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DYNAMIC EVENT-TRIGGERED SAMPLING CONTROL
OF DISCRETE-TIME SYSTEMS

ABSTRACT

As a hot research topic in the field of control, the stability analysis and control of
discrete-time systems are paid close attention by many researchers, and the relevant
research results are widely used in the fields of digital signal processing, digital control,
optimization algorithm, etc. In fact, obtaining the state information of the system and
designing the appropriate sampling control strategy based on it is the key to study the
control problem of discrete-time systems. The so-called sampling control is a control
strategy that converts continuous control signals into discrete signals to control the
stability of the system. Compared with continuous control, sampling control has the
advantages of strong anti-interference ability and saving resources. Because the control
time of the traditional time-triggered sampling control is manually set, there may be
some defects such as too small or too large control interval and unreasonable control
time. For this reason, the event-triggered sampling control can ensure that the control
input of the system can be triggered to update according to its own state changes, thus
reducing the control times and improving the rationality of the control time. On this
basis, dynamic event triggering sampling control plays an approximate "filtering" effect
by introducing an additional dynamic variable into the triggering protocol, thus further
reducing the number of events triggering to save control resources. In addition,
researchers also reduce the control cost from the perspective of optimal control
mechanism, that is, based on the optimal control theory to analyze the optimal control
problem of discrete-time systems. The goal of optimal control is to select an optimal
control law from a class of permitted control schemes, so that the selected control law
can minimize the performance index function when the system moves from an initial

state to a target state. In summary, based on the sampling control strategy, the optimal
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control problem of dynamic event-triggered nonlinear discrete-time systems with input
perturbation is studied, the mathematical model of the controlled system is established,
the corresponding dynamic event-triggered control mechanism is designed, and the
optimal control algorithm of the system under perturbation input is given based on the
optimal control theory, Lyapunov stability theory, set theory, etc. Specifically, the
chapters are arranged as follows:

The first chapter introduces the research background of event-triggered control
and optimal control of discrete systems and the research status of related problems at
home and abroad.

The second chapter introduces the main basic theories used in the research work,
and explains some symbols and related definitions;

The third chapter studies the dynamic events trigger control problem of a class of
discrete-time systems. Firstly, a kind of static event triggering mechanism is designed,
and the stability criterion of the system under static event triggering condition is given.
Secondly, a kind of dynamic event triggering mechanism is constructed on the basis of
the static mechanism, and the stability criterion of the system under the dynamic
mechanism is given.

The fourth chapter combines dynamic event-triggered control with optimal control
to ensure that the controlled system achieves stability under discrete control signals
generated by the dynamic mechanism while minimizing a performance cost function.
A neural network algorithm is designed to approximate the optimal control law when
solving the Hamiltonian equation of the system.

The fifth chapter summarizes the main research contents and conclusions of this
paper, and looks forward to the future development direction on this basis.

Huang Chao(Mathematics)
Supervised by Wu Xiaotai
KEY WORDS: discrete-time systems, dynamic event triggered control, optimal

control, input disturbances
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(DRSS FTFE: RESFTFEWT:
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32 FEER
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BAR, W IEE, XTI ZE 1S
AW (x(k),7(k)) =V (x(k +1)) =V (x(k))+7(k +1) =7 (k)
< —a|x(K)|+ ¥ [ek)]|+ An (k) + o |x(K)||
-7 |e(k)| - (k)
< (o =1)|x(K)||+ (2 -1)n(K).

(3-12)

HO0<o <IRI0 <A <1H[E1AW (x(k),7(k)) <0« REG-3)ESNAF i EE
il 254 (3-9) N R AR E T, TEEE.

