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DESIGN AND ANALYSIS FOR WIRELESS
NETWORKED CONTROL SYSTEMS BASED ON
COMMUNICATION FEATURE ESTIMATION

ABSTRACT

In recent years, networked control systems have been widely used due to their low
cost, high flexibility and easy maintenance. As is widely known how to solve
communication constraints such as network-induce delay and packet dropout etc. have
always been central to the study of networked control systems. For wireless
networked control systems, the unique features such as flexible topology and security
issue make its communication features more complex than wired networked control
systems. One of the most important manifestations is the detailed characteristics of
delay and packet dropout in the wireless network, such as delay probability and
packet loss rate is difficult to get in advance. In this case, the design and analysis of
wireless networked control systems has important theoretical and engineering value.

In this thesis, the control design and system analysis of wireless networked control
systems with unknown communication features are investigated. An estimation based
approximating control strategy is proposed to stabilize the systems by using
communication features in a practically feasible way. The main work of this thesis
includes the following two aspects:

(1) For the wireless networked control systems with piecewise Markov delay, an
estimation based approximating control strategy is designed. The strategy includes
three parts: the delay transition probability estimator, the approximating controller and
the packet delay variation detector. The delay transition probability estimator obtains
the delay probability estimation by measuring delay data online, and then the
approximating controller takes advantage of the estimation in real time. On this basis,
packet delay variation detector makes the strategy adaptive to the variation of delay
probability. The sufficient conditions to ensure the undisturbed systems stochastic
stability are given. Then, for the disturbed plant, the approximating controller is
redesigned, and the sufficient conditions to ensure the systems being mean-square
uniformly ultimately bounded are given. Finally, the effectiveness of the proposed

strategy is verified numerically.
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(2) For wireless networked control systems with piecewise Bernoulli packet loss,
an approximating control strategy based on packet loss rate estimation is proposed.
On the basis of the above strategy, a channel scheduling mechanism is designed to
balance the control performance and the network channel utilization. At the same time,
the approximation controller is redesigned to ensure the stability of the systems. The
sufficient conditions to ensure the closed-loop system being mean-square uniformly
ultimately bounded are given, with also the controller gain design method. Numerical
simulation verifies the effectiveness of the control strategy.

KEY WORDS: wireless networked control systems, delay features estimation,
Markov delay, approximating control
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Figure 1-1. The structure diagram of wireless networked control systems
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Figure 1-2. Packet dropout, transmission delay and packet disorder of WNCSs
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Fo d 7 ET RS T R TR SRS . RS = R I EBAC HRBS IR 2
fih Bt CARE RN, FEERROE TSRS . 53] 7 ORIE I RS
I A BUH S A kA A dIE 250 TR . e a IS EE 7 SRR R T 3R
T (1A RME

BhE: dwSRE. B2 TE, it TERIRHEA L, HFRER
] KB T7 1] o
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FETE A

FEATE P73 1.2 WP BN A, VRIS 21 I 2 A0 2 ) JR G0 FH A DO o 2
KopHTrik, BIEER RGT7iE. BEHLRS TV, Markov BEAR R4t 77 % A D1#e %
GiJiike MR T RIERS . EAMERARFR BT K WNCSs BT 5 70 Bk 42 4t
JiiE A

REGZHATN, 2.0 WA TIEN RG TR LRI, 2.2 700004 T4
X BRI SRR RIBENL R G 0Tk, 2.3 WA T Markov BEAE R 487
% 24N TR G T, 2.5 a7 R TR

2.1 B RGET5E

IEIN ARG TR R E N 1 R AR BIRIE R Gk E e 0 6. B8
KRG (1-1) , WREN ¢ e c<r, <7, WSCERUSFFTIA, #4127
RPN AE

Vi(k)=x"(k)Px(k) ,

V=3 S oxth+ S (h)0x(h) -

g=—7+2 h=k+g-1 h=k-1,

K= 3 Sy (R

g=—1+2 h=k+g

(k) = x(k +1) = x(k)
AT AGTIAGE
Hrh P, O, RFNIEENFREE. 40 5| B4 FH T 520€ o i fnds il 28 vt o
5|3 2-1(Jensen NEER): XMEEHEW eR™, W>0, W' >0, By,
y2e 1<y, MR y(k)eR" . k={y,,7,+L,-y,}, PATFAZERKT:

(2-1)

(=t 1)iyr(i)Wy(i) < —(__i yT(i))W(__i y(@)

§ HGR AN

22

B8 22(8F/RAN): AT 52 IR RS S:[ g
-

(1) 8<0;

(2) §,<0, S, —SszSfllSlz <0;

(3) §,<0, S, -8.88 <0,



BTG R AN T A TC 2 M 2% A 4% 1) R GEBETHAI 3 A

FIAHGI L 2-1 F1 (2-1) AJUARRIM AR RS (1-1) FoE 75k AL
2-2 ¥ T I 26 A 340 9 LMIs f TR 2 DL SR 75451 28

BARIERT RS TR ZER, R R AR — @ MRS, (HEZETE
e K R B AL G AR EARAR R A T VAT R, AR IR B T2 S
=T

22 BEHRGET5E

B R G VS H 52 5K o 22 0 S 0 (R 31 0
BB 4 R B o F] R SRR 5 M0 o B
FIAE R 2%«

XF B e 0 I 40 B L B 90 6 B LA
W, AEEOVE T B, BRI RAL (1-2) R, @
A B RO,

V,(k) = x (k) Px(k) »
9= T 0.

V,(k) = ZZIZyMMﬂm (2-2)

y(k) = x(k +1)—x(k) »
V(k)=V,(k)+V,(k)+V (k)
X (2-2) R EAV (k)| x(k)), BAE(AV, (k)| x(k)) Jfl:
E(AV | x(k)) = (Ax(k) + Z p;BKx(k — )" P(Ax(k) + Z p;BKx(k - ) - x" (k) Px(k)-

XL SR R, TR S L £ (r(0) AT, ESEI,
7 BA PR R R, 7 SCRRC2IA, W1 A B B B Bt B

1 r(t)e[z,rl) _ g _3,
5(0—{0 r(t)e(;l,;], Pr(o()=1) T(;[_Tf(f(t))df(f) B

TS FH AT BRHCR R -

. {r_(t) 5t =1 - {r(r) 5(t)=0
. 8()=0 o S@)=1
WP RGN

x(t) = Ax(t) + () Bu(t — 7,(£)) + (1 - 5 (1)) Bu(t — 7, (1)) «

BT 2 U R RO -
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VO =x OPx(t), Vi(0)=[ 2 (s)0x(s)ds
Lﬁg:ﬂJ}%wamwmds (2-3)
-4:£VwmgwmejﬁpHW&ﬂwww
X (2-3) SREWV (k)| x(k)) , FIFHHFEARZER 0] S BIRIE R G 5 e 8ok e 1)

