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Predictive Event-Triggered Control Design and Analysis for
Wireless Networked Control Systems

ABSTRACT

In recent years, with the rapid development of wireless communication technology
and embedded computing technology, the wired communication in traditional control
system is gradually replaced by wireless communication, forming the so-named
wireless networked control systems. This kind of systems has the advantages of low
cost, high flexibility, easy implementation and so on. It provides an important
theoretical basis model for all kinds of new intelligent systems such as Internet of
things, Internet of vehicles, cyber physical systems and so on, and has great theoretical
and application value for its research and analysis. In the meanwhile, however, the
problems of unreliable wireless link, multi-applications access and limited node energy
introduced by wireless network also bring new challenges to the design and analysis of
wireless networked control systems.

This thesis mainly focuses on the efficient utilization of the node power and packet
dropout problems in the wireless networked control systems. On the one hand, the
network node of wireless networked control systems usually use batteries to take place
cables for power supply. Hence, the node power constrain is an essential characteristic
of wireless networked control systems. On the other hand, wireless communication is
more unreliable than wired communication in terms of communication quality, and
more fiercely packet dropout is a major challenge in the design of wireless networked
control systems. For the above challenges, this thesis studies the effective control
strategy and system analysis method under the limitations of node energy and packet
dropout. The main work is as follows:

1. For disturbanced wireless networked control systems, a state feedback based
Predictive Event-Triggered control approach is proposed to achieve the balance
between energy consumption and system performance under packet-dropout, also, it
has strong robustness in performance. In this approach, the specially designed trigger
threshold ensure that the difference between the state estimation and the current one
can be bounded by a proper boundary at the sensor side. The packet-based predictive
controller can compensate for packet loss actively, guaranteeing the system
performance. The closed-loop model is established, and the sufficient condition for the
system uniformly ultimate bounded is obtained with corresponding controller gain.
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2. For the wireless networked control systems whose state cannot be measured
directly, an observation-based predictive event trigger control approach is proposed. In
this approach, the observation-based trigger is designed to reduce the data
transmissions, and the observation-feedback-based forward prediction controller can
compensate for the absence of control signal actively. Moreover, the controller gain and
observer gain obtained by this method are independent of each other when solving,
which reduces the complexity of calculation.

KEY WORDS: wireless networked control systems, event-triggered, predictive,

packet-based control
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Figure 1-1. Structural block diagram of wireless networked control systems
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Figure 1-3. lllustrating wireless networked control systems with shared network
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Figure 2-1. The frame of wireless networked control systems
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Figure 2-2  lllustrating the predictive event-triggered control frame for wireless networked
control systems
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K N 2 /D RERS I B — AN EHI T P VR R RIS T 81U (k) B3 1] PLARIE ST
WA ERNZIFEEW A 5 EEHE S, ELhad, MEEBEAEMIYE, dhe
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e(k) < OWmax—/ dmax||¢dmaxE~”wmax (2_20)

[l admax]|

TX B R R BT A2 (2-6), IBAXHERI k Blle(k)|l < 0Wmax T
ERSEEE . O

MGIEL 2-1 Al PLyE R 2], il & BEAR KD FEZH 0pay Mdpay - 555
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i, HARIE T Zx (k) € §(P,y?0ha)H, x(k+ 1) € §(P,Y? Whax)-
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T 2-1 4 T RGQ-DATNHAMATHET VB M7Es 25, HIEAR
GRS TEEGEP, Y2 wha) T, ZITERBRIERGUIRSIRAA T RS
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3. d)ll < O, (pzz - (I)lz(pz_zlqb{z < 0
0, i=0

TH 22 YAELEFEHo=0, 0<a<l, FMIEEHy, A, = {1 =1
FA G0 (2-1) 75 Tl =5 A2 fish 428 I ME B2 R 1 Lk & BB K FH (2-6), W SRAFAE— AN IE
EXHREES e R, EZHK, =20, k,20, 0<iK;<1-—a, H[FGe
R™™, JEFEG € R™™, 5 2 LU R A FEAZE R,

Ql,l * * * * *
0 _(22‘2 * * * *
0 0 —K,1 * * *
O 0 0 .(24,4 * * S 0 (2'43)
AG+BG ABG E 0 -S *
0 0 0 o 0 ——
K1Wmax-

