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RESEARCH ON COLLABORATIVE DESIGN
ALGORITHM BASED ON NETWORKED CONTROL
SYSTEM

ABSTRACT

With the development of the information age, in the era of this industry 4.0, the research
and development of networked control systems has become increasingly important. In the
networked control system, the information transmission between the sensor, the controller
and the actuator is often carried out through the data communication network, which makes
the networked control system have the advantages of high flexibility, low cost and simple
maintenance. The advantage of collaborative design is to integrate network resource
limitation, running performance and other network impact into control system design and
performance optimization. Consider the network implementation problem while designing
the control system, so that the overall performance of the system is optimized and resources
are achieved. Share, quickly coordinate communication, and not subject to time and space
constraints. Nevertheless, the design of collaborative control algorithms for networked
control and how to deal with network induced delays have become the key points in the
research of networked control systems, and have received extensive attention.

The research content of this thesis is based on the collaborative control algorithm of
networked control. It is mainly for studying the appropriate network scheduling scheme,
understanding the existing routing protocols, and designing the control algorithm from the
perspective of solving the delay packet loss. The main work of the thesis is as follows:

1. Review relevant literature, summarize the background and significance of the
research, introduce the research status of related communication protocols and scheduling
algorithms, and networked control systems and collaborative design algorithms, and explain

the existing delays and losses in NCSs. Collaborative design algorithm for packet problem.

II



2. Based on the analysis method of the model-dependent average dwell time switching
system, this paper establishes a discrete-time system model for the networked control system
with delay and packet loss by using the augmented matrix method.

3. The state stability analysis is carried out for the system, and the condition that the
system state satisfies the global consensus index stability is given.

4. Design system state feedback controller and scheduling scheme, and the relationship
between the system exponential decay rate and the system arbitrary packet loss rate is
quantitatively described.

5. The LMI toolbox is used to calculate the state feedback gain, and the effectiveness of
the proposed method is verified by numerical simulation of the open-loop unstable control

object and comparison with the LQR method.

Key Words: Networked control system, delay, packet, switching system, collaborative

design
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o R E R 2 A, BARaELT DL E A .
(1) A2 f L%

AL 2 AL DO 2 B L A B AR, R 5 W, 2R NCSs
o PR A% SR T R B 4 1 A R e R I ) B s 2 e 31 A
BRI Kkik . 20 IR FK NCSs o4& B 7 B il 385 sl Bk
R IE B FH X L [ et s 3 e 21 2 A Bdle A o ik R 2 AR — B
T EEE R 5, ARZREMEH TR A EAR, FEHESE
BRI RN EATE, IS G PR AT B ASF], 4140, Etherner 1] LLKG £
iX 1500 N7 PRAF T Bt b, DR SE DRI 5 5B A e KL & ) e SO



AL T KA AR R T8 3

1M DeviceNet R BETE —ANEHE A HH ARAFAN 8 A7, DRI BE @ & Puisi A& 2
NEHES, 7, 24 NCSs FIAL B FPAT 2% 70 A0 IO P 28 AR K, 2 X
PASE I X SR 4 SO — MR A . BRIk, RIS R A 2 A AR
NCSs IR &, EARLEZMAZHE (MIMO) R%t: MNP, KHH
BALHIH NCSs FIBAZXN &, EHARDARZ MIMO 5t .
(2) HEaELT

Bl AL P8 12 B AR AU 3 i BeE B R SR AEOE B k%
WP A 56 A A ] o 5080 60, L 08 o R AR TE T BA OG5 TP 4R R 15 11 NCSs
o B ELEL T — R RT o B AR LT RN 2 AR AL T X P 2 . TR LR
b, B TR R BN R R, MR R BRI e, BRI &
JAEAE IR SR B E AR SRR 1 SE SR b 2 ek, BT A
HOE 2 53 12 AR AT AR, X LB YR e HH R B H bR RO
IRA AT BEIR BRI B2 5 JE A IRF AN — 5. K, 2 A A%% ] 5e 2 A [E) i
Z0 ) 50 0, PR BT TR ML 5 A L AR AT A RIS 2 7E [ — I 221t P A [ 8
(¥ B I 8] B2 A —FF
(3) £

ZA R TR EE G IETT SRS H AR S I R T R AR RIS B
BRI ERMEFA: Mg, GeRErZ W, ERhE. NEaER FRE,
AU N XS EO RS EA. T REMIERIUG, E3)E 7508
AL, BERRNTEN R N T RTINS IR R R, H e R I SR S AR AN E
BBIRAR TR N T RERE B RSE T, X3 EOASEHRILELR, K
TR R . TR e BA S AL d L B i 2 o, B SRR A EAR o 2
Zlid o vr BRI HAPRRAEAIE L), IR AR ETTE, X R
M AW FA. —Hkil, REERHNRATHELERHE —E LR, XRASR
ELARM—ADIIR, HEAREH— AW, RagSTHARE".