Bk e R; R 4ar F 4R %), kS, Ron SR & HEG-5) e
R — il 2, ke, RN A Rl S A (3-9) i e 1) R — il I 1. 2
oK, AT EASAIE U TR 1) B HBUR SBh A A T AlOR L] EERS AR
AL AE 208 AR s A R B K

EH 3.3: W TEEMO<o <1, n(0)=0. 0<A<1fpg>=, HhlhErE&E

1
A
PR A (3-5) BN ZS S PFA 8 £ P B-0) W A 1 kg, kS o AR AR ke, 2 K2,
VERR: RUFRTIE, (UK, < ko, WROL. HEHRHH A S ARfh % 2 1 (3-5) AT 41,
SEFAT &Mk, <k <k, 3594

oa|x(K)|-[ek)|=0. (3-13)

TE RN AT AR S PEG-9) M & I %), AT4E
0> An (k) +oa|x(ki,)| -7 etk

- VHe(ki(il)

(3-14)
> oar|x(k,)

5 53 1 4 i R LA 0 52 P 7 16 2 A B35
BIR A0, BERORRSL. B, K, 2k, iEE,

VE 3.0: 2 R A0 2 (B X T S T LSS B
SRR, LUR ARSI RSB, — 7T, Zha T R
PRSI VAT LA R Sk BIBUIMR A . 7T, s SR BB T L
S VR P B AR x(k 1) = AX(K) -+ Bu(k) SR i 2 P 5, WA LA
P BSE I«
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322 HMHRGEHER

W N AN SRS
x(k +1) = Ax(k) + Bu(k) , (3-15)

XHRAGIRE xeR", ZHIEEAR™, BeR™, KuHEHZE uk) e R" L
u(k) = Kx(k) - (3-16)

B BAFAE — AN ST u(k) = Kx(K) 1515 RGE(3-15)2 W sk Fa g 19, 1% R
Z5(3-18)1 Lyapunov BRIECAV (x) = X" (K)Px(k) , X TAE R FREEAFEQ , 47
FE— DX FRIE & HFE P i 2 -

(A+BK) P(A+BK)-P=-Q- (3-17)

¥ 3.2: 5CHR[13)1240L, 4S04 A LQR 75 R AR e b e (k) = x(k;) — x(K)
AL R 2 T e(K) = x(k,) — x(K) » TEZAEMERESR AR ARTIR N, @ik sR gz
R RE, AT B3 B R R (3-17) R OL 4 BE e(k) = x(k,) - x(k) A
e(k) = x(k;) - x(k) , [AIHFHIFE e(k) = x(k;) - x(k) 4 H T AR RE R AR 75 R GEHIA
P B R e, i B TR R ELAE T SRR A

2 R KR SRR 2 e(k) = x(k) - x(K) , RGi(3-15) A # 4k N
x(k +1) = (A+ BK)x(k) + BKe(k), k <k <k , i=012". (3-18)

%I Lyapunov BGHURV (x) = X" (K)Px(K) #EAT—M 2504«

V (x(k+1))-V (x(k))=—-x" (k)Qx(k) + 2x" (A+BK )T PBKe(k)

(3-19)
+e’ (k)KTB"PBKe(k).

Xt B T AIATER AL

Ain PIFZ <V (X(K)) < A, (P

min max

2[(A+BK)" PBKHZ
ﬂ’min (Q)

AV (x(k)) < —%Amm Qx|+ +|KTBTPBK e(k)[,

KH, A, (P) s Aoy (P) ATEFE P RN KRS AL, 4, (Q) NAEFEQ (Y

/MNRFIE(E, b aER I 2 ) Lyapunov J7R23 & € X 3.1,

-13-



LRUTRER 2 2 183

T2, WIFESF MR KT
WA+BKYPBKW

2 (@Q) +[KTBTPBK ) [e(k)| <0}, (3-21)

kMAM—Mm@w&w

HA0<o<1lRAESH.
IR, I TR SRR A (3-20) BEUHHT U B AS SRR LA . Horhz)

ARy (k) MBI FA A 250 HBE SN

2|(A+BK) PBK|’
ﬂ’min (Q)

2, (3-22)

n(k+1) = An(k)+ %Gflmm Q) x(x)[ —(

2[(A+BK)" PBKH2
ﬂ’min (Q)

k., =inf k>ki|;n(k)+;oﬂmin(Q)x(k)Zg( +|kTBTPBK|) (k)| ¢ (3-23)