T ST ARG 5T . W55 18 1 RE R LR A, $E i T R
RICVFIT SE

2.3 Markov kLR G 574

FESEPRIZE T, AHABAE IS Z [ A7 AEAR G, RIT 24 i I 2 ) B I 5 b — I )
AR A O, AERFRILH Markov 14, TR AT LMF R RSt (1-3) s,
PR U R R BT I R

V(ky=z"(k)Pz(k), ieM .,
Ferb P9 IE B R FRFE
SCRRESI A3 3 1 ORALE P R SRR LAR & 1 78 7 A6 A e B 2-1 B
SEH 2-1: LAAAEIEENFHEEP ={P,ie M}, U1 AL
O] (D, 7 F)P,~F<0, icM (2-4)
WP FRGE (1-3) FEHLERE .
¥ (2-4) FI5IHE 2-2 B AT LATF 2

-4 ®; 0 (2-5)
< -

* - z‘/’eM ”UXJ 5

st. PX, =1 ieM. (2-6)

i R AR PEANSE L (2-5) @H BAFIELLAW (2-6) , LIEEZEME
LMIs [ J7 ¥ 3K i, T k¥ N 48 #E b 2k ¥ f ( Cone Complementarity
Linearization, CCL) BIEOOKAE FRFEFEASER . ZRMAFEAEL (2-5)
] AFAR A SR AR AN T H A LMIs 29 R e DA 17 A

mintr(}__ PX,) (2-7)
S.t. <
* _ZjeM ﬂ-inj (2_8)

*

P T
{’ }ZO,iEM
X[

SRR TN 2-1 AR
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Bk 2-1: CCLHEE

U f@ (2-8) IEIAATMEP', X' ieM, FHEALEE, MEEH, N i=0.
2 AVF=P, W=X4 ieM, RUTFREMEE, 55 P, X, ieM,
mintr()._ VX, +W/'P)
s.t. (2-8)
3 B eQ VX, AWP)-2n<e WIBH, BN, k=k+1. BEEERIE 20,

Horptr () AFERERTEE, n o PRI EL, e N3 e BRIME .

24 VI ARG 5k

VI R G T7ET, ¥ W AL 32 ) R SR H8 AN [\ SE I @ B s + 41 &
4t, SEbR RGAERXLE T RS ARG L AT Ve DLAE I /ST — AN i 31 1) Jo e
ESE R G0, B E R RGRE T

x(k+1) = Ax(k) + Byu(k) + B u(k -1)

H i ZmB i DT R%. HTENAEFR, T RENMEER.

TRIEV) e R G HIAR E B 78 70 sk A RS AN T, BB R RIER T
KRG e, HIRERIEVIIN ZI R SR ENE, ARGV R iR E
PHAER. & T RGN EMEFMEE HFE] . XT U R KA € PRiE H ]
DU 1 ) 46 16 21 ) 20 S U oK bR 02 TR R R 2R ORAIE, A AT RS AN D)5 i) 210 )
2 L U X pR B0 R I R % RN, AT DLRIE R GiARE . N EIX — AL V)
B ARG IEEE T EA T L R ] 2K, BIEOR RV AREE R, X T
FER RAEM S, JRFESEAEFEHL AN AT 1R, wiw] U N AT S SE
Ik

PA_L D4 2 45 1) RE AR T 5 SR R 4 | SR e it

2.5 ZTBrEH R E

EET R TTES, — NIRRT UAE R 2 N6, AT & i E BT
FIPHPRGERT, AR PP SR I PAT 00 N P i o, SR G I A2 o XA A
TR H R, 3R T FaR DU 7 i B4z il M g

T g AR R R TR i O ik, AT DA R PR RE FE AR

J=X"(k|k-7,)OX(k|k—7_)+U"(k|k—7_)RU(k |k-t_,)
Horp
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X(klk-7,,) =[x(k+1|k—TSC,k),---x(k+Np lk—7.)]>
Ulklk-7 ) =[uk—7,, |k-7,,), - x(k+ N, -1|k-7, )]
x(k+jlk-7.,)= A x (k= T )+ jZ_EA‘f"‘]Bu(k +lk=1_,)>
N, AT, N, 94 HI 8. SR 5 A AR AR 00 4 1) 77 v ] LAAS 21— g 45 o)

2.
e g AR T B TR ® 7. Markov BE AR R G 7 vE AT R G877
FEH, N RE R R — N R . M RS LSO
x(k+1)= Ax(k)+ BK x(k—i),ie M
X P 3 A g g o EAE o F T I 2 s i B8 et R
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FB=EF TMEILIEFI R G E RS THE T SRR

i8I B — 0 A R LAAS B WNCSs FFIE RS 38 3 Xk DLTRUR, 3K — % A
TR AR 22 M Y AE I AR5 P P A 2 A B T S B o DL LR o i —
JR RIS, AFSRH T EBAC HiMg . A7 &8 b i B E MR PR AL T4, AR
RGN MR LG B B B, SR THER Fp itk R BT 1 IEIR
2 5 LA RTS8 1 ) S ISR VA T SR B . 9NN IR I R R AR, B
T IE R RARAG I E . 53] 7 ORIE I R GEBENUARE I T8 70 SR A AN i 4
W R fE A T BUE D BRI T EBAC SIS 1A Rk

ABALGT, 3.1 WHVER CHITCR L, 3.2 AR RS, R
EBAC 5&, 7£ 3.3 15 1) 5l Al Markov EJEEE%?EE??/%?‘FD BEHL R GU T ik AT T
ARG, MR T ERE R TR, A 34 WP ARG, X EBAC
SRIEHEAT 1 olE, (EER 3.5 WHAR] T IRIEA ARG T RA - BH AR
FAF, B 3.6 O PR IR 1 BUE 0 FRE .

3.1 o) R

AT FE I TC L M 45 A i ) KRG S5 3-1 fras, s RE R E
FHBIEAE 26 5 HAR H P A=
2 RN GAE RN LR M S R S
x(k +1) = Ax(k) + Bu(k) , (3-1

Hrbxe R"ERGRE, ue R NERITIAN, AeR™ M BeR™"NRGIFE.

