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1. INTRODUCTION

Fuzzy models [1] it generated widespread interest from engineers, mainly for renowned T-S systems
my actually approach great category for non linear models. Then, the T-S systems is its universal approximation
of a smooth non linear function by a family of IF and THEN non linear rules that represent the output/ input
relationships of the models [2]-[11].

The interest of the literature mentioned above the H, control design in the FF range. whereas, in such
cases, standard design methods of full frequency range can provide conservatism. Nevertheless, in an actual
application, the design characteristics are generally given in selector Frequency domains (see, [12]-[21]).

In this work, we develop new our method concerning FF design of nonlinears continuous systems. Us-
ing theadequate conditions are developed, ensuring that the closed loop system is stable. Numerical examples
are provides to prove the effectiveness of FF propose method. Notations :

e x : Form symmetry

e () > 0 : Form positive
sym(M) >0: M+ M*
1 : form Identity

diag{..} : Block diagonal form

2. T-SMODELS
Let’s the continuous model is given by

v or () (Ara(t) + Lyu(t) + Byo(t))
2?21 or(t)

Zf:l or(t)(Cra(t) + Eru(t) + Dyo(t))

) = > or()

y(t) =

(D
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with
Ar(t) = H Nis(ps(t))
j=1
and
Ar(t) -
Or = =23 0< N\ <1 and A =1 2
Z’l":l )\T (t) ;

and o = [0, ..., 0", the T-S system can be rewritten as follows:

z(t) = A(o)x(t) + L(o)u(t) + B(o)v(t)

y(t) = Clo)z(t) + E(o)u(t) + D(o)v(t) 3)
where
{A(0); B(0); L(0); B(0); C(0); E(0); D(0)} = Zpr(t){Ar; L.;B,;Cr; E.; D} 4)

3. PDC CONTROLLER SCHEME
The fuzzy control as follows:

u(t) =Y o Kaxt) (5)

then, we have the closed loop model:

y(t) = Ce(A)z(t) + D(A)v(t) (6)
with
Ac(o) = Ac(o) + L(0)K(0);  c(0) = Ce(0) + E(0)K(0) 7
problem formulation Given: the state feedback in the form of (5) such that:
Y ()Y (p)dp < 4° / V() V () dp (8)
HEV HEV

with A is given in Table 1.

Table 1. Different frequency ranges

- Low frequency Middle frequency Highfrequency

Vv Il < a1 < p < 2 lul > fin

b [ 8@ R } [ ~S(6)  R(o)+jfieS(o) } [ S@)  R(o)
R(o) @S R(0) — jfioS() —fafi2R R(o) —p35(0)

4. MAIN RESULTS
4.1. Useful lemma
Lemma 4..1 Tuan, H. D et al.[22] If the following conditions are met:

1 1
Q.r <0 1§r§n—19m+§[9m+§25r]<0; 1<r#s<n 9)
n_

and
n

Zzn:ATASQTS <0 (10)

r=1s=1

Lemma 4..2 El-Amrani, A. et al. [23]. Let T € R" ™ and M € R™*", so that the following
conditions are equivalent:
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L. MP*TME <0
2. AN e R T + sym[MN] <0
Lemma 4..3 Closed loop (6) is stable, if R(o) = R(0)* € H,, 0 < S = 5* € H,, such that
Ac(o) B(o) \ 1 ( Aclo) Blo) Cg (0)Ce(0) C(0)D(o)
( I 0 ) 1 ( i 0 ) + ( DT(0)Cu(o) DT(0)D(0)—~2r ) <0 D
with II is given of Table 1.
4.2. Finite frequency analysis
Theorem 4..4 The fuzzy model (6) is stable, if R(c) € H,, 0 < S € H,, 0 < W(o) € H,,
Z(o) € H,, H(o) € H,, such that
* sym[ (U) C(0 ]
V(o) Piz(o )+ Z(0)Ac ( ) (0') (U)B(U) 0
* * * —I
e Low frequency (LF) range:
U11(0) = -S(0) - Z(0) — Z*(0); Wia(0) = R(0): Was(o) = A7 S(o) (14)
e Middle frequency range (MF) range:
Uy, =—-5(0) = Z(o) — Z*(0); Vi3 =R(0o)+ jiioS(c); Was = —[i1fiS(0) (15)
e High frequency (HF) range:
Vii(0) =S(0) — Z(0) — Z%(0); Ti2(0) = R(0); Waz(o) = —[iS(0)
Proof 4.5 Let A(c), W(o) = W(o)* > 0 such that
Ao) 1" 0 W (o) Ac(o)
L Dt L 1
define: 0 W(o) (o)
o o
T:[W(a) 0 ]’N:[H(a)]’
M= [ —I A.(o) ]; Mt = { ACI(U) ] 17
let lemma 4.1., (16) and (17) are equivalent to:
0 w z [z :
Wi O(a) } + [ H(((cjr)) ] [ —I A/ o) ]—i—[ —I  A/o) } [ H((Z)) } <0 (18)
which is nothing but (12), let LF case :
) R(o) 0
T=| » #S+Ci(o)Ce(o) Ci(a)D(o) ;
* * —72I + D*(0)D(0)
A.(o) B(o)
M+ = I 0 |; M=][-I AJfo) B(o)];
0 1
N=[2Z©o)" H@" 0] (19)
we have
T + symNM) <0 (20)

