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Distributed state estimation for nonlinear systems with randomly
occurring sensor saturations and missing measurement
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Abstract: Incomplete information phenomena such as sensor saturation, missing measurement and time delay always
exist in the sensor network, which leads to the performance deterioration of the system. In this paper, the problem of
distributed H . state estimation for nonlinear systems under the influence of random saturation and missing measurement
is studied. Based on two sets of Bernoulli distributions with known probability, a sensor model which can describe the
above two kinds of random incomplete information in a unified framework is established. The signals received by each
sensor are sampled separately by a sampler whose sampling interval varies with time, and the sampling period is converted
into an equivalent bounded time-varying delay by using the input delay method. Thus a stochastic nonlinear estimation
error system with time-varying delay is obtained. On this basis, a suitable Lyapunov-Krasovskii functional is constructed,
and several integral inequalities are selected to fit with it effectively. Then the design conditions of the distributed H .,
state estimator with less conservatism are obtained. Finally, the effectiveness of the proposed method is demonstrated by
simulation analysis.
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BT ARS8 ST BUE K FE ) H o IR A Al 1 17 R A o B
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7895 R AE 34 51 RAE 5 R (11 it {5 24438 Lyapunov-
Krasovskii 12 o, 5 5] N5 4 (1) 2 AR 4r BRI
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AR IAE R T SRR R KR n 4EBR IR
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i diagy { -} R G5 A 1 70 R A R Hex
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Hra(t) € R FoRIREME; 2(t) € R™ £onkr
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PERRE, B 2 DL R
Bl AFLVERE f(2(t)) : R" — R HEL
INAEE YO
1f @(@)I? < [Tz ()], )
HhU € R R HUE FE.
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A7 A
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o; (1) Cix(t) + (1 — (1)) B; (1) o (Ciz(t)) + Div(t),
i=12,...,N. 3)
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B B B BE AL R o (1) Bi(8) (6 = 1,2,...,
N) i 2 LA 43 AR

Prob{a;(t) =1} = a;,
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T Umax HIF i IO,

FE1 FESEER AR, T S I 25 1 i ad TH
S v AL R DL R A0 ST 5 AN e TR 2R IR B
W, 225 K 2 FRBENLA 2B R. X T BLAA Sk A
ZIEH—E B AT RUR BRI AR H—Fh

REAE 40— HEZE PN R IDAE AN 5 I &k O oA Y 3 HLA
FHBEHLIE AR i (¢)« B; (¢) iR LR LR I BEHL AR 4.
K@) HAEWR o;(t) = 1, 008 P 4L s TAEIEH,
MR ai(t) = 0,6:(t) = 1, WA (3) RS2 A2,
W a;(t) = 0,6:(t) = 0, WAL R R,
BRE LB 1 I EHRR.

EX1N SRRy, Hy € R, JEEME
R . R™ — R™, 2 LR 5

(U (u) — Hiu)" (¥ (u) — Hyu) <0, Yu € R™, (5)

WIFR W & 7E X 6] [Hy, Ho] b3 2 BB A A 1R
LY H A H = Hy — Hy 3R 158 MR AR, izu
SAB T AR AE AN A RE L A Ly, I B2 0 <
< I < L, MG IR E o (O (t)) 7T %ﬁfpﬁ
o(Cix(t)) = LiCix(t) + ¥ (Ciz(t)). (6)
Ho(Cix(t)) 22 Hy = 0FHy = L, %M
(AR LM [ B A R B, AT RO N
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KHL, =L, — L;.
A R AL IR B & P A S5 Mt IV B A T
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A, O CVx VERBE W= [aij] v, n(aij = 0)F
AR AR R B, (4, ) oA B G i —4k14
I EL 5 AT A L R Aay > 0 < (,)) €
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flith, K; € R™>*" RonREA T8 1S40
EXTi(t) &t —ti JFHt € [t ,)m =
0,1,...,00. MfhTH48 (10)F 5 A
Zi(t) = Ady(t) + f(2:(8) + Kigis(t — (1)),
%(t) = Mii(t).
(11)
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1y < 1(t) < TD,-Td = IiIéI\I}l{Ti},TD = Izngjx{ﬂ-},
Ts=Tp —Tg, At # L (m=0,1,...,00).
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i} ) AR 4k, HAd ST A SR
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5(t) = 2(t) — Z (), Bk (DA (1) AT
Zi(t) = AZ;(t) + f(:(t)) + Bw(t)—
K; Z CLZ] az /B’LC x]( i(t))_
JEN;
K; Z aij(1 U (C;z(t —7i(t)))—
JjEN;
Ki Z aijo’ziC’jij(t - Ti(t))*
JjEN;
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JEN;
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JEN;
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JEN;
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B2 coly{B},