2.2.2 NCSs BItrENEZITEAZ IR

AN F B FUE X B WAL T I E AN E R TR B I 2 AL ) R S R B
BTt e $H RBURS B A N IE R E ALK NCSs 1970 A ST REAT — MR .
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AL T KA AR R T8 3

XF M ZE AL R G T AFAE R I IE AN Z R oL, SCER[11-12] 2 Hd%
NI AR I R 8, I HANR R AF RIS B A T EN E, 4 7 RGR
AL RS RE A 26 o SCHR[13-16] 438 A BAT I [ R4 1) 57 2D 3l 2 R gekatiid R 4t
I HE I T RGHREARE ITE A SCERT16]H, FEATLIN SE I8 Id 22 i 28 e e A2
B FEISIE, JF HRFELL F A AT JE 5 2 AR R R G S R R AL V)
BAG, B TR RS BHUE MAE. STIROTI SR 1 — FeRZS TAS 4
LRI, %S SR RS I S HCE R RERE N SE R V) R 58, JFHAH T
MR RELLE A T, [ RGL RS H, TERERIIN AR & — BUha € it
Jike SCHR [18-20] M2 R B TP 5L R IN (B (R 777, 45 T AR ERENL B
P £ AL A% il 2R SR D) 45 R G dia Boka e i 26 AF

SRR, AT AR EA I SE AN A R 5 AL ] R SR TR B HL
ORI 2, RO DUV RE B ok, (B Bk Bidmm A, a1
PR SR 2 b AT 2 AU 75 22 58 22 OB 78 55 7).

23 LMI TEFNE

AT A T RS AT 70 o SRAREIR 2 S A 2 P56 P 380 ) e PR o AN 25 20 (LMD
THAHAT A
AR AN SE (LMD S — i FH T SR — R e e o o2 A 25 2 ) gt ) v 2 BE K
PHEE BUEL o LMI H T 3R AN R Z5 40 O PR B AN S5 2, RN IE 20 B SRR R,
AT DA I £ Tt e 1 o AN 5 2 o A0 Il LR AT BB SR, ot 75 BB X AN 4%
PEFERE AN SR, Iy SR AN n) @1 FH G 38 1R 2 1 AN S5 R 25 -
LMI THEAM A ZMEA T E . A BB KM D) BE B 4 AR M AN S 20T
B, eNEE 2T
(1) LAE R i 20 B e iR Ze PR R A 25 2
(2)  FAFIA LM AT R G RAE R
(3) VRS OH LA SRS,
(4) X2 2 =AMk B Ze Ak AR R AN S 2] BT SR
(5) SRR,
FE =AML, 2B REA SRS it . Bl TErA
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AL T KA AR R T8 3

VEAE G IE A 563, HORMERR, 3 SEBRIIF 7T o B R AN S SO LA 3
FONH], JCH RIS R, TR SRARL AR P AN SR oK H
R, SR MEASE R EW H 88583, & RMEEH s, PLAITHENLT
JZ R, SR MEAN S S SR N T8, Mt — 5 AR S fn AR DL K
P TAEES AR 2] T N2 MR - A ELEVE 22 TH SRS F SRR S
TEMFREA G R RASHA, HA PA3EE MathsWorks Inc A7 H C i F T
K MATLAB 3 fF i 2 A #5592 . BRILLASL, MATLAB 1) 5.1 fiRAHIETT K
T A LMI #6 TRAE, 2N T2V A USRI, RSt 1 i)
RIER o 24 LR, AR BEAN S 0t )72 TR s il R 4 b 1) i)
IR RSN T 8 ) A R AEAR T  FAT TR T A . — MROR UL, e T 4 )
AR AL AR R A, B Matlab (1) LMI T ELAE R g2 5 F KR
#7770 AH2 LMI AR B J BRIEAE T — B RE AL B R A [ 7 T8 20 Ze v A6 FE
VB LMI 2 BT PA— [ A 52 31 7 R4 SRUsRt 75 N L iz k0, el T
B SR 4% i B0 RE S A R e L] R I Lyapnov 438t 7515 DA K G ] 152 1 50K
P S B ). AT 2 M R S, LM 32 T EAR R A 2 N R
LMI SR figds, (EHAMWEER 7SR dhoh, BRI R A 24000
LMI Z5H4 3R, 615 Gy I EUR) T4E, iR A SR AR AN v S aisi i 7 B
RIITTHR. Sz, FEF LM (14 i 350 A0 7 V30 47 R O o4 i 400 10 24 1T
FRTE

