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Abstract

In this paper, the |,-1_ reduced-order state estimation problem is investigated for a class of dis-

crete time-delayed nonlinear switched complex networks. By introducing an auxiliary variable, a
new model reduction method is proposed where the directly observed state can be represented by
the measurement output and the unmeasured state is estimated by designing a reduced-order es-
timator. With the help of the average dwell time method and the Lyapunov stability theory, a suffi-
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cient condition is presented to guarantee both the exponential stability of the resulting estimation
error system and a prescribed |,-1_ performance level of the estimation error against exogenous

2 ‘o
disturbances. The desired reduced-order estimator gains are acquired in terms of the solution to a
set of linear matrix inequalities. Finally, a numerical simulation is given to illustrate the useful-
ness of the proposed theoretical results and some comparative experiments are made to show the
impact of the order of the designed estimator on the estimation accuracy.

Keywords

Complex Networks, |,-1 Performance, Average Dwell Time, State Estimate, Model Reduction,

©

Switched Topology

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 3]

e AR, SAMGDABBH ST, FEHARA T RS UBINERM%,
AR TG . ARG BRI . ARG RIEE RS, 2 0[], AFik, —A
ST A4 2t KR035 SRR, 4 B AP R B SRS A M O e . O T 487 S
MR X7, SLACIRZ T SR (B S TR R EROBN J 2 s, TSR, A
AR T 3 F A TR0, ELTING I S A BEWUSIZR A2 . 105 4 0 0 RO 5 VT B 10 2
L o FECEERIT O IERY b, AT AR BN J1 5 AT AT T R ROTEIL, R be. R, #ol
AURA 2]

TSR WG RS SR, A 4 P A0S 3R 6 F IR S IO HE 5 5. SAT, 26
SEERRLAT R, T AR AR . TR R, A REAT IS B FUSER A 17
e S M, 8 AR EOR A R PR — SR AR R, RS T (S AT, )
TR HAR SUR R RDE SR (3] (4], H AT LG T SRS, IR /R BIEI(S], H, V8N
[6], HEB[7] (8], -1, (BSHAFIRGEM1, -1, JIEUIO] [10]. REHGHAOR, 1E4FIENETRRD,
Y45 25 PR 1l B ST L L6 52 0 PR 4 0 D 2 80 T R 56, L12].

b -5 A I8 PARAS (5 W R, AT 50K SR IR A 88 o AT, (RO A2,
P52 4 I R I, 7 T R 5 PR /R T 6 5 O KO 000 A, WA
W R A R R I RO v, 3 TR AR 4R — MR L SR M 4 RIS
HEAESK, WM I BB T KR O 20 [13] [14].

FEDAT 00K 2 B TS AP SR, — AR B R P R 0 . (L RS R 2o,
e -5 RN PRI 2K TR, R BB R R BLSNG , B SRAHE Bet 4 TR 2 R A A il
24 A 8445 4 £ DR S5 B T RV E 86 AR . b, FUAT I A 1 A 1 S 2 24— B
R AT I, DAY S MBFAURAL, W[15] [16] [17) RS0, B, FEA7]H e T
B YIS AN 5 A5 A5 R (25 R CE[16]F, SR8 BN 1] (ADT) 7 oA v T B DI
Fe R S 24 1 53 A AR A f R

][l

DOI: 10.12677/aam.2022.1112900 8523 W FH HeEt e


https://doi.org/10.12677/aam.2022.1112900
http://creativecommons.org/licenses/by/4.0/

FRAET-, GRAFRE

BT BT, ARSCERWTIL T — RO (R DI 2 A 2% B FEIR S A T . SRR DI, 5t
T AN EERIR AT, TR Z RIE R IR SRR E 10, IR Y2 A PR BRI ADT SR A
R MR AN AR B TS A o IR — NI IR & A PR R 1), (ARG RE, il LT 8k
/PRI 1) BT ST A A AR AR R A IR A AR SE IR AN DI R SN R BSR4 T 2) T S
L.BEFBJI{ﬁTI’%E?E/]fE CHEZE? 3) ANt DI (5 5 1) ADT LAGRIE VR 22 R 48 R Fia ok g 120 17 MR i T iy

VB IIPRIME, AT ZE TR T -

1) HBRERIEIRMBEHRMER S TARLNE. VIR SN AR, S 3EIE TR Skbs, JFHBIEEIRZ T
TN FH H R R IR ZE R W B AT FE R BOR, ACSORAT e, W] AGRIEDE SR 22 ARG T3 KT

2) HIRWTIT T 2RV 25 IR e, JEE 51N BYAR B HEAT 2 A e, ST 1 R R £ T
E L IBLETOY S

3) %'Jﬁ% ADT HARAI Lyapunov FE PEFRIE, FEGRIEVERELIR T, 45 T ARIEMTHR Z RGHEERR E
I7E 7y %A

2. |[e)EEd
e DT 2 N AN LR I 4 2 U 325 R 45 <
X (k+1) = Ax (K)+ (% (k) + B (k)+g(x (k=7(k)))+ Z'“*FX()