WA RFENEEE(P, Y2 whar) W& UUB I, ZEFEIE RREP =S, Hr,
Dy =(—a—k,)(~G—GCT+S), Dy =—CT+G+—1, Qyy=—y?0hay +
Ko hare PRI,
K=GG™ (2-44)
EBH.  BEOE B 2-1 (2-29), X HAS R RET R AN S B, AT RIS 2L
LS

‘—(1 —a— K3) * * * * *
0 —Kql * * * *
0 0 —K,l * * *
0 0 0 2, = « |<o (245
Ay ABK E 0 —p1 .
0 0 0 o 0 -——
K1Wmax-

HAR s = =y 0hax + KyWhayo TEXZ )G, X ERKF e, £Ifexs Mk
diag(GT,GT,1,1,1,1), AILAEEILLI R T

12’14 * * * * *
0 —KlGTG * * * *
0 0 —K,l * * *
0 0 0 ,, +  [<0 (2-46)
A,G ABKG E 0 —p! x
0 0 0 o 0o - Klwl%m_
Hrpo'y, = —(1 —a—k3)GTPG. FHREW T W& AL A EER,
k(k7 I —-G)T(kI-6G)=0 (2-47)
(P~1— G)TP(P1—G) >0 (2-48)

5T AN EE
KGTG = GT + G — k™1 (2-49)
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GTPG>GT+G—P! (2-50)
¥ LR EA SN (2-46)F, FH4S =P, G:=KG, amtnl LLEE(2-
45), HK =GG™1.

UERH SEEE O

FEBERE 2-1 A ER(2-29)FHIE, , FIEH 2-2 FEFEA%ER(2-45)+
[1Qq 1 RN AT R 8, —fen] LA H i — AR — AN X [A]
WNEL—E R EZ DI, ARG HE D ok A S NS 2 AT AT . LA
KAR2-45) N, AT AR iErs 7E[0,1 — o X T8 PN DA— 58 B g b i 1, X R
REAH 15 (2-45) B el 2 MR FE R 255 (LMD, IXBETT LUME ] MATLAB H 1)
LMI T H AT L AT SR . ST iX— 480k, WDUER FHEMEE 1 2R M2
45). ), K EDE LR ‘g =or(S)” Bl ‘4 =or(P)” 5 (2-29):0
AT DS AL VTR . BE 2 50T RE L BRI T DR RIE LIS
ik H R 218

N SE AT TSR AE (2-45) ) LML

Hik 1 SRf#(2-45)

BWIN: BEHN, i=0, j=0, k3=0
while i < N do
if (2-45) H %, then
t;=tr(S);  YRMFESHIFR

i=i+1;
end while
Jj* = argmin(t;),

B ‘_£IK3 = K3J*£ﬁ$%ﬁﬂ/‘]ﬁﬁo
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S T S i o S i R R (PR A LB R 7 B o 2
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T B4, BT 21 P E P R A TAS M &N, HEHTFox
JOaell P Ell. MotmEss T o N FRAER, 56 R S T i
FUARR . BN RSN S o IR T — 5% . Xl A
HE U BRI A7 B RO 0
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Figure 2-3. The comparison of system dynamic

FREANT LA B ER R
x(k + 1) = Ax(k) + Bu(k) + Ew(k) (2-51)
BRI xRN BRI A A AR, RGN B R
#15 0.01s, RGSHUWT,

4= (0% 1o0s)  £=5=p1a)

AGUEE LM LB RIE . RG5> F i a3
1745 MEEBRN 0.2, JFHBBA T HRRESLEZ WU e, = 4. WK
BESWIRIRIZ R AKR T hinay = 140 EGTEA, &8 R IESZ R0 A
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Mk P AL, R A R BN 1648), PR AR B UA T B A 2 RGN BB w AR -
w(k) = 0.3sin(0.02rk). EWMRAEK FEa = 0.001, BH{EFTIZHo = 2,
RGNIEREx, = [10]7. ¥ L —ZHem NBEIE 1 R AE(2-45) 1 1 LML, 715
P ARG IEHI K = [7.0600 3.8924].

