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Dynamic Event-Triggered Mechanism-based State

Estimation for Neural Networks

ABSTRACT

In the past decades, Artificial Neural Network (ANN) is a
computational model that simulates the biological nervous system.
It i1s composed of many simple artificial neurons. By imitating the
connection, information transmission, integration and response
mechanism between biological neurons, ANN can process complex
data in distributed parallel. Learning and memory neural networks
have good Ilearning and memory capabilities. In practical
applications, neural networks are widely used in various machine
learning tasks, such as image classification, speech recognition,
natural language processing, recommendation system,
reinforcement learning and so on. In recent years, neural networks
have been widely used in many fields, this is especially true in the
case of state estimation problems for complex nonlinear systems.
Because neural networks have better learning and memory
capabilities, the state can be estimated by establishing the related

model of neural network.
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In fact, when using circuits to realize neural networks, due to
network load and communication constraints, system parameters
will experience random fluctuations, and the random changes of
system parameters can be expressed by a set of random variables. In
addition, the existence of other types of time delays (distributed
delay and time-varying delay) will lead to the instability of neural
networks. These delays are inevitable due to the limited transmission
mode of signals and the limited switching speed of amplifiers. In
order to better understand the practical application of neural network,
it 1s very important to study the influence of stochastic system
factors and time delay. In the case of stochastic system parameters
and stochastic time delays, it is a feasible and formidable challenge

to design an elastic neural network state estimation technique.

Dynamic event triggering mechanism is widely used in state
estimation of neural networks. Dynamic event triggering and static
event triggering are two different event processing mechanisms,
which have different characteristics and applicable scenarios when
responding to events. Compared with static event triggering,
dynamic event triggering shows advantages in the following aspects:
dynamic event triggering usually pays more attention to the effective
use of resources, can automatically adjust trigger conditions or

thresholds according to the changes of system state or environmental
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conditions, and has stronger adaptability; It can respond
immediately according to the actual event without waiting for the
next preset trigger point, which is beneficial to improve the real-
time response ability and sensitivity to emergencies of the system;
Dynamic event triggering usually pays more attention to the

effective use of resources.

Based on the dynamic event triggering mechanism and
stochastic parameters, this paper proposes a neural network state
estimation method based on dynamic event triggering mechanism,
and analyzes the estimation error by using Lyapunov stability theory.
The main idea of this paper is to design a method for estimating the
resilient state, which makes the dynamic estimation of the system
stable while meeting the corresponding performance requirements.
Then, by solving a set of linear matrix inequalities, the initial matrix
of the designed state estimator is given. Finally, the effectiveness of

the designed state estimator is verified by a MATLAB simulation.

Li Na (Mathematics)
Supervised by Prof. Liu Hongjian

KEY WORDS: Delayed neural networks, dynamic event triggered

mechanism, state estimator, random parameters
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FEARTIH, & UL A B AL S S50 I 5 1 22 Y 45
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+Cg(x(k — 7(K))) + Lw(k) + Di gh(x(k- 1))
=1 )

y(k)=Ex(k)+Mv(k)
z(k)=Px(k)

(2.1)

Hrx(k)eR" & T g, y(k)eR"Z2MERH, z(k) e R* ZEALTHIPRS
BEFE, A(k)=diag{a (k).a,(k),-.a (k)} e R™ £n 4 RZBHEM, HppEYLIAL R
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KPR, R,,S,S,, T, T, 5e NBEE 4B 1 BOERE .
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T (K)TI(K) < 1. 2.9)
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2(k) = Fy (k)
Hr
Z:{A 0 } A(k){A(k)_é]Hl:[l 0], H2=m,
0 A-KE A(K) - A |
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0, 0 Q, 0 Q, 0 0 0
* Q, 0 Q, 0 0 0 O
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* * * * * * * Q88
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6., = dingf- %2 -5 2%y,
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—d 1 17272 1’
T, = diag{ "2 el
T T T T
5, =dingf- T - Tey
M, REQADREHITE EE .
TS LT Lyapunov 4L
k-1
V)= 0PY(K)+ Y v ORw()
e (2.17)

+ ) > (i)Ry(i) +§§.ZHT )SH(i )+n/1(k).

I=k-7y +1 i=l 1=l i=k-l
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E{AV (K)} = E{[(A - QII(K)E)y (k) + BF (k) + CG(k — 7(K))
+D§ EH(K = 1)+ H, (K +QIIK)Q,)e(K)]" x P[(A-QTI(K)E)y (K)
+BF (k) +CG(k—7(K)) + Di SiH(k = 1)+ Hy(K+QII(K)Q, )¢ (k)]

+y" (K HT AT (K)PAK)Hy (k) -y (K)Py (k) (2.18)
+(Ty =7 + Dy (KRy (K) " (k=7 (k) Ry (k —(K))