M| BRI wEstg ot | P

& 3- 1 T ML REER
Figure 3-1. The framework of WNCSs
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FEM R G, ARG TR SR AN PAT &K FH I A] [F) 28 07 20 A% e il =
KR T W 2% R IR e A%, PR SRR B s AL S TF B ) R O R IR L A
ATH%, AETAT A5 o AR 25040 0, 11 I [R] Bk B 50 I B 0, IR AE AT I 214 H
THAEN R

WG R B T SR E R d, , BRI PAT IR N b, o, RoRIAT
A PAT I 2] ke 5 AT H s A0 B I TRV B 22, BFRONER kB I P ERRE R, B
t,=h +d,_, o JENE AR 3-2 fis.

s AN
: \ : N
: \ >
: \ : \
| q v
s : NG
: h]‘ N
: < P
| | i | v |
PAT AR < i y Rk

B 3- 2 ToLk M 28 4L 42 2R 45 1Y PR A S A
Figure 3-2. The round-trip delay of WNCSs

EAE S, KA ER RN E IR Markov I8, HITFAETLLMSE S, 5
RGUME LIS BT S NI BS I 5 (A R, BT DAFRAT B 15 L 27 2 M 5 1 o2 o
SIPNTIES Sl a7

Bk 3-1: FIREER) o fFE LA M, Bz, eM=1{0,1,2,---M}, HifEHEBEM
A AR A ) Markov i3 F2. HEBHEE N
7w, j<i+l

Pr(Tk+l=j|Tk=i)={ !

o _2
0 j>i+l (3-2)

M
Hpz, >0, Vi,jeM, Yz =1, HIll=(x,)-
=0

BT G2 0 28 20 I 3R 3% KRR R, 28 o )7 A B T 2 28 T LU BE 9 R
TN TN 48, B2 — PR el 50, B30 IhARby, W28 [t iy
PETUR R 2784, BIAFAE IR B ZE RN £ 3] (Packet Delay Variation, PDV) . H
T RN RS T R 28 () A3 % 58 AN = 47, B DART LA BRI 8 i B B
Markov ({45 s B 7, £8 — BeInF 8] N O 4F Markov P57, 1H 23 SRARBRER 21 75 — A
Markov i #2 F, P/ Markov i F2 1 M 2% #4856 [ A4S [, 334 T
Markov i PR 7R 2 B . FIRGAL 3-2 #R 1K — 4 5o

¥ 3-2: f71E PDV [N ER 7, 3l 2 7 B Markov IS #5, R P34 & 15 11
TR N2 S0 PR A I — R RIS 20 R AR AR, EAH R IR AR Ak 22 8] 1) 3% B S P AR
FEAAZ, PR ZERAR IR R 3-1 AR M3 B R AN ) Markov 13 F2
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— §ERS

4 :
m  gEE
3 [
= [
52
1
% 50 100 200 250 300

150
AIE)/E
B 3- 3 Ji% 24 Bt Markov i3 72 B N4 IE A R = E

Figure 3-3. The round-trip delay satisfied piecewise Markov process

£ ERBT, RIS IE I R T P ) T b IR A ORI R . AR
B H bR RS 3-1 AR B 32 AR OL T, it Efl s R4 (3-1) e, £
B R T RARM ZIR K, RAJGHITTRAL, B AATE R IT, X
WA SCIX ) T Hofh T2 AL

3.2 T T MR IEHI R G E R {4 T T SR BRI T

EBAC SRS (1 F I AE T B 3-4 frzis, SIS M4 A 12 R T IS TR) AW 21 1
SO IS 30308 A S S N P A M R R A A DX TR, el 2 i 45 ) P S I 2 A A R A
X A ARES RS REHE S, IR AR GG S — AL AT 8% [F
FIFH PDV A2 A 00 ECH G A BBl . B2 T SR 12 s BT AL & I A B s HEAT
TEAR L -

s [ 1F 201 /" o EDvE
dk k k—d,
k_dk k—d,
— RGN F e
Wi g Ttk flrvh 2%
: e .
u(k) [k-d, z(k-d)] T

y h, o [ . <
= U(k—rk)]v lk-d, UG- | H=H15

B 3- 4 EBAC SRSV FZAE
Figure 3-4. The framework of EBAC strategy
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3.2.1 EEIHEERfL TS
S k2D, SRR A TSR R A E RS 7, PR

n,, JEEEEZ NG XNz, ,,7,,], WPz, elz,,. 7, )=a, HILEG

FIFRMAAG T XIFERENTT, = (2,7, > BT DRMS THAE RE  4gA 2p BRI
BASES Na, U EPrell)=a. N T LB ERTIAE, &EHIT I ST
H S 0T B IR PHIIR RE IS, ROR 2545 KA, PR RE PP GE IS . SRAE IS TRV AR S —
[F) Ik L il 4 o

il v (M RAE TR — D ] R BR B — N e EHE, BT AR S TH R iR B
B, ERROREASE R, EMES Tk, A PR, B (S
T EN Ha.

BEXTIXANME S, ARSCHRH T — P ek ) Jeffery X Bl vF 7k, fERA
Jeffery X A& TH LRI R B, SIANE Ko, o<1, WEMITTIFHI B XA
WIS, $E R A B A T X TR R LA

HAR T T o T Al b & i 8 2 X A 58 AR B X8 & B
(t,,7 )l <k—d, . FAGHTXEAZ,,,7,,]:

Tu=0 " +(1-0""7, x,=(1-0")7, . (3-3)

SOt N, RAEMRE (5, = .7, = 1)q € ML <k—d, BIECR, PtKI [, 72, 17
H (3-4) 1531

. -«
Eij,k =IB(T’X1]'J€’NI'J€ _Xij,k +a)y

1+ o (3-4)
ﬁ'ij,k :ﬂ(T’X;’j,k’Ni,k _Xij,k +b)°

Hh B(h,d,e) Foniti R SHCN dv e WIS AT h 530055, a b RN IUES XA
HIgeiE, EHEAI 0.5, X, NERXS (7, = j,7,, =) [<k-d KIHE.
bR X, N, ATHELBBINEN X (7, 7, ) ERIEE]:
( ke +L N, +1) Tyq =JsThg 1 =1
Xy Vi) :{ (X,, »N.,) HoAte
BRGNS R AL R Jeffery METHEREARBUD I BB A SRR, 24
FEARB R, fHTFXE (3-3) #FERFIXE0,1], HEGEZE L, X4
FEARECE WG I, XX [z, 7, TG R R de Tt .
ASCEFE Jeffery XA TH 77 1 0 JR RIPE T 1 S oA vl DX R) 2 TG 0 11
X, (N,-X,)
N2(N,, +1)

(3-5)

ij.k

(3-6)

