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Abstract: The research on the non-fragile H.-consensus control problem for a class of multi-rate multi-agent
system under the event-triggered (ET) mechanism is focused on. In order to be more in line with actual need, a
multi-rate sampling strategy is adopted, which leads to a multi-rate sampling that can be converted into a single-rate
sampling via lifting technique. Considering the transmission burden among the agents, an ET mechanism is
introduced to reduce the numbers of transmission among the agents. In addition, in view of the possible inaccuracy
of the controller implementation, a controller that can tolerate the changes/fluctuations during the implementation is
designed to make the multi-agent system more robust. An observer-based ET non-fragile controller is designed to
achieve the H_ -consensus control of the multi-agent system, in which the controller can tolerate the
variations/fluctuations during the implementation. By using the linear matrix inequality technique, the sufficient
conditions are obtained that can ensure the H_-consensus control of the considered system, and then the controller
parameters are designed. Finally, a numerical simulation example is given to prove the effectiveness of the ET

control method.

Key words: multi-agent system; multi-rate sampling; event-triggered mechanism; non-fragile controller

Wieks H A
EEeWE:

fE&E T X
BfEfEE: X

2022-03-24
[ 5 SRR 23 4 W B3 H (U21A2019, 61873058, 61933007); 5 44 BHY & Tl % Bh I H (ZDYF2022SHFZ105); %
AL 5T 10 H (LBH-Z21123); ZRA6A MRS AA 53R 5 204 2% BT B H (2021KQ14)
XIEEAE(1996-), 55, Wi-E4F 78 A=, 5 BERF 5007 1718 2 R0 RE A 1Y) — S5 ) 5
XINK(1979-), 22, BIZEZ , 3 ZERF 5T )5 A AU RIEOR | H 430 B 2% ) R 4855, E-mail: 68486201@qq.com



5

R, S5 S L T 2 R 2 R R R GRS — B 103

W)L HER, 2R RS TAEN Y
il 38 M b BT IR L E B A DL A R A
AN R T B] T R R A I B AR
NEZR RGN FE RS L —, — B
e 4R 8 52 31 OCER S, FL H A2 38 R FH AR JE T
A5 BB — B R Eh ), 1 2 B REAR R
A5 B LSk R (A AL B AR AL L B ATE ),
HATAE1Z 7 T AL 1 R 5 R - i dn, 3¢
BRISIFFC T SR S5 Z R A R 48, B8 T
5 52 BRI AN € 1 AR B0 5 ) () — Bk
23 ] 1) R o SCHR[ 70T B 5T ] 22 2 R A R 4, (] I
& 1AM PO R R K, RN T 7R %
X — B AT RIS, O T SR B A T S
PE, BINTIURGIE, M TAHNKITTRFIER
ST Ao SCHR 815 FH AT it 0 58 1 7 V2 e o
T HEA RN R A 2 B Rk RGN A
H,—EUE 3 ) 3

B AR = 2, B K 2 808 i 88 vt oy
EABMH T — M, B BT vk B 4 i) 28 7T LUK
T I S I o SR, FH T 52 % R 22 38 ) A B 2 X 4 o
AT I BRI e R R TR, B X —
BRI S FEA 2 AL I o O T I — 1a)
PR T AR MG 55 17 ] 2 R A A ) 2R 1 25
P BN T o 72 SCER 9], T V0 4 A 1m) 9 2% 30 41,
FEH T — P AEME g5 4R U7 2, DLBA R B AT B A A
N IS B 2 4 3 B2 ) (7] 22 8 R A4 2R 45 S BN PRI
() — SCPE 1] o STRR[10] 73 1) At Xod A B ity AR G B i
1153 E M i 12 (Bidirectional Associative Memory,
BAM)FIEE 2%, 25 T 73 KB BAMAH 229 2% 1)
JE SR AT I79, BIN T — R AR ¥, K o EK

B BAMM 28 [ 2% e e it 2B E I R 4

SCHR[VIIBT I 7 B2 R 2 8 Rk R G 4E
LipschitzF £ 12 77 N (9 AR e 55 — Bk £ =
AL 25 8T AR R I AR 2 M 2 8 R AR O 1R 1A
BRI DL, fe 28 i A1 8 Be AR IR 2 8 3 B e o4
i 0 L ol — 2 BE 22 M IR 45 R ML SR 12-16]
FERIRIN SR PR R G, AR IS S EERYE
PERAR PER AN ] AR AT A, 2 Ui 5
LR TRERG LR LR ZER RGN F 0, N
e NG L AR gerp, Tl R A BEOR 34T
MUBE S5, EATHR 5 ZEBCK I 18] 4 RESE DR A, X
FC BT ORISR ) R, X T AR iR H
AN [ BRI RAE 56 (R 22 3 5 R BE 6 1 R Sk BE AT B¢
PRI FEIE B — MG 1P EPIRES , B DAE 7T 2 3 5

AGAARIF B B SO TANME . th T 2R
KAEA ORIV NE, KT 2R RGN 545E
QL2 12 RUE, ke EE i H,— Bk
) ARSI T A7 ) R B AGT I =) SCRR[2413H8 1 —
RIS A I iy 0 2 A 1) 2 4 (R BEUE ) i, B B AL
I i /N T AR TR S S R T — MR A
AT SO R T — AR 0 22 R 5 R S K B
LA R BT (R IPE S AR o SCHR 2818 X s AT
BEBLIR P R N DL BRAT 25 A s i e 1) 2%
g, RO T 2R AL AR Al R G I AR )
FIUR B LG P o (B AR 415 HH R BRAR 2 i 3R
el LR BT, (HAEE 2 B R A R gih DA%
JE o BRI, AT S — A WF TSN LR IR R 2 AR AE
X2 B RER R GEARNE 58 — B ) i AR o

AR R0, 228 55 I T R REAA (35 BE U
ANIE S RE 38 AR AE™, O 7 AR BT IR 45
FE, T Bl IR T 2EN T AT,
Bt 272 Aarzén T 20t ZL90FE AR B8 — I3 H 13
TR A AL ATPIDFZ | SR, IS A b A AL
HIHEAT T VEARIK 0 o S I TR b A L AN [R], S fi
L AR L B AR “ 45757 M, T A A2 < it
fis A o MR SEBR R RIS € i A 2 R REGEH)
2RIE B AR A, AT BT T35 o ST 5 s
FAFRR AL 00 2 AR BRI FE « 75 SCRR[39]
o A TR SRR T I TA] figh A AT S i e X ]
IR 1 S i AR 23845 BRI A B o
FHERRRE, H AT Tl L 2 B Rk &
g8 — BRI ] A U W TR 2 HOR B T R R R
B A SR TS A A A LA X 22 38R 2 B e A &
G5 — SOV ) AR 2, AR AR LA — B
5%

