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RESEARCH ON ASYNCHRONOUS HYBRID FILTERING

FOR UNCERTAIN IMPULSIVE SWITCHED SYSTEMS

ABSTRACT

The switched system is composed of several subsystems and
switching rules, and its characteristics of multi-mode are consistent with
the needs of many actual scenes. For example, the motion mode should be
switched due to the change of friction force and its direction of motion in
the process of acceleration starting and braking; hybrid aircraft need to
switch the power source of solar battery and lithium battery under different
working conditions; the control of the robot needs to switch from one
motion mode to another according to actual requirements. Therefore, to
better conduct research, the switched system can be widely applied in
industrial scenarios of switching requirements. In addition, in practical
applications, when the system is running, its state often changes suddenly
due to various reasons. This phenomenon is called impulsive phenomenon.

When the system is switched, the motion state of the system will change.
\Y,
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At this time, the system has not been continuous and sudden jumps happen,
the most representative of which is impulsive switching. Such
characteristics of impulsive switched system make the motion state of the
description of switched system more accurate and the modeling more
complex. Therefore, the research on impulsive switched system not only
has profound practical significance but also has important theoretical value.

In recent years, with the continuous deepening of research on
switched systems, a large number of excellent results have emerged in the
analysis and system synthesis of switched systems. However, there are few
studies on switched systems that consider impulsive jumps at the switching
moment, especially in filtering containing multi-state impulsive jumps. In
addition, the study of switched systems has been usually divided into
continuous time systems and discrete time systems from the time
perspective. The control methods and stability analysis methods of
continuous time systems and discrete time systems cannot generally be
directly extended to the each other and maintain suitability. Therefore, this
paper conducts research on asynchronous hybrid filtering of uncertain
impulsive switched systems. Specifically, the research work of this paper
can be divided into the following two parts:

For one thing, for a type of continuous-time linear impulsive switched
system with asynchronous switching behavior and uncertainty, considering
the situation of multiple state impulsive jumps in the system (that is, there

\Y
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are impulsive jumps at both the system switching moment and the filter
switching moment), the hybrid filtering problem has been studied. Based
on the average dwell time technology and the method of multiple
Lyapunov functions, the stability and H,, performance of the system are
analyzed, and sufficient conditions for the system to be globally uniformly
asymptotically stable are obtained. The idea of adding impulsive jumps in
the filter model brings challenges to solving the filter gain matrix. On this
basis, the problem of robust H,, filtering of this system is studied, and the
filter gain matrix expression is obtained. The designed filter conditions are
given in the form of linear matrix inequalities, which are easy to solve
using the MATLAB toolbox. Finally, an example is offered to demonstrate
the applications of the acquired theorems.

For another, based on the results in continuous time systems
mentioned above, in order to make the research scope more comprehensive,
the resilient hybrid filtering of discrete time linear impulsive switched
system with random uncertainty and data packet loss has been studied. Two
random sequences that are independent of each other and obey Bernoulli
distribution are used to model random uncertainty and data packet loss.
The stability and H,, performance of the system are also analyzed with
the average dwell time technique and the method of multiple Lyapunov
functions, and sufficient conditions are obtained to make the system

exponentially stable in the mean square sense. On this basis, the H,,

VI
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resilient filter of the system is designed, and the filter gain matrix
expression is obtained. The design conditions of the filter are given in the
form of linear matrix inequality. Finally, the feasibility of the conclusion
was confirmed through numerical simulation verification.

Zhu Yufei(Electrical Engineering)

Supervised by Associate Professor Zheng QunXian

KEY WORDS: Impulsive switched systems, multiple state impulsive

jumps, hybrid H,, filtering, uncertainty, average dwell time
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(BRI, IR AT SR a) P 25 SR AT 2k Ui 8 mT ARG B S TP 5
BLo AR, RIAEJERAS WTHSARGY, FE T B PEEAs I SL Bt n] e & Y B 3h
SRS o — MR BB IR AN R AN E R 3R o AR T AN RIS I I A S
B RE, SRR, X BRI AR X E B R BT AR R SR . HORIR R E

AR TREEEE ARG B2 T A IR PR S NIRRT R
8
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M, FESCPR CRERGE T, T ) AL B 28 /e i 48 N A7 IO PR, Tl 2R 28 /13
P 45 S ) B AR A SEATAE — T8 AN T M o I R A REBf S AN S P S
FRAEAE BT PERAR MRS o XA PBEEh BARIR DN, (HAN DL fa] B 2, DR EAT]
ATREXT RGAT NP AE BRI, BT H IR AR TE S0 st (RIENE
PE) RIS AR A R SO, A SCRR AR E 55 DR B AR 10 CHE RO R L Ho,
VERETE bR EREAT 1 IR . AR GUNIIESAR FIIN 2518 1 AEE MERIIE O T, A« 5
P — 18] SRR R F G0 2 AN 72 PSR K 1 2 AN e PR Bk, RIVE A
S DB I A0 STHREF X VE A F A AN 8 B B[R] R Ge et 1 3R Ho, YE IS
fBUE Z TR BE B as HA AN A B 22 2240, JRSEH 1 =R AR (1 Hoo BE AR BETT
JHET I, SR T A E B A BIT TURRGBIR N o Dy PR A AR 4 R 55 T30
Heile, [RJRS 3 e PR 2% DR R AR 30, STHREE X B 26 Ak 55 TP 0ol R 1M o o9 4%
RGL, WHIT T SR H oo PSRRI BT ] 7RIS,

RF L, A I A R 4 SE LS SRS (KRR I DL 5 D8I 1 2 AR AL (K A
Al RE S B DL A A BENL A . FERXATE DL T, 18 2 AR A ) DA LA AT 328
RAVAN R L (ML T5 AL o DRI, T8 I 2 I I 25 R B AT A A P 48 A2 AL B
G SCERIPIR AT T 1 —Fh i A7 BEATL & A 38 2 A2 A 30 G 1) A i 55 42 1) 2% SR At
AL 25 1) [F) 20 T, 6 AR S i AT BE ML A 25 R 40 2 A2 AL IR P AR MG 55 081 i
D 0 REAE SCHR P A5 B A kU0, SR, &1 bk D045 2 G TR 28 D8 5% T A B
WU AL PR3 2t A B R A 5ER P 8 i [P L (R AR S T b, IRIAR SOf AR 3K —
3 T — AR

ll
ll
ll

1.5 KRXFERARAE

AT BAT IS Kb e ME V)0 R 5, 5 58 1 TE S 1) RS AN 8] P R 0 T~ f)
AN EVE R AR A PER ), FEREME . Hoo VERE 20T AIE I &5 8L 5505
HRHT 7RI, IR T —2 MR B & 3 00 5 2 A 2SR 4510 1 a0 T MEIR -

HRONEW, TR VIR RS VIR RS, MR RSE. He TERE.
TE AR TGS T LR AR FCBUIR . A R4 5 e DA K — Se B SOMT5| 3,
N SCHIBIT FUM 2 AT

9 R T RS R D UMAT RS 5 Vi I T 2 1 Rk D) ik
ARG, HREZ RN O, BE IR USSR A A . J T 2 5E B I 1]

9
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BORMZ = HE T R KB T, X% R GRS E PENTHo, VEREREAT 04T, 1521
IR BIRE RGN R BNL R E M TS0 560 . EILEERE B, BEE T iZAR S E
PR Hoo IR AR TE A 0] L, 45331 1 RS I an PR RA T WTH B I 26 1 DL LR
PEREFEAF ARG W . Ba, KABESE G B8 R T IR, R4
BHIE 1 A 4518 1A R

S = BRI IT T AT BEALAN O R 2 ) T TR fh et D) 95 28 ¢ (40 VR % S DR
Pelrl i, 5 e Mas AL e rh R AL, SR P EL ST R A 35 A1 50 A 1
BEHLFP Z1 0 Rl 25 B AN AN 8 PR A o [RIAEAE P 0 1 28 B B I TR B A 22 2= e
VR BRI T, R IEROR % RGN T B X B M 7e i sk e
BEAT SRR E R AR A BETE, W AR AR OE ARG T AR R, KHEUE
FBIRAZ R GEREAT T 5L, A5 A RIAE 7 A3 45 18 I nI AT 1k

SR ST VR AR, A TR SO R S R AR, R
THIHENAA RAERT A ATV, FFR A TR 0T FURT S 7 k.

1.6 TR
1.6.1 FFSiitEH

1. RMFoRnE (ka2 )

2. ATFTIRFERE AN E

3. #fi'5He{B}, #/~"B+B";

5 diag Rt M FERE

P BT BRI R R AR PO By B I B TR
RS Prob{x} R mxFAF LR A

P 5 E{x YR m« U
FAFIR043 7] 2 7 B Aoy R o AR 2 e

FEZ I 1R HEA ) 1 RR L AR Y64

10. bR % ceil [*| R R 5t S8 n) R HUE

©$ O N o 0 &

11. P>0 (>0,<0,<0) FREMEPE CNIER GEXCREIER. E XN
T B SRR,
12, 14 S0 RBFIR UG BH 50 B 45 B A 2R O 46 P

10
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1.6.2 EEEXMS|E

MR RAMRE, MY RGRIT 75, I HV#RZ DL BN
— AR VI R G A TN SN [A] S N TR () 7 R 48 LA S i X L
RGBT B VIHRIE SR, — AR E R Gn] DU L R,
ox(t) = Fig (x(t),w(t))
{y(t) = Py (X (0, w(D)) (1-2)
2(t) = F3 4 (x (0, w(®))
Hrsx(t)#iE X N:
x(t) XTSRS RS
x(t + 1) X T BRON ] R 5t
x(O)ERERE, yO)RMERE, wOBETRIEN, o) BT UHES.
AN SRS R B I A% AT DA T

ox(t) = {

{6xf(t) = Fyi0(x(®), y(®)
(1-3)
¢ (£) = Gy (x(), (1))
oS (€)M X
53e(t) = {x'f(t) o T S 1] R B
! xp (¢ + 1) 5T B ] A 4

xp (O) VBB AR R, 20 (0) EIEDL A H o

GEA RGREA (1-2) FIUE PR 28 B8 (1-3), fLRIBRRIRS AR No(t) =
[xT(6), xf ()] H € Le(t) = z(t) — zp () —AHAL ML R 2 R G0 ) LA
T