;{iEEE(ﬁ'y,k )= =TT, %152 Var(n',, )=

ik
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FLWk, Jeffery IXTAd T 7 VA N R TR B0 At AE/NREATE Ol T A B Ui sk
PRI,
3.2.2 1Bt H BRIt

BT A8 N e MRS S At 45 il 4, e seU7E T e 22 01 FH ) A ) S IS Rl 2 [X
Wl T, 30T R s e A1 2%, (ES b  25 I e — D SeBE 7. R
=, B, WEVIHIE GG 5 RS BRSO (V) e 7 AL
S TR A . ASCIR Y T —ME I i s . BARTTEI R

TES k0, @R SICEIN RGUREEEN:

' (k-d)=("(k—d),x" (k—d, -1),x"(k—d, —M)),
RS R S Al A A2 ) 2 1 2 SR . BORAE k2B, 1BHIEs O 8 1 ik,
B AN

z'(k—=d)z(k—d)<cz' (r)z(r) c<l, (3-7a)

k—d -r>L L>M. (3-7b)

Hh—d e (3-7) I, FHEREaER, N f—d N5 i+ ANFEINZL X

o WIAEE . Hor r ZORE ( RAEHIER G 25 BRI 21, 2(r) J9AH N SEBDIR
&, Ly c NATWEZSH, HT R BRI,

W T BB 2], B2 TN R AT 30 A8 BT I 2 SR s o )RR DT . 4
k—d JBT R={r;ie M} B, 1510, B4 HI0 a5, Rz, 4560528 Ak
AR o BT UASE B B 1 08 25 T S A SE IR A R AR B A T T,

ol e
TSN TR A s LA DA — 2B 3R T e Retet . R oE—MraT RE I 48 I B 145 |
Wk, HEEHEFIIUGK-d,)N:
Ulk—d)=[u(k—d,), - u(k—d, —M)),

(3-8)

k-1

A (3-9)
u(k—d -i)=K.(I1,)x(k-d,) ieMo.

FERI A U (k—d,) M TR & —d, — [ IR 45 AT 4%

FEPAT B0, PATEMNU (k —d,) PR FEEHIEIF N Fodex g, (EMT
WA R ) B A

u()=K, (I1,_, )x(k-1,) - (3-10)

AT RN, G-Ta)fRIUE T AHAB P A EH RS WL bk R, |
z(r)2z(r,), EHEMTRGREE, BARIEYLE 33 M 34 hgatt, T
ST IR R W ARUE TR S 28 TR SR . 3-Th) Ly e R, D))
R AR K
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3.2.3 PDV #22R1& it

fE kI 2|, PDV A M 2% 5 H & OB B9 w A S8 I R A 20 R M T
D,=1{r,,k-d -w<j<k-d,}. BT PDV RAMIMFEL N, £ PDVRKEZ
A, SERSREZR A TH AT DAk BT DA AS S Al P = (p,) PTRAR ] EHH R
T A (1 77 A w MFEAR G RHE R T R AR, RIS E -

7 :i‘(fi ;}pr) ,

Forbr £ DahREIN Jy i B8R . KGR S ROT MR, A RIRIAE R,
TEANITIR AT 2251020 A (VA I B0 BRI, Rk I 2 1 1) i HERE— iz

¥ EBAC RIS o 45 5% 3-1.

B35 3-1: EBAC g

raate: WA kO 0, ANt SR vE B =0, BRI ) m BORIE N ks MR
i X T T A6 (E -

_ 0 j>i+l
ij,0: ’ Zi'0:0°
1 A "

1 PDV far il 35 ar il 28 Bf HE 26 2 5 R AR AR, 5 R AR A, WG HRE SR Al TH X
6], WUk 1=0, rek, $ATE 328 |/, PATEE 20,

2 GERHER AV BARE (3-3) © (3-4) . (3-5) WHIERMERMERE, .

3 AT i A U B RIRAS = W R VR kAR (327D, AR, =,
W, AR,

4 GEILEHIEEZIE (3-8) « (3-9) BEHEHREBEUMK-d,), KESPITE.

5 PUTELIR (3-10) EFRIEHIR u(k) o NG IBOHT K PH IR LE I 0% B AL 2R o

6 & k=k+1, BREEEIZ 15,

3.3 Tk RGRAE M ARSI AR

A 1Y Markow BEAE TV RIBEHL A6 7 BRI B2, BOL
G SEREEN, T Markov B RS 7 I RS ER
33,1 BF Markov A RGE 75 SRR E M S RHEHI 30 2 ot
AR I R SR BURE 079 A, FETEUEIERE BRI 2200 2
HT e BEHLRE P X
RS 21 ERHERLAE VIR 5, FDRHERS <, B
lim £ (k)x(k) | %,.7,) =0 (31D

W 2 GEREHLERE -
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NAHR RN, & SRR AN 2 s, =k k—1-1,, <r <k—7,, HINH
YR B B VOB BT ST OB 2. B ORI SIE B T AR )
B %5, A s, 2 T R TR R

BIEE 3-1: 75 EBAC H W8 T, {1 & 0 )% kels,s,) , & 17 7€ W
ko elr.s,], T HHEER AR T 05 :

u(k)=K, (I, )x(k-t,) - (3-12)
EBH: 1 (3-8) A, (3-10) HFIUIL,, TSN

A T, k-t =r,
Hk—hk =

A

I, k—t, #1,
ghseisa (3-8) AILAMR | —EAFTEk elr,s,], 1k —d, =r 8L, kNrKff
RS BIA R HI BRI 210, BTRATT, , =11, O, B (3-100 S5 EAHE.
P RHAF 2] EBAC NI RGHIERILTEA, K (3-12) RARS (3-1D
QIEGIGEI-R2SE
x(k+1)=Ax(k)+BK, (I, )x(k—7,)  5,<k<s,,i=012- (3-13)

T PR ERAE T 355 2 Markov 1472, JTLLK (3-13) BS54 Markov B8 R 4
R

z(k+) =@, (1 )z(k) s,Sk<s,, (3-14)
Hr
‘4 - BK,(II,) - 0]
) I 0
o, I, )=|0 I ,
L [ 0_
IREERER . o (1,) 5, MBUMEH X, BK, (I, ) fEH—17, 5B
7, +1 5.

