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Abstract

This paper addresses the joint estimation problem for both unknown inputs and system states for
a class of discrete time-varying systems with stochastic nonlinearities under the dynamic event-
triggering mechanism. For the purpose of energy-saving, the event-triggering mechanism is adopted
to govern the signal transmission between the sensor and the estimator, under which the data are
released to the filter only when certain triggering condition is satisfied. First, some constraint
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conditions are introduced to decouple the state and the unknown input. Then, by means of ma-
thematical induction, an upper bound of the filtering error covariance is individually obtained for
the state and the unknown input by solving coupled Riccati-like difference equations. Subsequently,
the required estimator gains are acquired by minimizing the obtained upper bounds of filtering
error covariances. Finally, a numerical simulation is given to illustrate the effectiveness of the
proposed joint estimator design scheme.
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1. 51§

FER TS, IR 2 UE B SE S AR PR HAE (5 5 A BN 28 e ) 00k 5 T SIS I 17
52 PR 2 (T OGVEL] [2] [3] [4]. ARPIFA KN, ARGERIR IR @ DEIAT LALE e i B 1 3 bk &
GUE RN ZESCT I E Al vh . SR, ESERRTRET, RGSHFTRE 22BN, Gk
HUERRE . FREERAR 7RG HIES . ik, BARISEIARLE RS T WO, W[5 [6]
G RR SIERF NN R RIX KRB GRR TR flhn, [716 RS SEO € P& A2
RGP T A& RR 2B, USEsTHERe. [B1HRM 1 —FrH BRI R /R 2 IEE S,
TZPEPEAE AT LA B IE N AL B, DA ER AT ANE R VL X2 L AN A A e VR 2 S I R S
A

TR A MORAR MBI 15, BERas B THas AT I = 32 RIS SR R A BT 5
Wi o ARAFNBFEAMMEE A THERE, TH S SERGRAH BIHATVIE, RAEA AT
T P REAE S o W BRG] L 0 55 M 0 R R OREDRES P2 A T S USR8 1 B AR I, B 1 R R 4,
[O1E et T — MR SRS B R R A K R IERAS - R, FE[10]h i —DHT T 7 I — L,
DPg T HAREE RS . AR, IR BEAE RAUR T HRES, A X R E IS 1. BRI,
T SIS AR EN A A IR A TR LR RE I, A3 25U 4R I 1] B, SR A A RS IS A o
AR — T ROCRERAE,  BAT Sebr B OB R X[11] [12].

NTAET RGBT, K 2 KA SCRR AR B BE A2 ] 4 i -4 2 22 1% 4 (X e [R) g i A5 7
BEAT R, RISRAT (S 5 S0 & R A R4 M [13] [14]. (H2, X T 56A RIS EE, SR
7 G RT LASRE S o0 4% A A S AEL K S RE A BEUR AR B o B AAcHh, SO A LA AL T A2 R 5 2%
PRI A R A5 5 5, AT ROt 1 28 IR IR, oRAh 1 RERLI A A2 [11] [15]. fal, fE[16]H
Seth T — MU S A F AL, B SN NESN A B Eh AR R, T BLARIE TR R R R S
Rk, ash, EE M RS H0T DRSS € (R DU3EAT M A2 2 1 I I ORTELT]. AR,
EAERRR, FAFAABUH T AR F AR BB S Al o A AR B A IR A SE PR E 3, EHARE R
ARG TEER, XA T AT H AT FEIZh 77

fE EIRVHE RSERE b, ASCEX — KR A BRIV AR R R S BON A R G, Boit 1 —Fhdt TSR AL
i BPRESAUR FI N BB A A T 8% o AT A9 EZPRR T 1) WPRER AN 5 RGPS RS, B
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2. [EJREHHR

% 18— HAT BENLAR Lo () B O 2 R

{x(k+1)=A(k)x(k)+f(x(k),n(k))+B(k)d(k)+co(k)
y(k)=C(k)x(k)+v (k)

Horrx(k) e R" ARG EZNEK B REMPREFE, d(k)eRY ZRERGHN, y(k)eR™ N

. A(k), B(k)F1C(K) & EAE LA ORI . BB RS o(k) A v (k) 2 EA

FORI S ZIEK . DHEA SR EW (k) =E{o(k)o' (k)} >0V (k) =E{v(k)v" (k)| >0 kL

)