¥ (k) =Cyx, (K) @)
H

HFieN2{1,2, N}, Hhx (k) eRAREER, v, (k) eR®(q<n) AFRE | Mol 15 il
Rt 7, (k) e R REHE OB o, (K) IR T 1, ([0, +0), RY) HI5b4F 4k

0y (000 > M2 L2, My UIAE o L™ 2(190) SRl B B AN H AR £ R
I =17 > QMY £ | RIS | ZIAFAEERE (i ) N = 1% =0 I, FEFE L™ (R0 70 200 2

o= Y 17 ieN. TRRFNIBBAER. (k) TR 0<r, <o(k)<n, NNENE: o Mo, &

j=1, j=i
CURTHH A, B, C T H, A DRI EAT IS 2 O
B 1 LA T %, %, € RV 7,7, > 0 JELEHEBHL £ (), g() i

"f (Xl)_ f (X2)||S7/1"X1_X2”

(2
||g (x)-9 (XZ)" <[P =

MRS, Rk
C =[1, 0]ieN (3)
M2 RGHEBER RGUIRA AT LA A BL R LR A
Aﬁ é|:A111 A112:| Bi A|: |1:| l—- |:rll 0 :|
A121 A122 B 0 1—‘22
Xi (k)é[ ] i |11 i12]
% (k-7 (k)2 [ (k=7 (k) x ( e(k))]

DOI: 10.12677/aam.2022.1112900 8524 IR Esid


https://doi.org/10.12677/aam.2022.1112900

TKIF, KA RE

e Xil(k),xil(k—r(k)) eR’, By eR™, Hy eR™, BULA, I, eRY.
E 1 EARERGRE, G)XMC EMAAEREIE. H b, REC Rk, @il Schmidt IEx 1k
AT AR XE@) L. HREMGE, 2181/ K, HT C &k, W LRI Schmidt 1Rk 15
51 C, MTEAHREC . T4, fEfE— Il S, e R, W2 C =sC MG eR™ . [FfE, BAEEH
CCT =1, 1S, =CCT . JHik 4y 17 He v, =Sy, (K) (L) B0 th 7 72 61y, (K) = Gy (k) %6 e

wzamwy%?%nﬁaﬁﬁﬁﬁiﬁme{ﬁ(MeRm)ﬁw:ﬁ HRA R R, (K) = M, (K) »

@3y, =C%(k), HhC =CM. Wik, MEGHESHC =CMT=C[CT NT]|=[1, o]
fEENAERE TS WAL, H ARG EHLS N

[1](k+1)=(A1 +L% ®r11) ( )+ A,X 2]( )+ Ela)(k)+| f{{_[i](k;:l

%7 (k+1) = A% (K)+( Ay +L ®F22)7[2] (k)+B,a(k)+ sz_[[

2(k) = Hyu X (k) + H, X1 (k)

y(k) = (k)

b
=

% (k) 2 [ ()=, ()] %P () 2 (k) xb (k)] o(K) 2 [@] (K)o ()]
V(<) £[y () ya (k)] 2 (k) 2 [ 2] (k)23 (k)] oy 2 diag {Hyy -+ o},
B, 2diag{B,,---By,},B, 2 diag{B,,---By,}, | _dlag{( )~(Iq,0)},
|2édiag{(o,|n,q)---(o,|n,q)},An=diag{Am~.ANn},Au=d|ag{A112mAle},
A, 2diag{A,, - Ayt Ay, 2diag{A,, Ayt Hy, 2diag{H,, - Hyp,

LA

—h|
O N
x| x|
N =
—~
~ x
N—
]
N
11>
1
—

-
7~ N\
€
x| x|
~ =

—~
=~ x
N—
] ]
e

—h

—
VR

€
I 1
x| x|
N =
—_
~ x
— S

L

N

—

-
7~ N\

=2
1
x| x|
N =
—_
=~ x
N— S
1
N
| E— |
2,

g
¥ A{ Iq oqxq Oq q qu(n q) qx(n-q) Oq (n-a) ]
=
Ov-apa Qg ™ Ogpa Toa OQogpina) 7 Oty Jy
¥ A{ Oq q Iq Oq q qu(nfq) Oq (n-q) OqX("*q) }
, 2
O(HfQ)xq O(nfq)xq ’ O(nfq)q O(nfq)x(nfq) g ' O(HI)X(" ) Jnxnn
v _{ Oq q quq Iq qu(n q) Oq (n-a) qx(ﬂQ)]
2
Ov-apa Op-apa " On-apa On-apin-a) On-a)eto-a) g e

DOI: 10.12677/aam.2022.1112900 8525 IR Esid


https://doi.org/10.12677/aam.2022.1112900

FKILSF, GRASRE

M@ XU (k) AT BL BB I y () 8], ) (k) R R TR A . Bk, 7S
dhept, BRI RE 7 (K) (A S B B I, 3L ERIA B (k) AN ERE G

o
A rl(k) ox A INq 0
r(k)_{rz(k)}'G _I:KGk IN(nq):I ©

Hop Ko« ¢ RN(a)Na (0' eM) TR A3 2
SRIG, I AT 2R PR AR
(k) = G x(K)
AT

)
r, (k)= K7x (k) + % (k)