24 KRB

AT EESEA T A R ST BE IR, B A R SR DL e e g
WEERENE, NN R =R IR RO MG . JF B T A R4
iR F) B vl il A LA B 2 iy o 0 ] P 22 AU KT i FE IR EAT 1 2 A FIE N4 T
Matlab () LMI T EA BT FLE1E R, D85 = T RS s s an SR A 1 28
e, ETRENASH.
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AL T KA AR R T8 3

FI3E AANTNESHRE T REHHEZT

AL TR R A N E M E WA 6] R 58, A5 Fd, ACH
ZARPIHATEIX R ARG, REPTTFRERMAERGER N MRS, K
SRR IR T8 o AEAE AR 20 A ST 0 AR 48 LS R REAT — A
I Bt R G REAT IR (A

3.1 [a)REfEIAR

BG, AR R B N A E B R Mg d 24, HaEmE
K 3-1.

o HiTEE SR TS 0F R

k K|l =

Ve %7
Sl
& &
k
_ Tsc
S2
ap

B 3-1 Mg Azl R e A

PR R G LR A S5 A A AT ELAE AT A PR AR DAL
EXNR, HTARGPICAE VINEMER, B AR~ &2 R E

(1) ARIEER ARSI ] SR, AT

(2)  PUATFANER 85 HCR  F R, R S A B85 B 21
I, A XPATHRIEAE. ok, PATERRERA TN RFFaERH, & RFxE
B RL, MHATEHRSHEH E—HRRER.

(3)  ARICANE JEAE | A R 38 SN 18] LA KPR AT 453 158 R 22 v 2 25l R et ], A
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AL, LRSS (S-C) DLAIEHIFRPATER (C-A) MIFEHL
e IE T, 7, FEH R IR BN TRAERM, B, =1+ <T,
(4 RGN TER LG K T FA .
AR BAS R 5 B XA — AN LA I S A 25 1 DX 4% A A8 i R Gt 5T L
[FlcTH Rk, BT RIS vt RRE . R T B RO T

3.2 BRGERE
321 YIRARZENE

BRI ARG RIMARR G ANE ARG, RUT 0 BRARIsS, gl
DT ARG (TR BT EAZ I KRBT I 2 A . X812 4
PR SRR NI HA5 55 AT 0 BUeR Boh 1) 0 BUR I RT DAL DI 3 4 1 2k it
B, XA H B AR HH AR TP RE AL R W IR0 BT PR A o LR L, 38
A4k A IR R DI PRSI, DLRAR IS R 28 AR G 1Y 1A A A 4
AL DI X AU B AR AR . SEBr b, 2R 8 RGRA Bl —A> s
DI R 58

B LR, VIR Gt — B RAE H SUR B S Ik, DI RS
FERS R ST L RGE VE o M 8 D5 T A AR KA g o AR 1B i T U0 R G O N
AR AT, B A S AT ] U T 0 . IR 2 PR R G, BRI B R St
HZNHL ARG, FEAN R PR B 12 ) 5 T 2 I AR RS, ks i)
BRGNS AT AR S AR VIR R A NS R ARG — e E A
P, RIMERECRIERNA 7 R G RIReE T, Wit HORMVIIE S ek e 2B EEA
AGUNRSE N, RIREAAR R REIF AR A St iy SRS YERE ROl AR, H =S
BUBORAR SR TERE,  DRIEAE D) R SR 7E 38 5 AR K55 77 .