{69(0 = f(e(®),w(®))
(1-4)
e(t) = f.(e(®), w®))
H§o () UA:
So(t) = {Q(t) X IE ST ] R 4t
) o(t + 1) X THEE A%

SE X 111610 SV (8, )RR TR IV Te(t) (¢ < t < TLER IR, T7) X
HIVIHRE, Hrg >0, BEFRANZT AN, > O H L # TFAROL

11
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N8, 7)) < Ny +7 (1-5)

MIFRT N R G (1-4) T2 5 B4 15} 7] (the average dwell time fa]FR T35 5 B4 B [A])

5B S 128551 BT X B [0 R Gt £ IG5 AT HAER 2% Hy > 04 > 0f1 L
N, HARG(-4) R AR AR AL T

Jy e el (Medr < v2 [ wT (w(r)dr, (1-6)

IBAFRIXA RBAE TR AT BA M H, TERE, y RN H PERETR R o
7B S 1.31260 BEXT BUHUNS (8] R 40, 7EBWUR AT H AR B H Ay > 0FI0 < a < 111
THEOLT, 25 RGE(1-4) B % B A s E e 2 T i

Yk, (1 — @) el (k)e(k) < v? Xy, w' (K)w(k), (1-7)
BAFRZ RGAE R KA T RA M HL LR, v RN Ho ERETRR -
X147 AL R RITIE S o (6), fEw(t) = OFf, W RAEFTED > 0FI0 < u <
12 T

E{Il {(t) 17} < bu**oE{ll {(to) I}, Vt = to, (1-8)

M2 FR G (1-4)2 3575 B X Eiasfa e, HEAZWEFD.

G 1.1 ST =TT, I MLAGE RA A4S SmERE, X Hiew™w <1
MAEEW, &L HCAFEEe > O, TR AERAL

[+ e 0 I7 + eIJT, < 0, (1-9)
A2 T A kar

[+ WL, + TIIWTTT < 0. (1-10)
gl 1.2 fiRes E A AR CRFERC. 6. LAMTREN 2 T2

c G+77g"

- —L—LT]<0’ (1-11)

A2k AL

12
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C+ITGT +73G < 0.

(1-12)

5128 1.318) (Schur b 51 B)XHAE R RES B S XS FRAE R, X BLZ,  FendE 7 [,

7 = [le ZlZ]’

* Iy
AR CAS ZANEE 0 0l TLAR A
1.Z < 0;
2,211 <0, Zy,—ZT,7717,, < 0:
3.2, <0, Zyy —Z1,Z77ZF, <0
Biltn, AE Lo ) b 2 i B TR BIAGES

ATP +PA+ PBR™BTP+(Q <0,

(1-13)

(1-14)

XHA, B, Q=07 >0, R=RT > 040 BB EUE R, PR GEA &
(P = PT), 4 ik Schur #M51BE, (1-14) 7] LB AN S 201 o) BEEE AL — AN A0 1K)

FEAEAIE K
[ATP+PA+Q PB]<O
* —R °

(1-15)

i, ANEESRE AL ok T AR B AR PR ZR AR P AN S 3R AL 2k

R O AN 25 QR 1) ) 80 A = 28 T AT e SR A eI A il R

R

LA DA, X =R R MATLAB (82 R B AN 25 3 TR AR 84 X6 o R 5K
R A T ERVERERE AN T HAE, AR FEN 53 AT DU S e 25 2R A B

LEMERE AR S, 1A S0 Iy SR A

13
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£ 25 EERENHEMIKOP IR ARG F PR IR
2.1 5|15

FESKBR ARG, RGUSATIN BN SRR R 285 2 R B — SE SRR IR, X R
BURFRAKF LG . REFUIF BB, FESHRAGIRE L. BRGEK
VNI, ARG REANERESE, 1M L TR, R AR AR A KA
I . R GRS RS BEAR I 3 S N R G HIE s, IREURS IR S &
—HIN ARG TUE A, SIS LA A0 B M R AT AR T, M
PSRt R G HSDRE, WMPHRRZRIIZ IR . HorP Ho, JEIAE SEFrAE
T N, BT LR A R K EEAR U E AT S B e

% ERTHR R R, AEES T BA 7D VIS [ AN E 2 ik D) 45
RGUNR A Hoo DEB R 5 K2 HOH SRIER R L) TAEANR, AEERE 7B
DI 2 G0 1 2 AR Bk AZ o BAgTa e, RSB B & 2B AL 1 R Gt V) b
(] LA 8 I s V) 40k 8], 3K 45 A B A R H oo U5 1P AL TN 1 Bk Ik AEDE AR BLLT
T, FEARLVIHAT N, XEWE T R 5 VLA A B ) A 2 R R
A A P 24 B B 8] R R BT DI o S i A 3 o VA S 2D A SRR S B
BRI 22045 18 5 1) 2 28 IS 4 K R ORI 78 BE NS A IE R 22 R Gt IRlk & 5 — 20
MR E IR IS Hoo E I A3 O BLTH R fe 2% DA PERE AN 25 S I A5 21 1R A
Ho JER A 78 73 26 A, FFE BAE D 5, S0k 1 &5 R I AT PEAIAT 2

2.2 [a)EsEiA

2 RE UL 2 VLK Ul e R G

(5() = (Aoey + Do(ey(£) ) X(8) + Boow(®), t £ 1y
Ax(t) = Sa(t)x(t), t=1

y() = (Ecr(t) + AEq () (t)) x(t) + Dgpyw(0)
2(8) = (Ho + Ao (8)) x(6)
Hrx(t) € R ZIRESHE, y(t) € R™Mz(t) € R™= 73 7|3~ Ml &k 145 5 Ak

Pttt S 5. thAh, w(t) € R 28 TL,[0,0) IS, Hiikk

(2-1)

14
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RIEAME SN w(e) Il,= J J, w®Tw(t)dt. VIS 5o (0) o BT ES WK

%o (t):[0,+0) - Z = {1,2, ..., N}F&IR, Hilo(t)RnRRAIBITIEL € [t,£,,1)
BRIB AT RS £G-D)T, Ax@H TR RZKMM IR E T T RG]
B ZPRSBAE, PR X () = jli'rgk x(t, + NFx(E) = x(t) = jzirgg x(t; + j)IXH
MEERIEN, AxOBERRAA(E) = x(t) — x(t). N T RS, EEETER
KMo (t) = p(p € Z), WAy~ By Epv Dpv HyFIS, NEG MY &
SRR, A, FHAERES, KR T R G BE AR .

A VB SR HEFEAA, (6) AE, () FIAH, () BE SUA:

A4, (L) Nap
AE,(t) | = [Ngp | AU, (2-2)
AHp(t) NHp

Ha@)w 2 2 RAT AR < Iy AHEESHOERE Ny« Npps Nyp MU, &A%
5E T AL

D)3 R GE U [ B AR S A2 BN R GUAN T M DT P S 30 88 [RTIf U1 48, {ELI
FESZBRISLF Y, SR 8 AR ISR A 5 I 7 EEAE I TR R RS R S8 Z [ AE 1k,
IR SR VAN GE S T RG VIR FEIP 3T . B, HEH BT RGNS IR K
TR AR A U . AERKIP VI RS, T RGP A B [, ¢, OB

Gl

o

SINPEAY: Ty(t, 6 ) RTL(ty, b))y VEARRBE: ST (6,8, ) = [t 6 +
t), FART RGGIEBAEZ MAVCEL RIS A B, Rk ik 38 5 L UURC + R G 7] 1
JEIRIEANE (0 < &) < €, — t): BEBEERT Berp, 508 I LAA MR 2 B s (] 18] A
WAHT(t, t, ) = [t +H 8, t,,), BT RGio(t) 5 HIULEC I8 & — i T

WRE, BN EM. A, BRGNS T RGVIIE S AT RGN, AN
FRIPE AR S AE A Jo i — AN ikt 3 L 25 R A% DIt i ik b gk A . 6T B

B, KR EF DRI IEPAAIE

15
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Xr(t) = Argxr(t) + Brgy(t)
{ ! rass fa ,t € Trlty, tryq)

Axe(t) = Ggpxp(t), t=t+1 (2-3)

Zf(t) — Cprf(t) It € Tl[tll tl+1)

Horrxe (t) € R™ M zp(t) € R™ 73 il K s i pe s AR A [ B AR U5 s it 15 5

“qpFT™ QU AR V)4 B p I I 2

N T REHERIER, KT REGRRE W E S IEE SRS &S IR
o(t) = [xT(6), xf (D], IEBARZEWE L Ne(t) = z(t) — zp(t), HIILATLALG N
TIEIRZE RS

o(t™) = xo(®), t=1t
() = A B
{iﬁg _ szzgg T Bpqw () ,t € Tolt), t4q)
o(t*) = Ao(D), t=t+1{ (2-4)
{é(t) = Ap,0(t) + Bpyw(t)
e(t) = prQ(t)
z(t) = @o(t)

L E Tl[tl' tl+1)

Hrp

i = I A, + AA (D) 0 l B [ A, + AA (D) 0 l
Pa " B (Ep + AE, (1))  Apq| "PP 7 Brp(Ep + AE, (1)) App|

pa ~ [Bfﬁ)p]
B,, = [Bfi%p]’ Hoy = [Hy + AHo(8)  —Crql, Hyp = [Hp + AHy () —Crpl,

¢ = [Hy + AH,(O) 0], y = diag(S,, 1) A= diag(l,Gep): Sp=1+S,:

Gap = 1 + Gy

B 2.0 XEPTIrpe”, B NFREOR RGBT TRIER T RS, H
A BT B L EAT MRS BIA, "R R G EIE AT 1E T Rip P15 2
ANV B8 e A q RS

BB 2.2: SCHRICTG T BAT B U 2 D45 28 GE ) H oo DE B 1), 3 SCHR
BT G I A 15 75 RE JE IR A IR A AL N Ak i Bk o SEPw b, 8 A A D)

16
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RAEBERPRASB AN . A0 TIRA L0 A SOR R A R 46
Hoo T AT THESC, SRR IR R B A LA

S AT S T AT 5228 5 S B ) 8 6 A Ho W
BT LU

()2w() = OB, WL RGEQ-4) R A oy — BT RASE 1.

