2
i,n)2

ST
i,n(xi)Si,n(xi) −

σi,nθ̂i,n (20)¯�>uÅ�½ÂǑXe/ª
ui(t) = wi(tk),∀t ∈ [tk, tk+1) (21)

tk+1 = inf{t ∈ R | |ei(t)| ≥ mi}, t1 = 0 (22)Ù¥, ei(t) = wi(t)− ui(t) L«ÿþØ�, pi,n, ci,n,

σi,n, ǫi, mi ±9 m̄i Ñ´���Oëê, � mi <

m̄i. ¯�>u�Ǒ½ÂǑ tk, k ∈ Z+. =�ª (22)^��>u�, ��&Òò�#Ǒ ui(tk+1), � t ∈
[tk, tk+1) �, ��&ÒǑ wi(tk) �±ØC. u´�3��ëY��C~ê ς(t), ÷v ς(tk) = 0, ς(tk+1)

= ±1, |ς(t)| ≤ 1, ∀t ∈ [tk, tk+1), �� wi(t) = ui(t)

+ ς(t)mi. ë�©z [14] ��
V̇i,n = V̇i,n −

ci,ns2
i,n

k2
bn − s2

i,n

−
s2

i,n

2
+ σi,nθ̃i,nθ̂i,n +

0.2785ǫi +

[

−
λ2

i,n

τi,n

+ λi,nMi,n(·)

]

+

1

2
p2

i,n +
1

2
ε̄2

i,n ≤

n
∑

l=1

−ci,ls
2
i,l

k2
bl − s2

i,l

+
n

∑

l=2

[

−
λ2

i,l

τi,l

+ λi,lMi,l(·)

]

+

n
∑

l=1

σi,lθ̃i,lθ̂i,l +
1

2

n
∑

l=2

λ2
i,l +

1

2

n
∑

l=1

(p2
i,l + ε̄2

i,l) + 0.2785ǫi (23)dÚn 5��
σi,lθ̃i,lθ̂i,l ≤ −

σi,lθ̃
2
i,l

2
+

σi,lθ
∗2
i,l

2
(24)

λi,lMi,l(·) ≤
λ2

i,lM
2
i,l(·)

2
+

1

2
(25)dÚn 3��

−
ci,ls

2
i,l

k2
bl − s2

i,l

≤ −ci,l log
k2

bl

k2
bl − s2

i,l

(26)



1532 g Ä z Æ � 45ò�3��Iþ M̄i,l > 0 ÷v |Mi,l(·)| < M̄i,l
[28]. Kòª (24)∼ (26) �\ª (23), ��

V̇i,n ≤ −
n

∑

l=1

ci,l log
k2

bl

k2
bl − s2

i,l

−
n

∑

l=1

σi,lθ̃
2
i,l

2
−

n
∑

l=2

(

1

τi,l

−
M̄2

i,l

2
−

1

2

)

λ2
i,l + Λi (27)Ù¥,

Λi =
1

2

n
∑

l=1

(

p2
i,l + ε̄2

i,l

)

+ 0.2785ǫi +

n
∑

l=1

σi,lθ
∗
2

i,l

2
+

n − 1

2½n 1. 3b� 1 ¤á�^�e, �ÄJ[��&Ò (8), (15), (19), g·AÆ (9), (16), (20) 9¯�>ug·A��ì (18), (21), (22), U
�yª
(1) ¤£ã�õ�UNXÚ÷v±e^�: 1) XÚ¥¤k�&ÒÑ´��Û���ªk.�; 2) �lØ�Âñu�:�k.��S�÷v�½5U. d	, ¯�>u��mm� {tk+1 − tk} �3��e.
t∗, t∗ > 0. =T¯�>ug·A��ìØ¬u)Ûìy�.y². Lyapunov¼ê½ÂǑ

V =

N
∑

i=1

Vi,ndª (27)��Ù�êǑ
V̇ ≤

N
∑

i=1

[

−
n

∑

l=1

ci,l log
k2

bl

k2
bl − s2

i,l

−
n

∑

l=1

σi,lθ̃
2
i,l

2
−

n
∑

l=2

(

1

τi,l

−
M̄2

i,l

2
−

1

2

)

λ2
i,l + Λi

]

(28)ÀJ�Oëê�� 1
τi,l

−
M̄2

i,l

2
− 1

2
> 0, �

q = min

{

2ci,l, 2

[

1

τi,l

−
M̄2

i,l

2
−

1

2

]

, σi,l

}

Λ =
N

∑

i=1

ΛiKª (28)�±�Ǒ
V̇ (t) ≤ −qV (t) + Λ (29)K¤k�&ÒÑ´��Û���ªk.�, dª

(29),�
1

2
s2

i,1 ≤ V (t) ≤ e−qtV (0) +
Λ

q

(

1 − e−qt
)