A F AR AT bt D) 2R SR S0 O B R G

322 t&EBVENT

T BT R B G50 AR A2 R

x(£) = Ax(2) + Bu(t) (3-1)
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A, AL BAESAERI REOEME, x(2) € R",u(t) € R33N RS n 48R
SRR SRR -
IS —FRTR BN, HE(E SAEEE WA h AT M, ASATE et o™

HKE S, BE RGN ENIET, <T, IALENTEEBET,(k+ )T
[((k+3)T,(k+HT]H, WK 3-2 Fior.

féz |

;

.l ?~ ? L

Non(R) N ukel) N\ uike2) N\ w(ke3) \uked)

{jq_] = S (I o Y I

5 AT : |
e 14 ¢ 12 f [:] &
Tk i'n.l i The i Thed ; Thad IF

i I i i i

| I I ] I

1 I | ] I

1 1 I r

i | I I I i i

i : : : | i
b } . : . k.
kT (ke )T (k+2)T (k+3)T (k)T (k+5)T

K 3-2  BA XA IEFIEE AL NCSs 15 5 i 7 &
NIt RAAERER) RS0, 7] DU N OB E SRS TS [T (3-1) AN

BHTH RS LAERA SO .
x(k+1)=Dx(k)+T,(r, )u(k)+T,(z, )u(k—1) (3-2)
K, d=e"T)(r,)= jj_rk e’do-B,T\(r,) = I:_eA"dO' ‘B.

MEHE ORI W 2% P TR, WRER T ARAERTAESL, RIS S
FUF- Pl N 4% 51 B IR AR A T 5 SR A0 R A 5k, WUTRT AR FH 2B (R R i
TR BRGRETAR, AICRHAZEM RS H 72, T IR 24k
b —w 2 E, B uk)=uk-1) . W EE 3-2 Froas, fE K 8 A 5

[(k+DT,(k+2)T1F[(k+2)T,(k+3)T1HN, WIXTRIfELER 2 N AFAE EAH RS,

T LUK R HAF SR A5 2% A RETR (3-1) #6745 A M R 48 TAE BT 5O
x(k +1) = Ox(k) + Tu(k 1) (3-3)
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T
ﬁq:‘7 Fz :J.() eAO-dG'B.

ARG R m(k) =[x (k) u (k=D]", stal LUK RGP TR
(20 A (3) HEAT VAR S — A B U R DT 3R R SR AL S, -

m(k +1) = ©oym(k) + Cowu(k) (3-4)
. 0. O o I'(r,)| = _ Ly(z;)
Yo, =0H: @0—{0 0 } Fo—{ ; }

— d T _
Yo, =10 @ = 2 =0
égk tl‘ 1 |:0 ]:| 1

W—, 4 F(r,)= jo e‘“do 1, e[-T/2,T/2], M4

— T/2
o> max | F(z)|,= | “e*dol,
7, e{-T/2,T/2} 0

/2
L=[ e“do-B T,=[ ¢"do-B
D=we'"? E=B F(T,;)za)_l_grk e'“do
JUESE
-7 ~T/2-7;
FO(Tk):J-OT eAGdG-szoT 17 B

T/2 B T
:_L eA“da-B+weAT/2-wljo e‘’do-B

=T, +DF(r,)E
[(7,)= f_gj"da ‘B= TT_m_rk e'do-B

= IT e'’do-B—we'™? - w! _T}{ e'“do-B
T/2 0
=I,-DF(z,)E
F A FT(r)F (r)=0F (t)F(r,)<I. A4 1 (X) N X [t
KREFHEE A, (X)) NHEE X B85/ NRFEAE DL 38785 FRHRE 23
IR T 5 MG B s s, T2 BN (A A D) R G (3-4)
75 AR R )32 1 285 u (k) = Km(k) , B34 57T UA1S 2 BB 2 B0 58 14 1 B BT (]
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BRI A GRS,
mk +1) = Do, m(k) (3-5)

- — -~ Jo 1] [T,
X, ®o=0+TK+DF(r,)(Eo+EK), ®i=®1, Oo= 0 0 , = Il

'’ Ev=p0 -
ol o=| ].

FERATE—E AR AT, HH AR EAMEL, RO
SBIPA R, B HLEGE E R SR ISR Bk, Bk, AT DI R
Yot b L1 R G R IRA RAM VRS, 4 oK) eQ =101} R—AMET
I B B, BV B B o () BUECR IR, R R A
BOMRIEG T R, B

o(k)=0= 5" % REAHIE .

ockh)=1= 85" MERZHIEM.

