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A SEMI-MARKOV MODEL OF THE VARIABILITY OF
POWER GENERATION FROM RENEWABLE SOURCES

The paper presents a new approach to modeling the variability of power generation from a re-
newable source such as wind or flowing water. The force of the power generating agent is assumed to
change according to the semi-Markov process with finite state space. For the purpose of its construc-
tion, the range of possible values expressing the agent’s force is divided into a finite number of subin-
tervals. It is natural to assume that the time during which the agent’s force remains within one such
interval, and the probabilities of transitions to neighboring intervals depend to some extent on the
agent’s earlier behavior. The model’s accuracy is determined by the number of subintervals used and
the assumed degree to which the agent’s force depends on its history. This degree is expressed by the
number of the most recently entered subintervals relevant to predicting the agent’s future behavior.
According to the presupposed accuracy level, an appropriately complex state-space and a diagram of
the inter-state transitions for the modeled process have been constructed. Subsequently, it is demon-
strated how certain parameters of this process, related to forecasting power generation, can be calcu-
lated by means of the calculus of the Laplace transforms.

Keywords: renewable power generation, forecasting of environmental conditions, semi-Markov model-
ing, Laplace transform

1. Introduction

There exist a considerable number of models for predicting natural phenomena in
the context of electrical power generation. Due to their nature, such phenomena can
only be predicted with some degree of uncertainty, hence their modeling is based on
various mathematical ways of expressing non-deterministic, uncertain information.
Admittedly, deterministic models are also widely used, e.g. in weather forecasting, but
their implementation based mainly on systems of partial differential equations requires
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a substantial amount of computing power and memory space. In addition, they are
only suitable for short term prediction — covering a period of up to one week. There-
fore, non-deterministic prediction offers a plausible alternative to deterministic fore-
casting, since it is not much less accurate — as long as certain average values are calcu-
lated over medium or long time periods, and significantly less resource consuming.
Traditionally, prediction of the former type is carried out with the use of probabilistic
or statistical tools (cf. [2, 3, 5, 8, 9]). However, methods employing fuzzy logic, the
theory of possibility, neural networks or wavelet theory have become increasingly
popular in recent years (cf. [4, 6]). An overview of the forecasting methodology is
presented in Fig. 1.

Forecasting of environmental factors
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Fig. 1. An overview of forecasting methodology

This paper is concerned with the issue of medium or long term forecasting of the
behavior of renewable energy sources such as wind or flowing water, based on proba-
bilistic modeling. Short-term forecasting is not addressed herein, as a plethora of well-
established methods have been developed for this purpose (e.g. deterministic model-
ing, time series analysis). A novel stochastic model is presented to describe the varia-
bility of a power generating agent over time. The fluctuations of its force are described
by a stochastic process with a finite state space. In order to construct this space, the
range of the force of the agent is divided into a finite number of subintervals (e.g. cor-
responding to energy production levels) denoted /;, ..., [,,. It is assumed that the time
during which the agent’s force remains within one such interval, and the probabilities
of transitions to neighboring intervals depend on the agent’s earlier behavior, i.e. on
the sequence of intervals in which its force had been before it entered the current in-
terval. The model’s accuracy is determined by the total number of these intervals (m)
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and the assumed degree of dependence of the force on its history (d) defined as the
number of the most recently entered intervals relevant to predicting the agent’s future
behavior. A state of the process is determined by the current interval and the d most
recently entered ones, thus it incorporates information relevant to the future evolution
of the agent’s force. Further details are given in the next chapter.

2. The model’s basics

As it is assumed that the time during which the agent’s value remains in an inter-
val I, and the number of the next interval (it can be either x — 1 or x + 1) depend on
the order of several of the most recently entered intervals, the agent’s changes can be
modeled by a semi-Markov process with the appropriately constructed state space
Z = {z, ..., z,}. Each interval I, corresponds to a number of states in Z, where each
state contains information on the intervals entered by the agent’s force before it
reached /.. The number of previously entered intervals taken into account in construct-
ing the state space Z (denoted as d) determines, along with m, the model’s degree of
accuracy. In consequence, if we neglect the degenerate case m = 2, the cardinality of
{z1, ..., z,} exceeds that of {/, ..., I,,}, so that n > m.
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Fig. 2. The state space architecture a1
when the degree of dependence is 1 and m =6

If the degree of dependence is assumed to be 1, the future force of the agent de-
pends on whether its value has recently increased or decreased, i.e. whether the previ-
ous interval was /.| or I, where [, is the current interval. The state space of the
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modeling process is composed of n = 2m — 2 states denoted zy, ..., zp,, 2. An even-
numbered state is entered if the force has most recently increased, and an odd-
numbered one — if it has most recently decreased. Thus if /,_; and I, are the previous
and current intervals, then the process is in the state z,, ,; if the respective intervals are
I,y and I, then the process is in the state z,, ;. Figure 2 represents the considered state
space along with the possible inter-state transitions for m = 6.

