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Abstract. During the development of algebraic controller design in a special ring
for time delay systems (TDSs) a problem of a suitable free controller parameters
setting appeared. The first author of this contribution recently suggested a natural
idea of placing the dominant characteristic numbers (poles) and zeros of the
infinite-dimensional feedback control system on the basis of the desired overshoot
for a simple finite-dimensional matching model and shifting of the rest of the
spectrum. However, the original procedure called the Pole-Placement Shifting
based controller tuning Algorithm (PPSA) was not developed and described
entirely well. The aim of this paper is to revise the idea of the PPSA and suggest a
possible ways how to improve or extend the algorithm. A concise illustrative
example is attached to clarify the procedure for the reader as well.

Keywords. Time delay systems, pole placement controller tuning, optimization,
direct-search algorithms, evolutionary algorithms, SOMA, Nelder-Mead algorithm,
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Introduction

Time delay systems (TDSs) constitute a huge class of processes and systems that
are affected by any form of delay or latency, either in the input-output relation (as
it is known in classical engineering problems) or inside the system dynamics (in
this case notions of internal or state delays are introduced). The latter models and
processes those are much more involved for analysis and control can be found in
many theoretical and practical applications covering various fields of human activ-
ity, such as technology, informatics, biology, economy, etc., see e.g. [1-4].

A typical feature of TDSs is their infinite spectrum, due to transcendental na-
ture of the characteristic equation, i.e. they have an infinite number of solution
modes and corresponding system poles. This unpleasant attribute makes them dif-
ficult to analyze and design a control law as well. Linear time-invariant TDSs can
be modeled and described by transfer functions by means of the Laplace trans-
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form. In most cases, roots of the transfer function denominator coincide with sys-
tem poles.

The ring of quasipolynomial meromorphic functions (Rys), originally devel-
oped and introduced in [5] and revised and extended in [6], represents a possible
tool for description and control design of TDSs. However, in many cases, namely,
for unstable TDSs, the control algorithm must deal with also infinitely many feed-
back characteristic poles the positions of which depend on the selectable controller
parameters. The use of pole-placement (pole-assignment, root-locus) tuning algo-
rithms can be a possible way how to solve the setting problem, see e.g. [7-9].
However, these algorithms deal with poles only ignoring closed-loop zeros and/or
they have been derived for state-space controllers.

The idea of the Pole-Placement Shifting based controller tuning Algorithm
(PPSA) provides slightly different approach [10]. It is based on the analysis of a
simple finite-dimensional model where the relative maximum overshoot, relative
dumping and relative time-to-overshoot of the reference-to-output step response
are calculated and serve as a control performance indicators. Then, according to
the selected values, the desired positions of dominant (i.e. the rightmost) poles and
zeros are calculated, and poles and zeros of the infinite-dimensional feedback sys-
tem are shifted to the prescribed positions while the rest of the spectrum is pushed
to the left (i.e. to the "stable" region). In some sense, it represents a matching
problem. The initial solution (i.e. controller parameter setting) is obtained using
the Quasi-Continuous Shifting Algorithm (QCSA) [7], [8] which is followed by
the use of an advanced numerical optimization algorithm. The method was inde-
pendently developed in [9]; however, there are some essential differences — the
reader is referred e.g. to [10] for details.

However, the original algorithm was described neither precisely nor in details
and it contains some shortcomings and errors. Thus, the aim of this contribution is
to revise and consolidate the PPSA and raise some open tasks how to improve and
accelerate the algorithm. In this connection, the reader is kindly asked to
participate on the solution of these problems in the future if he or she is interested
in them.

To make the procedure clearer (to the reader) a short illustrative example on the
control of an unstable time delay system by means of Matlab-Simulink
environment is provided.

Time Delay Systems — Introductory Description

Since the reader is supposed to be a non-expert in system and control theory and
the description and control design of TDSs is not the primary topic of this
contribution, only a very concise overview of TDS models is provided such that
all necessary information are given him or her.



