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Abstract This paper studies the problem of H., output track-
ing control for sampled-data networked control systems in T-S
(Takagi-Sugeno) fuzzy model. By using input-delay and par-
allel distributed compensation (PDC) techniques, an augment
tracking model based on T-S fuzzy model is firstly established,
in which the sampling period of the sampler, signal transmission
delay and data packet dropouts are transformed to the refreshing
interval of a zero-order holder. Furthermore, Lyapunov method
is employed to derive several sufficient criteria ensuring the pre-
scribed H., tracking performance. Meanwhile, a fuzzy controller
design is also presented. Finally, a numerical example is given
to illustrate that the designed fuzzy controller can realize good
tracking.
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0

s)ds <

IN

YHERE ty > 0,
VS

V(ty) + /tf (s) —

+p/f

b WESTELR, B V(¢p) = 0, W) st (15).

TEAFEIEEE k> 0, 19 6 < tp < trya,

yr () Qa(y(s) — yr(s))ds <

(26)
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B L. SCHR [20—22] BFAT T T-S BRI B ) £ SRR i
il 2R 48 IR AS PR R ) A, Borh SR [20—21) A
Lyapunov 8505 8009 78 WECHE BT IX 0] (b, tern) § R
FI AN [R]4, K% FE Lyapunov BB B %1 ¢, AT
e = AL (M6 AR Ryt s SCHR [22] K N I ¥ 5 20070 A B ) X
(B AL RN 1, WA 7845 25 R i N I i v Ak 5t 2 v 1) i N I
it E B0 TR I R B AR S T AN TR, BT LAAR SO T %
NI BRTRE 23 BT M Lyapunov BAALS 207EREAN B[R] 35011 43
B 5 A B

E 2. I T-S BERIEA RS F)H Lyapunov ki T
HA % 100 043 B I, K 22 SR 3¢ 8 ¥ 6 5% Liyapunov R %1123,
AT Lyapunov BEUINE IR FETE M. 5l STk
[24] RHIE IR RE FEHH X Lyapunov BRI, 7E52 € 50 Bt
AR IR, A5 TAE SRR X Fh 7 VETE AR SCHTF 5 n)
TR AT — 2T i

Bk, WR BB R E A e L B 1 b, Rk
Kj = (K1 Kaj) (j = 1,2,--- ,7) K40, EIE 2 4T RA
%ﬁﬁ%ﬁﬁ"]%%l’k’&ﬁ?ﬁ%ﬂ%% Hoo i H R BRI ) 7 40 2%
A DA B ABER1 42 il 25 10 K A 7 vk

EE 2. é&tﬁin>0p>0a>0b>oiu
MR Q > 0, MAAi/E P = PT > 0, Q = Q7
- P+P' PP S
Po= | TN T T A 0 S

* P2+P2
GaN [ Nl NQ 0 0 ]TaM:[ MiI‘ M; ]T ﬂ'[‘/Jv
AR FEANEE SR (27) ~ (29) A AIATHR:
b —nM
{ v } >0 (27)
x Q
* 9% ¢y aBui VD!
% % ¢33 bBui 0 <0  (28)
* * * —pQI 0
* * * * —Qg_l

i ok o Bu —yIN GCT

# 0% 0% aBu —yiN: VD!

* * g3 bBui 0 0 <0 (29)

* * * —pQI 0 0 N

* * * * 762 0

* * * * * —Q;l
Hp

¢ = diag{P,0}+n(P+ME + E'M"), E=[ I
ﬁ =P - P+ 4 GT+GAT—|:N1-|:]\71T
4 = P+ Py + B;V; + aGAT — N1+N2T
ffs =P —G" +bGAT +n(P, + P)
$=—Py— P +aBiV; +aV; "B -
A;{i = —aG" +bV;"Bf —An(fle + P

¢33 = —bGT —bG + huQ

pi =P — GT +bGAT
b5 = —aG" +bV,;" BF

1]

No — N

¢33 = —bG — bGT
W) AT KA B (1 T-S BORIRLAY NCSs(13) Wi e Hoo %l th
BRERERIMERE (15), H. (K1 Kay) = V;(GT)™L.

JERA. thEr/REh, 3 (18) L3EH I (30) S5

LiB,; CF
LyB.; K;Df
L3Bu; 0
—p*I 0
_Q;1

ey ] ij
11 2 913

Tij i

* 22 23

YAnga=| * ¢33
* * *

<0

k * * *

(30)

5 = —P, — PT + LiA; + ATLT + Ny + N
U =P+ P+ LiBK; + ATLY — Ny + NJ
Y = —Py — Pf + LoBiK; + KF BT LT — Ny — N¥
11]3 P—Li+ ALy +n(P+ P)
23 = _L2+KTBTLE —77(131 +P2 )
¢33 = —Ls — L3 +nQ

FHE, a7/, 30 (19) LAt (31) 4

—/NN1 cr
LyBui —yMN2 Kj D}
L3B.: 0 0
—p*I 0 0
—Q 0
_Q;1

[ 7ij Tij Tij
11 12 13

7] 1]
* 22 23

33

LIBUJ'L’
* *

<0 (31)

* * * *

* * * * *

Hrf, 39 = P— L+ ATLY, ¢ = —Lo+ K BF LY, ¢33 =
—L3 — Lgv ~§j17 ~§j27 ~g2 WA (30) R L= G_lv Ly =
aG™, Ly = bG™! (a,b HAEENR), J1 = diag{G G G},
Jo = diag{G G G I I}, Js = diag{G G G I G I}, =\
(17) 23k Ju, FF JE; X (30) EF Jo, FHk JT; X (31)
K Js, AT JY. A P =GPGT, P, = GPGT, P, =
GP.G", My = GMiG™, My = GMxGT, N1 = GN,G7,
N2 = GNQGT, ‘/J = (Klj KQJ')GT (] = 1,2,---7’). UI\IJIK‘
(17) , (30) A= (31) 23slieAk =X (27) , (28) FI (29) .
B, Wt (27) ~ (29) B AATRE, B4, R4 (13) HA He i
HERERERIPERE. FIRT, ok (28) M1 (29) BEST, WA G+ GT
AHIESE, NIl G AR5, I, (K Ka2j) = V;(GT) ™!