{rl(k)ﬂ[”(k)
BRI TR E,  HH(4)-(7) AT DAHERT H
% (k) =r, (k) - K™y (k)
o (ke1) = (K7 A, Ay 17 BT, ), (k) (K78, B, (k) + (K™ A, + A,
—(KP A, + Ay JKT + KH L™ @ Ty, + L7 @, K™ )y (k) 8)

ok 3 y(k) oy = y(k—T(k))
+(1,+K Il)f[{rz(k)—K"ky(k)DJr(lﬁK |1)><9L(k_f(k))_my(k_r(k))
1R AT AT DA 02 () R, (K) Z I S R B, Rt B r, (k) fOfhit. i
M, FTITHEE®), AILABcTt LU R FEROIRAS A 1%
%7 (k) =F, (k) -K™y (k)

Fy (k+1) = (K™ A, + Ay + L @, )y (K)+ (K™ Ay + Ay — (K™ A, + Ay, JK*
+ KA @Ty, + L™ @, K™ ) y(K)+(1, + K™ |l)f—ﬂA y(k) D o

r (k)_ K y(k)

+(1, +K™ h)xg_[[fz (k —r(lz/)()k‘_'szk;()k ‘T(k))n

7(k)=Hyy (k) + Hy, % (k)
o 27 (k) e R™9, 2(k) e RP e iy (k+1) e R™ 4502 17 (k), 2 (k) BAK ry (K +2) B e K (o3 e M) 2
i BB A T
E e (k)2 (k)= (k) PR 2(k)2z(K)-2(K) 2 E4)~@ B LT iR 2% A4

e(k+1):Y[z](k+l)—§<[z](k+l)

=1,(k+1)-F, (k+1)

=(K"kA12+A22+L"k ®F22)e(k)+(K”k§l+§2)a)(k) (10)

+(I2+K""I1)(Af (K)+Ag(k-7,))

Z(k):lee(k)

DOI: 10.12677/aam.2022.1112900 8526 IR Esid


https://doi.org/10.12677/aam.2022.1112900

TKIF, KA RE

Hr

Ag(k"k)égﬂe(k_f(uf;)k—_lffkky)zk—r<k>>ﬂ'gﬂfz(k—r(ky>(>k—_*<r‘ikv)zk—f<k>>n

fﬂfz (k)z('g y(k)D_ f_{fz (k)z&k‘l y(k)}

M5 RE R241(10), 1533
e(k+1)=(A%™ +K™A, Je(k)+E™ (Af (k)+Ag(k-7,))+B™a(k)
{Z(k): Hy.e(k)
Hp A EA, +1%QT,,, E*21,+K%Il, B* 2K%B +B,.

LA Z AT, BB, ETFRSM.
RS L AT VIS 2 o FUEREH K, Ky (K > kg 2 0). RITFIK A (Ko, k) b HIAHELE SO N (K, k)

1>

Af (K)

(11

BB A4
N, (ko k) < No+k_k° (12)
AL, FEA B IE R T, AN, 2350 R 9P 2 5 B N ] (ADT) FIR B 5
X 2: A w(k)=01EM TR THRTHRZE RGAL)REERGER: WRFAEW N F o >0 M
0<B<1, flFRAEAM:
le(K)[ < g™ (k)| Wk =k, (13)

B 3: X TIMBNFRAKT 6 >0, EEPIRFAT, HitiRZE (k) gl -1, YhRg, R LT

e
|ﬁwmw<5¢§wwwmz (14)

KT R AEE o(k)el, ([0,0), R") A |2 (K)|, (iﬁ(ﬂy"z(k)ﬂw=sukp./z(k)Tz(k));%rm (k)

fEm

WL
ASCH H R RGE(L) B 2R (Q) A M B A 7 3%, FR A2 DA F B sk

1) w(k)=0 M %% R (1L) RIS HAE .

2) TEBMMEAM T, T AR TERAT 5 > 0 MITEHE 0(K) . BEREADHL, -1, HEE.

3. EELR

AT, BN — DR, hTHRE RGN R BT EAR e L, -1 ERE. A5, HET—
HLNEREFEASE I, 73 2P 5 A BRI A T 2548 2
SEHE 1 TR K (ce M) M @ MIEREO< u <1 e>1, W FAEMYIH(E 51
P55 R INFIR] T, 3 2
Ing

Ta > T: = —E (15)

TR ZE (L) AR B E 1 . I RAFTEIEAR & 05 1, » ARFEASXIFRIE R AR FHIH P, Q° (e M),

DOI: 10.12677/aam.2022.1112900 8527 IR Esid


https://doi.org/10.12677/aam.2022.1112900

FKILSF, GRASRE

(45 R BULE LR A S AT € € MRS FTATHO

nfé{ng HZ}O (16)
* P
PLA
P’ <eP’ Q" <eQ’, Vn,0 M, #0 an
/\q:l
€ A € € T A
sz[nzn HZlZ] P =1ty -1,
My, 2 [P (A +KA,) 0],
M5, 2 —uP" + pQ° + my! Y,
My, £ —4™Q" + 1,73,
My, 2[ P (1, +K 1) P (14K )],
I, O 0 0
g 2 : Hi22 0 0
-4l 0
* * * _ﬂzl
WERR: v R RS RIFEE MR R L, % $E LT Lyapunov BRI
Vo () =V (K) V2 (K) Ve (K) 18)
/\q:l
Ve (K) 2 €T (K)P™e (k)
k-1 _
Vo (k)& 0 4T (i)Q7e(i)
i=k—7y
k=tm k=1 )
Ve (k)2 3 et (1)Q7e(i),
jk—rpg +1i=]