33 RGREMSH

Xt T b T TS E AR O TR AU R GERE T, AR R IR B i Ko
e, IR IR ERRE I 2 AT
EX 1 HAEFHa>0, 0<y<l, fE—ZERVHMES ok) BEAT,

S BT ] PRV R B4 2 G0 (3-5) , B S5 0k AT 25 IR AT IR A ()
s || x(0) < ay® | x(ky) |, Vk>ky, WFRRLEH T x = 0 7R
SRR T AR —BURREm, FHAEEREY .

REX 2240wt TAERE M ky > ky > 0, B N, (ky, k) APERT TRIEE [k, Ky ] P95
i AT RGO B 8 T (ky, k) J9Er a1 B [k, k, 1 35 AT RSB
[ S 1R SR, O LA RE 7, 1A

N (ky, k) < N +T(ky, k) / T,
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AL, JWAR T, NARGVIHAE S PSR . o N, N RGBT .

X 3-1 1) MEsbiEdl R at, s —=ri, A eGSR Il A,
P RGVERE, HRMIR LA EME. Fovinss ==, N1 B iF gk
R4, ATUERGHER (3-5) B KERZCTBRANT RS, IARAHIER
BT RGESOFMBMEAKTRLGESY . MTREEZAMT RS, wLbEE %
THEE I R s i a8 R RGUIRES e IR (BN T RAEZBMNT R
G, HARGURSIRAME ™M 2 Fa B i) B R o Rt ARSCFE 2 TAE & B B2
FEIH A —E EARMATHE T, Bt A F R R85 11 7~ 451 9 B I 18] DL R S A5
HlA a8 K, fER A RGOS VIR RE I 2 4R — B fia e 2k .

SIER 1) X BN P R G (3-5) , L ERA, , BRAAFEC K
BV (z(k):R" >R, YRk, KEHK . K, $TVpeQ, &H:

K, (|| m(k) [[) <V, (m(k)) < x, (|| m(k)[])

AV, (m(k)) < AV, (m(k))
JEHMTV(o(k)=p,ok))=p)eQxQ, Hp#q, EFEu, 21, {5
V,(m(k)) <u,V,(m(k;)) L, I H Y05 5 AR T 250 55 B ) 8] A2 96

7] ) 3785 A2«
" Inu,

T.>7 , =———(-1< A, <0
a0 a0 1n(1+ﬂ,0)( 0 )

T, >T, (4, >0,Y7, >0) (3-6)
T . Iny*—Iny

_ O<y <y <1
T lny—lny/_( rsr )

1 1

A,y =ui 4+ 4), yr=u(+A); MT =T,(k,k), T =T,Ck, k) 73 Bt
X AR B BRI T RSO Mk SR E R T R 5 SO I 4TI ]
FEIHABCIR AR, T2 sE AT LA BB BN Y R 4 (3-5) &R —BUREaE,
I HIHRHCER AR N

EOE L BN B BB WY R G (35) , 4% E
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uPZL pEQ’ —1<ﬂ,0<0, O<ﬂ¢1<1a QD%EYJEXj‘$R%EIK$PP>Oa Pq>0’

V(p, 9)eQxQ, p#q, BEE FIIAEXT:
T

Ci)pPPCi),,—(l+ip)Pp<0 (3-7)
P <u,P, (3-8)
A B VI RS (3-5) R2R—30aER, HFHREETUHGESH
RIS 2 5 B I (R] B2 2 X (3-6)
TR, BERACHE B RV R S8 (3-5) #ATRRE LT
B & nT A I FE M b8 A T R G4 E S ) B 5y I E 8
ko, ki shky -k k- k

is Ml TN _(nTL0) o

2V, (m(k)) =m" (k)P,(m(k)), PeQ AT 5 4% R # Lyapunov b %L,

A, =144, peQ., WHTFkelk,k, ], BEREFMER -1 @ (3-8) ,
H:

—(k=k;)
Va(k,.)(m(k)) < Ao, Va(k,.)(m(ki )

— (k—k;)

< Mgy Aoty V- (m(k; )

(ki —ki_y)

< Uy Aotk Vg (m(k,_y))

—(k=k)

< Moo Mo, ) Aot Vo, ) (m(k )

i T (k—k;) — (kj—k;y) T (ky—ky)  —(ki—ko)
<] | oy Ao Aoty = Aoty X Aoti) Vo, (m(ky))

Rky=0, Vi (m(k)) =V, (m(k)) , FARYE U5 5 i L BB 11
BImE R A (3-6) , WA LAHEH

Ny (k,0)+ 20 :0)

