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Abstract: The advantages using interpolative blocks in control structures are, mainly, based on
simplifying the solutions (easier implementation and reduced calculus time) and the possibility to
ensure for the control systems, in a relative easy way, some robustness properties. The goal of the
paper is to underline the possibilities offered by the interpolative-type control and to illustrate this
through a case study regarding to a positioning system. The case study suggests different issues
from which the problem can be viewed, from the control, robustness properties and also, from the

stability point of view, in Lyapunov'’s acception.
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1. INTRODUCTION

Interpolation means a generalization form
usually used in human reasoning. Mainly,
through interpolation can be adopted decisions
— an un-limited number of them - for current
cases, based on accumulated experience from a
finite number of situations and on a genera-
lization mechanism, experience synthesised as

causal correlations. Unlike the rigorous
generalization met in classical math,
interpolation generalization — even in the cases
in which is followed by a mathematical
approach -, represents a non-rigorous genera-
lization, meaning that it works in unpredictable
situations, achieving correctable effects.

In engineering interpolation is used from a long
time, the “engineering tables” represents one of
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the most popular form. In automatic control
also interpolation was used from some period of
time in order to realize some correction
elements. Interpolation usage was growing with
the fuzzy and neural controller apparition.
Those generalization mechanism is based on an
“interpolative reasoning” [1], [2], [7]. Because
the mathematical substrate they are based on,
they have the “ability to hide the interpolative
character”, so the practitioners through the
interpolative fundaments do not perceive those
kinds of controllers and their hybrids.

As an alternative to the fuzzy and neural
controllers, in 1996 the so-called “interpolative
controllers” are proposed. They refer on explicit
interpolation as presented in [3], [4]. The object
of the present paper is to presents some aspects
(design, robustness and limitations aspects)
related to such controllers.

Generally, the interpolative-type controllers
implement the control algorithms through
support points defined in interpolative blocks,
which are used either alone (Drechsel in [3]), or
integrated in dynamic structures (as in [5], [6]).
This offers the possibility to start from an
already existing initial solution ([5], [6]), and to
correct the initial dependency in a quite simple
manner. The changes operated in the tables,
within the design operation of the interpolative
controller, are made to improve performances
for the control system they are started from.
The improvement techniques used are different,
according to each and every application. The
improvement criterion assures, step by step, a
structure with better performances than the
initial one. In essence, the interpolative
controllers used in [5] and [6] and also in this
paper, are interpolation tables, which contain a
finite number of support values, collected from
support points. The difference between these
researches is the manner in which the support
values are collected [8].

The second part of the paper underlines some
theoretical aspects concerning the methodology
used to obtain interpolative controllers based on
fuzzy controllers, leading to more robust
control system than the fuzzy ones. A study
case considering also limitations is presented in
the 3" part. Finally a few remarks conclude the
presentation and an appendix resumes some of
the theoretical aspects used in section 3.

2. DESIGN PROCEDURES FOR
INTERPOLATIVE CONTROLLERS
WITH ROBUSTNESS PROPERTIES

In this paper, as start point for the design (Step
0) is considered the simple fuzzy structure with
a fuzzy controller with synthetic input (RG_IF)
represented in Figure 1, based on some
relations between the control signal sd (the
signed distance to the switching line in the state

e
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Fig 1. Signed distance sd calculus and the associated
RG _IF controller.

plane of calculus block), the error e and it’s first
derivative ¢, developed in [9]. The design
procedure is described in [5], [8] and [14]; it is
not an issue for the present paper.

To obtain a simpler control structure with better
dynamic performances, the RG [F is replaced
with a single input interpolative-type controller
(RG-11) like in Figure 2 and two design steps
are covered.

e L
—>»  sdcalculus | sd Cond. and u

é limit. block ——->
—> block

Fig 2. Signed distance sd calculus and the associated
RG 11 controller.

Step I: The RG II is developed in order to
replace the RG _IF. The purpose is to achieve
an interpolative single-input controller with, at
least, the same behaviour of the control system.