i+1

B 0< A <1, ,8>%, 7(0)> 0.
X T B E R YE R (3-18), FERRS FHA MR MBS F Al X2 HI T, &R

SRS IR E R, BRAh, ShaSEEAERA B AT Lo S S AR A B ) 52
REARSR A T8, PA_EZEIRIE B 5 i S AR Ve B IR LS80, A T35 IE

33MEME
L
E (1)
=" EO C  [IR

Kl 3.1 FHEFEHIHEE RS
BT PWM(K i o8 FE VR di) K3 (1) s i 4 20500, il 3.1 B E
C. R+ I 7 AlEHE. A BRI, 2B AT DL Ry
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: 1 1
E.(t)=———E_(t) + =i, (1),
1RC ¢ (3-24)
i (t) = - E.(t) +E,(t),
R AR BRI I 2 SR x(t) = [E ()i (O] Fru(t) = E(t) . ¥ LR
RE R EHOEA:

x(k +1) = Ax(k) + Bu(k). (3-25)
211 0
s A=| RO Cle=|q LLwmma=| > Mo 0|k
- 1 0 ' - ° -02 ol 0.21° ’
L

Al FHLQRJ7 210 5 2 1) 6 B4 B DL 1] P 71 5 e SO H A R 0N

J(u) = i [ X" (kK)Qx(k) +u" (K)Ru(k) |, (3-26)
. 05 0.25 0.1 007 vy o \
ﬁi%ﬁ%Q:[o.ZS 0.5} =[0.1 O.J’ m RIS U (k) = Kx(k) Jf HAERE

K=-[R+B"PB]"B'PA, Hif% P ZE K (Riccati) TFEP = AP (A+BK)+Q[f]
M — %F R IE € i . & X Lyapunov B A V(X)=x"(K)Px(k) , %E [%
Q=P—(A+BK) P(A+BK). BEAMHRA ) =[1 -1]", HEFRSHIHER

Al 2 H o A1 A 36 2R eSS LA B i A DR B FR SE o
Tl 3.1 S8 o PSR EAR

o 0.2 0. 4 0.6 0.8
p) 0.25 0.25 0. 25 0.25
T S5t ] 12260 12070 12280 12290

i R 99 97 96 95
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2
—x1
11 —Xx2||
X: 1.226e+04
0 | Y: -0.001
ﬁ _1 % -
® 8
W& (S
-2 -
=02 ||
3 A=0.25
-4 .
0 5000 10000 15000
Time(s)
2
—x1
11 —x2|]
X: 1.228e+04
0 Y:-0.001
c &
A\ NV
W& W&
-2 -
oc=06 |
-3 A=0.25
-4 .
0 5000 10000 15000
Time(s)

-4
0

—x1
—x2||

X: 1.227e+04
Y:-0.001

c=04 |
A=10.25

5000

Time(s)

10000 15000

—x1
—x2||

X: 1.229e+04
Y:-0.0009999

oc=0.8 ||
A=0.25

5000

3.2 AN o 5§ T RGNS K
MR SIR 45 RRFE, S H o BRI [R5 45 A 2% AR 15 BE N T AR
il S IR BORS i oE S5 o R, 3 B I Ta] BREHE K

Ttk 3.2 A ILEE RIS

Time(s)

10000 15000

y) 0.1 0.4 0.75 0.9
o 0.2 0.2 0.2 0.2
LS T 12260 12070 12280 12290
fitk A I E 99 97 96 95
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2 2
—x1 —x1
11 —Xx2|] 1/ —x2||
X:1.226e+04 X:1.227e+04
0 Y:-0.001 0 Y: -0.0009999
% K
£ 5
W\ WV
W& N&
2 -2
0=02 c=0.2
-3 A=0.1 -3 A=04
-4 : -4 :
0 5000 10000 15000 0 5000 10000 15000
Time(s) Time(s)
2 2
—x1 —x1
11 —x2|] 11 —x2||
0 0
% 4
g =
W\ NV
& &
-2 -2
0=02 || =02
3 A=0.75 -3 A=09
-4 : -4 ‘
0 5000 10000 15000 0 5000 10000 15000
Time(s) Time(s)

/3.2 ARIA A BT ARGk

ISR IR 3.2 R LK, BB S A BN, A 46 o VRS 15 I A
fil OB B B8 A KT, 5 BN IN F th FTRER . 7 S2 B o
Ri7855 % R RGUISCHE SRR UK, R A B0 B 5L,