O

3 kBISHR

25 LS N 5 R A e R4 PO E BT Bl A
BRI 28 AT N Y Hoo % H BRI 11 i) 7

l'l(t) = xz(t)
Ea(t) = —x3(t) — 0.1z2(t) + 12 cos(t) + u(t) (32)
y(t) = 0.9z1(¢) + z2(t)

AFFEIRSE (32) 1 T-S BRI, BU€ 21(t) € [-5,5], &

4t (32) LA
MM 1. if 21(¢) is V4, then
i(t) = Arz(t) + Bu(t) + Bo(t)
y(t) = Crz(t) + Diu(t)
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MM 2. If z1(t) is Va, then
#(t) = Asx(t) + Bu(t) + Bo(t)
y(t) = Cox(t) + Dau(t)

o
z(t)=[ z1(t) x2(t) 17, o(t) = 12cos(t)
ha(a(t) = 1= 40 ho(as (1)) = 5O
A1_017A2_[0 1}

0 —-0.1 —25 —=0.1
B = S ,C1 = (0.9 1), Cy = (0.9 1)
D1=0,D2=0

VEEiEs T ey RIS
o [o 1
- (t) = [ AP :| zr(t) + ] v(t) (33)

yr(t) = (0 Dz (2)

X, 2 () = [ zn(t)  w2n(t) 7, v(t) = 4sin(t).

BT 5G4 s ASTR B T s 2 25 AR MR, o 1 A R AT
KAEHYE NCSs i 245 € Hoo i BR BRI HIVERE R ZOH
uig A R R R K. A Qy =1, p = 2, 2
I H 25 0 AR A PR K = (22 —23 —20 —15), K» =
(=25 —26 —12 —23), HEH 1, X n < 0.0730 I, LMIs
(16) ~ (19) HATATfR, B2 ZOH 42l % 58 B A K
T 0.0730 B, 45 E BRI I #S BE S A1 R RS (32) 1Y
R TE P B RS N IRER S BN (33) WA R, H 2
p =2 I Hoo Hintl ERERTEREFEAR.

N R, BuFBOM IR R A . e Qg =
I, p =2, BRIERERFEMEAN 10ms, ZOAHZE
1, Hod Mt oh 40ms, W n o 60ms.  JBhE e
2, ¥ZHa = 20, b = 1 N, K45 ) 2% 48 25
M Ky = (—9.6261 —13.1581 0.3480 6.1645), Ko =
(—9.6261 —13.1581 0.3480 6.1645). fEBEHFEN ZHILEIR
Bhz=(2 -1, ZERBYLGEREN 2. = (-05 1T,
) T S ik T RSB0 42 ol B AT F 4, Bk R B (32) AE M 4%
WE R IRtk in® 3 fros. i EE R LLE
W, g m bR R ES SRS &
S f@Oll, = Nlo®lly + v®)ll, = 49.2718, Jle(®)[l, =

ly(t) — yr(t)]|, = 1.3011, 75
le)]l,
=0.02641 < p =2
£ @Il

DL V34 I A SC oo i BB 2  B8  0 KA 20HE
Ay HE 45 B AIE A SCRO ) 8% 0k AR R4 5 R BR R 18 ),
RS HHA (33) B HRAEE N v(t) = 4tan(t),
B G MBI IEIRE ST o = (1 —1)T A
zr = (0 1)T, FUF _F IR SRAR RO B b8, Ho i B g
Wi 4 o, 2T LA, B S R R R AT
W PR S B B S S
4 g
RSCHFFL T He T T-S RO 0 RARE S8 I 2% 26 2
9% Hoo v tH EREZH2 6] B, 787 % 18 NCSs REIIRE IR AL,
B UCHE A SRE R YT Bl A% S v R B g He 4k
ZOH 330 S BT B, 8257 T LA GORAS RIS R R

SHHARGRED &, i IRER ZE N T RS AR
FIHE T RGAT, fEIEIEAE ) MEE A 11 Lyapunov B
4, 158) Lyapunov & B 15 B0 2 i 25 38 25 %E M ORISR
HIPAMEOL T RS Hoo M BRI 755, Hat— KM
SRR IAT B 4 I 28 BT, 7 3L S A5 6 WIAS S ) 2%
Re g S R AT I R ER R,

Outputs

0 5 10 15 20 25 30

Time /s
3 ZHERAIT o(t) = 4sin(t) FR4HH R ER ihZk
Fig. 3 Trajectories of outputs when v(t) = 4sin(t)
150 =
-y
1001

Outputs
5 b
lr T

=50

0 5 10 15 20 25 30
Time /s

K 4 ZERBIH v(t) = 4tan(t) B4 HIRER 2

Fig.4 Trajectories of outputs when v(t) = 4 tan(t)
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