Ty (k,0) —T,(k,0) o
Va(k) (m(k)) < ﬂévaO(k’O)ﬂlNal(k’O) X A, 4 VU(O) (m(0)) < u, !
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Noi (k,0)+M —T, (k,0)

Tal
Hy x Ay

T, (k.0)

Z ’VG(O)(m(O)):

| Ty (k,0)
eXp{ Z ,ng | J[ Ho Ay IJ

1 T(k,0)
X [ I ﬂ_l J Vo‘(O) (m(0))

1 -
exp(| ZNOp In H, |j7 a Voo (m(0)) <

p=0

eXp@ Z N, Inu, J Vo0, (m(0))

p=0

/\,B mlnﬁ’mm(P) 182 :E,nigﬁ’max(Pz)’ ’ ﬂu?ﬁ:iu:

B | m(k) ISV, ;) (m(k)) < exp[ Z pnu, | ) Vo (m(0)) <

eXp(l 2 No,Inp, IJW By [[m(0) |

p=0

eXp(IZ Ing, | jﬂz

B
B IaaR ZzH s u(=1) =0, 155

o=

W mk) < ay” | m0)]].

Ix(®) <l m(E) < @y ™ | m(0) = ay™ || x(0)
BIHIEA0 A2 %€ 3 1
MIEHEERR T <1, B EA%R (3-6) B, REGHEHRAE . L.
3.4 RGgiEHlshsot AR R Rt

LRI TR T <IN, RGUH AR - SuEERE,

T
PR R 2 58 IR e 45 (1 e v DL SOR BE T SRt
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3.4.1 IRt

FJII@ 2 (Schur*l“?l@)2@&ﬁﬁ%ﬁ@?&\ Sz jFDS3’ /\E':l ST S2 >0,
ST =S,, N STS,S, +8, <024 T
ol T
55 <0 &=k S5 <0
SlT S3 Sl _Sz_l
I8 3 U AR EAEERNED, E, W, Hd, WRXRREERE, X

FWEF F<IWFEMEF, W +DFE+E'F'D" <0 3 H, M HACYEE

>0, [HBW+eDD" +¢'ETE <0,

FEHE 2 WA, 21 peQ, —1<2,<0,0< A, <1, %t Bkt v

RGMM (3-5) , HRAEE-ANY,Me>0, LEX, =X >0, peQifii
DA AR FEA SR (LMIs) -
[—(1+1,)X, * *
A A A AT
®,X,+TY, eDD -X, * [<0, p=0  (3-9)
EoX,+EY, 0 —el
—(A+2)X, *
— 0, p=1 -
X, _x, <0, p (3-10)
IR Y Q (3-11)
X, X, <0, Vp#gqe

A = NN

EREA:LA

HHH, Yl
gid )R —EdR R g, LN RGRPIRES S5t
RGPS 8 u(k)

R E B 2 BEATUE

55 /R AR A T S BE B I 1) A 30 (3-6) 5 AT DAFS HY &

WA NK =Y, X, o ik, sareig

SR T RGERIER R

MEBH B g3 2 AR (3-7) 1 (3-8) #HATE A 1T
T
_(1+~ip)Pp D, <0, VpeQ (3-12)
D, —Pp‘l
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[— w, X, 1

/ _P_l}<0, Vp#qeQ (3-13)
P

M4 X, =P, X,=P"', p,qgeQ, HHXMR (3-12) ELWiLF L

p p

diag(X ,, 1) AL (3-13) A wiasfe b diag(X , 1), Mif5 2

—(1+2,)X, (®,X,)

]<0, VpeQ (3-14)

&)plyp 4kp

XNT¥ p=1, FRA[GAEBIELMEE T RAE TEIERER, WRYERT O
B ARG, Ho -0, B, AL (3-14) 1 (3-15) HFIX (3-10)
A(3-11)

T p=0, RAGEHIRL MR RREBIECE R, BRRGK
RAEZA, HREARIES A 7RISR, WX (3-14) 715

~(1+4)X,
[ci)po+pr - X,

O ' A
+|:ZS}F(T,€)[E0 X,+EY, 0]+

N 0 T (3_16)
[Eo X, +EY, O]TFT(T,L)|:5:| <0
ﬁl:':l, Yp:KXpo
XFERF (r)F(r,) <1, W51 3, FArEHy