=

diagh {K;}, A = diagy{A}, B
coly{C;}, C = dlagN{C}

diagy{U}, M 2 diagy {M},
E(t) = coliy {Z:(1)}, £(t) = coly {2:(t)},
T () = coly {Z;(t — m(1))},

F(#(t)) = coly {f(3:(1))},
vr(t) = colly {u(t — (1))},

L 2 diagi {L;I}, L £ diagh{L;I},

A, 2 dlagN{aiI}, Aa(t) 2 dlagN{ai( )Y,

D2 coly {D;},
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A 2 diagh {Bil}, Asqy 2 diagh {B:()1}.
fEHRZE RS 12) T LSS5 AN
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RLOV S 0(Co (1)

>

(Aary — Aa) KLW @ I)Cxr—

Z i(W®I)DUT(t)a
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AR R TR 2 RS
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Z(t) = Mg(t).
Hrh

15>
D>|
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A -

v
1>
o

U 0
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i=1 [ nx(i— nyI On>< n]7 12172?753
N ~—
ST - A)MLEL(W @ I)C, Wwi=| T2 |w=| 279 .
i—1 e1 + ey — 264 ey + €3 — 265
A v TR Ty = L d
Xo 2 =3 Auo) Ay — (T — 4) 5] U0 = 75 Jooay 2605,
=1 T 1 t—d(t)
KLOW® ), vy (t) = T a0 LidM z(s)ds.
N o 2 FEEHR
a2 =S (- A)AKLW e T), i
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AR FEEH R () 15 A RS
i vh 8, U [F]B i 2 AR N 22K
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Hy > 0 R4 E Ptz

EX2BB RN TEERER > 0,402
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{22} < kBOL MR 2 R G A0, (t) = 0
Fw(t) = OMTEN N HFE. 746X AR BV
Het, AR lim E]a2(0)] = 0. TR RN
S X85 B A E .

AR FEGE R, FEA LT 5] H#.
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- T (s)Ri(s)ds < — (] (1)
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-R R
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?leZ[ZS] XT?E*?' ﬁiuiﬁx € [0,dy]—
R I ARSEIR d(t) € mmdﬁﬁﬁ%V>ou&E

aﬁ@ﬂz&l > 0, 9V, = diag{V,3V},
CIES:

t

- M ()Vi(s)ds — [

t—d(t) t—dm

1

—d
W T () Vi(s)ds <

T
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W,
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R
- <t>[ A

He

"l

AT FEE X R G (1) AL IR N 4% (3), E45 €

oo TEBEZK Ty R, BBl B VLR R0 8 e 2 B i
E’J/\Z‘ﬁfﬁH R 2.

EE1 HEPaEEy > 0.0 T HARHL
PELRURITIN B i 2k 1 AR 2R M R G (1) AL S (3), W 2R
fFAEbR e, > 0, e > 0 LA S FLAIE 24 4 50 ¥ 40 [
Py > 0,P3 > 0,Q; > 0,Ry > 0,Q9; > 0,Ro; >
0 € V), WAMEP, = diagh{P, Pim}, X =
dingly (X} RUERAERES, = [ 92| (i e V)i 2

3 14

PLN LMISs, WA 1115 22 R Gt (14) 52 5 07 il 5 58 1),

HEA H, PERETRbR:
[ = I I 113 o, |
[Ti(t)=7al
* —721 0 BT731 0
* x  —y2I DTP 0 <0,
* * *  =2P1+Y 0
L X * * * —2P1+Y
(16)
= m I 115 I, ]
[ri(t)=TD]
x =2 0 BTP, 0
* x —y2I D'P; 0 <0,
* * *x =2P1+Y 0
L * * * —2P1 +Y |
(17)
(O S
Qu S\ S0 izv, (18)
* QQZ
Hfﬁfr%&?‘%ﬁf( X
Hor
— A
= = [Epgloxos

