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Abstract—This paper presents a robust H_ fuzzy controller
for a class of T-S time-delay discrete fuzzy bilinear system
(DFBS). Firstly, a discrete robust H_ fuzzy controller is
proposed to stabilize the T-S time-delay DFBS with disturbance.
Secondly, based on the Schur complement and some variable
transformation, the stability conditions of the overall fuzzy
control system are formulated by linear matrix inequalities
(LMIs). Finally, a numerical example is utilized to demonstrate
the validity and effectiveness of the proposed control scheme.

Keywords—Discrete fuzzy bilinear system (DFBS), robust
control, linear matrix inequalities (LMIs).

1. INTRODUCTION

In recent years, bilinear systems and controls have been
widely applied to a wide variety of fields, for example,
bioengineering, biochemistry, nuclear engineering and socio-
economics [1]-[5]. There are two advantages of using bilinear
models to describe nonlinear models. One advantage is that
bilinear systems are an adequate approximation than linear
models for some real-world systems, including engineering
applications in nuclear, thermal, and chemical processes, and
many other nonengineering applications in biology,
socioeconomics, and immunology [1], [2]. The other advantage
is that many real physical processes may be appropriately
modeled as bilinear systems when linear models are
inadequate, for example, the population of biological specie
[1]. For these two reasons, bilinear system is therefore
important to design its controller, to investigate the stability,
and to improve performance by applying various control
techniques[1]-[3].

Besides bilinear systems, it is well known that fuzzy control
has been attracting increasing attention to the stabilization of
nonlinear systems [4]-[8]. Fuzzy control has been successfully
applied to controller designs for nonlinear systems [5], [6], [8],
[9]. In most of these papers, a so-called Takagi—Sugeno (T-S)
fuzzy model is adopted to approximate a nonlinear plant, and
then a fuzzy controller is designed via the parallel distributed
compensation (PDC) scheme to stabilize the T-S fuzzy model.
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For stability analysis, LMI techniques [4], [7], [9], [10] have
been developed to find solutions for the T-S fuzzy control
system under consideration.

It is known that time-delay phenomenon commonly exists
in dynamic systems due to measurement, transmission,
transport lags and computational delays. Therefore,
stabilization of time-delay systems is increasing being
attentions in the literature [7], [9]. Recently, the T-S fuzzy
model approach has been shown effective and powerful in
dealing with nonlinear systems with time-delays. Besides,
different methodologies have been also proposed for analysis
and synthesis of T-S fuzzy systems with time-delay [8]-[11].

The main contributions of this paper are i) designing a fuzzy
H_ controller for the T-S DFBS with disturbance; ii)
investigating a robust H_ fuzzy controller for the T-S Time-
Delay DFBS with disturbance; and iii) Describing all the
stability conditions for the T-S Time-Delay DFBS with
disturbance via LMIs.

This paper is organized as follows. In Section II, the DFBS
is established and its fuzzy controller is also designed. The
controller design method for robust H_ stabilization of the T-
S DFBS with disturbance is derived in Section III. A
numerical simulation is illustrated in Section IV. Finally,
conclusions are given in Section V.

II.  SYSTEM DESCRIPTION AND CONTROLLER
DESIGN

The T-S fuzzy dynamic model is described by fuzzy IF-
THEN rules, which locally represent input-output relations of
nonlinear systems. Similar to [7, 10], the i th rule of the time-
delay T-S DFBS with disturbance can be represented by the
following form:

Plant Rule i :
IF s,(k) is F;, and ... and s,(k) is F,

THEN x(k +1) = (4 + Ad)x(k)+ Bu(k) + N x(k)u(k)
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+A,x(k—1)+ D, a(k) (la)
z(k)=Cx(k)+ D, axk), i=12---,r (1b)

where k is iteration instant, F, is the fuzzy set and r is the
number of IF-THEN rules; x(k)e R™ is the state, u(k)e R
is the control input; z(k)e R? is the controlled output;
w(k)e R™ is the disturbance input which is belong to
ZZ[O,+<><>); s,(k), s,(k), --s, (k) , are the premise variables.
4eR™, BeR™, NeR™ , A,eR™ , D,e R™" ,
C,e R™, D, e R*", and A4, e R™ is real-valued unknown

matrices representing time-varying parameter uncertainty, and
is assumed to be of the form, in the following Assumption.