ESLAV (K) 2V (k+1)— v (k) A(8) AT LASR Hi:
AV, (K) =V, (k +1) - iV (K)

(19)
=e’ (k+1)P%e(k+1)—ue' (k)P e(k)
AV (K) =V (K +1) - v (k)
- 3 e ()Qme()- 3 e ()Q ()
=e' (k)Q%e(k)-u™e" (k—7,)Q%e(k-7,)+ ) kzr+1ﬂk 'e" (i)Qe(i) (20)
F Y e ()ene()- 5 A (e
e ()Q"e(k)-ue" (k-5 )Q e(k-5 )+ 3 4l ()Q ()

DOI: 10.12677/aam.2022.1112900 8528 IR Esid


https://doi.org/10.12677/aam.2022.1112900

TKIF, KA RE

AV (K) =V (K +1)— v (K)
K+1-7p, k-7 k-1

ST S e (Qre(i)- 3 S e (i)Qme(i)

j=k-7y +2i=] j=k-my +li=j
‘& (T K=inT [ : (21)
(6" (k)Qe(k)~ '™ (1)Q™e(]))

j=k—-7 +1
(tw —7)eT (K)Qe(k)— Y. e (1)Qe(i).
R, 4546(19)~Q1) rl 5 H

AV (K) =V (k+1) - iV % (k)

Z(v (k+1)— v (k) (22)

b
+H

T

g(k)2[e" (k) e"(k-z,) AfT(k) Ag'(k-7)]

fipe £ {”fk 7' }

* —pex
—uP% + pQ° 0 00
1o 2 * -u™MQ% 0 0
! * x 00
* * * 0
F % Lipschitz 215 (2), A LA N A pAL:
wAFT(K)Af (k)< pple” (k) Pe(k) (23)
P
wAY" (k=7,)Ag (k-7 )< wyyse’ (k-7 ) Pe(k-17,) (24)
Horp
PESEIE, P Ly, [ON“*“(”"‘)} ieN
~ I i’ I I I (n_q)
AV (k)< ET(K)TT7 & (k) (25)
MEHL(L)F I <0,(ee M), aJLAHEH
Ve (k+1) < Ve (k) (26)

HFAEEYIESAER k>0, 2k <k <<k <-<ky(I=L-N)o i, WFER
kelk k..) HI(26)A] LAIEH]
Vo (k)< gV (k) (27)

DOI: 10.12677/aam.2022.1112900 8529 IR Esid


https://doi.org/10.12677/aam.2022.1112900

FRAET-, GRAFRE

FIH@AT), REZER

Vo (k)< eV ™ (k) (28)
LK
V7 (k) < g7V T (K ) (29)
L, H1(27)-(29) " fn
Vo (k)< gV (k)
< gV (k)
< NV (k) (30)

<...
k=kg.
<pTog T v (k)
BEROR, a2 ming, A (P7) A0 2 max,,ys (Aae (P)+ (7 = 2 +1) A (Q7)) » HIAB) ASHEHE
Ve (k)= afe (k)| (31)
A
V7 (k,) <blle(k, )| (32)

eI, AT AR 3]

<L g Ty (k) (33)
a

2
(ko))
B u R SRE B2y < s <1, B, AT

Je(k)f <25 fe o )| 3

MREE X 2, Q) HFRIMTHRZERGE w(k )—OHT%%E%&%%%E’J EI 58 A
SEFE 2: 0F 1, - |, VEREFREL 6 > 0, A TH A0 2 K (e e M) ISR 2 M IEAR B O< u <1l e >1 . 7E (k) =0
Tﬁﬁﬁfri%iﬁé(ll)ﬂ%&z%%m, X ARART DI A 5 AR 1S5 B B 1 T, A2 R AN R 3K
Ing

