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Abstract: - The Inverted Pendulum is one of the most important classical problems of Control Engineering.
Broom Balancing (Inverted Pendulum, pole on a cart) is a well known example of nonlinear, unstable control
problem. The basic control objective of the inverted pendulum problem is to maintain the unstable equilibrium
position, by controlling the force applied to the mobile cart in the horizontal direction.

In this paper we provide a comparative analysis of two model reference adaptive control (MRAC)
methods, the first one based on the stability theory of Lyapunov and the other one based on fuzzy logic
(FMRLC - Fuzzy Model Reference Learning Control). The performances of the proposed control algorithms
are evaluated and shown by means of digital simulation.
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1 Introduction

The control of the inverted pendulum system is a
widely studied problem in the field of Control
Engineering. Due to its characteristics (nonlinear,
unstable), this system is used to demonstrate and test
various control algorithms.

The system consists of a rigid pole connected by a
hinge at its base, to a cart, which is constrained to
move along a linear horizontal direction. A force is
applied to this cart: if appropriate forces are applied
the pole can be kept in various positions from falling
over.

This paper uses this simple case study to examine
the implementation of two model reference adaptive
control algorithms and to compare their control
performances. In MRAC, the technical demands and
the desired input-output behavior of the closed-loop
system is given via the corresponding dynamic of
the reference model. Therefore, the basic task is to
design such a control, which will ensure the minimal
error between the reference model and the plant
outputs despite the uncertainties or variations in the
plant parameters and working conditions.

The first approach is the design of a model
reference adaptive controller using the stability
theory of Lyapunov. This theory assures that the
equilibrium point 0 is asymptotically stable.

The design of controllers, using conventional
techniques, for plants with nonlinear dynamics and
modeling uncertainties can be often quite difficult.
Fuzzy control is a practical alternative for a variety

of challenging control applications, since it provides
a convenient method for constructing nonlinear
controllers via the use of heuristic information.
However, some of the problems encountered in
practical control problems, such as model
uncertainties or the difficulty to choose some of the
fuzzy controller’s parameters, demand a way to
automatically tune the fuzzy controller so that it can
adapt to different operating conditions.

Based on a simple fuzzy logic controller we then
focus on the design of a Fuzzy Model Reference
Learning Controller (FMRLC).

In the end the performances of the two proposed
control algorithms are evaluated and shown by
means of digital simulation.

2 Dynamical Model of the Plant
The dynamic of the inverted pendulum system
shown in Figure 1 is described by the following
nonlinear equations.

The coordinates of the centre of gravity point cg
in terms of pivoting point p, angle ©, and length /:

X, =X, +Isin(®)

(1

Y, =Y, +/cos(O)

The sum of the forces in the horizontal and
vertical direction:

H=mX, )

V=mg+mYCg
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o %
Fig.1: Inverted pendulum on a cart

Summing all the forces in the horizontal direction
we get the first equation of motion:

F=MX,+H 3)

The second equation of motion is given by the
sum of moments around the centre of gravity cg:

Visin(®) - Hlcos(®) =10 )

Assuming the pendulum is a uniform rod, its
moment of inertia I=ml’/3.

Combining these equations we get the final form
of the nonlinear equations which describe the

motion of the inverted pendulum system:
2

(M +m) X, +ml©cos(®)—ml® sin(®)=F
mglsin(®) —ml* o- m).(.p [cos(®) = 10

The plant parameters are given in Table 1.

®)

m | 0.5kg Mass of pendulum
M | 1lkg Mass of cart
Distance between the pivot
/ 0.5m point p and the centre of
gravity cg of the pendulum
G |9.81 m/s’ Gravitational constant
1 0.0833 kg'm” | Inertia of pendulum

Table 1: Plant parameters

A linear model for the system was developed to
help designing the MRAC. Equations (5) were
linearized about the equilibrium point ® = 0. For

small angles we assumed the following
approximations:
sin(®) =0
cos(®) =1
) Q)
do
dr’

The following linear ISO (input state output)
model was determined for the inverted pendulum:

X, =X,
x,=——358 ! 7
2= 1

4

3 m+ 3 m+M
y=x

Where x; = @ is the angle of the pendulum, x; is the
rotational speed of the rod, u = F'is the input to the
system and y = x; is the system’s output.

3 Model Reference Adaptive Control
This section discusses the design of the conventional
Model Reference Adaptive Control (MRAC) as
applied to the inverted pendulum system.

When the plant parameters and the disturbance are
varying slowly, or slower than the dynamic behavior
of the plant, then a MRAC control scheme can be
used. This adaptive structure offers a superior
performance and robustness in time than a classical
PID controller [1].

Figure 2 shows the structure of the MRAC
scheme designed for the inverted pendulum system.