BT U B8, RGEMSISU MK 2-3 . X LEF, AR5
FEEBMTERERDL. — 7, ESNFIRBNA ] B IIEOL T, AW ITES
KB RIS 1 F ARl R ) 7 B LRI BB i, B — s ks ag
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Figure 2-4. The transmission interval for sensor

i HIAT PRI Im K A& TRl R (A 30(2-4) T iR Wl 2-4 fivs. B
PR AR IR R A I B I B b — Ui A BRI 8] TR B 24 i A oK fid
RBGERS, R AR ERRR Y 00 o FTLAE BIABCT A I a)fid . (1% AR 1
B ZIE S ROEH s, BIAME N D, ASCI7 iR Re 8 1 e s i Hidls ks
IR, 7 35 FP SR i R A A TR o m] DUOE 2T B R AR a1 B 14, RERS AT R0
SEIE T BEIR A THAE -

R 2-1 AR, 1200 B4R Rl R AN 4538 2

Table 2-1. The triggering rates and controller gains in 1200 steps simulation under

different o
o fith i K
1.5 76.3% [7.1512 3.7865]
2 48.8% [7.0600 3.8924]
2.5 40.3% [6.9719 3.9352]
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K = [18.0855 26.8057 — 90.2683 — 17.9167]. fE 1200 1 B v () fih & F A
42.7%. MIRZSXTECE 2-6 K&, RIS il R #2401 77 10 5 vt v AN 25 & 4R 5 1)
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Figure 2-6. The comparison of system dynamics
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SETEI TR T REME RS BURE A FITE sk AR a2, JFAIH — A4
FAERMFEREAER . &Ja, PIABUEN JIIE 7 AR ANA E.

25



TR | 9N 2 e o DA 798

F=F ETUNHTTEMEIZH RGN EHML A

B EAT X RPN T M g A R S8, SR T AR IR RO K T
T b A P Tk . AR EETHE I RGOS A E ATy, S TR
S AR TREI A fio S 48 1) 5 ST

AR, FXPIREAT BRI EERNRIEN RS, ' 7T
A5 UL 2 5% B4 T S ik A A3 ) 7 R o 1% T VETE AR IR AR Ui SR FH A R L ) R
Il 2 U A o AE AR A A S e 17 2 AR G A A I SN A O SO
K EET QR HIAE SRR, GEAE A ROAME R GIS AT I FE o HAT 45 3 SN 4% 1145
TR, RS T ARG AT RETE ST, BB TS R Gl E 1 TE
Iy Ao IRAG AR 4 1 at AOULIN 25 08 2 A8 V1 SN R AMRSE SR AR, Dl 1 SRR
ARGV IR . R)a, ARl HUE 07 5N S BANRE TR LOR 2t
FPRELE, Bk 7R IAT U

3.1 [E)RaEIR

A R TG E M A I ) R G W 3-1 o, A [ B4 1) 2% 1) 4% Jk
B, a8 BIPAT 2SI EE, 700l CZod RIS AT AR 0 . X SRR TE 2
HH A P IR, WX LM ] RERRIEH R 2 Ah, Al REIL
AEAE At B & L AT A TR BT IR . 550 3 2R, AR A NI ] 4% 2 16
(BB IE), a0 a8 MHAT 8% Z 18] (A ()45 18) AT A Al FH [ — o2 2%, (H 52k
EWFEEBCREA S RAEMR . N T RS, REWFEEMLEAT
Yo [AINF, ToZRM 2% iR 1 AN IR K, T2 2% A i) A% e i) 28 38 %5 7] DA
e BN . HFE RN B LM IS ATE — MG, (SIERR, 2%
5 0 7 s SR I M 0 25 O M LA 2R P BRI, PEAR B R 2 14 BT AN
HIEM S EAL, ZRSZSEIE M . Ak, T R G0 5 i B0 0 SE
PEZER, FF5 R BIHUE 5 2k )5 (N AL 45 W 28 iy RSP 1 T4, RIE T AE 58
BWERZJEAFAITE