T,>T, =— (35)
Inu

I HLAE BN T, -1, PEREZIR(3), W RTEAE AR B s s DACHIANKI R IE 5 5 e 51
P, Q (eeM), M3 FHILHEIREASE AR e e M #RZ AT

i 2 {Hz rﬂ <0 (36)
. _pe
€ T
2| He | g (37)
x  —pg 0|

DOI: 10.12677/aam.2022.1112900 8530 IR Esid


https://doi.org/10.12677/aam.2022.1112900

TKIF, KA RE

P"<eP’ Q" <eQ’ Vn,0eM,n=0 (38)
Hp
e A Hl(’: 0
el
m,2[m; P (KB +B,)| (39)
UEBH: 2 UL R4
J(k)2AV (k)-5’0" (k)a(k) (40)
g, ATPAMER(36) TI° <0 HifEth
J(k)<e" (k)T p(k)<0 (41)
Hetrp(k)2 [T (k) o (k)] -
ik, ANHEHEH
V3 (k)< Vot (k-1)+6°0" (k-1)o(k-1)
<V (k=2)+ S @507 (f)o(])
k-2 (42)
<...
< /Jk—klvo'k| (k| )+ ki% luk—l—jgza)T(j)a)(j)
i=k
H—H
Vo (k)< gV (k) + 2 pI5%0" (j)a())
i=k
<oV (k)4 S T80T (o))
i=k
< g TV (K )+ % gNe K ki 52T (He(i) (43)
i=kia
<.
< golkok) ktay %o (ko )+ Z_: gN"(j’k)yk’l’jéza)T(j)w(j)
i=ko
g B EYIHKIR R
Vo (k)< S £ 09 15207 (o)) (44)
i=ko
M
e(k)" P7e(k)=V,* (k) <V (k) < Z N UM 520 (o ) (45)
j=ko
A, B(37)A
77 (k)Z(k)=e" (k)HyHy e, (k) < ue e’ (k)P*e(k) (46)
4545 (45)F1(46) 75 21
DOI: 10.12677/aam.2022.1112900 8531 N et


https://doi.org/10.12677/aam.2022.1112900

FRAET-, GRAFRE

2 (k)z(k)< X g N 5207 (o §) (47)

A, JAAEBS), A

NU(J,k)SNO+k_|;jSNO+(j—k)IIrr]‘—g (48)
SRR, LS
gNoH) < gho ik (49)
B R
7 (K)2(k) <05 o (1)o() (50)
Eunmamm%kﬁiwwnmn,ﬂu%ﬁ
o SL:pZT(k)Z(k)<52§a)T(j)a)(j) (51)
A
J2(w), <5 2
EW 5

SEHE 3: 4] 1, - |, VEREIREL 5 > 0, A TH A3 45 K (e e M) FIZE I IEAF i O< <1 Rl e > 1 TE (k) =0
TR ZE Q)R IR R, XTS5 50T S B R IR T, AR A AR
T,>T =& (53)
Inu
FEHAETYIGFA T, -1, TERELIPR(3), 2R
TR R 0 gy VR AERRIE RSB P, Q (e M), RERSLHFE R (e € M) [543 F
FIVLNERE AN SR € € MLER R WIAT 19

i é{nz I }o (54)
R
€ T
5 é{‘P A }o (55)
*  —us
P"<gP? Q" <eQ’ Vn,0eM,n=0 (56)

Hrp
M, 2[M, My,
MM, 2[P1,+Rl, RB +PB, ]|
My, 2[PA+RA, 0 Pl+R,]

W2, BK IR K =(P) R (W Vee M)

DOI: 10.12677/aam.2022.1112900 8532 IR Esid


https://doi.org/10.12677/aam.2022.1112900

TKIF, KA RE

UERH: @A PK B R, w3 UIEBEHER 2 53], UF %K.

1 2: HATCA IR | B WO i AR U1 A2 (1)1, - |, FER RS Al TH R . $8 T —Fh
WA A, @l g NGB AR &, S ERIIRAS S %R, AN rTRRES sl Bk BB G
s fhiit. EE® 1%, R ADT J5iAl Lyapunov Fa & PEFSIE N T A R8I fiHiR 2 R R TSR E
Mo fEEEE 2 R4 T RAEM TR ZE R AME TR, - 1) R AT I Fe 0 6. B, (R 3 e T
HHEE I BBl T 2R 25

W3 E MR, RIS 2 M PR TR G R T AT o0, O KER
WA . 526 ML, ATt EA DL B AR 2 b 1) B AR v B B AR 2R M )
B IR ML, - | BB RS A T I8 2) GRSL 1 — BB i0-& B BER Al 38 BT HEZE, A R0 RS 1
KIUBLE A2 R TR A 3) MIREAR @ AN I, - | 4 B 7 A 5 L4 BE 48 b X i e o 1) e Bk
AT AT T 2560

4. RS

AT L AT SR I AR STHR A B T a8 BT D7 ik A R A A
FER—H IR ERMS, KRN ARSI ER 4D, RESEN

1 05 016 -021 06 01 051 01
06 06 019 0.4 02 001 0 018
A=l 02 01 002 —011™ 012 —02 07 o001
025 03 015 002 013 01 02 04

0.4 0 -017 ©
|06 025 00191, o o1y 01 g o]
A=l1s 0 oo os TR0 |

05 -016 05 019

XEFAG], BB SNSRI Z A D) . BTeL, ShRs S IERE W~

-0.65 0.1 055 -06 01 05
L=l 0 -05 005|L,=/015 015 O
0.5 0 -05 0.5 0 -05

WG H P T =0.7171 o BRI B 7, =1 7, =2 ¢
RN R B AT

Hrpr
f(x (k)),, =—0.01tanh (0.2x (k))+0.05tanh (7 (k))
f(x (k)),, =-0.01tanh(x (k))+0.001tanh (5x (k))
g(% (k)),, = -0.01tanh (x (k))+0.01tanh (0.4x’ (k))
g(x (k)),, =0.002tanh(2x (k))+0.001tanh(x’ (k))

DOI: 10.12677/aam.2022.1112900 8533 IR Esid


https://doi.org/10.12677/aam.2022.1112900

FKILSF, GRASRE

X () 2[X () X (k) (k) % ()] -

BNk, M T R8I TR, B Case 1: BT HE A0 Case2: B fliitaE.