+EHT(OSTH) - 3 &H' (K- DSH(K- )
700+ 2y oy - Lo 0emd
n n n

RAE B 2.2 f1 (211 AT LAfS 2

E{y " (k)H; AT (K)PAK)Hw (k)}
=E{y" (K)H, ((A(k)— A)" P(A(KK) - A) + (A(k) - A)" P,(A(K) - A))H,pw (k)}(2.19)
=E{y" (K)H, (E°(P, + P))H,w (K)}

FIHGIH 2.3, FA1153)

DEH - DSHK ) S 2 (LEH (D) SCLEHK- D). 220
W (2.5), REHEE
1 T T
AOROYGHORRICEOR @21)

RAEEE 2.1, RESEH

()] [ 9, |fvk)]_, 02
FRIL* 1 FK] '
{w(k—r(k»* 6, 612"w(k—r(k»}<0 023
Gk—z()] [ * 1 JLg-r(k)]™ |
il
v ] [T % |[vi0]_, .20
HEK) [ > 1 [HK)] '

:/E\EF‘ iRll’ le'Gll’ 612’2;1 ;Fn ‘ZLZ %E(Z:I-G) EJEXO
WL FE(2.19)- (2.24), H1(2.18) T 47



TRUTAE R L 2 A e
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—(;+é”1)(/> (k)(o(k)+(;+§19)w (K)H, ETEHw (k)

o ()] 9 R, [w(k)
FAGIN W FA()
‘w(k—r(k»ﬂﬁn Gm]w(k—r(k»}
Gk-z() | | * 1 ]| Gk-7(k)
i w07 [T T[]
HHE LY 1 HEK)|
= B{9" (K)(Q+ Y (K)PY (k) %(K)}

N

¢

w

(2.25)

-

Hr

T

k) =y (k) v (k-7(k) F'(k) G'(k-7(k) H'(K) (_iic‘,ﬁjﬁf(k—j))T o' (k) 2%(k)

r(k):[Z—an(k)g 0 B C 0 D H(K+QI(KQ,) 0]

HHAERL)FENLT Q.
TE X

O(k) = {Q YT(E)P} (2.26)
F HIRATRER (2.26) 0 E N

D(K) = ¥+ X T1(K) 3, + (X,10(k)3,)" + X, I(K)D, + (6, 11(K)D,).  (2.27)
FEQIB)FEX T ¥, %,9, %, H1Y,
LRI 1, RRAE(2.15) A AE (k) <0 o pbAh, MRAREF/REMEIE, FATH
B (Q+Y (K)PY(K) <0, ik, 24 B(K) =08, TLARRIA(2.101) 03575 = ST [

RS E N
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S 2.2: RAFAE p O<u) Fiyy (720) , e pm 21, 55 86 2t IC FIFEAR
Y24 BK) =01, RG1(2.11)=2 377 8 SR lTEfa e 1, 3 BIEERYIIR %04 T,
STHEAEZERN AK), FHbrhRz=R e H, YR (2.12) . A 7E 1E EHFE
P=diag{P,R,}.R,S, LAKIEHbrE 01,0,,05,61,85,63, 6, i 2

il} <0 (2.28)

- T T ~ )
A=x 09 % 0,9 X aliUS]Az:dlag{—o-ll,—o-zl,—asl},

~ T
@:[Q WP],xlz[o 00000000 -QP],
x _p
[£ 00000
%=[0 00000000 QHP,
[000O0O0O0Q 00 0]
%=[000000000 -gP],

[

2,=[0 0000000 M 0]

00 0 0],

W=[A 0 B CO0 D HK 0 L],
w 0 Q3 0 Q 0 0 0 Qy (2.29)
* Q, 0 Q, 0 0 0 0 O
* = 0. 0 0 0 0 0 O
*x %= *« 0. 0 0 0 0 O
O * * * * . 0 0 0 0|
* * * * * QG6 0 0 O
* * * * * * 27 0 O
* * * * * * * Qgg 0
* * * * * * * 0 Qgg

Q, =H/ E(R+PR)H, +(ry —7, + DR+ F' F + (9+§19)HIETEH1
n

—P-NRy - 4%,
Q, =H/E'MH], Q, =H,M"MH] —’I.

EW: EERRE, (228)8&%5(2.15). N 1ot H, tERe, FAlkREss
e T R KAV (K) HRAKIER . AR5, FRATATR R R4 R,

E{AV (k) + 2" (K)Z(k) - 728" (k) B(K)} = B{I" (k)(Q+ Y (k)PY (k))(k)}.(2.30)

1
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o
S0=[9® £ 0] Tk=[rk L-gmM]. (2.31)
FHAEQ2)HEXT Q-
X
cin(k)zﬁ2 Y_(E)P} (2.32)

HHIRE S (2.32)5 KR
D (k) =W + X101(K)D), + (XI1(K)D,)" + XI1(k)9D), 039

+HXoTI(K)D,)" + XI1(K)DY), + (XI1(K)Y),)"