FEW IR RN BN A BT,

{x(k + 1) = Ax(k) + Bu(k)
y(k) = Cx(k)
HrA, x(k) e R, u(k) e R™, y(k) € RIGHERGHIRES &, il A
WiiE. A, B, CRAAESHMMNAEZNRASEIEE. 2251, RER
4t (3-1) N ERIR S Ex (k) AP BN . BARRGUREF AN, H RS %

(3-1)
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Figure 3-1 The frame of wireless networked control systems with shared network
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KLU 2 5 PR iy 200422 A R SR NE S B B0 55K, SEBILA PR AR R RERE AN AR e ]
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vt 250 FA) 2 ) SRS A R UE 1 8 Y 1) P U2 X 2 15 R RE B ROV AR o 1T S AP ik s B L 1)
REFEDRAE R GE BE Y[R D B A, G Rt ek RO B3
RIEFEH,  HPATEHA R S 6 5 R 2 R FN RS (uy =
Upr) BCE BTN (we =00, FFRAFTRDAH MG RIRE. 55— J5ii, 5K
b R K BAF AR R T UGS WL S B A 42 ) R 48, IR SR AR Gt 5 s T BE A%
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PR A AT I, LTI T 000 AR S APF ik i 5 R 6 g ) 1 T e 0 42 1
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3.2 BTN BOHUON E A & b 75 5538 31

U0 £ T Aok & B I AE SR (Observation-based Predictive Event-
triggered Control, OPEC) ¥ tH 4Nl 3-2 ffram . FME G 1 2k TIRES I 0t i 34
fil RALHIANE], OPEC A & —ANFEAL B85 uity (1) 1 fid A 28 A — /N 3 AR A iy )
R 2. AN ERIRITHRZ] k, F A R e 2 S RIEM I E S,
P IR el B0 B AR R, AR TR IIE R BT IR . S 28 Bk B AR R
i LIS 2 J5, - T A B — SR 4 R ) T s o B, AT R As ) 41
EGPAT AR . PATEATME K B R B R E S R Z) k T F]H
AR B [) B IE B A R4 ) B A F TR R, Eah A= EAR B £ 2k

Uk — hi®) ~ u(k) y(k)
HATH » BHEX R K5 puk IE
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B
R
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Figure 3-2 The framework of observation-based predictive event-triggered control

321 BTN E it % s5 it
EXON VNI g Il
2(k+ 1) = A%(k) + Bu(k) + L(y(k) — C 2(k)) (3-3)
ESCREMM IR ZE, e(k) = x(k) —x(k), AT UAH
e(k+1)=x(k+1)—x(k+1)
= (4 —LC)e(k) (3-4)
TEAR B AR v, ATl A # 48  T OR TR A% [ 28 i DL I 004 2 5 4 R 3K
DL SR /D 52 S8 B s ik o, b A BRI R IR . X, A —
NE RS (k) RER k B ZI I B R 2 (k) /2 15 R T R IE SR AR
%, B2 BRIERT, Ss(k) =15 BNS,(k) =0, 8,(k)FIRBUNT:
5.(k) = {1' fk,h3) = 0 Bihi = iy (3-5)
0, HAth
Horp bk 3L,