T, 43I A B IR SR (3-28) A E T A A SRR WL R B 07 20
ﬁﬂ%@ﬁzaa,hmz\%=am\n@FﬁlﬁﬁﬁE%ﬂuT%%,E&3
TR T RGN, 3.4 RS HEMENE T REIREIR MR,
el T A BIE R I ZUIR A IR A BN, IR R AR BIONE.
T35 R, U T HAF MRS F RGREHDE, EAFRRERES
(k) SR FRRGURA X, (), B 3.6 TTLUE H RGO A L & A

ISR, M TE 3.3 #2HIRRHE. Kl 3.6 &/~ Lyapunov BRI AR5
7%, 0] CAFE H bR A i s 1) 35K B USSR B, a2 Ul B B R G A 4 ] DATE
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AP ANLEE T SEIANEARE . & 3.7 4 1SS HLE] T BIAH AT
fish 1) BEARAL B, PNk s A A fih B 2 8 8 — Ik 5 IS 22 FR) IS TR T i el
3.7 W Rk A 1R BE A2 AR A A AR AR e 23 E

10 =<1

—x2

8+

6

IN

(0] 5000 10000 15000
Time(s)

K 3.3 Jodzfil T RGUIRE

(0] 5000 10000 15000

Time(s)

K 3.4 FASEMR RGUIRERE
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o

fih 5 1D

Lyapunoved £k

12

10

300

250

200

150

100

50

—x1
- o 7X2 -
|
i // -
\\ //
\\ //
- \\ // -
0 5000 10000 15000
Time(s)
Kl 3.5 dpa SRR RGUIRE L
= 104
) 5000 10000 15000
Time(s)
P 3.6 Lyapunov & ##/i2b
) 5000 10000 15000

Time(s)

K 3.7 FaS R A b
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BEXTBh A SRl a5 ] B 0 AR 2 LR S5 2R, 1B 3.8-3.11 Mol 45t 13k
SHEAMARNE T RGREREPIL . RGUREPIL. Lyapunov bR EHZE LK
ARk A BRI R B . B IR R S F iSO LR RSt iR
SREME. RGURSEA Lyapunov b8 ZE I BE I 8] 22 (L B HTI S %, XL
FERF A FAFAR A AT 5INSHA R B ST REM IR A2 RS ILITIE AR E -

XHEE 3.7 51 3001, R RUE HE & AR AR fl A R R S KT A . (A,
AN FAT i R A LA LA S8 K ik 5 1] i R S /D PR i 5 ORI, i B G T 4 5 1 B
/g

[ llell]
1.5
EIN
o
Za 1
=
0.5
0 V VI/I/VWVWWMMM N .
0 5000 10000 15000
Time(s)
Kl 3.8 shA ik RGERERZE R
2
—x1
10 ——-x21]
oF _
£
i;§-1
8
m—(» I
_2% ’
v/
3p
_4 - 1 1
0 5000 10000 15000

Time(s)

3.9 B AR S R SR A HLi
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= 10%

12

W(x(k))

10

Lyapunovef £ i

0 5000 10000 15000
Time(s)

K 3.10 Lyapunov bR E 5L

1200
— R 1) B

1000

800 [

=

600

fih 2 4] B

400

5000 10000 15000
Time(s)

3.1 B

3.5 RE /4

AR SCAE AT SCEREE Bl B 23 I B 5 1 WS MBS H ARl R AL — S8Rt
BEHUR G sE Mo M ) 8, it T AR SRS MBS AR 261, 45 T
Rl R AR SHE T B ECR GR AR E R . DFFURIL, PR ARl A L
HRET IR AL R GRS E M, I HAHEC T RS F Al A L], shas gt
fia AL e 6 S 2 9/ D AN o o R e PR e A K, AT SE A R T 4 ] B U
B, A Matlab BT BUE 07 5, @ SEBIRAIE 7RS0T a8 SR IA
Rtk
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FAE FHINSHAREDSEHMA &N

ARG FA A S BAOUIE RIS & 0 IR EEE RGESI S F ik
WU AL B 455 T SEBLRRE 1 RN e /M BE RRUAS pR B #E 5K A 22 42 1 HIB
JIRER, BEUE T SRR A AR U T R R AR A

4.1 O] RREIR

4.1.1 ARGk 5ENX

FREW N — R R RS
X = F(X)+a(x)u(x)+h(x)d(x,), k=0,12.., 4-1)