(R
BEHLAR LR BRI £ (x(K), 7 (K)) € R™ W52 £ (0,77(K)) = 0 FLEA LU F et
B{ f (x(k),n(K))|x(k)} =0 @)
B{ £ (x(k),n(k)) £ (x(1),m ()| x(1)} =0,k =1 @3)
B (x(k), () £7 (x().m (k) x(k)} = 11, ()" ()T, (0)x() @

Hrh s RUMMIE R, n(k) REDEAGITS, T (K) AT (K) #6502 BA & 2 40 AR .

B 1: RV x(0) & —BEFLI &, 4351 X(0) b5 % P(0]0), 3 H5 o(k), v(k),
n (k) #1 & (k) & HAFKN .

R 2: B (C(k)B(k))=H(B(k))=n,» FFHn, 2n,.

ARSCHIN RSl R LA 5 A RS 2 IR B A A5 S A, DU AN B BRIR B, I
B A A R S UE (5P, RS S 4 BB Iy . ik, 58 SCCUR il 5% A

(o (k). p(k))=c" (k)o(k)-p(k) ®)

foh, (k)= y(K)=y(r) > Y(r) BRI LRI R, 295062 %0 o(o(k), p(K)) >0 I, K
WAL IR . RIE, MRINZI0< ) <7y <<, <o E X

teq =inf{k e Nk >z, 0(c(k), p(k))>0}. (6)

B, AR 0 G R A BT 3
o' (k)o(k)

p(k+1) :ﬁ+m

(p(k)-2) (7)
Hob, 250, pRIBT[0AEEANLERE, p(k) KV p(0)#20< p(0)<p . FEH, MA i
91 p(K) B B b R R

S pE B DL L2 1 2 G PRSP A LR, TRATTROYE T DA R T 52
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4 (K) = L(k+2)(y(50) ~C (k+1) A(K) K (K [ K)
>“<(k+1|k) (k)>‘<(k|k)+B( )d (k) ®)
K(k+11k+1)=%(k+1]K)+K (k+1)(y(7i,1) - C (k+1) X (k +1]k))

H EP&( ) RAFEN A (k) Itk X(k+11k) & x(k) 7€ k B2 — 51, K(k+1]k+1) &7E k + 15
ZU X (K +1) fftite L(K+1) A1 K (K+1) 2 7 Bt b 288 5
RO, ATE BT EAR

y(Tk+1)_ (k+1)A(k)( k)
=y(k+1)-o(k+1)-C(k +1)A(k)>”<(k|k)
=C(k+1)(A(k)x(k)+ f (x(k).7(k))+B(K)d (k) + o (K))
+v(k+1)-o(k+1)-C(k+1)A(k)R(k]| k)
=C(k+1)A(k)X(k|k)+C(k+1)B(k)d (k)+C(k+1) f (x(k),7(k))
+C(k+1)a(k)+v(k+1)-o(k+1)

©)

il
Y(7.1)—C(k+1)R(k+1]k)
=y(k+1)—o(k+1)-C(k+1)A(k)X(k|k)- (k+1)B(k)&(k)
=C(k+1)A(k)&(k[k)+C(k+1)B(k)d (k)+C(k+1) f (x(k),n(k))

+C(k+1)o(k)+v(k+1)—o(k+1).

(10)

BUE, BARHIRZERS. %d(k)2d(k)-d(k), X(k+1]k)2x(k+1)-K(k+1]k)Fn
R(k+11k+1) 2 x(k+1) = X(k+1]k+1) 5 BUARRFA G522 RS TR EARA TR 2. TR
i1 A5 5

%(k+1]k) = A(k)x (k) + f (x(K).7 (k) +B(k)d (k) + (k) - A(k) (k| k) +B(k)d (k)
= A(K)x(kk)+ f (x(k).n(k))+B(k)d (k) +o(k)
d(k)=(1-L(k+1)C(k+1)B(k))d(k)-L(k+1)(C(k+1)A(k)x(k|k)
+C(k+1) f(x(k),7(k))+C(k+1)a(k)+v(k+1)—o(k+1))
R(k+1k+1)=%(k+1|k)-K(k+1)(C(k+1)A(k)X(k|k)+C(k+1)B(k)d 1 (k)
+C(k+1) f(x(k),m(k) )+C (k+1)a(k)+v(k+1)—o(k+1))
= X(k+11k)= K (k+1)(C(k+1)X(k+1]k)+v(k+1)- o (k +1))
=(1-K(k+1)C(k+1))x(k +1|k) K(k+1)(v(k+1)—o(k+1)).