T VLB 8, AT S0 23l R 2 B RE A R
g, W FESLAEEA RO AL R AR89 H,— 2=
i 1) o BARTTRR AN R (1) EIRBEIT 1 — KTl
Z AR RGN AN H, — BRI [ (2) S
(e g A LA AR LS 51N A Ak A W LA £ 5 203815
GRS RS IF HoR A T AR ik A A ok 3h
A THEERAE, B R GEHVEREA BT RIS BG4
s (3) 3RAT T HE) RGN AS € B e 4 e
H, BRI 2 R ) 7800 26

1 F&ER

1.1 Eig
B, WA A M EGy(Vy,S0,00) 3R 7~ 7 fE



104 S NN == 1

39 %

TR 2Z T AN EE R, Vg = (v, v, vy EN AT
BB A, So=VoxV, BRI E A Q=
[q,/] € RV R R AR IF Mg, € S0 H 24 HALY
qi; > OB, ARG B RB 1A j T LUKE HAS B IR 45 % e
i, Forb R BB AR PR R A0 o ARAR R RE A4 1)
EBLRINNN = v €Vy:q, €80, ) # i}, W EEXSTH
B AAFAE — 2B 4%, 04 ) TR 5 1 B
R, = diag{r;} e RV 2N B Ji FE Hr = ZjEN’%‘j’ L=
Ro— Qo NPEERHHFE.

1.2 538
BIEM 458 3NE B YEEUIAERES S, RIS, H
S, = STHIS, = ST, A4S -85S, 'S5 < OpRor 24 HANY
S, S! S, S

[33 S, ST s,

<05i[

<0 €))

Xt ¥ B0, AN AEETFHE(O,, -, 0,) I FIFK
FEFEW € R"(n, > n,), MBI FAB M AFAEPI A IE
SHEFEU € RV € R A5 ()AL

W:U[ z }VT:[ U, U, ][ z }VT:UIGVT 2)

X H: 0 = diag{0,,---,0, },U, € R, U, € R+,
A Q) IS LT 51 2
FIERM AR EB, B A LU T 45
B, =[U, U,ldiag{By,,By,} U, U,]" =
U,B,,U' +U,B,,U! 3)
X : By, e R >0, By, € Rxem) 5 0, H 4 47
fE— BT 5396 B By e R {E13WB, = BoW , }
H,B,=V6'B,, 0V,
FIE3T g Y L M e, I Kz H
& =" FEFEriHErTT <I, B4
DP+TYZ+Z"r'T" <0
4 HACHAAAE— N e > 0875 (4 L
D+elT +5'2'Z <0 4)

2 [O)EEA
21 IRBEIR
56, L8 DL MRS (AR AL H AR 1 2 R e
x(T1) = Ax(T,) + Buy(T,) + Ew(T,)
{ z{(T,,) = Dx(T,)

©)

ﬁ EFI : xi(Tm) € Rn‘ ’ ul(Tm) € Rn“ }Fnzi(Tm) € Rn; %%U%%

iR A TRRAS L 42 o) i N R 4 1 H L wi(T,) €
L([0,00);R™) Ny ik 2 Mg 7 5 4 e R, B e R,
E e R FID e Ry CURATH FEFE s RGURBx(T,)
Az ) 4 B z(T,) FE T, B 20 5058, T, — T, 2 h
Hm=0,1,2,-- - ReFKI~adERBR ) LA 25 0], R RN BT
Hax SRS .

TERAER s, AR R A A Ay

Yi(tn) = Cxi(t,) + Fvi(t,,) (6)

Xy, e RN ER 1,00 — 1, £ bh Hb N IEEE
s vilt,) € L([0,00);R™) A BE B A Fi 1 ) & M 7S
C e R FIF e R Ay U405 PG

I FRTHHR, # X(G) FR—TH A T RE M,
R4, WX (DATR.

Xi(tni1) = APXi(t,,) + B,1;(1,)) + E\wi(t,,)

Xi(tyer —h) = AP 'x,(t,) + Bolt(t,,) + E;Wi(t,,)

Xi(tyer — (b= 1)h) = Ax(t,) + B,u,(t,) + E,wi,)
(7

v
B %[B, 0], E.£[E;, 0], 02[0 --- 0]
Butl A™'B - AB B 1 [:1.2--.b
E, % [Ah"EmfGEM E]
e
TR, 8 X

Xi(tn) 2 ol {xi(1,, — (1= 1h))
w(t,) = col{u,(t, + (- 1)h)}
Wi(t,) = col!{wi(t, + (1 - 1)h)}
Vi(t,) = col (vi(t,, + (I— 1)h)}
Zilt,) = col{{zi(t,, — (1= 1)h))

A3 B AN HRFE I 200, 1) 2 B RE AR R St 3(8)
B

Xitwi1) = AX(1,,) + Bu,(t,,) + Ew,(1,)
yi(tm) = ZTEi([m) + 7(vvi(tm) (8)
zi(l‘m) = Efi(l‘m)

K



5

R, S5 S L T 2 R 2 R R R GRS — B 105

Azcol,{A), A£[A 0---0]. B=col}{B),
b-1
Excoll{E}, C2[C 0---0], D= diag,(D},F=[F
b-1
0---0].HH, col{d}FnmE[d] d] --- d]]", diag,{- -}

b-1

Lo — b x b I
NT R TE, I —DRRk21,.