-(1+2)x, % 0 o7

- . +8|:A}[O D 1+

®, X, +TY, -X, | [D

(3-17

-1
&

: T
(Eo X, +EY,) ][EOXP+EYP o}o
0

FUCRALIHE 2, AEAEL (3-17) A (3-9) ZFEMM). R T .
H_ER R R u(k) = km(k) , Kb k=YX, .
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3.4.2 BEHRE
SR AN
B 1 B 1<y <0, 0<A <1, GFxfes N i HI3F 14 4 G
(3-5) , M MEER p, L
u,=pu<l/(1+4,), peQ (3-18)
BwHEEY, .. X,=X,>0, peQ, B K &>0 i 2 & % R
LMIs ((3-9)-(3-11)), WA LS BIEHEERE )" 5E0E B HI%RN
B<p =alny —b (3-19)

i | _In(u(+4))
A @ A T A A
VEB X T SEBRIG B O T Y RGBT (3-5) , BRI T RG T

HENELRA T, >, peQ. RERER (3-6) FEDTRFNTEIEH

AR, M0k p=u, <1/(1+ 7)), ATABH 7, <1. TLVEHRERRGE
FER AV, Tk e 3 2/ A 2Rk M. T2, x (3-6) $5 3
ANAEER AT AN AR e

1 T°+7° T +1>ln7 —Iny

BT T Iny —Iny”

A, 0<y” <u(l+4)<l, 1<y <u(l+4).
Tie, ATUMRRRGHEURMIERERE R R RN

+

_Iny —Iny”

_m<ﬁ*:alny*—b
PIRE

BT 3. 1 Wb Bt 7S REFEERSE , T8 BRI 20 2 17
il JF HiRm e R A D] U R a . Rt AT T %, R
RIETRBOEIRAR R ER, REBEESRRI IR, NMBIKRGEE0FR, R
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3.5 HERMMGE
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RIFHARER . A8 REVIIRIREG x(0)=[0.5 —0.5]", FHLHULE IR
JAT =15, H 3.1 WERENMNEFEFNET, =7, +7,° <T . [FERZ5EH L
133 %Mo =0.53, BESENSH 1=1.05,
SHERMEAEREA L (3-9) — (3-11) H Matlab (1) LMI T HAFHATRME, 135145
HI P10 25 (T AT AR N K =[21.4665 20.1363 4.5516], IFHEARAY LIRS &
GERBOEHCE FIRMAHRG R, WK 3-1,

A, =-0.293, A4,=0.998,

31 XR (321) EZEREALTLELRERERBEERETRIXR
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BiFR: LMl KB RIERF

HHHEH A T A T A HE
# designer: = F| 5

clear all;
%LMI 3K fif 73
% LA T NS S HOE R 5

A=[0.10.2;0.12-0.15]; %IR&EEE TGN

B=[0.2;0.1]; YIRS TR TTIEE A
T=1;

t=0.8;

sigma=0.16;

lambada0=-0.307;
lambadal=0.995;

U=1.05;

I=eye(1);

E=B;

syms s
gammaO=int(exp(A*s),0,0.3-t)*B;
gammal=int(exp(A*s),0.3-t,0.3)*B;
gamma2=int(exp(A*s),0,0.3)*B;
gamma(00=[gamma0;I];
gamma=[gamma0;I];
phi=exp(A*T);
phi0O=[phi,gammal;0 0 0];
phil=[phi,gamma2;0 0 1];
EO0=[zeros(2),-E];
D=sigma*exp(A*T/2);

D1=[D;0 0];
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%LMI =M AEXE A
setlmis([]);
X0=lmivar(1,[3,1]);%3*3
X1=lmivar(1,[3,1]);
YO=Imivar(2,[1,3]);%1*3

epsilon=lmivar(1,[1,1]);

YN INANRE 1

Imiterm([1 1 1 X0],-(1+lambada0),1);
Imiterm([1 2 1 X0],phi0,1);
Imiterm([1 2 1 YO],gamma,1);
Imiterm([1 2 2 epsilon],1,D1*D1");
Imiterm([1 2 2 X0],-1,1);
Imiterm([1 3 1 X0],E0,1);
Imiterm([1 3 1 YOL,E,1);
Imiterm([1 3 2 0],0);

Imiterm([1 3 3 epsilon],-1,]);