A possible formulation of a TDS model (either a plant or a delayed control
feedback loop) can be done using the transfer function in a complex variable s as
the direct consequence of the use of the Laplace transform as follows

G(s)= 2ls) (1)
where a(s) , b(s) are quasipolynomials of a general form

n b
x(s)=s" +22x,js" exp(—snﬁl 7;20,x,€R )

i=0 =1

where 77, express delays and R means the set of real numbers. If delays are in-
cluded only in the numerator b(s), they influence the input-output relation; in the
contrary, the system contain internal delays and equation a(s): 0 has infinitely

many solution. These solution values constitute (in overwhelming majority of
cases) system poles, more precisely, poles s,,i =1,2,... are singularities of G(s)

satisfying

lim,_,, G(s)=eo;3n,,Vn>n, :lim

58,

58, (S_SO )” G(S)<°° (3)
Zeros have the same meaning as in (3) yet for 1/ G(s) instead of G(s), i.e. they

coincide with the roots of h(s) (in most cases).

Problem Formulation

Now consider that G(s) means the control feedback transfer function. Some con-

trol design approaches yield this function with the denominator containing delays
along with free real controller parameters from the set K ={k,,k,,....k, } # @ e R".

This results in the infinite-dimensional (delayed) control feedback. Naturally, the
numerator can own delays (and controller parameters) as well.

The idea of the PPSA is to match some number of the rightmost (i.e. the domi-
nant) poles and zeros of G(s) with all poles and zeros of a finite-dimensional

model G, (s). Thus the selected poles and zeros of G(s) are quasi-continuously

shifted to the desired positions by small steps and the rest of both spectra (of poles
and zeros) try to push to the left (i.e. to the stable complex semiplane) as far as
possible. The shifting can be done e.g. using the QCSA or via an advanced algo-
rithm, [11-13], minimizing a suitable cost function reflecting the distance of



dominant poles from prescribed positions and the spectral abscissa (i.e. the value
of the real part of the rightmost pole/zero). By doing this, the values of K are be-
ing adjusted and hence the controller parameters are being tuned.

A crucial problem is to choose a suitable number of prescribed poles and zeros,
i.e. degrees of the numerator, N(s), and denominator, D(s), of G, (s). Let us

denote the numerator and the denominator as N(s,K,) and D(s,K,),
respectively, where K, and K, mean free real parameters of the numerator and
denominator, respectively, with rN=|KN|ZO, rD=|KD|>0. It is initially
assumed that equations N(s;,K,)=0, D(sj,K D)=O are independent for

arbitrary yet fixed s, , s; with i=12,..ny <ry, j=12,..n, <ry, thatis

J
rank|:akNlN(si,KN)} =ny

“)

rank{akam D(SA/.,KD):|_ =n,

Then the following conditions must hold: As indicated above, the number of
prescribed poles, n,, and zeros, n,, must be less or equal to the number of

corresponding free parameters to obtain a solvable matching problem. Moreover,
if one needs to enable shifting the rest of the spectrum to the left, some parameters
might not be bounded with desired position of roots, hence

0<n,<r,,0<ny, <ry %)

where An, =r, —n,,An, =ry, —n, serve for adjusting the rightmost real parts of

the rest of spectra. Naturally, the number of all desired solutions can not exceed
the number of all free parameters, which gives rise to

ny+ny <r (©)
In addition, the model has to be strictly proper, i.e.
n,<n, (7)

Conditions (5)-(7) ought to be taken into account when designing the finite-
dimensional model.



PPSA Strategies

Three possible revised modifications of the PPSA follows. A thorough algorithm
description is consequently supported by its vague explanation and discussion in
all three cases. Let is use these notations in the algorithms: K =K, UK, where

numerator  coefficients of  G(s) read K, =K, ,uU K with
Iy = |KE| = |KN NK,l, 7mwp = |KN\D| = |KN \K@|, whereas denominator
ones analogously are K, =K, , UK with 7r,, = |KD\N| = |KD \K%|.
Simply, ry =ryp +755 5 Ip =Tow -

ND >

Algorithm 1 (PPSA strategy 1: “Poles First Independently”)

Input. Closed-loop reference-to-output transfer function G(s) with 7y, >0.

Step 1. Set n, =r, —1,thus An, =r, —n, =1. (Or just select n, <r, as high as
desirable).

