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Relaxed Resilient Fuzzy Stabilization of Discrete-Time Takagi—Sugeno Systems
via a Higher Order Time-Variant Balanced Matrix Method

Xiangpeng Xie

Abstract—Resilient fuzzy stabilization is capable of providing much less
conservative results than conventional fuzzy stabilization while the alert
threshold condition should be always satisfied at each sampling instant. In
order to make the alert threshold condition more easily to be guaranteed,
the short paper employs the switching-type gain-scheduling control law
so that the real-time information, which is specific to the current sam-
pling instant, can be integrated into resilient fuzzy stabilization. More
importantly, a new kind of time-variant balanced matrix is introduced for
the first time for adjusting positive/negative terms of different monomials
in a more flexible way. As a result, the conservatism of resilient fuzzy
stabilization can be further reduced even if the alert threshold condition
becomes more difficult to be violated. Finally, the advantage of the developed
method is tested and validated via related comparisons on a benchmark
example.

Index Terms—Fuzzy control, gain-scheduling, nonlinear control,
resilient stabilization.

I. INTRODUCTION

N the past two decades, fuzzy control has been deeply investigated
I in order to deal with complex nonlinear systems, see recent results
reported in [1]-[5] and the literature therein. Takagi—Sugeno (T-S)
fuzzy systems [6] in especial have been applied to give exact expressions
of different nonlinear dynamics within a required range of validity [7].
Therefore, the T-S fuzzy-model-based control synthesis of nonlin-
ear systems can be studied by using the Lyapunov direct approach,
e.g., [8]-[12]. It is important to consider the problem of fuzzy sta-
bilization since it does play an important role in fuzzy control [13].
However, there still exist two main challenges for fuzzy stabilization
to be addressed although they have been pointed out in the review
paper [14] as follows: 1) how to alleviate the conservativeness of
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designing conditions via linear matrix inequalities (LMIs), and 2) how
to provide the more economical fuzzy controller at the expense of a
smaller implementation cost.

As far as the challenge 1) is concerned, the conservatism of the paral-
lel distributed compensation (PDC) scheme has been relaxed by various
techniques, such as the set theory [15], local stability [16], [17], tensor
product transformation [18], piecewise Lyapunov functions [19], [20],
and so on. Especially, another fuzzy control law, i.e., nonparallel dis-
tributed compensation (non-PDC), has been proposed in [21], and thus,
conventional fuzzy stabilization has got tremendous development [22].
Recently, much relaxed results have been obtained by means of in-
creasing the order of gain matrices, such as multiple-parameterization
method [23], multiple-steps method [24], homogeneous polynomials
method [25] inspired by [26], delayed nonquadratic method [27], multi-
instant homogenous polynomials method [28], [29], and multiple-sums
argument method [30]. Nevertheless, it must be said there exists a com-
promise between challenge 1) (about conservatism) and challenge 2)
(about complexity) of the conventional fuzzy stabilization, and thus, the
computational burden in the previous literature may become too heavy
to be implemented [31]. In other words, those two main challenges
mentioned in [ 14] still remain in this field and are difficult to be well ad-
dressed under the framework of conventional fuzzy stabilization. More
recently, the resilient fuzzy stabilization has been developed in [32] in
which much better results can be obtained over conventional fuzzy sta-
bilization. However, it should be noted that the rigorous alert threshold
condition of resilient fuzzy stabilization needs to be satisfied at each
sampling instant. Therefore, how to make the alert threshold condition
more easily to be guaranteed has become an interesting topic of this
direction.

In contrast to the recent result of [32], this short article aims at devel-
oping relaxed resilient fuzzy stabilization while the alert threshold con-
dition becomes more difficult to be violated. To do this, the switching-
type gain-scheduling control law is employed so that the real-time infor-
mation that is specific to the current sampling instant can be integrated
into the resilient fuzzy stabilization. More importantly, a new kind of
time-variant balanced matrix is introduced for the first time for adjusting
positive/negative terms of different monomials in a more flexible way.
Indeed, the obtained result can be much less conservative than the
recent result of [32] even if the alert threshold condition becomes more
difficult to be violated. Finally, the advantage of the developed method
will be tested and validated via related comparisons on a benchmark
example.

Notations: Throughout this short article, our applied notations are
the same as those cited literature, such as [31] and [32]. For instance,
Z . represents the set of positive integers. d! means the factorial of
any natural number d. He(U) = U + UT, where U represents one
appropriately dimensional matrix.
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II. PRELIMINARIES

A. Discrete-Time T-S Fuzzy System

The discrete-time T-S fuzzy system consists of a group of IF-THEN
rules [6]:

IF-THEN Rule I: IF ¢, (t) belongs to MY, -,
M ;,, then

sp(t) belongs to

z(t+1)=Az(t) + Bu(t), le{l,...,r} (1)

where x(t) € R™* represents plant’s state vector, u(t) € R™2 repre-
sents plant’s input vector, and <(t) = (c1(¢),...,<,(t))T represents
the plant’s fuzzy premise variable vector. We have ny,no € Z .