If the degree of dependence is assumed to be two, then the future force of the
agent depends not only on the most recent, but also on the preceding change in value,
i.e. the last two intervals are significant. The state space of the modeling process is
now composed of 4m — 6 states, which are divided into four groups: G| = {zi, z3, z,
Z105 +ees Z4m—14}, G, = {Zz, Z4y 27, 2115 s Zam-10} > G3 = {Z5, Z8, Z12, <.y Zam-9, Zam—7}, G4 = {20,
Z13, -oer Zam-8> Zam6 - Lhe states in the first group are entered if the value of the force
has most recently decreased twice; in the second — if it has most recently first in-
creased and then decreased; in the third — if it has most recently first decreased and
then increased; in the fourth — if it has most recently increased twice. Figure 3 repre-
sents the considered state space along with the possible interstate transitions for m = 6.
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Fig. 3. The state space architecture when the degree of dependence is 2 and m =6

Let Z = {Z, t > 0} be a stochastic process with the state space {z, ..., z,}, model-
ing the agent’s variability. As Z is assumed to be semi-Markov, the following objects
have to be defined:

X = {X}, k> 0} — the embedded Markov chain of Z, i.e. X} is the state of Z imme-
diately after its k-th change in state (X is the initially observed state of Z).
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P=1[p;l,i,j=1, ..., n—the transition matrix of X, i.e. p; = Pr(X; = z|X;; = z;). It is
assumed that P does not change with £, i.e. X is homogenous.

T, — the moment of the k-th change in the state of Z.

S;; — the time spent by Z in the state z; given that the next state is z;.

F;; — the distribution function of Sy, i.e.

Fy(t)=Pr(T, =T, <t]X, =2z, X, =z,) (1)

y

P and Fj; can be obtained from the statistical analysis of the recorded values of the
agent’s force. The matrix P corresponding to the state space shown in Fig. 2 is pre-
sented below.

01 0 0 0 0 0 0 0
py 0 Py O 0 0 0 0
py 0 0 p, 0 0 0 0 0 0
0 0 p, 0 0 p, 0 0 0 0

10 0 py; O O py O 0 0 O

P10 000 0 p. 0 0 pg 0 O
000 0 p. 0 0 p, 0 0
000 0 0 0 B 0 0 po
000 0 0 0 p, 0 0 py
0000 0 0 0 0 0 1 0

Clearly, p;=0and p; + ... + p,, =1 fori =1, ..., n — these are obvious conditions
that must be fulfilled by any transition matrix.

Remark: In general, the probability of a transition from z; to z; depends on the
amount of time spent in z;, thus

Pr(X, =z|X,  =z.T,-T,_ <t)#Pr(X, =z|X, =z.T,-T,_ <u) (2
may hold for u # ¢. The precise definition of p; should therefore be as follows:
Py =Pr(X, =z))|X, =2, T, - T <o (3)

This underscores the fact that p; is the probability of transition from z; to z; if no in-
formation about the sojourn time in z; is available. However, the event {7} — 7} <o} is
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irrelevant to p; as expressed by (3), because Pr(7; — T}, <o) = 1. It should be noted
that this remark pertains to all semi-Markov processes.