The development run as follow: based on the
single-input fuzzy controller a set of significant
support points are extracted from the input-
output control dependence of the RG_/F and as
a result an almost identical interpolative
reproduction of the fuzzy characteristic will be
obtained. Such interpolative blocks can be
implemented as “look-up tables” in application
tools as MATLAB-SIMULINK or through
dedicated numerical programs. Finally, a simple
single-input interpolative controller RG I1
(developed in two ways) is obtained, with
performances at least equal (but improvable) to
those of the initial structure, but with less
calculus time and with simpler implementation
possibilities.
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Step2. An interpolative controller, robust to
changes in reference signal is developed. The
purpose is to achieve a simpler single-input
controller with improved behaviour of the
control system. The development consists in an
iterative tuning of the interpolative block.

Step3. Real processes are non-linear. It’s
difficult to consider the non-linearity from the
beginning, in the first design steps. From this
reason, they can be treated after the linear
structures are designed. The problem can be
viewed in different ways; in the present paper
one of them is presented. Usually, the non-
linearity issue is omitted or is considered in a
superficial manner and so a significant amount
of studies have only academic value without an
engineering, applicative one. In this context, in
the last step of the study presented in section 3
two categories of limitations are considered: on
the states variables level and on the command
level. The solution presented in the paper has a
quasi-analytical character.

3. STUDY CASE

The objective of this case study is to control a
linear positioning system with the transfer
function [10]:

1
H(s)=—— 1
(s) s-(s+1) M)
Step 0. The fuzzy control scheme in Figure 3
with a synthetic input sd for the fuzzy bloc FB
is used as a starting point.

Fig 3. Fuzzy control scheme with RG_IF controller
with synthetic input for the positioning system

The domains considered for implementation of
FB are Dy = [-2.85, 2.85] and D, = [-1.4, 1.4],
with Dy determined by geometric means [10]
and D, validated by considering the necessity of
obtaining zero steady state error. The associated
fuzzy variables for sd and ¢, described by 5
linguistic terms as in Figure 4a and in Figure 4b
are related according to the rule base presented
in table 1.

Membership function plots  PIot points:
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Fig 4. Form and distribution of membership
functions for RG_IF controller: sd (a) and ¢ (b)

The time response of the system with RG IF
for the following scenario is depicted in Figure7
in order to illustrate how the system is
stabilized in a certain state, different from the
origin; the pulse reference signal

w(t)=o(t)-o(t-10) )

is considered. The pulse is applied in zero
initial conditions.

Table 1 — Rule base for the RG 1F
sd | NB| NM | ZE | PM | PB

¢c |[NB|NM | ZE | PM | PB

Step 1: In order to obtain a simple controller,
easier to implement and, in the same time, with
a reduced calculus time, the RG IF will be
replaced with an interpolative controller RG 1/,
with the same sd-generator (synthetic input —
generator), like in Figure 5. The first operation
for obtaining of /B consists in determining the
input-output transfer characteristic of the fuzzy
block FB. The result is illustrated in Figure 6
for sd €[-1.75, 1.75] € Dy .

Fig 5. Interpolative-based control scheme with
RG 11 for the positioning system
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Fig 6. Transfer characteristic of the fuzzy block FB

In order to reproduce the characteristic in
Figure 6, as significant support points for the
interpolative block /B the 6 ,breaking” points
from the characteristic in the command domain
and another two intermediate points ((-1.76, -1)
and (1.76, 1)) from the extreme segments of the
characteristic are used. The interpolation table 2
is obtained.

Table 2 - Interpolation table for the RG_11(F)
controller

sd | -1.76 | -1.62 | -1.62 | -0.5 | 0.5 | 1.62 | 1.62 | 1.76

c -1 -0.55 | -0.55 0 0 | 055 0.55 1

Based on table 2, in SIMULINK is
implemented a first version of the interpolative
block /B, denoted I/(F), as a one-dimensional
»look-up table”. The response of the control
system with the interpolative block I(F) at
reference signal (2) (curve RG-1I in Figure 7)
reproduces the behaviour of control system
with the fuzzy controller FB (curve RG-IF in
Figure 7).

RG-11

a 2 4 3 8 10 12 14 16 18 20
1[s]

Fig 7. Comparative responses for the systems with
RG _IF and RG_1I(F) at reference signal (2)

Step 2. In this step for the tuning of the control
system in Figure5, the ladder signal (3) is
considered as reference signal, instead of the

signal (2).