case 1: Ke¥i i HifE N C, =C,=C;=[1 0 0 0]

WG, ERE 1 HEtSHy, =02y, =01. HMSEI AN u=09, e=15. WKM€
3 H11¥) LMIs (54)~(56), 52— RFI A ATf#N 14 =0.4619 , p, =0.4999, 5=0.029, T,>T, =3.8484 L\
K

[-0.0182 0.0082  0.1022 ]
—-0.7372 -0.0105 2.3262
-0.2056 —0.0010 -0.4152
-0.0231 0.1628  0.0098
K'=|-0.0045 0.1122 -0.0281
0.0171 -0.4396 0.0486
-0.1242 -0.0326 —0.0093
-0.0118 -0.0551 -1.8976
0.0852 -0.0186 3.2210 |

[0.0449 00449 0.1748
~05722 —0.0495 2.8434
05116 0.0031 -1.2074
-0.0471 0.4881  0.0089
~0.0144 03069 —-0.0701
0.0492 -0.4963 0.1133
02119 -0.0836 -0.1427
~0.1347 —0.0273 -2.5961
| 02748 —0.0293 3.7211 |

KZ

case 2: KHi R A C, =C,=C;=[1 1 0 0]

W LHy, =082, 7, =05, HRSHH 1 =098, £ =1.05 B R H 3 11 LMIs (54)~(56),
RN 1 =0.8703, p, =11792, §=05059, T,>T =2415LLK K =[K* K?](i=12),
[0.3808 —-0.0001 —0.2154]

—0.0001 0.3678 0.0009
_|-0.2154  0.0009 1.7406

Kll —
0.0003 -0.2271 -0.0178
0.0004 0.0001 -0.0004
| -0.0008 0.0001 0.0005 |
[ 0.0003 0.0004 -0.0008]
-0.2271 0.0001 0.0001
KI2 — —-0.0178 -0.0004 0.0005

2.6746 —-0.0000 -0.0000
—0.0000 0.1278  0.0001
| -0.0000 0.0001 0.1381 |

DOI: 10.12677/aam.2022.1112900 8534 L e

2
b


https://doi.org/10.12677/aam.2022.1112900

TKIF, KA RE

[ 0.2253  -0.0005 -0.1154]
—0.0005 0.3916  0.0034
_|-0.1154 0.0034 1.1132

K2 =
0.0031 -0.2786 -0.0857
0.0079 -0.0035 -0.0064
| 0.0010 -0.0022 0.0021 |
[ 0.0031 0.0079 0.0010 |
-0.2786 —-0.0035 -0.0022
K2 = —0.0857 -0.0064 0.0021

2.0974 0.0019 -0.0010
0.0019 0.0498 0.0060
| -0.0010 0.0060 0.0583 |

FHNL T LA R A 1~6 From. B 1~3 45 1 ANl Jas 23 i) SR A B X R i ) = A o
AT B4 AN 5 Faon Rl S R R SDRAS SAG T DI 6 PR . (A RER Y,
Pt THUE RE R e BR R L SR, IR T B T AR s A R

T T T T T
Original System state 22 (k)
- — = — Three-order oestimate

Amplitude

| I I I I
0 10 20 30 40 50 60 70 80 90 100
Time(k)

T T T T T T
Original System state x3(k)
- = = = Three-order oestimate u

Amplitude

0.4 I 1 1 I 1
0 10 20 30 40 50 60 70 80 90 100

Time(k)

T T 1 T 1
Original System state 23 (k)
- — = = Three-order oestimate 4

Amplitude

b I 1 1 I 1
0 10 20 30 40 50 60 70 80 90 100

Time(k)

Figure 1. Actual state and its estimate for x’(k)(i=1,2,3)
B 1 x(k)(i=123) SEpri R E b iHE

DOI: 10.12677/aam.2022.1112900 8535 IR Esid


https://doi.org/10.12677/aam.2022.1112900

0.6 T T T T T T
Original System state x; (k)
o 04 — — — - Three-order oestimate E
E
3 0.2 .
£
< 0
0.2 Vo . . . . . . . . J
0 10 20 30 40 50 60 70 80 90 100
Time(k)
Original System state x (k)
o — — — . Three-order oestimate
°
2
=
S
<
40 50 60 70 80 90 100
Time(k)
1 T T T T T 3
Original System state x_ (k)
o — — — - Three-order oestimate
:5 0.5
=]
g o
05 . L L | !
0 10 20 30 40 50 60 70 80 90 100
Time(k)

Figure 2. Actual state and its estimate for x’(k)(i =1,2,3) in three-order system

2. ZMNEGEH ¢ (k)(i =1.2,3) KOSTRRMI B R A HE

-

T T

‘ — — — - Three-order oestimate

T T
Original System state x; (k)

Amplitude

o 10 20 30 40 50 60 70 80 90 100
Time(k)
Original System state x; (k)|
[0} — — — - Three-order oestimate
5 i
=
£
<
40 50 60 70 80 90 100
Time(k)
Original System state x; (k)
® — — — - Three-order oestimate -
°
2
S
S
<
1L !, ) ) ) 1 L . ) ) J
0 10 20 30 40 50 60 70 80 90 100

Time(k)