Using the sector nonlinearity method [6], the overall T-S fuzzy
system for (1) is represented as

- Yot

= Ag(t)x(t) —+ B§<t)u(t) 2)

) (A1 + Buu(t))

where h; (¢ (t)) represents the [th current-time normalized fuzzy weight-
ing function (NFWF) satisfying the convex properties: h;(s(t)) >
0 and S b)) =1 and Ay =0, hu(s(t)A and
By = 2= lu(s(8) Br.

B. Homogeneous Matrix Polynomials

A number of needful preliminaries about homogeneous matrix poly-
nomials given in the literature [26], [28] are reviewed here.

For k; € Zy,5€{1,...,r}, k=kiky---k, represents the r-
tuple, /C(s) represents a group of r-tuples consist of all
possible k = kiky---k, such that E§:1 kj=s and s€Z,.
ha(s(t))*t - h,.(s(t))*r represents the monomial and matrix Uy

represents the matrix-valued coefficient. Furthermore, 7 (k) repre-
sents m(k) = [[;_,(k;!) and x; represents 0--- 1 ---0. Give
j—th
two r-tuples k and k', we write k — k' > 0 if k; — k; > 0 for all
j € {1,...,r}. The operations of summation (k + k') and subtraction
(k — k') are both operated componentwise.
In order to save some space, the following simplifications are em-

ployed with Vk € K(d),d € Z:

{ 1(t) = hu(s(8)), h(t) = (hl,.--h) 3)
h(t)* =TTy (Ra(®)*1) , ha(t — 1) = hu(s(t = 1)).

Some illustrations are given here. For r =3, k= kikxks =
211 € K(4), k¥ = K\ kbkly, = 101 € K(3), and hy(t) = 0.3, ha(t) =
0.2,h3(t) = 0.5, we get h(t)F =0.32 x0.2! x 0.5" = 0.009,
k+k =211+ 101 = 312, k—k =211-101 = 110, and
k —x3 =211 —001 = 210.

Next, the section is concluded with the following Lemma and prop-
erty about homogeneous matrix polynomials.

Lemma 1 (See [33]): For ( € R™ =€ R™M*™1 § ¢ R"27"1,
rank(.S) < n1, one has

¢TZE¢ < 0V¢ #0, suchthat S¢C=0

if and only if 3Q € R™1*"2 satisfying that = + He(QS) < 0.

Property 1: For an integer d € Z ., a scalar «, and matrices X"
and V™ fork € K(d — 1),m,j € {1,...,r} and j # m, we get two
equalities as follows:

ho) = > b | D> {h®)FX}
(jqjl;;}[”) kek(d—1)
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= > > ep
k"eK(d) (lc(l ..... 1‘})
k”*xz>0
ST ST {rwtviy
(Pl kek(d-1)
JFEm
= h(t)k” Z :Z'L'l
k"ek(d) (Le{l ..... 7‘})
k”*XL>0
where
oml — Xpi_yp forl =
k —aXp , forl 75 m
=ml Zje{l AAAAA rhiEm V;:/rrlle, forl =m
—k kaWfX’, for I # m.

C. Alert Threshold Condition of Resilient Fuzzy Stabilization

In [32], the alert threshold condition of resilient fuzzy stabilization
is expressed as a reasonable assumption, which will be encountered in
the following stability analysis.

Assumption 1 (See [32]): For the underlying fuzzy system of (2),
there must exist a scalar A € (0, 1) such that the alert threshold condi-
tion is satisfied for all the sampling instants

(1) (Po(t = 1) () )
aT(t) (P(t) " a(t)

where two Lyapunov matrices are given as Ps(t — 1) =
2 wer(s) 1h(t = 1)¥ Py} and Py(t) = Zk,e,qS){h(t)k/Pkr}, respec-
tively. Py € R™">*"1 s € Z 4.

Remark 1: The difference between xT (¢)(Ps(t — 1)) 1z(t) and
T (t)(Ps(t)) *a(t) is caused by Ah(t) = h(t) — h(t — 1). The alert
threshold condition (4) may be violated for some large initial states
with bigger values of “A,” especially for initial conditions far from the
origin, and this indicates the necessity of a local analysis condition in
Section IV. Similar to the general context where resilience in control
systems regards keeping an acceptable level of performance when the
system is subject to the uncertainty, the main feature of our resilient
fuzzy stabilization is that the closed-loop system can remain asymptot-
ically stable against the uncertain Ah(t). Here, we define a real-time
a2 () (Ps(t-1)) '=(t)

2 T(#) (Ps (1) 12 (t)
previous assumption A(t) > A holds in true at each sampling instant.
It should be noted that the inequality (4) becomes much easy to be
satisfied if A is chosen as a small scalar, such as A = 0.25,0.3, and
so on. Therefore, this short article aims at developing much relaxed
resilient fuzzy stabilization while the alert threshold condition becomes
more difficult to be violated than the existing one of [32].

function A(t) = and it is easy to check whether the

III. MAIN RESULTS

In this short article, the switching-type gain-scheduling control law
is proposed while its working modes is denoted by m=+ with m €

{1,...,7}s

u(t) = ZIE(t) (GE(t) (1) )
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where we have

zZpEt)y = > {h)*Fzrty}

kek(g)

Gy = Y {rwrar}.
kek(g)

And g€ Z,, (Z7* e Rm2*m1 G € R ™) belong to a
pair of gain matrices to be determined. For the working modes
m+, we have h,,(t) =max{h;(t),l € {1,...,r}} and h,,(t) >
O ety jem i(H)} with o> 1. For the working modes
m—, we have h,,(t) = max{h;(t),l € {1,...,r}} and h,,(¢) <
@ Z]‘eu,m,r},]‘#m hj(t)} with o > 1.

