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STATE ESTIMATION BASED ON
COMMUNICATION CONSTRAINTS SWITCHED NEURAL
NETWORK

ABSTRACT

In recent decades, artificial neural networks have been widely applied
in multiple fields such as signal processing, combinatorial optimization,
and pattern recognition. However, in reality, due to the complex and
changeable actual environment, many neural network systems are
accompanied by the characteristics of complex networks, such as strong
coupling, randomness and nonlinearity, which leads to the inability to
accurately obtain the relevant real-time information of neural network state.
For specific complex neural network modeling, some internal and external
factors often lead to the phenomenon of "switching" in neural network
system. Such as the change of network environment, random sensor
saturation failure, mixed network attack and so on. In real life, robot control

and automobile acceleration gear switching have '"switching"
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characteristics. From the point of view of mathematics and engineering,
the complex neural network with dynamic switching can be described as
switched system neural network. In addition, in practical engineering, the
internal state describing the dynamic law of the system is often
unmeasurable, so it is necessary to estimate the internal state of the system
according to the measured data, that is, the state estimation problem. In
recent years, the state estimation of switched neural networks has attracted
more and more attention.

In this thesis, the state estimation of discrete-time switched neural
network systems with time-varying delays under communication
constraints is studied. At the same time, according to the needs of practical
engineering, the complex neural network system considered will be
affected by handover characteristics, random sensor saturation, mixed
network attacks, bit rate constraints and dynamic event-triggered
mechanism. Specific related research contents are as follows:

The first part: introduces the related characteristics of switched time-
delay neural networks, current and domestic and foreign research status
and related network-induced phenomena, and also introduces the related
communication protocols and analyzes their related characteristics.

In the second part: state estimation of discrete time-delay switched
stochastic neural networks based on sensor defects and mixed network
attacks is studied. Considering the influence of sensor saturation on the

\
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stability of the system and the fact that sensor saturation is likely to occur
in a random way, we use a white sequence obeying Bernoulli distribution
to describe the randomness of sensor imperfection. While the system
measures the output, it may be subjected to related network attacks, which
have a great impact on the related performance of the system. There are
three common attacks, namely deception attack, denial of service attack
and replay attack. However, few studies often consider the coexistence of
multiple network attacks. Therefore, we establish a switched neural
network model with sensors imperfection and mixed network attacks. The
main purpose of this study is to design a state estimator so that the
estimation error dynamic system satisfies the related performance.
Secondly, the state estimator gain is obtained by solving a set of linear
matrix inequalities. Finally, the effectiveness of the proposed estimator
design is verified by relevant simulation examples.

In the third part: the state estimation problem of switched neural
network systems with a class of bit-rate constrained and dynamic event-
triggered mechanism is studied. In order to improve the signal transmission
process more in line with reality, this thesis uses a code communication
protocol to enhance the information in the transmission process without
interference, while considering that the information in the transmission
process will be limited by the bit rate of network transmission. Compared
to traditional static event-triggered mechanism, introducing a dynamic

\|
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event-triggered mechanism in communication protocols can save resources
to a certain extent. The research objective of this section is to design a state
estimator so that the neural network of switched systems can achieve
exponential ultimate boundedness under bit rate constraint and dynamic
event-triggered mechanism. By using Lyapunov stability theory,
performance index that satisfy the expected estimation error are obtained,
and sufficient conditions for the existence of the estimator are given. Next,
the linear matrix inequality and MATLAB solution are used to analyze.
Finally, MATLAB numerical simulation experiments are used to verify the

effectiveness of the state estimation method.

Ran Zhang(Control Science and Engineering)

Supervised by Prof. Hongjian Liu
KEY WORDS: Switched system neural networks, state estimation, bit
rate constraints, dynamic event-triggered mechanism, sensor saturation,

hybrid network attacks, linear matrix inequalities
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HRELLT — BB IR BEAL D) #2428 X 2% 2R 55

X(k+1) = A, X(K) + B, ) (X(K))
+D, 49 9o (X(k = 0(K))) + G,y V(K)
y(k) =" (C(k)x(k))
z(k) = L, (k)

@-1)

Ho xK)=[xK) %K) - x (k)] eR" £ # 2 W% KRS A&
yK) =[y,(K) y,(K) - y.(k)] eR™ F R E AR K AT W OB o Bl K
2(k)=[z,(k) z,(k) - zq(k)]TeR‘*i%ﬂ%fﬁfrE@%%; oc:N>Q={,2,-},
Hh o RS, FRTRAMBE, SR ERBEBEL. oK) ErR
AR, L6 <OK)<6, 016, &CHIIETIE: v(k) el,[0,+0) £msh
WM R E. T oeQ, A =diag{a,,a,,,--a, }la, [<Ui=12--n),
B, eR™ D, eR"™, G, eR™, L, eR™ & & 1 H F & 24 48 5 0¥ %
f, (x(K)) =[ ., (4 (K), T, O (K)), -+, T, (K, (KNI 9, (X(k = O(K))) =[9,, (x(k - O(K)))
0o (X(k =0(K))), -+, Gy (X(k = O] AL ME BB AN L TTIRN R B 57 S 1
HTeRHL
RE 2.1: M cEmhR S f g e f_(0)=0, g_(0)=0.

ki; < fio‘ (Sl) B fio‘ (SZ) < ki-;'

S =S,
(2-2)
7[»7 S gio‘ (Sl) - gio’(SZ) S 7Z'~+ )
lo Sl _ SZ lo
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F 3 ={X; (g, Ko )s (i, K)o, (i K )ooo ]i eNyme R}, Hkelk k) &8k DT
KRG ARAEDIRES, REQ-DIPREASEE.

SE N 2.1: WTAERE K>k, MG EMTIHGES o(g) » HAk, <g<k. N_(Kk,,K)
Fon X (8] [ky, K] U AR T o () DI R B W RAFHE N, 20 F1 Ta>0, f45
N, (Ko, K) < Ny + (K —ky) /T, T, F1 N 43 5K A-F-440 55 B IR 1) AN B4R 3o 7EARSC
i, RATIEFEN, =00

2 18 LU AR R AR A Rk

{a” (Cx(K)) = (1— p)S(Cx(k)) 0<p<1
S(C(k)x(k)) = sign(C(k)x(k))min{] C(k)x(k) |, 3}

(2-3)
Horr 57 (C(K)x(K)) Ferm ik BRI FLB R A3 . p R—ANBENLE R, AT
FKRKUEE, p(p=0)=1-p, p(p=1)=p, p<[0,1] . Sign()7Z signum &% 1%
cF
[SC((K)x(k)) —rC(K)x(K)I' [6C(K)x(k) —C(Kk)x(k)] <O. (2-4)
X T FrEre(0,2) .
VERR 2.1 MR SBARGEARENRRZ —. ELFRGH, (LRSS

& — TR WL H AT LS, IX— S s TR RN R SR Sl RE K

I, AL RESEAIRDUR 51 K RSt ge TR, B2 R A FRERERKHE
b 2% R AN BN

HH AR 28 S a5 14, SERRil &4 22 BR & 4 B g, 3
BB

Y(K) =y [ y(K) +A- )& ] (2-5)

Hoye R™EZEBIKMERH, » Mo R E, RMAAZERSA, 555

FONIE L IR S5 B AR I il o B4, BEALAS & & e R™ SRR Ml & A R 4t
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KL T ERRIIMEE S . N T msehs TR 2, 7] LUK & A B0k AR s i
K E N
p(e, =0)=1-a, p(a, =) =a,

2 “ (2:6)
P(r, =0)=1-7, p(y, =D =7.