P RG2S RGN BEV AR E MR, IREAG B GG 28 1T T
FEBE 3-1: £HATVneR, 120, fE7EXTM IR G, =G, i e M},
IEEHEEEP, = (P, i e MFIEEHI425 K, = (K, ,ieM}, LR LMIs i3, N
ARG (3-13) fERFIEHIREE N &RV E 1.
o ((1-7,, )G, +P)D,, ~P, <0 (3-15a)
P,-P,<G, Vi jeM (3-15b)
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UEBH: XFVk, —EAFAEAAESPIERN X, 1, ffkels,s,). HTIH3-
LA R[5, ) W BB R, BBl (3-14) e, (T, )L
SEMEE, IO,

4 F LT 2 B 8

V) == (P, (k) -
SEoh P A TEI R TE R ARG, 7E P SIS, SR
R BRI 50

EW )=V (k) 2(k),7, =) =" ()@ (X 7,B, )0, - B )z(h):  (3-16)

R R MR PRI DL 7, =1-) 7. 858 (3-15h) , 4 (3-16) KB N:

2 ()@ (Y 7,P, ), - P, )z(k)
= 2 (@ (X7, (P, — P, )P, + BB, &, — P, )z(k)
I S " (3-17)

<T@ (7,6, + P, ), ~ P, )=(k)

<2 (W)@ (1-x,,)G,, +P, ), ~ P, )z(k).
(3-15a) fRIET (3-17) /NF 0, TRAFEY,, 0<y <1, ff (3-18) WKL,
EWV(k+1)|z(k),z,)<yV(k) o (3-18)

e P 0 200 L T 20 20 R B 255, % (3-18) I LA
3,

B (k)z(s),7,) <72 (5P, 2(5,) - (3-19)

 (3-19) TSI VI 2 [ AR & 5 I 2R A 2 [ (3-20)

Rk
E(2" (k)z(k)| 2(s,).7,) < 7, 42" (5,)2(s,)
Ay =max(2,, ()2, (P,,)
et A () Ao () FRAERERIRR, BINFRAE(E
SRR %) 7 B 0 s, ST PR R RO I3, 5] (3200 kK
fuh, T LA E R R 22 (R 5 2 A A i

(3-20)

E(ZT(S/)Z(S/) ‘ Z(rz)aTr,) < }/ZJ,ZZT(I’I)Z(I’}) ° (32D
LEA VI 2 S (3-7a) A1 (3200 , APEE (3-21) 4kSEiEIASF).
E(z"(k)z(k)| z,,7,) < 7,7 A A2, 2, » (3-22)

kTN, VIR E y hiaT BB 2R, LA
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lim E(z" (k)z(k) | 2, 7,) =limy, 7" A Ac 2, 2, =0 (3-23)

R RENLES E E X, B 3-1 A3k

SEHR RN 0B T R EEAR AR %] s, R s, 2 1) (R4 o 184 2 G A R SR pE N L AR
5B, WITEEH &M (3-7) MMETR, KRG E

SEF 3-1 5] N TAK (3-15b) {# LMIs 7EFERME; 1 58 4 R F00E 5 TR, 24
THSUE, HBRAR R DU — PR Tl RE . BT LAAS 31 e B 3-2 A E Tk
XAk

FEH 32 LAV eR, 120, F{EX R0 IEE AL P, = (P, i e M{AIT
FIH 2 K, = {K,,,ieM}, LR LMIs Bz, RS (3-13) E3iT il 5ens
T RFENIEE 1

o] (Y 7y PP~ P, <0 (3-24)

R 5 3-1 fREDNEME, AESEIR
/:.\TEIE 3-1 Mg R 3-2 W%, AEIEH 3-3, 178 ST I 2 3RA5- 4%
o PR AR AT e B 3-1 AE B 3-2 AR ARRE AN S AT 6 AR ME 2
E”f'&%‘l)\ﬁ%%l @, R GTHSIREE, RaA 0T

{1 max (7, yk,)<9

0 HoAtn

Hrb o Jygs g BME, A E XRS5 /N T BE R, Sk TE DL e i JAE .
FEB 3-3: AN VEeR, (20, FLEMRHENFRIENLEG, ={G, .ie M/,

IEE MR P =P, i e MR #3425 K, = {K,,,i e M} LU R LMIs flisr, ) &

4t (3-13) E&frﬁ’ﬁ:%bﬁ%?mkmﬁmﬁﬁo

w, =

_Pil 7:?
T’ F <0 (3-25)

il 4y
(I-w(,-F)<G, VijeM (3-26)

He
T =[((-o)JU-z; ) I M+ @[z, )P (1-@) -z, )/ M+ 0z, ) )P
(=)A= ) M+ [z, D] o, ((l—a)l)+a)l\/a)(bf],

I', =diag((1- a)l)G]1+a)l H,- ,(1— a)l)G11+a), Ml, )

@, = a(k,)o

BT (3-25) . (3260 #&AG,, G, ULP', P,, CCLHEEA TR
fift 52 2 3-1 1 LMIs.
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3.3.2 BT ARG ANRE S AT HIE s it

£ 3.3.1 Frr gt 14T Markov BkAR 58 G0 7 VA ROFE GG 2t v S50, JRIE
W17 HH A3 2 () EBAC RIS BEIRUE RS FEALESE , SR 1T B — IS s ol 4 3 &
HFHE s CCLEE, HFAERERNITE, XSGR BCRRTHEITE, & 68
FH L5 5 LRSI R ACY ol E EBAC IFEZE T, FIFHBENLA ST
%, 337 RIERFFEVUESE R 78 0 ok, JRE T AR 8] 7 AT CCL 5
) ) 38 v H BT Vs

FEH 3-4: L0 VreR, 120, FEMRNKNHEREG, ={G,,ic M}Al
IE%%E@;%P,Z{BJ,Z'GM}, XARIEEHFE Qv Qo Osin Russ Ragy PAAHERE
M, eR™. M, eR™. M, eR™ MK, ={K,ieM{{F LMIs 35, 03
AR (3-13) fERFIEHIREE N &RV E 1.

- Rl,171 0 A13,i,1

\Ili,l = * - Rz,zi1 A23,i,l <0 (3-27)
* * A33,i,l

COI(B,I _l)j,l)<Gj,l ViajeM (3-28)

gt

Ay, =[e(4-1) 0 zBK, 0 0],

Ay, =l@-1)(4-1) 0 (r-7)BK,, 0 0],

'R, R, R, 0 0
R, O 0 0
Ay, = R, R,+R,, R,, +sym(STN,.7,) )
-0, —R,—R,, 0
_Qz,z _Rz,l_

R,=0, 7, P,-P)+1-0)1-7,)G,+0,+0, +(T-t+1)0, - R,
R,=0, 7wl )+1-0)1-7,)G,+P,): R,=R,,

R, =-0,,—-2R,-2R,,» I=[M] .M . M" 00|, N, =[4-1-1,BK,.00],
IR n BRI, 7, ¢ NAEMAREN L, T 5.