Step 2. Verify that there can exist a non-negative number n,, satisfying

0<n, <min{n,,ry,} ®)

If (8) holds, fix n, and go to Step 3; otherwise, set n,=n,+1. If
ny < min{rD,rN\D +1},i.e. n, <r, and n, <r,,,, go to Step 2, else terminate the
procedure (a solution does not exist).

Step 3. Choose a simple matching model of a stable finite-dimensional system with
the numerator of degree n, , the denominator of degree n,, and the unit static gain
governed by the transfer function G, (s). The model can be prescribed e.g.
according to the desired dynamic behavior of the feedback loop. Its poles and zeros

are referred as “prescribed” below.
Step 4. Set a part of the spectrum of poles via the number n,, of coefficients from

the set K,, into the prescribed positions while the rest of denominator parameters

are chosen arbitrarily. If these poles are dominant, initialize the counter of currently

shifted poles as n, =n, , +n,,, =n,+1 where n, =n, and n =1.1If

sp,m sp.opt sp,m sp.opt

not, then n,, F gy =Np > Ny =Ny s 7 =0.

sp,opt sp,opt

Step 5. Check that (4) holds for the number 7, of the rightmost poles and K, . If

= nsp,m

not, go to Step 4 and reset the initial assignment; otherwise, shift the number #_

sp,m
of the rightmost feedback system poles towards the prescribed locations (i.e., keep in

the close proximity of them), e.g. using the QCSA, whereas the number n,,,, of

poles is pushed to the left. If necessary, increase n = ng,. If n, =r, and/or

sp.,opt
the shifting is no more successful, go to Step 6.



Step 6. 1f all n, , poles are dominant, go to Step 7. Otherwise, select a suitable cost
function @, (K ,) reflecting the distance of dominant poles of G(s) from prescribed
positions and the spectral abscissa. Minimize @, (K, ) starting with results from
Step 5 (using e.g. an advanced iterative algorithm, [11-13]). Fix K, .

Step 7. Place a part of the spectrum of zeros of G(s) using the number of n,
coefficients from the set K,,, into the prescribed positions and the remaining
parameters in K., are chosen arbitrarily. If these zeros are dominant, initialize

the counter of currently shifted zeros as n,=ng,, +n,,, =ny+1 where

sz,0pt

n,,=ny, and n

sz,m

=1; otherwise, set n_=n_, +n,

SzZ,m sz,0pt = nN > nsz,m = nN H

sz ,0pt
Stgp,8=0Oheck that (4) holds for the number 7, of the rightmost zeros of G(s)

and for current values of K., . If it is approved, n_, zeros are to be incessantly

sz,m

moved to the prescribed positions whereas n zeros are pushed to the left. If

sz,opt

necessary, increase n_, . = n.. If n_=ry, and/or the shifting is no more

sz,opt
successful, go to Step 9.
Step 9. 1f all n_,, zeros are dominant, the algorithm is finished. Otherwise, select a

suitable cost function @, (K ,,,) reflecting the distance of dominant zeros of G(s)

m

from prescribed positions and the spectral abscissa. Minimize ®,(K,,,) with
initial setting of K., obtained from Step 8.
Output. The vector of controller parameters K =K,,, UK, positions of the

rightmost poles and zeros and the spectral abscissae.

The above presented strategy of the PPSA places the feedback poles to the
desired positions first, and consequently, transfer function numerator parameters not
included in the numerator serve as tuning tool for inserting zeros to the desired loci.
Thus, zeros are placed independently from poles by means of K,,, . In both the

cases, the rest of the spectrum is pushed to the left as far as possible to minimize the
spectral abscissa. If this quasi-continuous shifting is not successful, a trade-off
between the zeros/poles matching task and the spectral abscissa is optimized. Note
that condition (8) stem from (5) and (7) while (6) always holds for this strategy.

In fact, the QCSA or a shifting technique presented in [14] enables to shift a con-
jugate pair of roots along the real axis using a single controller parameter, i.e. it is

possible to write n,, +n,,,, . +n <r, and ng, +ng,,, z+n

where a subscript R denotes real roots whereas C means complex conjugate pairs.
If 7,y >0, it is possible to apply the strategy reversely, i.e. to set zeros first

<Fywp

sp,opt,C sz,opt,C

and, afterwards, to place poles. However, the presented variant prefers poles since
they affect the system dynamics more significantly.