3. Equations for basic parameters of the energy production process

The model constructed in the previous section is useful for determining many pa-
rameters that characterize the process of electrical power production, especially for
predicting future power output. For example, it is possible to forecast the total ex-
pected energy output during a given time period, the probability that during such
a period the output value will remain within certain limits, or the expected number of
times it will cross these limits. It will now be shown in detail how to determine the
first parameter. Let 7; be the power generated when Z is in the state z;, i.e. when the
factor’s force is in the corresponding interval. Let G,(u, f) be the expected amount of
energy produced in the time interval [u, £], given that at the moment u the process Z
enters the state z;. It can be easily shown that the G«(0, ¢), i = 1, ..., n satisfy the follow-
ing set of equations:

t

)= w2 p, [1=F, () ]+ 2 p, [+ G, (w.1) JaF (u) @

_]¢I j#l 0

Indeed, taking into account that

Pr(X, =z, X, =z)Pr(T,-T,_ <t,X,=z,X,_ =z)

k-1 —

Pr(Xk—l = Zi) Pr(Xk =2 X, = Z") ®)

pyF; (1) =
=Pr(T, -7, <t, X, =z/|X, , =z,)

the first component on the right-hand side of (4) is related to the amount of energy
produced in the time interval [0, ¢], given that no change in state occurred from 0 to ¢.
In turn, the second component is related to the amount of energy produced in that in-
terval, given that the first change in state occurs at u < ¢.

Being a semi-Markov process, Z “forgets” its history at each change in state, so
that G(s, 1) = Gi(0, t —s), i =1, ..., n. In consequence, (4) can be transformed to:

)=, p,|t(1-F, )+judF +Zp,/IG dF, (1) (6)

J#i 0 J#i
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Let us note that

t

t[1-F, (1) ]+ [udF, (u) = E[ min(S,, ) ] )
where E is the expected value. Hence, 26) can be written in the following compact form:
G(0.)= 7 5 ,1,(0)+ 2,6, (0.1~ (1) )
where | |
H,(t)= E[ min(S,,7)] )

As (8) is a system of integral equations, the calculus of Laplace transforms can be
used to find its solution. Let

r,(s)=£{G(0,1)} (10)
@, (s)= L1, (1)} = L*{F; (1)} (1)
¥, (s)=L{H, (1)} (12)

where £ and L* denote the Laplace and Laplace—Stieltjes transforms, respectively,
and f; is the probability density function of S;. From the basic properties of the La-
place transform, it follows that

_ [1-2(s)]

V()= (13)

Applying L to both sides of (8), we obtain
I(s)=m2 0%, (s)+ 2 p,@,(s) 1 (5) (14)
J#i J#i

Note that the integral in (8) is the convolution of G; and f;;, which, after applying
the Laplace transform, becomes the product of I and @;. As (14) is a system of linear
algebraic equations, it can be written in the following matrix form:

72, p ()

FI(S) j#i

rs)| | mEe,0)

J#i

A(S) (15)
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where the elements of the matrix A(s) are given by:

A closed-form solution of (15) should express 15, i = 1, ..., n in terms of ;, p;, Py,
and ¥, where 7, j = 1, ..., n. However, it is practically impossible to find such a solu-
tion in general. For example, in the case of the system whose state space is shown in

a,(s)=6; = p;@

5 ()

Fig. 2, we have the following matrix 4(s):

1 -, (s)
~D @y () 1
P3Py (S) 0
0 0
0 0
A(s) = 0 0
0 0
0 0
0 0
i 0 0
0 0
0 0
0 0
—Pss P (S) 0
' ~PsePs6 (S) 0
1 0
0 1
0 — DDy, (5)
0 — Py Py (5)
0 0

A(s) is a sparse matrix (it includes many zeros) and can be transformed into tri-
diagonal form by interchanging adjacent columns (which involves the corresponding

0

0

1
~Py @y (5)
—P5:Ps; (S )

0

S O O O

(=R e e el =)

—PssPes (S)
=P Ds (S)
1
0
0

4. Solving the equations obtained

0 0
PPy, (S) 0
—Pu Dy, (S) 0

1 0

0 1

0 —PsPes (S)

0 — P15 Ds5(5)

0 0

0 0

0 0

0 0 ]

0 0

0 0

0 0

0 0

0 0

0 0

0 ~Ps.10Ps 10 (3)

1 =D9.10Po .10 (S)
~®@,5(s) 1 ]
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rearrangement of the elements of [I(s), ..., I}(s)]"). Thus the system (15) can be
solved by Gaussian elimination (GE) with lower than maximal complexity, which is
O(n®). However, even the Thomas algorithm (a simplified form of GE designed espe-
cially for tri-diagonal matrices), applied to (15) with A(s) as given above, results in very
complicated closed formulas, which are practically impossible to derive for large n.
Needless to say, these formulas become even more complicated for d > 1.