WEB: 4 Vk, —EGLEMASE R % n, . ik els,s,,) . 5 3-
L ATRH, FEDKTE][s,,5,,,) N, FEHIE 2 (R A

2 B8 LA 2R 1 R R 2

V(ky=V,+V,+V,+V,, (3-29)

gt
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V,=x"(k)P,_ x(k),

Vo= S o+ S0,

h=k-t h=k-t

-7+l k-1

V=S S0+ S x (WO, x(h)

g=—71+2 h=k+g-1 h=k—7;,

0 — -z

V=Y So'MRym+ Y S E-0y (R, (),

y(k) = x(k+1) = x(k) »
P> Ous Qus Qs R Ry fEPIRUIMCZ A IRFFANAS, SR 2= AR 1 K R 2
1273 9
EW (k+1) =V (k)| x(k), 7, =1)
= (y(k)+x(k))" Y 7, P (y(k)+x(k))—x" (k)Px(k)’ (3-30)

=t B LR RS G R DL =LY i A
E,l_})j,l<Gj,l’ Vi,]'EMHﬁ‘, EIU\?E}@J

Z”i/‘,lpj,l < (I_Zii)Pi,l +R.l ° (3-31)
%(UIZO Hﬂ‘7 j&ﬁ?XﬂL Pl E‘Jg/‘j%7 Eﬂ%?%@]:
27, B <27, B (3-32)

i (3-31) . (3-32) , B (3-30) B N:
E(WV,(k+1) =V, (k)| x(k), 7, =1)
< (y(b)+x(k)) (@(X 7, P, —P,) (3-33)
+(1-o)(1-z, )G, (k) + x(k)),
73 2 FEAR 2R U 5% R B2 0 00 N
EW,(k+ D)=V, (k)| x(k),7, =)

; o -, (3-34)
= 2" (K)(Q, + Q)x(k) ~x" (k= 1)Qx(k ~d) = x" (k= 1)Q,x(k ~ 7),
B (k+ D)=V, (0 [ x(k), 7, = 1) (135,
<(r—z+D)x"(k)Q,)x(k)—x"(k—d,)Ox(k—d,)
E(V,(k+1)~V,(k)| x(k),7, =1)
=7 Y (DR Y~ ~2) ¥ ()R.y (k) (3.36)
- S5 0RO~ X (-0 DR

BT RS (3-13) , TSR TFUo7:
(k)M My M1 - (A= Dx(k) - y(k)+ BK_x(k—7,))=0. (3-37)
XF (3-36) {51 H 2-1 531:
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E(V,(k+1)=V,(k)| x(k),7, =1)
=7 y" ()R y(k)— (=) " (k)R,y(k)
+(x(k) = x(k —7,))" R (x(k) - x(k ~7,))
+(x(k—7,)—x(k—7))" R (x(k—7,)— x(k —T))
+(x(k—1)=x(k—7)) R,(x(k—7)—x(k—7,))
+(x(k—1,)—x(k—7))" R (x(k—7,) — x(k — 1)),
gh4 (3-33) . (3-34) . (3-35) Al (3-38) A5
EAV (k)< M (ky £ (k) <0, (3-39)
ot ¢ (k) =[x (k), y" (k) x" (k= 7,),x" (k= 7),x" (k= )]«
T V() a] LB 2" (k) Fz(k) , Fi'S5y HARREEFEA <, B (3-39) #]
13, WAEEy, i (3-40) HKOL:
E(Z" (K)z(k)|z(s,),7, ) <7 42" (5,)z(s,) » (3-40)
et 2, = max(2,,, (F)/ 4,.,(F)
MNEE TS Z1 ry DTN E] s, (PR AR 4 dIG 28, 51933 (3-40) J7iE3k
T L4580 SE TN 22 R e IR S 2 I 251 (3-41)

(3-38)

E(z"(s)2(s) | 2(r),7,) <y, 42" (1)2(1) 5 (3-41)
SEE S Z AW S5 (3-Ta) F (3-41) , ALK (3-40) 4kEki 75
E(z"(k)z(k)| 2,,7,) < 9,7 AAc 2, 2, 0 (3-42)
Ykt s, URE oy BT ES 2k, FrblA:
lim E(z" (k)z(k) | z,,7,) = limy, YAz, 2, =0 (3-43)

R BENLRR T E X, T HE 3-4 FHIES

SEFE 3-5 F4 45 s Il g i ET

FEB 35 EXVreR, 120, FIEXRIIRNFALLEG, ={G,,ie MA
ML P, =P, icM}, MEIEEEEQ,. 0, 0, R, R, X
u&%EBM/,:{}:J,ieM}, TLHa>0. k>0 vi>0 Alv>0, (it~ LMIs oz, N
ARG (3-13) fERTHIEHIHES T 2R E .

- K12R'1,/ 0 A'l3,i.l
\P'i,l = * - KzzR‘u A'23,i,l <0 (3-44)
* * A'33,i,/
o(P,~P,)<G', Vi jeM (3-45)

k:t
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A, =[r(4X,-X,) 0 w,BY, 0 0],

23,1_[(T Z-)(A)( X) 0 (T T)VBY 0 0]

_ER'II R, V2R'l,l 0 0 |
R', 0 0 0
A'33,;,1 = ER'33 v, (Rl,l + Rz,l) Vzsz,/ + Sym(MT N'i,l )
- Q'Lz _R'Lz _R'z,l 0
-0,,-R,,

R, = W(Zﬂ P -P' )+(1-0)1-7,)G +0" +0', +Hr-1+DQ',~R,
9%'12 = Vla)l(zjem ﬂ-"fslp'ij,l) + V| (1 - wz)((l _Zii,l)G'i,l_'_P‘j,l ) ’ Eszz = ER'lz ’

9{'33 = _Vz2 (Q3,1 + 2R1,1 + 2R2,1) » J'= [[’1’150’0] ’
N, =[4X, - X,,~v.X,,v,BY,,0,0],

il
TR n ERRAIRE. 7, ¢ RS EHIRER |, FH. REWMEHN K YX .
IEEﬁ: Hj/‘\
X, =M, vX,=M\, v.X,=M,', KX =R, X =R,

0.,=X'0,X,i=123, R,=XR,X,i=12,
G'IZ{ 'i’l,l‘eM}:{XZTGI.JX”Z'EM},
P ={P,.ieM}={x/P X, icM},
D, =diag(R,,R,,,1,1,1,1,1), D,=diag(x X, x,X, X, ,vX,v,X, [I),
& (3-27) Sekitide D) #D,, & LT D, M D,, /55| (3-44) . EH 3-5
3iIE
KN RGETCHEN, BT DUIE I MR ) R A AR Rgida et B L R EAE
ik 3-1 T RGifaE, EHRIK 3-2 T RGLIRTEE