FlkRE) = (x() — 2(k) (k) — 2(k9)) — 02T () DZ(K)  (3-6)
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X2, ®eR™™, o> 07 752 ARl 15 B4 56 B AR 5 1) I 2
o kKSFORAE k W2 AT, BIEi— ORI 2], WReAkS <k, MR
BkS<i<kWi, H6,0) =0H8,(k%) = 18, HE,(0) =10 Ry e IRATH
THI IS, SRRk 28 RV SO S A R IR E . s ETRHAR, hiRIR
k I 22 il OB B E SN RIE IR KL, UL R AT X
hi =k —k° (3-7)
FE Al RT A A B TR A ik i BRSO, SRR BRAT S84 R I TR SCAS 21 S
BHIES, AT RS MHRE. FUGERZHAE T, MR8 A5 5 H R
TR RS (k, ) EEIR/N . HRREME R T O I AR #5484, JFH., i
B AN R I IR BB I SEIR BT I 1IE S 5 o I, K A R 32 DA ARAIE 32 1) 2% 1)
PR R s M HAREN, ARIEHE. £XTFG-6)F, T SHOManiL
O B KA AT i R ko . fERE—Ya R Y, RGN K% IR
bR OB RN 2, FE oI RIMIRDN. Yo =0, & =0, flka
W RBZAEH, TSR T R Yo £0, & =08, A&7
BENFET 0, il kst — B IRERHRE, B RGHEIR.
3.2.2 BT EFUNEHI 28 1% 1T
T 5 U R EL 50 (K) T M AR B8 B 8 il 28 1) B4 2 A IR N LT 2
g, BRI P H B IR BI 6. (k) = 1; HMSs.(k) = 0,
5. (k) = {1 % (k) ez il 23U 21 (3.8)
0, Hith
00 I AR 2 (o) 28 )4 1) 248 o R0 IRk, T 1) o0 42 ) £ A 408 49 380 7 224 107 1)
LI E 5 2 (k) DA TR RLIEAR I 7 28 B — R A I Tl 4% ) T (ke k), .., u(k +
AmaxPmax k) s FHREIX Le 5 il & AT 64 A 6T 50 (k) - 75 ZEom )&, "M
T 47 ) 255 AR 8 T 47 1) R P e R A AN R A A ) 248 i 5 DA 38 0 R HE = (k)
%I, RIU()E LN RIA,

[k, s + dypc b K)] 8, (K)Boe (k) = 1
U(k)-{¢‘ i (3-9)
T4z il Eu(k + ilk) B PA R ARk,
'“k+im):{§;gﬁwm) ;;8 (3-10)

FEIX 22 AR R IR SR (ke + i) k) B T 745 21,
2k +ilk) = AR(k + i — 1]k) + Bu(k + i — 1]k) (3-11)
i =10, 2+ 11k)AN
2(k + 1lk) = A%(k) + Bu(k|k) (3-12)
Hulklk) = uk)-
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RIEB B dy < dypn FI il 2 2% (3-5) FF Ry FI BT, SUAT 5 AH A1 75 V322 i 2
P 8 5 5 U 1) e KIS 18] 8] B8 N Ao A + 1> RS EAEE— DI %0, i€
[k, k + dimaxhmax]> AT SSEIS 2 EEEHIFFIU @) . B4 LB Hr, wTRL
RS0 FHF FIU (k) BT o] DR UEIAT 28 FEAT = Z# Be e G 12 i)
155 o TR dopo, PRSI T REXE LAIRAR, AT BASGIE i ) 2% 0 & 3K 45— A
Amax P EAE, TN e d B — KT EAE IR FAE, HH AT HAS
BRI P )WAKSE . BB EHIE A R AR, iU (k) &
JEA —E W TUARAESERR 2 ATAT [
3.2.3 IR ARG ER
B, BSFRES (k) BRI FU (k) 2 B3 i, RO sl
WS 6o (k) = 15 B, (k) =0,
5. (k) = {1, U (k)W LD A% 4
0, HAth
L kSRR kI 22 /T, PAT B Bl — U B ) P B B 2], 3 2 kS® <
k, SMEZMIZ, k5 <i<k, H8.,0) =0 HHb.,k) =1, HAROER
k B ZIZ 0T, PATEESBRAAWCEH T A8, ARYE DL R
hi® = k — k5@ (3-14)
76 OPEC ', AT 8 IR MIE T RIS . BIAT 881708 i3 ) 7 51 &
BT, TEREAPATIS Zk,  SRAT A IR P 51 o 36 R 9 s ) R BRI >4 i T3
047 o) B SR DR Dy i 2 R a2k A ) 8% 2 3 Rl ) S B 4 4 5 1R Bk
Ko A TS A BRI, AT 8 0 FB 04 i P A1 55 IH I . AR E A
ERHEIA, &R AT REARAE R SEIAE S IBRR, kI ZIPAT 2 A4 7 51 B
Uk — )R I H, FEREZIPAT 2SR &N,
u(k) = u(klk — h§*) = K2 (k|k — hi%) (3-15)
P 2 (3-15) i ABAE R R (B-1), A LUz,
x(k +1) = Ax(k) + BKx(klk — hi*)
= (A + BK)x(k) — BK (x(k) — 2(k|k — h{%)) (3-16)
SRIGXFx (k) — 2 (klk — h{O)BEITALTR, A
x(k) — 2 (k|k — hi%)
= Ax(k —1) + Bu(k — 1]k — 1 — h3*,) — Ax(k — 1|k — 1h3%,
—Bu(k — 1|k — 1 —h3%,)
= A(x(k — 1) — 2(k — 11k — 1 — h§%))