ÄuÚn 4,��
lim
t→∞

‖y − ȳd‖ ≤

√

2Λ
q

σ(L + B)
(30)dª (30) ��, ÏLÀJÜ·��Oëê�±��lØ�Âñu±�:Ǒ¥%�k.��S.d ei(t) = wi(t) − ui(t), ∀t ∈ [tk, tk+1), ��

d

dt
|ei| =

d

dt
(ei × ei)

1
2 = sign(ei)ėi ≤ |ẇi|Ù¥, ẇi ´ wi ��ê, ÏǑXÚ¥¤k&ÒÑ´k.�, ¤±7,�3���~ê κ, �� |ẇi| ≤ κ.Äu ei(tk) = 0, limt→tk+1
ei(t) = mi, �±�Ñ¯�>u�mm��e. t∗ ÷v t∗ ≥ mi/κ. dd�±y²�©¤JÑ�¯�>uÅ�Øu)Ûìy�.

�

3 �ý¢~�Äk�ÿÀãed 4���öÚ 1�J[+�ö|¤�õ�UNXÚ, Xã 1¤«. Ù¥1 i�fXÚ�Ä��.Ǒ
ẋi,1 = xi,2 + x2

i,1 sin xi,2

ẋi,2 = ui + xi,2 sin xi,1

yi = xi,1, i = 1, 2, 3, 4

ã 1 Ï&ÿÀã
Fig. 1 Communication topology�ǑJ[+�ö�Ï";,Ǒ yd = 0.5 sin t.�O�5U¼êǑ µ(t) = 0.97e−0.3t + 0.03. ê��ý§S¥�Oëê��©O��Ǒ ci,1 = ci,2 = 80,

σi,1 = σi,2 = 0.001, pi,1 = pi,2 = 10, τi,2 = 0.02,

δmin = 0.999, δmax = 1, kb1 = kb2 = 2, m̄i = 8, mi

= 0.6, ǫi = 1.5. �©���Ǒ: xi,1(0) = [0.2, 0.3,

0.3, 0.4], xi,2(0) = [1.0,−1.5, 1.2,−0.6], θ̂i,1(0) =

θ̂i,2(0) = 0, zi,2(0) = 0.1.ã 2∼ 7 Ǒ�ý(J, ã 2 L«J[+�ö�Ï";, yd Úz���ö�ÑÑ&Ò yi �ǑA­�,dã�±wÑ���ö3�á��mS¢y
éÏ
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ã 2 ë�&Ò yd ÚÑÑ&Ò yi

Fig. 2 Reference signal yd and output yi

ã 3 äk�½5U��lØ� s̃i,1

Fig. 3 Tracking errors with prescribed performance s̃i,1

ã 4 Øäk�½5U��lØ� s̃i,1

Fig. 4 Tracking errors without prescribed

performance s̃i,1

ã 5 ��&Ò ui

Fig. 5 Control signal ui

ã 6 u1, u2 �¯�>u�mm�
Fig. 6 Time interval of event-triggered for u1, u2

ã 7 u3, u4 �¯�>u�mm�
Fig. 7 Time interval of event-triggered for u3, u4



1534 g Ä z Æ � 45ò";,��l, L²�©JÑ����{¯�¢y
õ�UN���5�l. ã 3 Úã 4 ©OL«äk�½5U��lØ�ÚØäk�½5U��lØ�, Ǒ,�lØ�þU¯�Âñu±�:Ǒ¥%�k.��S, �ÏLé'��, 3Øäk�½5U�^�e, ­�Ø��C 0.03, 
äk�½5U�­�Ø��u 0.003, ÏdÏL�½5UC��±wÍ~�õ�UN��5�l���­�Ø�. ��ìÑ\ ui dã 5 L«, ��ìÑ\�ê�Ø
3å©�ã�℄mk���ÅÄ, 3Ù{�mþ�u 7,L²T��ì5Uû�, UÑ�$. ã 6 Úã 7 ´
ui �¯�>u�mm�Ú¯�>ugê, î�IǑ¯�>u�m, p�IǑ¯�>u��mm�. ��ì u1, u2, u3, u4 3 40 s S�¯�>ugê©OǑ
1 400, 399, 1 055, 386, L²¯�>u��ìäk~���&Ò�#gêÚü$��¤��`:, �vku)Ûìy�.

4 (Ø�©ïÄ
�aäk�G��å��î��"õ�UN��5�l¯K. 3���{�OL§¥�Ä
�½5U, ¼�
Ï"�­�Ø�. d	, ��O
���½K��¯�>uÅ�, ü$
�UN�m�ÏÕ¤�ÚO�Øå. �©�Ñ
���{��[í�L§Ú­½5y²L§. ��ÏL�ý(J�y
�©¤�O����{�k�5. 3�5�ïÄ¥, ·�ò�Ä�ǑE,�A^�¸, Jpõ�UNXÚ�|Z6Uå.
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