3.4 B TLMLEALIEHI RGBTl B I SR it

KA JEAFAE BN I TC L N AR R, W0 GBI R 4 1A 2 B
E
x(k +1) = Ax(k) + Bu(k) + Caxk) (3-46)

Hixe R ZAGRE, ueR ABHIFN, ok)eR Nz, HILzAE G,
Mo (Hok) <o, o, o RSARHESR, BRI IEE A R
Wzh, AT M. AeR™, BeR"™MCeR™ NAGZKHEE.
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HH TP AL 3.2 15 H 42 11| 28 40 5 SEOBT 25 (AN 3.3 715 Hh SR A48 il 2 48
A TIERIEE R R G Ifa e, BT LA 2 1 @ 4 i 2% w2 o 1 25
BT R SR A, RIBTAR 2] T SIS p s i a5 v ROV

RARIE RGFSE UL S BT A, (R R — DI [E] k, 18 1 2 i) 2% A i 2
PR A 2 (k—d ) = (" (k—d ), x" (k=d, —1),--x" (k—d, —M)) i J&:

z'(k-d)z(k—d,))<cz' (r)z(r) c<1, (3-47a)
k—d —r>L L>M, (3-475)

o
k—d —-r>0 . (3-47¢)

S 5§ U B RS, 2() OSSN EAORE, L, o T
B2, BT HWEAE, 0 8RR R R T BT, UK
WA TE 3.5 TR, 15 (3-7) HIE, B (347¢) AT DUEF I 8325
AR R R T AR SR 5 3.2 e, AERR.

3.5 Bk RGHAE M A HAEHIH G

AT H I RGBS —BUR I 5 A, AR EEAL b4 45 )
SR B TR . RO T Bk — BRI E X
EX 3219, ZSHERETHED, c R USMERE x(0)=x, € D, 1FHEHE >0
I AT = T(e,x,) » FXERIZ] k>T, E[x" (k)x(k)|x,]1< & L, WHRSE
(3-46)3 77 I & —BUA o
¥ (3-12) RN (3-46) "[fBHRRGEN:
x(k+1)= Ax(k)+ BK, (11 )x(k—7,)+Co(k) s, <k<s,,,ieN. (3-48)

T PR ERAE T 355 2 Markov 1472, JITLLKE (3-48) BU5 4 Markov B8 R 4

z2(k+1) =@, (1 )z(k)+ Fa(k) s, <k<s,,o (3-49)
/\I:ij
(4 - BK_(I,) - 0] [C]
I 0 0
q)rk(ﬁk, = 0 I ’F:
I 0 0]

@, (,) Hr, WEBMEHR, BK, (11, )1EHE—1T, Hr +151,
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P TR I RGBT A — SR SRR o ok i, AT BB E S )
$ 5 BT
B 3-6: A7 AL IE i 6 FRAE KRS P = (P, ic M} IR R 4B I 4
G,={G,,ieM} R 6 &5 7 5 K={K,K,--K,,} , LT LMIs Xf {F &
n, =200, WA RS (3-49) 78 EBAC HES T 377 & —BUH 7.
@' Pu®, - pP, O PuF o
F'P,®, — FT'P,F-pl (3-50a)
F,‘,l = (1 _Eii,k, )Gi,r/ + Pi,l
Pi,l _Pj,l < Gj,l
(3-50b6)
Aid SB, <A Vi, jeM
0>—(Inc+2InA)/In p (3-50¢)
;H\:E'jllmin\ Amax U&p <1 j’\jéﬁ%%i&, A= ﬂmax /j’min o
WEB: XfVk, —@AFEAHBERTIN 2 s, s, ik els,s,.) . RNEE

BN 2R, BT 3-1 AL, AR s,s,,) W, EREE AT,
BL, (3-49) g (I, ) SR AE, ATRLEILE O, .
e DL 2 U R bR AL
V(z(k)) =z (k)P, , z(k),
K P, o, e M IEEM RS, H2kels,s,,) B & ER RGP, AHE{E.
SR G ] LAAS 3«
E(V (k+1)=pV (k) - po" (k) (k)| z(k),7, =1)
| OB, OB F
=& (k)| a0 (3-51)
F'R®, FRF
—pz' (k)R z(k) - po’ (k)a(k),

B, =Zil7r”Pj.l,§T(k) =[z"(k) o' (k)]. B (3-50b) LA MR PR

H

N

7, =1—Zj¢/r,.j AN, ATRAASE)
B, <(-z,,)G, +P, 2P, (3-52)
H (3-50a) A1 (3-52) , ®JLAEE] (3-51) /MNT 0, KEIAE:
EWV(k+1)| z(k),z,) < pV (k) + po” (k)ew(k), (3-53)

S1 2 3-1 Ui B T AE AN AR ST B )4 s 20 2 TR A (R s i s 2 25 e 210, B (3-
53) mJ LA
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EWV (k)| 2(5),7,) < p* 7V (5) + @ (P + 07 +++)
P (3-54)

<P (P, 2s)+ o,
1 (3-54) AL, kARG el 0 R ot A 2
E( (02(0) | 2(5,).7,) S PV (5)+ @y (p+ 97+
Py (3-55)
1=P) 2,
WSl s, REHERZ AR, 55 G-54) A (355 A
oL, GRS R 2 SR A

E(z"(s)2(s)| 2(n),7,) < pAz" ()z(1) +

<Pz (s)z(s)) +

Laﬁ,ﬁx
(l_p)ﬂ’mj

B (3-47a) « (3-47¢) F (3-50c) A LIAFE], AN ELL 53 I 21 B R 24
Z(l’,), Z(I”H)ﬁﬁ/@:

’ (3-56)

2p 2

E(Z"(n)z(r) | 2(r )7, )< 2" (1n)2(h.) + ————a,,, (3-57)
(l_p)lmin
SR, H (3-55) « (3-56) « (3-57) "] LA1RH:
E(Z"(k)z(k)| zy,7,) < p* " AP 2l 2y + Sl (3-58)

Horbv N E] KR IE, S B TR, = o T
T, v TEss, EikA:

lim E(=" (k)2(K)| 29, 7,) = lim p' ™ 22" 2] 2, + G0l = C0hs (359
HHGE X 32 He ol +A, HHANTREESLE, RIE0IERE L 3-2 F
T=hihan g Mg, E[ZT(k)z(k)| z,] < & JROL. SEEE 3-6 £