Q29T EXLT P, %1,9,,%2,9,, X: 519,
A 53 2.1, RATA(R.28)F51 D(K) <0 . FE, (Q+Y' (k)PY(k)) <0

FETRoR, ARHE(2.30) AT AT A B 45 18
E{AV (k) +2" (k)Z(K) —»*B" (k) B(K)}<O. (2.34)

A0 B +oo Tk H(2.34)30,  FATTAIAN

S B (0200} < 7 3B (0N 235)

BRI, 25E(2.12) 75 LA 2 .
EH 2. 3: BAEEASE 1 (O<u<l) Fln(7>0) » Hith & un > 145 @8l = iE

oy . WHRFEWMT ML P=dag{P,P}>0,R>0,S>0 X I ¥ tx =

01’02’03’41’42’43’443%5
(2. 36)
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(AR, 0

0 E'X-APR,

0 0

0 0

B'P, 0

0 B'P,

C'P, 0
5| 0 C'P,

0 0

0 0

D'PR, 0

0 D'P,

0 X

0 0

L'P, L'P,

| 0 -MTX ]

(2.37)

FEE, ALA, FIQEARQ29)HE E L. E0 RGQ DB IR AT %

(2.7) R FATR LLETE AR 5 R34 3 88 B IR A il v 4 2

K=pP*XT.

(2.38)

TEE: 4 X = KRy, FRATAT LUARHE 2 20(2.28) 5% Fa 15 31 25 M P A 25 2,

(2.36). RJm, EEL 2.3 KIIEBIELER T

23 HESHIRHEME

R8T (1) 38 A2 1 2%

02 01 02 02 03 -03
B=(031 -02 01|C=/021 04 03],
03 023 0.2 03 05 0.2

04 -0.2 0.5 0.2 0.2
D=|-05 02 03]|L=/03]| Q=| 03
02 01 02 0.11 ~0.15

Q,=0.LE=[015 -0.12 -031],F=[-02 -05 0.],

M =0.4,&, =¢,, =&, =0.12,¢, =€, = &,, = 0.09,

§=5=¢=03
WA R £ (x(K)), g(x(k)), h(x(K))iEFHaT:
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0.3x, (k) —tanh(0.1x,(k)) |
f (x(k)) = —tanh(0.4x, (k))

0.2x,(k) —tanh(0.1x,(k)) |

0.2x, (k) —tanh(0.3x, (k)) |
g(x(k)) = —tanh(0.4x, (k))

0.5%, (k) —tanh(0.3x,(k)) |

0.3x, (k) —tanh(0.4x, (k))
h(x(k)) = —tanh(0.2x, (k))

0.1x,(k) —tanh(0.3x,(k))

Horprg =275 =1,2,3,-2), 7(k) =1+sin2(k7”) My=05, £=)&=0125,

isgszo.zs, r.=1, 7, =2.%7F(2.5). (2.6) %M, HMNKE =0,

0=04, u=05fn=5. MAREESHN

—0.0692
K =|-0.1465 |.
—0.0391

RIEHEFEx(1)=[0.3 05 03], I KI7EHH9-20 ) 0, & LK% w(k) =e**sink ,
BRI v(K) =e*® cosk , PRETII(k)=0.8k, HELRMER~. ZIHHE 2.1 2K
220 B 2.1 B T z(k) Fr i S HAN TR B 2.2 BB T Z(K) il iR ZE . T B REER
B, & ERRA R .

0.2

z(k)
0.15F - - - - Estimate of z(k) | J

01F

0.05

0.05f |
.
01 fi!

1
1'
-0.15

0.2

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

2.1: z(k) %t A A T

1



SRR 2R L A 1S

0.2

015

01F

0.05

0

-0.05

Estimation error for z(k)

-0.1F

-0.15

02 . . ! L s . .
0 10 20 30 40 50 60 70 80
Time (k)

B 2.2: z(K) ke R H i 2
2.4 AELE

WA — R EA NS B E B ph 2 P 25 U 3E H IR A T ) . AR 7T
PR TR R Eh A Al L . DLATREDN B 1, A R AL dd e se il 1 3)
SFA RSN o FHR BAT BEHL S BRI (8] SR (AR 2 2%, SR T —Fib
SPE H RS TSR B ik . AT R Gesh Sl TR E AT 1 0
ORI, M LM R ASE A, HEB I RS A5 508 2 AR R . D7 =0
UESE T IRAR At 2 2 A7 Rk
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3 E HEEHMELRE TRIFHEMEIRSHIT: 8
BR B 18] 15 72

A FERIEFTAT RS TR 155 T2 T IR aoh 22 1 2 RDIR 2 it T 1) 8 o 7000 B4 B A et
e P 25 R Eh A fid 5 SR LA 38 fm SRR 0K o £ B T2 U R A e 1k 2R
W, EILAEAG T IRZE RGAEA BRIV B A F HL 2 45 5€ W, PEREFR BRI 7T 70 261
i A2 PR A S ORI AR BT s i T H s s M R . foc)m, U UE
S R L BT 7 S SR