(3-13)

= A e(k — h$%) (3-17)
HHE-17)A(B-16)H, A
x(k +1) = (A+ BK)x(k) — BA" e(k — hi%) (3-18)
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TR (3-4), AN HEA T AL,
e(k+1-h) =x(k+1-h ) —2(k+1-h2))

k+1
sa sa
k+1-h3%  —(k—hj

=(4-L0C) k+1 )e(k — hia)

54 +hi*+1

= (A —LC) kn e(k — h$%) (3-19)
An(k):= [xT(k), eT(k—h»], H(3-18)F1(3-19), MM RGsh AR AT LA
LA TR
n(k +1) = Nk, hiGOn (k) (3-20)
A+ BK —BK A
0 (A _LC)—hi‘}r1+hia+1 °
T 75 B AL G 1) 5 DR A L S ik ) A A R AL AH L, OPEC TR A
THTUREHINEL, SRR IEE /AN X T4 5015 T 000 52 48 ) A4 i &
PUIH, ERAT B8 22 R Z M (R Fras . T OPEC k7K 1K B U 3544 fid A 4%
HIEIe A, EDRERSFI A L T i3 b vE L AR s il &, s bRz AT
A5 Uty SN R PR A, DR TT DA SR (iR R RE . b Ah, AP IRERAESR
A, NS WA DRI AL T LR N 0, HAEW T 7 BRI 5 H 26 25 K
RN 2838 25 LA AL T A RIMFEFE TR 2, AEERESRPIER, FT R
Ji 5 2R G4 ] A% 1 i K I B

o, TR, b)) =

33 REMN N SBEILIT

FEIX—/NAiH, FRAIN A8 38 25 LI BT 72 2 e 8 X 3-1 Hghh . fEXZ
Jei s PR 2 G0(3-20) 3 it Fe e 1 78 0 25 AR R IRE (1 4% ) 28 48 25 K (8T H 7 vl &
WA AR AR (LMD 1977 A E B 3-2 thag . I B AGE iRl LA
R, MG S L AR H 28 2 K BT Wi B IR E B R R, AT PR
fift o

FBH 31 AELHANEFHa, a<1, MBPFEILESHIRESES € RV,
S >0, G e R™, HLLUFHEFEATERSROL,

—A-a)s =1 (3-21)
SA—GTC -S

A2 2 22 G2 (3-4) e W HERA SE 1), BV 2% RE OB U8, I ELO I 2% 184 25 3
2,
L=S1G (3-22)
R, EE, A WINRZE RG2S R R, (k) = e (k)Se(k), H
SR IEEX R, §> 0. XAV (k) =V,(k+1) —V,(k), RIEE-4)mTLIE
FLLF AT,
AV,(k) = eT(k+1)Se(k + 1) — eT(k)Se(k)
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=eT(k)((A—LC)TS(A - LC) — S)e(k) (3-23)
NT BRI RS, 20 Ma (0<a<1) FIER TR, NHE
WEAY, (k) < —al, (k) <0, A4

eT(k)((A—-LC)TS(A—-LC) —S)e(k) + aeT(k)Se(k) <0 (3-24)
RI&E4 T
(A= LC)TS(A—LC)— (1— —a)S < 0 (3-25)
FEE LR FEMEH G R BOUE, nrLiEE N F,
—-(1-a)S * )
A-LC —S-l] =0 (3-26)

1E(3-26)H, [FIRTAAAESFIS T LIXFE R AL AR, FrUAANRE E R LMI TR
FESRAAE . T AbBEIX — n) R, 785G R 79 ity [ I 3fe 1% 1 2k e R N T RIS T £
¥l diag(l,S), (3-26)2%&MT

—(1—-«a *
5,(4 — SL)CS —5] =0 (3-27)
ARG = SL, RT(3-27)%4r T(3-21), JFH.
L=S"1G
UERH 58 5 ]