Theorem 1: For two prescribed scalars 0 < A < 1 and a > 1, and
two prescribed integers g, s € Z ., the underlying fuzzy system of
(2) is thought to be asymptotically stable under the control of the
switching-type gain-scheduling control law (5), if there exist sym-
metric matrices Py € R"*"1 (K € K(s)), gain matrices Z;"* €
Rr2xm Gt e R*1*™ (k€ K(g), and positive definite balanced
matrices X" € R?"1*2"1 and negative definite balanced matrices
Y,m e R2m>2™ with m € {1,...,r}, k € K(d — 1); positive defi-
nite balanced matrices V" € R?"1*?"1 with m, j € {1,...,r} and
j # m, k € K(d — 1); satisfying that the following LMIs of (6) can be
ensured together:

Tt <0 VE' € K(d) (6)
where we define d = max{g + 1, s}, and Y};* is given as follow:

lF) ’ *
mt k
L VR T L |

K ek (s),k" >k

Z wj —He (G;cni) *
L A]-GL”i + BJ-Z]Ti 0

(kCK:(g)ij(l,...,r))

k”—k—szo
+1
+ Y
le{1,..., r}
( k'—x;>0 )
— _(d=s)! Jj o _ _(d—g-1)!
Pr'E!" = (K=K wk/k” = r(k”fkij)

Xpi_y,, for mode m+, and [ =m

—aXyi_,,, for mode m+, and I #m

>

Je{l,...rhiFEm

Vi

m
Yk//*Xl + k'—xg;

for mode m—, and [l =m

FZ”FZ ={" OLY’CW*XZ — VkaXl, for mode m—, and [ # m.
Proof: The applied Lyapunov function candidate of this short article

is chosen as

V(@ (t),s(t = 1) = " (8) (Pt — 1)) M a(t)

3 {h(t - 1)’€’Pk,}

k'eK(s)

-1

x(t).
@)

At the current sampling instant, if Assumption 1 holds in true
(—2T () P.(t — 1) ta(t) < —2T(#)(AP.(t)"})x(t)), then the for-
ward difference of the applied Lyapunov function candidate (7) is
obtained

AV (x(t),s(t = 1)) = V(z(t + 1)) = V(2(t),s(t = 1))

—a"(t)

IEEE TRANSACTIONS ON FUZZY SYSTEMS, VOL. 30, NO. 11, NOVEMBER 2022

= ¢t t+1)T (’PS(tO* D PS((t))*) Cltt+1)

A Ps(2)71> C(tt+1) 8)

§<(t7t+1)T( 0

where ((t,t+ 1) = (z(f(_it_)l) ), Py(t) = Zk'ezc(s){h(t)k’Pk’}~
Recalling (2) and (5), it is easy to obtain
(Acoy + B Zy=(0) (Gp=(0) " ~1)Ctt+1)=0. ()

Using Lemma 1 to (8)—(9), AV (z(t),s(t — 1)) < 0 can be guaran-
teed if there exists one matrix @ € R2"1*"1 such that

He (Q (Acu) + By ZI" (t) (G;’Li(t))*l I))

+ (_APSO(t)fl Ps(g)*l) <0

where QQ = ( P, (2)71 ) for this article.

(10)

Pre- and postmultiplying the abovementioned inequality (10)

. Gyt(t) 0
w1th( 0 Pu(t)

anteeing (10) is obtained by considering +P;(t) — He(G*(t)) >
—(GgEE)T (P ()G (1):

1+ P,(t) — He(G7*(t)) *
(Aqt)GZ”i(t) + BoyZg (t) —Ps(t)) <0

T
) and its transpose, an inequality for guar-

Y

Further, all the possible modes m+ can be divided into two cate-
gories, i.e., the possible modes m+ and the other possible modes m—.
When one of the possible modes m-+ is enabled, we get

h(t) = > hi®) | > h®FXP =0 (12
(j(l ,,,,, r}) kekK(d-1)
JEm
where it implies that Left(12) > 0 for m+-.
When one of the possible modes m— is enabled, we get
ht) = > b)) | > h®FY =0 (13)
(ﬂl ,,,,, r}) kek(d—1)
jEM
Do @ =hi) Yo ROFVY L >0 (14)

(j<;%..,7-}) kek(d-1)
JjEmM
where it implies that Left(13) + Left(14) > 0 for m—.
Combining (12)—(14), the inequality (11) is guaranteed by the fol-
lowing inequality:
Left(11) + I'™* < 0 (15)

. Left(12) > 0 for m+
m+ __ - Y%

while 17 = {Left(l?)) + Left(14) > 0, for m — .