22 ITHIESEIT

AER G T RGURA T H 2, BRI, 2%
B 22 8 AR B TR B IR A I 25

E(k+1) = A& (k) + Bu(k) + H(y,(k) - CE(R)  (9)
o &) X (k) AL THE , BN T B8 i 2%
WA

8B Re AR 2 18] A 2 RS I, K FH 44
i & AL R R B AT] 2 A I8 A B 2], S A i A B )
SRV SR

K, =inftk> K&K - £0)] [&0 -£®)]> 0.8l 0E®R)
(10)

K0 = 1,2, ,N)RATRSE W E B bR kKON BE
i 4 5 s A i R IR 2210 2k € [k KB, (k) = £k »
For1 (ki) o AR BEAR i 10— AN R I W 57

BT R AL, A e kit 2 A AR
Fop b a8

wh =K ik -&®k) (11)

T &k = &;(kL) » kL R R RE AR j 1) 5 s A i B 21
Bk = max(klik] <k, ) gy 2ERIR AR DA B
K=K+AK, e P KO3 B v # hil 2830 25, ARV
A3 2 (BN T, 3 2
AK = KH,F,G, (12)

K H GO e H 6 R FOl R F P T < I

VEMRL  TEfh R Zk TR R, NI
ARSI 2, FEAL&, (ke 21 HAH SRR ReAA j I 558
Fop i U i, (k) o X T4 JE B BB AA j(j e N, TE il &
INF Za1 kWAL 21K 1B 8 me A RO 2515 g, (kD) SR &Y
REAA ) f 37 (A5 B (k) SE T AR HIAE T k) o
BRI, 428 M5 5, () 75 F AR AR Re 44 2 e B S (1 i
R ZI

23 RGEr-
NTTAECNR 0T, S et s 5 3

8;(k) £ &(k) — %,(k)
ei(k) £ & (k) — £(k)
X(k) = [X[ (k) X (k) - Xy (0]
Ek) £ €/ (K) £K) - EVBT
£k = [E](k) E k) - &I
e(k) = [e](k) e} (k) -+ er(]"
wk) £ [y (k) wy (k) -+ wy(k)]"
v(k) £ P (k) 7 (k) o T 01
(k) £ [61(k) 63(K) -+ &) (KT
Z(k) £ [Z,(k) Z,(k) - Zy(0)]
ARG T EE N
¥k+1)=[Iy® A - L®(BK)|x(k) — [L®(BK)le(k)—

[L®(BK)16(k) +(Iy® EYw(k)
S(k+1)=[Iy®A —Iy®(HCO)8(k) + [Iy @ (HF)]v(k)—

(Iy® Eyw(k)

Z(k) = (Iy® D)x(k)
(13)

A LB~ — AN x N R BT
W R k)2 xR TR wk) 2
w'(k) vI(ol" . BRI KRG W

n(k+1) = Ank) + B e(k) + E,w(k)
{ (14)
z(k) = Dyn(k)
A
A, 2 A +AA,, B, B,+AB,
_ Iy®A - L®(BK) -L®(BK)
A 2
0 I,®A-1,®(HC)
_ -L®(BAK) -L®(BAK)
AA, £
0 0
Iy®FE 0 _ -L®(BK)
E = , B, %
-Iy®E I,®(HF) 0
_ ~L®(BAK) _
AB, = . D] 1,0D 0 |
0

HI LA 125 5ERT J, 2(10) P (i i S5 A



106 | N = =4

i 39 %

e"(e(k) < " (k) M (k) (15)
A

M= Ly, Iy, ]T(A®Ihm)[ Ly, Loy, ]

A £ diag{o,0,, - ,0n}

2 7ER10)H Sl R A% A T 212 W ik
RISFZIER, iR BT, MFoREF R i =(15)
Fie i 2 B 220 (A % A R B %) 5 — AN R i %1 22
() R ) B Ak T ANl AR A Rk e (KL k2, AT AE T A8
flRIRAS -

F& X 0 T4 2 A Ky > 0, W AR
AR, AT RGE(14IEFYIEAE T2
H.,— Szl

Z“’ IR - ZWIP <y oI (16)

Afr:o2 ( 1N><N)®Ibn
AR BB HENE T 3 (1 )15
(@) w(k) = O}, BT~ RS (14) 2 W Fa e 15
(b) FHIESM T W) RG(14)H R A EH,—
R L3 (16).

3 EEBHER

31 —HUHESIS

SEFE LB L A1 ) R B8 (14) T A e IR 2
H.,— B2 R 78 70 56

FEE 1 5T TGPy, WIS 25 H 4%
il 25 10 2 K DL S 2R BN A K - 40 SRAEALE 1E 8 X AR
R PAIE bR Bl 2 A5

EH * *
Q2 9, @, = |<0 (17)
‘531 E32 ‘533

M RGE(14)Ewk) = 0T #TT R E, HAEwk) £
ORI BRIUE51E R, i e H, — Bt i H L3 (16),
HRAH CH R

Q= Al PA, +D, - P+pM. 2y, % BipA,
2,2 BIPB, —pl,,,. 25 2 ETPA,
532 = ElTPBl,ﬁss 2 E|PE, — 7Ly,

D, 2(D,-tD))(D,- (D))

(17) R PR FE B R R, R[]
WEBH B, M93E 40 R Lyapunov R 41

V(k) = 5" (k) P (k) (18)
SRIG, TFELVOTE RGNS, 7T S
AV(K) =" (k+ )Ptk + 1)) = " () Py(k) = [A (k)+
B e(k)+E,w(k)]"P x [An(k)+B,e(k)+E,w(k)] -
7" (k)Pn(k)=n" (k) AT PA q(k)+e" (k)BT PB,e(k)+
" (k) ETPE, (k)" (k) Py(k)+217" (k) AT PB, e (k)
20" (k)ATPE (k) + 2¢" (k)BT PE, w(k) (19)
Haw(k) = OB, 5| N1EFREp, (15 AT A
p|n" My — " (e(k)| > 0 (20)
A Z0(19) AT 40
AV, (k) < qT(k)AlTPAln(k) +eT(k)BTPB e(k)—
1" (k) P(k) + 20" (k)A] PBe(k)+
p|n" oMk - " (k)e(k)| =

7" (k)Qij(k) (21)
A
LUTH n(k)
2]
2, Qy e(k)

Q, 2 ATPA, - P+pM
W RA7) TR <0, B, Mok =08 R4t
(42T fa e n.
EENE %A T Hok) 208, 454 3:0(19) &
(20), F—2E A5
AV(k) <" (k)ATPA (k) +e" (k)BT PB e(k) + w" (k)x
ETPE,w(k)— 0" (k)Py(k) + 21" (k) AT PB,e(k)+
20" (k)ATPE,w(k) +2¢" (k)BT PE, w(k)+

p[n" M) — €' ek | o
# G0~ (200) G ~ G20 Yk wid) JA B
QP LA E)