Assumption I [9]: The parameter uncertainties considered here
are norm-bounded and presented by the form A4, = G,F,(k)E,, ,
where G, and E,, , are known real constant matrices of
appropriate dimensions, and F,(k) is an unknown matrix
function with Lebesgue-measurable elements and satisfies
F'(k)F,(k) <. The parameter uncertainty A4, is said to be
admissible if Assumption 1 hold.

The time-delay 7(#) may be unknown but is assumed to be
a smooth function of time as consideration in [8] and [11],

T <a<l, 7(1)<7,. 2)

Similar to [7], [11], using a center average defuzzifier,
product inference, and singleton fuzzifier, the time-delay
DFBS with disturbance input (3) can be expressed at the

bottom of next page, where M(S(k))=Hi1Ey(S(k)) ,

= () = 1 (sC0) | Y, (s(K)) (s, (k) s the grade
s;(k) in F s and

s,

1, (s(k)) are p,(s(k))=0 and Zy:,ui(s(k)) >0. It is clear that

of membership of

s(k)=[ 5,0 5,0k

Basic properties of

h(s(k)) =0 and Z;:lhj(s(k))zl.

Following the design concept in [7], the fuzzy controller for
the T-S time-delay DFBS (2) is formulated as follows:

Control Rule ;:
IF s,(k) is F, and ... and s, (k) is F,,

D .x(k
THEN u(k) = pDx(K) Jj=L2r. 4)

J1+x" (K)DI D x(k)

The overall fuzzy control law can be represented by

ulk)y =" h(s(k)pD x(k) 1+ x" (k)D] D x(k)

=2 (s(k)psing,

(5a)

- Z;=l h,(s(k))pD xcos 8,

where sin@, = D x(k)/\[1+x" (k)D]D x(k)
cos6, =1/\[1+x" (k)DIDx(k) , 6, [-7/2 7/2],

D;e R™ is a vector, and p >0 is a scalar to be assigned.

(5b)

The control objective is to design a T-S fuzzy H_ controller

(5) to stabilize the T-S time-delay DFBS with disturbance (3).
Substituting (5) into (3), one can get the closed-loop system,

x(k+1)= iih,hj (((4,+A4)+ pN,sin6,
+pBD c0s8))x(k) + A,x(t - 7(k)) + D,,axk))  (62)
k)= 33 [Cx(k)+ Dy 0(b)].

i=1 j=1

(6b)

Then the robust fuzzy H_ control problem to be addressed in

this paper can be formulated as follows: give an fuzzy system
(3) and a scalar ¥ >0, determine a fuzzy controller such that

R1) The closed-loop system (6) is robust asymptotically stable
when aXk)=0.

R2) Under the zero initial condition, the controlled output
z(k) satisfies

lz0l, < 7@, @)
for all nonzero w(k)el, [O, +oo) and all admissible
uncertainties.

III. MAINRESULT

In this section, an LMI approach will be developed to solve
the problem of robust H_ feedback control of fuzzy system
formulated in the previous section. Before discussing the proof
of the theorem, we first give the following lemma which will
be used in the proof of our main results.