Moreover, we also have

lPk/ *
Left(11) = Z e | 20" _p gt
Kek(s),k" >k k

>

(kEK(g),jE{l,...,r))
KM —k—x ;=0

d)j —He (G;cni) *
MECLA;GEE 4 By Z 0

where @y and 97, , are given in (6).
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Thus, an important equality is acquired by using Property 1

>

Kk (d)

Left(15) = {ney e} (16)

where TZ}, is given in (6).

Therefore, Left(15) < Ois fulfilled by Y}," < OVK” € K(d), m €
{1,...,r}. That is to say, the considered system of (2) with the gain-
scheduling control law (5) becomes asymptotically stable if all the LMIs
of (6) are guaranteed. |

Remark 2: 1f the switching-type gain-scheduling control law (5) de-
generates into the nonsw1tch1ng control law (i.e., Z; I+ = =2, ==
Zit =277 adGlt =G = =Gt = GT ) and the key term

Z (lg{l ,,,,, ,,~}) Iy *is removed from T;’},i, then the proposed condition
K"=x120

of (6) is reduced to the main result given in [32] as a special case. In other
words, the proposed strategy reduces the conservativeness of the alert
threshold condition of [32]. Furthermore, the inequalities in (6) can be
numerically solved considering the dependence on the modes “m=+.”
For example, if we have r = 3 and d = 2, then (6) produces the follow—
ing inequalities: T,lj T}C; Tiﬁ Ti; Ti;r

and Yi; < 0, with k" € IC( )= {200 020,002, 110, 101,011} re-
spectively.

Remark 3: Two prescribed scalars o > 1 and 0 < A < 1 are both
important for the conservative level of our obtained fuzzy stabilization
criterion (6). A systematic methodology to select these parameters of
“a” and “A” are given as follows: As for o, we test a finite number
of alternative values, such as « € {1,1.5,2,2.5,3,4}, and then, the
variation trend of the conservative level along different v can be
obtained so that the best value of o can be chosen in accordance with
this variation trend. As for A, although less conservative results can
be obtained with the bigger values of A, it should be pointed out that
there is a tradeoff between the region of attraction of the closed-loop
equilibrium (where Assumption 1 is always guaranteed) and the value
of A. Therefore, it is reasonable to choose the value of A as small
as possible while all the involved LMIs of (6) must be feasible as a
prerequisite. Moreover, the selection rules of a and A will be shown in
Section IV for details.

IV. NUMERICAL SIMULATION

Example: Recalling the benchmark example that is given in [21]

{ a1 (t+ 1) = 21 (t) — 21 ()22(t) + (5 + z1(8))u(?)
ot + 1) = —x1(t) — 0.522(t) + 2x1 (t)u(t).

Borrowed from [21], two NFWFs are given by: hi(s(t)) =
Mill(xl(t)) = (bmax + xl(t))/Qbmax and h2(§(t)) = M%(xl(t)) =
(bmax — 21(t))/2bmax, respectively. It should be noted that the con-
servative level of different methods can be compared with their corre-
sponding by, . in this case study. The investigated plant is modeled by
the T-S fuzzy system (2) with a set of parameter matrices

A7)

_ 1 _bmax _ 5 + bmax _ 1 bmax
A= {71 -0.5 } B = [ 2bmax } A= [—1 70.5}’
5_bmax
Ba=1 o

First, choosing the same pair of degrees for gain matrices as those
given in [31] and [32] (i.e., g = 2 and s = 2 for Theorem 1), the
obtained byayx of Theorem 1 for different o € {1.5,2,2.5,3,4} and
different A € {0.2,0.3,0.4,0.5,0.6} have been given in Table I. From
each line of Table I, we can find that there exists a wave crest in the
variation trend of b,,.« When « is fixed, and thus, the best value of
« for this case study can be chosen as o = 2 for A € {0.2,0.3,0.4}
or = 2.5 for A € {0.5,0.6}. From each column of Table I, we can
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TABLE I
OBTAINED by ax OF THEOREM 1 FOR DIFFERENT « € {1.5,2,2.5,3,4} AND
DIFFERENT A € {0.2,0.3,0.4,0.5,0.6}

Ma 1.5 2 2.5 3 4

02 1889 1.896 1.886 1.880 1.873

03 2243 2293 2273 2257 2237

04 2643 2729 2750 2714 2.662

0.5 2902 2959 2987 2953 2914

0.6 3.002 3.046 3.070 3.061 3.015
TABLE I

COMPARISONS OF by, 45 OF [32] AND THEOREM 1 FOR DIFFERENT
2 €{0.2,0.3,0.4,0.5,0.6} AScx = 2

A 0.2 0.3 0.4 0.5 0.6

[32] 1.377 1.692 1968 2.180 2.366

Ours 1.896 2293 2729 2959 3.046
increase rate  37.7% 35.5% 38.7% 35.7% 28.7%

3.2 T T

3 = = result of [32]

26

1.830 —=

1.
0.2 0.25 0.3 0.55 0.6

Fig. 1. Variation trend of by,ax along different A for [32] (blue dotted line)
and ours (dark blue solid line) while by, = 1.830 is the limit value obtained
by conventional fuzzy stabilization of [31].