3.1 o)A

LS LU N I i pH 2 I 28 R4
x(k +1) = $Hx(k) + Uf (x(k)) + Bg (x(k — o(k))) + R (k)

y(k) = Bx(k) + S (K) , (3.1)

z(k) = 8x(k)
Hrpx) =[x(K) - x, )] eR™ RMETTRA MR, H=diagfh,h,-h, } R
MR, =[], 10 =[], ., REBRGEIE, y0)=[n®) ~ v, (0] R
WOE O, 20=[zk - oz, 0] eR & F O B A I 0
oK) (0< 0, < p(K) < p,,) o1 I A5 BF 35, £ (k) = [0 K) -+, (%, (DT

g(x(k — (k) =[g, (4 (k = (k) -+ g, (x, (k=)' EEHEE, R, B, SHAZ

B B LA A M B, (R R AR T M A, 2
IACIECES

BR¥E 3.1: #HZ oI ER E f () AT g() SR, WAL f(0)=0, g(0)=0A1kn
A
[£(r) = f(0) —L,(r—b)] [f(r) - f(b) ~L,(r—b)]<0,r,beR™,

. (3.2)
[g(rd)_g(bd)_Tl(rd _bd)] [g(rd)_g(bd)_Tz(rd _bd)]solrd'bd e R™
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HAL,, L,, T AT, 2 SRR IE 4500w BOR R .
TE W EAT 5 AN TH 88 2 10K H )& FH AR ik SEBE, bR ic AL fa iz 08
O=a,<@a <a,<--<@q <-, FLHERTUTH ik %1

a,, =min{k eN| k > g, ,%S(k) +0y" (K)y(k) - o' (k)o(k) <0} (3.3)

Hep e Mo &M IERR R, ok)=yKk)-y(a),» 9(K)ZH LU N HFER NS
AR i

Ik +1) =69(k) +0y" (K)y(k) -0 (K)o(k) (3.4)
H e 2—NOHMEE, 90)=39 >0 WMEZMt,

AEREAN B PRS- 45
R(k +1) = AR(K) + D(y(a,) — BR(K))

2(k) = cx(k) (3.5)

Hrfkela.a,), Kk ZWREMT, A, DACRETER PR T

I E Cx(k) =[x (k) £ (O] A1 2(k) = z(k) - 2(k) » BEPIRSMEITHRZE RGN

k+1)=T,%(k) +©, f (X(k)) + ©,9(X(k — go(k))) + T',¢ (k) + T';&(k)
k) =T,%(K)

b Z[D?B A —OD%}’FZ - B%S}’FS - {—u’
r,-[& -c],@1=[il 0}@2{% 0},

0 O 0 0
f(x(k)) g(x(k —@(k)))}
f(x(k)) '

X 3.6
, (3.6)

g(R(k = (k)

A, B RS (3.6) B VIE % M 3 2 X (e)WKR(e) <A (g e[-g,,,00) F

f(x(k)) =[ } g(X(k —g(k))) {

(X(e, +1)_)~((€2))T (X, +) = X(&)) <@ (¢, €[~ g0y, —-1]) FHorpoww s LRI IR AR R A
Ml @ & T IR Hobr & .
B 3.1 RG(G.6)KT (4,4, NW,0) AR HA 1), Hii>420,

(>0, NeN", WE—NIEERME,

1
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K (k)WR(k) < 4

igT(k)g(k)<£Vkle[—goM,0] = K ()IWR(K,) <A, VK €[LN].  (3.7)

AZE) H bR AR G )BTRS T8 (3.5), TR RFB.60)2FH
BRI )G SR B 2 45 € W H, R RETE bR . FAKTI S, 75 Z RN 2 a0 A~ 22
R

1LRZGi(3.6) KT (4, 4, N W, 0) 5 FREF A1 5t

QAEFEWIGHKAFTN, X THE I EEN >0, 4E M THEROKT 7, fidgl
THRZE 2(k) W 2 40 R %A

2.7 (200) <" 3¢ (< K) (3.8)
32 FEHZR

AT, EXHEFUALE TR ZE RS1(3.6) A BRI (A AT H, HERE T i .
e AR 5 B,
518 3.1: WHYIME S >0 H(3.3)M(3.H)% E MBS FAF R Fng, anFiksE

ZH 50 &S0 B KM oE>1, A THARKk=0R LR 9K) >0,

513 3.2: X
1 ‘& o o
R (L) = I2_Il[(21_:k27|2x(1»+x(k—ll)—x(k—Iz)],ll<lz, (3.9)
2%(k —1,),1, =1,

Hrp (k) eR™ , 1, 1, Mk 2455 KRR, W) <, <k. A, X T4EM
EEH M 7 e R 1] A5 2]
S s, 07s
—(Iz—ll)_Z (X +1) = X(3)" Z(X(j +1) - %(j)) ﬁ—[sl} E 31}[51} (3.10)