W(t)=0.256(t)+0.56(t-10)+0.255(t-20)-
-0.256(t-40)-0.256(t-50) 3)

Because the output didn’t follow the reference,
the behaviour of both fuzzy and interpolative
systems is unsatisfactory. The situation can be
corrected by considering the jump of the
reference Aw also in the control strategy, as a
new input of the blocks RG_IF, and RG II. In
this situation the control structure from Figure 8
will be considered instead the one in Fig. 5, and
the new interpolative block, with two inputs is
denoted as /RB.

c | Process

Fig 8. Control structure with interpolative robust
controller RG_IR

To develop IRB, for Aw variable a 9 values
granularity in the universe of discourse is
adopted: {-1, -0.75, -0.5, -0.25, 0, 0.25, 0.5,
0.75, 1} < [-1 1]. At the beginning, for each
value of Aw a 1-dimensional interpolation
table is built and finally the 2-dimensional table
3 results:

Table 3 - Interpolation support points for IRB

Awlsd | -225 | 09 | -048 [ 0 | 048 | 0.9 | 2.25

-1 -1 -0.62 | -0.04 | 0 | 0.04 | 0.62 1
-0.75 -1 -0.62 | -0.11 | 0 | 0.11 | 0.62 1
-0.5 -1 -0.62 | -0.14 | 0 | 0.14 | 0.62 1
-0.25 -1 -0.62 | -0.14 | 0 | 0.14 | 0.62 1
0 -1 -0.62 | -0.16 | 0 | 0.16 | 0.62 1
0.25 -1 -0.62 | -0.14 | 0 | 0.14 | 0.62 1
0.5 -1 -0.62 | -0.14 | 0 | 0.14 | 0.62 1
0.75 -1 -0.62 | -0.11 | 0 | 0.11 | 0.62 1

1 -1 -0.62 | -0.04 | 0 | 0.04 | 0.62 1

The results obtained using this interpolative
robust controller is presented in Figure 9.
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Fig 9. Response in position y (curve 2) of the

control system in Figure 8 at reference signal (3)
(curve 1)

By analysing table 3 from a simplification
perspective, finnaly it can be minimized, with
the same results, reducing sd excursion to 3
values as in interpolation table 4, with only 12
support points.

Table 4 - Interpolation upport point simplified
table for IRB

Aw |\ sd |-0.48 | 0 | 0.48
0 -0.16 | 0 | 0.16
[0.25,0.5] | -0.14 | 0 | 0.14
0.75 -0.11 | 0 | 0.11
1 -0.04 | 0 | 0.04
DB LL‘
&
W
— L = generator Sd= [RE
—*

‘Step3. In real positioning systems the allowed
variations in position and speed are limited. As
a consequence, for the next part of the study,
the following limitations for the states of the
plant given by transfer function (5),
respectively by the model X =x,,
Xy ==X, + ¢, y =X, are considered:

X € [xlmim xlmax]: [_ 2, 2],
Xy € [x2min’ x2max]: [_ 3, 3]- (4)
In these circumstances the nonlinear one
replaces the linear model of the plant:
X =X, ‘G[(xz — X3min) (X2 max = X2 )]
ty = =5 - 0[(0) = Xymin ) (Kyay —2)] €
y=x ‘5[(x1 ~ X1 min) " (X1 max _xl)]

O]
and the control scheme in Figure 8 is replaced
with the scheme in Figure 10. The states x,, x,

correspond to y, y from Figure 8, respectively.

Ay max !

L of| Limn

v

1 . X
— |»f Lim x”m s
g

| —

Fig 10. Control scheme with IRB controller considering limitations at the states level

Next, in this section the control problem is
developed in order to provide Lyapunov
stability according with those presented in the

appendix. We denote X, =x,—w and
X, =x, —0. The input in IRB block, sd is
calculated in generator block, according to the

last expression from the equalities:
_ é+h-e __.’)?2 —7\.'$1 _

\/1+k2 \/1+?»2
— Xy —A-(x —w)=—x2 +A-u

1+ 22 V1+A2

sd

(6)

In order to design the conditioning and
limitation block U, . — L (see Figure A-1 in

appendix), the candidate function

~ o~ . ~ ~2
V(x)=%" -diag(p,,pn) X =p X +
[ —
P (7
~2 2 2
+ P X5 =pp (X = W)+ Py - X5

is adopted. Its first time-derivative is:

V(JNC)Zz'Pu'371';1+2'P22'372';2: (8)