Hrprx = x(k) e R"RRRGUREA R, u, =u(x(k))e R™ Z45HIHM AR, L
oeA, A={ulu <u} i=12..m, d eR" RANHHE S, WL d e,
Q={d,|d, <d},i=12..m. f(x)f, JEHT(0)=0.
B 4.0 B RGE DR, HEH (%) +9(x)u(x)+h(x)d(x,)
SE XU P RE R B BRI AL
3(%)= X (0%, +U (x,)-riald,), (4-2)

i=k

HerrU (%) =u" (x)Ru(x,), R A1Q ALK T2 i, U =diag|u,, Uy, U, | ¢ 4
A B RO ¢ () <1r 2 0FORAMBIRANN TR ML BRI

T (4-2), FPEHERETRFR R BN NI
J (%) =X Qx +U (x,)—r’d;d, + I (X,1). (4-3)

AR RV ERE SRR R U ML, B, R AR RESR R R B OR

V(%) = min J(x,,u,) (4-4)

R AR P, 456 4-3)F1(4-4), MR 2 XN:
H (X, U, dy ) =% Qx, +U (% )—r?d;d, +V (X1 )=V (%) (4-5)

-22-



LRUTRER 2 2 183

BARTERI AN S = RSN 53 50 SLu A d R

u, =argminH (x,,u,,d,),
Uk

. (4-6)
d, =arg max H (X, Uy, d, ).
Aozt AT LOE s 2(4-5) i #8505 #2350 56 T u A d SR 54521
oH (x,,u,,d,) o= [ 1=t VT (%)
#:02UK=U¢(—E(UR) g (XK)TJJ,
) . 4-7)
oH (X, U, d,) 0= d - h ();k) oV (xm)’
od, 2r OX, 1y

Horpv AR S E BE T bR R H
R Fr e skms u, A =408 d, R (4-5), AT AS 2] HIB J5 A2 40 T

H (%, Ug, dg ) =X Qx, +u" (X )RuU(x,) = rd.Td; +V 7 (x,,,) -V (%, )=0. (4-8)

. i m e, ey ) wae, wime st 54

k+1

sk (k”@@@ﬁlm BRI, 53 SR AR (LU B 527 A

H AR 22 2 9 A0 2 30 (R e DR A2l 5008l DA TSR AB IS 18, JRATPREAE 4.3 75
FR LT A R 48 SRR i 3K(4-8) o

4.2 SR L EHIZT

AT, T AR B SRAEARAE R ) 25 A SRR SIN T S R AL
o FEFAFARAHLE] T, 32 ) SR DAL F AR 1R 228 1 T A R I 42 SR
FEAR A il 5 B 21 2 118 R R FF(ZOH) RFFANAS o BT B BN [A] 2 G2 1R
AT Te1 (] B 4 2 S I 1) PR B, n] DAORAIE S /NSRRI () A g T, fRIEA 2
RAEZVEAT N o BTk 37 B AR BRI, DL S e R T AR S
u =u(x, ).kek ki), (4-9)
Horfrx, A ZIHPIRES AR, SRRl A R 225 (T

e =% — X kelk,k,)- (4-10)
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Hit, RG@-DRIE) 1R KRN
Xea = F(x)+9(x )u(e +x)+h(x)d,. (4-11)
RVE 4.2 B EREY BT, FF Hiss 2P R a2
a, (XD <V (%) < a, (x| + d),

_ 4-12
V(%) -V (%) < -l )+ e + ). 12
Ha,a,a, My 2K, K. BRESEHMRFEINT:
k.1 = inf {k >k | sar([x()[) - 7 (le(i)]) — (|, p <0} , (4-13)

HAP S ik 280 <5 <1, d=>d, NHREHH FIR.
FEH 4.1 S TEEIN0<6 <1, RGEE-IDIEHEFMARFIFE-BWER T
i S R
UEW: oS P A R 2% 1 (4-13) AT LLRHIE
y(e(k)]) < sa(|x(k)) - er(d,[) . (4-14)

