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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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��ì�O¥Ø÷v��^�Ú����5¼ê�¯K.Ød�	, 3�Ú{¥Ú\Ä�¡Eâ, k�/;�
DÚ�Ú{¥ “O��¿” �¯K.

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.

References

1 Wang F, Chen B, Lin C, Li X H. Distributed adaptive neural
control for stochastic nonlinear multiagent systems. IEEE
Transactions on Cybernetics, 2017, 47(7): 1795−1803

2 Wang F, Liu Z, Zhang Y, Chen B. Distributed adaptive co-
ordination control for uncertain nonlinear multi-agent sys-
tems with dead-zone input. Journal of the Franklin Institute,
2016, 353(10): 2270−2289.

3 Zhang Y H, Liang H J, Ma H, Zhou Q, Yu Z D. Dis-
tributed adaptive consensus tracking control for nonlinear
multi-agent systems with state constraints. Applied Mathe-
matics and Computation, 2018, 326: 16−32

4 Zhang H W, Lewis F L. Adaptive cooperative tracking con-
trol of higher-order nonlinear systems with unknown dynam-
ics. Automatica, 2012, 48(7): 1432−1439

5 Zhao Jun, Liu Guo-Ping. Position time-varying consensus
control for multiple planar agents with non-holonomic con-
straint. Acta Automatica Sinica, 2017, 43(7): 1169−1177
(ëd, 4I². ���5�å�²¡õ�UN ��C��5��.gÄzÆ�, 2017, 43(7): 1169−1177)

6 Wang A J, Liao X F, He H B. Event-triggered differentially
private average consensus for multi-agent network. IEEE/
CAA Journal of Automatica Sinica, 2019, 6(1): 75−83

7 Su H S, Wang X F, Lin Z L. Flocking of multi-agents with
a virtual leader. IEEE Transactions on Automatic Control,
2009, 54(2): 293−307

8 Li T S, Zhao R, Chen C L P, Fang L Y, Liu C. Finite-time
formation control of under-actuated ships using nonlinear
sliding mode control. IEEE Transactions on Cybernetics,
2018, 48(11): 3243−3253

9 Cheng Y, Ugrinovskii V. Event-triggered leader-following
tracking control for multivariable multi-agent systems. Au-
tomatica, 2016, 70: 204−210

10 Ding D R, Wang Z D, Shen B, Wei G L. Event-triggered
consensus control for discrete-time stochastic multi-agent
systems: the input-to-state stability in probability. Auto-
matica, 2015, 62: 284−291

11 Yang Ruo-Han, Zhang Hao, Yan Huai-Cheng. Event-
triggered cooperative output regulation of heterogeneous
multi-agent systems with switching topology. Acta Auto-
matica Sinica, 2017, 43(3): 472−477
(eº, ÜÊ, î~¤. Äu¯�>u�ÿÀ��É�õ�UNÆÓÑÑN!. gÄzÆ�, 2017, 43(3): 472−477)

12 Yu M, Yan C, Xie D M, Xie G M. Event-triggered track-
ing consensus with packet losses and time-varying delays.
IEEE/CAA Journal of Automatica Sinica, 2016, 3(2): 165−
173

13 Borgers D P, Heemels W P M H. Event-separation proper-
ties of event-triggered control systems. IEEE Transactions
on Automatic Control, 2014, 59(10): 2644−2656

14 Xing L T, Wen C Y, Liu Z T, Su H Y, Cai J P. Event-
triggered adaptive control for a class of uncertain nonlinear
systems. IEEE Transactions on Automatic Control, 2017,
62(4): 2071−2076

15 Liu Y J, Tong S C. Barrier Lyapunov functions for Nuss-
baum gain adaptive control of full state constrained nonlin-
ear systems. Automatica, 2017, 76: 143−152

16 Liu Y J, Lu S M, Tong S C, Chen X K, Chen C L P, Li
D J. Adaptive control-based barrier Lyapunov functions for
a class of stochastic nonlinear systems with full state con-
straints. Automatica, 2018, 87: 83−93

17 Bechlioulis C P, Rovithakis G A. A low-complexity global
approximation-free control scheme with prescribed perfor-
mance for unknown pure feedback systems. Automatica,
2014, 50(4): 1217−1226