Ha=[0,1, 7=[0, RS EMIrE.

FEAR 2.2 ARSCRE TR SUBAR A AR BRI B UR Im Bt . WP F A LUAEE
5 R BN BT R il o A2 TAESEEH, TS o SRAM IR Bt (5 5 1 T4 22
L) MBI ZE RPN G o IX — A e B e A F 0L B ks () Bl 0 2 A

FRBIBEE I Re R HFE, BOhHE SRR G RN, Hik, XMBLGEEES
I — a8 oA, DORIERZ A Sk A% & s AR EE
o

VR 2.3: EAEEREZQ-S5), REMKZBEEBEMFERHIER 0. £5%—
HESEN, TR A o0 4 T A 5 0 o SO R 4 R 55 Mot , BB PR (5 5 4
GREGEM . My, =18, FORRGUCI 32 R4 RS Bk, AH M 1 &1

NY=0, y =1 o =0FRR[GH KA IIEET, ZXAE G T K SLRRIEAE N

Y =& o
TEARSCeR, FAMEF DL TR AT 28R B4 o1 28 o0 2% (2- 1) o 2
R(k+12) = A, X(K) + B, ) 1 (R(K)) + D, 9y (R(K = O(K))
+K, 1 [Y (k) = CR(K)] (2-7)
2(k) = La(k))z(k)
Forp R(K) € R", 2(K) € R 265 x(K) Fl 2(K) Ak, IR ALK, € R™™ & T B
ftivh B Ak . BRI (k) = x(k) - R(K) » 2(K) = 2(k) - 2(k) i iHRE BN ) % RGN

e(k+1) = Ao’(k)g(k) +B, fo‘(k) (e(k))+ D, w090 (e(k—0(k)))
_Ka(k)7/k Q- )S - Ko—(k)ykak (A-p)s(C(k)x(k))
+G,, (K)v(k) + K, ,,Cx(k) = K, ,Ce(k)
Z(k) = Lo’(k)g(k)

(2-3)
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Hoep £ 4 (6(K)) = 40 (X(K)) = F 0 (R(KD) > G (6(k—O(K))) = Gy (X(K —6(K)))
~0,0) (R(k=06(k))) -
BE k) =[x k), & (K] BLATHA T R R25%:

n(k+1) = A, 1(K) + B, Sio0 () + D, S0 (K= O(K))
+G, o V(K) + (P, — P)K 5 (C¥ 77 (K))
(1 =7)+7 = PIK, &
2(k) = L, ym(k)

- A 0 ~ B 0 N D 0
Aoy = {K U(k)c A K C] B, :{ B(k) B } D, :{ B(k) D }
(k) wk) — No(k) o (k) o (K)

6], 0.0 (k- 00))
Cotn = {sz =10 Lot ] Gt k=000 = ngik;(e(k —H(k)))}

B fa(k)(x(k)) 5 0 ~
Giot (K) = l: fg(k)(g(k)):|’ Koty = {_Kg(k)}, Y, —[In O].

(2-9)

EX: p= -7 Ny —a)+7 (e —a)+aly, —7)+7 *a.

FANRIFAT ] LA 2]

P, = -7 N, —a)p—p)+tp(r -7 +¥ ) —a+a)
ta(y -7 +y)p—p+p)-a*p(y, -7 +7)
t7(p—p+p)a—a+a)-y*pla —a+a)
—y*a(p—p+p)+y*a*p.

R 2.4: WAL E oy, , p WIRMAZFI DA AP, REE A (2-6), UL
I, AT RILL IR, X ALLUE 15 Lyapunov-Krasovskii 72 BRI 2L [
JiE. MV RREAN 0 81 1, AR BIHER 5347 -

E{p}=7*a, E{p,}=y*a*p,

(2-10)

@2-11)

EX 2.2: FEVIHAES o(k) T, VIHRARZERILE R S0(2-10) 8 IANTE v(K) =0 )
WRIRB T RAE N, WIRAAERRE K > 0 F10 < X <L{E1SE n(K) 3 2 :

E{l 7K} < KX n(k,)I (2-12)
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MFAETk 2k, X FOFEE piko)l=sup, | 7Kl -
TR FoRIE SRR K,y (0 € Q) LLEYIHAS 5 o(k) » 5 R i 2
DL R AR
(1)v(k) = OB R4 R G5 (2-9) R A T R iz 0.
OFEBHIEAMTF, KT HE IR v(k) I E Ry >0,

WRAFEO<a <L, MHIHANTTRZE Z(K) I 2 :

i(l—a)SE{ll 2(k)IP}y < vziEll o(K)IP. (2-13)

s=kg s=kq

8 (2-4), TOAIRREL S L .
[6(CY (k) —RCY (KT [6(CY (k) —C¥,7(k)]<O0. (2-14)

Hrp R=diag{r,r,,---r,}, X THEr (0.

5| 2.1 (Schur Complement): 4578 % HUHERE Q,, Q,, Q, K Q, = Q)

Q,>0, W
Q +0Q10,'Q, <0,
EERIE
Q O -Q, Q
toTB<o| 2% <o (2-15)
Qs _Qz Qs Ql

MBS 2.1 7, AT RS 3

U, -U, T xk) ]

lo

[XT(k) £ (x(K)) ] U | F ox) <0, (2-16)
S0 e Y e KA 217
7 Uy 1 [ (e(K) ] @17

[ X" (k=0(Kk)) gl (x(k=6(K))]x
{u% —u%M x(k —0(k)) }o (2-18)
U, 1, JLg,(xk=6()) |

Mo n
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(6T (k=0(Kk) G (x(k=6(K))) |

[USU —uﬂ{ e(k—0(k)) }o (2-19)
-U L, ]9, (e(k=0(K) ]~

4o n

:/H‘:E':‘ Ulo"UZO"U3o"U4O'(G € Q) 7‘%2{3\% E/\J

Ulo’ = diag{k]jaliro" k;akga" T kr:akr:ra}’
ko +k Ok, 4k, kK- +k*

U :dla 1o ld’ 20 20".“, no no ,
20 g{ 2 2 2 }

A - _+ -+ -+
U, =diag{r, 7n 7, 7, ", % 7o},

no’"no

U,, = diag{2e

+

nG}.

+ L T, T, T +7C
2 2 b 2

2.4 RISETER TN R

FEARTTH, A0 BATIR G M2 Blddr . BEHLAR SR A R M THR 2 R 48 2-9)4b
B MR A g T R A TR L H, PERETEARIN 18 0 26 1

FH 2.1: S RIS K BT T v >0, (HE T REQ-9)
V() =0 B 5L F 3R MO T R e M, S AL HAE 5 o(k) . WRAFTE

u>10<a<LA_>0,(=1234), il %M

TaZTa*={ —lnu W (2-20)
Inl-a)

WRAFAEIEEHFEP,,Q, (0 Q).

Pj S/UF:, Qj S/uQ| Vi,jEQ, (2_21)
45 DA A R AT
® S]
L0, 2-22
Lg —Pél} 22
7N qj
[®, 0 @, 0 &, 0|
£ ®, 0 ®, 0 O
® = s * Oy, 0 0 0
* * * @, 0 0
* * * * q)55 0
| * * * * * (Dee_
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@, =(6,-6,+)Q, —1-a)P, -1 (1,®U, )~ A, ¥.C'RCY, +4,_M"M,
®,, =—(1-a)*Q, -4, (1,®U, ), 0, =-1_1,,,
D, =-A N, Oy =—A_| Dy =4, 1,
@, =4_(1,®U, )0, =%‘PICT(R+ 1.),®,, =4,_(1,®U, ).