AV(ky" (k) D (k) —y* w(k) (k) <n' (k) AT PA q(ky+
e'(k)B," PB,e(k)+w" (k)E| PE,w(k)—n" (k) Pp(k)+
25" (k)ATPB,e(k) + 21" (k) AT PE, (k) +
2e" (k) B} PE,w (k) + p|n" (k) Mn(k) - e" (k)e(k)| +

1" (kD n(k) - Y (k) w(k) = if" ()2#(k)
Kef:q) £ [q" (k) €' "K'

RIERA17) P2 <onrfe
AV (k) < —(z(k) - £2(K))" (Z(k) - £Z(k)) + ysz(k)w(84)



ESH X g4, 25 FHA AL T 1) 2 2 2 8 Be ik R G AR5 — B 1) 107
25T Awe o
Z:‘;O AV(k) :T]T(OO)PT](OO) _ T]T(O)P'](O) < _ZZO [E(k) — E’ N 0 _prNn‘ * %
0 0 _yzlem *
T= a7
0] 20 -E®]+ ) Yo' ok A B E P

25)
TP > 0 RISt %, IRA S5 1
7' (@)Py(e2) >0, P OPRO)=0  (26)
BET AT LA 2
DR -ERIE <Y Y @l (27)
s

32 HEEOKAR
AT 538 SR AL 25 8 B R4 1) 21 2
2 KT E T IIEIK Y, 5 e, E
brEp, B RGU(14) WL AR e 1) B e H,— 8ok
FEHI LI (16), Qi SRAFLERE PR A AR, 1F 8 X PR
P> 081 L R ASEAROL

é’ * *
RT &P * <0 (28)
EZ 0 _Silll)Nn‘
A
Ay * * ®
& 0 -plyy, * *
- 0 0 _yZIan\ *
Asy As, As; -P .
A, 2D, -P+pM,P =2 diag{ly®P,I,® P}
Aok [ Iy®(PA)- L®(BK) -L®(BK) ]
! 0 1,®(PA)—1I,®(HC)
[ -Le(BK | Ive(PE) 0
As, = [ ( ) JAsy = . o
0 —-1y®(PE) I,®(HF) |
0 0 0 1
R 0 0 0
R 2 . . .
-L®(BKH,) -L®(BKH,) -L®(BKH))
_ 0 0 0 |
R, 2[R, 0], R,2diag{Iy®G,,Iy®G,,Iy®G,}

W IR(28) R FTAT (), ML #5102 H A 455 23 2
K] PLl S Q29) TR .
H=P'H, K=P'K=Vo'P;'9V'K (29)
o PARYEAG) TR
VEBR MR 5131 (1) AT 15
E+AE<0 (30)
v eR

A ] A A
R A[ ~L®(BKH,) -L®(BKH, -L®(BKH))

— 0 0 0
F, = diag{ly®F,,Iy®F,,Iy®F,}

0 *
e

R FR, 0
TR L[ 0 RT | AILEE
EZ+R,F R, +§Z?]TET <0 (31)
F 4 5] #E3 ] 15
E+e'RR, +¢R,R, <0 (32)
FH I AT RIANSE (33 BT
z * *
R —el,, — « |<0 (33)
R, 0 —& ' Iy,

H FHdiag{l, 1,1, P, P,I}%F X (33) AT 24538 4, W] LA
BREF2 A, B P =diag{ly® P, Iy P} ) 5 F2
AR PB = BP B E LK« PKAH = PH, W &5
FERE AT LA 20 Q29) 1 5 IE 45 R

VEME3 ASCES T Ao AESSR b 2
R ZH AR RGUAE TS T AAERESS — 3K
P2 ] 1 8L o 22 TSR S A R AL DA S 42 i 2%
PATIEFE R FIRBN R RIGIN T RS o br S0 2 1
T PR A, 1% 2 [R] 35 BT 7 >R () 5 M) e 28 28 )R WL AE T
PRI R AT TE R 7820 25 R

4 HEZ%R
AR — AN S TR0 AR th %
7 R B R
S 1 EH3 /N PRI 2 B R PR R e, LA
HEREQ, R AR IO I ) TR T+
01 1
ng[l 0 1}

1 10

El1 RIS
Fig.1 Topology



108 | N = =

39 %

LR RF ST

A [ 09472 -0.0598 ] _[ 0.4320 }
| 0.1260 0.9525 ’ 0.1845
[ 0.099 1 05 O
E= ’ C=
| 0.1023 0 05
[ 0.1
F = » D=[05 0.1 ]
| 0.1

WHET, =mMt, =2m, Jra & R MYIIHEIR A
x0) =124 11" x0)=[-2 0.5]", x;0)=[-3.5 1]%
WIZE B E B AE ) =1 0 01, &0)=[0 01,
&O)=[ 0 0 1" 4, HRMHKSHILE Ny =08,
p=04, =1, 5, =02, 0, =03, o3 =0.4. 1T FE Mg A
Je B N w, (k) = e*sin(k), ws(k) = e %, ws(k) =
e, (k) = e 0%,
_[ 0.0032
-1.508 5% 1077

D7 45 F B2~ 10, B2~ 34 T FE R 55 12 1 4%
PR 3 AR PR L, Ho i (T,) R
REAAI SR ¢ MIRZS (6 = 1,2), MR HF AT LU i, B I
[EIRHERS RS R AT — 8L A~ 4] TAERA
— I A A T 3N REAA PR S B AR B
S, ARSI PR 1 7 iR SN R AR B T PR
PR ITRROUERE  Bl6~ 7221 1R e ki 1 I &
o AT DUE HERFER 20050, 2, 4, -+, 60, Il &
i HH AR RU R ARSI — 4, BRI T RBE A, 44
BT 2R FERIIH 8~ | — B %
Z(k) - Cz(k), A I (RS , R Z 100 104, &110
2 1 3R REAR ROt A I 2, AR AR A TR
AT ] B0 VP BT O S S i, A R 1 38 A
LI

0.009 9

—— HRER 1
2 —A- BRER 2
---- FRE 3

0 10 20 30 40 50 60
i (] /s
B2 JERESHIEHIE T3 B RRTSEIE Y, (T,,)