=2-p1 (=W)X + 20 Py Xy Xy

where X, and X, have the expressions in (5).
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Considering the admissible domain

Xa = [zlmin ’ xlmax]x [zZmin ’ }2max ] =

= [— 2-w,2— w]>< [— 3, 3], associated with the
limitations (4), the expression of the first
derivative becomes:

V(R)=2-pj, % - [% +B- (%, +0)] ©)

where ¥ e X , and B= P Imposing the
Pu

restriction ¥ < 0, it follows, as necessary, the

condition:

2-pyy B[ + BT, +u)]<0,X e X, (10)

Analysing this inequality, it is easy to conclude
that:

* In each area where X, <0,X; >0 and
X, >0,X, <0, always exists $ >0 such
that condition (10) is satisfied; this means
that the areas can be covered in any
situation with concatenable stable sub-
domains.

= If conditions
respectively are fulfilled in the areas
X, <0,% <0, and X,>0,X 20
respectively, then there always exists
B =0 such as (10) to be satisfied and, as a

result, each area can be covered with
concatenable sub-domains. If conditions

c>X, and c¢<X,

¢>X, and ¢ <X, respectively are not

fulfilled for XeX, then,
modifying the Lyapunov function, inferior
limitation of ¢ is imposed, such as ¢ > x,

without

and c¢<x, respectively; the re-
configuration of the system (by adding an
inferior or superior limitation bock for c)
will be also imposed.

* For X, =0and X, #0, the blocking of

the system, due to the fact that 14 =0,
must be prevent by imposing a command

with the following form: c¢=-g-X,,
€>0.
= In the
conditioning is needed.

point X, =0andX;, =0, no

The results of this above discussion (Lyapunov
conditionings) can be transposed graphically as

in Figure 11, where X, . =X, . — W and

Ximax = Ximax — Win - 10 the discussion the
idea of a Lyapunov function defined on
distinct sections by different numerical
expressions appears from the specifications

referring to3 .

& "x”z
xﬂmﬂx

no limitations i
of ¢ with
respect to ¥
ate ithposed |

il

no limitations
of & with

respect to ¥

ate itmposed

Fig 11. Lyapunov conditionings

In order to implement the Lyapunov
conditionings, the SIMULINK scheme in
Figure 12, in ,continuous time” variant, is
given.
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Fig 12. Control scheme with IRB block and interpolative limitation of the command
The block “Plant” represents the system S and To exam the performance, a simulation

is modelled by the equation (5); the “Cond.
and [limit. Block” corresponds to the

conditioning and limitation ensemble U, . -L;

the rest of the blocks from the scheme
correspond to the regulator block (/RB-JDB-
generator) in Figure 10. Is important to
observe that only the Plant is an inertial system
(that means: the plant has states).

In order to study the behaviour of the control
system, several steps were followed:

a) At the beginning, the fulfilling of the
conditions in Figure 11 must be analysed. for
this purpose, the SIMULINK scheme in
Figurel3 was used.

delta_w

Fig 13. SIMULINK scheme, helping to verify the
Lyapunov stability conditions

scenario was adopted, characterized by the
followings:

Exploring with x;, using a ramp type
signal, its maximum admissible domain
[xlmin 3 X max ] = [— 2, 2], during  the
simulation time (60seconds). For this time
interval, X, € [— 2.3, 2] (see the variations
in Figure 14).

Usage of the ladder type signal in (3) as
reference signal. The same input was used
in the above paragraph in the initial
designing procedure of the I[RB, to
determine its action with respect of both sd
and Aw.

» Considering of X, =x, as parameter,
with values in its maximum admissible
domain X, € [mein, xmax] = [— 3, 3].

In Figure 14 the variations of X,(f) and

c¢—X, = f(t) are presented for 4 values of

the parameter, (see the condition in quadrant |
and III in Figure 11). It can be observed that in
each case, the conditions from Figure 11 are
fulfilled. For X,, only positive values were
considered, because according to Figure 11,
the whole calculus scheme represents an odd
function with respect to X, .
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utilda-x2

c.x, =1

dx, =3

Fig 14. The results of the stability analysis for different values of X,

These results did not illustrate the need of
some command limitation blocks as in
Figurel3, because the conditions in odd
quadrants in Fig.11 are always fulfilled. In the
same time, we observe that the conclusion,
also, is not very rigorous because the system is
highly non-linear, analytically un-
approachable, and the study done under
accepting of Figure 14 is incomplete and did
not guarantee the stable behaviour of the
system.

