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Abstract—In our earlier study, the property of L,-gain robust
control is incorporated into the direct adaptive fuzzy control
design with the use of the compensative controller. The tracking
control performance is guaranteed. In the study, we further
employ the L,-gain property to improve the adaptive law design.
Due to the L,-gain control property, the approximate error of the
fuzzy system is estimable, and thus, an adaptive law with the
approximate error feedback is proposed in the study. The novel
adaptive law improves the learning speed so that the learning
performances can be better. Since the L,-gain based
compensative controller can guarantee the tracking control
performance and remove the effect of the gain function in the
adaptive law. The direct adaptive fuzzy control system design of
the paper not only has the satisfactory tracking control
performance but also has the better learning performance.
Various simulations are conducted to demonstrate the
effectiveness of the proposed design.
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I

Fuzzy control has been successfully employed in solving
many nonlinear control problems. A significant feature of
fuzzy control is the use of linguistic fuzzy control rules in the
controllers. However, the fuzzy rules are difficult to obtain,
especially for complicated systems. In order to obtain fuzzy
control rules systematically, a learning (adaptive) control
scheme, termed as the adaptive fuzzy control has been
proposed in literature [14]. By making use of the fuzzy
universal approximation theories [3][13], Lyapunov stable
theory, feedback linearization control technique [8]-[10], and
backstepping control technique [5][8], various adaptive fuzzy
control systems have been reported in recent years. However, it
is known that a fuzzy system with a finite number of rules (the
finite fuzzy system) can only estimate a function within a
limited accuracy. The approximate error of the finite fuzzy
system is generally inevitable. The existence of approximate
errors may often create problems for adaptive fuzzy control
systems, such as the final system stability [9][11][19].
Although the Lyapunov theorem guarantees the stability of the
control system, but the existence of the approximate error may
make the derivative of the Lyapunov function being possibly
positive so that the stability of the system may be destroyed.

INTRODUCTION

An extra robust controller is often used to guarantee the
system stability in such a case, such as the sliding-mode based
controllers [11][12][21][23], supervisory controllers [12],
adaptive proportional-integral robust controller [16], and
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adaptive sliding proportional-integral robust controller [17]. In
addition, there are approaches using other robust theories to
redesign the adaptive fuzzy control systems, such as small-gain
theorem [22], and H-infinite tracking design [4]. In literature
[15], the authors proposed an approach of considering the
approximate errors into the Lyapunov function. However, these
approaches are usually be used for indirect adaptive fuzzy
control because it is easy to define approximate errors. For
direct adaptive fuzzy control, it is difficult to define the
approximate error, such as the unknowingness of the gain
function (g) is a well-known cause. In our study, due to the
proposed compensative controller, the finite L,-gain property is
introduced into the direct adaptive fuzzy control system design.
Because the finite L,-gain property was a criterion of the
estimator design [6], the proposed compensative controller is
also a control error estimator and then the approximate error of
fuzzy system is estimable. Therefore, the estimated
approximate error feedback term is designed and added into the
adaptive law design to enhance learning performance of the
direct adaptive fuzzy control system. The proposed approach is
shown to have satisfactory performance as expected.

This paper is organized as follows. After this introduction
session, in section II, the background of the direct adaptive
fuzzy control for an nth-order SISO nonlinear system is
introduced. The proposed approach and corresponding proof
are presented in section III. In section IV, various simulations
with the commonly-used inverted pendulum system are
conducted to demonstrate the effectiveness of the proposed
approach. Finally, the discussion is given in section V.

IL.

Consider an nth-order SISO nonlinear system in a
companion form as

{

where f'and g are two unknown continuous system functions, #
is the control input, and y is the system output. Define the

BACKGROUND

x™ = fX)+g(X)u+d=f+gu,
y=x

(M

system state vector as X = [x,%,---,x" "] = [xl,xz,m,x”]r. In
this study, we assume that the sign of g is known and also the
upper bound (g,,,) and lower bound (gj,,) of ‘ g‘ are known. In
practice, g, and g, are not necessary to be known because
they are used in obtaining the stability proof only not in the
proposed controller. We assume that all system states are



measurable. The task is to drive the system state to track a
-,y Let the

tracking error be e=y, —y and define the error vector as

bounded reference trajectory y,, =[¥,,, V-

e=[ee,,e" "] =[e,e,,"-",e,]" . A reference controller is
designed based on the feedback linearization as

L1
u=—(-f+y +k'e), 2

g
where the error feedback gain vector k =[k,,k, ,,- -,k ] is
selected such that all roots of the polynomial

h(s)=s"+ks""+---+k, are in the open left-half plane, so
called Hurwitz stable [10]. With the controller as (2), the
following state error dynamics equation is obtained

e =y" —x"=—K'e+t g —u). )
The vector form is
é=Ae+Bu —u), “)
0 1 0o 0 0 0
0 0 1 0 : 0
where A=| : : o 0 and B=
0 0 0 1 0
_kn _kn—l _kz _kl g

Since A is a Hurwitz stable matrix, there exists a unique
positive definite symmetric nX#n matrix P satisfying the

Lyapunov function A"P+PA =-Q , where Q =gl , in which
I is an unit matrix with an order » and ¢ > 0 is a constant.