Ell é P1A+ .ATP1 + ’Tle + €1UTZ/{+

N
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i=1

_ A — A A
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N
P 2 —Py+P3 —20, —4ZQ22';

]
1>

—2Q9; — Si1 — Sia — Siz — Sis;

]
>

N
Z (Si1 + Siz — Sio — Sin);

i=1

Hog = 28i2 + 28,45

- A A 5 5 4 4
S35 = —8Qs; +sym{S} + Sih — Sy — SL ks
E3y 2 —20L — S, + S5 — Sy + Sis

H3g 2 601 — 285 + 28,4;

N
Sl —Ps— 42 Qi Sus 2 285 + 28;
=1
Zhs = —e1]; Sos = —epl; Sr7 2 20, — TaRi;
Sis 2 —120,; — 7o(Ti(t) — 7a)Rai;
Zgo £ —120y; — 75(Tp — 7i(t)) Rai;
I, 2 [B"P,,0,0,0,0,0,0,0,0]";
é[DT7>1,00000000]
2 [P,A,0,II33,0, Py, —Xs,,0,0,0];
é (0,0, 143, 0,0, ng,o 0,0]";
133 2 —Xs, — Xs,y; H43 =X, —X,,;
opiesteferl)
0 LC|’ 0 Xs, 0 Xs,

&2
|
>

- 0 0 _
& é - Xpl
0 Xs, 0 Xpl

_ 0 O — 0 0

szé = ;ngé _ )
OXp2 OAXP3
Bi(

(1 — ) — Bz‘Q(l — @)%
@il — ) X, 2 vecd (XL,W @ DaC}:
(1— )3 LCY;
Xs, = vech (XLW @ (1 — @)Bi};

1>

vech XTI (W® T

>

X,, £ vech {XL,(W & I) /g5 LC};
X, 2 ved {XILW® I Vo2 b

Roi = diagh {Rai}; Rai = veck {Rai};
Qo 2 diagi\f{QQi}Q Oy 2 vech{Qai};
Sig 2 diagh {Sis }; Sig £ vech {Sis };
Sig = coly {Sig}; 9 =1,2,3,4;

( )
( )
X,, £ veci {XL(W & I)y/or:C};
( )
( )

2
Z QQz %91

IIE Eﬁ 2 [E 1R Lyapunov-Krasovskii 12 B :

V(s(t)) = Vi(s(t)) + Va(s(t)). (19)
Hrp
Vi(s(t)) =s(t)Pis(t +f T (s)Pas(s)ds+
I d<T(s)P3<( s 20)
_Tdft 3 j; T (s)Ru(s)dsdo+

N
Tstt B Lt sT(8)Rais(s)dsdd+
=1

Td f; . L}t ¢T(s)Q16(s)dsdo+

N
s Zf o f §)Quic(s)dsdd.  (21)
i%%%f%fcﬁ‘]%ﬁ N TR IR N
LV(s(r) =
Jim S {EVIs+ A}V @), )
MMw(t) = 0,v,(t) = OB, A[ 13
LVA(5(1)) =
ST)PiS(t) + < (8)Pas(t) — s (t — 7p) Pas (t—

)+ (t—Ta)Pas(t — 74) = (t—7a)Pas(t — 74),
(23)

LVa(s(t)) =

t—T
’7'3( ng TSZL ‘ T RZzg )dS—

) 9Qist ds+27 (1) Quic (1)~

t—

> ST €T (9)Quis(t)ds + T (O Ras )+

72 Z ST (H)Rais(t) — a Lt—m sT(s)Ris(t)ds. (24)

ﬂﬁﬁ GBI K]
t
—Td L_Td $T(s)Qi¢(s)ds <

T
() “200 20 || () | o
S(t —714q) 20, —20| |¢(t — 1)
JRLAR 51 B 0, 7 A B 5, 2 | SZ-]

FAMETAIE

—Tézﬁt B T QQzC )