Lemma 1: [7], [9]: Given any matrices X , ¥ and & with
appropriate dimensions such that £ >0 we have

XY+XY <eX'X+e'Y'Y. )
Theorem 1: For the T-S time-delay DFBS with disturbance

(1), there exists a robust H_ fuzzy feedback controller (5)
such that the closed-loop system (6) is robust asymptotically
stable and (7) is satisfied if there exist symmetric and positive
definite matrices P and S, a scalar p, some vectors D, and
some scalars €, , g=1...,5, i,j=1,...,r, satisfying the
following LMIs (9) and (10), shown at the bottom of this page.
Proof: Under the conditions of the theorem, we first establish

the robust asymptotic stability of the system in (6). For this
purpose, we consider (6) with @(k) =0 ; that is
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x(k+1)=3"" h(s(k)((4, +A4)x(k) + Bu(k)
+N,x(k)u(k) + A,x(k —7(k)) (11)

Now, we choose a Lyapunov function candidate for this
system as follows:

V(x(k)) = x(k)" Px(k)+
Then it can be verified that

AV =V (x(k +1)) =V (x(k))

T (0)Sx(o). (12)

o=k-1

=" (k+1)Px(k +1)+x" (k)(S - P)x(k)

—x" (k = 7(k))Sx(k — (k). (13)

By substituting (11) into (13), we can get (14), shown at the
bottom of next two page,

B, =(((4,+A4)+ (4, + Ad,)pB,D,cosb, + pN,sin 6,
+pB,D,cos6, + pN sin6,)x(k)

where

+ A5k = 7(k)) + Ayx(k — 7(k))) .

x(k+1)= D" B (sU)) (A +Ad)x(k) + Bu(k) + Nx(k)u(k) + A,x(k —7(k)) + D, (k) 3)
LMIN, *
LMI1 = <0 (1<i<r) )
LMIl, LMI1,
[S—P * * * * 7]
PA. = P * * *
i (p? +1+ées;)
LMl =| 0 0 (pe, +1+ &) A4, P4, =S * *
PB.D. 0 0 ——L P *
i~ (p~+l+g;+86;)
PN, 0 0 0 =
L (p~+l+e;+&;) B
0 DP4, 0 0 0 -I
¢, 0 00 0 D, , i _ .
LM, = E, 0 00 0 02 , LMI, = dmg[—(}’zl — (P& +1+pe)DiD,) &l _53:'}[:|
0 G" 000 0
LMI2, *
LMI2 = <0 (1<i<j<r) (10)
LMI2, LMI2,
'4(5 —-P) * * * * * * * 1
-1
P4, Y * * * * * *
PA. 0 —L__p * * * * *
J 229 +1+&5)
_ 2 -1 -1
0 0 0 S+Q2pey; +1+¢&5) . . . R
LMI2, = X(Adi+Adj)TP(Adi+Adj) ,
PBD, 0 0 0 =l * * *
i (p"+l+&;)
PN, 0 0 0 0 =l * *
i (p~+l+&;)
PB.D, 0 0 0 0 0 —L_p *
i (p~+l+g)
PN, 0 0 0 0 0 0 =1
L (p +1+£,,,)
0  (D,+D,))P(4,+4,) 0 00000 I |
(C+C)) 0 0 00000 (D,+D)
E, 0 0 00000 0
LMI2, = S
E, 0 0 00 0 0O 0
0 G’ 0 00 0 0O 0
0 0 GI.T 00 00O 0
LMI2, = diag| (47 ~ e (D, + D) (D, D) &1 —e,1 —&1 &)1 |
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Clearly, if (13) is negative definite uniformly for all nonzero
x(k) and £=0, then the controlled fuzzy system (11) is
robustly asymptotically stable.

At first, we assume that the first sum of the equation in (14)
is negative definite, that is,

[((4,+A4)+ pB,D, cos§, + pN,sin6, ) x+ A, x(k—7)] P
X[ ((4, +A4)+ pB.D, cosb, + pN, sin 6, ) x + A, x(k—17) |

+x" (S =P)x—x"(k—1)Sx(k—7) <0 (15)

Using the Lemma 1, then (15) can be rewritten as
x" (k)[(p2 +14£,) (A4 +A4) P(4, +A4)

+(p* +1+&,)(D] Bl PBD,+ N/ PN))+ S~ P |x(t)

+x" (k—1(k))(p’e; +1+€,)ALPA, — S)x(k—1(k) <0 (16)

Applying the Schur complement to (16) results in (17), shown
at the bottom of next page.

