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Abstract — This paper extends to H, performance design a
recent local approach for non-quadratic stabilization of
continuous-time Takagi-Sugeno (TS) models based on the fuzzy
Lyapunov function (FLF). The main obstacle for using FLFs
altogether with TS models consists in handling the time-
derivatives of the membership functions (MFs). By reducing
global stability goals via local considerations, the aforementioned
impediment has been removed leading to stabilization domains
where H, disturbance rejection is guaranteed. Conditions are
expressed as linear matrix inequalities (LMIs), thus enabling
systematic and efficient solutions which are solved by convex
optimization techniques.

Keywords — Fuzzy Lyapunov Function (FLF), Linear Matrix
Inequality (LMI), Local Stabilization, H,, disturbance rejection,
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I. INTRODUCTION

INCE its appearance, Takagi-Sugeno models (TS) [1] have
attracted the interest of researchers in control because of
their systematic construction methodology which leads to
exact convex representations of nonlinear models in a compact
set of the state variables [2]. These convex representations
facilitate system analysis and control design [3], [4] via the
direct Lyapunov method with quadratic Lyapunov functions
[5]. Parallel distributed compensation (PDC) is widely used
among quadratic schemes because it naturally fits with the
structure of TS models providing a fuzzy controller that allows
performance design via linear matrix inequalities (LMIs) [6].
Despite its success, there are several sources of pessimism
for stabilization of TS models: model construction is not
unique [7], membership functions (MFs) can only be partially
taken into account through different and not necessarily
compatible approaches [8], [9], [10], [11], quadratic Lyapunov
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functions are a subclass of more complex and powerful
choices that may not be easy to implement. This work extends
the existing results in the latter direction since it uses a fuzzy
Lyapunov function which includes the quadratic case.
Nevertheless, an important feature of the proposed approach
lies on its local nature which exploits the fact that TS models
are only valid in a compact set of the state space. Global
stabilization results as those available in the quadratic case
prove to be more restrictive than local results in a non-
quadratic framework.

Otherwise than the quadratic framework, piecewise [12],
[13], integral [14], and fuzzy Lyapunov functions [15] have
been proposed. Among the latter, continuous-time results have
not been as powerful as those for the discrete-time case [16],
[17], [18]. This unevenness is caused by the presence of time-
derivatives of the MFs in the analysis, which destroys the
convex structure leading to LMIs. Most of the palliative
solutions to this problem assume the knowledge of bounds for
the time-derivatives of the MFs, which is an unrealistic
assumption especially concerning algebraic loops in control
design [19]. Other solutions lead to bilinear matrix
inequalities, which cannot be guaranteed to be optimally
solved [14].

The approach first appeared in [20] and further extended in
[21] for local stability analysis of continuous-time TS models
is formulated in LMIs and does not require more than a-priori-
known bounds from the TS model construction. Based on
these works, a paper proposing a control law for local
stabilization has been proposed in [22]. This paper extends the
former results for local stabilization of a TS model with H
disturbance rejection.

The paper is organized as follows: section II introduces
notation, the considered TS model, the Lyapunov function
candidate, and the proposed control law; section III extends to
H_ disturbance rejection the results in [22]; in section IV
some illustrative examples are shown; finally section V closes
the paper providing some conclusions and perspectives.

II. PRELIMINARIES

Consider the following nonlinear affine-in-control model:
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x(t)=fi(2)x(0)+ £, (2)u (1) + £ (2) @(7)
y(0)= 1 (2)x(0)+ £ (2)u(t)+ £ (z) oo(2)
with input vector u(¢)e R", disturbance vector @(t)e R?,

x(t)e R",

M

||a)(t)||2 <@, state vector premise  vector

z(x(t))e R” bounded in a compact region A >0, output
and £ (),...,
depending on z(x(7)). Let nl,(-)e [nlj,n_lj}, jei{l--, p}

be the bounded nonlinearities of (1) in the compact region A.
By sector nonlinearity approach [3] the following weighting
functions are defined to capture nonlinearities in (1):

) nl, —nl, (- ) )
W (=Y (1) e fn) @
nl, (-)—nlj
from which membership functions (MFs)

zﬁwi’; (zj), 3)

J=1

vector y(7)e R, fs(-) nonlinear functions

ho=h

Tk iy X2+, x27!

ie {l,---,2”} , i,€{0,1}, are defined satisfying the convex-

sum property Z:Zlh,(')=1, h ()20 in A.