Inc

HTLW (3-500) MIAELE, SfGTHUSSnt, 42wl vEaenT DUt — e . %
TORAFEI E 2 3-7 W LALE EBAC SHg T, LFBRZWN (3-506) , LRIERGETT
RA—SUAF, SR, (RIS A REINT, A HE AR 2

EH 3T HAFAMALEEXNREELEP ={P,,iecM} , %1 w75l
K={K,,K,-K, }, LN LMIs XF & r,,1 >0 L, WA RS (3-49) 1E
B 1% 3-1 BL A EBAC SRHE 3577 4 —8h 5t

@ Pu®,—pP, O PuF

_ _ <0
F'P.®, F'PuF - pl (3-60a)
Pi’l = 7?1]3k11)j’l
A SP, <A1 Vi, jeM (3-60b)
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0>—(Inc+2InA)/Inp (3-60c)
HF miny Amax AR p <VREGESE, A=A,/ A o

Zi e B 3-6 MU HE 3-7 (LS, B T W S R A v ROk

BTN T 2Ron il B SCSAR EE S8 (k) R

I max (7 —Zy) <0

SRR TR, M R 3-6 RIS BNRG, Ry, MR 37, W
BEAFBE B 3-8, FH £ ST IR 23R A9-J2 ) 2 48 2

REH 3-8: LXMEM 5,120, FLEXBMFRIEMREG, ={G .icM}, IF
TP, ={P,,i e M| FIBHI T 5 K = (K, K, - K, } {5 ELF LMIs 37,
WIFE R S8 (3-49) EARBE 3-1 LAA EBAC S T #4977 e 2 —BUA St

-pE, 0 QiT
0 -pl E! <0
o) = T (3-61la)

(A= p(k))F, = P,) <G,

A B, <A X Vi, jeM (3-61b)
O0>—(Inc+2InA)/Inp (3-61¢)
Hor
o =[x,® - Y,
2 =[ Y, FT e X, FT

T, =diag((1- (k)G + u(k)R,',
(1= OB+ i) -
(1= k)G, + k)P
| O Gz, 1 M) + 1) 7,
) (A= uk )+ k) 7y
HTE®H 3-8 &H P, PLUKG, ,, G, WCRH CCLEERSM.
A b B AT A 18 25 S ARSI T I 3-1, {ERH B 3-2 H
MARIE . BUATERBSE 3-2 1, PDV I T IR AL BRI, 0B T35 2R
RBSTF W% A HI%, 76 PDV R, WML, ¢ PDV RS,
PDV KB4 5 i, BT LA IR 0 AR G B 7T LAY B 508

i
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3.6 WEME

AW R P B A B0 BIEAE B B 3-3. B 3-5 BEMRIE RS (3-13) Bl
g, DASCGEFE 3-8 RERIE RS (3-49) B RA—HAER.
3.6.1 TILAGHERE
B S A /NTIGIGAIE 3.3 5 5 T Markov Bk 2 %5 777545 31 () EBAC $E B 1)
AR BN M B B A 0T A
x(k+1)= Ax(k)+ Bu(k) »
x(b)=[x1(k), x2()]"> RFEEIAN 0.1 7>, HARGHFEUR:

[0.7769 0.25 } {0.2}
A= , B= .
0.25 1.0163 0.4
X F 28 ZE AR PE R B A, BRI ERS B M B 4, BRIERI RS
BN G P B F R 255 B o o T, AN TT, o FEFE R BT -

(08 02 0 0 0 | 01 09 0 0 0
06 03 01 0 0 02 01 07 0 0
I,={05 02 02 01 0 |, II,={01 02 02 05 0
0.5 02 02 0.05 0.05 0.15 0.15 02 02 03
105 02 02 0.05 0.05 1005 0.1 015 03 04]

RGAE ST RVRACHT AT B B2 A0 B, RS L S 13 B4R MR A0 S
B2 B B I I A ME SR FE R AR T, o

B G0 I A I R R A 2% B A% 0 o I S A T I I MR B R AR R T,

DIMEZE Pr(r, =2|7,, =D =x, W, FLEFREN 0.7, =099, 13FIAFE¥
SR HUE N MR A TE B 3-5 fis . T LR BIERE AR R B DR, 15
Jeffrey [X [A] W] BEJCVE 78 36 FAE, A ST J7 25 B8 76 A B S5k ok 22 WAL S50 % 1) 475 100
T, X145 %07 55 HAE .

=~ iR 6=0.95
= fEFER =095
=~ fHTR =099 | |
= = it ER 0=0.99

- ‘\—""'—-M"-a—--x
V.W‘Wn..q-—/-\\.,. e
@ TN N O . it
=
o 5 TR 0=0
ha] fit ER o=0
funy
)
B

500 1000 1500 2000 2500 3000
At 1E]k/2E

B 3-5 NFA o TR THXIE 7, 7, | FEREELE I i Su oo

Figure 3-5. The estimation interval[7 ,, 7 ,] as increasing of samples with different o
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B PR IR 2 3-3 AE Rk 3-1 THIARME. SHIUE N L=4. =1.1.
£=02. MEHFTLURBUNFIH T, REFE AN RIRIE, WK 3-6 s, fif
F e 3-3 vk mT LR T, R A 0 N ARE R gt fa e e, iUk i
3-7 o

RGRSMRIX (k)

-40 10 20 30 40 50 60 70 80 90 100
AfiEk/2E

& 3- 6 A B LN EEBMEREMEA IR SR

Figure 3-6. The control results based on transition matrix measured offline

- _X1 (k)
—x,(K)

RIURRRIX(K)

2 20 40 60 80 100
R1Elk/Z

B 3-7 A A EH 3-3 BRI R
Figure 3-7. The control results obtained by theorem 3-3

5B IR T BENL R S 5 1515 211 EBAC J5vE A Rt . AREH Lid
W26t GAE RN IR X4 11

EH 3-5 TS HIH 11=0.7+ u2=100 v1=0.82. vo:=1.1. =2, 13E|RZIIR
AL 3-8,
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15

RGUIREW R x(k)

50 100 150 _ 200 250 300
i 6] k25

B 3-8 T RENLRATTIAR EBAC |4 R
Figure 3-8. The control result of EBAC strategy based on random system method

3.6.2 BIMAGHERE
FEA/NTT A, @ — N A7 ST R U B P 7 VR R R . BRI
ARG
x(k +1) = Ax(k) + Bu(k) + Cax(k) »
Hebx" (k) =[x (k),x' ()], w(k)=0.1sin(2k) , KA 0.1 8>, RGHERE

N
A4={ 1 (11}13={00047} (;:{0005}0
0.1 0.99 0.0909 0.1
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