YR INANRE K 2

Imiterm([2 1 1 X1],-(1+lambadal),1);
Imiterm([2 2 1 X1],phil,1);
Imiterm([2 2 2 X1],-1,1);

YN INANRE I 3

Imiterm([3 1 1 X0],-U,1);
Imiterm([3 2 1 X0],1,1);
Imiterm([3 2 2 X1],-1,1);

YN INANRE K 4

Imiterm([4 1 1 X1],-U,1);
Imiterm([4 2 1 X1],1,1);

Imiterm([4 2 2 X0],-1,1);
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%R fif LMI

Imisys=getlmis;
[tmin,xfeas]=feasp(Imisys);
X00=dec2mat(lmisys,xfeas,X0);

Y 00=dec2mat(Imisys,xfeas,Y0);

Yol R S B 2 K

K=Y00*X00"-1;

% )i

%I ARSRAR S N H 43
n=20;%20 5
p=0.3;%EHFHN 30%
x0=[0.5 -0.5];% W UEIRZS
x(:,1)=x0;%E 75— 5124 x0

z(:,1)=[x0:0];

x_p(:,1)=0;
for k=1:n
if rand(1,1) > p %BENLAE R — (0, 1) Z[AI%L
rsc(:,k) = 0;% K E A
else
rsc(5k) = 1;%E 4,
end
x_p(zk+1)=rsc(:k);
% IRASIEARHE 53
if rsc(:,k)== Y REFMT
2(:,k+1)=phil *z(: k);
else YR I K% T

z(:,k+1)=phi0*z(:,k)+gamma00*K*z(: k);
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end

%

end
%A1 LQR 47X Et
B2=[exp(1/5)/2 + 2*exp(1/10) - 5/2;(5*exp(3/25))/3 - (2*exp(-3/20))/3 - 1];
Q2=eye(2); %X M2 XT . LQR
R2=eye(1);
[K2,S2,E2] = dlqr(phi,B2,Q2,R2);
K2=-K2;
for k=1n
if rand(1,1) > p %BENLAE R — (0, 1) Z[AI%L
rsc(:,k) = 0;% A E A
else

rsc(:k) = 1;% %4

end
% RSB 5>
if rse(:,k)==1 Y RAEFEM T
X(:.k+1)=phi*x(:,k);
else YRR I K%k T

x(:,k+1)=phi*x(:,k)+B2*K2*x(:,k);
end
end
Yol X LE [
t=0:n;
figure(1);
plot(t,z(1,:));
hold on;

plot(t,x(1,:));
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title('x1");

legend("# [ ¥ 1H 5%, 'LQR');
figure(2);

plot(t,z(2,:));

hold on;

plot(t,x(2,:));

title('x2");

legend("P [F] ¥ 1H 5%, 'LQR');
Yol IFf 5 4]

t=0:n;

figure(3);

stairs(t,x_p(1,:));

title('30% £ K");
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B

VAR RS2 AR 0, AN A S B, — R AR AR 1 RURE B L. fF A
AN BRIP4, X b, ACESORMEE, SEARM M. EIXE,
F b AR B PO I IX VY SE 200, R 22 il

G, FE R BRI Tk K2, AT 2% g 7 e Bt N Tl
REEATAGE, —EHA NREERIESE, Al ERZRAEIE . hand ik
T VRGP ARG IR 58, — EULRGIEATSE s S 105 5] SRR, AT
HEBBAE [ BN AT 377N

SRJE AR B BRI AR HTR = B % . EER RN RBZ T2
A ONEATIPE LR VEAKER, MBI I 45, & ZITERO Bt~ 7 RR I
BN . I HAEK I FIMRIR %, ik R, &2 Ih—E L™
FA PRI NI UAIE B B R A R IR SO S, B T — BAE
T E CHRIFTRESR BRI RS % T3 B RGBSR AE, SR 5BEIMSL
R, R ZIiEE AR T, R ERIAANL T WA, RS T LBt
TR o

iJr, AR KRB B, REE DU B SR P4, PR [R5
B EAERIISTRIA, 2 RE A, RAFHERER B 2 FK . KEHE R HE T
5, MG HR0H, WERES, EEEARE? BRI ? | HAEKRZ T
KR, BB 2ETRRE . BRI

e BHINNRAAAGR A FRA P, BRI ANIE, RE
oo BESEK T IXNUEE . FER R, AR E ETARRAL, Fb2 2B A AR
—HEREOASE, AN, OVEIE !
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