18 Li Y M, Tong S C, Liu L, Feng G. Adaptive output-feedback
control design with prescribed performance for switched
nonlinear systems. Automatica, 2017, 80: 225−231

19 Zhou Q, Li H Y, Wang L J, Lu R Q. Prescribed perfor-
mance observer-based adaptive fuzzy control for nonstrict-
feedback stochastic nonlinear systems. IEEE Transactions



8Ï Q�: äk�½5UÚ�G��å�õ�UNXÚ¯�>u�� 1535

on Systems, Man, and Cybernetics: Systems, 2018, 48(10):
1747−1758

20 Li Y M, Tong S C. Adaptive fuzzy control with prescribed
performance for block-triangular-structured nonlinear sys-
tems. IEEE Transactions on Fuzzy Systems, 2018, 26(3):
1153−1163

21 Li Y M, Tong S C. Adaptive neural networks prescribed per-
formance control design for switched interconnected uncer-
tain nonlinear systems. IEEE Transactions on Neural Net-
works and Learning Systems, 2018, 29(7): 3059−3068

22 Zhang H W, Lewis F L, Qu Z H. Lyapunov, adaptive, and
optimal design techniques for cooperative systems on di-
rected communication graphs. IEEE Transactions on Indus-
trial Electronics, 2012, 59(7): 3026−3041

23 Yang C G, Ge S S, Xiang C, Chai T Y, Lee T H. Output
feedback NN control for two classes of discrete-time systems
with unknown control directions in a unified approach. IEEE
Transactions on Neural Networks, 2008, 19(11): 1873−1886

24 Chen M, Shao S Y, Jiang B. Adaptive neural control of un-
certain nonlinear systems using disturbance observer. IEEE
Transactions on Cybernetics, 2017, 47(10): 3110−3123

25 Bai W W, Zhou Q, Li T S, Li H Y. Adaptive reinforcement
learning NN control for uncertain nonlinear system with in-
put saturation, IEEE Transactions on Cybernetics, 2019.
DOI: 10.1109/TCYB.2019.2921057

26 Sun Y M, Chen B, Lin C, Wang H H, Zhou S W. Adaptive
neural control for a class of stochastic nonlinear systems
by backstepping approach. Information Sciences, 2016, 369:
748−764

27 Ren B B, Ge S S, Tee K P, Lee T H. Adaptive neural con-
trol for output feedback nonlinear systems using a Barrier
Lyapunov function. IEEE Transactions on Neural Networks,
2010, 21(8): 1339−1345

28 Li T S, Wang D, Feng G, Tong S C. A DSC approach to
robust adaptive NN tracking control for strict-feedback non-
linear systems. IEEE Transactions on Systems, Man, and
Cybernetics, Part B (Cybernetics), 2010, 40(3): 915−927

 Q 2Àó��ÆgÄzÆ�a¬ïÄ). Ì�ïÄ��Ǒõ�UNXÚÆÓ��.

E-mail: yangbin4348@163.com

(YANG Bin Master student at the

School of Automation, Guangdong Uni-

versity of Technology. His research

interest covers cooperative control of

multi-agent systems.)± j 2Àó��ÆgÄzÆ��Ç.Ì�ïÄ��ǑE,XÚ�U��, ÆÓ��9ÙA^. �©Ï&�ö.

E-mail: zhouqi2009@gmail.com

(ZHOU Qi Professor at the School of

Automation, Guangdong University of

Technology. Her research interest cov-

ers intelligent control of complex sys-

tems, cooperative control and its applications. Correspond-

ing author of this paper.)ù � 2Àó��ÆgÄzÆ�Æ¬ïÄ). Ì�ïÄ��Ǒ��5XÚ�U��Úg·A�
��.

E-mail: caoliang0928@163.com

(CAO Liang Ph.D. candidate at the

School of Automation, Guangdong Uni-

versity of Technology. His research in-

terest covers intelligent control of non-

linear systems and adaptive fuzzy control.)°;� 2Àó��ÆgÄzÆ��Ç.Ì�ïÄ��Ǒ�äz��XÚnØ9A^, ���êâ©Û, �U�E.

E-mail: rqlu@gdut.edu.cn

(LU Ren-Quan Professor at the

School of Automation, Guangdong Uni-

versity of Technology. His research in-

terest covers theory and application of

networked control system, medical big data analysis, and

intelligent manufacturing.)