Now, we consider the direct adaptive fuzzy control [12],
which uses a fuzzy system to estimate the reference controller
(2) directly. The fuzzy approximator is constructed by a set of
fuzzy IF-THEN rules as

R':IF x, is 4/, and -+, and x, is A/
THEN y, is &', for 1=12,---,M

where (x,,x,,-:-,x,) and y, are the input and output of the
fuzzy approximator, respectively. (4/,4;,---,4") and €' are
the corresponding fuzzy sets, / is the rule index, and M is the
number of rules. In this study, for easy computation, ' is a
fuzzy singleton. The above fuzzy approximator with the center-

average defuzzification and product inference can be obtained
as

>0 qu, 0
¥ (0= )

p J ZHER)

where 4 (1) is the membership function of the fuzzy set A/’ .

Equation (5) is an universal approximator [3] and usually is
written as
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y,(x0)=0"0, Q)

where 0=[8',67,---,6" 1 is an adjustable parameter vector,

MAqT
1

and o=[0",0, @ is a fuzzy degree vector. The

elements of ® are

[1u, )

a =

,l=1,--, M. (@)

n

)3 § P

=1 j=1

As mentioned earlier, approximator (6) is employed to
estimate the reference controller #” directly. In order to cope
with the approximate error, a compensative controller (u,) is
added into the control system as

— —NnT
u=u,+u, =00, +u_,

®)

Based on the universal approximator theory [13], the optimal
fuzzy approximator is defined as follows.

u,(x0))=u, =0]w,,

©

where 0, is the optimal parameter vector which is defined as

(10)

0’ = arg min{sup |u —u;(Xled)h ;

0,6Qp,  xeQ

x

where Q, and Q_ are the constant sets of the suitable bounds

of 0, and x , respectively. In fact, a fuzzy system with a finite

number of rules (finite fuzzy system) can only provides a
limited accuracy to the approximation of a nonlinear function.

Therefore, the approximate error is defined as €, =u" —u,, . By
substituting control input (8) into (4), we have

é=Ae+B(u -0\, —u +u,—u)

=Ae+BO 0, +e,—u),

(11)

where the parameter estimate error is 8! =(6,—0,)" . In
equation (11), Ae provides an inner linear system, and
(6;(0 ,+&,—u.) is a nonlinear input with respect to the system
uncertainties. We can design u, to cause (11) to have some

specific form, such as the L,-gain inequality in Definition 1
given in the next section.

III.  DESIGN RESULTS

The general L,-gain control notions [1][2][7] will be
provided in the following definition. The robust control system
is considered with the relationship between the tracking error
(e) and the total uncertainty ( &, ).

Definition 1: Control system (1) has the finite L,-gain
property if the following inequality is guaranteed.

lef,, < Sle.,, + 7 - (12)



where ¢, is the total uncertainty, 6 >0 is a controllable finite

gain, and y, € R" is the bias constant with respect to the
initial condition.

The L,-norm for a variable z is defined as ||z||LZ = ,’ J:zz dt

. Refer to inequality (12), it is evident that §||€,||Lﬂ provides an

attraction region around the origin of the state space and the
attractiveness is controlled by ¢ . Thus, the L,-gain property
states that the tracking error is bounded around the origin. In
this paper, a compensative controller is proposed in Theorem 1
to let the direct adaptive fuzzy control system have the finite
L,-gain property. In Theorem 1, the used 2-norm for a vector

z, isdefined as |z, =42z, .

Theorem 1: Consider the direct adaptive fuzzy control
system as mentioned earlier. The proposed adaptive law for the
fuzzy system is

0, =a,sgn(g)e’PBo, + 4 ||e|, (v.0,)", (13)
and the proposed compensative controller is
u, =k, sgn(g)e'PB,, (14)

where ¢, >0 is an adaptive constant, £, >0 is a scale
constant, B/ =[00---01],, , and k, >0 is a selected constant.
If P satisfies A’P+PA=-Q with Q=¢I and ¢ >0, then
the compensative controller (14) guarantees that the system

have the finite L,-gain property with a finite gain
0=4q" (g,w/,IZkCIg/w) and bias constant

Vo = \/q" (e(0)" Pe(0) + (1/22)0” (0)8,(0)) , where @ >0 is
a constant.