(11)

% 3. fhiifseag L (K +1) 2
L(k+1)C(k +1)B(k)=1. (12)
B LN T MR AR HRZMOR, 0145 DB . SRR T TE A R R STk

S EE AL [10] [11]. 5340, 7ERE 2 ARIE T, WTLAE M) EDAAE—ME L(k+1).
Bk, REHANRZET RSN
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d (k) = —L(k+12)(C (k+1) A(K) (K [K)+C (k+1)  (x(k), 7 (K))

+C(k+1)o(k)+v(k+1)—o(k+1)).

RNTETF RS, ATe L
1) REAGTHRZE W T Z LN

(13)

P (k1K) £ B{x(K)X" (k)};

2) RANAE TR 7 2258 SN

P, (k)2 B{d(k)d" (K)}.

AL H IR AR TSRl B S, SRAS DA RS A T2 7 2 A0 N A T 5% 22 B 77
ZM LS JRFREIAG TR L(K+2) AT K (k+1), SERRZE I 21 ERAEGA R 2R
3. FEHER

FEAAT T, AL R e O R GAPR S AR R I B R 22 W 7 210 B 5 SRR FHE S

(¥ 38 2 AR R L (K +1) A0 K (K +1) /Xt 5. fEREZ AT, FRATE4 ARSI, DUE S S
BIH 1. T EAE SRR X, X, MY =YT >0, PARAZERST
X YXT + X,YX] <aX YX[ +a™ X, YX]
Horb, a2 —MERMIERRR.
EHE 1. XT HARRG()MM SR (2), ELRKIR(12) FHE RIS UEB R 8). X T4 e i IEbr &
§(i=12345) Mo, BEAALEHANERETHE, (k) FE, (k+11k+1), HHILEEE, (0)="P,(0)
2,(010)=P,(0]0), Hi#ELL PRI I

2, (K)=(1+) L(k+1)C(k+1) A(K)E, (k| k) AT (K)CT (k+1) LT (k+1)
+L(k+1)C(k+1)Zs:Hitr{Fi((1+a1)>“<(k|k)>”<T(k|k)
+(1+a )2, (KIK) }cT (k+1) L7 (k+1) (14)
+L(k+1)C(k+1)W (k)CT (k+1)L" (k+1)
+(L4 &) L(K+DV (k)L (k+1)+(1+ &, + 5" ) pL(k+1) LT (k+1)
= (k+1]k+1)

=(1+4)(1 -K (k+1)C(k +1))E, (k+1]k)(1 ~K (k+1)C (k +1))' (15)
+(L+ & ) K (k+2)V (K) KT (k+1)+(1+ &5 +&5") oK (k +1) KT (k +1)

¥

=, (k+1[K)
(10 A= (KIK)AT (k) + (1457 B(K)=, (k)7 ()
+§Hitr{l"i ([0 a)R(K IR (K K)+ (1472, (k1K) W (k)

VWD R AR A G TR . TR A TRATERIKA I 26 P, (0]0)<E,(0]0)
P (0)<E,(0). AR, BAVERAERA kIZl, AP, (kIK)<E, (k|K) AP, (K)<E (K)o BT, R

DOI: 10.12677/aam.2022.119719 6791 IR Esid


https://doi.org/10.12677/aam.2022.119719

HKu, WEH

TEAEMIAE k + 105 %0, A P (K+1k+1)<E, (k+1|k+1) F1 P, (k+1) <E, (k+1) .
FHBEALARZ e R KL P B, 7T 75

B{f (x(k),n(K)) £ (x(k).n(K))}

=30 ()T x(K)