In order to use the convex optimization technique, we
utilize the Assumption 1, and adopt the transformation matrix:

diag[I P I P P]and take a congruence transformation
[7]. Through these procedures, then (18) can be yield, which is
shown at the bottom of next page. From (9), it is easy to see
that for 1<i<r, if (9) is held then (18) is negative.

Similarly, we assume that the second sum of the equation in
(14) is negative definite and through the same procedure, then
we can obtain (19), shown at the next page, From (10), it is

easy to see that for 1<i<r, if (9) is held then (19) is negative.

Next, we will show that for any nonzero w(k)e [, [0,+<>o)

in the T-S time-delay DFBS with disturbance (6) satisfies (7)
under zero initial condition. For this purpose, we introduce

Iy =Y [ Wz - el (D) | (20)

where N € N . Substituting (6) into (20) with the zero initial
condition, we can deduce

Iy =3 [ 0z - 7 a (o]
+[V (e + 1) =V (x(k) [} =V (x(N +1))
< Z{ZT(k)z(k) - Y@ (kyak) + [V (x(k + 1) =V (x(k))]}

:i{iiﬁi@h,h,hm((Cl.x+Dzl.w)T(c,x+D2,a))

k=0 { i=1 j=1I=1 m=1
+[((4,+A4)+ pB.D, cos 6, + pN, sin 0, )x(k)
+x(k —7(k)) + D,a(k)]' P

+[((4,+A4)+ pBD, cos 8, + pN, sin 6, )x(k)

+x(k —7(k)) + D, (k)]

—x" (k)Px(k) - 7’ (k)axk)} 2
where V' (x(k)) is given in (12). By Lemma 1, we have
AV (x(k)) + 2" (k)z(k) = 7’ @' (k) (k)

<D HE()©,8(k) + %Zhihjfr(k)Gijf(k) : (22)
i=1 i<j

Where &(k)=[x(k) x(k-7) k)], ©, and ©, is shown

at the bottom of next two page.

For obtaining the (9) and (10), we assume the (22) is
negative definite. Firstly, we consider the (23) and utilize the
Lemma 1 then (25), shown at the bottom of next two page,
which can be obtained. Applying the Schur Complement,

Assumption 1, and Lemma 1, then the (9) can be obtained
from (25). Through a similar procedure, the (10) can also be

obtained. Thus J, <0, which implies ||z(k)|, < y|e(k)|, for
all nonzero w(k)e /, [0, +<><>) , 1f (9) and (10) are satisfied. This

completes the proof of the theorem. Q.E.D.

IV. EXAMPLE

In this section, we apply the proposed method to design a
robust H_ fuzzy controller for a T-S time-delay DFBS with

disturbance. The T-S time-delay DFBS with disturbance is
described as follows:

Rule I: IF X, is about —1

THEN x(k +1) = (A4, + A4)x(k) + Bu(k)+ N, x(k)u(k)

+A4,,x(k —7(k)) + D, (k) (262)
z(k) = Cx(k) + Dyaxk)
Rule 2: IF X, is about 1
THEN x(k +1) = (4, + Ad, ) x(k)+ Byu(k) + N,x(k)u(k)
+A4,,x(k — 7(k)) + D, (k) (26b)

2(k) = Cyx(k) + Dpyo(k)

0.3 -0.25 -04 0.1
0.12 0.1 0.1 0.09 0.02 0
5 A,/z = 5 N] = 5
0.1 0.2 0.4 0.05 0 -0.03
-0.01 0.02 0.3 0.2
N, , B = ,and B, = .
0 —0.008 -0.01 0.08

Based on Assumption 1, G,, F,, and E,, are defined as

i i

03 0 rand 0
follows, G, = , FE@®)= , i=12
0 03 0 rand

-0.4 0.06 0.38 0.08
where 4, = » 4, = )

Adl
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where rand is a random number taken from a normal

S 03 0
distribution ~ over  [-L1] , E,= and
03 0
0.2 0.2 . .
2= . The membership functions of the state x,
0 0.1

are defined as g =0.5(1+x) and g, =0.5(1-x) . Let
p=03 and choose the
as D, =[-0.1

controller gain  matrices

~0.4] and D, =[-0.4 —0.1].