=0

* 2i
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N e
B ; SL—n(t)g (8)Q2i¢(s)ds—
N .
> Lt_T;(t) T (5)Qais(s)ds <
i=1 . ~
Wi, —Qy; 7191. Wi | -
W2i * _Q% W%
Hrp

Wl:[ S(t = 7a) = s(t = 7i(t)) ]
D st =) st —T(t) - 2m(t)]
Wz__[ S(t = 7i(t) = s{t = 7p) ]
Y st = () + <t — 7o) — 21s(t)
AN, H Tensen fR 2y AN A 15

! T ()2
— Td L_Td sT(s)Ris(s)ds < —nf () T2 Ry (),

(27)
_TSZJt - sT(s)Rass(s)ds <
N
_ Z nQT Ts Tz - Td)RZLT]Q( )_|_
ns ()75 (Tp — 7:(1))Rain(t). 28)
Horp
1 rt
mt) = 0 Vi s(s)ds,
1 t—Ta
n2(t) = [m jt—n(t) s(s)ds, ...,
1 t—Tq
= a0 S
1 t—Tq
7i(t) = Ta L—n(t) g(s)ds} )
1 t—11(t)
ns(t) = [m L_TD ¢(s)ds,. ..

1 t—7i—1(t
[ s

1 t—;(t)
mﬁ_ﬂ) g(s)ds]

E3 BT AR S S s TR
AR ZE S AME B, T AR B 1 SR 18] B A2 Bl
(B 44 14T, 322 BR) PR R ARAR 40 TOT ) T 4 g Tt 46 SR 1)
52 IR R BE AR ST A A 22 0 B () 52 0. ik, 7R
837 BR IR 5] N PR ANOOUEE AR 43 T, 7 A R S0 K
FERT RIS B, I B I NE 2R 1 2 ER A
G A2 bR T, ﬁiﬁzﬁ%?ﬁ% A A, [
i, 76 4 3 LV, B4 B jt ¢(5)Qaié(s)ds i,

AT B9 53 W, ﬁ;ﬂTTS ® () Qaic(s)ds M
Ts jt 7i(t) S(s)Qais(s )ds,%}ﬁﬂ(ﬂ% gl B2 AT AE 1T,

tTD

72 A e (t) M (t )W‘j/l\ﬁﬂéﬁﬁ BB BB
B[] AR Ak 1) 1A =, GBI 50N B AR RE S, BT o (8)
n3(t) HIRE M Bt —740)- <t — 7:(1))~ <t —7p)
ZIE—‘J 22 XK F. HIA A0 SRS Ak v o k>R
H Jensen A &5 FUAH LLIS201 $2 57 172 bR 32 2501 008 i
¥ B, B BT B AR AR <7 1 5 B R e s M o i o
X H ) % F Free-matrix Fl Auxiliary-function /5 % #f
ELIBL R8> T 5 N PSR &, BRAIR T AR L
UbAh, BB 2 F12K (23) ~ (28) IR H 13

LV(<(t)) <
@' () Pw(t) — a1 F " (s(1)F(s(t)—
W (O (1) (P (Cr (1)) — Les () +
Ho ()Y Ha(t) + Hog ()Y Hay (1) =
@l () Zw(t) + Hy ()Y Ha(t) + Hi ) ()Y Hag ()
(29)
Hrp
=2
51 0 530 55 56 0 0 0
* 522 523 524 0 0 2Q1 6@21 529
* * 533 534 0 0 0 538 539
* * * E44 0 0 0 E48 6@21
x x % x —gl 0 0 o0 0 )
* % % % x —gol 0 O 0
* % k% * x Zor 0 0
* % k% * * x  Zgg —45}-4
* ok ok % * * * * Zo9

.:;' 11 —P1A+ATP1 +€1UTU+T R1+ZT Roi,

w(t) 2 [§T(),sT(t — 7a), s (£), T (t — 7p),
Fr (@), " (Csr (), m1 (£),m5 (£),m3 (B]7,

Halt) 2

Aty + 7)) — |2 est) - [O U lece ),
10 X2 0 X4

fHOé(t)( ) =

Ast) + 7@y — | ° Ve - [0 Ol wce ).
X1 0] X3 0

FH Schur #M 5| A1 (16). (17) W[ F LV (s(t)) <
0. H AT DL i THIR Z R G (1) fEw(t) = 0
v-(t) = OTHHL R 5 Hria f e .