Let us present now another (a simpler) strategy combining both, the poles and
zeros matching, under one procedure.



Algorithm 2 (PPSA strategy 2: “Poles and Zeros Together”)
Input. Closed-loop reference-to-output transfer function G(s).

Step 1. Set n, =r, —1, or just select n, <r, as high as desirable.

Step 2. Verify that there exists a non-negative number #, satisfying
OSnN<min(nD,r—nD,rN) )

If (9) holds, fix n, and go to Step 3; otherwise, set n,=n,—1. If
Ty >hp 2 max{r —n D,rN}, go to Step 2; contrariwise, a solution does not exist.

Step 3. Choose a simple model G, (s) of a stable finite-dimensional system with the
numerator of degree n, , the denominator of degree n, , the unit static gain and

prescribed (desired) zeros and poles.
Step 4. Set finite subsets of both the spectra, poles and zeros, via the number 7, of

coefficients from the set K, and by means the number 7, of coefficients from
the set K , , respectively, into the prescribed positions of G, (s) while the rest of
parameters from K are chosen arbitrarily. If all these poles are dominant,

initialize the counter of currently shifted poles as n,, =n,,, +n,,,, =n, +1 where
Ny, =Np and Ny ot =1; otherwise, Ny, =N, +N,,, =Ny, N, =np,
ng,,, =0. Similarly for zeros, if they are the rightmost ones, set
N, =ng, +n,,,, =ny +1, N, =Ny, Mot = 1; in the contrary,

n_=n +n,

sz SzZ,m sz,0pt = nN > n = nN > n = 0 .

sz,m sz ,0pt

Step 5. Check that (4) holds for the number »n,, of the rightmost poles and K, , and
for n_ dominant zeros along with K, . If not, go to Step 4 and reset the initial

assignment; otherwise, shift mutually the number n and n rightmost

sp,m sz,m
feedback system poles and zeros, respectively, towards the prescribed locations the

number n,,. and ng,, of poles and zeros, respectively, is pushed to the left

along the real axis. If necessary, increase n = ny, and/or n,,, =n_ . If

sp,opt sz,0pt

n.vp,m +n.vp,opl,R

+n3p,opt,c +n

+n <r, and n,, +n

sp,opt,C — sz,m sz,0pt,R +n < ry and n +n

sz,opt,C — sz,m sp,m

+n < r, or the shifting is no more successful, go to Step 6.

sz,opt,R sz,opt,C —

Step 6. If all n,, poles and n,, zeros are dominant, the procedure is finished.

P,z
Otherwise, select a suitable cost function ®(K) reflecting the distance of dominant
poles and zeros of G(s) from prescribed positions and spectral abscissae of both the
spectra. Minimize QD(K) starting with results from Step 5.

Output. The vector of controller parameters K, positions of the rightmost poles
and zeros and the spectral abscissae.



The methodology is useful in case ry,,, =0 (and/or r,,, =0). Roughly speaking

to summarize it, poles and zeros are moved simultaneously over a common set K

of adjustable parameters, therefore their positions are not independent to each other.
A trade-off between Algorithm 1 and Algorithm 2 can be done by a procedure

when only a subset K, <Ky is dedicated to poles while a subset

K c K is given to zeros to be modified, where K NK =0.

ND,N ND.D
Hence, these disjunctive sets provide a certain kind of independency.
The last conceivable strategy consists in the accurate setting of a part of the

spectrum of zeros, which results in that some parameters from K, are dependent

to others, and consequently, find the optimal setting of independent parameters by
strategies from Algorithm 1 or Algorithm 2. This idea, however, does not
guarantee the dominancy of the placed zeros.

Due to the limited space, these two strategies mentioned above will be a topic
of any of our future papers.

Illustrative Example

A very concise demonstrative example follows to provide the reader with the idea
of control of TDS and the PPSA.