REFERENCE
ri) MODEL YD

i ¥elt)

k
u® | pLANT
o CON'}TOLLER (i ot |F
\

\ ADJUSTMENT

MECHANISM

Fig. 2: Model Reference Adaptive Control

The MRAC structure consists of four main parts:
the plant, the controller, the reference model and the
adjustment mechanism.

The reference model is chosen to generate the
desired trajectory, y,, for the plant output y to
follow. A standard second order differential
equation was chosen as the reference model and the
second order linear model of the plant was
determined (8).

V=280, y,~ @)y, o)
.“ ®)
0.5y=9.8y -0.66u
Where: w, = 3 rad/sec and & = 1.

The tracking (adaptation) error y,=y,-y represents
the deviation of the plant output from the desired
trajectory. The adjustment mechanism uses this
adaptation error to adjust the controller’s
parameters.
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Depending on the method used to determine the
adjustment mechanism, MRAC assures the stability
and convergence of the adaptation error.

Due to the specifics of the plant and the reference
model (second order model), the feedforward
feedback controller for the inverted pendulum has
three parameters k;, k>, k; and the control law takes
the following form:

u=kr—k,y—k,y )

For k; = k; the controller becomes a proportional
derivative (PD) controller with the derivative
component on the feedback loop.

The ISO dynamic equation that describes the
closed-loop system, which contains both the
controller and the plant, is given next:

).C=AX+BV (10)

<17
where x:[y y} and

s b | B=| 066
A=| 066k, +98 066, |, B=|_0:00

05 0.5 0.5

The reference model is given by the following
ISO system:

x, =A,x,+B,r (11

T
where x,, = { Y ym:| and

0 1 07
Am = 2 ) Bm = 2| -
_a)n _2§a)n a)i’l

The differential equation that describes the
adaptation error may be expressed by:

x,=Ax +(4 —Ax+(B, ~B) (12)

o 17
where xe:[ye ye}.

The adaptation laws for the controller’s
parameters are determined using Lyapunov’s theory
of stability.

The first major problem is to choose the proper
positive definite function V(z,x,).

V=xPx, +tr{4, - 4) y (4, - A)}+

+ir{B,~B) 7,(8, - B)|
The equilibrium point x,=0 is asymptotically
stable if [1]:
- Vis positive definite (P is positive definite);
- V)=0;

(13)

- dV/dt is negative definite.

The second problem is to obtain the derivative of
the function V.

Matrix P (2x2) is the symmetric and positive
definite solution of the Lyapunov equation (14). We
assume that Q is the identity matrix.

A'P+PA4,=-0<0 (14)

The derivative of the Lyapunov function V is
negative definite if we choose the following
adaptation laws for the variant closed-loop system
matrix:

Ait) =y, P-x, x"
. (15)
B(t)=y,-P-x,-r"
Solving equations (15), the adaptation laws for
the controller’s parameters are:

k, :_71(1912 Vet Dy 'yej'r

2272(1712‘)734‘[722‘)/6)‘)/ (16)

k, 273(p12‘ye + Py 'yej'y

In the adaptation laws (16) some terms were
absorbed into the adaptation gains y;, ., ¥3.

4 Fuzzy Model Reference Learning

Control
This section discusses the development of the Fuzzy
Model Reference Learning Controller (FMRLC) as
applied to the inverted pendulum system. The
FMRLC algorithm was first introduced in [2].
In order to develop the FMRLC a direct fuzzy
controller was first designed.

4.1 Direct Fuzzy Control

The design of a direct fuzzy controller can be
resumed to choosing and processing the inputs and
outputs of the controller and designing its four
component elements (the rule base, the inference
engine, the fuzzification and the defuzzification
interfaces) [4].

We consider the inputs to the fuzzy system: the
error:

e(kT)=0, -0 a7
and change in error:

c(kT) = (e(kT) - e(kT-T) ) / T (18)
and the output variable the force applied to the cart

u=F (19)
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The universe of discourse of the variables (that is,
their domain) was normalized to cover a range of
[-1, 1] and scaling gains (g., g. g.) were used to
normalize. A standard choice for the membership
functions was used with five membership functions
for the three fuzzy variables (meaning 25 = 5° rules
in the rule base) and symmetric, 50% overlapping
triangular shaped membership functions (Figure 3),
meaning that only 4 (=2) rules at most can be active
at any given time.

NB NS i PS PB

——
e{kT), «(kT)

Fig. 3: Membership functions for the
fuzzy controller

The fuzzy controller implements a rule base made
of a set of [F-THEN type of rules. These rules were
determined heuristically based on the knowledge of
the plant. An example of IF-THEN rule is the
following:

IF e is negative big (NB) and c is negative big (NB)
THEN u is positive big (PB)

This rule quantifies the situation where the
pendulum is far to the right of the vertical and it is
moving clockwise, hence a large force (to the right)
is needed to counteract the movement of the
pendulum so that it moves toward zero.

