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ABSTRACT

Determining the risks from space debris involve a
number of statistical calculations. These calculations
inevitably involve assumptions about geometry -
including the physical geometry of orbits and the
geometry of satellites. A number of tools have been
developed in NASA’s Orbital Debris Program Office to
handle these calculations; many of which have never
been published before. These include algorithms that are
used in NASA’s Orbital Debris Engineering Model
ORDEM 3.0, as well as other tools useful for computing
orbital collision rates and ground casualty risks. This
paper presents an introduction to these algorithms and the
assumptions upon which they are based.

1 INTRODUCTION

Computation of collisions and other long-term
behaviours of orbiting objects are often computed using
statistical tools. That is because it is often difficult to
predict where a particular satellite will be at some time
far into the future, especially the detailed position within
its orbit. Instead, we rely on the location probability of a
satellite at any particular time in the future. This
information is computed in terms of probability
distributions in the relevant parameters, which can be
converted to spatial density.

Spatial density is a useful quantity, because it can be
converted directly into collision probability under the
assumptions of kinetic gas theory. This assumes that
orbiting objects have dimensions much smaller than the
scale of the changes in the spatial density. Under such
conditions, the flux of a distribution of objects can be
computed as

flux = spatial density » velocity €))

And number of collisions is

Number of collisions 2)

= flux * area * time

where “area” is the area of the orbiting object. In order
for this relation to hold, the area/size of the satellite must
be much smaller than the scale over which the spatial
density varies. In this paper, we will discuss cases where
this assumption breaks down, and how to compute the
collision rate in those cases.

For much of the work in this paper, we will assume that
objects orbit in idealized Kepler orbits. In reality, the
effects of atmospheric drag, the non-spherical gravity of
the Earth, and the effects of the gravity of the Sun and
Moon mean that this assumption is only an
approximation.

2 KESSLER EQUATION

Kessler [1] used a spatial density equation to compute the
collision rates of Jupiter’s moons. These equations have
been used uncounted times since then to compute the
collision probabilities of debris striking Earth-orbiting
satellites. In order to develop the tools for this paper, we
must first re-derive the Kessler equations, but in a way
that opens up other possibilities for computation. Note
that many of the equations used in this section parallel
those in Dennis [2].

The probability distribution function (PDF) of a periodic
parameter can be computed using the localized time rate
of change of that parameter. For instance, for any
periodic parameter x,

dx 3)
p(x)dx « Il

For example, the radial velocity of a Kepler orbit is

)= +\/E V@ —1)( —1p) (4)
Na r

7(r

where a is the semi-major axis, u the gravitational
constant, and r4 and rp are the apoapsis and periapsis
radii, respectively. The radius of a satellite oscillates
between r4 and rp during each orbit period, so we can
apply equation 3 to determine the normalized PDF of the
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orbit radius over a long period of time.

rdr ®)
may (=) —1p)

Unlike the approximation used by Kessler, there is an
exact analytic solution to the integral of this equation.

p(r)dr =

, , (g —7)(r—1p) 6
fp(r )dr e (6)
1 ] (2(a—r)>
— —arcsin| ———
T ‘I”A _rp
+C

Of course, this only applies for » between rp and ry; the
PDF is zero otherwise. This radial equation is useful in
computing how much time a satellite spends between two
altitudes for computing equivalent spatial density.

Kessler used the assumption that the ascending node and
argument of periapsis of an orbit are uniformly
distributed from 0° to 360°. This is a good assumption
for many types of orbits, especially if averaging over
long periods of time.

A similar formula for PDF of the latitude A can be
computed for an orbit with inclination 7, assuming that
the argument of periapsis is uniformly distributed. This
equation is applicable for sin’(A) < sin’(i) (the PDF is
zero otherwise)
P()dA = cos(A) dA Rl
m\/sin?(i) — sinZ(A)

This equation can also be integrated analytically

jp(/l’) dl = —%arcsin (sin(ﬂ)) +c ®)

sin(i)

These latitude equations are used to compute the re-entry
risk to populations on the ground for satellites decaying
in an uncontrolled manner. Equation 8 is used to
compute the fraction of time a satellite spends at each
latitude, which will correspond to the probability the
satellite will re-enter at that location. Combined with a
model of how humans are distributed on the Earth, an
estimate of the average density of people beneath a
particular orbit can be computed [3].