Notation: Arguments are omitted where convenient. An
asterisk (*) inside a block matrix represents the transpose of

[

the symmetric element. Sums Y, = Zh Y, ! (z hiY'ij
i=1 i=1

will be used to simplify expressions. Thus, an exact
representation of nonlinear model (1) in A can be written as
the following TS model:

Zh( ))(4x

=4 x( )+B u( )+Eza)(t)

Zh( N)(Cx

= C.x(1)+ Dau(t)+ Fo(r)
where 4., B,, C,, D,, E,, F,, i=1,...,

proper size and =27 € N is the number of rules (linear
models) of the fuzzy interpretation of (4).

Double convex sums involving MFs will appear in the
sequel. In order to obtain LMI conditions these MFs must be
removed. The following result will be applied to perform this
task since it combines simplicity and a good solutions’ quality:

Relaxation Lemma [8]: Let Y, i,j€{l,---,

(1)+Bu(t)+Ew(1))

4)
(1)+ Du(t) + (1))

7 are matrices of the

r} be matrices
of certain dimension. Condition

33 (= (0)h =
i=l j

1s verified if:
Y, <0, Vie{l.r)

)Y, <0 Q)

(6)
—Y +Y,+7, <0, V(i,j)e{L,

r—
A non-quadratic control law taken from [16] will be used:

oYL i# )

u(t)=G.Px(t (Zh .j[gh,(z)Ejlx(t) ™

where G,e R™" are gains and Pe R™, P=P" >0 are

matrices associated with a fuzzy Lyapunov function. Thus, the
closed-loop TS model is:

i(t)=(4.+B.G.P" )x(t)+ E.o(t)
y(1)=(C.+D.G.P")x(1)+ F.o(1)

The following candidate fuzzy Lyapunov function will be
adopted [15]:

V(x(r)=x

®)

C( a0 0. o

"(6)Px(r)

III. H_ CONTROL
The nonlinear model (1), or its equivalent TS model (4),
satisfy the H_ attenuation criterion in A if disturbances @(¢)

are bounded at the output by:

@,

wolos @], 1o
stands for the L, -norm.
As shown in [3], condition (10) is satisfied if:
V(x(6)+y" (1)y(t)- 7 (t)o(1)<0. (11

Taking into account (4) and (9), (11) can be rewritten by
developing the time-derivative of ¥7(x(¢)) along the

trajectories of (8):

V(x(r)+5" (1) y(1)= 7 (r) 1)

=" (0) B 5 (0)+ 5 (1) P x(0) +2 (1) (B ) x(1) = (1) (1)
+((c.+D.GR")x(r)+ Faf)) ((C.+D.G.R")x(r)+Faolr)
=0 (P (A +BGE )+(4+BGE') P'+F"
HC+DGR') (C+DGR")|v+d (FE-7l)o

?((ConGr) e E|ord (E(CrDGE vEE )

= . i <0 (12)
o] |F/(C+DGP')+EPR' FFE-yI|o

with T =P (4 +BG.R)+(4 +BGR) P+ P

+(c.+p.G.P"Y (C.+D.GP).
Obviously, (12) is satisfied if the block-matrix therein is not
positive-definite. Pre- and post-multiplying the referred matrix

P 0
in (12) by full-rank matrix [02 J as well as using the

property PZPZ’IPZ = —P it is possible to guarantee (12) if
PC'F.+G'D'F.+E.

FZ
F/C.P+F'D.G.+E]
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with T,=AP+B.G +PA +G B —P+PC'C.P+PC'DG.
+GI'DIC.P+G'DI'D.G. = AP +B.G. +P A" +G'B! -
+(RCI +GID)(C.R+D.G.).

Applying Schur complement to expression (13) gives

AP+BG.+PA+GB =P (%) (%)

CP+DG, -1 0 <0.
F/CP+F'DG+E 0 FE-yI
Any term in inequality (14) is an LMI except for the term

(14)

P Zh ( )P. which includes the time-derivatives of the

i

MFs. To deal with this problem, most of the published works
. [23],

[24]. Nevertheless, these bounds cannot be established a priori
and can create algebraic loops when applied to stabilization
problems. The approach here employed overcomes the
aforementioned problem by focusing on local stabilization.