HEBH: & LI Lyapunov-Krasovskii 12 B :

V, (K) =V, (K) +V,, (K) +Vs, (K), (2-23)
Foof
V,, (k) =7" (k)P,7(k), (2-24)
V)= S A-a) " ()Qun(), (2-25)
i=k—-0(k)
Vo= S S ) ()Qun). (226)
j=k-6+1i=]

X F oeQo=123 it B #H vk)=0 B ¥ 7 R 4 29 B £ H
AV, (K)=V,_ (k+1) -V, (k) i4E £ 7w, A5 H -

E{AV,, (k) +aV, (K)}

=E{n" (k+)P,n(k+1) - (L-a)n’ (K)P,n(K)}

= E{A, (1(K) + B, 4$1 () + D, S0 (K = O(K))

(P, — P2)K, (0 (C¥y1(K))

(=7 +7 = PIK, &3 PAA, (1(K) + B, &3, (K)
D, 1S 20t (K= 0(K)) +(p, = P,)K o 5(C¥71(K))
H( =7)+7 = PIK, &3 = L=a)n" (K)P,n(K)

= E{A, 71(K) + B, S5, (K) + D, )¢ 200 (k= 0(K))

+(7—7*&)Ka(k)§k}T Po{Aa(k)U(k)
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+ Bo‘(k)é/lo- (k) + Ijo-(k)é/Zo(k) (k—0(k))

. (2-27)
+H7 -7 *2)K, &k

—(1-a)n" (k)P,n(k),

E{AV,, (k) +aV,, (K)}

=E{ > (@-a) " (HQn()

i=k+1-6(k+1)

-3 @) ()Qun()
i=k—-60(k)

va Y (1-a) T Q)
i=k—0(k)

=E{ > (@-a) " (HQn()

i=k+1-6(k+1)

- @-a) i Q)

i=k—-0(k)

<E{ Y. (@-a) "7 0Qu)+7  K)P,(K)

i=k+1-6,

=3 @-a) " ()Qn()

~(L-a)*n" (k- 0(k)Q,n(k —O(k))}
=E{-(1-a)"n" (k-0(k))Q,n(k - 0(k)) (2-28)

k=6,

+ Y Q=) " ()Qn()+n" (K)Q,n(k)},

i=k-6,+1

E{AV,, (k) + Vs, (K)}
SELY Y o) Q) -
j=k—6,+2 i=]
S S @-a) T ()Q,n()

i=k—0,+1 i=]

va S S ma) T Q) (29

i=k—0+11=]
k=6 k-1

=E{ > > (1-a) 7" ()Qn()

k-6, +1i=j+1
-1

(A=) "'n" ()Q,n(i)

j=
k=6,
j=k—0

k
W+l i=
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k=6,

+ 2 7 (KQn(k)}

i=k-6,+1

=E{(6, - O)n" (K)Q,m(k) - Z (L-e)* 7" ()Q,n(1)}.
i=k-6,+1

iE S E(K) =[n" (k) 7" (k= 0(K)) &y (K) Cooy (K=0(K)) 67 (CE(K)) &1
By, —7}=0, EIAMLERF, RIELEATLENE, EARRYE T8
PA SIS AR GBS RS ARG L, ARERERSE T & W e EEA Ak, Wik
KEN N EI<IMpE)l, M ZEAE 4R B RAEQ-11), 2-27)-2-

29) )13
E{AV,, (k) +aV,, (k)}

_ ZE{\/iU(k +1)-(L-a)V, (k)}

<E{n" (K)[AL P, A +(6,—6,+1)Q, —(1-a)P,In(Kk)
" (k=0(k))A-a)*Q,n(k—(k))

+C 160 Batio Pr BaoCoo (K)

2010 (K = 0K D74 P, D0y (k= 0(K))

+(77_77*5)2§1<T Kl(k)PJKJ(k)gk
+2n" (k)'&;(k) P, Iga(l<)§15(|<) (k)
+2n" (k)Aj,(k) P.D, 1200 (k = 0(K))

+2(y -y *a)m’ (k)AZ—(k)PaKa(k)Sgk
28,40 (K) B4y P Dy g2y (K = 0(K))

+2(7 =7 *@)& ;509 (K= O(K) D 1y P K, 10,
+2(7*a-y*a*p) 7 -7 *a)s (C¥n(K)K,u P.K,wé

~ 2, L& (K) &y, (K) =277 (K)(1, ®U,, ), (K) +77" (K)(1, ®U,, )1 (K)]
=25, [£2, (K= O(K)) S, (K= O(K)) - 217" (K= O(K))(I, ®U, )L, (k= O(K))

21



i W N i e 2 DA TS

+17" (k=0(K))(1, ®U,, )n(k - 0(k))]

~ 25, [(C¥ 1 (K)) — RC¥ 1 (K)T [6(C¥ 1 (K)) - C¥.p(K)]
+,, 11" (KM M7 (K) - & &1

=E{S" (K)S,P,S,&(K) +&T (k)@ (k)Y

(2-30)

%F LMI Al Schur #h51HE. AR4EEH 2.1, FATATLAAEH E(K)SIP,S,E(K)
+&T (K)DE(K) <O.FEXT TAER k >0, RAVREZHRE AV, (K)+aV,, (k) <OHE—
BV, o K+D) =V, o (K) S —aV, o (K) BIRFE V, 4y (K) S Q=) TV, (k) #E—253k
(PSSR

V, oK) <@-a) Vv, (k)

<@-a) iV, (k)
< ul-a)  (1-a) NV, (k) (2-31)

- ﬂ(1-a)k-ktflva(w(kt_l)
<-ee < ,UN”(ko'k) (1- a)k_kova(ko) (ko)

PR AR 52 S 2.1, FRATTEE N (Ko, K) < (K —k,) /T, 84 (2-31) A BAek 5 i

Voo () <[A-a) ™ 17V, (k). (2-32)

S, AR BB, ARV, (k)< Bl nk)? s Vg (K) 2
ﬁl” ﬂ(k)HZ ’ ﬂl = gliegﬂ’min(Pg) ’ ﬂ2 = v %ﬂ‘max(Po—)_FrDaX(gl_gO +1)ﬂ’max(Qg) ° ;FIJ

H@Q-32)F ) b AER, FFEEEEHE, FA1E 2.