find that a bigger A does produce a bigger b,,,.. However, a bigger A
also means that the violation of Assumption 1 is much easier and this
is not what we expected. Therefore, it is much reasonable to choose
the smaller A while the corresponding conservative level b, should
also be satisfactory. For this case study, we obtain b,,., = 1.896 even
if A is chosen as the smallest value 0.2, and this means the violation of
Assumption 1 is very difficult. Recalling the fact that all the methods
given in [29]-[31] fail to give any feasible solution as b, > 1.830, it
can be said that resilient fuzzy stabilization of this study has proposed an
alternative for obtaining significantly increased value of b, than those
of existing conventional fuzzy stabilization results, e.g., [29]-[31].
Second, the result of this short article is compared with the recent re-
sult given in [32]. In order to give comprehensive and fair comparisons,
the conservative level (characterized by by, ) is considered in this case
study, i.e., the comparisons of b, of [32] and Theorem 1 for different
2 €{0.2,0.3,0.4,0.5,0.6} as &« = 2 have been given in Table II. Seen
from each column of Table II, we can find that the obtained by, of ours
is evidently bigger than the obtained b, of [32] since the increase rates
have also been given in Table II. For visual display, these results have
also been displayed in Fig. 1. From Fig. 1, the dark blue solid line (ours)
is always beyond the red line b,,,, = 1.830 (which is the limit value
obtained by conventional fuzzy stabilization of [31]) as & > 0.2, and the
blue dotted line (result of [32]) is beyond the red line b, = 1.830 only
as A > 0.35. Moreover, the dark blue solid line (ours) is always beyond
the blue dotted line (result of [32]). In other words, the conservatism
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TABLE III
COMPARISONS OF COMPUTATIONAL BURDEN BETWEEN [32] AND THEOREM 1

Methods NL ND loglo (N%NL)
[32] 20 36 5.9699
Ours 136 261 9.3835

of resilient fuzzy stabilization has been further reduced even if the
alert threshold condition becomes more difficult to be violated than the
recent result of [32]. Based on the previous comparisons, it is evident
that the proposed method is able to provide less conservative results than
other related works. However, it comes at the price of introducing slack
variables, thus increasing the computational burden. In this sense, we
have indicated the number of decision variables N, the number of LMI
rows Ny, and the well-known indicator of log; (N3 Nz,) in Table III,
respectively. Third, if we set b, = 3.046, we notice from Table II
that all the results given in [32] cannot provide any feasible solution
for this case study. In this case, using Theorem 1 of this short article
with g = s =2, A = 0.6, and o = 2, four groups of gain matrices
(GP*, Zm+, m € {1,2}, k € {20,11,02}) are obtained by solving
all the LMISs of (6).

First working mode: m+ = 1+

i+ _ [10-2208 12.9013
207 | 8.9267 12.0409

Gi+ _ [~15.0711 —29.4820
1 6.0751  12.1188
G [17.7364 1.1546
02 7 | —3.2048 0.4516
Zys = [1.5048 2.6519 |
Zy = [-1.1047 1.7179]
Zoy = [—2.4684 —1.0393] .

Second working mode: m+ = 1—

o1 _ [10.4620 15.8736
207 | 8.3146 14.8648

ol [ —14.4313 —29.7409
BT 44133 16.4477

G- [ 20.2380 —1.5014
027 | —5.3768 4.6443

Zyy = [1.0956 3.2156 |
[

Zi7 = [—1.3807 1.7824 |
Zyy = [—2.6491 —1.4283] .
Third working mode: m=+ = 2+

G+ _ [13.8683 —7.0794
207 115.8029 7.8112
e+ _ [ 244892 ~18.3350
T 72233 8.8727

G+ _ [ 22:9239 2.2772
02 = | _9.4237 3.6844

Z35 = [1.8085 2.4555 |

IEEE TRANSACTIONS ON FUZZY SYSTEMS, VOL. 30, NO. 11, NOVEMBER 2022

——case 1
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Fig. 2. Responses of x1 (¢) for cases 1-6.

Z3 = [—1.3696 1.0875 |
Z5 = [-2.9534 —0.7140] .

Fourth working mode: m+ = 2—

G2 [14:4285 18.3558
207 | 75940 17.0272

a2 [ —16.9036 —32.5383
1 23765 16.4926
G [21.5168 4.2335
02 7 | —7.5482 3.2641
Z35 = [0.4269 3.1817]
Z3 = [—1.4833 1.2145 |
Z5, = [—2.4049 —2.5051] .

Furthermore, the obtained three Lyapunov matrices Psq, P11, and
P9 are given as follows:
P — [10.9700 12.4465
207 1124465 14.1220

P _ [ —23.9447 ~14.9452
1T —14.9452 13.5919

P [20.3941 0.3871
9271 0.3871 0.0092 |

Without loss of generality, the following six different initial con-
ditions of the underlying plant are considered in the same place with

Case 1: xQ(O) =1.0;

Case 2: x2(0) = 2.0;

Case 3: x2(0) = 3.0;

Case 4: 25(0) = 4.0;

Case 5: x2(0) = 5.0;

Case 6: x2(0) = 6.0.