As a result, the first step must be continued
with a second one, by investigating the
necessity to consider a limitation block; this
will impose sufficiency conditions from the

V <0 perspective.

b) As for IRB, we will consider also for the
limitation and conditioning system an
interpolative-type solution. The corresponding
support points, obtained through the analysis
based on the results suggested by Figure 11,
are given in tables 5 and 6. The support values
of the support points associated to even
quadrants in Figure 11 are the extreme values

of the [u,; ,u,, ]=[-11] domain. In the

other two quadrants the support values were
chosen in such a way as to respect the
conditions depicted in Figure 11.

Table 5 - Support points for the generator
block for the lover limit u 0

WE | 2] 1] o0 ]2
3 a1 ] 1 [
0 1 [

0002 | -1 | -1 [ -0.001 | -1
1 1 [ [ 099 [
E S T T

Table 6 - Support points for the generator
block for the upper limit vy,

X/ X, -2 0 1 2
3 1 1 1 1

1 1 0.99 1 1
0.002 1 0.001 1 1
0 1 1 1 1
-3 1 1 1 1
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In order to test the working manner of the
conditioning and limitation block, we will take
another simulation scenario, considering the
reference signal:

w(t) =0.250(¢) + 0.56(¢ — 10) + 0.025 -
-(t —20) - 0.756(¢ — 30) — 0.05( —40) + (11)
+0.56(¢ — 50)

In Figure 15 the results are depicted. Figure
15g illustrate the response y(f) = x,(¢) of the
system and in the other figures the evolution of

the following variables is given: V (15a), 14
(15b), ¢ (15c¢), u (15d), trmin (15€), trmax (155).

Fig 15. Results simulation based on the scheme in figure 13 at reference signal (11)

Different from the previous scenario, in the
present case the command limitation block acts

indeed. It can be observed that even in the
situation of a tougher scenario from the
amplitude reference modifications point of
view, the stability conditions are fulfilled (see
figure 15a and b) and the system’s
performances are satisfactory.

4. CONCLUSIONS

Real world problems are usually much more
demanding than the hypothetic issues solved
by most of the researches in studies in

intelligent control field. Not only the method is
important, but also the real application
possibilities. Real control systems have to face
with limitations and different operating
regimes. An appropriate control solution has to
be also simple to implement, not time
consuming, stable and robust. In the present
study one was tried to demonstrate that
interpolative control structures can fulfil such
demands.

Interpolative controllers based on tables
represent an important class of non-linear
controllers that can lead to high performances
control systems. For their design it can be
considered as starting points other controller
structures. In particular, in the present paper
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the starting point was a control structure with
fuzzy controller.

In the paper was also made some studies on the
robustness of an interpolative control structure,
at step changes in reference, with limitations
both at the states and command level. The
command limitations are also made through
interpolation and are based on Lyapunov’s
second method. The presented solution did not
guarantee the finding of a matrix P appropriate
for any regime; the described procedure offers,
from this reason, alternatives to other
procedures used to analyse the stability based
on direct Lyapunov method [11], [12], [13].
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APPENDIX: On a non-linear Lyapunov stabilisation structure

Let be S an invariant system, with the state vector x and the scalar input u:

x=f(x,u).

(A-1)

We consider that x is a desired equilibrium state corresponding to a value u,, of u ( f(x,,u ) =0).

Particularly, the equilibrium state x, =0 can be of interest. In order to reduce the stability study in

x,, to that of a relative repose state, we need to define new state variables:

X=x—x

w*

Hence, the equations (A-1) take the form:

X=fFu), fFu)=f(E+x,u).

(A-2)

(A-3)

We assume that X € X, with X, the allowed domain of X, limited in respect with every

component of X .
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Let be a Lyapunov candidate function V' (X), derivable on X, and with closed equipotential lines.
Then,

VE) =V X =V G, (A-4)

X

For a given state x, allowed and fixed, and a variable u, V()NC) can be seen as a function depending
only on u:

V() =V

X

¥=x-x, f(x,u) = Wx (u) : (A-5)

We denote with U, =[u_, ,u the set of practical values for u, with Uy(x) the values of # which

min * ¥ max ]

ensures V' (X) < 0 for the fixed value of the state x

Uy (x)={u €U, W, (u) <0}, (A-6)
and with
Uy= U Uy (A-7)
x-x,€X,

the values of u which ensure V(f ) <0 when x-x,, covers X, completely.
Practically, the set U, (x) = [“L min () %1 max (X)] cU,, corresponding to a given x, is determined by
exploring with the command u the whole domain U,.