BEQl n(IF}<[(L-a)u™ 1% Bl n(k,)IP

(2-33)
E{l n(k)I?} < %X“Wn (k)12

1

Hipx2=(-a)u™, K5, BT, TUESIRG X <1, FHit, HiEE
X 2.2 F(2-22), Hv(k) =01, B RGEQ-9) IR T REEH.
SET 2.2: VAR I0H 28 Ko BB v > 0. SR, RE(-9)2EH

BgikasE, JEHWE H, 2R (2-13), WRAFEIEERMER, Q. , fif5:

22
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U
El _%1} <0. (2-34)

Forp § [Ao-(k)o B, Ijo'(k) (77*&—77*(7*/5)Ka(k) (77—77*&)'{5(@ Go-(k)]'

d, 0 @, 0 @, 0 0
£ ®, 0 @, 0 0 0
* * O, 0 0 0 0

O, =] * * * @, 0 0 0 |
* * * * q)ss 0 0
* * * * * Dy 0
* * * * * (1)77

D=0, +L Loy Pp=-VI.
HASHAAEEH 2.1 AN,
PR : AER(2-22) (2-34) T BASH, REQ-HMIEHI TR Eh e 218

o X THAEE H PERERI AT, A EiRE s IR B v b, JRAT10TE Efy, —73=0,
AT

E{AV,,, (n(k)) + aV,, (7(k))}

=E{n" (k+DP,nk+1) - 1-a)y" (k)P,n(k)}

=B{A, 47 (K) + B, 11, (K) + D, S0 (K = O(K))

+(p, = P,) K,y 8(CY 77 (K))

H(n —7)+7 = BIK & + GV (K} P,

{A, 41 (K)+ B, C1 () + D80 (K= O(K))

+(p, = P,) K,y 8(CY 77 (K))

Hn —7)+7 = PIK & +GaoV(K)}

~(L-a)n" (k)P,n(k)

=E{n" ()AL P A1 (K)

10 () B2 P B iy (K)

+C 30010 (K=0(K)D] )P, D, )& 0ty (k = O(K))

+(y*a— 7*0!*/0) 5T (C¥(K))K Y 4P, K 4,8 (C¥ 77 (K))

7 =7 * @) & K 0P Koo

23
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+V" (K)G! 1, P, G, oy V(K)

+2n" (K)AL 4P, B, 1 S2r (K)

+27" (K) A4y P, D14 5y (K = O(K))

127 *a -7y =a*p)n' (KA PK, 8 (C¥n(K)
27 -7 * @) (AP K, woé

+217" (K) Al P, G, 4y V(K)

+2(y -y * &)é,jl:rzr(k) (k) él(k) P Ko—(k)é:k
+2§]To’(k) (k) é;;r-(k) Po‘ IZc‘r(k)gk
+2§Ja‘(k) (k) Bl(k) Paéa(k)v(k)

+2(7 =7 * @) 3,00 (K= 0(K) D P,K &,

+285, 40 (k= 0(K))D] P K 1,G, oV (K)

+2(7 xa—y *axp)y -y *@)d" (C¥n(K)K, 4 PK, 4

+2(7 xa -y *a*p)s (C¥n(K)K PG, v(k) (2-35)
12(7 -7 *@)& K1) P, G V(K)}

~(1-a)n" (k)P,7(k).

S B{AV,, (K) +V,, (7))} A1 ERAV,, (K) + Vs, (7(K))} 5 13k (2-28) 71 (2-29)
p SRS = 0y s W P s v g S

&) =[n" () 7" (k=0(K)) Ci (K) $on (k= 0O(K) 6™ (CEp(K)) &V (KT

HR4E (2-28) (2-29) LA R (2-35)F AT AT LA £

E{AV,, (k) +aV;, (n(k)) + 2" (K)2(k) -v*V" (K)v(K)}
= ZE{VRr (n(k+1)) - (1= )V, (n(k))

17" (K) Lo Loy (K) vV (K)v(K)}
=E{& (K)S,P,S, & (K) +¢&! ()D& (K)}<O.

(2-36)

Hrp A SR g 2.1 s
TR, MTIarRAEERsv(k), @ 2-36), 7L 5 ik

Via(k) (k) <@-a)V,(k,) - 7' (ko) Z(k,) + v (ko)v(k,). (2-37)
24
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EREIRAER, FA1EE]:
Via(k) (k)<(@1- a)kikovia(ko) (ko)

—kzj (L- @) (2 () 2(K) —v AT (K)V(K)). e
AR, ZEESLRGHIH, YERETENS, FE UL ERETEPR:
2 i (L- @) (7 () 2(K) — VAT (K)V(K)). (2-39)
ARHE (2-21)A1(2-38)FA 145 2 AH B2 35 JH 2
Vi () <@-a) 5V, (k)
—kz_:: (L-a) (2T (K)Z(k) = vV (K)v(K)) (240
RIE, EERPIRITE, EFEVIEFET, IRESS2):
kz_; (- ) Q- a) 7" (K)2(K) < kz; (L- @) AT (k)V(K).
ERE
Sik L-a)* (7" (K)2(K)) < gvz(VT (k)V(K)). (2-41)

R, MGEHE 2.2 0, FRAVEMEEE, FAA e AT A%
Q-10) 5B T RE I . XSS THED.

R 23 B H, RS TR T AR S5 v>0, g>1, M0<a<l.
B2 2.1, (2-22)M 37 v(K) = O I~ REEQ-9) AL H, MR d bR LG RO iR
I ELAE ISR T 0 FAEZ i 2(k) I BAP 76 152 4K P, = diag{P,, P,.}

QoeQ). TFHA A A, A (0eQ). FEH SRR LUl T 40

® 9
] <0. (2-42)
S, -P,

o

~ P].O'AU(k) 0 7 0 iy Plo'Go'(k)
At = r Koy = » Gy = :
X,C P A—-X,C -X, S C
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BeAh, IR Q2-42) R FATH, A

Koy = Pa ‘X, ,0eQ.

20 7Y o?

(2-43)

BB : ZIEIRE 2 e BE 2.3 (UEBI RS, DRl B

2.5 BUEME

N T BAEZ R A BAEAE A, S 7 DSBS R . &
n=3Mm=2 IERFENLUIHAT LN (2-1). FrA S8 T

09 0 0 05 0 0 05 -022 0.8
A={0 021 0 |,A=/0 045 0 [[B= 0 021 012,
0 0.22 0 0.46 011 -0.11 0.21
05 -0.32 0.19 ~0.2 -0.19 0.1
BZ{ 0 0.19 011} D{ozs 0.11 —018]
01 -0.1 021 -011 021

~0.12 -021 0.12 -0.9
D,=| 042 01 -019|,G,=|021{,G,=

02 009 -0.12 0.11

0. OJ

L, =[0.01 -0.01 -0.01], c {2_1 15 4

L,=[002 -0.02 -0.02], |04 3 -25[
v il e KR s
—x (k) +tanh(0.1x, (k)) | —X, (k) —tanh(0.1x, (k))
f,(x(k)) =| —1.2x, (k) + tanh(0.2x, (k)) |, f,(x(k)) =| —x,(k)—tanh(0.2x,(k)) |,
—1.2x,(k) +tanh(0.2x,(k)) | —2X, (k) +tanh(0.1x,(k))

2% (k) +tanh(0.3x, (k)) |

g,(x(k)) = [ —X, (k) +tanh(0.1x, (k))

—2%, (k) —tanh(0.1x,(k)) |

i R GBS B R AU -

&fl’ fz’

19, (x(k)) {

—X, (k) +tanh(0.2x,(k))

-2, (k) +tanh(0.2x, (k))
—2.2X%,(K) +tanh(0.2x3(k))]

v(k) =sin(k)e ** .

o, F1 g, WYL 2.1 9%
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09 0 0 11 0 0
U,=[0 12 0 [U,=[0 11 0|
0 0 042 0 0 38
[-095 0 0 ~1.05 0 0
Uy,=| 0 -11 0 |[U,=| 0 -105 0 |,
| 0 0 -205 0 0 -1.95
34 0 0 36 0 0
U,=| 0 39 0 [U,=/0 08 0]
0 0 42 0 0 44
-1.85 0 0 19 0 0
U,=| 0 -095 0 |U,=l 0 -09 0
0 0 205 0 o0 -21

i AR GEIR R HICH O(K) =1+ (sin(kz))? . H ER AN G =2, FHHNE =1. H,
PR IOK P B v =0.8212 . 7E(2-20)F, ~FI5ER R IS4 o = 0.9, f