Fig.2 The state trajectories X;;(7,,) of the three agents under the

non-fragile controller

-3.1717x1077

Pl gl m SN AR SN
1.0 1.0 1.0 1.0
0.6 0.6 0.6 06
09 09 09 09
L 05 05 05 05
04 04 04 04
03 03 03 03
05 05 05 05
L 0.6 0.6 06 0.6

R i #E2 ] FIMATLAB T H A8, W0 25 1
SEH XA S K TN

H1=

G1:

| 1687 04195 1.1944 -0.6001 !
-0.2267 1.8153 -0.1052 19323
—-0.006 5 —-0.006 6
2.6785x 1077 2.0017x1077
3
—— |
.l - B2

—eme A3

0 10 20 30 40 50 60
i a)/s
3 JERESHITHIEE 3N REIARCIRTS ST XL (T )

Fig.3 The state trajectories X;5(7,) of the three agents under the

non-fragile controller

—— BRE 1
2 —A- Rk 2
--—- FHEAA 3

i [a)/s

B 4 —RRIEHIER T3NS BRI RS EE X, (T,)
Fig.4 The state trajectories X;,(7,,) of the three agents under the

general controller



555 3 KR, S AR L] T 10 2 R 2 B ek R g AR E g — Bk f2 109

3 -
—— AR 1
2t —A- BReik 2
--—- Rl 3

0 10 20 30 40 50 60
I i/
5 —ARITHIRE T3 R IR X (T )
Fig.5 The state trajectories X;;(7,) of the three agents under the

general controller
by . R 1
1.0 + A etk 2
B + B 3
05 =
- K+ L .
— AA
= 07 AA8708004 5220280000 000000000
& A TRy ee”
T o051, +
-0t
+
=15
i
2.0 L L n L L s
0 100 20 30 40 50 60

B [a)/s

6 3RSy (2,)
Fig.6 Measurement outputs ;| (Z,,) of the three agents

15
» ek 1
0 __"- A BRE 2
: . + BRI 3
b L ]
05 F
A 'AAAA
~ AAS +é‘335
= 0 .‘:AAA - '_hluuuuuu
& +*oun®
-0.5 *
+ +
10 | .t
-15 : : . : . ’
0 10 20 30 40 50 60
i [E]/s

B 7 3NEaetanEianty,(2,)
Fig.7 Measurement outputs V;>(%,,) of the three agents

5 g

ISR —REHER L H ARG, WL T4
FA b AU T AR 55 L, — B i ) R
A FIRTEBOARNG 2R Z R B R GG — N IR R
Z R B R G 1 TR, NS EER [R] il A LA, Rt T
R AR S AL 0 50 A 2 Bk

—— FHA
1.5 —— Bhetk 2
—— FRER 3

0 10 20 30 40 50 60
R[] /s
8 —HMiIREL

Fig.8 Consensus error 1

—— B 1
1.5 H —— Bhetk2
—— FREIR 3

0 10 20 30 40 50 60
I} ] /s
E9 —HMHiRE2

Fig.9 Consensus error 2

4 r o il %) 1
o il I % 2
o filt I %) 3

3)00000000000000000

1%

g9
W2 ¢ coammo o 0O 0 00O0O0O0OOCOO O o

1 PO O O OO0OOO0OO0 O OOOOOO O O OOOOO O O

0 10 20 30 40 50 60
I} ) /s
10 3 REFRIRL A RIR]
Fig.10 Triggering instants of three agents

%, I Hpr vk r s il 48 B e g5 A8, R
Lyapunovfe & PEER 1, SR1G T 39 Rguiniofae H
W 45 8 H,— B 2R 78 53 2% A o B3, 18
HUEG 500k T Frde sl 77 R B0 St R SOk
SRIGAERIBE T T ML S50 R < (1) $&FHHERE it
BT ORE VR A, ST A R TR A 2
ERG ) M Ry BB HEE RN RS, Wik



110

J7 R Tk R IR

39 %

Wi R G /R A R BEAR R G T-SIOM) 3 G F1AL I
P24 5 (3) AT T15 18 T 7% g B AR LA 45 0f 22 2 g
R R GE— B ] R o

B3 -

(1]

(2]

[3]

[4]

[5]

[6]

[7]

[8]

(9]

[10]

(11]

[12]

[13]

DU H, WEN G, WU D, et al. Distributed fixed-time con-
sensus for nonlinear heterogeneous multi-agent systems [J].
Automatica, 2020, 113: 108797.

ZOU W, SHI P, XIANG Z, et al. Finite-time consensus of
second-order switched nonlinear multi-agent systems [J].
IEEE Transactions on Neural Networks and Learning Sys-
tems, 2019, 31(5): 1757-1762.

DUNBAR W B. Distributed receding horizon control of dy-
namically coupled nonlinear systems [J]. IEEE Transactions
on Automatic Control, 2007, 52(7): 1249-1263.

FRANCO E, MAGNI L, PARISINI T, ef al. Cooperative
constrained control of distributed agents with nonlinear dy-
namics and delayed information exchange: a stabilizing re-
ceding-horizon approach [J]. IEEE Transactions on Auto-
matic Control, 2008, 53(1): 324-338.

LIN P, JIA'Y, LI L. Distributed robust A, consensus control
in directed networks of agents with time-delay [J]. Systems
& Control Letters, 2008, 57(8): 643-653.

WANG J, DUAN Z, WEN G, et al. Distributed robust con-
trol of uncertain linear multi-agent systems [J]. International
Journal of Robust and Nonlinear Control, 2015, 25(13):
2162-2179.

XU W, WANG Z, HO D W C. Finite-horizon H, consensus
for multiagent systems with redundant channels via an ob-
server-type event-triggered scheme [J]. IEEE Transactions
on Cybernetics, 2017, 48(5): 1567-1576.

ZHAO Y, DUAN Z, WEN G, et al. Distributed H,, con-
sensus of multi-agent systems: a performance region-based
approach [J]. International Journal of Control, 2012, 85(3):
332-341.

SAKTHIVEL R, KANAKALAKSHMI S, KAVIARASAN
B, et al. Finite-time consensus of input delayed multi-agent
systems via non-fragile controller subject to switching topo-
logy [J]. Neurocomputing, 2019, 325: 225-233.