In [20] it has been shown that

2 owk _
£ :Z aZO ( (k) _sz(z,k))zk

k=1 k

P2 onk (15)

=;;hj aZO (121(11‘) (/k))ék

with

k) =| (=127 %27 414 (j—1)mod 277
& (k)= (=127 | (J-1) "

g (k) =g (j.k)+2""
and L_I standing for the floor function. Note that

z, =[ZZ;((;))J x(t)=[‘—;z;((tt))J (Ax(t)+Bu(t)+Efr)), (17)
so expression (15) can be rewritten as:

Pz = g%f(%(z,k) _F;z(z,k) )[aaz)i((:))J (A,x(t) +B.u(1) +Eza)(t))

LI N WO
= ZVZ:; £ E)xo x, (4, )vs (Pg,(z,k) _Rgz(z,k))

n m aWk
: P )
1 v=l e=l axv B

(18)

ue (Bz )ve (})gl(z,k)

k

P n_ 9 awk
+Z Z 3 “w,(E.), (}’gl(z,k) =P 0 )
k=1 v=1 d=1 OX,
k k
d d
The terms |—° s u,|, and id! ®,| can now be
X, ox, ox,

bounded since their components are known a priori or can be
designed to be bounded.

In order to bund the input ||u||2 < i, consider |x(0)| <c and

P.>c’I (or P™' <c¢7I); this provided, since the Lyapunov
function is a monotonous decreasing function, it can be shown
that ¥ (x(7))<x" (1) P"'x(r)<x" (0) P 'x(0) <1, from which

i, < it S fuff <" (1) P (1) <1 e
y7i

L ()P GIG.P 5 (1) <57 (1) P x(r) (19)
U
which by Schur complement can be written as:
‘P G
: ,o >0 (20)
_Gz /,[ [m
Then, the aforementioned bounds can be written as:
k 3 3
awo ‘xv < ﬂ'kvv b : ue < ﬂnkv > : a)d < a_)ﬂkv (21)
ox, T | ox, )

In order to use (21) taking into account (18) as to obtain
LMI conditions implying (14), expression

ow, ow, A

W+ x, |[X+ u, |Y+ w, |Z<0 (22)
ox, ox, ox,

is going to be guaranteed by

WA xXtn, xultn xXoZ<0, (23)

which represents all the possible sign combinations for every
bounded term.

Theorem: If there are matrices of proper size P, =P >c/1,

G,, satisfying the following LMI conditions for

i:j:ke {1,"',]”} , XE {l’”.’sznx(nﬂvﬂq)} .
r oG
;2,20 (24)
G, Wi
2’ o o o
r— 1T11k +T1/k +T/zk < O (25)
T T pl _ po
AP +BG+PA +G B ~F (¥) (*)
with Y7, = CP+DgG, -1 0 ,
F/CP+F/DG,+E' 0 FF-yI

% s+mtq)

HHAS!

k=1 v=1 s=1

s (4, (Pg.(j,m —Lotin )

n

+;ZZ 0, 4(B),. (P = P
pr n 4 b
2N B (E) (P = P )
k=1 v=1 d=1
bY, defined from the binary representation of
A=1=b Dy X2+, x 2Pl - and

g, (Jj.k), g, (j,k) defined as in (16), then x(z) in (8) is
locally asymptotically stable for every initial condition x(O) ,

|x(0)| <c, inside the biggest equipotential R, contained in

ot Wk
R= xi—2x <A |—%u|<un, +; moreover, the
@)Q’V{ axv s kvs axV e kv

model output y(#) satisfies the H_ criterion in (10) for
disturbances holding the property ||a)(t)||2 <o.