The resulting rule table is shown in the Table 2.

“force” “change i error” ©

u WME[MS|Z | P53 | PBE
WE|PFE|PE| PB| P3| 2
NS |PE|PEB| PR |2 | NS
Z |PE|PE|Z | NE| HME
FS |P5|Z | N[ NE| NB
FE|Z |N:5| NB[NE| NB

Table 2: Rule base for the fuzzy controller

“error”

The min-max inference engine was chosen, which
for the premises, uses maximum for the OR operator
and minimum for the AND operator. The conclusion
of each rule, introduced by THEN, is also done by
minimum. The final conclusion for the active rules
is obtained by the maximum of the considered fuzzy
sets.

To obtain the crisp output, the centre of gravity
(COG) defuzzification method is used. This crisp
value is the resulting controller output.

4.2 Adaptive Fuzzy Control
In this section we design and implement a Fuzzy
Model Reference Learning Controller (FMRLC),
which will adaptively tune on-line the centers of the
output membership functions of the fuzzy controller
determined earlier.

Figure 3 shows the FMRLC as applied to the
inverted pendulum system.

REFERENCE | y=lKT}

M mopEL
LEARNING MECHANISM
ye(KT) +
RLEBASE | KD FUZEY yolkT) -
MODIFIER ey Lr
L] s +(kT)
_‘|' FUZZY ufkT) PLANT yikT)
- 1 .zs | k) CONTROLLER (inv, pendulum)
T

Fig. 4: Fuzzy Model Reference Learning Control

The FMRLC uses a learning mechanism that a)
observes data from a fuzzy control system (i.e. #(k7)
and y(kT)) b) characterizes its current performance,
and c) automatically synthesizes and/or adjusts the
fuzzy controller so that some pre-specified
performance objectives are met [2].

In general, the reference model, which
characterizes the desired performance of the system,
can take any form (linear or nonlinear equations,
transfer functions, numerical values etc.). In the case
of the inverted pendulum FMRLC, no explicit
dynamical reference model is used. The reference
model takes the same form as the reference
trajectory v,,(kT) = r(kT) ( = 0 for balance).

An additional fuzzy system is developed called
“fuzzy inverse model” which adjusts the centers of
the output membership functions of the fuzzy
controller, which still controls the process,
developed earlier [2, 3]. This fuzzy system acts like
a second controller, which updates the rule base of
the fuzzy controller by acting upon the output
variable (its membership functions centers). The
output of the inverse fuzzy model is an adaptation
factor p(kT) which is used by the rule base modifier
to adjust the centers of the output membership
functions of the fuzzy controller. The adaptation is
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stopped when p(kT) gets very small and the changes
made to the rule base are no longer significant.

The fuzzy controller used by the FMRLC
structure is the same as the one developed in the
previous section.

The fuzzy inverse model has a similar structure to
that of the controller (the same rule base,
membership functions, inference engine,
fuzzification and defuzzification interfaces. See
section 4.1), and considering that the reference
model is identical to the reference trajectory, the
only notable difference between the two fuzzy
systems is the normalizing gains values (g, g gp)-

The inputs of the fuzzy inverse model are:

VolkT) = yu(KT) = y(KT) = r(kT) — y(kT) (20)
VolkT) = (vo(kT) ~ y(KT) ) / T 21)
and the output variable is the adaptation factor p(kT)

An example of IF-THEN rule for the fuzzy
inverse model is the following:

IF y, is negative big (NB) and y. is negative big

(NB) THEN p is positive big (PB)

The rule base modifier adjusts the centers of the
output membership functions in two stages:
1. the active set of rules for the fuzzy controller at
time (k-1)T is determined
w(ekT =T),c(kT -T))>0 (22)
2. the centers of the output membership functions,
which were found in the active set of rules
determined earlier, are adjusted. The centers of
these membership functions (b;) at time kT will
have the following value:

b,(kT)=b,(kT —T)+ p(kT) (23)

The centers of the output membership functions,
which are not found in the active set of rules, will
not be updated. This ensures that only those rules
that actually contributed to the current output y(k7)
were modified. We can easily notice that only local
changes are made to the controller’s rule base. This
local learning plays an important part since it will
allow the controller to remember the adjustments
made in the past, when it will encounter similar
working conditions that led previously to those
adjustments.

5 Results. Comparative analysis

This section presents the results we obtained using
the two control schemes for the inverted pendulum
problem. Both control structures were tested on the
real plant (non-linear), to balance the pendulum in
the vertical position (@ = 0) and to follow a square
trajectory.