In this example, we choose the H_ performance level
y=1 and applying p and all these matrices to inequalities

(9) and (10) in Theorem 1, and utilizing the LMI tool box [7],
one can figure out the common positive-definite matrices,
19.649  5.0093 d 7.3641 5.0042
= an = .
5.0093 12.0597 5.0042 6.7715

The simulation results of applying the robust H_ fuzzy
controller (5) to T-S time-delay DFBS with disturbance (26)
with three different initial conditions x(0)=[1.5 -2]" ,

x(0)=[-1.5 -12] , and x(0)=[-13 12] and the

exogenous (1) = [O.Se’o'om sin(k) 0.3e% cos(2k)]r are
illustrated in Figure 1.

AV =V (x(k + 1) =V (x(k))

=>" Z;:l D> hhhh, {(((A,. +AM4)+pBD,; cos, + pN,sin 6, )x(k)+ A, x(k —r(k)))T P
X(((4,+A4)+ pB,D, cos 8, + pN, sin 0, )x(k)+ A, x(k — (k) } + x" (k)(S — P)x(k) - x" (k —7(k))Sx(k — 7(k))
< Z;hfxf(k){[((A,- +A4)+ pBD,cos )+ pN;sing)) x(k) + A,x(k ~7(k) | P

<[ ((4,+A4) + pB,D,cos6,+ pN,sin6 ) x(k) + A, x(k = 7(k)) |+ x" (k)(S = P)x(k) = x" (k - 7(k))Sx(k - 7(k))}

+%z:<jh,.h L [EJPE, +4x" (k)(S — P)x(k)—4x" (k —7(k))Sx(k — 7(k))] (14)
S-P * * * %
(4 +A4) —(p° +1+&,)" P * * *
0 0 (p’e) +1+&)ALPA, —S * * <0 (1<i<r) (17
B.D, 0 0 —(p*+1l+g,)"' P *
N, 0 0 0 —(p* +1+¢,)" P
:S—P * * * * * * ]
P4, —(p*+1+e,)'P * * * * *
0 0 (p’e, +1+&,)ALPA, —S * * * *
PB,D, 0 0 —(p* +1+¢,)'P * * * <0 (18)
PN, 0 0 0 —(p* +1+g,)'P  * *
E, 0 0 0 0 e, *
| 0 G/ 0 0 0 0 —&l
lmiz{]mi_] ) }<0 (1<i<j<r) (19)
Imi 2 Imil 3
4(S-P) * * *
, P4, 22p* +1+¢,)"'P * *
i _1= P4, 0 2(2p* +1+€,)" P * ’

0 0 0

(PBD))" (PN)" (PB,D)" (PN)" (E,)" (E)" 0 0

—S+Q2p°e, +1+e5) (A, +A,) P(4,+4,)

1ij 5if
T

, 0 0 0 0 0 G 0
Imi 2= i ’
- 0 0 0 0 0 0 G,
0 0 0 0 0 0 0
Imi _3=—diag| (p* +1+€,)P (p*+1+£,)P (P’ +1+&,)P (P’ +1+€,)P &,1 &,1 &1 &)
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Figure 1. State responses of the of the T-S time-delay DFBS with disturbance.

From these simulation results, it can be seen the designed
fuzzy controller ensures the robust asymptotic stability of the
closed-loop system and guarantees a prescribed H

performance level.

V.  CONCLUSION

This paper has proposed a robust H_ fuzzy control scheme

for a class of T-S time-delay DFBS with disturbance. For
stabilizing the T-S time-delay DFBS, some sufficient
conditions have been derived to guarantee the stability of the
overall fuzzy control system via LMIs. Finally, the design
approach has been applied to a numerical example to illustrate
the validity and effectiveness of the proposed schemes.
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C 0 D, -1

i

1064

2i




<<
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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

  /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 "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