QEZVHAIE T, A TERIFEwWD) € Lo, WIS RGQ-4) I

Ho, T REFEDS » Eﬂfooo e el (r)e(r)dr < y? fooo wT (rw(r)dr.

2.3 FEL
2.3.1 BREMIH RS

N T A BT IR R 2 R A IR E ME A H, PEREFE AR, BLEE H DL T 5] 3.
Bl # 2,310 45w S H U mlii ey > 0,6 >0,n>0,0,>1,0,>1,Vp € Z,
Vq€Z, p#q WMRFELEEFHEEERKEV,;):R" = R, AV, (0(t)) =

03 A2 LA N ANEE

Vo(e(t)) < 6,V (e(t),t = ¢t (2-5)
T(e(®) < 8V, (e(t)) — E(0), t € Ty(ty, tyss) (2-6)
W (e(t)) < 8, (e(t)) t =t + £, (2-7)
Vo(e() < —nV,(e(t)) — E(6), t € Ty(ty, ti41) (2-8)

HAE®R) = eT(®)e() — 2w (O)w(t), IAMIEREIRZE R (Q-HTEY IS F i 2
Tmax(mM+8)+In 6,0,

T, > - (2-9)

HAT, L = max(Ty(ty t1), VI € ZYHISH T £ 4R —ShEfa s, FnEg

AL H TEREFEFRY Hy <y = /0,6 Mot D01+8)Tmax+Noln 6162y,

RT3 2.3.1, Bkl KRG 0IF M7 0 2 AF T DU LU R EA H .
B 2.3.1 B IERIRERGR(Q24), BESEREY >0, §>0, n>0, 6; =1,

6,21, Vp€Z, Vq€Z, p#*q, WRAFAEILEFER, RN 2 LT AEN:

17
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XTPox < 0.P,t =t (2-10)
_5Pp + qupp + Ppqu Ppoq ng
* —y21 0 | <0t €Th(ty, tre1) (2-11)
* * -1
ATPpA <0B,t=t+ £ (2-12)
nk + Agppp + BAppy  BpBpp ng
* * -1

TR 2D IR T2 G (2-4) 2 42 A — SO AR € 1) B R I H o PR BE T By o

B Nt € Ty(t, ), R RGBT Ep T RS, MG F 22w 5
PRI -
Vp(e(D) = " (DFe(t) (2-14)
A(t) = [T (), wT (D], 45E2-4). (2-6)M(2-14), HEfFE Tk
Vo(e(®) — 6V, (e(®) + E(®)

=V,(e(0)) — 8Vy(0(0)) + €T (D)e(t) — y2wT (Ow(t) (2-15)
= {T () pe¢ (1)

kd

. = _6Pp +A£qu +Pp‘4pq +ngHpq Ppoq
pq N _yzl °

ﬁﬁéﬂ/ﬁﬁ?jé, Xj‘:,F‘t € Tl(tl'tl+1)’ Eju’?%?”:

V(e®) + 1%, (e(®) +E(®)
=T (e(®) + 1V, (e(®)) + €T (De(t) — y>wT (H)w(t) (2-16)
= {T() M, (¢)

d

. = NFy + AppPp + PoApp + HypHpp  BpBpy
pp % _,yZI °

AAHSIE 13, XQ-1DMER-13)IATZHAE, ATUAE: 1,, < 0, <0,
[FEL, (2-11)F1(2-13) 7] LLHE H (2-6) F1(2-8)

At =4t x(t) = x(@t7) + Ax(t) = Spx(t), FHEQR-5M(2-14), FLIAS
EZ[a

T
e[ N B[ T]e® <007 R0, 2-17)
18



ST AR RS 25 B
bl A (2-4)REfS i (2-10).
Mt =t, + £, BKIL(Q2-4), (2-7)F1(2-14)7] LATS 2

o(®O)TATB,Ao(t) < B,0(t)"By0(t)> (2-18)

EQ2-18)5@2-12)FF . F=T5I2 1.1, BELFH NS -3 A2 1 2 55 B ik ] D 45 IR )
Q-OWHUTATYIHAZ 5, IEPRZE RS (2-4) 24 7 —Budmia fa e H 2 A A H,, %
Ao Uk, R MR Ho, VERE 23 HTIE B S8 HE

2. 3 2 Eiiﬁ?/zkHoo;lc\iﬁggiﬁi-l_

FH B 5 A (A7 LA RS B B P, R 38 2R A0 PR A7 A AR A, B B
2.3.1 BT RIS H o VE I 2SR AEAE INME R o R 3 T 2R PR I A 2 2 1 e % i
T tE, HEIEBRAHE I, I AR R RE P, 5 8 a5 A0 PR . BBt
FAFIT
FEH 232 MR ERGQ-HRGS EMrEY >0, §>0, >0, 6, =1, 0, =
1, Vp€Z, VqE€Z, p#*q, WMRAREIKIFRIEP,), > 0, Ppys Ppy > 0,
Q> U, J» & V>0, Zyys Apps Brps Crpsr Apgs Brg» Crg RIS LU 215
A

Po1 + Pp1Sp + Sy Pp1 + Sy Pp1Sp = 61Pq1 Pz -I:Sgsz ~0ba) 0,t =t,(2-19)

* Pp3_91Pq3

[ Pp11 Ppiz Ppiz Ppia Ppis H,? Dpi6 0 ngg 0 ]
* Dpoz Ppaz Ppas Ppos — Iz:q D26 0 0 0
* * D33 DPpzs Ppis 0 D16 0 0 0
* * * Drys Ppos 0 D26 0 0 0
* * * x =yl 0 0 0 0 0
* * * * * —1 Nypl 0 0 0 <0,
* * * * * * —Epl 0 0 0
* * * * * * * —Epl 0 0
* * * * * * * * —Epl 0
* * * * * * * * * —Epl_

t € Ty (ty, t141)(2-20)

19
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—0,Py —0,P,; Py Py, 0
¥ —0,Py; PL, Py ZI,
« N —P,; —P,, Py, <0,t=t +¢ (2-21)
-

|« * * x ==Vl

(Wp11 Wpiz Wpiz WYpis Wpis Hg D16 0 ngg 0 ]
* Wp22 Wpaz Wpaa Wpas _C}Z:p W26 0 0 0
* * Wpzz Wpza Wpis 0 W16 0 0 0
* * * Wosa  Wpas 0 W26 0 0 0
* * * x =y 0 0 0 0 0
* * * * * —1 Nypl 0 0 0 <0,
* * * * * * —Ep[ 0 0 0
* * * * * * * —EpI 0 0
* * * * * * * * —Epl 0
| x * * * * * * * * —Ep]_
t € Ty(t, t141)(2-22)
Forp

@11 = QTAp + ALQ + BrgE, + Ef Biy — 6Py
D1z = Apq + ApJ + Ef Big — 6Ppys ®Pp13 = Ppr — QT + ApQ + Ej Big»

Pp1a =Py —UT + AYJ + E} Bfy» Ppis = Q"B, + BrgDy»

q)p16 = QTNAIJ + BFqNEp’ q>p22 = AFq + AIT«"q - 5pp3’ q)p23 = PpTz _]T +A£q
cl)p24_ = Pp3 - UT +A£q’ (bpzs =]TBp + BFqu’ chZG =]TNAp + BFqNEp’
cI)p33 =—Q - QT’ cbp34 =—] - ur, Cbp4.4, =—-U— UT;

Wy11 = QTA, + ALQ + BrpE, + E} By + 1Pp1

Wyio = App + AL] + EJBE, +1Ppys W13 = Ppy — QT + ALQ + E} By,

Wy = Py —U" + AyJ + EjBiys Wpis = Q"B, + By D

14 p’

lpp16 = QTNAp + BFpNEp’ lppZZ = AFp + AEP + T]Pp3’ lpp23 = sz _]T +A£p’
Wyoa = Pp3 —UT + Afy» Wpas = /"By + BepDypr Wpas = J"Nap + BrpNiy s
20
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IIJ1933 =—-Q - QT’ qu34 =—J- ur, qu44 =-U-U",
IR PEWARTE RGE(2-4) 4 — BT RS SE , WATATIH 2 (2-9) KV HL A5 5 BA N
B H o MEREFEDR . [FIISS AT LAAS 240 T Y8 2 1 il FE R -

Ary = U TApys Bppy =UT"Bpys Crp = Crps Ggp = Vi 1 Zgyo (2-23)

WEH: 4t € Th(ty, tip )BT, Q-1 A A E BT S N

Y + He{XA(t)Y} (2-24)
Hor
5P, + AT,P, + P,A,, P,B,, HJ r
5 pTleate T e TpTpa Heal op Ni, N&,Bf, P 0 Nfip ’
* v 0 0 0 p 0

* * -1

o _[[Up O [ A 0] -,
'= .[0 O] 0 O]’ Apa = [quEp qu]’ Hpq = [Hp fale
BB 11, Y HEICYRRE] MR EE, > 0ff

T+&, XX +E,P77 <0 (2-25)
RS, AR (2-24) A TR . FIXTQ2-25)8 A1 313 1.3, T LU%(2-25)
TR

[Z X f”ml<oo (2-26)

* —spI

M, 7E(2-26) AN BB A AN 8 PRI R, (2-13) H (AN 58 1 T0T 4 7T DL 23
SR (2-26) PAELE IR & T2 73— AN HMERR, R85 UG 150 2 2 M AR R AN 45 20

IR T AR, FEGIN— AL RFEREF . AENHUT

VR

Q‘pll Qplz Q';913 ng Q'1915 Q'p16
* Qpoz Qpi3 0 Qp1s 0
2
* * —y“l 0 0 0
<0 2-27
* * * -1 Qp45 0 ( )
” * * * —Epl 0
| x * * * * —Epl_