B IIIEEZFwl) € L]0, 00) Flu,(t) €
L5[0, 00), i T1 12 2 & 45 (14) 1) Ho, P fE 7T LA i 20
(294331, Bl
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xR %38 %

E{LV(s() + 121" =2 lw @)1 = 7llo- )7} <

ELET()PE(t) + <T () YE(L)). 30)
Horep
() 2 [T (1), wT (1), 0T (1)),
Z 1, I
$2 |« _21 0
* * 772]
i Schur 51 B, 3454 X, = P UK, W45
= m 1 o]
« =L 0 BTP 0
* o« =T DR 0 < 0.
oo « —PY"'P 0
_>)< * * * _Ply—lpl_
(3D

B0, g A e L T DS
E{LV(6(0)+2(0) =2l (D12 [0+ (1) |} <O,
(32)
R FAT T THEAEZR v (1), w(t) 7115
e{ [LU1Z6)I2 = ()P = 72llor ())ds } <
e{ [ (G = ll(s)]1>-
Pllon ()| + £V(s(s))ds = VI(s(0) + V(s(0) } <

t
e{ [ (212 = 2llts) 2=
V%WT@NPds+1A«qs»yu}<<o. (33)
B AT 78, 20 (15) BT, (8 B, a0 5 LMI(31) J& 5T,
EERNERX -PY P, < 2P + Y, EH 1P
LMIs (16) A1 (17) 143 LA 2. O

3 PiESHT
AT I8 IS AT 43 A U B BT R R ) 40 AT X H o R
AL TS BT 7 SR R
R RN G = (V, 0, W), K5 il
RV = {1,2,3,4}, BHERNO = {(1,1),(2,1), (2,
2),(3,1),(3,2),(3,3), (4,3), (4,4)}, ABEHFENW =
1000

L AT s RS ) R
0011
e kA% I 24 (3),
T
4 [F06 02 ] 5 lo.f)] e [0.1] 7
0 —08 1 0.1

Cy = [0.1,0], Cy = [0.2,0.1],

Cs = [0.5,0.7], C4 =[0.1,0.2],
D1 = 1,D2 = 05, D3 = 07, D4 = 05,
- HAELRME R f (2 (t)) R
() = [ng(t) 1
BHEH, HU = diag{0.2,0.15} I, 21 (2) Bk
S AEAGI R a0 = 1,2,3,4) 435178 0.9,0.8,
0.85,0.7. B;(i = 1,2,3,4)73%°40.1,0.15,0.1,0.2. 3
TEA FAFIE SCHR (5], H Li(i = 1,2,3,4) 73918
0.3,0.4,0.2,0.1,L;(i = 1,2,3,4)4>%/50.7,0.8,0.9,
0.7. MFIKF N vmax = 0.3, BT EEA R K 7, B/
Ho PEREFEAR AT B BE 1 LA, 1 Fios.

F1 TE7TTH Heo MEBEIEFR Ynin

0.1 sin(, (£))z (t)} "

TpD
Td = 0.1

0.2 0.4 0.8 1

¥ 0.0057 0.0184 0.0583 0.0875
ABNFESCRR [S]1HHWREEAT T 8T, 27y = 0.1,7p
= 0.2, A H B /Ny = 1.021 4, 3K f# LMIs (16)
~ (18) FRAF U N — 4 ml 47 ik

0.0017 0.0036
Kl = 5 KQ == )
—0.0001 0.0016
0.0009 0.009 5
Ky = K, .
0.0011 0.0152

X LURAR, B (1) = 10, (R4 S 540
g, 15

. {0.06081 . l0.05301
K1: ’K2: ’

—0.0028 0.0252

) [0.114 7] . l0.056 5]
K} = VK= .