DL AL 5E S 1 B —ANESE AR ¥V A Lyapunov B3, 454 3((4-14) A1 13V
) —Bh 250
AV (x(k)) =V (f (x(K), p(e(k) +x(k)))) -V (x(K))
< =a([xl) + 7 (Jed]) +er(fd
<~ ([x(Kf) + o ([x0K) + ([ p - |
=(6-2)a(fxl),

H0<5<LAHIAV (x(K)) <0, T2 RGu(4- 1)FE S HilR S A (4-13) T i R B

(4-15)

FEf ARSI, B UL PERE R PR B BN Lyapunov pREL, HTIHZE
BV (Xe1) =V (X ) = =X Qx, —u" (x)RU(x, ) +r°d, " d; A& b T — M5 Bl i) — N
. BIRAE (|, ) = r2dTdy P IEZEANTF, IR AT T SR G0 (4-11)i L A
SEME, ST BhAHAF R UE ] R A M FAEIE H

422 HEEMHMEFHTRENRE LT
N T HE— B D S SRR BB AVNTAE B R B SN B S EAF

-4 -



LRUTRER 2 2 183

f ke 2k BB R 7(K) -

n(k+1) = En(k) + e |x(K)| - 7 Je()]|- e(|d [ #(0)=0, (4-16)

XESH0<E<1,
ISR & Ja A FH ko A

k., =inf {k >k, | %n(k) + 82 |x(k)| - 7 Jek)]| - ex(d, ) < o} , (4-17)

REZH P> é o H B > oo, WBNEFFAA SKATA-1T) A Fe A N S F A%

FAH4-13).

B3 41: MBHO0<5<1. 7(0)>0. 0<§<1$H/32%Eﬂ“, St T A 7 1
k <k<k., BIEBEK)>0.

UEW]: FBhZS SRR SR P @-1T) AT S [x(K)| - 7 [e(k)] - ex([d [) = %n(k)

SRRk <k <k fHRL, 45614-16)4:

n(k +1) = En (k) +da [x(K)] - 7 Je(k)] - (|d, )

z[i—ijn(k)

B " (4-18)
fegf e
>0.

XTARER K <k <k, B, IEE.

BN, CRAEMAES SRR KA @E-1IDIEH T R G- 1D E

B 4.2: W TAEERO0<s<1. n(0)=0. O<§<1$Hﬁ2é, RGi(4-11)1E

SNASFAE R ZAF(4-17) il e lna fa e vk .
WERH: 256 (4-15)F1(4-18), Mi& Lyapunov BREUA:
W (x(k).7(k)) =V (x(K))+ 7(K) . (4-19)

BAR, BREW IEE, WIHBEHT B2 AT
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W (x(k),7(k)) =V (x(k +1)) =V (x(k))+7(k +1) = (k)
< —a||x(K)[[+ 7 [e(k)]| + er(|d, ) + En (k) + 5[ x(K)|
7 [eC)]|-a(ld, ) ~n (k)
< (5 -1)[x(K)]+ (& -1)n(k).

(4-20)

HO<8<1R10< & <1 A AW (x(k),7(K)) <0 o REE(4-11)TEBhA FAEfh K A%
26 A (4-17) N T fe e i, EEE

4.3 HZMEE LT

BEARTT, IRATVKATHZE M2 L2422 HIB JifE. EMZ ML A AL
PR s PP e W 28 R PRAT B A 22 P 5 o A PP 3 e e X 2 R B eI
VEREFRIRBRAL, (58 P PRAT 3 4o 222 0 248 SR8 3 125 1) SRS A T I SRS
4.3.1 TP EMEZ MK T

S REFE I B B AR 5 A T AT = 2 2 I I I 15 21, PEREFR AR
PRI (4-2) T LLRIE A
V(%) =W, (X )+& . (4-21)

Forbw, e RY 2 FRRBREN A AR, o, (x,) REAE SRR, &,

REEMIRE
it @420, HIEE-5) AT LG A
Wy Aoy, (X, )+ % Qx, +U (x,)—-r?d.;d, +Ag, =0, (4-22)