Sl X(k - I1) - X(k _Iz)y
S, = X(K—1) + X(k —1,) =R, (K, 1,,1,).
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BB 3.3: M TATMEEEnMm, biiEie01), FEHMERcR™, HhEfE
ZERnxm$D7;€Rnxm, %X

h(a,x)zifﬁxzm%ﬁﬁxfzs (3.11)
(24 -

W FFA R SR . ﬁn%ﬁf—ﬁ\ﬁﬁigewxn@@{f S}O’ TR

%S
731N 6T
i A, N) >| ™, 3.12
s ][ 5] a1

WK BRLh HAL TR ZE RRB.6) KT (4,4, N W, 0 A BRI [HE F 178 0 4
an

SEHE 3.1 R5E S5(0<5<1) M E(E>0) 2 o8 >1, AEREMITEMEA, D
FC. MTFHEMIE y(r >, HTHRZERGG.6) KT (4,4, N W, 0) H BRI EA
Ft, MARFEEEEEY, Q. Q, 2, 6,67, EFHKE

h(i=0123456), i=123Mm(i =1 2), PLEFHFEYWHL

=_|% Y|, (3.13)

* G

—T —T

A Wi Ws
* _pt 0 |<0, (3.14)

* * _Q—l
W <P <hW, (3.15)
0<9, <hW,0<, <hW,0<Q, <hW, (3.16)
0<6, <hl,0<6, <hl, (3.17)
2w+ o 2 0 < (3.18)

y
|
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Q=(p, —0,) 6, +p>6,,6: =diag{,,36,},6. = diag{s,,36,},
A11:21+22+23+24+25,A12:(—+.919)<D1HT%TS,

R
s
3, =— @, PO; 3, =—yx,Gox; — " EL H=[I 0],
T, =0,(0,+9, +(py —Pn +1)533)CDI

— 7 ®,Q®) - D00 -y D,Q,0;,

(§+519)ST Ay = (5"'51)' Ay =

Y, =6,k LK, — &K .SK) 2 = (§+ £0)D,H B BHO]

K=[0,-D, O +0,-D]k,=[0;-D, D,+D,-D,],
K =[D, -0, D, +D,-D, ]k, =[P, D]k =[0; D],

~ T
K= [Kz KS]acDi = |:02nxx(i—l)2nx |2nx Oanx(Q—i)aniI (| :1,2,...,9),

Ly £y . o
£= - | £y, =diag{LL:, L.}, £, =diag{L2, L},
z:[zl*l {le:| o _dlag{Tl,Tl} < —dlag{Tz T},
oLl + Ll — Li+L;

) 2 y
FrETLATT o T
2

Wl{rl,o o6 0, @1,®z,r2,r3,o}

6
=h + 2", + oy 2™ _lhs + o™ 7h,
(SOM _Som)(SOM +(§0m _1)Z&)M—2h4,

+ > (3.19)
72_2 — ((@M _Som)z(zgoM +80m +1) Zg)M—lhs +80§1(802m +1) Z@m—lhﬁl
UEBA: WIS 2R v - SE R R R bR
V(K) =V, (k) + V, (k) + V;(K) (3.20)

y
|

Vo (k) =" (k)m(k)%s(k),

k-1 k=1

V, (k)= paned (I)Dli(|)+ 2R ()Q,X(1)
+ i 2T ()QR() + i sz R (1)Q,R(),
I=k—p(k) j=k-py +11=]
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V=G =) 3 T2 0800, 3 370 08 0)
Horbnk) = %(k +2) — X(K) -
NTFRiCfE#, 4
gp()=| p" (k) ¢T(k) o (k) 92(k)},
p)=[X(K) (k-p,) X (k-pk) X(k-p,) Rik0p,) (3.21)

R (K, 0, 0(K) R (K oK), 0y) T (X(K)) QJT(>?(|<—50(k)))]T

Ho R, (k,0,0,)» R (K, @y, 0(K) F R, (K, 0(K), 0, ) & XTEF| 3.2,

XGPSR
Vi(k+1) = 2V (K) =K' (k +DPR(K +1) - 2% (K)PR(K)

O~ s+ 2y () y() - L o7 (K)o(k (3-22)
+ : ()+§Y()y() 59()9(),

Vo (k+2) =V, (K) < X7 (K)(Q, + 9, + (9 — 9 +DQIRK) - 27X (k= 0,) Q%K - 9,,)
= 2™ X (K= @y )R — 9y ) — 7K' (k = p(K) Q% (k — (k)

(3.23)
Vi (k+1)— 2V, (K) < 7" (K) (90 — 90)° S, +9028,)n(K) — 2 0, Z 7" ()S,n(1)
= (3.24)

o o) S 7T S ().