With the gain-scheduling control law (5), the response curves of
21 (), o (t), and A(t) = ZARLLID 2D with six different initial

t)) ta(t)
conditions are displayed in Flgs ZJf respectively. It can be found from

Figs. 2 and 3 that all the obtained x; (¢) and z2 (¢) remain asymptotically
stable. More importantly, all the obtained y(t) are beyond the red line of
A = 0.6 in Fig. 4 (i.e., the establishment of the underlying Assumption
1 has always been guaranteed in the whole process of real-time control).
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Fig. 5. Stability regions for [32] (e) and Theorem 1 ().

Further, for b,,.x = 2.0 and g = s = 2, the smallest A obtained
by the method of [32] is A = 0.42 and the smallest A obtained by
Theorem 1 is A = 0.23. Fig. 5 gives the set of initial conditions leading
to asymptotically stable responses while —by,ax < #1(t) < bypax and
A(t) > X are both guaranteed at all sampling instants. It can be noticed
that the stability region for Theorem 1 () encompasses the stability
region for [32] (e).

Finally, with the purpose of testing the generality of our proposed
solution, it should be executed on other T-S fuzzy alternatives for the
same nonlinear plant. Here, we employ the sum normalization non-
negativeness (SNNN)-type antecedents and the powerful tensor product
model transformation given in [18] and [34]-[36] in order to produce
different fuzzy rules of the same nonlinear plant (17) with by, =
3.046.

With the help of the TP MATLAB toolbox [37], the underlying
nonlinear plant (17) with b,,,,,. = 3.046 is converted to the fuzzy model
in terms of (2) with two SNNN-type antecedent NFWFs, as shown in

5049
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Fig. 7. Responses of z1(t), z2(t), and A(t).

Fig. 6, and its new SNNN-type parameter matrices are produced as
follows:

ASNNN _ [ 1.0000 —15.7325
v 7 | =1.0000 —0.5000
BSNNN _ [20.7325
L 7| 31.4650
s _ [ 1.0000  3.0460
2 7 | ~1.0000 —0.5000
BSNNN _ [ 1.9540
? | —6.0920 | °

Then, applying the gain-scheduling control law (5) [whose four
groups of gain matrices are obtained by solving all the LMIs of (6)
with the above SNNN-type parameter matrices] to the fuzzy model
in terms of (2) with two SNNN-type antecedent NFWFs the response
curves of x4 (t), z2(t), and A(t) are displayed in Fig. 7 while the initial
conditions are chosen as 1 (0) = x2(0) = byax. It can be found from
Fig. 7 that all the obtained x; (t) and x(t) are asymptotically stable.
What is more, the obtained 1(t) is also beyond the red line of A = 0.6
in Fig. 7 (i.e., the establishment of the underlying Assumption 1 has
always been guaranteed in the whole process of real-time control).
Therefore, the generality of our proposed solution behaves well in this
case study.

V. CONCLUSION

In order to make the alert threshold condition of resilient fuzzy sta-
bilization more easily to be guaranteed, this short article has employed
the switching-type gain-scheduling control law so that the real-time
information, which is specific to the current sampling instant, can
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be integrated into resilient fuzzy stabilization. Furthermore, a new
kind of time-variant balanced matrix has been introduced for adjusting
positive/negative terms of different monomials in a more flexible way.
Therefore, the conservatism of resilient fuzzy stabilization can be fur-
ther reduced even if the alert threshold condition becomes more difficult

tob

e violated than the recent result of [32]. Finally, the advantage of the

developed method has been tested and validated viarelated comparisons
on the benchmark example. In the future research, the topic of proposing
much more relaxed stabilization criterion for T-S fuzzy systems with
malicious attacks (i.e., the information of z(¢) may be tampered or even

lost

at some sampling instants) belongs to one challenging but valuable

problem.

(1]

(2]

[3]

(4]

[3]

(6]

(7]

(8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

REFERENCES

S. Fu, J. Qiu, L. Chen, and M. Chadli, “Adaptive fuzzy observer-
based fault estimation for a class of nonlinear stochastic hybrid sys-
tems,” IEEE Trans. Fuzzy Syst., vol. 30, no. 1, pp. 39-51, Jan. 2022,
doi: 10.1109/TFUZZ.2020.3031033.

Y. Li, Y. Liu, and S. Tong, “Observer-based neuro-adaptive optimized con-
trol for a class of strict-feedback nonlinear systems with state constraints,”
IEEE Trans. Neural Netw. Learn. Syst., early access, Jan. 26, 2021,
doi: 10.1109/TNNLS.2021.3051030.

J. Sun, H. Zhang, Y. Wang, and S. Sun, “Fault-tolerant control
for stochastic switched IT2 fuzzy uncertain time-delayed nonlin-
ear systems,” IEEE Trans. Cybern., early access, Jun. 16, 2020,
doi: 10.1109/TCYB.2020.2997348.