Figure 3. Actual state and its estimate for x'(k)(i=1,2,3) in three-order system
3. =M &G X' (k)(i=12,3) BUSEPRIEIH R A A

DOI: 10.12677/aam.2022.1112900 8536

VARV i


https://doi.org/10.12677/aam.2022.1112900

KA,

KA BE

Amplitude

Amplitude

Amplitude

Figure 4. Actual state and its estimate for x’(k)(i

4. ZBr B ¢ (k)(i

Amplitude Amplitude

Amplitude

0.1 T T T T T T T T T
\ Original System state x} (k)
\ — — — - Two-order oestimate
0.05+ \ E
W1 ll
1y
ol mn‘.:\ A /\ .I|I"'\' VNSRS
FIILAAA AR . . L . .
0 10 20 30 40 50 60 70 80 90 100
Time(k)
0.04 T T T T T T T T T
P Original System state x] (k)
0.02 H\1 \\ — — — - Two-order oestimate g
! \" T-—o -
o
002} .
Y
0.04 . | ! L . . . . L
0 10 20 30 40 50 60 70 80 90 100
Time(k)
0.2 ] T T T T T T T T T
\ Original System state x3 (k)
1 — — — - Two-order oestimate
0.1,
0 ‘l‘“\‘l\ VWY
Hn;\,\,\'vv VAR 7o
0.1 1 I L L L 1 1 L L
0 10 20 30 40 50 60 70 80 90 100
Time(k)

=1,2,3) in two-order system
=12,3) BYSERRSE R E A IHE

100

100

0.15 T T T T T T T
Original System state x! (k)
0.1 — — — - Two-order oestimate
\
0.05F\vi §
|
oF I;l A A‘IA\I‘I\\‘\I v“ NN RV
[ v
B
o 10 20 30 40 50 60 70 80 90 100
Time(k)
0.1 I Original System state x? (k)|
i — — — . Two-order oestimate
0.05 g
AN
0% Ty T
! 1 |I
-0.05F vy i
v
0 10 20 30 40 50 60 70 80 90
Time(k)
0.1 M Original System state x (k)| |
! \ — — — - Two-order oestimate
0.05f l'ﬁ 1
" \ A Apa)
of 'l oty ’\I\l\llr\,\,
”"'\n’v" PR A S A R O
]
-0.05 ’ | . L L . | | L L
0 10 20 30 40 50 60 70 80 90
Time(k)

Figure 5. Actual state and its estimate for x' (k)(i

E 5 ZM &g x (k)i

=1,2,3) intwo-order system

~1,2,3) SRR R A HHE

DOI: 10.12677/aam.2022.1112900

8537

VARV i


https://doi.org/10.12677/aam.2022.1112900

FRAET-, GRAFRE

3 T T T T T T T T T

Three-order switching signal

Modle
o

0 10 20 30 40 50 60 70 80 90 100
Time(k)

3 T T T T T T T T T

Two-order switching signal

25¢

1.5 1

Modle

05 1

0 10 20 30 40 50 60 70 80 90 100

Time(k)

Figure 6. Switching signal
E 6. Y155

5. B4

AT T — RN ARG V4 I W ER 1 1, - |, BERIRES A o iml B Je i 5l N A &, FH—

MBI JT 000 1 FERT At T &%, KT DAELEILIN Aot A AR, B AN R R Al v
—AER LTS RAG . AU ADT K Lyapunov A€ PEEEIE, 25 H T ORIEFTE IRl THRZE R Gt ie Ee
SEPERNL, -1, VERESEARA FE 70 26 AF o TSR — AR A, B3] 7R R R T e,
I SR 7 FRAIE T BB A5 R A R (BRSO B8 1 I 4 1 BRAECIR A R O R0 2%, BILSI v o 226 i ]
R WA 2 P ) 4% Tl N 3 T A% 58 1 R i 45 75 R o D 1 i

SE

(1]
(2]

(3]

(4]

(5]
(6]

Boccaletti, S., Latora, V., Moreno, Y., Chavez, M. and Hwang, D. (2006) Complex Networks: Structure and Dynamics.
Physics Reports—Review Section of Physics Litters, 424, 175-308. https://doi.org/10.1016/j.physrep.2005.10.009

Chen, D., Yang, N., Hu, J. and Du, J. (2019) Resilient Set-Membership State Estimation for Uncertain Complex Net-
works with Sensor Saturation under Round-Robin Protocol. International Journal of Control Automation and Systems,
17, 3035-3046. https://doi.org/10.1007/s12555-018-0780-8

Chen, Y., Wang, Z., Wang, L. and Sheng, W. (2020) Mixed/State Estimation for Discrete-Time Switched Complex
Networks with Random Coupling Strengths through Redundant Channels. IEEE Transactions on Neural Networks and
Learning Systems, 31, 4130-4142. https://doi.org/10.1109/TNNLS.2019.2952249

Shen, B., Wang, Z., Wang, D. and Li, Q. (2020) State-Saturated Recursive Filter Design for Stochastic Time-Varying
Nonlinear Complex Networks Under-Deception Attacks. IEEE Transactions on Neural Networks and Learning Sys-
tems, 31, 3788-3800. https://doi.org/10.1109/TNNLS.2019.2946290