In [15] a mathematical model of a skater on the swaying bow, which represents
an unstable TDS system, was introduced, and a corresponding controller designed
in the Rys ring was derived in [16]. The eventual reference-to-output transfer func-
tion reads

bby(s)
(s+my) myl(s)
by (s) = b(q3s3 + q252 +q,5 +q, )(S +m, )4 + pomgs2 (s2 —a exp(— z9s)) (10)
mQ(s)z sz(s2 —aexp(— Z9S)XS3 + p252 +pls+p0)
+bexp(—(r+ z&‘)s)(q}s3 +q,5" +q5+ qo)

G(s)= exp(— (7 + )s)

where delays 7,2 = 0 stand for the skater’s and servo latencies, respectively, b, a
are real plant parameters. Note that the spectral assignment for the polynomial fac-
tor (s+m0 )4,m0 >0 is trivial, then the goal is to find unknown parameters of
my, (s). To cancel the impact of the quadruple real pole s, = —m, to the feedback

dynamics, it must hold that m, >> —a(K) where a(K) expresses the spectral ab-
scissa of the quasipolynomial factor. Hence, we have
K:{pzaplapm%s%a%o%} with K@:{%s%»%a%»po}a Kyp=9,
K,v=1r.0}. Ky=Kg, K,=K, that is r=r,=7r;=r =5

>'ND T



ap = 0,7y =2. Let us follow Algorithm 2 which is suitable in this case since
ryp =0 and hence Algorithm 1 can not be used.
We attempt to set n,, =2, then the conditions (9) reads 0 < n,, <2 ; therefore,

let n, =1 and consider the model

s—z

bis+b
G, (s)=—"—"—=k
(5) s*+as+a, (s—s)s—5)

an
According to the desired dynamic properties, we prescribe a zero z, =—0.18 and
a complex conjugate pair of poles s, =—0.140.2j. Since the initially place roots
are not dominant with abscissas for poles and zeros as @,(K)=0.8959 and
a,(K)=-0.1373, respectively, set n, =2,n, =1 and perform Steps 5-6 of the
PPSA by means of the QCSA.

In Figs. 1 and 2 distances of the rightmost poles pair o and the zero ¢ from

the prescribed ones are displayed, and the evolution of K during the quasi-
continuous shifting is provided in Fig. 3.

Further, the SOMA is wused to minimize the cost function
®(K)=|o, —s,|+|¢, —z,|+0.01, »(K)+0.01, ,(K) where «,,(K), a,,(K)

mean the spectral abscissa of the rest of poles and zeros, respectively. It is worth
noting that the optimization yields only a slightly improvement giving the
eventual spectra and the parameters set as in (12). However, final poles and zeros
positions are quite far from the desired ones, which proves the fact about TDS that
the desired spectrum can not be chosen arbitrarily in general.

5.5
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Q,,, ={-0.1158£0.0674},-0.1161£5.1163j,-0.1211+1.2103j,...}
Q,,, ={-0.1801,-0.2247 £0.1032j,-0.7607,-2.817 £8.1939j,,...}  (12)

K,, = [5235.169,9829.219,1060.87,78.2405,30.9684,1.763,947.517]

Discussion

Let us now present some ideas how to modify, extend or improve the PPSA,
regarding computation acceleration, shifting strategies, model selection etc.

Considering these aspects in the chronological order according to the running
of Algorithm 1 or Algorithm 2, we can start with the selection of a finite-
dimensional matching model. In the example above, it is supposed that the feed-
back dynamics is primarily given by positions of the rightmost poles and zeros
where the model is found from the desired maximum overshoot, time-to-overshoot
and the relative dumping. Naturally, other strategies how to prescribe the model
(with corresponding roots) can be adopted. Moreover, the dominancy of the roots
can be evaluated in a different way, e.g. in [14], the method based on the
“weights” of modes of the impulse response was presented.

The initial shifting, convergence and the speed of the PPSA may be improved
by the use of other “approaching” strategies, e.g. only roots of the same type (real,
complex) are approaching to each other, or by thorough consideration that a
complex conjugate pair means two separate roots instead of one (as it used here).

Last but not least another optimization procedures can be utilized in, e.g. the
well-known and efficient NM algorithm [13] or some of many modern evolution-
ary or genetic algorithms. In fact, computationally the most time-consuming op-
eration is the finding of the spectrum; hence the aim is to minimize the number of
these spectral evaluations. For instance, it would be desirable to parallelize an ex-
isting spectrum-searching procedure and to utilize distributed computations on
graphical cards, e.g. Compute Unified Device Architecture (CUDA) or Open
Computing Language (OpenCL).