BAO H, PARK J H, CAO J. Non-fragile state estimation for
fractional-order delayed memristive BAM neural networks
[J]. Neural Networks, 2019, 119: 190-199.

JIANG X, XIA G, FENG Z. Non-fragile consensus control
for singular multi-agent systems with Lipschitz nonlinear
dynamics [J]. Neurocomputing, 2019, 351: 123-133.
WANG Z, DING D, SHU H. Non-fragile H, control with
randomly occurring gain variations, distributed delays and
channel fadings [J]. IET Control Theory & Applications,
2015, 9(2): 222-231.

MA L, WANG Z, LAM H K. Mean-square H,, consensus

control for a class of nonlinear time-varying stochastic mul-

[14]

(15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

(26]

tiagent systems: the finite-horizon case [J]. IEEE Transac-
tions on Systems, Man, and Cybernetics:Systems, 2016,
47(7): 1050-1060.

BU X, DONG H, WANG Z, et al. Non-fragile distributed
fault estimation for a class of nonlinear time-varying sys-
tems over sensor networks: the finite-horizon case [J]. IEEE
Transactions on Signal and Information Processing over
Networks, 2018, 5(1): 61-69.

LIJ, DONG H, LIU H, et al. Sampled-data non-fragile state
estimation for delayed genetic regulatory networks under
stochastically switching sampling periods [J]. Neurocomput-
ing, 2021, 463: 168-176.

LIU L, MA L, ZHANG J, et al. Distributed non-fragile set-
membership filtering for nonlinear systems under fading
channels and bias injection attacks [J]. International Journal
of Systems Science, 2021, 52(6): 1192-1205.

GENG H, LIANG Y, LIU Y, et al. Bias estimation for asyn-
chronous multi-rate multi-sensor fusion with unknown in-
puts [J]. Information Fusion, 2018, 39: 139-153.

QU B, WANG Z, SHEN B. Fusion estimation for a class of
multi-rate power systems with randomly occurring SCADA
measurement delays [J]. Automatica, 2021, 125: 109408.
HUA C, GE C, GUAN X. Synchronization of chaotic
Lur’e systems with time delays using sampled-data con-
trol [J]. IEEE Transactions on Neural Networks and Learn-
ing Systems, 2014, 26(6): 1214-1221.

SHEN Y, WANG Z, DONG H, et al. Multi-sensor multi-rate
fusion estimation for networked systems: advances and per-
spectives[J]. Information Fusion, 2022, 82: 19-27.

LA, SO, RO XU RAE RGN EE T I 251
W24 H 3 [0]. H B4R, 2015, 41(10): 1788-1797.
MA W W, JIA X C, ZHANG D W. Observer-based net-
worked H,, control for dualrate sampling systems [J]. Acta
Automatica Sinica, 2015, 41(10): 1788-1797.

WEI G, WANG L, LIU Y. H, control for a class of multi-
agent systems via a stochastic sampled-data method [J]. IET
Control Theory & Applications, 2015, 9(14): 2057-2065.
JUY, TIAN X, LIU H, et al. Fault detection of networked
dynamical systems: a survey of trends and techniques [J]. In-
ternational Journal of Systems Science, 2021, 52(16): 3390-
3409.

GUAN Z H, YANG C, HUANG J. Stabilization of net-
worked control systems with short or long random delays: a
new multirate method [J]. International Journal of Robust
and Nonlinear Control, 2010, 20(16): 1802-1816.
MOARREF M, RODRIGUES L. Stability and stabilization
of linear sampled-data systems with multi-rate samplers and
time driven zero order holds [J]. Automatica, 2014, 50(10):
2685-2691.

OHSHIMA M, HASHIMOTO I, OHNO H, et al. Multirate

multivariable model predictive control and its application to


http://dx.doi.org/10.1016/j.automatica.2019.108797
http://dx.doi.org/10.1109/TAC.2007.900828
http://dx.doi.org/10.1109/TAC.2007.900828
http://dx.doi.org/10.1109/TAC.2007.914956
http://dx.doi.org/10.1109/TAC.2007.914956
http://dx.doi.org/10.1109/TAC.2007.914956
http://dx.doi.org/10.1002/rnc.3199
http://dx.doi.org/10.1002/rnc.3199
http://dx.doi.org/10.1080/00207179.2011.652181
http://dx.doi.org/10.1016/j.neucom.2018.10.030
http://dx.doi.org/10.1016/j.neunet.2019.08.003
http://dx.doi.org/10.1016/j.neucom.2019.03.038
http://dx.doi.org/10.1016/j.neucom.2021.07.093
http://dx.doi.org/10.1016/j.neucom.2021.07.093
http://dx.doi.org/10.1080/00207721.2021.1872118
http://dx.doi.org/10.1080/00207721.2021.1872118
http://dx.doi.org/10.1016/j.inffus.2017.03.002
http://dx.doi.org/10.1016/j.automatica.2020.109408
http://dx.doi.org/10.1080/00207721.2021.1998722
http://dx.doi.org/10.1080/00207721.2021.1998722
http://dx.doi.org/10.1016/j.automatica.2014.08.037
http://dx.doi.org/10.1016/j.automatica.2019.108797
http://dx.doi.org/10.1109/TAC.2007.900828
http://dx.doi.org/10.1109/TAC.2007.900828
http://dx.doi.org/10.1109/TAC.2007.914956
http://dx.doi.org/10.1109/TAC.2007.914956
http://dx.doi.org/10.1109/TAC.2007.914956
http://dx.doi.org/10.1002/rnc.3199
http://dx.doi.org/10.1002/rnc.3199
http://dx.doi.org/10.1080/00207179.2011.652181
http://dx.doi.org/10.1016/j.neucom.2018.10.030
http://dx.doi.org/10.1016/j.neunet.2019.08.003
http://dx.doi.org/10.1016/j.neucom.2019.03.038
http://dx.doi.org/10.1016/j.neucom.2021.07.093
http://dx.doi.org/10.1016/j.neucom.2021.07.093
http://dx.doi.org/10.1080/00207721.2021.1872118
http://dx.doi.org/10.1080/00207721.2021.1872118
http://dx.doi.org/10.1016/j.inffus.2017.03.002
http://dx.doi.org/10.1016/j.automatica.2020.109408
http://dx.doi.org/10.1080/00207721.2021.1998722
http://dx.doi.org/10.1080/00207721.2021.1998722
http://dx.doi.org/10.1016/j.automatica.2014.08.037

e

5

L KR, S AR L] T 10 2 R 2 B ek R g AR E g — Bk f2 111

(27]

(28]

[29]

(30]

[31]

[32]

(33]

(34]

(35]

[36]

[37]

a polymerization reactor [J]. International Journal of Con-
trol, 1994, 59(3): 731-742.