Peng, S. (1999) Robust Kalman Filtering for Continuous-Time Systems with Discrete-Time Measurements. IMA Journal
of Mathematical Control and Information, 16, 221-232. https://doi.org/10.1093/imamci/16.3.221

Geromel, J. and Oliveira, M. (2001) H, and H., Robust Filtering for Convex Bounded Uncertain Systems. IEEE Transac-

DOI: 10.12677/aam.2022.1112900 8538 IR Esid


https://doi.org/10.12677/aam.2022.1112900
https://doi.org/10.1016/j.physrep.2005.10.009
https://doi.org/10.1007/s12555-018-0780-8
https://doi.org/10.1109/TNNLS.2019.2952249
https://doi.org/10.1109/TNNLS.2019.2946290
https://doi.org/10.1093/imamci/16.3.221

KIF, KB

(7]

(8]

(9]
[10]
[11]
[12]
[13]

[14]

[15]

[16]
[17]

(18]

tions on Automatic Control, 46, 100-107. https://doi.org/10.1109/9.898699

Liu, Y., Shen, B. and Shu, H. (2020) Finite-Time Resilient State Estimation for Discrete-Time Delayed Neural Net-
works under Dynamic Event-Triggered Mechanism. IEEE Transactions on Neural Networks, 121, 356-365.
https://doi.org/10.1016/j.neunet.2019.09.006

Yang, F., Han, Q. and Liu, Y. (2019) Distributed State Estimation over a Filtering Network with Time-Varying and
Switching Topology and Partial Information Exchange. IEEE Transactions on Systems Man Cybernetics-Systems, 49,
870-882. https://doi.org/10.1109/TCYB.2017.2789212

He, S. and Liu, F. (2010) Robust Peak-to-Peak Filtering for Markov Jump Systems. Signhal Processing, 90, 513-522.
https://doi.org/10.1016/j.sigpro.2009.07.018

Tefhise, KA, ©277. BT B Rl R I R G N—— BB [0). 5 PR, 2022, 37(4): 1074-
1080.

Li, Z., Chang, X., Mathiyalagan, K. and Xiong, J. (2017) Robust Energy-to-Peak Filtering for Discrete-Time Nonlinear
Systems with Measurement Quantization. Signal Processing, 13, 102-109. https://doi.org/10.1016/j.sigpro.2017.03.029
Zhu, F., Liu, X., Wen, J., Xie, L., and Peng, L. (2020) Distributed Robust Filtering for Wireless Sensor Networks with
Markov Switching Topologies and Deception Attacks. Sensors, 20, 1984. https://doi.org/10.3390/s20071948

Boutayeb, M. and Darouach, M. (2000) A Reduced-Order Observer for Non-Linear Discrete-Time Systems. Systems &
Control Letters, 39, 141-151. https://doi.org/10.1016/S0167-6911(99)00102-4

Su, X., Wen, Y., Shi, P. and Lam, H.K. (2019) Event-Triggered Fuzzy Filtering for Nonlinear Dynamic Systems via

Reduced-Order Approach. IEEE Transactions on Fuzzy Systems, 27, 1215-1225.
https://doi.org/10.1109/TFUZZ.2018.2874015

Liu, Y. and Arumugam, A. (2020) Event-Triggered Non-Fragile Finite-Time Guar-Anteed Cost Control for Uncertain
Switched Nonlinear Networked Systems. Nonlinear Analysis: Hybrid Systems, 36, Article ID: 100884.
https://doi.org/10.1016/j.nahs.2020.100884

Zhang, D., Yu, L., Song, H. and Wang, Q. (2013) Distributed Filtering for Sensor Networks with Switching Topology.
International Journal of Systems Science, 44, 2104-2118. https://doi.org/10.1080/00207721.2012.684903

Wang, L. and Wang, Q. (2011) Synchronization in Complex Networks with Switching Topology. Physics Letters A,
375, 3070-3074. https://doi.org/10.1016/j.physleta.2011.06.054

Chi, Z. (2011) Design of Dimension Reduction Observer for Nonlinear Systems. Harbin Normal University, Harbin.

DOI: 10.12677/aam.2022.1112900 8539 o7 $2

il


https://doi.org/10.12677/aam.2022.1112900
https://doi.org/10.1109/9.898699
https://doi.org/10.1016/j.neunet.2019.09.006
https://doi.org/10.1109/TCYB.2017.2789212
https://doi.org/10.1016/j.sigpro.2009.07.018
https://doi.org/10.1016/j.sigpro.2017.03.029
https://doi.org/10.3390/s20071948
https://doi.org/10.1016/S0167-6911(99)00102-4
https://doi.org/10.1109/TFUZZ.2018.2874015
https://doi.org/10.1016/j.nahs.2020.100884
https://doi.org/10.1080/00207721.2012.684903
https://doi.org/10.1016/j.physleta.2011.06.054

	基于驻留时间的切换复杂网络的降阶估计
	摘  要
	关键词
	Reduced Order Estimation of Switching Complex Networks Based on Dwell Time
	Abstract
	Keywords
	1. 引言
	2. 问题描述
	3. 主要结果
	4. 仿真实验
	5. 总结
	参考文献