F
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_®p11 G)1012 G)1013 ng G)1715 G)p16_
* Op22  Opi3 0 Op1s 0

* x =y 0 0 0

<0 (2-28)
* * * =1 Opys 0
* * * * —Ep[ 0
| * * * * —Epl_

Hrp

'Qpll = FTqu + quF - 8P ’ Qplz = Pp - FT +A£qu Qp13 = FTqu
NA 0 _ UT 0

fprs = F1 [qu]\I;Ep 0]’ Qpas = [Nup 0> Qpie =5y [ 0 0]’

.Q.pzz = _F_FT; @pll = FTApp +A£pF+T]Pp’ ®p12 = Pp _FT+AgpF1

N 0

Op1a = FT By Opus = FT | g 10 ], Opas = [Ny 0]
T

®p16 = Ep [U O] ®p22 == _F FT

WRQ-27)AQ2-28) 8T, AAQR-11)FQ-13) . N T IERIX— i, 8 F 4R [

N 2-27)BEAT AT e, 8 AR R T (2-28) AT R A8 He

-1 0 0 0 0
~ NAp
qu qu 0 quNEp] 0
=0 I 0 0 0} (2-29)
0 0 I 0 0
0 0 0 I 0
Lo 0 0 0 I
-1 0 0 0 07
~ NAp
Apy By O B, NEp] 0
T=(0o I 0 0 0. (2-30)
0 0 I 0 0
0 0 0 I 0
0 0 0 0 I

AR e, (2-27)F0(2-28) ] LA Sl 4k H (2-11)A11(2-13).  F1JFH (2-27) A0
2-28) Q- 1D Q-13)F G R . & ek AEa R EF R0 9
F= [F Fy (2-31)

7€ LA R«
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F

FIHdiag(f, f, D IRIES 5 (2-27)81(2-28) i 4T 4 540 i,

F

f=ﬁz£al%=[

o
Crp

—Q-Q" —J-U"]
* -U-yT]
'QTNA,, + BFqNEp 0]

_]TNAp + BFqNEp

Py,

*

Q=FE, ]=FF,;, U=FIFTF,,

Brp]
0 |=

Q1011 'Qp12
* szz
* *

* *
E S E3
* *
A A
®p11 ®p12
A
* ®p22
* *
E 3 E 3
* *
E 3 E 3

*

0_

*

5 7l

Qp13 Qp1a
Qp13 O
-y 0

* -1

* *

* *
®p13 E')p14»
Op13 0
-y 0

* -1

’ .Qp13 =

-Qp45 = [NHP

App
Crp

-QTAp + AgQ + BpgE, + E;B,?q — 6Py, Apg + Ag] + E;B,Zq — 6Py,

P,y — QT + ALQ + EJBE, Py, —UT + AbJ + ETBE,
Py —UT + AR,

Py,
~ = fTpr > 07
Pys (2-32)
B -1
o] [E1F, 0] )
0 ” 0 K (2-33)
23| FIIAZER:
-Qpls -Qp16_
Qp1s 0
R P (2-34)
Qpas 0
—&pl 0
* —&,1]
E')pls ®p16
Op1s 0
0 0 l<o (2-35)
Opas 0
~5,0 0
« =l

’

Apq + Afg — 6Py3

’

QTBp+BFqul ~ _[ Hp l
JTB, + BpgDp|” P | =Crq|’

23

~ - [ur' o
0]’ 'Qp16:€p[0p O]’

QT A, + ALQ + Br,E, + ESBE, — 6P,y Ap, + ALJ + EJBE, — 6sz]

App + Afp — 6Py3
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®p12

A

®p22

A

®p15

—Q-Q" - UT
* —U-UT|

_ [Q" Ny + BrpNg, 0]

|J"Npp + BppNgp O]

’ ®p13 =

P,y — QT + ATQ + ETBL, P, —UT + ALJ + E;B;p]

Pp3_UT+A£p

" IQTBP + BFprl " = [
’ p -
]TBp + Bpp Dy

H l
_CFp

A A

- [uT o
®p45:[NHP 0]’ ®p16:€p[0p 0]°

Z62-31)—(2-33) L L2 (2-4), Bt BEA SN (2-34) F1(2-35) 73 7l i 2 2 7(2-20)
F(2-22).

Mt =i, (2-10)rT LdE S 51 1.3 153(2-19).

Lt =t + &, Q-12)W LS N

~ ~ ~

P Py,

_92Pp1 _92Pp2 pl

«  —0,P. PT +GLPT, P .+GILP
24 p3 p2 ~qp p2 p3 ~qp p3 < 07 (2-36)
* * “I'p1 “I'p2

WRQ-2D)EL, AR -V, — VT <0, dubf AR, 2T 7K. AT

B SR TR (R B TP, FIG 20T, 52 LA R AR

Gop = Vi Z gy o (2-37)
B (Q2-37)RAN(2-36)132:
Y + He{X,X,} < 0 (2-38)
/\qj
_—92Pp1 _BZPPZ Ppl sz 0 O
«  —6,ps PL, P.| ~ |0 - T
Y = v ez e |y 5 | XD = ||y,
* * Py Py S 8
| * * * _I;pS_ p3
AT 5 1.2, WRTAEM, W(Q2-38)8T,
v o4 yTyT
¥ o+l (2-39)
=V =y

IRBE D Q-3940 T (2-21), M(2-21)A] LLA(Q2-12)F 3 H . 454 (2-19)—(2-23)

24



R TR RS 227 18 3
DL SEER 2.3.1, KT U R GE 0 5D IR A% H oo SED 28 B0 IR B CU v o £h(2-23) 7T
DTS IR BRI 25 B 0. IE B SR e,

ViHH 2.3: A E PURAL P RS R G % R8I A V) Bt 2] AR B, X
W T BV REAN S X TR S I, R TEIR A Hoo JEVE A5 BT, I8
AR B o5 o ML TR A T, X R AN AR thih, 5LAER
WHFARLL, AEEE RGP RN AA RS UH . e 2 IRESBAE, 88n 7
DAZR P Bl AN 46 20 2R AR IV 52 2% 1k

ViEH 2.4000; 7R B 2.3.2 (ARG b, i eE 2.3.2 H1(2-20), KH(2-22) T [E]
WSOt € T(ty, tr41) . WIERQ2-22)(t € T(ty, ti4 1 ))MB, — uPy < 0(u = )[R A%
A7, R DA H RS (R G AT S ™[R I )48 ) X L R B R 22 R G A 4

%—ﬁmﬁﬁﬁaﬂﬁMﬂmaﬂﬁaﬁmhaz%&

Vi 2.5: EHE 2.3.1 e 2.3.2 FHXESH(S, 1. 0,F10,) LA FLhrm
Mo nRANT RGGIENES R SIOR L, SR, 2R U R R H0 AR AL
FE 5P R IR 23 LTSS, XSS . 280,16, 50 MR T REGA
TEVE 2 IR RS DI 21 J5 32 I s T o AATTAT DUAR 8 e v ZE SRR IX e S 4 11
PIEEE SORTE US4 FIREMAEQ-9) T, XS A A s M, IEUE, [

i Ho PEBEFEATY = /06 Vot D+ 8)Tnax+Noln 61821 22t 2 25,

P 2.6: RIEEX 1.1, VMG SIRZ T HISM, v YTV (¢, 7))« 1A
[EIRE [t, T AEREL N g, HAMRIBITER . LA It i V)5 5 A %2
ST . SR, AR ST DTS5 RS20 T LALE AR R BT 78 o0 A%
J€, e VBN RE AR MR R — MR A AIBTE T T 1A

2.4 HEMHE

AT AN E SR 0 Bk 5 R0 B 1 T R B e R A H o
WS AIAT M . B R B TS EI T REH BRI A € Lt kb V) R 4t -
~18 —0.7 05 03 ~0.3 ~0.1
Alz[—os —1]’A2=[—04 -—a3}31=:[041’32=|:a1 ’
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51=[0(')1 0(_)2],52=[0(')2 0(_’1],E1=[1.2 1,E, =[1.1 0.1],

H, =[0.2 -14],H,=[0.15 -0.1],D; = —0.08,D, = —0.3,
R PG 2004

Ny, = [1i5]’ Np1 =05, Ny, =06, Uy =[0.01 0.03],

Nz = [02]: Nea =07, Ny =1, U, =[0.02 0.01].

%ﬁ 2.3.2 EPH@;H;%%%i&ﬁyﬂ@l - 1.7’ 92 - 1.17 6 - 0-057 n = 0.6, y == 1.70
RS R AR (2-19)—(2-22) 3R fift H HR 1] AR 5«

> _[7.2786 0.5283] I; _[3.5572 0.7866] [7.2748 1.4018
v P12 =

117 10.5283 6.0687 0.7866 3.27970° "13 7 114018 5.14410

5 =[7.1306 —0.6162];, =[3.2925 0.3307]1; _ [6.3143 0.5558]
217106162 6.3908 1’ "22 7 10.3307 3.06091" 23~ l0.5558 4.1875/

_ [4-3256 —2.2145] _[2.7184 —0.1651] ]=[—O.9992 —0.2101
1.2694 8.1559 I 0.9249 4.0613 I’ 0.4622 1.8348 I’

A = [44541 —0.8826] B =[—0.3710
F1 = 122026 —4.47851" “F1 7125463

Q

], Cpy = [-0.0768 1.3883],

_ [-3.8933 —0.2982 _ [~1.0051 _

AFZ_[_0_1046 _1_5474], BFZ_[0.8896]’ Crp = [<0.1511 0.1889],
_[0.0086 —0.0003 _[0.0087 —0.0002] - _

i= [—0.0003 0.0086 ] V2= [—0.0002 0.0088 I’ €1 = 164.7994,
_ [-5.3664 —0.6874 _ [-4.6167 —0.0485] - _

212 = [—0.6864 —3.1905]’ 21— [—0.0480 —254611" 27 185.5804-

WKHE(2-23) T LARRAF IR A% Hoo VI 259 -

_ [—1.4341  0.0498 | 1 0.0758 o
A=y e00e —i1007) Bri= __0_6239], Cry = [-0.0768 1.3883],
_ [=1.4040 0.0197 | _ [—0.4382 o
Ar2 = _o0828 —0.38021" B2 =1 02012 ] Cr2 =[-0.1511 0.1889];
. _[-0.0457 —00048] . _[—0.0400 0.0001
1271-0.0043 —0.0273" 721 7 1 0.0006 —0.0223!°