©=10.2. 8id MATLAB T HAH, M 1% LMI BRI 47 f#:

0.0481x10* 0.0137x10*  0.032x10™*
P,=[0.0137x10"* 0.0831x10* -0.0706x10°*
0.0320x10* -0.0706x10* 0.1156x10™*

0.0480x10“ 0.0052x10* 0.0214x107™* |
P, =]0.0052x10"* 0.1601x10* -0.1891x10*
0.0214x10* —0.1891x10* 0.2542x10™*

[ 0.0001 -0.0002 0.0004 |
R, =|-0.0002 0.0004 -0.0009
| 0.0004 -0.0009 0.0020 |

[ 0.0005 -0.0010 0.0022 |
P, =|-0.0010 0.0020 -0.0046 |.
| 0.0022 -0.0046 0.0106

MRYESE(2-43), LA ELA RGN T A -

0.1799 —0.0871
K, =|-0.0350 0.0147 |,
~0.0316 0.0137
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0.0204 —0.0040
K, =|0.0546 —-0.0131|.
0.0195 —0.0049

B B 2-1-2-7F1 7w, A E2-1,2-2,2-300 3R T X, %), X HIFEA
I ZIHPIRAS KRS THE, HIAa1E 70 5 & 90.15, 0.1, 0.11. E2-4%ik 1 [F]
—FOIAE T TIPSR, I ELAE %A 3 A 1)1 35 S B I ] 15 2 D,
12-552 z(k) o Al TR 22 . EI2-670 il Fiidk 1 By Moty 6.4 ik 95 Mok DL B
WURAE AL 2R, BRI SSFI 50 A, 4 & ANBEAL LR B E N
o =09, =09, p=0.1. FE2-7EWIRE/ MR EEmEL, KSR
G . BT EBAUE R LLE 1K SEATHR B 0 & — 8. Rk, FRATATEL
PRSI, R B R

0.16
—1 — State x;
014 | = = Estimate of z1(k) | 7]

012

0.1 r

0.08

0.06

0.04

0.02

-0.02 [

_004 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
Time (s)

210 X MHRA EICE MG
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0.1

0.05

-0.05

-0.15

0.12

0.1

0.08

0.06

0.04

0.02

-0.02

-0.04

-0.06

-0.08

— State zo
= = Estimate of z5(k)

Time (s)

23: X, MiRA BICE MG

29

1 1 1 1 1 1 1 1
0 10 15 20 25 30 35 40 45 50
Time (s)
&1 2-2: X, HPIRZS R E Rt
T T T T T T T T
_‘ — State x3
i = = BEstimate of z3(k) | |
1 1 1 1 1 1 1 1
10 15 20 25 30 35 40 45 50



i
S
H
W
>t
4
=
ik
ﬁ
=<
[
‘e

2.5

1.5

System Mode

0.5

0.01

0.008

0.006

0.004

0.002

-0.002

-0.004

-0.006

-0.008

-0.01

1 1 1 1 ! 1 1 1

10 15 20 25 30 35 40 45 50
Time/s
2-4: PSS o PRI
T T T T T T T T
— Estimate error of z(k) ‘
1 1 1 1 1 1 1 1
10 15 20 25 30 35 40 45 50

Time (s)

2-5: z(K) % Al R
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* 7k : Dos attacks
O  px = Failure factor
ay, : Deception attacks

* 3k kKK Kk KRKK K kKK SRIIIGIIE SRR

B 2-6: AN [RJIE Z1 0 9 28 il DA S A% IR A Rk

6 T T T T T
’— PDF of deception attacks signal {k ‘

5 |- -
4 | -
3 |- -
2 |- -
1F k b
0 Il 1 1

-0.6 -0.4 -0.2 0 0.2 0.4 0.6

B 27 R o o3 A1 (R o L el £
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2.6 REINE

FEAR TG, JATAI N ok 1 BA A IR R B AR & W 2% B B DI R G
PREE XL PR T 1) 8. Jorp, M2 RGN, WUk AL, D
L = AN AT SR o3 A BRI AR B o B AR B A0 AL R A BRI R p « FERE
“a i 55 B 10y, AR B 1 o« 454 Lyapunov-Krasovskii 72 if, 2B PEAEFEAN
a0 (LMD ~FIBE R (A 7792, e th 7O e AR T RER 78 o6, e
TS A THIE B K o LMI 2R ORI 7RI IR ZE RS g g H, Psh
) Pk~ AR EON T RS e M B, I — BRI EIGAIE [TV A R
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£ 35 BERARITRAVERETH IR M4
HENFSEHRR A RS T

3.15|l8

ARICHEFE T —FHAT DETM AL A LCARR R (¥ 25 U 8] 2B 3R D)t 22 1 4% .
NT BRI, AR A AR AL T AR 2 AL EE R B R, SIN T —Fl
DETM. A% 835 Bl v 25 (10 B A i e e i 52 20 AR EL R A5l s B . DR,
N TR BREA] G )2 TG SR SR TR, BIN T LR R A, JRF R T
IRt ARG A P . AT 1P A R (ADT) /7 %, 83id MATLAB H#)
EMAEREAEN, A T B DETM ML R LERR KU1 & NS e U 4
TR Ao B, A BhSLS SEIG 45 BRE RE T LASGIE .

3.2 [O)RET4A

LR, fhamss O -G A BRB B SIS 2SS
B R . b, NTARZE RN 2% 12 2 L R A o ) LT A RO RRADL o0 e g
M 2% 2R GHA BERAIERE . B AR LR TEAMBR K AR L. BEERIEBOR
IR, DIt 22 M 2B 8 O ANATTRIE AR /L. Bl — RPES BRI 1 &
Gt LA R W RX B R [ I R L B a0, (EVR R R 4. & AE

AL USRS R HEAE . DK, V2 E IR 2 f 4
MR R e P AR 3R BRI D ATA BRI 8] [/ 25 HEAT 1 IR AT T

HAER N, RS AAGTT45 2 18] )8R KRR ge = S 80 = IEE
3. SEIBE, BAMEBEMG RTINS ALHIETM), EAMX AT A
Feimfs v, B BN AOE S S BT AN R 4 e il R SR A AR, 550
EHAR LG E TG DU, I XA I8 TR L B O i S Sl A b . Dy 1 ik — 2D 32
I RIRRIAI AR, $EH 7 DETM, S54RI ETM AHEL, & nT PASh a1 2 i
FoFRAT, B RPEARE A AR A IR . Fe TR — i nd, FEDA BISHRr, AR2 kM
2% 2 GEANZ B A 22 P 28 o #8 mT L 2155 3 25 At R WL AR S BRI ST IR
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TEAZ A5 JRT V0300 Y200 AN ] 3k G bt 2 4 BELIT o B ] B 3R A0 Ll e 25 2R 5 L
MIBLAR . LR 2t e SOl ik B A5 I 4 R DA S 1 LR A S5 TR 2 I 285 11
ZAT R, WETTIEEATT SR KA SUILRER I —3 5 o X ST LR R
file AICHRE 7B WSS HP IR, Gl AR R R T KSR E, JF
i T RGN R A TR AT BRI, FEECARR R AZBRIMEL T, JFRK—Fh
DA 22 X 285 (1) B8R A% A 07 1 B B AR S R S i, AE A BRI 9T
e, R T HRR R A R I R AR P 2% PR T, JRR I T AR A E R LR R
(¥ 25 6% A0 R ATL 1 o