The third parameter is the longitude ¢. Because the
ascending node is assumed to be uniformly distributed,

the longitude distribution is simply

d
p@) dp= 5 ©)

In order to compute the spatial density, we need the
equation for a small element of volume in spherical
coordinates

dV =r?cos(1) dr dAd¢ (10)

The spatial density is, then

p(r,4,¢) (11)
_ p(r)drp(d) dip(p) do
- dv

1

B 2m3ray/sin? (i) — sin?(2)
1

*

(ra —7)(r —1p)

and is valid for radius 7p < r < r4 and latitude sin’(1) <
sin’(i), otherwise the density is zero. This is equivalent
to Kessler’s spatial density equation [1].

For completeness, the velocity components are given by
the radial velocity equation 4, and by

1 [ury7p cos(i) (12)
vg(r,A) = T \/Tcos(/l)
. (13)
1 [uTe cos(i) z
n(r 1) =+ T \/T 1= (cos(l))

3 THE TRUE ANOMALY PDF

It is a good point in this discussion to introduce a very
useful equation that describes the PDF for position within
a Kepler orbit, using the true anomaly v. Using equation
3 for the time rate of change of the true anomaly,



(1 —e?)3/2 (14)
21 (1 + ecos(v))?

p(v) dv =

What is so useful about this equation is that there is no
need to integrate over mean anomaly and convert to true
anomaly at each step using Kepler’s equation in order to
solve for the time spent at each location. We can now
simply integrate over the more “natural” geometric true
anomaly and apply this weighting function.

So, consider a satellite A moving along its orbit through
a spatial density of another satellite B. The position of
satellite A is a function of the true anomaly, as well as
other parameters of satellite A’s orbit, which we will
define as #(v). It will also have a three-dimensional
velocity vector dependent on its position in the orbit
VA(?( v)). Using the spatial density of object B, pp, and
its velocity VB which are both a function of position #(1),
the two can be combined to find the integrated flux on A
from B due to its travels through B’s spatial density

flux = (15)

21
N AGORAGY
* pp(F(V)) pa(v) dv

Note that the norm of the difference between the two
vector velocity terms is simply the relative speed of the
two objects at that point in space.

Equation 15 only needs to have a way to the handle the
spatial density of object B and its velocity to solve the
flux equation. Much of the rest of this paper consists of
methods of determining pp for a variety of different types
of orbits.

Note that in general there are several velocity values VB
associated with each location #(v). As described in
Kessler [1], the total flux will be computed for each
velocity case and averaged to get the total flux.

4 AVERAGING THE KESSLER EQUATION

It has long been recognized that at the periapsis and
apoapsis, and at the northernmost and southernmost
latitudes of an orbit, the PDFs and the corresponding
spatial density gives infinite values. PDFs often have
this property, and as long as the integrals of the PDF are
finite (which these are), this does not introduce any
unrealistic behaviour. = However, if undertaking a
numerical integration of equation 15 and you encounter
an infinite density, this could result in an incorrect flux.

One technique is to deliberately choose a small finite
“box” in space, and compute the average spatial density.
This has the effect of “blurring” the distribution so that
the “infinities” go away. Using equations 6 and 8, a
precise analytical solution for this “averaged” spatial
density can be computed. When the “box” is between
radii 7; and r;, and between latitudes A; and A,, the
“averaged” spatial density is

(p(r, 2, $)) (16)

_ {\/ (ra —7)(r —1p)

ma
1 ] (2(a - r))}rz
— —arcsin| ————
s TA - rp -

sin(/l))}’lz
4

1 .
{— Zaresin (sin(i)

2?” (r,3 — r3)(sin(4,) — sin(1,))

One problem with computing this way is that the
averaging “box” is not clearly defined.

A more self-consistent way to handle these infinite
values is to make use of the fact that we are often dealing
with families of orbits with a distribution of orbital
parameters.