0.1413 0.094
TEA BT, MR RS 2(0) = [-0.3, 0.2]T,
£:(0)(i = 1,2,3,4) fE¥I 51534 [X ] [0.3, 0.2] T

NUSREL, SB35 A
w(t) =e "% sint, v(t) =
i R E 2 ~ B8 k.
O L
-0.051

-0.10
-0.15} /3

sin(10t + 1)
3t+1

x, (1)

- (D)
—- %00
- '213(’)
——%,,(0)

BIRE e flivt

0 5 10 15
t/s

2 BEXRES . (¢) REMEIT 21:(0) (0 = 1,2,3,4)
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& 3

0.25
0.20
0.15 !
0.10 3
0.05F °

x,(1)

- 50
- - '%22(1)
-== %0
—— %00

FLSIRAS R fliih

0 5 10 15
t/'s

20

10

k107
(e
‘i?

0 " " " " " " " "
0 5 10 15 20 25 30 35 40 45
t/'s
—— SCHR[STY AU TR 2 ——m A SO A LAl R 22
— = SCHR[STY B2 TR S «=eme A SCHT ST 240 HHR 2
----- SCHRISTAT A3 TR ZE =4 =AY f3 AR 2%
— == SCHR[STY RAME TR 2 —k = A S0 Al TR 2

El4 BRENIEFISNEERER
HIHRE2:() (i = 1,2,3,4)

2,(1)

o ZAzU)
—- ()
==,

iRz 10
|

|
—
(=]
T

|
—_
%]
(e}
W

10 15
t/'s

5 (NEEMEMTIM[ITREZ ()6 =1,2,3,4)

0.5
=0f
i
55 -0.5}
Q
£ -0 a0
o — - 7,00
m -1.5 ——= ()
—— 3,0
“2.05 20 40 60 80
t/s
B 6 AMHMEHTELRES2 ()R
B 2u(t) (i =1,2,3,4)
1.5
(1)
+= s B (D)
7 1.0f — - 2,0
= —o= 500
jﬁ 0.5 —— ()
2 A A
2 0 y
03, 20 40 60 80
t/s

7 AMHEHTEIRS2:(0) &
Bkt 20, (t) (i = 1,2, 3,4)

BEXRE 2 (¢) REMIT22:(8) (1 = 1,2,3,4)

50

=

= 2

=

=0

%

= 25

K

= s - : -

0 20 40 60 80

t/'s

ElS AHRNEHTHBIHRE 2 (1) = 1,2,3,4)

Hi 2 1B 3 0] LA HH, 76 78 90 5 RE AL B Y 4%
A7 AE B ALV AN 5 D0 R 2R A R, 251 sl oA
#i(t) 5 RGUIRES 2 (t) PUdh e A — B, S A5 AT 4
KIRE LT RGNS EREE. 5 4h, A&l 4 AT LA 31,
B RS THRZE 2,(0) (i = 1,2,3,4) T — B~
£ —0.01 ~ 0.01 ZI8], I 4 T 18 €, 5 TR [5] H
1) —0.02 ~ 0.02AHEL, JEFEIZE/N T 1. tbok, HIE 4
A SAMER H, RGuAE 52 B AN S 00 & 6k k1 5
i) DA S AN SZ AN ) 52 BRI G0 T, Al TH % 223 e
THE.

N T DR IUA SCRERCR, R LR E AR
A AENIIIRZS £(0) = [—1.5, 1.0)T BANERILEhIE K
Nw(t) = e O sint I, HIE 6 ~ K8 A LLF i, IRA&
AR AR (H R AR IA RS TRE. LIRS RY
BE U0 BH, A SCHE HH A LA AL v R 5 00 e de 2 £ 93 A
3 Hoo RS TR A 200, I B T 3 458
HEFS R
4 & ®

AR SCHEFT T BB 0 e Rk R R AR 2R
RGN AT Hoo AT 8L S H 7 —Fh s H—
FRCE P A SRR R AR RI) PR i N B 3R 1 92, o 2 T R
KI5 RFETT VLB 5047 3 H oo RS T i) B A N
FRE 1) 93 A1 2 H oo AN 178, 7 FH Lyapunov
2R TR TR R BRI AT SRS A T2,
AR T &5 10 i OR sk M. 5 @ 1 B A iEAT T 5%
HIE. TE3: TR0 50 s 3 — 2B AR B A, A L RE7E
Gi—HELL N 2 BENLRAE MG EA AR, HF
TRZ A0 TR T BRSO <7 VE R 7 72
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