T BRI, RADE WSO B A LR R AR Ul e 22 2, BEANH U
A4 DETM MR RAR . Z2JRNF TN — AR FELETTRRAI T :
(OWBFFE 7 — RV 2 N & Bhas flith iR 228 R 78 70 560 Q)EME NI
ST, %& 7 DETM, AR 1 I8E 4l b 7 Btank: G)ET AR
X275 e, AN 2 I SR VAR SR BR A B R, R P8 T B A IR B R 1)
Hbh 22 I 2%

3.3 )RR A

B8 AR SRIE IR R L V) B 22 45 R 5

X(@+1) = A, X(9) + B,y T (x())
+G, () 9 (X(9 = 0(0))) + B, V()

() = Cx(g) + Dv(p)
2() = Ly X ()

(3-1)

Hh x(@)=[x(0) %@ + @] €R", y(©) =) ,(0) - Yn(9)] €R"
Iy AR AT RORE R MRS . 2(0)=[2(0) 7@ - 2,0)]
eRY, FFHMIIES . o(p) RIUHREMI YIRS, HIREMMESE
RN I={L2, -, @} P o KRBV S . 0(0)0<6, <0(p) < 6) RN

A, Ko g RTHR, 62 L. v(p) el[0,+0) &3 A KE.

34



i W N i e 2 DA TS

Aoy =diag{ay, ) 80y B} 0 |8 [S1(I=12-n) » By, eR™

G, €R™, E,,, eR™, L., eR™, CeR™ #DeR™ #=2 AR,

o(p) o (p) o ()

B 3.1: W TR f (x(p)) 1 g(x(@)) T 2 L 261
[F ()= F () =P, (x= I [F ()~ T (y) =¥, (x-y)]<0. (3-2)
[90)-9(y) =Y, (x=WI'[9(x) - g(y) - Y, (x-y)] <0. (3-3)
MFVXyeR"(xz2y), bW, V¥, Y, Y,&%E5EFE.

N T IR AR R T TR A A ) BRI E, $R T — APl A S A Ak
RHLHI(DETM) o 4 fith & B 18] 7 5K R N 0< o, < g0, <---<go, <--+» WA T —/Mih
RIS 2R LA IR A -

po=mindi| L2 9 (0)() < . (3-4)

1 ERAER S, MY RIERE, dp)=yp)-y@)- Yie)y(p) 73l
P B AT Al RIS 18] go, BRI 58 S A 24 SR AEIN 8] o A S Ha L () =& N B3N
DA, WAL EhATE

A(p+1) =xq(p) +9—€ (P)e(p)- (3-5)
Hirxe(0,0) Z4EHIERE, q(0)>0FKRYIE KA.

VERE 3.1: ASCK DETM A T 5 BN D) 45 ph 28 X 28 (RS Al TH 28 1T o

HEET q(p) £G-4) T RARIEERG-5) BE NN &S EL. NG-4H)F L

Bl AR BUR T R HPIRGS . MR, W0 s 2 i %A (3-
4), JUPHr Al IS SR IR AL AR RS M . 2 7 —> oo, DETM K¢
JR G G S A Al LA o

FEAR—BNERIEOL T, 72 DTEM Z )5, J7REG-1) W i A2 077 sl il
B4 T AR IR :

¥ () = Cx () + DV (). (3-6)
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HC eR™AID, e R™ ZCIIMAEFE, x(p) REFIMEILT A, vi(p)
LT DTEM 2 5 A8 . 7 F2(3-1) Rl &y Hh 2 — AN T B A

H T S B R TE A 50 A IR EC I (S W 2 ARSI, DRI A T St 22
AR AR EE I B PRE ICT SO A BCREE LR, LD
BAmrRoE. Rk, BAVESL T LT R 2 Al

Zn: R <R.. (3-7)

SRR MUGARR, R A T .
AR, 41T 5 0 R G BT M/ 2 R B A o

PRI RS . T T BRI, A T U T AL,
AT y(p) eR", 5% FHHRIE:

B ={yeR":|y, |<b,i=12,--m}. (3-8)
S b RRAEHE G B, KR b, b] FAIRIAN A N A PRI, AT
R,

B,b) 24y |-b<y, <-b+ 23

2b

A 4b
B, (D) 2{y.|-b+=<y <—b+—
2|() {y|| +N y|< +N} (3_9)

Bu) 2y, b2 <y, <t
A A R (39), T A A B R NT T K S
B (0)xB, (b)x-+-B_ (b), Frfs,s,, s, eqL 2 N}o FAREAIIL T A%
BV R, L . LTSI, 454 B, (b) F R ALl N, = 2° S
. B B SN

flb(Sl,Sz,---Sm)é[Cl,CZ,---Cm]T. (3'10)
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o cié—b+(25i,\+1)b,i=1,2,---,m ComoE ) B — X BT

B, (b)x B, (b)x---B_(b), Ak, y(gp) 5 B, L B 2

1y(p) =1, (S,,S,, S < Zn:;Ri b. (3-11)

i=1

IADHLE: 45 5E y(p) - WA y(p) € B, (D) x B, (b)x---B, (b), T y(p) 4%
XR :[51’52""Sm]- (3-12)
FRIDHLA: 243U B A RS 5 A I, AR 3 R g SO

V() = s_o(XR) )
., (25~

2R

_ —b+(29’;—;1)b (3-13)

b+ (282;1)b

FHEE TG R BIRRAS U 2208 SO di(90) = Vi (0,) - Vi () . ARIE(B-10)-(3-13),
fiEe iR 2 A SV E SUR

1,1
i=1
Neuron
nodei Estimation
e
Sensor
i
Measurement Estimatori

Decoded | imformation
codeword

Wireless digital
communication
network with limited
bit rate

Communication channel
with dynamic event-
triggered mechanism

Yicg2) codeword

Code i Decodei

3-1: &5t DETM 5 RS2 BR F RS AS T
Kl 3-1 #1817 40d DETM Ja % HAE v, () » A IRIDIRZE v, (p) 2 40T

HAF R ZIRE R R, RETHRGHIMTHE.
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MR R P48 o s ARSI & . D)4t 2 I 28 A (3- 1) RS Al v 28 A 18
W
%(p+1)= Ao % (9) + B.(o) f (% (0)) + G, 9 (% (90— 0()))
+E, () (Vi (9) —C:X ().

e R™™ 2l S %

(3-15)

HK

()
ESLRZEN: e(p)=x(p)-%(p), FHit, TATA:

&(p+1)= (AU(W) - Ko‘(fo)Ci)ei () + Bo‘(p) f (e (9))
+Ga(g:)) g (Xi (SO - 0(8/')))) + (Eo'(p) - Ka(fo) Di )Vi (SO) (3'1 6)
+K, (i ().