H. Wang, W. Bai, X. Zhao, and P. X. Liu, “Finite-time prescribed
performance-based adaptive fuzzy control for strict-feedback nonlinear
systems with dynamic uncertainty and actuator faults,” IEEE Trans. Cy-
bern., early access, Jan. 15, 2021, doi: 10.1109/TCYB.2020.3046316.

H. Zhang, Y. Liu, J. Dai, and Y. Wang, “Command filter based adap-
tive fuzzy finite-time control for a class of uncertain nonlinear systems
with hysteresis,” IEEE Trans. Fuzzy Syst., vol. 29, no. 9, pp. 2553-2564,
Sep. 2021, doi: 10.1109/TFUZZ.2020.3003499.

T. Takagi and M. Sugeno, “Fuzzy identification of systems and its applica-
tions to modeling and control,” IEEE Trans. Syst., Man, Cybern., vol. 15,
no. 1, pp. 116-132, Jan./Feb. 1985.

H. Li, Y. Gao, P. Shi, and H. K. Lam, “Observer-based fault detection for
nonlinear systems with sensor fault and limited communication capacity,”
IEEE Trans. Autom. Control, vol. 61, no. 9, pp. 2745-2751, Sep. 2016.
F. Li, P. Shi, C.-C. Lim, and L. Wu, “Fault detection filtering for nonho-
mogeneous Markovian jump systems via a fuzzy approach,” IEEE Trans.
Fuzzy Syst., vol. 26, no. 1, pp. 131-141, Feb. 2018.

S. Tong, M. Xiao, and Y. Li, “Observer-based adaptive fuzzy tracking
control for strict-feedback nonlinear systems with unknown control gain
functions,” IEEE Trans. Cybern., vol. 50, n0. 9, pp. 3903-3913, Sep. 2020.
G. Li, C. Peng, X. Xie, and S. Xie, “On stability and stabilization of
T-S fuzzy systems with time-varying delays via quadratic fuzzy Lya-
punov matrix,” IEEE Trans. Fuzzy Syst., early access, Nov. 15, 2021,
doi: 10.1109/TFUZZ.2021.3128062.

Y.-J. Liu, W. Zhao, L. Liu, D. Li, S. Tong, and C. L. P. Chen, “Adaptive
neural network control for a class of nonlinear systems with function
constraints on states,” I[EEE Trans. Neural Netw. Learn. Syst., early access,
Sep. 14, 2021, doi: 10.1109/TNNLS.2021.3107600.

Y. Pan, Q. Li, H. Liang, and H.-K. Lam, “A novel mixed control
approach for fuzzy systems via membership functions online learn-
ing policy,” IEEE Trans. Fuzzy Syst., early access, Nov. 24, 2021,
doi: 10.1109/TFUZZ.2021.3130201.

T. Zhao, M. Huang, and S. Dian, “Robust stability and stabilization
conditions for nonlinear networked control systems with network-induced
delay via T-S fuzzy model,” IEEE Trans. Fuzzy Syst., vol. 29, no. 3,
pp. 486-499, Mar. 2021.

R.-E. Precup and H. Hellendoorn, “A survey on industrial applications of
fuzzy control,” Comput. Ind., vol. 62, pp. 213-226, 2011.

J. X. Dong, G.-H. Yang, and H. Zhang, “Stability analysis of T-S fuzzy
control systems by using set theory,” IEEE Trans. Fuzzy Syst., vol. 23,
no. 4, pp. 827-841, Aug. 2015.

D. H. Lee and Y. H. Joo, “On the generalized local stability and local
stabilization conditions for discrete-time Takagi—Sugeno fuzzy systems,”
1IEEE Trans. Fuzzy Syst., vol. 22, no. 6, pp. 1654—-1668, Dec. 2014.

IEEE TRANSACTIONS ON FUZZY SYSTEMS, VOL. 30, NO. 11, NOVEMBER 2022

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

L.-K. Wang, J. Liu, and H.-K. Lam, “Further study on stabilization
for continuous-time Takagi—Sugeno fuzzy systems with time delay,”
IEEE Trans. Cybern., vol. 51, no. 11, pp.5637-5643, Nov. 2021,
doi: 10.1109/TCYB.2020.2973276.

P. Baranyi, “The generalized TP model transformation for T-S fuzzy model
manipulation and generalized stability verification,” IEEE Trans. Fuzzy
Syst., vol. 22, no. 4, pp. 934-948, Aug. 2014.

J. Qiu, W. Ji, and M. Chadli, “A novel fuzzy output feedback dynamic
sliding mode controller design for two-dimensional nonlinear systems,”
IEEE Trans. Fuzzy Syst., vol. 29, no. 10, pp. 2869-2877, Oct. 2021.

V. C. Campos, F. O. Souza, L. A. Torres, and R. M. Palhares, “New
stability conditions based on piecewise fuzzy Lyapunov functions and
tensor product transformations,” JEEE Trans. Fuzzy Syst., vol. 21, no. 4,
pp. 748-760, Aug. 2013.

T. M. Guerra and L. Vermeiren, “LMI-based relaxed nonquadratic stabi-
lization conditions for nonlinear systems in the Takagi—Sugeno’s form,”
Automatica, vol. 40, no. 5, pp. 823-829, 2004.