Proof of Theorem 1: Consider a continuous differentiable
Lyapunov function
V =e'Pe+(1/20)070,, (15)

where « is a positive constant. Using equation (11), then the
derivative of (15) is

V =—e'Qe+2¢'PBe, —2¢'PBu_+ (/)0 (20" PBw, -0, .
(16)
From equation (16), the normal adaptive law is
0, =20e'PBo, . 17)

Since g is required in B and is unknown, adaptive law (17)
cannot be used. We redesign the adaptive law as follows.

0 =20k, sgn(g)e’ PB,® +,6’m||e||2§d
=, sgn(g)e’PBo, + 3, e[, 0, . (18)
where k, >0 is an arbitrary constant to replace |g| , and

o, =20k, >0 is an extend adaptive constant. 0 , 1s estimable,
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and the estimation method will be provided later. Substituting
new adaptive law (18) into (16), we have

V =—e"Qe+2e"PBe, —2¢ PBu.
+(1/2)8} (20e"PB &, — 20k, sgn(g)e’ PB,o
=-e'Qe+2e'PBe, —2¢"PBu, - f3,

o= BoJel.8.)
(19

T
d*>d>

where €, =¢, +6;u)d {1—(kg/|g|)}e L and is regarded as the
total uncertainty. Now, the compensative controller is designed

as (14). Substituting compensative controller (14) into (19) and
after some algebraic manipulations, we have

J_

V =-e'Qe-(|/2k,|g| e"PB, -

g 2.2

+( =B, [el, 670, (20)
cl gl
The following inequality is verified.
V<—e'Qe+d%, @20

where 6, =g, / J2k,g,. with g < | g| <g,, - It can be found
that the negative term —,Bm"e"ﬁ;ad in (20) provides more

negative edge for (21). By assuming V' (e(0), 0 ,(0)=0, and

we known V(e(eo), 0 ,(2)) 20 because € € L_ , inequality

(21) is rewritten as
j " e’Qedt < j " 5762 di +e(0) Pe(0) +——07 (0),(0). (22)
0 [} 200

Due to Q = ¢l , inequality (22) becomes

j “eledi<q\( j " 822 dt +¢(0)" Pe(0) + L 07(0)0,(0)) .
0 0 200

(23)
If V(e(O),a ,(0)) =0, then following inequality is obtained.

o, . .

2
£,

where 0= \/F(gup/,ﬂkdg,w) = 5\/F It is easy to verify

that /z} +z; <(z,+z,) is always true for any z >0 and
z,>0.If V(e(0),8,(0)) # 0, then we have

, 24

¥ (€(0).04(0)=0

lel, <dlel,, + 7 - 25)

where 7, = \/q’l(e(O)TPe(O)+(1/2a)§;(0)§d(0)) . Now, we
assume a suitable ¢ is used. Then the compensative controller
(the

even thought u,#u’

1y<oo

fuzzy system is finite) and €€ L_ . In other words, the



tracking error is bounded densely around the origin. That
implies u, =u" —u, =§§md. From [6], it is known that u,
gives a referable learning (approximate) error estimator for the
finite fuzzy system based on the L,-gain property so that
u, = ajm , is guaranteed. Therefore, ﬁd is designed as

0,=8,u0),

where B, >0 is a scale constant. By substituting (26) into (18)
and then (13) is obtained. Intuitively, the learning of the fuzzy
system will be faster owing to the external learning information
(26). Finally, the 2-norm of error vector (| ,) of (13) is a

simple adaptation scheme to enhance the learning stability.
Q.E.D.

(26)

(¢

Iv.

In this section, two simulations are considered to
demonstrate effectiveness of the proposed approach. The
MATLAB function “ode45” is used to emulate the system
dynamics with the time step size 0.01 (sec.). An often-used
example, the inverted pendulum system, is considered and its
model is described as

SIMULATIONS

X, =X,
x,=f+gu’
. m,Lx; sinx, cosx, cosy,
gy e mom
m m
/= 4 mco;Zx / 8T meo[§x, ' @7
LGy 1} -0
3 m +m, 3 m+m

where x,(rad) is the angle of the pole, x, (rad/sec.) is the
angular velocity of the pole and g, is the acceleration due to
gravity (9.8m/s*), m, is the mass of the cart (1.0kg), m, is
the mass of the pole (0.1kg) , and L =1 (m) is the length of
the pole. g is a continuous positive function and 0.6 < | g| <15
[12]. The initial states are x,(0)=30(deg.) and x,(0)=0.
The fuzzy system consists of 25 fuzzy rules. The corresponding

fuzzy sets and their membership functions are shown in Fig. 1.
The initial parameter values are all set to zeros; that is,

0,(0) =0 . The selected tracking trajectory is y, =sin(¢) (rad).

k= [5 I]T and Q =10I (¢=10). These parameters are used
in all simulations.