From the above considerations, (15) has to be solved numerically rather than ana-
lytically. For example, it is possible to find /(s) for a number of discrete values of s
along a vertical line in the space of complex numbers, thus obtaining data which allow
us to compute G0, f) by numerical integration using the following well-known for-
mula for the reverse Laplace transform:
x+iy

G,(0, ) = ——fim [ e'ri(s)ds (17)

27, 7>

Here, x is the real part of the complex number x + iy.

5. Finding other parameters

We will now briefly outline how other parameters, e.g. the probability that during
a given time period the generated power will remain within certain limits, or the ex-
pected number of times it will cross these limits, can be found in a way similar to that
described in Sections 3 and 4.

Let Ni(u, f) be the expected number of times that from u to ¢ the generated power
output crosses the lower bound of 7, from above, or the upper bound of 7, from below,
where a < b, given that at the moment u the process Z enters the state z;. Let
Zy={zeZ:a<x(z)<b} and Z, = Z\ Z,. As in the case of G{0, #), i =1, ..., n (see Sec-
tion 3), it can be shown that N«0, ?), i = 1, ..., n fulfill the following set of equations:

t
N (0,6) = p [[7(i )+ N, (u,1) |dF, (), i=1,...m (18)
J#i 0
where y(i,j) =1 fori € Zandj € Z,, otherwise y(i, j) = 0.
Let P{u, t) be the probability that from time u to time ¢ the generated power output
remains above the lower bound of /, and below the upper bound of 1, i € Z;. The fol-
lowing set of equations is obtained for P/0, 1), i =1, ..., n:

P(0,)=> p;| 5(i, j)j.Pj(u,t)dE/(u)+(1—F,j(t)) , ieZ (19)

J#i 0
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where 6(i, j) = 1 forj € Zy, 6(i, j) = 0 for j € Z,. Note that in (19) the number of un-
knowns is equal to the number of equations, which is equal to card(Z;). Thus a neces-
sary condition for the existence of a unique solution is fulfilled.

Both (18) and (19) can be transformed to their “convolution” versions, analogous
to (8), and then solved using transform calculus, as shown in Section 4.

6. Conclusion

A new model of the stochastic variability of a renewable energy source has been
presented. This model can be used to determine the number of parameters characteriz-
ing the energy output over a medium or long time horizon. As the model is purely
stochastic, a question may arise regarding its applicability, especially when the power
generating agent is strongly dependent on some deterministic factor. For example,
ocean tides, made use of in tidal power stations, depend on the positions of the Sun
and the Moon in relation to the Earth. In such cases, the proposed model might de-
scribe the stochastic component of the mainly deterministic variability of a given
agent.

References

[1] A1 B., YANG H., SHEN H., Lia0 X., Computer-aided design of PV/wind hybrid system, Renewable
Energy, 2003, 28, 1492-1512.

[2] ALBADI M.H., EL-SAADANY E.F., Overview of wind power intermittency impacts on power systems,
Electric Power Systems Research, 2010, 80, 627—632.

[3] CARTA J.A., RAMIREZ P., VELAZQUEZ S., 4 review of wind speed probability distributions used in
wind energy analysis, Renewable and Sustainable Energy Reviews, 2009, 13, 933-955.

[4] JAFARIAN M., RANJBAR A.M., Fuzzy modeling techniques and artificial neural networks to estimate
annual energy output of a wind turbine, Renewable Energy, 2010, 35, 2008-2014.

[5]1 KARKIR., PO H., BILLINTON R., 4 simplified wind power generation model for reliability evaluation,
IEEE Transactions on Energy Conversion, 2006, 21, 533—-540.

[6] KULKARNI M.A., PATIL S., RAMA G.V., SEN P.N., Wind speed prediction using statistical regression
and neural network, Journal of Earth System Science, 2008, 117, 457-463.

[7] LINZ., ZHANG D., GAO L., KONG Z., Using an adaptive self-tuning approach to forecast power loads,
Neurocomputing, 2008, 71, 559-563.

[8] Liu H., TIAN H.-Q., CHEN C., L1 Y.-F., A Hybrid Statistical Method to Predict Wind Speed and Wind
Power, Renewable Energy, 2010, 35, 1857-1861.

[9] X140 Y.Q., L1 Q.S., L1 Z.N., CHow Y.W., L1 G.Q., Probability distributions of extreme wind speed
and its occurrence interval, Engineering Structures, 2006, 28, 1173—-1181.




<<
  /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