Hor (g (P) = FO6(@) - (X () 9(&(0—0() =9(x (- 0()) -

g(X (- 0(9))) -
TP, BT E:
e(g) =col, (& (9)), f (& ()) = col, f (& (¢)),

g(e(p—0(0))) = col g (& (- 6(p)),
V() = col, (v; (), d () = col , (d; ())-

N TAET R, FATE XL
A=A
Eoy = E
WRZE RG] L TS Al

e(p+1) = Ae(p)+B,, f(e(9)) +G,,9(e(p—0()))
+ Ka(me(go) + Ea(mv(p) + Kg(@)d (9)-

-K_.,C,

o(p)
3-17
K . D. (3-17)

o (p) o(p)

(3-18)

EX 3.1: BREAFEFHS>0, p>0,fMe>0, MAMHHRZEG-18)HI3h /1%
B AR B AA R, 15 LT AT

Il e(p)I? < 5“’/)4—%. (3-19)

Hip 5 e[0,1) HhRor A%, % | e()IP 1 LB
FEX 3.2: A TALREH o> o, IIEMYIHAE S o, <g <, HPN_ (0, 0) &
TS B o(c) 181X 17 [pg, 0] W I IR L. 0 FAELE Ny >0 F1 T, >0 {15
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N, (¢, ) <Ny + (9 —,) [ T, » WIT, F1 N, 537904 R g1~ 351 5 B4 Bsf (] FH B AR T B o
TEASCH, FATTESE N,=0 .

B 3.0 BRENEGEED,, ©,, O,, L5, =0 A5,>0, 1

0, +0.0,'0, <0,
HHAH
O, O] -0, O
! > <0, 2 _%|<o. (3-20)
Zj3 _62 U3 U1

3.4 REMHITBTFAIMZIHIAR

EH 30 BEK,, ERFEGI)T, REMIHRLERGMEER, 51
TR 4, >0(=1234,5), 0<a <L u>LRIERMHEMEP FIQ, . X T (LM #H

E5 o(p), WLl Tt

T,2T; o A, (3-21)
Inl-«)
P < uP,Q, < 4Q, Vi, j €0 (3-22)
13 DA S A AT
@ T
> <0, (3-23)
SO' _PO'
/\I:'j
®, 0 ®, 0 0 0 0 0]
* o, 0 &, O 0 0 0
* * O, 0 0 0 0 0
* * * @, 0 0 0 0
®= , (3-24)
* * * * Oy 0 0 0
% * * # * D, 0 0
% % * * * 0 &, 0
% % * * * 0 0 @4
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G,y €y K

o(p) “o(p) ()

S, =[A0B,,, K., Ol
®,=(0,-6,+1)Q, —-(1-a)P, - L¥| ¥,
®,,=—(1-a)*Q, -, Y,,

(D33 = _ﬂll ’(D44 = _ﬂ*zl ’(D55 = _l4| )

1
Oy =41, 04 :_;I —Al,

o(p)

k-1l+a 1
Dy, = I +%’(D13 = ﬂﬂsym{z\}q\}lz},

T

1
D, = ﬂzsym{a YI 1.}

EBH: & LA Lyapunov-Krasovskii 2 B :

Vo‘ (8/‘)) :VIU(SO) +VZO' (80) +V3G(SO) +V4o-(@)’ (3_25)

V., (9) =€ (p)P.e(p), (3-26)

V@)= Y (1-a) e ()Qued), (3-27)
i—o-0()

Vo)=Y S o) ()Q,e0), (3-28)
J=p—-6+li=]

v, (p) = 36, (3-29)

ST oeQo=12341HEMAV, (p) =V, (p+) -V, _(p) HEEGB-18), FATH]
DECEP
E{AV,, () +aV,, (9)}
=E{e’ (p+1)Pe(p+1) - (1-a)e’ (p)P,e(0)}
=E{(Ae(p) + B, f (e(9)) + G, 9(e(p— 6()))
+E, V(0 + K, e(@) + K, d (9))" P, (Ae(p)
+B, () T (e(©)) + G, )9 (el —0(9))) + &, )V ()
K, (€(©) + K, () - (- a)e" (9)Pe(0)}
=E{e" (p) A" P, Ae(p) + f 7 (e(0))B,,)P,B,,, f (€())
+9" (e(9 — 0(9)))G, () P,C, ()9 (e~ 0()))
V' (9)E () Py V(90) + € () K ) P K ()
+d" ()K ) P Ky d (9) + 267 (9).ATP,B, ) T (e())
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+2e" (p)A'P.G,,,9(e(p—0(p))) +2e" () ATP,E, V()
+2e" () A'PK, ,e(p)+2e" () A'P.K, ,d(p)

[e3

+2 7 (e()) By, P, Gy 9 (e(2 — 0()))
+2f7 (e(p)) Bl(gg) Paga(p)V(SO)
+2f7 (e(s)) Bl(p) P, Ka(me(&o)

+2 17 (e(0))B7 )P, Koy d () (3-30)

+29T e(p— 0(80))G:'(p) Pcrgo‘(p)v(go)

+29"e(p— 9(80))(3;(@) P, Ka(p)e(@)
+29T e(p— 0(80))G:'(p) P, Ko‘(g{))d (9)
+2VT (), P K _ (@)

o(p) o “o(p)

+2VT (p)E] PK_ d(p)+2¢ (p)K! P.K_ d(p)}

o(p) o “o(p) o(p) o “o(p)

~(L-a)e’ (p)P,e(p),

E{AV,, (9) + oV, (9)}

=E{ D, (-a)"'e (i)Q,e()
i=p+1-0(p+1)

- Y @) ()Qe()
i=p—0(p)

fa Y (1-a) e ()Q,e()
i=p-0(p)

“E Y () ()Que)

i=p+1-0(p+1)
-1

- D, (Q-a)7e" (i)Q,e(i)}

i=p-0(p)

<B{ i (L-a)""e’ ()Q,e(i) +e' (P)P,e(p)
i=p+1-6,

- D, (@-a)"e (i)Q,e()

i=p+1-6,

~(1-a)*e (- 0()Q,e(9 — O}
= B{-(1- )" e" (9 - 0())Q, (9~ 0()) (331)

=6

+ >, (@-a)"e())Q,n(i) +e" (0)Q,e(@)},

i=p+1-6,
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E{AV;, (9) + aV,, (9)}

g+10

' ZZ(l o) e’ (i)Q, (i)
_i_‘;:jﬁa-a)@”& ()Q,e(i)
+ai_§+l§(l—a)‘”_i_1§ (i)Q,e()}
-5 3 ZZ(l—a)e (i)Q,e()

£-60

Z pZ(l o) e (i)Q e(i)

=]

-5 e ().}

i=p-6,+1

~B{(6,- 6,)¢" ()Q,e(¢)
=S aea)e (90,6} (3-32)

i=p—-06,+1
E{AV,, (9) +aV,, (9)}

=E{%q(so+1)—(l—a)q(so)} (3-33)

- g DAy
T T T

1

EL T=020), £(0) =[¢"(0) 0" (elo—0(eN) 17 (e(0)) 3 (el —O()
Vi) d'(p) € (p) T ()] - FERIZAFG-4) R (3-2)- (3-3)15F5:
F{AV, () + 6V, (0)}
SB(Y BV, (10 +1) - G-V, (o)

~A[f (e(p)) - ¥ (@] [ (e() - ¥.(0)]
~2,[9(e(p—0(0)) - Yie(p - 0(p)] [9(e(p - 0()))

—Yzew—e(so))]w[@w—é (©)e(©)]

+A,V(9) V() + A5d (9) " d ()
=E{S" (9)S, P,S,&(0) + & (9)PE(0)}

+§ + V() V(9) + Z5d (9)" d ().

(3-34)
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?*/i1l‘]z?>‘((o=§+ﬂ4v§+ﬂsd2(go), ARG34)ITLLE B L F Bt

E{AV, (9) +aV, (9)}

T T T (3-35)
<E{S (9)S,P,S,¢(0) +S& () PE(0)}+ 0.