Notice: The adaptive rate «, and learning error feedback
term ( ,Bm"e"2 (u,0;)") of (13) are the targets for testing. It
should be noted that in order to demonstrate the difference of
the learning speed. The sense of the persistently exciting
condition [9] is considered to ascertain the learning situation
based on a learning performance index e, , such as if the
following learning condition (28) is satisfied, the learning
target is achieved.

il
_ [ © LT
||e(i)||L2 - .[Hsedt < eL|r:l.2.~ >

(28)
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where 7, is the cyclic time of y, . We let ¢, =5%x107. The
cyclic time of the tracking trajectory y, =sin(¢) (rad) is about
6.28 seconds, we have ¢, = 6.28 . The achievement time of the
learning condition is the focus.

Simulation I: The general control performances of Theorem
1 are showed in this simulation. These parameters k6 =15,

o,=50, and f, =20 are used. The simulation time is 50

seconds. Fig. 2 is the tracking control performance, and the
final tracking error is small. Fig. 3 is the control action of the
compensative controller (14). It is evident that the
compensative control action is convergent and is not large in
the final stage. Fig. 4 is the control action of the fuzzy system,
which is also the learning result. Fig. 5 is the total control
action. It can be found that the control action of the fuzzy
system (Fig. 4) is similar to the control action (Fig. 5) so that
the learning of the fuzzy system is successful. Fig. 6 is the
learning results of (8',6°,---,6”) . The learning is stably
convergent and the so-called parameter drifting problem is not
obvious. Fig. 7 shows the L,-norm of the error vector in each

cycle and the condition ||e(,)||L <e, isreached at 18.84 seconds
2

or at 3th learning cycle (i=3). The L,-norm of the error vector is
still bounded in further learning cycles.

Simulation 2: The learning speed tests are illustrated in this
simulation. k, =15 is still used. The other parameters are
collected in Table 1. Among them, S, will be changed

whether the learning error feedback
in (13) is used or not (if not, then the normal

to
T

according

B,e

adaptive law is used). The value of ¢, is also increased to

illustrate the improvement of the learning speed. From the
simulation results (Table 1), it is evident that the adaptive law
with the learning error feedback has faster learning speed, and
the reached cycle of each simulations are close even if the used
adaptive rates are different. It can be found that the selection of
the adaptive rate can be relaxed because the use of the novel
adaptive law (13) and compensative controller (14).

-1
RUXOY

V.  DISCUSSIONS

Based on the finite L,-gain property, a novel direct adaptive
fuzzy control system design with a compensative controller and
improved adaptive law is proposed. The compensative
controller does not need the knowledge of the mathematical
model of the plant, and the compensative controller provides a
referable approximate error estimator for the fuzzy system. The
property leads that a learning error feedback term is added into
the adaptation scheme. As a result, not only the proposed
approaches can provide faster learning speed but also the gain
function (g) is removed in the adaptive law design. The
adaptive rate does not affect the learning speed too much, that
fits the requirement of the adaptive approximation based
controls. Even if the learning rate is small, the learning
performance condition is still reached quickly. The guarantee
of the learning speed is a very important topic to intelligent
control systems. The system stability and learning performance
of the resultant control system are guaranteed in the study.
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Figure 1. The used membership functions and fuzzy sets.
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Figure 3. The compensative control action (u, ).
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30 . . T . 0.45 . . | ! - ; ;
E I
= S 04 ! i
£ 2 |
z g 035, [ g
o c !
o = |
% g 0.3 : 4
1 2 025 ! 1
§ 5 ‘
= () E
(_(é f;’ 0.2 3
£ 5 0.5 | 1
§ € I The learning performance index
- 2 01 ' is reached at 18.84 seconds B
c
g ] eL=0.005 ' (3¢h cycle).
= o 005f / ! / \,
IS
30 s s . s 0.005 L ‘ . ‘ ‘ .
0 10 20 30 40 50 0 6.28 1236 18.84 2512 3125 37.68 43.96 50
time (sec.) time (sec.)
Figure 5. The total control action (u =u, +u, ). Figure 7. The L,-norm of the error vector of each cycle.
| TABLE I. THE RESULTS OF THE LEARNING SPEED TESTS IN SIMULATION 2
E, ] o, ﬂm Reached Time (sec.) and Cycle
e |
& 1 20 2512 (4th cycle)
% ] 1 0 Unstable
-— s, |
2 10 20 18.84  (3th cycle)
%] |
[
> | 10 0 Unstable
'g 20 20 18.84 (3th cycle)
3 | 20 0 43.96  (7th cycle)
i 30 20 18.84  (3th cycle)
20 30 20 50 30 0 3140  (5th cycle)
fime (sec.) 40 20 18.84  (3th cycle)
Figure 6. The learning results (0, ) of the fuzzy system. 40 0 2512 (4th cycle)
50 20 18.84  (3th cycle)
50 0 18.84  (3th cycle)

400




<<
  /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