For the first control problem, balancing the
pendulum in the vertical position, an angle ©® =
0.08rad was chosen as the initial condition for the
simulation.

The second control problem is to test the
capability of the closed-loop adaptive system to
adapt or learn (in FMRLC case) a desired trajectory.
The desired trajectory proposed for the simulation is
a square input between [-n/10, ©/10].

Figure 5 shows the response of the MRAC system
as compared to the reference model response. The
simulation shows that the MRAC scheme is
practically impossible to use due to the high
amplitude of the response (angle).

{[ — mRaC
... —— ladel Reference ||

Angle {rad)

Time (s}
Fig. 5: Pendulum position. Equilibrium

The response of the MRAC system to a square
trajectory is shown in Figure 6.
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Fig. 6: Pendulum position. Square trajectory

The MRAC adaptation gains used for MRAC
simulation were chosen experimentally: y;=-90,
V2:70 and j/3:0.8.

The FMRLC control algorithm was implemented
with a digital structure, using a sampling time 7 =
0.001s. The input and output gains for the fuzzy
controller and for the fuzzy inverse model were
heuristically tuned to: g.=#/10, g.=20, g,=10,
ge=m/10, g,,=0.5 and g,=1
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The same angle ® = 0.08rad was chosen as the
initial condition for the FMRLC simulation.

Figure 7 shows the response of the FMRLC
system as compared to the response of the system
controlled by the direct fuzzy controller, which
served as the base for the FMRLC design. The
improvement is obvious.

i ! ! ! ! !
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Direct Fuzzy Contral [

0.0g

0.06 MY
L et et S S e

0.0z

Angle (rad)

af--

00zf--

.04

0 1000 2000 3000 4000 5000 GOOD 7000 8000 9000 10000
Samples

Fig. 7: Pendulum position. Equilibrium

To test the FMRLC’s capability to learn (adapt) to
different working conditions, the square trajectory
between [-m/10, n/10] was used. The following
figure shows the response of the system for this
case.
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Fig. 8: Pendulum position. Square trajectory

All of the results presented above were obtained
using digital simulation

6 Conclusions

This paper studied the implementation of two
adaptive control techniques as applied to the
balancing of the inverted pendulum system.

The MRAC scheme applies to systems with
known dynamic structure, linear (second order
system for our linearized plant) or nonlinear, but
with unknown constants or slowly varying

parameters. The adaptive controller designed for the
inverted pendulum is inherently nonlinear. The
MRAC system can handle large variations of the
plant parameters with slow varying dynamic
response. Otherwise, the stability of the closed-loop
system and the convergence of the adaptation error
are assured by the Lyapunov theory of stability.

The direct fuzzy controller allowed the use of
heuristics (which model the way a human would
control the process) via the use of the rule table.
Since we generally know the way to balance the
pendulum, the heuristics we chose in the design of
the fuzzy controller proved very useful. The
FMRLC took the controller design a step further by
supplying an inductive update method, which
produced an adaptive fuzzy controller.

Having analyzed the response of both control
schemes it is obvious the FMRLC seems to perform
better. Having a superior response time and a faster
capacity to learn / adapt, the FMRLC proved itself
capable to adapt to a wide range of working
conditions (not only square trajectory) without the
need to modify its parameters. On the other hand the
MRAC wasn’t able to provide a suitable solution to
balance the pendulum, due to the very high
overshoot. This shows that for this case study the
adaptive fuzzy method we investigated has an
advantage with respect to the more conventional
MRAC method, since it allows more design
flexibility, especially in the use of the reference
model. However, there are certain tradeoffs required
to achieve this success. These include a greater
computational complexity for the intelligent
controller and a greater design time required.

References:

[1] Petros loannou, Robust adaptive control,
University of Southern California, 2003.

[2] Jeffery R. Layne and Kevin M. Passino, Fuzzy
Model Reference Learning Control for Cargo
Ship Steering. IEEE Control Systems Magazine,
13, Dec. 1993, pp. 23-34.

[3] Mathew L. Moore, John T. Musacchio, Kevin
M. Passino, Genetic Adaptive Control for an
Inverted Wedge: Experiments and Comparative
Analyses. Engineering Applications of Artificial
Intelligence, Vol. 14, No. 1, Feb. 2001, pp. 1-14

[4] Kevin M. Passino and Stephen Yurkovich,
Fuzzy Control, Addison Wesley Longman Inc.,
1998.

[5] S. Sastry, M. Bodson, Adaptive control.
Stability, convergence, and robustness, Prentice
Hall, 1989.

[*] Matlab, The Mathworks Inc., 1998




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /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 true
  /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 true
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  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 false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