Hrfr Aoy (%) =0y (%) =0y (%) A8y = & e =& ke
KBRS, HARRUEAE W, ML SE, TR, AT L A R
BV (x )T,
V(%) =Wvioy, (% ).k €[k k1) (4-23)
HA Wy e RY RRMHAUE, o, (x, ) Fomis T HH 1 RS L,
P AT AL AR LR V(L2 (A7 49, B R(4-22)  JE A 19 HIB
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Tk fliTtiR %z e, ATRARIE
&y« X QX +U (% )—rd.d, +V (X,,,) =V (X,). (4-24)

5 @-2)F -2, BETHRZERN, HIB FEA LAERIA AN
&, =X Q% +U (x)—r?d]d, +Wu ko, (%) Kelk ki) (4-25)

ki+1 i

Hp Ao, (in)zo'v (x )—av (xk ) 0

I BERE N B MR ZE B B e, | PPHIE R 2 B SRR A T
] W\T/,k_l— ?VAGV (% 1)eJ,k—1 K=k,
Wy = Aoy (X1) Aoy (Xq)+1 (4-26)

Hrba, >0 ¥R,
432 PUTEMERGRLT

AR NI TS BT AT 5 22 P 48 K AL 2 S0, 1 32 420
ek d, <

AL SIS u, AR ZE DA HIE d, N

u, =WUTO'u (Xk)+€u,k' (427)
d, =WdTGd (Xk)+gd’k,

AW, e RV™ W, e RS2 43 i 1 P2 1l i N AT RS () R HIALE, o, (x, ) € R Al
o4 (%) e R RN ZEIHTRE, &, &, e RTSHEMIRE.
Fr DA ABL e A A AN AR AL B ZE P B W ASR IR Ky
Uk =WI,|<O'u (%),

. (4-28)
dv« =Wa ko, (in), k e[k, k),

HRW o W ok TR, 0, (%, )0y (%) AT SR BT B FON
H(4-23), (R LE S Yy

Uszaﬁ(‘%(GF)lgT(&JVOJ(MﬁJWﬂkJ, (4-29
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oVo, (Xk-+1) . N
Hrve, (in+1):T' o BRI, Pl N B Al TR 2 e K e [Ky Ky ) T LLH
&, =Wz,k(7u(xkl)+lj¢[—%(L_JR)_l g (%, )Voy (xklﬂ)wl,k) (4-30)

Pt al ARoR

hT
dyy = Z(r)iki ) VO'J (inﬂ)W\T/vk ’ (4-31)

MRHEN(4-23), PLEhfliihirEe, , 7T ARIRN

.
_Wd ko (X, )_hZ(r k')VO'T(inH)W\T/,ka (4-32)

\

BT f/ D ARk, SRR SR 1A AL
k =k,

a,Ac, (X 1)el
Wu,k—l - y i
Wk = Aoy (X1) Ao, (%) +1 (4-33)
Wu,k—l,ke( )

o a, > 0 AT H A4 125 5 %
FURERGT, PR30 S0 ) S A

W ayAcy (Xk—l)e;—,k—l

d,k-1— T ’ il

W = Aoy (X1) Aoy (X, )+1 (4-34)
de 1, ke(k k )

i i+l

Hrb oy >0 EHATE P F 2 K
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45 BEME

u(k)

K
Xl(k)[
""" o > SOF control
4.1 HLRF RG]
ZREHE 4.1 TR IIHLETR R A AR PRI, RS 3) 15 H DL RIA

R
X, (1) = X, (),
%, (t) = gu(ux, () +2uy, + 2)2X1(t) X, (t) - &XZ (t)
@+ p(x, (1)) + ¥o) m (4-35)

N

+ a _u(t),
2m(@+ u(x (1)) + Yo)

Forr, %, (t) A X, () 73 0 9 BR Bl S 300 B8 A5 NN 38 B 32 )i 22 . T A B0
Yo =0.05m o N R RAE AT HIMCRL B HUb A2 RGP ARSI, R 58 (4-

35) A RAEIR AN Y R G
{xl(k +1) = —x, (k) + %, (k)
X, (k +1) = f(x(k)) + g(x(k))u(k) + h(x(k),d (k)),

(4-36)
o £ (x(k)) = =0.5(x, (k) + x, (k) +0.5x, (k)sin(x,(k)) , g (x(k)) =sin(x,(k)) ,
h(x(k),d(k)) = sin(x, (k) (K)) . x(k) =[x (k), %, (K)] e R* £F & 5K,