The structure in figure A-1 can be used to respect the condition W (1) < 0. The command signal u of

the system S represents the output of a Conditioning and limitation block. It acts with respect of the
external control signal ¢, the current state x and the desired equilibrium state x,, of the system:

¢, daca c e [uLmin (X), UL max (X)]

u= (A-8)
u, & {uLmin (x)’uLmax ()C)}, daca c ¢ [uLmin (X), UL max (X)]

Here u, represents the limit values: u, =u, . (x) if ¢c<u; . (x) and u, =u, . (x) if

C2Up (X))

Figure A-1. The structure of a system with command limitation and conditioning block

In the presence of Conditioning (U, ) and limitation block (L) the system S will evolve permanently

V lim

such as:
V(%)<0, (A-9)

and the candidate function V' (X) will become a Lyapunov function. From the causality point of view

the evolution of the structure is the result of the external command ¢ and initial conditions of the
system S. In so far as the limitation in (A-8) acts, the restriction domain introduced trough the adopted
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Lyapunov function ¥ will constrain the evolution of S. When the block U, . can be designed, the

structure assures the asymptotical evolution condition X TO .

In order to become a Lyapunov function, V()Nc ) must fulfil the following conditions on the limited

domain X ,:
V(%)>0,X#0, (A-10)
V(©0)=0, (A-11)
V(X)<0,%¥#0 (A-12)

Usually, one looks to operate with a single mathematical expression for V()Nc ), on the entire domain
X, . It’s well known that it is not always possible to find such an expression as well as that is possible
to find more than one. In the same context we admit that is possible to find a candidate function V' (X)
defined on two domains by two different expressions V,(X) and V,(X), such that the ensemble
V(X) has the properties of a Lyapunov function. We assume that V' (X) is defined by V' =V, on a
sub-domain of X, and by V' =V, on the rest of X, and that the condition V,(0)=7V,(0)=0 is

fulfilled. In this case, denoting D), = {)Nc € Xa|V1 (x)< O} and D), = {)Nc € Xa|V2 (x) < O}, we have
D, D, =X, . Let X, < X, bethe domain of initial allowed values for X Ifx(0)eX, < D,
and for t — oo the state X don’t leave the domain DV»I , then X tends asymptotically toward the
equilibrium state X = 0. If X leaves the domain DVl , passing trough DV: and then remains there, the

state X will tend also asymptotically to the equilibrium state. In this second case, the temporal
evolution of the system S is followed at the beginning through V|, and after X enters in DV-2 domain,

through V. Because D, W D, =X, the reasoning is viable for both cases D, =D, N D, isthe

void set or a non-void set. When the characteristic point X passes from a domain to another V' (X)

will continue monotonically to decrease, in the same time with the variation of X to the equilibrium

state. The discussion holds on for other situations also (for example for the situation of multiple

passing from a domain to the other). Moreover, the above reasoning can be generalised: V' (X) can be

defined on a non-restricted large number of sections by the restrictions V;, V,,... of some real

functions with real variables, with the concatenable domains D;, D, ... (also
1 2

DVI UD, U..=X,). Than, by passing of the characteristic point X from a domain to another

V(X)) will monotonically decrease.

It’s important to underline the fact that the entire discussion is unfold strictly in the availability frame
of Lyapunov stability theorem and that the additional aspect developed here is only a methodological
one. It regards the operation with Lyapunov functions with different expressions on sub-domains

witch covers by their reunion the allowed space X, of X, and which have the property to become

zero for X = 0. According to above reasoning, this condition will be sufficient. As in the usual case of
the candidate functions defined by a single expression, there is no guaranteed procedure to obtain V|,

V, ... with concatenable domains DVl , DVA , ... . In order to determine these expressions matters the

analyzed system, the restrictions imposed to the signals, the ability to guess a candidate function etc.




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