:jntr{r.x(k)xT(k)} (16)
- S (3105 0)(R(k 1K)+ 2(610) )|

< Sortarr () R(KTOR (K1) + (1?2, (k1K)

B Sl & ()5 X, FRATTATEUE HY
O'(k+1)0'T(k+1)S0'T(k +1)o(k+1)1 <pl. @an
HH(11). (16)~(17)F15|# 1 n] LA 2]
P, (k+1|k)

{( (K)x(k[k)+B(K)d (k) + f (x(k).n(k))+ o (k))(A(k) % (K k)
B(k)d (k)+ f (x(k).n(K))+ (k)|

( )P (kTk) AT (k )+B(k)Pd(k)BT( ) { (x(k).n (k) £7 (x(k).m (k)
(k) +A(K)E { (k1k)dT (k)} BT (k)+B(k)E{d (k)%™ (k| k)} A" (k)

(1+gl) (K)Z, (k1K) AT (k) +(1+e ) 2, (k)BT (k)

+§Hitr{l"i((l+al) (k1K)R" (K [K)+ (1+al )ax(k|k))}+w(k)
22 (k+1]K).
[FIFEH, w15

P (k+1]k+1)
= B{((1 =K (k+2)C (k+1))R(k+1]K)~ K (k+1)v (k +1)
+K(k+1)o(k+1))((1 - K (k+1)C(k+1))X(k+1]k)
K (k+2)v(k+1)+K (k4D (k+1))'}
=(1-K (k+1)C(k +1))P, (k+1[k)(1 -K (k +1)C (k +1))’
+K(k+1)V (k)K" (k+1)+K (k+1)E{o(k+1)o (k+1)} KT (k+1)
+W, (k+1)+ W] (k+1)-¥,(k+1)-¥; (k+1)

W (k+1)=(1-K (k+1)C (k+1))E{x(k+1]k)o" (k+1)| KT (k+1)
¥, (k+1) =K (k+1)E{v(k+1)o" (k+1)} KT (k+1).
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MBI L, WA
W, (k+1)+ W] (k+1

<z, (1-K (k+1)C(
(

+&,'K(k+1)E{c

+1)o T (k+1)} KT (k+1)
<&, (1-K(k+1)C(k+1))P, (k +1]k)(1 - K (k+1)C(k +1))’
+&, pK(k+1)KT (k+1)

¥, (k+1) =5 (k+1)
<gK (k+1)E{v( +1)v (k+l)} T(k+1)
+&5'K (k+1)E{o(k+1)o" (k+1)} KT (k+1)
<eK(k+1)V (k)KT (k+1)+& oK (k+1)KT (k +1).

)
k+1))P (k+1]K)(1 - K (k+1)C (k+1))"
k

FrEL, ATLAS Bl FARZS U2 B 77 2210 B 57
P (k+1lk+1)
<(L+g,)(1 =K (k+1)C(k +1))P, (k +1]k)(1 —K (k +1)C (k +1))"
+(L+ &) K (K+1)V (K)KT (k+1)+(1+5," +5") pK (k+1) K (k
<(L+g,)(1 -K(k+1)C(k +1))E, (k+1]k)(1 -K (k+1)C (k +1))"
+(L+ &) K (K+ DV (K)KT (k+1)+(1+ &, + 2,1 pK (k +1) KT (k+1)
25, (k+1|k+1).
[FEE, ARAEAREEIA d (k+1) s T2 ERE, (k+1) .

gi b, BATITLIAEE
P, (k+1)<E, (k+1),P (k+1lk+1)<Z, (k+1|k+1).

+1)

il
R E R E R, A E B A 2 (k1) A K (k+1), 783 kR S, (k+1)
2, (K+1k+1) k.