Proof: By relaxation lemma in (6), LMI (25) implies:
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AP+BG +PA +G/B —P* (*) (%)
C.P+DG, -1 0
F/CP+F DG +E 0 FE-yI

Y4 =

ZZ <0 (26)

Since all the possible sign combinations in I_’,.j“ are taken
into account and inequalities in (21) bound the time-derivative
Pz , it follows that (26) is a simple extension of property (22);
in other words, (26) implies (14), which guarantees the H_

criterion in (10) to be satisfied.
Note that bounds in (21) are essential to guarantee
implication (26) = (14); these bounds stem from a) the fact

that x(7) belongs to a compact set A in which the TS model

is defined, b) the bounds on the input which are designed via
LMIs (24), and c) from the disturbances bound @ .

Remark 1: Writing Pz in the form described in (18) plays a

fundamental role in the proposed local approach. The
interested reader is referred to [20] for more details.

Remark 2: Besides the region on which the TS model has
been defined, other design parameters intervene in the control
law: the bound on the input, the bound on the initial
conditions, and the attenuation factor y>0. Bounding the

disturbance vector is also a reasonable requirement in this kind
of problems.
Remark 3: The theorem above guarantees H_ performance

in the region R, < R. Should the biggest region R be of
interest, a simple algorithm can be implemented by linear
programming to find it [20]: a) initialize 77,,, 4, to any
initial feasible bounds 77,,, 4., ; b) search the biggest value
£ >0 such that conditions in the theorem above are satisfied
with 7, =en, and A4, =€l . Consider R, c R defined
from the last values thus found.

Remark 4: The previous algorithm is compatible with the
minimization of the attenuation factor y. Once & is

established, the minimum attenuation factor y guaranteeing
H_ performance design in the region thus defined can be
searched as an LMI problem.

IV. EXAMPLES

Two examples are shown in this section to illustrate the
advantages of the proposed methodology. The first one is
stabilized in the absence of disturbances to show the influence
of certain design parameters; the second one shows the
effectiveness of the H_ control design for different regions

and parameters.
Example 1 : Consider the following TS model:

#(1)= Zh (2(1)) (Ax() + Bu(1))

with system matrices

2 -10 20 -5 0.1 03
Al = B Az = ) B1 = ) Bz = D)
2 0 1 2 1 0.2

and MFs

@7

hl(xl):%’ hy(x,)=

defined in A ={xe R?, |x,] <%}

1+sin(x,)
2

>

When no perturbations are considered, the proposed
approach depends upon the parameter # (bound on the input

|u| <) and parameter ¢ (bound on the initial conditions
|x(0)| < ¢). In practice, these bounds are directly derived from

the model, so LMI conditions in the theorem above are fully
determined.
Fig. 1 shows the influence of parameter u for the model

(27) with |x(0)|<c=+27/2. As expected, the bigger the

values of u, the bigger the stabilization region R,. To

determine the biggest stabilization region, the algorithm in
Remark 3 has been used. Four state trajectories are shown to
illustrate the effectiveness of the stabilization method with

|u| < =40 (solid trajectories with arrows pointing towards

the origin).
In Fig. 2 the effects of changing the modelling region of the
TS model (27) for A={xe R’, |x,|< 7/4} are studied. In both

regions, bounds |x(0)|<c=7[/2 and |u|<u=30 are

assumed. Dotted lines show the borders of R for the original
case.

15- : :
u(t)<30 —— -
| | ju(t)l<40

1.5L .
-1.5 1 0.5 0 0.5 1 1.5
X
1
Figure 1: Effects of the input bound # .
1.5 — : : : —
x(t)|<n/2 L
1l xt)<m/4 —— | I
0.5
0
-0.5
1 B
-1.5 -1 -0.5 0 0.5 1 1.5

Figure 2: Effects of the region A .
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It is important to notice that augmenting the modelling
region of the TS model do not necessarily mean that a bigger
stabilization region will be found. Bigger modelling regions
imply that the initial conditions can be further from the origin,
thus reducing feasibility of LMIs in (24) since P =P' >c’1,

|x(0)| <c.
Example 2: Consider the following TS model subject to
scalar perturbations () =e™' cos(7), |a)(t)| <1:

#(1)= ih (2(1))(Ax(1)+ Bu() + Eo(1))
y(0)= 2 (=) Cx(1)

with system matrices

-5 -4 -2 -4 0 0
Al = s AZ = s B] = s Bz = s
-1 2 20 =2 10 3
1T 1
C1=C2=0 ,E1=E2=1,

1—sin(x
2( 1)’ hy(x)=

(28)