I=k—gpp

M4 51 2 3.2 W LA 2

v.1[e, o7 ¥
— X Pm Z n (I)Gzﬂ(l)<—){ } {02 36 }{ l} (3.25)

= 20" (), G2k p(K)
k—pn—-1

~ 2" ow —0n) 2, 1 ()67

1=k
g—lu[‘w {61 0 M‘P}
o) Y] |0 36|,
)
_ e Pu =0 [ ¥ 6 0 ‘Ps (3.26)
Pk)=pn [¥s] [ 0 36, ]| ¥,
_—— +15{)M_—50(f;<‘)p (K)x, Gk, p(K)

- T (xS ()

2
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:/H\:E'j Kly sz K37 GlﬂEDGZ %XE(319)’ %E‘

X(k) - X(k _Som)’le = X(k) + X(k _pm) _mi(kiou@m)v
X(k —p(k)) —X(k =gy ), ¥, = X(k — (k) + X(k — 0, ) = Ry (K, 2(K), o1 ),
X(k =) = X(k = p(k)), Vs = X(k - 0,) + X(k — 2(K)) = R, (K, 0, 2(K)).

\Pl
\PS
\PS
B G 3.3, AL 158

-2 %/ﬂ (k)xe, &) p(K)
M

gt P En T (), @] (k) (3.27)
oK) — @,
< =" et (KER p(K)
Horph g 8 XAEG3.19).

I3
F— 5T, HRAE A A AT AR 2

és(k)ww(k)y(k)—gT(k)g(k)zo. (3.28)
B, IRARIRYE 3.0, (R 5135

[ x(K) } {sn s} X(k) }0 (3.29)

GO TN RG] |

{ X(k - (k) } F z} X(k = (k) }SO

. ) (3.30)
gXk—p@))) ] [ * 1 JLg(X(k—gp(k)))

/H\:EP '811 ’ Slz ’ ‘le A (212 %XE(3-19)°
3735
Vk+D)— V() -3 (K)
<X (K+D)PX(K +1) — 7% (K)PR(K)
+%3(k) n (§+ £0)y" (K)y(K)

—(%m)d (K)o(k) - £ (K)IL(K)

PR + 9, + (90 — 9 + DK

1% (K=o QXK =) (33D
2K (K= 9 )XK - 94) — 77K (= p(K) QXK — p(K))

1T (K9 — 90)'6, + 928,)1(0) — " (Vs SarT + 17 2R ) p(K)

_8[ x(k) Hs s}{ X(K) }

Lraey) L1 L)

_{ X(k - (k) } Fl z}{ X(k = (k) }
Loxk=pon] [ = 1 Jla(Kk-p(k)

2
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= §7 (K)(A + W1 PV, + W, QW,)(K)

R ARSI EL, G4BT (4 + Wi+ Wo0Wa) <0 BIE, T

REE
V(k+1) < 2V (K)+¢T (K)IS(K). (3.32)

AR, M L
V(K) < 2V (k=D + 2 (3K (K-S (kD)
<2V O+ Z B 2T D0 (3.33)
<XV (O) + 2" X AT}
RV (k) 1052 ST LA 31
V(0)<7Z'1/11+72'2?D'+% (3.34)
SEAN, T LI
V (k) = h8" (K)WR(K). (3.35)
T L)
2w P 00)

X' (K)WR(K) < N <A, (3.36)

Rk, HR¥EE X 3.1, R ERGERT (4,4 NW, O BRI AA R, 2
3.1 FEE,

WAE, HEEVTFRAATTRZE RGN H YERE A . T e #gs i oR il it
DRZE R GUA PRI ()4 5 HL 2 H, PEREFR BRI 70 40 251

EH 3.2: BUE 5(0<5 <) M EE>0) e 681, HERaSMhiitastdam A, D
MC.o XTHEMRE y(r>) MH, PERESER y, MHTHRERLGG6)XT
(A, A4, NW, 0 B BRIS TG 5 B 2 25 € 1 H PEReTRbr, WIRAFAE IR FEFE B,
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Q. 9, 9, 6,.6,M3, EWRHFERGI=0123456), 5i=1237%

m (i =1 2 3), PLAGEFMEWEG3.13), (3.15)-(3.18)41

2L, (3.37)
~ =T —T T
AW W, W,
* -1
0 01 (3.38)
* x  _0b 0

y
|

>
Il

* * * A44
A —(‘9+ A)S'S— y V%I
22—2 £0) X v

W:’a :[]‘—‘410101..'10}

HALZH e LAE3B.19).
UEBA: R 3.1 IE B AR A R A B 2R M v - e R R R bR . i
i P AT 52 3 3.1 ARMBLE T3 vk mT LTS 2
2 (K)Z(K) = "7 (K (K) +V (k+1) = 2V (k)
=X (KT, X(K) = " 7°¢T (K)S (k) +V (k+1) = 2V (k) (3.39)
< (K)(A+ WL B + Wr W, + W3 IW3)4(K).
SEE A AT AR AN 1B, 7T LA 5 HIAE- ) (A + WL P + WaQW, + W5 1W5) <0,
2" (K)Z(k) - " 2T (K (k) +V (k +1) — 2V (k) <O. (3.40)
M IR AN AT DL

V(k+1) -V (k)-¢" (k)IS(K) (3.41)
<=7 (K)Z(K)+ 2 "¢ T (K)S (k) - < (k) IS (k)< 0.