WILE AT AR B S N R0 AS T o 14 43 ) 1 Mo (ty) = [1.5,—1.5,1,—1]7,
w(t) = 1.5sin(r(t)) e~ O2MFT A(t) = 0.5c0s (t)o WTppgy = 0.8, HHE T35 5% B4 it

B P ) £ R (2-9) R 5T, > 1.9099.
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— 2 G E S
L == = RIS T |
s,t ]
Sy
Foly e=1 = mm o mmr ama == =
d b : o : L
1
[ (T B R I
=l ] 1 i
I I [ 1o
1o (T B I
1 1 1
I I [ 1o
11 (T B I
F1_I-—I L I—-I I——I [ | I—-l I—_I -
1 1 1 1 1
0 5 10 15 20 25 30

Time (sec)

P 2-1 P 5E B I R D) 445 5

B 2-1 heath 7, = 2090155, RERE T RGN A 5 DY)

e, BEIReS I RS, AR T R “F MR R IE B -
15 T T T T T

— = =)
fL‘z(t)

0.5 i

_1 .5 1 1 1 1 Il
0 5 10 15 20 25 30

Time (sec)

2-2 Jikih I 2 G AR A Wi
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0.5

- = =en®

T2 (1)

5 10 15 20
Time (sec)

B 2-3 BTt HOTRAS Hoo BV AR 25 W0 S

25 30

P 2-2 A 2-3 23l o 1 Rk b D)8 2R SRR T IS8 A FRPRAS I L. G
22 s, HBARGN—ADT ARGV T — D7 RGN RGUIREA PR

25

2

1.5

1

0.5

——

--—

- e = =fm
’

———d e &

- = =)
Zf(t) i

Il 1 1 Il

5 10 15 20

Time (sec)

25 30

P 2.4 B YR S0 5P 28 O T
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2.5

1.5

0.5r

-0.5 ' ' ' ' '
0 5 10 15 20 25 30
Time (sec)
K 2-5 JERIRZE
2-3 B AR S AEPE PR VI A R R AR, 2B AAE ] 2-4 g as
By P EON B OR . B 2-4 2] T RGeS AT TR A Hoo BIE I AR 6
HA5 5, BB IR R th RGUIRS AR IR Ho, JEP A IS R AAAE R 20K
BB S BEAE, K 2-4 IERE, E RGTHAAER D UM Z RSB,
(B2 ZIRVIBE TR Hoo TET A 14T HH Y B0 28 W] DURT K i ) 8 22 48 1) i
POV E G W 2-5 Fros, IERIRZE R EWSIONE, BE—BIEWTR A Ho IE B AR 1
fan e AT DLIE T B ) R Ge o DAL S5 IRER B AR S A B b ) iE S
[AJANA 58 1k 2R P ik D) 38 22 G e v HROVR A% Hoo YIS A8 2 I 1 HAT R o

AREfRER T HA B UIAR E LAk DI R G Aa 2 M 70Hr . Hoo TERE
TR 2% H oo DE I A8 BT I B X TR K A2 S 2B AE T A G U1 el ) A
&R vIE S I PTTp R L R B2 Nl da s bl S ala =< NI CTE s NI E 2 oiE s
WRBRBUTIE, REMEIEERZE RGN 4 R — B RS HM A AL H o, P BE Y
R FA . FHEXNZRGVT TIRIHo VEBES, DR AR B 25 R AT Do — 2 2

PEFEREAE RS . AT R, @I HEG 07 Ry 1 HES P af R IEs .
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% 3 E EARIATHE M ELET B Bk A )# R SR 3
o S SRE

3.1 5l

FEVIH AR GERIWT T b, IR 18] s REFG 3 70 3 S I 1] 28 G A 20 B TR) R 48
M 2N 18] £ 48 A0 IO 18] 28 496 (R4 ) D7 VR AN AR A8 R 23 B 7 R AE — R L R A RE
BT BT R G EIFRFFIE M b SRR T L A R ki ) R 4
TR AR IEE, AT TV Bl S Dy 4, AR 190 1 5O 18] N Bk rF U1 e S ¢ (VR A I U
BEATIRIY o

LG ] R G L, WG HE i R G RAT AT FEVE iy L R T S A
Fl il A L/ R HI LRI E NS RGER, [ML, PR IEH RS R RELas
Av BNKIH R RG> OV VF 2 S0 KRGS 3] 7T 2 R H o SR T B 1815
PIZE G198 B R A4S 5 RS R A DI Skbr . L, SRR
PEAZ SRS P, JFAE IR IE ] RGPS 2] T2 N . eAh, gkl
EMEEATTEE, ZAn] e LAREHL 7 Xslem e vy Uk A2, Bkcki, T Ll
B, PEPAR T BETCIESATHE TN R SKI A5 5 o A 2F XS ILREIT 77, @il 5]
AN 7R REORE R/ 15 B, AT TR I 22 ) R e o — N AT AN fase 7
RGNS E T ARG H ARG ™, HA VR B e 2= AR — e 1k
PP A SRR Z AR AR, O8 7 BENLE BT @25, JEH A
FH Sy 2R AT R BEANA S5 A 7 A Fr 51 S5 REAL Y 51 o He A AR 55 0] 93 A7 220 i P AN i 1k
HIAE iR oy — MRS &, eI MAS A A B A, B0 AT T Y
{E. 1 H RTVF 2 2RISR RGEBR U H R Gl 248, R0 Mk
VI R G EITHETE o BeAt, BABENLAEATE R R G A/E N — DA IMER)
WEFC R, AR LML B ORI ORI . ESERR R, RGEA AL
ARCANFE [ RE 1), FHREATL AR AR 3O AR 2 i B AL A B AR s 1, IX LR
R B AN 52 1 R I EE I IS, RIS RIE S0 R A7 AR B AN R P8 LAREATL
s 2o A

5 ERVIR R K, AREHTIT T EON R BATBEALAN G E VE L bk D) 4
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A GURTR A FHANEDE T R, BEAL A RE P AT R 2842 8] o 1) 5 e B GR35 A
MG AK R, b — TR [ R G RS T ARSI, X RMWE
kb AR A A A AR GEANUE I A I DIl 18] o X R GUHEAT 1 ARG E VEAT Ho, PR BE 73 BT
PSR A% Hoo ME B A BETT o 8T~ 259 B B I [ 3 AR 2 2 3 U O R B Vs
PAG T ORUEVEBOR 22 RGN 5 1B L B e 802 A B H o, VE RE 1 78 73 5%
o TR Hoo SRIEDE B A5 (K v 1) n] DB I — A 2R VERE FE AN ORI R . fJm
A FBNEY TS8R4T

3.2 [a]FE#IR

8 LA T et Bkt ) e R Gt -
(xCe+1) = (4000 + @)D o0 (k) ) 2 () + Bouow (), k # ky

Ax(k) = Syqox(k), k =k (-1
y(k) = Eguyx(k) + Dgoyw(k)
z(k) = Hgyox (k)

Hrbx(k) € R=RREFHE, y(k) € RAH z(k) € R™= 7} Al K=l &t 5 5 AN

WAL THI R S 5 . IkAh, w(k) € R™WZJE TL,[0, o) SN, Hid

BRI RETE SOB W) 1= |17 w0 wdie. Ul o4 B o)
W R B o(k):[0,+0) > Z ={1,2,., N} xR, lbinok) B iEiTHEkE
[ky, kp DB RIBIEAN T RS 1E@-1)F, Ax(k)H TRzt Ui 2404 1
RSB, FIHx(k) = jli'ror}r x(k, + D Fx (k) = x(k) = jli'ron_ x(k; + J)IXPIAEL
FRRIE, Ax(R)BRR A (k) = x (k) — x(ky) . T T Hr, 7E4% T RE
Wieth o (k) =p(p € Z), WAy By Ep Dy H IS, HEA AL RS
FEFE. [RINF, RS, K& R T RSB AR .
T ARG AN E MR TS S AN 2 HE FEAA, () 1€ UM
AA, (k) = XA(k)Y (3-2)

Hrp Ay 2 ARAT (K)A(K) < 1; ANHEVESBHEREX Y 45 7€ B H B R .
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AR & a (k) IRMA S RIBEHL A1 7751, 6T a (k) A ZE R 3 A o) LR Ry
Prob{a(k) =1} =a(0<a <1), Prob{a(k)=0}=1—-a. (3-3)
AT AR T R AR i i & 0 B 45 5 y () I B g 15 5z (k)i i
AR EEREEEE e, P EdE T REE K . SRAAR BARST B IRMAA SR A6
I BE ML 51 % B0 B 25 Ok (R B R AT A8 -

y(k) = p(k)y(k) (3-4)
z(k) = p(k)z(k) (3-5)

HerP IR B (k) Al (k) FIAE 25 A 73 AT T AR R 9 -
Prob{p(k) =1} = p(0 < ¢ < 1), Prob{p(k) =0} =1—¢; (3-6)

Prob{y(k) =1} = (0 <y < 1), Prob{y(k) =0} =1—1, (3-7)
BEALAE T 1 AR I B 5, ER 0 R R I B A4 % .
TEES = T YRV AR A A b, AR T YRR AR AL I B AL T 1,
IR Hoo TR SRS, YRR AR BAANT .
Axs (k) = Gyxs(k), k=K

{xf(k +1) = (A5p + P1(K)AAsp )xr (k) + (Byp + ﬁz(k)Apr)y(k) P CR)
2¢(k) = (Cpp + Bs(k)ACs, ) xp (K) :

Firhxg (k) € R Az (k) € R 5y B F R M B AR A 1 BRI (35 o Ay By

Cro TG, 2 BURAFRIGHIE B, 3050 TR B MR Ay ()« ABpy (K)