In Matney and Kessler [4], Divine’s [S] meteoroid model
was reformulated to implement these distributions in
orbital parameters.

p(r, A, @, 1p,14,1) drp dry di (17)
D (rp,1y,1) drp dry di
2m3ray/sin? (i) — sin?(2)
1

(ra—7r)(r —7p)

D(rp,r4,i) represents the PDF that describes how the
satellite or satellites are distributed in orbital elements,
either because they represent a family of objects, or the
time average of a single satellite as its orbit evolves over
time. Note that the orbit distribution can be in terms of
any similar combination of orbital elements appropriate
to describe the system of interest. For instance, we could
use rp, e (the orbit eccentricity), and i, which is the
distribution used by the NASA ORDEM3.0 Engineering
Model.



Equation 11 actually represents the special case of
equation 17 where the orbit distribution PDF consists of
Dirac delta functions in the orbital elements.

The reason why equation 17 is superior to equation 16 is
that the averaging is now correctly computed over a
known distribution of orbit elements. By integrating
over orbit elements, the probability of having an orbit
where the density at a point in space has exactly an
infinite value (such as » = rp) becomes vanishingly small,
and the infinite values of the spatial density are replaced
by finite values.

For an example of how distributions of orbits would be
implemented, consider a simplified version using the
radial density equation 5. Assume a semi-major axis of
1.0, and an eccentricity of 0.5, such that the periapsis is
0.5 and the apoapsis is 1.5. Now consider a similar case,
with fixed apoapsis at 1.5, but with a uniform distribution
of periapses from rp; = 0.4 to rp;= 0.6. The radial density
equation would be

p(r)dr (18)
Minimum(rp,,r)
| D)

Minimum(rpq,1)

( rdr )
* drp
ma(y,—1r)r—1p)

Note that the limits of integration must be adjusted to
make sure »p < r. Fig. 1 shows the radial PDFs of these
two cases. Note that when the radial PDF is computed
by integrating over a distribution of periapses, the infinite
value of the PDF near perigee goes away and the new
PDF remains finite. For the full 3D density or PDF, all
of the infinite values disappear when distributions over
the orbital elements are considered.

For practical numerical computation, integration of
equation 17 over a distribution in orbital elements can
still result in computing points with an infinite value of
density. It is suggested that the integral be evaluated
using the Second Euler-Maclaurin summation formula
[6]. One can always break up any integral into the sum
of multiple integrals such that the infinite values are at
the limits of each sub-integration. This numerical
technique samples points arbitrarily close to the limits of
integration, yet avoids evaluating the troublesome points
right at the limits.

3.0
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2.0
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0.0 0.5 1.0 1.5 2.0

Figure 1. These two curves show the radial PDF's for the
two cases described in the text. The blue curve is for the
case with fixed periapsis 0.5 and apoapsis 1.5. The
orange curve has the same apoapsis, but with a uniform
distribution of periapses between 0.4 and 0.6. The blue
curve has infinite values at periapsis and apoapsis, but
the orange curve has finite PDF values throughout the
periapsis region.

5 VARIATIONS ON THE
EQUATION

KESSLER

One problem that arises with Kessler’s equation is when
the orbit in question is circular. Then the radial equation
5 becomes a Dirac delta function. While accurate, this is
not a very useful equation. A more useful form is to
assume that one or more satellites are distributed in
circular orbits with some semi-major axis distribution,
given as a density per unit altitude.

p(r)dr = D(a) da = D(r) dr (19)

This results in the following useful spatial density
equation for a distribution of purely circular orbits

D(r) (20)
2m2 r2,[sin2(i) — sin2(A)

p(r, A, ¢) =

One could use this density in equation 15 to integrate the
flux point-by-point. However, it is also possible to
integrate this flux in a different way.



Consider two circular orbits oriented in such a way that
the ascending nodes are uniformly distributed relative to
one another. This only requires that at least one of the
two orbits has randomized nodes; for instance one orbit
can be polar with fixed ascending node, while the other is
not and has randomized nodes over time.