Rlt, AT DS 2 3.1 HEA RN TR ZE RFA LT (4,4, N, W, 0) A FREE
HRALEL

BEAh, FEEYIGFAE T, A G2
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V(k+1) < 2V (k) + 2" r*¢T (K (k) - 27 (k)z(K)
<ZN(0)+ z'“722;{k"f (he ) —sz" " (Dz(1)

AW (HOES WALF (L0}

FREV(N +1)>0 Al y >1 7] LIAFZ

b=

Zf Nz(l)<y* ZC ().

TEFE 3.2 1FEE,
Ja, N e B SRS TS T

(3.42)

(3.43)

EH 3.3: BUESO0<5<) FEE>Q) T SE>1. BEIE y(r>1) FTH, HRE

fabsy , MiHRZERLGG.6)%T (4,4, N W, 0 PRI G A Bl e 4/ H,

REfedr, WRGFAEEEERE R, Q. Q. 9, 6,6, M7, EFEHFE

h(i=01234586), i=123fMm(i =1 2 3), LAWY, 9, 9, 9

%nx{% XS}%E(&IS), (3.15)-(3.18), (3.37)All

XZ X3
A W:LXT )/VZXT )/V;'
* _ _ T
P-X-X 0 0 |_q
* * Q-xX-X" 0
* *

d

W = Fiv,o'o'...,o,@f',@)f,rf,l";",O},

W' =T} - X,0,0,-- 0@/‘-’@*1‘*1‘*0}

{XlﬁjLQz‘B QI_QZ%:|
X,9+9B Q-9%B]

L;;::zz} gt 2l

®1X{X1u 0},@?{?2 g}'
2 2

(3.44)

(3.45)
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UEAh, UERANEE (3. 44) 2 AT g, JEE HRPIRZS A T a4 2 w] b 1 25 5015
E2E

A=X"9,D=X,'0,,C=0Q,. (3.46)
WEBH: B, REZUEH I AE AT
“PAT <P -AT AT <Q-x-AT. (3.47)

R ER AL, HI(3.44) 7] DR B0 R ANEE R s :

WXT 1/\)2)(1' V\éT
* _ -1 T

R P (3.48)
* * -XQX 0

* * * —

PR diag{l, X, X4 1, 13 % (3.48) AT 5540 e, WT LMR A 5 Hi45 2(3.38).
PRI, B 3.3 FIE B AR 0 T 56 20 AT DAL I 3 3.2 IR B 56 B

ZIt, BT ARl SN I A N 45 (AT BRI 18] B RS Al T i) g
O, BT, 08— N EUE BT UE B3 R Al o7 SR sk

33 BUERE

5 J8 HAN T S A 0 I A 22 A 4%

05 O 0 -03 02 0.2
H={0 04 0 |, U=03 -01 04|

0 0 -02 02 02 -03
-05 02 03 0.008

U= 03 04 0.2},‘,}{—{0.008},
02 01 -04 0.008

B=[01 02 01],S=038=[03 -02 0.]

PeRELn T A HUD R EL f (x(k)) A g(x(k - g(K)))

0.3x, (k) — tanh(0.1x, (k)
f(x(K)) = {O.ZXZ(k) - tanh(O.sz(k))},
0.4%, (k) — tanh(0.2x, (k))
0.4, (k — (k) — tanh (0.2, (k — g(k)))
g(x(k — p(k))) = {—0-2& (k = g(k)) —tanh(0.1x, (k — @(k)))}-
0.1x, (k — p(K)) — tanh(0.3x, (k — p(k)))
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kx
2

S oA, BCE NS ZERYMEN I, =0, HN0=04, LWESH N 5=06,

WAL, IR AR N (k) =1+ cos?*(—) » BRIl o, =1, ¢, =2. XT3

E=3. WEH MHREEHKTENy=05. BH 33 FHHEESHIEN =13,
4,=002, #=003, 4,=13, N =10, W=1M(=02. R/GRHE3.46), 153

PRSI S Hn T

0.2505 -0.0116 0.0939 0.0085
-0.0121 0.2833  0.0305 ],D{ 0.0000 ]
0.0886 0.0170 -0.0625 -0.0217

C=[—0.1126 0.1307 —0.1030].