GENG H, LIANG Y, YANG F, et al. Model-reduced fault
detection for multi-rate sensor fusion with unknown in-
puts [J]. Information Fusion, 2017, 33: 1-14.

GENG H, LIANG Y, YANG F, et al. The joint optimal fil-
tering and fault detection for multi-rate sensor fusion under
unknown inputs [J]. Information Fusion, 2016, 29: 57-67.
I1ZADI 1, ZHAO Q, CHEN T. An H, approach to fast rate
fault detection for multirate sampled-data systems [J]. Journ-
al of Process Control, 2006, 16(6): 651-658.

ZHANG P, DING S X, WANG G Z, et al. Fault detection
for multirate sampled-data systems with time delays [J]. In-
ternational Journal of Control, 2002, 75(18): 1457-1471.
ZHONG M, YE H, DING S X, ef al. Observer-based fast
rate fault detection for a class of multirate sampled-data sys-
tems [J]. IEEE Transactions on Automatic Control, 2007,
52(3): 520-525.

ZHANG Y, WANG Z, ZOU L, et al. Fault detection filter
design for networked multi-rate systems with fading meas-
urements and randomly occurring faults [J]. IET Control
Theory & Applications, 2016, 10(5): 573-581.

LIANG Y, CHEN T, PAN Q. Multi-rate optimal state estim-
ation [J]. International Journal of Control, 2009, 82(11):
2059-2076.

YAN L, JIANG L, XIA Y, et al. State estimation and data
fusion for multirate sensor networks [J]. International Journ-
al of Adaptive Control and Signal Processing, 2016, 30(1):
3-15.

ZHANG H, BASIN M V, SKLIAR M. It-Volterra optim-
al state estimation with continuous, multirate, randomly
sampled, and delayed measurements [J]. IEEE Transac-
tions on Automatic Control, 2007, 52(3): 401-416.

GENG H, LIANG Y, ZHANG X. Linear-minimum-mean-
square-error observer for multi-rate sensor fusion with miss-
ing measurements [J]. IET Control Theory & Applications,
2014, 8(14): 1375-1383.

ZOU L, WANG Z, HU J, et al. Communication-protocol-

based analysis and synthesis of networked systems: pro-

[38]

[39]

[40]

[41]

[42]

[43]

(44]

[45]

[46]

[47]

gress, prospects and challenges [J]. International Journal of
Systems Science, 2021, 52(14): 3013-3034.

HU J, ZHANG H, LIU H, et al. A survey on sliding mode
control for networked control systems [J]. International
Journal of Systems Science, 2021, 52(6): 1129-1147.

WEI G, LIU L, WANG L, et al. Event-triggered control for
discrete-time systems with unknown nonlinearities: an inter-
val observer-based approach [J]. International Journal of
Systems Science, 2020, 51(6): 1019-1031.

ZHANG P, YUAN Y, GUO L. Fault-tolerant optimal con-
trol for discrete-time nonlinear system subjected to input sat-
uration: a dynamic event-triggered approach [J]. IEEE
Transactions on Cybernetics, 2019, 51(6): 2956-2968.

SUN Y, DING D, DONG H, et al. Event-based resilient fil-
tering for stochastic nonlinear systems via innovation con-
straints [J]. Information Sciences, 2021, 546: 512-525.

HU J, WANG Z, ALSAADI F E, et al. Event-based filter-
ing for time-varying nonlinear systems subject to multiple
missing measurements with uncertain missing probabili-
ties [J]. Information Fusion, 2017, 38: 74-83.

DING D, WANG Z, HAN Q L. A set-membership approach
to event-triggered filtering for general nonlinear systems
over sensor networks [J]. IEEE Transactions on Automatic
Control, 2019, 65(4): 1792-1799.

NOWZARI C, GARCIA E, CORTES J. Event-triggered
communication and control of networked systems for multi-
agent consensus [J]. Automatica, 2019, 105: 1-27.
AARZEN K E. A simple event-based PID controller [J].
IFAC Proceedings Volumes, 1999, 32(2): 8687-8692.
BOYD S, EL GHAOUI L, FERON E, ef al. Linear matrix
inequalities in system and control theory[M]. Philadelphia:
Society for Industrial and Applied Mathematics, 1994: 55-
87.

HAN F, WEI G, DING D, et al. Finite-horizon H_-con-
sensus control for multi-agent systems with random para-
meters: the local condition case [J]. Journal of the Franklin