1+sin(x,)

and MFs 7, (x)= defined in

Az{xe R2,|xi|<£}.
2
As mentioned in Remark 4, given a specific region

k k
ow,

ow
R= : 0
C’)Q,V{x a

X, ox,
above can be used to minimize the attenuation H_ factor

<A

= "Vhvs

X

s

ue

S,m],ﬂ}, the theorem

v

y>0.
Since for TS model (28) in A the following bounds hold

|8w§x S|cos(x1)_£ ow,

| ox, | 2 X

R,= {x:

Sz, and
4

=0, let’s define

s

2

k k
ow, <z I ow,
oax, '| 4 |ox,

check the behaviour of the minimum ¥ found with the

u
e

ek,s,v

S% ,ul} in order to

aforementioned algorithm under the values

(Lu)=((11-i)/10,1)  (different
(l,,u)=(1,IOH) (different bounds for x), i=1,...,9 .

Fig. 3 shows the behaviour of the minimum y found via the

testing

sizes of R) and

proposed theorem when parameter / varies, thus changing the
modelling region of the TS model. As expected, since this is a
local approach, the smaller the modelling region, the smaller
minimum attenuation factor . In other words, restricting the
state space it is easier to satisfy the constraints for H

disturbance rejection.
Fig. 4 shows the behaviour of the minimum attenuation
factor ¥ found through the theorem above when the input

bound u varies. Logically, bigger values of # allow smaller
values of y, since bigger control gains provide higher
flexibility in (7).

Value of y
X

0 1 2 3 4 5 6 7 10
Value of i for I=(11-i)/10

Figure 3: Attenuation factor with different regions (parameter /) and fixed
inputbound g =1.

0.14} b

Value of y
o
o
@

©
o
>
2
.

0 1 2 3 4 5 6 7 8 9 10
Value of i for u=10'
Figure 4: Attenuation factor with different input bounds x# and fixed region

size [=1.

V. CONCLUSIONS AND PERSPECTIVES

This paper presented a novel non-quadratic approach for
stabilization of continuous-time TS models with H

disturbance rejection. Based on a recently appeared local
approach that solves the problem of handling time-derivatives
of the MFs, fuzzy Lyapunov functions have been used to
design a non-quadratic control law which stabilizes and
performs H_ disturbance rejection for nonlinear models

locally exactly represented via TS models. Two examples are
included to illustrate the effectiveness of the approach and to
show the effect of the different design parameters.

REFERENCES

[1] T. Takagi and M. Sugeno, “Fuzzy identification of systems and its
application to modelling and control”, IEEE Trans. on System Man and
Cybernetics, vol.15 (1), 1985, pp. 116-132.

[2] T. Taniguchi, K. Tanaka, and H.O. Wang, “Model construction, rule
reduction and robust compensation for generalized form of Takagi-Sugeno
fuzzy systems”, IEEE Trans. on Fuzzy Systems, vol.9 (4), 2001, pp. 525-
537.

[3] K. Tanaka and H.O. Wang, Fuzzy control systems design and analysis. A
linear matrix inequality approach. John Wiley and Sons, New York, 2001.

1619



[4] A. Sala, T.M. Guerra, and R. Babuska, “Perspectives of fuzzy systems and
control”, Fuzzy Sets & Systems, vol. 156, 2005, pp. 432-444.

[5] G. Feng, “A survey on analysis and design of model-based fuzzy control
systems”, IEEE Trans. on Fuzzy Systems, vol. 14 (5), 2006, pp. 676—697.
[6] H.O. Wang, K. Tanaka, and M. Griffin, “An approach to fuzzy control of
nonlinear systems: Stability and Design Issues”, IEEE Trans. on Fuzzy

Systems, vol. 4 (1), 1996, pp. 14-23.

[71 K. Ohtake, K. Tanaka, and H.O. Wang, “Switching Fuzzy model
construction based an optimal dividing plane”, Proc. of the Fuzz’ IEEE
Conference, Jeju Island South Korea, 2009.

[8] H.D. Tuan, P. Apkarian, T. Narikiyo, and Y. Yamamoto, “Parameterized
linear matrix inequality techniques in fuzzy control system design”, IEEE
Trans. on Fuzzy Systems, vol. 9 (2), 2001, pp. 324-332.