B. C. Ding, “Stabilization of Takagi—Sugeno model via nonparallel dis-
tributed compensation law,” IEEE Trans. Fuzzy Syst., vol. 18, no. 1,
pp. 188-194, Feb. 2010.

D. H. Lee, J. B. Park, and Y. H. Joo, “Improvement on nonquadratic
stabilization of discrete-time Takagi—Sugeno fuzzy systems: Multiple-
parameterization approach,” IEEE Trans. Fuzzy Syst., vol. 18, no. 2,
pp. 425429, Apr. 2010.

D.H.Lee,J.B. Park, and Y. H. Joo, “Approaches to extended non-quadratic
stability and stabilization conditions for discrete-time Takagi—Sugeno
fuzzy systems,” Automatica, vol. 47, no. 3, pp. 534-538, 2011.

B. C. Ding, “Homogeneous polynomially nonquadratic stabilization of
discrete-time Takagi—Sugeno systems via nonparallel distributed com-
pensation law,” IEEE Trans. Fuzzy Syst., vol. 18, no. 5, pp. 994-1000,
Oct. 2010.

R. C. L. F. Oliveira and P. L. D. Peres, “Parameter-dependent LMIs in ro-
bust analysis: Characterization of homogeneous polynomially parameter-
dependent solutions via LMI relaxations,” IEEE Trans. Autom. Control,
vol. 52, no. 7, pp. 13341340, Jul. 2007.

Z. Lendek, T. M. Guerra, and J. Lauber, “Controller design for TS models
using delayed nonquadratic Lyapunov functions,” IEEE Trans. Cybern.,
vol. 45, no. 3, pp. 453-464, Mar. 2015.

X. Xie, D. Yue, H. Zhang, and Y. Xue, “Control synthesis of discrete-time
T-S fuzzy systems via a multi-instant homogenous polynomial approach,”
IEEE Trans. Cybern., vol. 46, no. 3, pp. 630-640, Mar. 2016.

X. Xie, D. Yue, and C. Peng, “Relaxed real-time scheduling stabilization of
discrete-time Takagi—Sugeno fuzzy systems via a alterable-weights-based
ranking switching mechanism,” IEEE Trans. Fuzzy Syst., vol. 26, no. 6,
pp. 3808-3819, Dec. 2018.

P. H. S. Coutinho, J. Lauber, M. Bernal, and R. M. Palhares, “Efficient
LMI conditions for enhanced stabilization of discrete-time Takagi—Sugeno
models via delayed nonquadratic Lyapunov functions,” IEEE Trans. Fuzzy
Syst., vol. 27, no. 9, pp. 1833-1843, Sep. 2019.

X. Xie, C. Bu, and C. Peng, “Multi-instant gain-scheduling stabilization
of discrete-time Takagi—Sugeno fuzzy systems based on a time-variant
balanced matrix approach,” IEEE Trans. Fuzzy Syst., early access, Jun.
14, 2021, doi: 10.1109/TFUZZ.2021.3089047.

X. Xie, J. Lu, and D. Yue, “Resilient stabilization of discrete-time Takagi—
Sugeno fuzzy systems: Dynamic trade-off between conservatism and
complexity,” Inf. Sci., vol. 582, pp. 181-197, 2022.

R.E. Skelton, T. Iwasaki, and K. Grigoriadis, A Unified Approach to Linear
Control Design. London, U.K.: Taylor & Francis, 1998.

A. Szollosi and P. Baranyi, “Influence of the tensor product model repre-
sentation of QLPV models on the feasibility of linear matrix inequality,”
Asian J. Control, vol. 18, no. 4, pp. 1328-1342, 2016.

A. Szollosi and P. Baranyi, “Improved control performance of the 3-DoF
aeroelastic wing section: A TP model based 2D parametric control per-
formance optimization,” Asian J. Control, vol. 19, no. 2, pp. 450-466,
2017.

A. Szollosi and P. Baranyi, “Influence of the tensor product model rep-
resentation of QLPV models on the feasibility of linear matrix inequality
based stability analysis,” Asian J. Control, vol. 20, no. 1, pp. 531-547,
2018.

P. Baranyi, TP-Model Transformation-Based-Control Design Frame-
works. Cham, Switzerland: Springer, 2016.

Authorized licensed use limited to: NANJING NORMAL UNIVERSITY. Downloaded on July 27,2023 at 11:56:54 UTC from IEEE Xplore. Restrictions apply.


https://dx.doi.org/10.1109/TFUZZ.2020.3031033
https://dx.doi.org/10.1109/TNNLS.2021.3051030
https://dx.doi.org/10.1109/TCYB.2020.2997348
https://dx.doi.org/10.1109/TCYB.2020.3046316
https://dx.doi.org/10.1109/TFUZZ.2020.3003499
https://dx.doi.org/10.1109/TFUZZ.2021.3128062
https://dx.doi.org/10.1109/TNNLS.2021.3107600
https://dx.doi.org/10.1109/TFUZZ.2021.3130201
https://dx.doi.org/10.1109/TCYB.2020.2973276
https://dx.doi.org/10.1109/TFUZZ.2021.3089047


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