PR¥E Schur #h 5] B (3-20)FATHIE ET (9)S.P,S E(p) + £ (p)DE(p) <0, K,
AR EIAV, (p)+aV (p) <@, HIV,  (p+D)-V, (@) <-aV, , (p)+o, X&

R -
Vo (0) < A=)V, (0) + ¢
<S@=a)" " N (P + 0
Sul-a)"(1l-a)" "V, (0 1)(pt_1)+(p (3-36)
=pl-a)"" NV, (o) + e
e gD A= )N () + .

R, R4 E X 3.1, RATFIE N_ (9, 0) < (0—0,) [T, Ra, HATH

V, 0 (@) S [A-) ™17V, (90) + . (3-37)
TERARR aflb , BV, (0,) <bll (@, )EFIV, () > all (@)l , Horfs

min

a=Min A, (P,)+ D=max A, (P,)+max(8, 6, +14,(Q,) - HMEG-37), 175

%
aB{l e()*} <[(L-a) ™ 1" bll e(op)IFF + 0
b (3-38)
E{ e(p)llz}sgxz“o“"")ll e(g,)IP +%.
H s =X =(1-a)u™, p=§x2@on e(p )P - SRS, WA, HAGE T
X <1, JFIBARGB-37)7 LS B
Bl ()2} < 5‘/"p+%. (3-39)

WRYEE X 3.1, FAVERGG-18)REH LA . LR LLGEL LT 2
5

£+/1v +/15222R
b
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EH 32 BT u, a. B 31 ME20EL. WEFEP,Q,,
AQ=12345) F K, WAL THRZESNZ RG(3-18)i L8 H3 7 A FE% M, (153
LR AN 3L :

o, S
5 <0. (3-41)
S, -P.

HS =[A0PB,, PG, & PKow P.Ko O, A=P.A  ~KC,

o(p) o o(p) Tol(p) o tol(p) o “o(p)
E

olp)

I 2R K B A

PE,. —KD.

o(p)

K, =P'K. (3-42)

TFEA: ZIEIIR S 5 MR TR 3.2 BOAE R R, RIS
3.5 BERHE

FEARTH, Sl — MR B IR A R A . X Fn=3fIm=2,
DI 2 M 45(3-1) 2 LR 24

078 0 0 062 0 0
A= 0 076 0| A=/ 0 074 0 |
0 0 07 0 0 072
(02 -021 0.18 022 -0.32 0.19
B=| 0 02 02|B,=[ 0 019 011],
|-011 -0.11 0.21 01 -01 02
-0.11 -0.19 0.1 ~0.1 -0.21 0.12
G, =| 023 011 -018(,G,=[042 01 -0.19],
021 011 -0.11 02 009 -0.12
E, =[0.35 0.48 0.3],E,=[0.32 049 032],
002 0 0 002 0 0

Y= 0 013 0 [,¥,=| 0 013 0 |,
0 0 012 0 0 04

44



i W N i e 2 DA TS

002 0 O 004 0 0
Y,=| 0 012 0|Y,=[ 0 012 0 |,
0 0 02 0 0 03

3 2 6
D=[0.2 o.24],c{ }
0.8 32 -32

T TR R L £ (X(9)) AT g(x () BIEFE N

—1.2x () — tanh (0.1 (%))
f (x(p)) =| —1.2X, () —tanh(0.2x,(¢)) |,
—2%,() + tanh(0.1%,())

—2.1%,() + tanh (0.3, (¢))
g(x(@))=| —X,(p)+tanh(0.1x,(p) |.
—2.2%, () + tanh (0.2, ()

AR E A V() =sin(p)e PP . O(p) =1+Gin(p ) . e LR BN
6, =2M@,=1. f£GB-2)H, FHLEHNTNSH a=01M 4=12. WIERMELN
FREANGE AT LIRS — A nAT AR, a0 R s

0.0274 0.3965 -0.1501
—0.0006 -0.1501 0.5473

0.3235 0.0355 —0.0168}

0.3168 0.0274 -0.0006
P = ,

P,=| 0.0355 0.3476 -0.1458

-0.0168 -0.1458 0.5164

WRHEASEN(3-42), BT AEEE G THE & K, B

0.0545 0.0493
0.0535 0.1262
0.0672 -0.0685

0.0520 0.1227
0.0690 -0.0706

K, = K, =

0.0431 0.0388 ]

B4 SN P 3-2-3-9 Fw, HA B 3-20 B 3-3 il 3-4 RoR T RIS EH T
WEMTE. K 3-5 ik T UHE S TRIARBRN. K 3-6 fllE 3-7 % T A HZ
BN RIS R ZE T . & 3-8 I 3-9 43 L T sl A A A F Al 2 AL
F bR 2 BeJE, DT EAERIGE T AN T T R R
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3.6 RENG

TEARSCH, ARG T HA DETM FELRRR 20 51 V) 3 b 22 9 4 (1 Fe 450
FURBAG TR DI 22 (28 G Am I L B0l R BOR IS 5 o 17306 A2 P 4%
WIEHIESR, R T g — AT AL g i L] . LAk, 2 DETM MR
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FBLIE DESRE

4.1 BE

ARSCEFEWTIC TS SO 8] A I A I i ) D) e 22 X 22 PR S A T ]
NP RE T AR A G ERR . EE I B R AZ R L DR B S A HL
LR, Za UL ERERR ) 2 0 25 R Grt AT AR RS PR AR . [R] AR 4 T
FESCER I RE R, 725 M AR AL, AR LA BRI S ELR, A5
PRI R GERI R, W AR SR REHEAT S B 0, 48 s AR B R ek RERAR
DA EAAERI TR %A FE45E Lyapunov A2 PEERIR, f3 FHARPER FEA S5 20
AR A TS . Rl SRR, R R R SEER AT R S S B

BB BT T 5T A% B R B AR B 00 24 Tt 1) W8 SR i D) S B A LA 2
& H RS TR — D5, AT ARG I S F AR LS, shAAFEAf

fiah S R ) AT i B 6 B I Lk BRI, BB A R PR IR A% Far A0
MBI F3— I, RGN 52 RI5h 51 28 B I RE I, A2 LA
b, REAEEEHRE TR WA B, (FN TR AP I AER, R
Wl AR 4 R 55 Moy o R4 DA AN 5 T, o D) A £ W 2% 28 Gtk AT 5 BRIV AR,
45677 BUF) Lyapunov B, 25 HY 7 R GUI R 1R E05 75 78 0E B BE T A I A N
THRAFERITE 0 26 ./ MATLAB B SKAE— 2 A2 Lo PR FE AN SR A5 21
FRRLEIAG T 2 o

BBy AESCHUE AR BT A8 2 B EAE, — 0, B RS E
FALHAR B T 4% 48 10 i 25 S o A (LA Ak A R B o= B 3 B B 3 2 1 BT
PARRAREE B ARSI 2 T 148 B3 59—y, O 1 3RTHE B it TP ae
AR G A3 A5 037 3o LB IR i 5 T7 T, BATDN R T
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ARTRBER LA R %A, FEFH MATLAB T H H (1 28 145 B AN 46 gt s 2

51



i W N i e 2 DA TS

FEo AT T AFAEAG T8 23 0 M o e 8 5 07 S AR UE B e HUIRZS A THEE I &
B DA KA R

42 FRE

AR 8T kA [ R B ARV 5 X 2% T el ) B it 1) 68 it L e 2 X 2%
(1 H IR T LK B 205 R 3 1) 2 IR D) et 22 W 2% (10 30 25 Ak

WM. TFEE & TRESLERER G BRI T, LAt il . (EE U
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