using Lemma 4.1., we obtain (11).
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4.3. Finite frequency design

) Theorem 4..6 The fuzzy model (6) is stable, if R(c) € H,,,0 < S € H,, 0 < W (o) € H,, G(o),
Z (o) such that:

~Z*(0) = Z(0)  W(o)+ A(0)Z*(0) + B(0)G*(0) — BZ(0)

* symlB(A(0) 2" (0) + B0)G*(0))] | <" .
@11(0’) \?12(0) B(U) _ . 0 .
* * * —1
o |ul < ~ ~ ~ -
Vii(0) =—=S(0) — Z*(0) — Z(0);
Uas(0) = 17 S(0) + sym[B(A(0) Z*(0) + B(0)G*(0))];
Uy5(0) = R(0) — BZ(0) + A(0)Z* (o) + B(0)G*(0).
o in < < fig ~ _ ~ ~
Uii(0)=—-S5(0) — Z*(0) — Z(0);
Uyo(0) = —fiafi2S(0) + sym[B(A(0) Z* (o) + B(0)G*(0))];
U13(0) = R(0) + jioS(c) — BU(0) + A(0) Z*(0) + B(0)G* (o)
o |ul > fn - ~ - -
Ui1(0) =8S(0) — Z*(0) — Z(0);
U15(0) = R(0) — BZ(0) + A(0)Z*(0) + B(0)G*(0);
Uy (0) = =iz (o) + sym[B(A(0) Z* (o) + B(0)G*(0))]-
therefore : )
K(o) = (Z7(0)G(0))* (23)

Proof 4..7 First, for matrix variable H (o) in theorem 4.2., let H(0) = SZ(0), after that by replacing
(7) into (12) and (13), respectively, moreover, let,

Z(0) = Z!(0); Glo) = Z(0)K"; S(0) = Z7(0)S(0) 2" (0);

R(o) = Z"Y(0)R(0)Z " (0); W(o) = Z~ (o)W (0)Z~*(0)

Multiplying (12) by diag{Z~'(c), Z7(o)}, and (13) by diag{Z~'(c), Z7 (o), I, I}, we have
(12) and (13) are equivalent (21) and (22), respectively. Theorem 4..8 The fuzzy model (6) is stable. If
R, eH,,0<S5eH,,0<W,eH,, Z, G such that

U, <0, Tm<0: 1<r<n (24)
1 - 1 =~ ~
1\Ijrr+§[\l’re+qjsr]<oa 1§T7£5§n (25)
r—
1 - 1.~ -
—1TTT+§[TTS+TST] <0; 1<r#s<n (26)
r—
where _ _
\11117'5 \I/1~27's Br B 0
\i/ _ * \II22T5 /BB’I‘ FSC: + GSE: .
" * * —~2T D; ’
* * * —I
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- -7t —Zy W.+AZ! + B,.G: — BZ,

=1 7 symlB(A, Z; + B,G?)]
o lul <
\Ijllrs = *Ss - Z: - Zs;
\ijl2rs = Rr - ﬂZs + ArZr + Bera
‘i’22rs = ﬂlQS‘z + sym[ﬂ(ArZ: + B, GY)].
o1 < p < i N . _ _
\Illlrs = _Ss - Z: - Zs;
®12rs - Rr +.7;D’OSS - ﬂUS + ATZ:: + BTG;
\i}22rs = _ﬂlﬂQSS + sym[ﬁ(A’f’Z: + BTG:)]
o |yl > fin

\i’urs = Ss - Z; - Zs;
Uiors = Ry — BZ, + A, Z% + B,G;
Waops = =135 + sym[B(A. Z; + B.G?)].
The matrices gains are obtained by:
K,=(Z;'Gy)*, 1<s<n 27
Proof 4..9 by applying the Lemma 4.1., we have Theorem 4.3.
5.  SIMULATIONS

5.1. Example 1
Consider fuzzy system (3) with two rules [24]:

0 1 0o 1
A= { 17.2941 0 ] P Az = { 12.6305 0 }’