Conclusion

It is always difficult to tackle optimal or suboptimal control design or controller
tuning for TDS. The presented paper has summarized and revised the basic princi-
ples of the PPSA which is based on quasi-continuous feedback poles and zeros
shifting to the described dominant ones according to a selected finite-dimensional
feedback model. The semi-finite result from the shifting has been then improved
by an optimization procedure. Two possible PPSA strategies have been introduced
and discussed, and the explanation has been supported by an illustrative example.
In the future research, the other possible strategies will be analyzed and, more-
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over, the two presented ideas will be tested, compared and enhanced by tools dis-
cussed in this paper. Hence, the reader is kindly asked to participate on the future
research, with the accent to provide us with the computational and programming
support, to benchmark and verify the discussed ideas.

Acknowledgements. The authors kindly appreciate the financial support which
was provided by the European Regional Development Fund under the project
CEBIA-Tech No. CZ.1.05/2.1.00/03.0089.

References

10.

11.

13.

14.

15.

16.

. Hale, J.K., Verduyn Lunel S.M.: Introduction to Functional Differential Equations.

Applied Mathematical Sciences, vol. 99. Springer, New York (1993)
Kolmanovskii, V.B., Myshkis A.: Introduction to the Theory and Applications of
Functional Differential Equations. Cluwer Academy, Dordrecht, Netherlands (1999)

. Niculescu S.I.: Delay effects on stability. Lecture Notes in Control and Information

Sciences, vol. 269. Springer, Berlin (2001)
Richard J.P.: Time-Delay Systems: An Overview of Some Recent Advances and Open
Problems. Automatica 39, 1667-1694 (2003)

. Zitek, P., Kucera, V.: Algebraic Design of Anisochronic Controllers for Time Delay

Systems. Int. J. Control 76, 1654-1665 (2003)

Pekaf, L.: A Ring for Description and Control of Time-Delay Systems. WSEAS Trans.
on Systems 11. Special Issue on Modelling, Identification, Stability, Control and
Applications, 571-585 (2012)

Michiels, W., Engelborghs, K., Vansevevant, P., Roose, D.: Continuous Pole
Placement for Delay Equations. Automatica 38, 747-761 (2002)

. Michiels, W., Vyhlidal, T.: An Eigenvalue Based Approach for the Stabilization of

Linear Time-Delay Systems of Neutral Type. Automatica 41, 991-998 (2005)
Michiels, W., Vyhlidal, T., Zitek, P.: Control Design for Time-Delay Systems Based
on Quasi-Direct Pole Placement. J. Process Control 20, 337-343 (2010)

Pekaf, L.: On a Controller Parameterization for Infinite-dimensional Feedback
Systems Based on the Desired Overshoot. WSEAS Trans. Systems 12, 325-335 (2013)
Zelinka, I.: SOMA-Self Organizing Migrating Algorithm. In: Onwobolu, G.C, Babu, B.V.
(eds.) New Optimization Techniques in Engineering. pp. 167-217, Springer, Berlin, 2004.
Vanbiervliet, T., Verheyden, K., Michiels, W., Vandewalle, S.: A Nonsmooth
Optimization Approach for the Stabilization of Time-Delay Systems. ESIAM: Control,
Optim. Calculus of Variations 14, 478-493 (2008)

Nelder, J.A., Mead, R.: A Simplex Method for Function Minimization. The Computer
J.7,308-313 (1965)

Vyhlidal, T.: Analysis and Synthesis of Time Delay System Spectrum. Ph.D. thesis. Faculty
of Mechanical Engineering, Czech Technical University in Prague, Prague (2003)

Zitek, P., Kucera, V., Vyhlidal, T.: Meromorphic Observer-Based Pole Assignment in
Time Delay Systems. Kybernetika 44, 633-648 (2008)

Pekat, L., Prokop, R.: Algebraic Optimal Control in RMS Ring: A Case Study. Int. J.
Math. Computers in Simul. 7, 59-68 (2013)




<<
  /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
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Chiller-Regular
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PoorRichard-Regular
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /Shruti
    /SnapITC-Regular
    /Stencil
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
    /CZE <>
  >>
  /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