[9] A. Sala and C. Arifio, “Asymptotically necessary and sufficient conditions
for stability and performance in fuzzy control: Applications of Polya's
theorem”, Fuzzy Sets & Systems, vol. 158 (24), 2007, pp. 2671-2686.

[10] A. Sala and C. Ariflo, “Relaxed stability and performance conditions for
Takagi-Sugeno fuzzy systems with knowledge on membership-function
overlap”. IEEE Trans. on System, Man and Cybernetics-B, vol. 37 (3),
2007, pp. 727-732.

[11] M. Bernal, T.M. Guerra, and A. Kruszewski, “A membership-function-
dependent approach for stability analysis and controller synthesis of
Takagi-Sugeno models”, Fuzzy Sets & Systems. vol. 160 (19), 2009, pp.
2776-2795.

[12] M. Johansson, A. Rantzer, and K. Arzen, ‘“Piecewise quadratic stability
of fuzzy systems”, IEEE Trans. on Fuzzy Systems, vol.7, 1999, pp. 713-
722.

[13] G. Feng, C.L. Chen, D. Soun, and Yan Zhu, “Hinf controller synthesis of
fuzzy dynamic systems based on piecewise Lyapunov functions and
bilinear matrix inequalities”, IEEE Trans. on Fuzzy Systems, vol. 13 (1),
2005, pp. 94-103.

[14] B.J. Rhee and S. Won, “A new fuzzy Lyapunov function approach for a
Takagi—Sugeno fuzzy control system design”, Fuzzy Sets & Systems, vol.
157 (9), 2006, pp. 1211-1228.

[15] Y. Blanco, W. Perruquetti, and P.Borne, “Stability and stabilization of
nonlinear systems and Tanaka-Sugeno fuzzy models”, Proc. of the
European Control Conference, Lisbon, Portugal, 2001.

[16] T.M. Guerra and L. Vermeiren, “LMI-based relaxed non-quadratic
stabilization conditions for nonlinear systems in Takagi-Sugeno's form”,
Automatica, vol. 40 (5), 2004, pp. 823-829.

[17] B.C. Ding, H.X. Sun, and P. Yang, “Further studies on LMI-based
relaxed stabilization conditions for nonlinear systems in Takagi-Sugeno’s
form”, Automatica, vol. 42, 2006, pp. 503-508.

[18] A. Kruszewski, R. Wang, and T.M. Guerra, “Non-quadratic stabilization
conditions for a class of uncertain non linear discrete-time T-S fuzzy
models: a new approach”, IEEE Trans. on Automatic Control, vol. 53 (2),
2008, pp. 606-611.

[19] K. Tanaka, T. Hori, and H.O. Wang, “A multiple Lyapunov function
approach to stabilization of fuzzy control systems”, IEEE Trans. on Fuzzy
Systems, vol. 11 (4), 2003, pp. 582-589.

[20] T.M. Guerra and M. Bernal. “A way to escape from the quadratic
framework”. Proc. of the Fuzz’IEEE Conference, Jeju, Korea, 2009.

[21] M. Bernal and T.M. Guerra, “Generalized non-quadratic stability of
continuous-time Takagi-Sugeno models”, IEEE Trans. on Fuzzy Systems,
vol. 18 (4), 2010, pp 815-822.

[22] M. Bernal, T.M. Guerra, and A. Jaadari, “Non-quadratic stabilization of
Takagi-Sugeno models: a local point of view”; Proc. of FUZZ-IEEE

Conference, Barcelona, Spain, 2010, pp. 2375-2380.

[23] K. Guelton, T. Bouarar, and N. Manamanni, “Robust dynamic output
feedback fuzzy Lyapunov stabilization of Takagi—Sugeno systems—A
descriptor redundancy approach”, Fuzzy Sets & Systems, vol. 160 (19),
2009, pp. 2796-2811.

[24] L.A. Mozelli, R.M. Palhares, F.O. Souza, and E.M.A.M. Mendes,
“Reducing conservativeness in recent stability conditions of TS fuzzy
systems”, Automatica, vol. 45 (6), 2009, pp. 1580-1583.

1620




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /WorkingCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