0 0.1
= "[ —0.1765 } =12 = {(11 }’

0
Eg_-[ _00779}, By = By =0.1;
Ci=Co=[1 1]; Di=Dy=0 (28)
and ) .
N. = :
2(21) (1+emx—nxy—g»x1+emx—nxl+g»%
Nl(xl) = 1—N2($1). (29)
let
2 2<t<3
v(t)={ 2 5<t<6 (30)
0 others

We propose in table 2 shows the values of  obtained in different frequency ranges. By Theorem 4.3., the
controller gains are given by:
e Low frequency (LF) range (with 8; = 0.0502 and v = 0.2507):

K =[1682205 229439 |; Ko =[ 353.5002 115.2592 | 31)
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e Middle frequency (MF) range (with 51 = 0.5025 and « = 0.8355):

K; =] 186.8988  36.1978 |; K, =[ 378.9459  109.7698 | (32)
e High frequency (HF) range (with 8; = 0.2478 and v = 0.5702):
K, = [ 203.4092  43.1392 ] ;o Ko = [ 356.0428 101.8833 ] 33)
Table 2. Obtained + by different domains
Frequency ranges methods ¥
EF (0 < p < o0) [16] Infeasible
EF (0 < p < o0) Theorem 4.3. (Sg = 0) 1.1789
LF (|u] <0.7) Theorem 2 in [16] 1.3598
LF (|| <£0.7) Theorem 4.3. 0.2507
MF(1<u<5) Corollary 1 in [16] 1.3010
MF(1<u<5) Theorem 4.3. 0.8355
HF (|u| >6) Corollary 2 in [16] -
HF (|p| >6) Theorem 4.3. 0.5702
MF (628 < pn < 6283) Corollary 1 in [16] 1.5786
MF ( 628 < 1 < 6283) Theorem 4.3. 0.9245
HF ( || > 6283) Corollary 2 in [16] -
HF ( |u] > 6283) Theorem 4.3. 0.2102
05 4
w |
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Figure 1. Trajectories of x;(¢), ¢ = 1,2, u(t) and y(¢) for LF |u| < 0.7 range, (a) state 1 (t), (b) state zo(¢),
(c) estimation controlled output y(t), (d) estimation controlled output u(t)
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5.2. Example 2
Let the fuzzy system (3) [25], where:
-1 —1.155 -1 —1.155
Al - |: 1 0 :| aAQ - |: 1 0 :| ’
1.4387 0.5613 1
L1—[ 0 };I@:{ 0 ];312322[0];
0 2 0 0
01202—[0 0};E1=E2—{2}; D1=D2={2} (34)
and
3
3 (t)
N- t)) =0.5— ;
2(z1(1)) 65
Ni(z1(t)) =1— No(z1(t)); 1(t)e (1.5 1.5) (35)
0.6 0.4
PDC Qur result PDGC Our result
— — —PDCin[16] — — —PDCin[16]
0.5 0.2p
|
o.ull 0 A T
i oo\ N4
n,aj 02 ,‘fl ~ ~/
02—% i -0.4 :‘.le‘
‘l\\ A A "I
L N N o]
o 5 10 15 o 5 10 15
Time (sec) Time (sec)
(a) (b)
14 140
1of 100
8 80
= 6 s 60
( |
41H sof)
241 B . 20 é B
NSNS\ ol L/ N
5 5 10 15 20 5 10 15
Time (sec) Time (sec)
(c) ()

Figure 2. Trajectories of x;(¢), ¢ = 1,2, u(t) and y(t) for MF 1 < |u| < 5 range, (a) state z (¢),
(b) state x5 (t), (c) estimation controlled output y(¢), (d) estimation controlled output u(t)
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Table 3. H, performance bounds v by different domains

Frequency ranges methods 0
0<u<oo [16] Infeasible
0<p<oo Theorem 4.3. (S5 = 0) 1.4517

|u] < 628 [16] 1.2215
[n] <628 Theorem 4.3. 0.7514
628 < p < 6283 [16] 1.025
628 < p <6283 Theorem 4.3. 0.5274

|| > 6283 [16] -
|| > 6283 Theorem 4.3. 0.3854

The FF case of u(t) is assumed to satisfy 100 Hz; [100 1000] Hz and 1000 Hz, i.e.,. || < 628 rad/s;
628 < p < 6283 rad/s; and |u| > 6283 rad/s, respectively for u(t) and § = 1.

6. CONCLUSION

We sent the FF state feedback design. To reduce the closed-loop system and establish less conservative
results, we have considered two practical examples has been provides to show the feasibility of tuning FF H,
fuzzy control design method.
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