FIACs, (k)4 5E LN
AArp ()] [Nap
ABsp (k)| = [Nap | Ar(K)U (3-9)
ACpp (k)| [Nep

HAA: (k)R ARAT ()Af (k) < I AHENESHIEFEN,,« Ngp~ Nep FIU B A
Y8 ST IR B
BEALAE 5 By (k) « By (k) F1 B (k) EB 2 IR AMALT S R 43 A I BE R 51, %t T By ()~
B (k)1 B () 43 A T LA 1y«
Pr{f,(k) =1} =B, (0< By, < 1), Pr{By(k)=0}=1—-pB;:  (3-10)

Pr{B,(k) =1} =,(0< B, < 1), Pr{f,(k) =0} =1—-p,:  (3-11)
32
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Prifs(k) = 1} = B3(0< B < 1), Prifs(k) =0} =1-F;.  (3-12)
NTEREA, BT REFREHE SRS RS ES I N
o(k) = [xT (k), xf (k)]7, IEBERZEHE L Ne (k) = Z(k) — zp(t), HIBLAT AT A
TIEBRE RS
e(k™) = Ao(k), k = ki
[ o(k+1) =T[4, + @A, + a(k)AA; + l[JAlp + lp(k)Al,,
+( + lli(k))(/? + 8, (k))AAlp + B, AA + .Bl(k)AA le(k)

k#k
+[B; + llJBlp + w(k)Blp + @+ ll/(k))(ﬁ + ﬁz (k))ABlp]W(k) l
L e(k) = [¢>Hi + (:b(k)Hi +Cp + ,33ACp + ﬁs (k)ACp]Q(k)
(3-13)
Hr
- [4 O ~ [A4; O _ _
ip = [0 Afp]’ Ad; = [, 0]’ Ap = [prEi 0]’ Ay = [AprEi 0]’
~ 0 0. —= [B] 3 0 ~ 0 ~
Ady = [0 AAfp]’ B; = O]’ B, = [prpi]’ AB;, = [AprDi]’ H; = [H; 0],

C, =10 —Crpl, AC,=[0 —ACp). a(k) = a(k) — @ By(k) = By(k) — B,
Ba(k) = By (k) = B, Bs(k) = Bs() — Bye A = diag(Sp Gp)r Sp=1+S,,
G, =1+Gp.

SRS AR 55 A BEHIL A7 K S B2 T LA 5 15 3«

E{a(k)} = 0, E{a?(k)} = a®=a(l - @); (3-14)
E(R(0} = 0. E(B, (00} = 2 = B, (1 B,): (3-15)
E(,(0} = 0. (B, ()} = B2 = B,(1 - B,): (3-16)
E(5; (0} = 0. (B (00} = B2 = B, (1 - B,): (3-17)

BB} = 0. B{@*(0)} = 2 = B(1 - $): (3-18)

E@(0} = 0, @20} = ¥ = $(1 — ). (3-19)

M, AEHIE T B O 18] BE LA € PR K h U1 2R ST 57t 25 TR AR 5 R
[ A] AR IR -
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(DHw(k) = OB, JEMIRZE RAGB-13)2H 77 = L EIsHFaEn.
QOFEFEYMEFAT T, M TAEMAEFwW (k) € Lo, TEPIRZERGL(3-13)iH 2 ML
H, PEREFEFF -
3.3 FELHLR

3.3.1 F2aEMFH  ERED

AT ELFHA BT B — NG IIRR 2 R G M RE YR Ho, PERE SR AR, B1
25 i AT 5] B
BB 3.3.1 WA ESH ALy >0, 0<0<1, u>1, Vp€Z, VQEZ, p *
q> WRAFLE I8 P R KB, ey R™ > Ry BV, (0(ko)) = O 2 LA A
E
E{Vy(e(k™)) < uE{Vg(e(kN} k =k, (3-20)
E{AV,(0(K))} < —0E{V, (o(k))} — E{E(k)}, k # k; (3-21)
HhE(k) = e (k)e(k) —y*wT (k)w(k), IAWIERIRZERGEG-13)ETRE T
T

7, 2 ceil [— % (3-22)

In(1-6)
RO AE X T7 8 S EFRBORE 8 FH A B H o, TR RE /oy
WER: 53 3.3.0 HERII R S SCER I 5] 2] 1 UE B RSN, AR AS PR

Y 3.0 A FE S, WEE Ty ()MPERER 1S 5 z()ME SR s B vl s
FIE AR N HE o HE I A R A a2 BRI A R R JE R 7,
AT L2 SRR I EEE Z R, IR EYIE Bk

VB 3.2 W5 S 5y () A e S 5 2 () 1 B AL S H IRAME S FIBELT
FNH 5 R (3-4)F1(3-5), FHorp (k) Rl (k) =& AH B BN A & . th4h, &
2P T B AT BENLAN 2 1 kb U] 45 5 G0 V8 2% 5L 1 B8 » Bl LAN B o A 2 R FH AR
H ST AR AT SR 3 A0 (R REATL P 1R 28, 25 18 R Gu i i LA BB AL AR A AN i 1k
DI K I 4% 18 25 ELAT RS (L AN R P, SR AR BT A A LA — o e P N g
AT R R AE RIS EE S . FIFa(k)« Bi(k) By (k) F1 B (k)X PIANBENL A &k
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R Z I E AR MBI EI R . A=A, v Byn Ba
B PIREES R NG T H L

VEI3.37E 4 4 BRI AR, BI85 BU7E IS IR BRI st U R v T R 22 R
HEBENLARAL o IX R BEHLAS AL 2 22 S5 R 5 RS, 9 246 51 A P B L i e T 441
4ERE, FORIIPAEE TS . 6 SCREO T, 5N T BEATL A AR I ANl o M gk
SRR BE AL AE K S RO 58 TR AT @A ZEXT RS9 IE B it i, 3%
2 2 G BN B9 B R S8 vz i . 52 A EE, TEM SRR FE R I N T ¢ (k)
Al (k) AN BEALAZ B 0F 194 28 A Aot R vh ) 2 A B R kAT A 8, S ] =AM BELAR
T (k) B (k) B (k) AT A i ipk 2% HEAT TR . R ) AE I I T A5 N 25 (5 5
ffr, XFERAREIR TGS T AL 5 20 L IR 2 I S B
BT 513 3.3.0, Bk Ui KRG ae 7o 2% T LB R @ FEA

R 3.3.1 SR IEBRE RG(3-13), WEEREY >0, 0<0<1, u=1, Vpe€

Z, Yq€Z, p#q, WFAFAEIEEFERE R, RN 2 LT ASE:

rﬂ% NE, <0,k =k, (3-23)
* _Pp

¥, 0 0 0 0 0 O 0 O W Woip

£+ Y0 0 0 0 0 0 0 L 0

s+ x W, 0 0 0 0 0 0 W W3

£ o« o+ W, 0 0 0 0 0 Wou W42

* * * * ¥, 0 0 0 0 Wps1 Wys2

* * * * * ¥, 0 0 0 Wpe1 0 |<o0

* * * * * * -1 0 0 LIJp71 0

* * * * * * * =] 0 leSl 0

* * * * * * * —] lppgl 0

* * * * * * * * —(1- B)Pp 0

* * * * * * * * * 0 —y2]]

k # ky(3-24)

Hr

¥y = _Pp_l’ pl1 = Zip + aldA; + aAiP + EAA"Z"BZ + ‘BlAAp’

Wy12 = B; + PBy + YABB, s Yoy = abA;, Whay = YAy + YAARB,, Wpay =
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l/)Alp + lpAAlpﬁz p32 - l/JBLp + lpABlpﬁz p41 l/)AAlpﬁZ’ p42 — lpABlpﬁZ’
W5y = wAAlpﬁz, — szBlpﬁz, 61 = ﬁlAAp, 71 = GH; + Cp + BLAC,,

A~

IIJ1081 = ¢H;, IIJ1991 = ﬁ3ACp:
B2 PEWE R ZE RGE(3-13) AR 7 B L EFREURS e Haw R AL H oo 1 REFE B -

EB: Mk # ki, BXRGETHp T RS, WG LT T O e 2
Vp(e(k)) = e" (k) Pye(k) (3-25)
24k = [e" (k), wT (l)]", Hifr(3-13)s (3-21)MI(3-25), HEFEI T

E{AV,(o(k))} + 0E{V,(0(K))} + E{E(K)}
= E{V(e(k + 1)) — (1 = )V, (e(K)) + eT (ke (k) — y*wT (k)w(k)} (3-26)
= T ()M, ¢ (k)

)
|

2, 2
nef 3
14 * 33
3, = AL P,A;, + 2aAL,P, AA + 29pAT P Am + 21/),82AT P AAm + 2,81AT P, AA
+(a? + aZ)AATP AA + Zaz/)AATP A + ZaﬁZAA-TP AA- + ZaﬁIAAL-TPpAAp
+(P? + ¢ )AT P Alp + 2ﬁ2(¢2 + 1,1; )AT P AAlp + 2¢ﬁ1ATpPpAAp
+(? ﬁz +1)? ﬁz + B3 t/Jz + ﬁz ¢2)AAT P AAlp + ZIPBzﬁlﬂA-T P44,
+(B% + ﬁl)AATP AA + (P2 + qb )HTP H + 2¢HTP Cp + 2¢33HTP AC
+CJP,C, + 25CI P, ACp + (B2 + /332)ACTP AC - (1-6)B,
2, = ALB,B; + ¢AT P Blp + l,lJ,BZAlTpPpAB + aAATP B; + a¢AATP B
+apB,AATP ABlp + sz P,B; + (% + z,b )AT 2 Blp + B, (¢2 + 1,[} )A{,,P,,AB

+B,(? + ¢ )AAT P ABlp + (Y2BZ + 2 ﬁz + ﬁzlljz + ﬁztpz)AAT P, AB
+¢ﬁ2AA{pPpB + B1AALP,B; + BypAAT P By, + By, AALP,AB,,
2; = B B,B; + 2yBTP, Blp + 21/),BZBTP ABlp + (¢2 + ¢ )BT P, B
+2B, (% + ¢ )BTP ABlp + (Y2B2 + Y2 [32 + ﬁzwz + ﬁztpz)ABTP AB —y? 10
AMSIE 1.3, XH(3-26)2fAbE], W LA : 10, < 0.
Mk = ki, o(k) = o(kp) + Do(ky) = Ao(ky)» G54 (3-23)F1(3-25), 7T LAFS
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A