Institute, 2017, 354(14): 6078-6097.
(FTAE b B


http://dx.doi.org/10.1080/00207179408923102
http://dx.doi.org/10.1080/00207179408923102
http://dx.doi.org/10.1080/00207179408923102
http://dx.doi.org/10.1016/j.inffus.2016.04.002
http://dx.doi.org/10.1016/j.inffus.2015.10.003
http://dx.doi.org/10.1016/j.jprocont.2005.10.004
http://dx.doi.org/10.1016/j.jprocont.2005.10.004
http://dx.doi.org/10.1080/0020717021000031475
http://dx.doi.org/10.1080/0020717021000031475
http://dx.doi.org/10.1109/TAC.2006.890488
http://dx.doi.org/10.1080/00207170902906132
http://dx.doi.org/10.1002/acs.2569
http://dx.doi.org/10.1002/acs.2569
http://dx.doi.org/10.1002/acs.2569
http://dx.doi.org/10.1109/TAC.2007.892383
http://dx.doi.org/10.1109/TAC.2007.892383
http://dx.doi.org/10.1109/TAC.2007.892383
http://dx.doi.org/10.1080/00207721.2021.1917721
http://dx.doi.org/10.1080/00207721.2021.1917721
http://dx.doi.org/10.1080/00207721.2021.1885082
http://dx.doi.org/10.1080/00207721.2021.1885082
http://dx.doi.org/10.1080/00207721.2020.1746441
http://dx.doi.org/10.1080/00207721.2020.1746441
http://dx.doi.org/10.1016/j.ins.2020.08.007
http://dx.doi.org/10.1016/j.inffus.2017.03.003
http://dx.doi.org/10.1016/j.automatica.2019.03.009
http://dx.doi.org/10.1016/S1474-6670(17)57482-0
http://dx.doi.org/10.1016/j.jfranklin.2017.07.010
http://dx.doi.org/10.1016/j.jfranklin.2017.07.010
http://dx.doi.org/10.1080/00207179408923102
http://dx.doi.org/10.1080/00207179408923102
http://dx.doi.org/10.1080/00207179408923102
http://dx.doi.org/10.1016/j.inffus.2016.04.002
http://dx.doi.org/10.1016/j.inffus.2015.10.003
http://dx.doi.org/10.1016/j.jprocont.2005.10.004
http://dx.doi.org/10.1016/j.jprocont.2005.10.004
http://dx.doi.org/10.1080/0020717021000031475
http://dx.doi.org/10.1080/0020717021000031475
http://dx.doi.org/10.1109/TAC.2006.890488
http://dx.doi.org/10.1080/00207170902906132
http://dx.doi.org/10.1002/acs.2569
http://dx.doi.org/10.1002/acs.2569
http://dx.doi.org/10.1002/acs.2569
http://dx.doi.org/10.1109/TAC.2007.892383
http://dx.doi.org/10.1109/TAC.2007.892383
http://dx.doi.org/10.1109/TAC.2007.892383
http://dx.doi.org/10.1080/00207721.2021.1917721
http://dx.doi.org/10.1080/00207721.2021.1917721
http://dx.doi.org/10.1080/00207721.2021.1885082
http://dx.doi.org/10.1080/00207721.2021.1885082
http://dx.doi.org/10.1080/00207721.2020.1746441
http://dx.doi.org/10.1080/00207721.2020.1746441
http://dx.doi.org/10.1016/j.ins.2020.08.007
http://dx.doi.org/10.1016/j.inffus.2017.03.003
http://dx.doi.org/10.1016/j.automatica.2019.03.009
http://dx.doi.org/10.1016/S1474-6670(17)57482-0
http://dx.doi.org/10.1016/j.jfranklin.2017.07.010
http://dx.doi.org/10.1016/j.jfranklin.2017.07.010
http://dx.doi.org/10.1080/00207179408923102
http://dx.doi.org/10.1080/00207179408923102
http://dx.doi.org/10.1080/00207179408923102
http://dx.doi.org/10.1016/j.inffus.2016.04.002
http://dx.doi.org/10.1016/j.inffus.2015.10.003
http://dx.doi.org/10.1016/j.jprocont.2005.10.004
http://dx.doi.org/10.1016/j.jprocont.2005.10.004
http://dx.doi.org/10.1080/0020717021000031475
http://dx.doi.org/10.1080/0020717021000031475
http://dx.doi.org/10.1109/TAC.2006.890488
http://dx.doi.org/10.1080/00207170902906132
http://dx.doi.org/10.1002/acs.2569
http://dx.doi.org/10.1002/acs.2569
http://dx.doi.org/10.1002/acs.2569
http://dx.doi.org/10.1109/TAC.2007.892383
http://dx.doi.org/10.1109/TAC.2007.892383
http://dx.doi.org/10.1109/TAC.2007.892383
http://dx.doi.org/10.1080/00207179408923102
http://dx.doi.org/10.1080/00207179408923102
http://dx.doi.org/10.1080/00207179408923102
http://dx.doi.org/10.1016/j.inffus.2016.04.002
http://dx.doi.org/10.1016/j.inffus.2015.10.003
http://dx.doi.org/10.1016/j.jprocont.2005.10.004
http://dx.doi.org/10.1016/j.jprocont.2005.10.004
http://dx.doi.org/10.1080/0020717021000031475
http://dx.doi.org/10.1080/0020717021000031475
http://dx.doi.org/10.1109/TAC.2006.890488
http://dx.doi.org/10.1080/00207170902906132
http://dx.doi.org/10.1002/acs.2569
http://dx.doi.org/10.1002/acs.2569
http://dx.doi.org/10.1002/acs.2569
http://dx.doi.org/10.1109/TAC.2007.892383
http://dx.doi.org/10.1109/TAC.2007.892383
http://dx.doi.org/10.1109/TAC.2007.892383
http://dx.doi.org/10.1080/00207721.2021.1917721
http://dx.doi.org/10.1080/00207721.2021.1917721
http://dx.doi.org/10.1080/00207721.2021.1885082
http://dx.doi.org/10.1080/00207721.2021.1885082
http://dx.doi.org/10.1080/00207721.2020.1746441
http://dx.doi.org/10.1080/00207721.2020.1746441
http://dx.doi.org/10.1016/j.ins.2020.08.007
http://dx.doi.org/10.1016/j.inffus.2017.03.003
http://dx.doi.org/10.1016/j.automatica.2019.03.009
http://dx.doi.org/10.1016/S1474-6670(17)57482-0
http://dx.doi.org/10.1016/j.jfranklin.2017.07.010
http://dx.doi.org/10.1016/j.jfranklin.2017.07.010
http://dx.doi.org/10.1080/00207721.2021.1917721
http://dx.doi.org/10.1080/00207721.2021.1917721
http://dx.doi.org/10.1080/00207721.2021.1885082
http://dx.doi.org/10.1080/00207721.2021.1885082
http://dx.doi.org/10.1080/00207721.2020.1746441
http://dx.doi.org/10.1080/00207721.2020.1746441
http://dx.doi.org/10.1016/j.ins.2020.08.007
http://dx.doi.org/10.1016/j.inffus.2017.03.003
http://dx.doi.org/10.1016/j.automatica.2019.03.009
http://dx.doi.org/10.1016/S1474-6670(17)57482-0
http://dx.doi.org/10.1016/j.jfranklin.2017.07.010
http://dx.doi.org/10.1016/j.jfranklin.2017.07.010

	1 预备知识
	1.1 图论
	1.2 引理

	2 问题描述
	2.1 模型描述
	2.2 控制器设计
	2.3 系统增广

	3 主要结果
	3.1 一致性控制分析
	3.2 增益求解

	4 仿真结果
	5 结论