U, e R A, e R 40 52 NS bR ASNRZD, H3l 74 B 2 [u, | < 1A
|d, | <10 . %52 RGOIRBHIEE x(0) =[L, 1], ¥IHPshd, = -1, HFEQ=R =1,
A FAMR KA @-1T) T4 ESH 5 =08 n(0)=0. £=1H13=10. HTMHZE
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W 2% T Z B ) e FE SRR HLBE I R G AERIIERE . 9 1 R G B A AT Tk RE
LA IRIEREA[-1, 3, 1.5], FFornligse 2 AE 28 (1 I AR 0 bR
BIx (K), %, (K)X, (K), %7 ()17 BET =0.1s BRI E T .

5 10
Time (s)

K42 RGUIREHL

il AP 5)

o

f

T

5 10
Time (s)

1 4.3 FbRIRH A B
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B 4.2 JERGHPRAHUE, W LR B RGoR A B A B 2
RS SIS, LM ), SRR R A B
SEANZ R TR B, BEAERNZ ML A 30 YOR AT —, U0k
fRIFAERLH TR . P 4.5 RET 25 WA PERRE RO R RS, FEIch x i
LORBATIRE IR,y AR B RRERS 5 A 2 [ R TG, 7T LAt

ITTTTTTTTTT TITTTTITITT]

* W2 |
W3
5 10 15
Time (s)
4.4 AUE B FT L
¥ e R 1

10 15 20 25
Times(s)

K 4.5 FHFih A a B

231 -
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FERITER KAL) 1 FE A

4.6 INE/\ZE

WEFL T 32 NS 0 1 B [ AR 2 1 R G I sh A SRl A s ez . 9 140
WARZ I R GERIERE, TATE T — MERETEAR R E, SRR 5L T AR HIB U
fo BT IURZOACEE, M HIB JiREHUKR, BEih 1 S Ao il S s A A Pl
il o N T BRSSO AT T PSR Mg ) BB AR, JRATTSIN T — PSR R B
Bl s, SOt 7 DaiaSEA %, JFA Lyapunov J7VAIEN] T R4t
RIREREE N 1 SRR S DL 1) SR, O 17 e I 28 2540, 3 9 AT Foe DACAEL B K
AL B SRS AN B A LB S o 5 I — N i W 1 A AR A R
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F5E REEGRE

AL E BRI T B ARG BIASE A A H A AL 1) 8 B Seblt 7T 1 =
ARG FAF R A A H R, it 1 Sl SR A AN S A F A bR S A, UEW]
TAER A R REORIE R GRS ENE . RN, N IRIR R HE T 3h S H Ak
PERIE SR L) 5 AT B BPERE . a7 W 1 B 1A R
HRWE T2 B N B R G s S F Al R e L] o 48 £ — F AT SR B ik
ARG EAF AR RG] AL B0 7 2K B IS A P s
HUR G, [FIREE e 2 1 i hl . HoegE 7 ARG ITERETabr B, B
DUz 1] R H A A 20 80— VR A A2 A A5 I 1 R R 208 21 )
Ho 5 L0581 sh& Sz, vt 7B s S A 5
SR E AR G REIE 2R RS, L BRI 1 ZhaS Al 261
FARGRENE . SO R EEE IR R AE HIB U7 Rk B S izl th T HIB
JIREME A ELEORAG AT, DRIEASSCBETE 1 P AE — AT sl fi 2 M il il @ 3 B
DUk RETabr s Bl SRR R ZETL AN, M RIS L Bk BBl ek 2
H, AR BT A T R 2 AR e AT 1L

AL EEHFUREARLE, - 1Rl F O R ik, BUs 17—
AESUECR B TR B 5P A IR, SCRE R TA A S AT AR SR b it .
TENER:

LSEPR R Ge, il REA S RFEEEAT, WF FE IRl aME A S Ak A f2 i ik ml
BESEAT S ILSE 7 K o A A SC AR HE) 21 (] Bk s A FH A A A HI IR 78 24, 4
Fe LEBAT B O A

2 AT RS i A S B SEBR R RE 2 2 BIE R S HOE N, i AT
fioh e AT TR EEAS S HOW TR TR R BARREIR 2 — A B Bk A
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