N THI 6 2 B X PR R G0 (3-20) i AT AR s M o, FF4h IR R G it A e
1 2% At A R 45 ) 38 1 2 15T

SEH 32 HE—ANNTFLRIEREE, 0<p <1, WRAE-ANIIRIE
EFPEQ € RM™, Q >0, FFS ANEMMFEH € R MELF DL 4 M5 MR A %550

_A% N gLQ _*Q <0 (3-28)
M2, M RG(3-20) 2t fa e i),  H il a8 4 a5 i 2
K = HQ™* (3-29)
UEBH. MR A R 40 (3-20)H 58 AT %ok, Wi
—R%, + h$% +1 =0, (3-30)

MRS, —h$® = 1. FASSE Lk (3-14) AT, 7EXFEN FEse = (k+1) Bk
B 25 k 4+ 1 B ZI6E R ) e — IR AT 2 8 2028 B Z e — 20, BPIAFE k+ 1
B ZIAT 28 A B SER i Ok 2B T R EE il R 8 WA KIED o LR I3
R (3-20) FIRFAEFE FE

hsa
(ke hig,) = [A % BK —BKA™] (3-31)

AR B [ (3-31) A R AL AE AL b, A REF/REY . IRPAT & —HIR
AW RIS, B AG-BNHPIRES — E4EFy, HIEREIFEA + BKEHFER, #
AL T F A FPIRES . SR, ARG 2 AT R RE BB Z W dopan IR
BERNIEZ K Ry BT, FFEE G5B R P S UK BB, ol LATE AT 4%
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/D BETE K E N d gy hanax + 1T T 18] B P9 W3 — A2 R 1) TR0 428 o] 25 458
HFEFIU. B LRI S A E S AN — B A Brbh, MM RGHE
EMR AL T 4 —h3%, + hi* = 1B .
SR b, HPATERAE k + 1IN ZNEER FE AR, RS =05 B/, RS =
Ri® + 1. A, —hi%, +h® + 1 < h§* + 1 < dpaxhmax + 1. B HHE R
GuittitiaE, WA
(% hi%,) <WP(hiY) <0 (3-32)

s (hge) = [4 1 BK dfﬁ%w,ﬁmwﬁﬁﬁﬂ%%ﬁ,%ﬂzmm=

—hi%, + it + 1 < dpaxhmax + 1o

WRYE B 3-1 AEfg 45 200N 22 2 8 (3-4) T it A g, BV BE RS [ 45 %
A—LCE/RIMM A 23 L o Hit, M Y KB E, Z45
Y(hp®) <0, SFENTHRE—MEH S K, 19 MEA + BKEF/RRISEN T35
THEH SR E S HE (A, BYH R Gulini R .

B SURFRIE B 2 15 R RSP € RV™, P >0, A+ BKEF/RMZEMNT

(A+BK)TP(A+BK)—P<—BP <0 (3-33)
Sof oAl P47 /R #h5 FEY, EiR A TSN T
Taroe o] S0 @30

X (3-34) 73 22 e A AL e 5 f 4E B diag (P4, 1), A LA N FRaz,

~(1-pPT
AP~ + BKP™! —P-l] =0 (3-33)

wJE, RHMEQ:=P Y, H:=KQ, IAmaef3s] LMI (3-28), Jf Hi=|a4 m

K =HQ 1,

ERSEEE . O
SR b, fEEEE 3-1 A B 3-2 R el LU R, 7E OPEC LN, &

2 I 285 A 45 1) R e Hp )4 ) 2 10 e ROUL N 2% 388 25 BE 8 OT  BE SR AR, IR

BT R G f 2 W 2 2 BAEERR S, RIKRAMERE. FT—/A 1

W25 tH OPEC (1R i 1 43 BT K 32 il 4 388 2 AUULIN #5386 25 1 86 1

34 HEME

fEix—0, AN ECR GBI G W AR SAE OPEC J7 ik At .
% FEI R DL R B O
{x(k + 1) = Ax(k) + Bu(k)
y(k) = Cx(k)
RO HCTRERIIIT = 0,025, ROUEMEEISH Ce D, T,

(2-52)
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