A:

KT 1e[-2,0], IEHFMIRRBE N x (1) = 0.03, x,(I) = 0.01HIx,(1) = 012,
3.1 JBoR T Hanih 2 (k) Aot vE, UEMT TS5 A R

0.015

0.01

0.005

Time (k)

3.1 it 2 (k) B LA

3.4 XENG

A T RO I A 22 X 28 FRPIR S AR )RR AT 1R, BT R BOE Tl
FAFAHLE S, FFARE BRI A 5. Oy 75 m BIEA I RCE, RS T
HIBc T AR AT 7 ShAS S il A SR o 3B 8 P 2 M 4 K-S R R R0z e
%, #ES T ORIEAS THR 22 R G0 IRIN TR 700 2 45 € 1 H, PEREFR AR TE 70



SRR 2R L A 1S

D

Ao I ZR MR PR A R ORI, AT 7 IR0 R IR Ak 00 25 1 2 R R
B, I HUE RIS 1 3 AT T BCR A R
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F4E RESRE

4.1 BE5

AW FUIRT 138 F Bh 2 F il 5 AL X 2 X 2 R 8 Ak T R B s 5 gk ok 75
Fo BARRUL, BATRADEIT 7 # 2 W28 FPIRES A THIn ] 32 20 25 F A5 b A L]
BEHLZHOIN i A R 2R B B2 o 7ERSEA b, FRATEDh B 7 — M BRI RSt
VERE M HIERNES A T 45

ARSCEEWITC 1 3T B FA A A0 X 2% (RPIR Al o 170 7050 9 BA R
PR 1. BT A FEA AL O BE LS SO a2 R R 50k H IR AT
2. BNASHA AR FEWE N IS A A X 2% RDIRAS Al v AT BRI TE] 1 T

H5E, BT RIEFEANE], BT T SRR SE S I AR I H
WA R, ZHLH] S AR R M. AEIRXMHLE T, R HIE 2R E ik
SEAERT, T A A dm s AR RS THE . ARSI B s 240 B RS
HORII s B2 P 28 it — DB PRI TH o, B IR R AE S & AR LS T
TR 2 RGN 2 RE SEILA U7 B SC N HIATIASSE , I A2 5 5E HUPEREZER o
N, FATiE 2R T RS & ) — A Te 2k A, DRIE 1A THRZ R GAMY
LIRS E, R ERI H, TEREAIR . 355, IR — HANEFEREA
G WANGE VRS T SRS AR . B, AN EUERBIRIE T
P IRAS il v 4% 1A 2ch

F, AL DA BARS LR T 25 S8 Sh 21 fid e g DA 52 rm B RA R0
e B T2 e U AR S MEPINE , S NLAE MG TH R 72 R YA BRIV 18] A A 7 B 2 45
€ PEREFRPRI R 0 of Ao I SR — 2 2R IR P AN S5 A5 2 0 B2 A o 25 3 28
TR, f e, R ANEUEG T U R R A R

ARSI BHT /AR -

S HRTR T2 R 28 ARl v i R AT 78 L2 A 2 s (BRSNS
FAF Al AL T, X B AT BEATLZ BRI i T00 ) e 420 0 2% RS T 1) At e e b o
Rk, ASCNTRESCERI A R, 2518 1 REVRIH AR )&l £ S A% fyid R
A B A A ML IZ — R BT BEVR o B0 17 A7 BE AL 2 HORT I (8] S35 ) 4
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Zepzk, R T AN EEH RSSO 5. s I TR THR ZE R
GLB J1 A REREAT 1 M. BB, BTSRRI IR A
THE SR AR o UL SR BINESE T T Hid MRS A TH A A Rk

B, REMEMECIRS M THIIETE DS R E R, (X TAESh A Sk
RAEZRA, 10T B A I 1 0 o 22 R 2% AT A BRI TADIR S Al oA 1R, H R
ARFHHRR HAGIRN . T I, A TE N TR R R SEBR TR K A, R - 7E
RETRAICR, 4 H AR I B A A% fan o B FH sl S AR SRS, B B R A REVE
AT A IR )15 5, A5 B2 M v R A PR AR, W4 5 s DR R il i
R RGHAT AT TR G 3E—20, AT DA HE R AR — 2 AR
VR BRIEE 1 EH TR THE S RS A T A s e . R, 18
A — RN E B IAE, 537 JIHIIESE | i 58 2 22 I 4Rl IR AE S b
IVAEERCE: AN DR SR S eI E - (B

42 RH

ARILEEMIT TR A LS B S B E LR AP 25 (10 H IR
THa, DB BIERIR P, R TS FA ML . FEARSCIEER B, 59K
FAAE— e 1) A AR U RN — 2P et

1. ASCHPRESAETHEER T, AR RSB IS BE . 10 HAEVF 2 SERr
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WP ARE  RORMIAIE AR S o DRI, BB RS 1 ROPT DL 2 GBAE HPIR A
Thas A P2 S 41 R BEAE I AR [ o IXRI 5 0 T LU I A6 A BE AL IR Fh R . R
EOL/E TR TIRERRING a5 R, (HASENE, £H07 BEHUL A AT
LB I S (1 it AT T A2 0 41 ) Al R 45 1) 0 A1 2Bl 25 S A R IR A
ME BRIV, BRI
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