Sp

*

01" S, O
e[V g | BT g et < 6etRew0). (327)

FF 51 3.3.1, BEAF HO T 2 P2 0 B B [A) 48 BR ) (AT AT D415 5
TEBIRZE R GU(3-13)72 075 e SN a8 E I F AT I Hoo VERE - IER 5EER

3.3.2 BZeiMH  EIE %I

H T 2R G0 R 8 I A A5 28w B L AN B 5 M 1 A7 7 DA S AR SR R w300 R B P T
NAEAE, HEH R 3.3.0 WilTRI T, SR 2R AT AN o SRARLEMEHE AN
S R I AN e IR RIS R R 2K, DA ik T M A B AN S5 IR DR 28 BT 5%
i, FTEOHBRBENLA R E MET, IR BRI MR BARBE T
EH 332 XEWIRERFAGB-13)RLAEHEY >0, 0<0<1, u=1, Vp€eZ,

~

VqEZ, p#q, WHRAIKEFIRMEMEP,, >0, Py Py >0, Zyys Zyys Zpa

Epl’ EpZ’ Vp>0’ Zp’ Appy Bpp, Cppﬁﬁﬁfﬁ%/@u??@ﬂi%ﬁ:

[—uPyy —uPy (I +S) Py (I+S,) Py, 0
* —HPp3 Py Pys Zy
. . Py, Py P, |<Ok=ks, (328
* * * —Pp3 Pp3
* * * * _Vp — VpT_
K L
[* M] <0k # k;» (3-29)
Hr
®, 0 0 0 0 0 0 0 07
* @, 0 0 0 0O 0 0 O
* * @, 0 0 0O 0 0 O
* * * @, 0 0 0O 0 0
K=l  x =+ @& 0 0 0 0}
* * * * * @, 0 0 0
* * * * * * -1 0 0
* * * * * * * —] 0
* * * * * * * * —J
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[L11 L1z Liz Ly 0 0 0 Lig O
0 0 0 0 0 0 0 Ly O
Lyy Lizp L3 L3y O O O O O
0 0 0 Lys Ly O O O O
L=]|0 0 0 Lgz Lgy, O O O Of
0 0 0 Lg,s O O O O O
L,y 0 L,; O 0O 0 0 0 O
Lg;y O 0 0 0O 0 0 0 O
0] 0 Ly O 0O 0 0 o0 ol
M, 0 0 0 M,s M, 0 0 Mg 1
* —)/21 0 0 0 0 SplUTI 0 0
* * M5 0 0 0 0 0 0
* * *  —Epy 0 0 0 0 0
M= * * * * —&p1 0 0 0 0 |,
* * * * * —Epl 0 0 0
* * * * * * _Epl 0 0
* * * * * * * _Epz 0
| * * * * * * * —Epz_

Zp1A; + YBpoE;  Apy
Zp4Ai + lpBFpEi AFp

’

-_Zpl - Z;l + Ppl _sz - Z$4 + sz
x ~Zyy — I3+ Py M

(Z,1B; + WBp,D; ZpaWB,EiNsy  ZpoB Ny

— ’ 13 - — —_— ’
_Zp4Bi + lpBFpDi szlpﬁinNBp ZpZ.BlNAp
Z,298,DiN5,, _ [zplaxl |Zpax _ |wBryE; 0
— v L1g = — | L28 = a | B31 = A ’
| Zp2¥B, Dilpy ZpaX ZpsaX YBryE; 0

VB, D; ZpyYB,ENg, O ZpyB,D;Ng,
A ’ L33 = ’ L34 = A

_lpBFpDi _Zp2¢,32EiNBp 0 szlszDiNBp
Zps$BaEiNoy 0| _ | Zp2WB2Diley _ |Zp2¥BEiNg, 0
A ’ 44 — A 4 53 — A A ’
_szl/)ﬁinNBp 0_ szlpﬁZDiNBp szlpﬁZEiNBp 0
Zp2B2DiNp 0 Z,B1N, —
—_|7P o 1*'Bp , L63 = b A p , L71 = [¢Hi _CFp]’

_szl/)ﬁzDiNBp 0 szﬁlNAp

[0 ~ByNeol Lor=lpm, ol Loz =10 —psNe,)"
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—(1=60)Py; —(1—-06)Py £, UTI 0
M [ % —(1-6)Pys|’ Mis [ 0 ] Mis [eplUTI]’

_ [Ep2YTI
Mo [ 0 ]
A PEB R ZE RGE(3-13) 2 AE Y T7 8 X Fa 8 2 A A H, P REFEAR . 155K
fife (1) R i 1 e R R O

App = Zp2 'Arp» Brp =Zpy 'Bppr Cpp = Cpp» Gy =Vy 'Zpe  (3-30)
WERH: AW RG(3-13) AR SE I 1 [r) @, 5 GeR A AT 8 U e A AL A A i

WA E . B S AL PR 2SR b (R BEH LA B 1 Mk = ki, (3-26)7] LA
W BTSN

I} + He{W,AF,V;} (3-31)
7N I:P
Kl Al ]Bl
L=|* —(1-60Pk 0 |, AF, = diag(ds(k),Ar(k)),
* * —]/21
'—Pp_1 0 0 0 0 0 0 0 07
* _Pp_l O 0 0 0 0 0 0
* * _Pp_l 0 0 0 0 0 0
k * £ —Pp_l 0 0 0 0 0
]Kl = * * * * _Pp_l 0 0 0 0/
* * * * * _Pp_l 0 0 0
* * * * * * -1 0 0
* * * * * * * *
Ay + TAA; + YAy —
Ao~ Bl + lpBiP
CZAAi 0
YAy By,
0
Al = 0 ’ Bl - 8 ’
0 0
®H; + C, 0
A 0
®H; 0
0
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—— [ 0 0 =0 01 — 1 0 T
B e o B0 wyl PPelom,,
0 0
"~ 0 0 "~ 0 i ]
0 0
VB2 \EN,, o ¥B2 | DNy, PR
-1 0 07 =17 0 7 0 0
lpﬁz _EiNBp O- lpﬁz _DiNBp_ 0 0
A0 0 AT 0 0
W, = B, E;Ng, O] B, D;Ng,| |» vi=1]o0 0l
~ 10 0 0 0
B1 [o NA] 0 0 0
Y 0 0
B0 —Nep) 0 ur o
0 0 Lo yTd
B3[0 —Nep] 0
0 0
0 0
EHEIE 1.1, 3 HACERERE—MriE,, > 0ff
L+ WiW, " + 8,1V, <0 (3-32)

AL, B AARZENRGB-31) 2 AT . FEXF3-32)N A5 1.3, 1 PUE((3-32)k
R

- T
[Fl [W1 Sp1V1 ]l <0, (3-33)

* —&pq1

CA_ESDRR B 1 8 s R o O BEAILANEA S 1k N T (8 F R RE R TR 5 B &

SRR E . B RGP IAENE D B KR, (3-33) AT LAk Al e
X

T, + He{W,A(k)V,) (3-34)
Hrp
K A B
r,=|2 W1 _plll]l,r;= + —(1-6)p, 0 |,
* _gpl % % —‘]/21
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=

e

,V2T:

r
O O OO OO OO O OO OO
r 1
—
OOOOOONE]OOOOOOOOO
L — ]

FHEIE 1.1, 4 HECURRE] MR EE,, > 0fff

Ty + Epy WoWo T + 5,05V, < 0 (3-35)
FAL, IBAAER(3-34) 26 ATATAR . FEXF(3-35)FIF 513 1.3 AT 403, wT Lk
H(3-35)B N Tk

<0. (3-36)

F I, RGEAAE R AR T BN LA E PE D2 Bk, (HAREFEK,
TR RIS R (= By ) LA RRE R A A5 A7 A8 45 T, o B3R T R ME R R AN 2 TR

NEPIZX 0, AN RIEREZ, P, B

R

Z 1 Z 2 P 1 2
Z, =" |, p,=| " F>o0. 3-37
P Zps Zy P, (3-37)
p3
TE MRS B B R 8 ST Hh () AR P
AFp = szAfpy BFp = szpry CFp = Cfpo (3'38)

T~ (Z, — P)T P (Zy — By) < OFIB, > 0, ATLI th:
—Lphy 'y < —Ly — Ly + Pye (3-39)

Z54(3-37) (3-38)F1(3-39), (3-36)AT LALA(3-29)H1 73 i
Hk = ki, (3-23)FT LRI

41



i N 4 e R VAT

__.uppl —uPy, I+ Sp)TPpl (I + Sp)TPpZ_
¥ —uPyy PL+GIPI, P +GIP
Hfps  Ip2 Spfpz fp3 T Epipsf o (3-40)
* * _Ppl _sz
* * * _I;pS

WRG2R)RSE, AEE -V, — VT <0, M AR, RAES R, 5 T 4

AT PRI, 5 TF, 5 X BA T AR

G, = V;Z,. (3-41)
K (3-41)RN(3-40) J5 B2 AT 2
Y + He{X,X,} < 0 (3-42)
Hrp
—uPyy —pPp, U+ Sp)TPpl (+ Sp)TPpZ
Y = * _.upp3 sz Pp3
* * —Pp1 —sz
* * * —I;p3
: 0
” ~ s _ | Zp |y -1
Xl = sz ’ 2 = 0 Vp
Pys 0

ET5H 1.2, WRTAAM, W(3-42)85L
Y X, +XIv!
* h-W
B A HG-43) 25 M T (3-28), HI3-28)T LLH(3-23)HEH . 454 (3-28)—(3-30)
LI EEE 3.3.1, BEATLASH & ke U #3200 A B0k Ho, YRS (R 10T i) LA
W, (3-30)4 H Ho IRV AR 25 240 IEI SE e

<0, (3-43)