EHL 2. EZIR12)T, LaRihIH RS PR MR Fda A Al TR Z2 U 07 Z2 /0 L AT DOt PR 1

i Fe /M
L(k+1)=(B"(k)CT (k+1)©7 (k+1)C(k+1)B(k)) B (K)CT (k+1)@™ (k +1) (18)
K(k+1)=Y(k+1)Q™"(k+1) (19)
e,

O(k+1)=(1+¢,)C(k+1)A(k)E, (k|k)AT (k)CT (k+1)
+C(k 1)Z;:Hlt{ ((@+ ) &(K KR (K[K)
+(1+a?)2, (K IK))|CT (k+1)+C (k+ W (K)CT (k+1)

+(1+ &)V (K)+(1+5" +&)pl,
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Q(k+1) = (1+£,)C(k+1)E, (k+1[K)CT (k+1)+(1+ &)V (k) +(1+ &, +&*) pl,
Y(k+1)=(1+&)E, (k+1|k)C" (k+1).
UER: B . R B 7 ZEE R B 5 AT LU 5
Eg(k)=L(k+1)O(k+1)L" (k+1).
AR PR B H e P RAE R, BB SIANB B H 7 A (K +1), #4388
H(L(k+1),A(k+1))
=L(k+1)@(k+1)L(k+1)" + A(k+1)(1 -L(k+1)C(k +1)B(k))" (20)
+(1=L(k+1)C(k+1)B(k))AT (k+1).
IR eIk, #— 23
H(L(k+1),A(k+1))

T

=L(k+1)®(k+1)L(k+1) —A(k+1)(L(k+1)C(k+1)B(k ))

( (k+1)C(k+1)B (k))AT (k+1)+A(k+1)+AT(k+1)

+A(k+1)B" (k)CT (k+1)@* (k+1)C(k+1)B(k)AT (k+1)

~A(k+1)B" (k)CT (k+1)@* (k+1)C(k+1)B(k)AT (k+1)
=(L(k+1)-A(k+1)B" (k)CT (k+1)©* (k+1))©(k +1)(L(k+1)
~A(k+1)BT (K)CT (k+1)@7* (k+1)) + A(k +1)+ AT (k+1) (21)
—A(k+1)B" (k)CT (k+1)@* (k+1)C(k+1)B(k)AT (k+1).

L(k+1)=A(k+1)B" (k)C' (k+1)®*(k+1) (22)
I H(L(k+1), A(k+1)) B ME.
HLRA2)WAE B, AR
A(k+1)=(B" (k)CT (k+1)@7 (k +1)C (k+1)B(K)) . (23)
K (23)1R A1 (22)F, TR AT L(k +1) i £(18).
h Q(k+1) A1 Y (k+1) 5 S, ARE 72 ERE, (K+1]k+1) TRLES
= (k+1]k+1)
=(1+&,)E, (k+1]k)-Y(k+1)K (k+1)—K(k+1)YT (k+1)
+K(k+1)Q(k+1)KT (k+1)
=(K(k+1)-r(k+1)Q* (k+1))Q (k+l)(K(k+1)—Y(k+1)Q‘1(k+1))T
+(1+&,)E, (k+11k)=Y(k+1)Q " (k+1) YT (k+1).
B, MWL, PRI ERAS R ME. g FARIE,
4. BEHESEH

FEARFTH, FATFIN— A LRI IR KA 2. A RN = 200 A, BRSNS
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A(K) = 0.2 —0.02cos(2k) 0.1|,B(k)=|0.15 0.3,
| 04 ~0.03sin(3k) 0.2 0.25 0.4
[0.12+0.03cos(2k) 0.13 0.11
C(k)= W =0.000001l,,
i 0.10 0.21 0.18—0.01005(3k)
V =0.0000011,.
BENLAE LA R B -
F(x(k).m (k)
0.01
=1 0.01|(0.03sign (%, (k) (k)m, (k) +0.024sign (x, (k))x, (k)7, (k)
0.01

+0.025sign (%, (k) s ()7, (k)
A BENLZ K (K) (977 259 0.0001 () R EFEHLAS
5 SCANT IR R N
4(k) = {[0.2005(k),0.2005(k)]T ,0 <k <100;
[-0.2sin(k),~0.2cos(k)]",100 < k < 200.

HAhBh 2%k e N e =0.1(i=1--+,5), p, =0.0001, 5=0.0003, A=5. R&EFMKIMAYILHE
B HAkHE x(0)=[0.18 0.16 0.17], %(0)=[0 0 0]', d(0)=[0.2 0.2]", d(0)=[0 0] .
AT BAASTHRSEE, AT )7 3R ZE(MSE), & XWIF
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Figure 1. True value of the state and its estimation
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