3.4 HEMHE

AR5 3 I A 2 AR A] ke ) e 2R e BB TR BGIE T Bt
TR Ho UEBAR AT ATVE . B REPTASRAT N OIS H) 1 R SR REA LA E 28

PEk D)4 2 5t -
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0.23 031 [—O 12

4, = [ 02 [—0.02 B — —0.01]

—024 0.03 727 10.01

51=[1 O],SZ=[0 1],E1=[0.03 0.01], E, = [0.05 0.04],

0 2
H, = [-0.004 —0.003], H, = [-0.003 0.004], D; = —0.02, D, = —0.03.
AW E I S EE RN
_ 0.2 _ 0.4 _ 10.02 0.02
- [ 0.01]’ Naz = [ 0. 01] Npy = 0.01] Npz = 0.01]

Nei =[0.03  0.02], Ng, =[0.03 0.05], X; =[-0.2 0.1]
X,=[-02 01], ;=01 —0.1], Y, =[0.1 —0.3], U =10.6,
(EEZ RS R
a=08, p,=08, f,=09, f,=02, =085 =
T 332 FHASHK U =175, 0 = 0.4, y = 1.5, @iTKM(3-28)—(3-30)
15 H R AR B

b _ [48.1856 2.8669] b _[~0.0724 —0.0642
117128669 18.737217 "2 7 1-0.0642 0.1438
b [ 21342 —0.0947] B [51022 0.5285
13 71-0.0947 2.1626 21 7 10.5285 3.44181°
b _[~0.0133 —0.0181] 5. [ 18396 —0.0452
227 [—0.0181 0.0764 1" "22 7 1-0.0452 1.8656
7. _[335526  6.1200 _[29626 —0.1852
17 1-3.3072 18.2608!" “*2 7 1[—-0.1852 3.0658
7. _[~0.1713 0.1398] 7 11.2578 —0.3478
147102542 —0.1625 217 | 04207 8.2881
7. [ 30340 —0.2176] 7. —[~0.5914  0.0297
227 1-0.2176 28718 1" “24 0.0835 —0.6318

2.2063 52.2639 [ 9532
1.0675 —16.05821 4.5795

Cri = 107* X [2.7052 —3.2861], Cprp = 107* x [1.2462 1.1334],
—1.0581 59.6976] B = [—1.1710
55.7895 —17.17461" ~F? 43536

0.1178 0.00041 -

0.1158 0.0011] ,, _ [O. _ B
00001 01156 2= loo0z 01176l Fr = 23190,

—2.1868 0.0943] 7 =[—1.8925 0.0447 71 =
0.0942 —2.21421" 72 0.0447 —1.91681

AR (3-30) iT ASRASIR 2% Hoo YE IR 23 9 -

0.0012 17.3796
16.6752 —4.1880

Apy = 107% X [E

Apy = 10—4x[
=

Zl = 2 = 1507270

Apy =107 x|

]’ Ap, =107* x [ 0.0015 19.8754]

18.2881 —4.40141

43



i N 4 e R VAT

Cry = 10~* x [2.7052 —3.2861], Crp = 107* x [1.2462 1.1334],

.. — r—02292] B — r—&3076] G, — [~0-2532  0.0085
s 1.4799 I’ 772 14015 1" 1 0.0105 —0.25601"

_[—0.2230  0.0045
2 0.0048 —0.2255/°

MR - 35193 B4 W) [R] D) et 29 5 (3-22) K 45 T, > 1.0955, Hit, = 2091)#f5
Fo WIGRFKAE. AP d N AASE 2 1 5 A o (ko) = [1.5,1.5,1, —1]7,
w(k) = 0.6sin(m(k)) e *1®F A(k) = 0.5cos (k), Ar(k) = 0.5cos (k). 1/ FL4%

Wk AN

1.5

— =)
fL‘g(k)

0 é 1IO 1I5 2IO 215 30
Time (k)
3-1 RGUIRA N

B 3-1 JEoR 1 kb Ui RGPS R B PR, BREN DT RSV
BB 7T RGN, ER I EREOY, ZEY RGNS E VI ZI14 bkt
BEAZ . B 3-2 R VTP S UE B AR IR MR, 2RI a5 A A2 BK b gk A2 1) I 221 7T A
A HBIE BB AR . T R TP R AR SR IR I A D Z ik Bk A2 . B 3-3
2] 1 B HORS R ANGA 58 VE 2 Ak ik o D1 e 2 Gt A 5 MBI A TR 2% Hoo TESE 25 B0
AR 5, AT IRt rHT 24 m 0 BE 00 T e i i 0 2 RS Bk AL . 18] 3-3 BT
Ve IR DI 22 GRS TR 2% H oo DIE 2 IR ZS AR 1 2 RSB R T B8O 10 %0
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g GNP 2 e VA7
HAE S RAEBAE. 22X, & 3-3 R4 155, IRAHe, IEHE A 14
I e 28 AT AR b D1 B R g 1 B R BOE A

1 T T T T T
' - = =z (k)
|| zfa(k)
1
05! 4
1
1
1
1
0r F\A-r
0.5+ 1
_1 1 1 1 1 1
0 5 10 15 20 25 30
Time (k)
K] 3-2 JEIRAIRAS A B
= = =x(k)
zr (k)| -
_12 | 1 | | 1
0 5 10 15 20 25 30

Time (k)
3-3 RGNIPER AR HUIRES
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%107

-10 |

-15

0 FI> 1IO 1I5 2I0 2I5 30
Time (k)
Kl 3-4 JEBGRE
WK 3-4 s, JEBORZRBWSIONE, 3B UE R A IER A A4 AT DL
AT D) AR G (R o LA 17 SR SRR A B B HI T BEATLAS B 5 2R ik
O R G AR AR A H oo TE A% 2 R o

3.5 KREN&

BT BRI R RGN AR, A B AT B O (8] R G o 7 BATRELA
i 5 1 (0 L P kb D) 0 2R G RO 2R AR I o 25 18 22 IS KR B A2, REL AN A
PER B Z MBI, LR GNESE VER Ho, PEREREAT M I BETH 17— MR A%
Hoo BAEDE I &5 o I I 459 G B I 9] AN 22 2 R iR B vk, 15 2 RE
UENE I IR 22 R GUAE P 7 73 L EAR B E I B H o PEREII T8 0 25 1. BEIHIN
TR Ho, SRR DE A AT UL — 2 AR P AN T OR M O . B il i A a0
Bk 1 it S aE R A A R AT
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FA4E TIERESRE
4.1 THERE,

BEE D) AR GE s Bkf D) RGN 2 KN, B EE R T R
FRBRIARZR o 745 SC M SN )R 2 HICHS 18] 79 77 T X 28 P ik b 1) e 38 S R TR 2% g D
W REHEAT T AT TC. AT DMEXT DI R e 0 FE A S E: 2T m AR LA -

1AE D)0 2R G D)4 2075 18 22 IRZS Ik AR, B AR S8 U BRI 2 A8 i 25 D)
IS 2 AT kb AL, XA AR B R A AR S U SR

2AEVELEN (M) R G T 25 8 H A 5725 U R ANH 52 TR ok v D) 46 2R S iR A D8 B o

3.FE B UM 18] R G0 F 25 8 S A BEALAN & TR0 Ed & A R kb D)4 R SR
AR DB o

HAETAEARIR:

VAR — 3854 5 20 VI AN AT € PR E S [ VERK i DI R 58, B8 E
PR AN 22 Ik b A2 PR 1 D0 C BRIV 2R e D) HR I A5 2 D) 45 i 20259 4 Tk b i 22D o
BE T 459 B B I TR) AR AN 22 2 U R pR L TV, W% R G I RS E TR AT H oo 1
REREAT 70T 531 7 AENEBIR 72 RGN 2 )R — B A2 € H 1A I H . TERE
T oA o IXEL, FEDERAT AL O I B AR (14 B 4 TR A 1 2 P 1R SR A
ok TR EURERA b, THA TR R G BB Ho SRR I, A5 R A Y
i FERERIA I, 19 B 2R — B Az g TE 78 0 2 AR AT BT RO E I A 25 PH 8 DL Pk
ARG . R B BUE RT3, WL 7 AR AT 1k
AT

2AEFELEIS R R GE AR b, B0 — SRS A REN LA E PR A ) B ik
IS I LR APE K DI R 58, 25 58 22 S Rk B A2, WF 7 AR A SRk D& B 1) . [F)
PRSP 24 B I () SR 22 2 0 R e 7%, WZ AR GE RS E VAT H o, K
REREAT 04T 193 T AEIESOR 2 RGN B X F R B FE A OB H o, M R
(1178 53 2% P o K HEL 2 R (VY B AL AN B PR AR B0 25 B3 G 350 SR FH IRMAVT 83 ) 43 A 11
BENL S . EREILR BRI 1% RS Hoo BEUE B ) L, JFAT DB R A% 1 2k HY)
RIE o 13 BN IR E VETE 70 26 AF BT (R A% 25 1 1) AZR R AR I AN 25 3 1 3
it BRI BUERGIHAT IR, Bk 7S AR A AT MR R
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4.2 TIERE

AR T B0 JEE B2 18] AT I 8] R AN 58 PEZR I AR 48, 5 B VI HS 21 )
ZIREBAL, T8 1 R U IRARIER . BENLANHE VEAI B Z R RIS O, R
1M, Bl TE P RE RGTIER e R 2tk RGORE, BIMfEARZ ) R
Gerb I AL AT AR s BeAh, ARV T, AR SO0 A T 2 B B I TRl
ARKRLIHR Y e, SR U0 I 1 MR ) T~ 2T G B I TR R . KRR B I )
BOREEVIHINI X IR R G A€ M e, 5 2 — PR

EETRRRAGA S BA SR, BRAET FUh o SRR, (HE A
XKD 28 GE RO FEHURE 2 A iR AT E IR TR, AR AR R B TORS
SHORILT .
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S22 3Rk

[T TEANLBN ) R G0 2 B IR DI A2 ) SRS I 78 [D]. KIEAZIE K5, 2023.

RIFEEH, 1B E, sk, 35 T TS H MMC-PET 42 BELIUTE & i Ft kY
T/ D) e b3 i SRS [T). = FUE R, 2024, 50(03): 1196-1204.
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