Given the two inclinations i and #, and the two
ascending nodes ); and €, the angle « between the two
planes is computed by taking the dot product of the two
angular momentum vectors

cos(a) = hy - h, = (sin(iy) sin(,) & (21)
— sin(i;) cos(2,) y
+ cos(iy) 2)
- (sin(i,) sin(2,) &
— sin(i,) cos(2,)
+ cos(iy) 2)

= cos(i,) cos(iy)
+ sin(i,) sin(i,) cos(2,
—,)

= cos(i,) cos(iy)
+ sin(iy) sin(i,) cos(AQ)

So the angle between the orbit planes is a function of the
two inclinations, and the difference between the
ascending nodes. For our random node case, we simply
integrate AQ from 0 to 27 to sample all possible
orientations.

One further trick is to realize that we can place one orbit
in the x-y plane with “inclination” zero, and the second
orbit tilted with “inclination” ¢. If all the orbits involved
are circular orbits, the “ascending node” of the “inclined”
orbit is irrelevant, so we can treat this case as a circular
orbit with “inclination” zero at “latitude” zero
encountering another orbit with “inclination” «.
Assuming our “inclined” orbit has altitude distribution
D(r), the other circular orbit “sees” density (cf. equation
20)

G (22)
"~ 2m2 12 sin(a)

To compute the flux, the relative velocity is

(23)

VREL = \/g\/(l — cos(a))? + (sin(a))?
= \/g,/Z — 2 cos(a)

So, the flux integral would be

flux (24)
3 21 D(T')
- ,L 212 r2 sin(a)
* \/g,/Z — 2cos(a) d(AQ)

D(r) [u
== \E 2V2

( —2sin(iy) sin(i,) )

1 + cos(iy) cos(i,) — sin(iy) sin(i,)

\/1 + cos(iy) cos(i,) — sin(i,) sin(i,)

where K is the incomplete elliptical integral of the first
kind. This expression is similar to that computed by Su
& Kessler [7]. Fig. 2 shows a plot of this analytic flux
expression for the full range of possible inclinations.
Note that a high-flux “ridge” exists when the sum of that
two inclinations equals 180° (the angles are
supplementary). This is the case where the two orbits
can be coplanar and counter-rotating (depending on the
ascending nodes). This creates an infinite spatial density
problem when performing numerical calculations.

Figure 2. This chart shows the relative flux between two
sets of circular orbits with inclinations i; and i>. There is
a high-flux “ridge” when the two inclination angles are
supplementary, which corresponds to the case where the
two orbits can be coplanar and counter-rotating.

Whenever the angle between the orbit planes approaches
zero, the sin(e) term in the denominator drives up the
spatial density. Therefore, there should be a similar



high-density “ridge” for i; = i>. In such a case, the orbits
can be co-rotating and coplanar. However, in the special
analytic case with circular orbits, the relative velocity
drops to zero, and the product of the relative velocity
with the infinite density results in a finite flux. However,
any eccentricity at all will introduce a similar “ridge”
along the i; = i line where the flux values approach
infinity. As above, the solution to this problem is to
compute spatial density with a distribution in inclination
values.

6 THE 2D DENSITY

The discussion in the last section introduces another
useful idea, that of describing the PDF within an orbit
plane. In this case, we preserve the assumption that the
argument of perigee is uniformly distributed, but now the
ascending node is fixed. Because the orbit is a 2D
distribution, we use an areal density function, assembled
from equation 5. The areal density for an elliptical orbit
will be

_ p(r) _ 1 (25)
2nr 2m2a\(ry,—1r)(r—1p)

Similarly, for a collection of circular orbits with
distribution D(r) with altitude

x(r)

D(r) (26)
2nr

X(r) =

This distribution is “disc” that would look like a common
CD or DVD, with a large “hole” in the center for r < rp.
We can choose the “disc” orbit B as being in the x-y
plane. The other orbit A will cross the disc twice (unless
they are coplanar), and the flux is computed at each
crossing.

The encounter geometry is shown in Fig. 3. For
calculation purposes, the “disc” of orbit B is temporarily
assumed to have a small thickness &, much smaller than
the scale of the orbits, but much larger than the size of
the satellites. The relative velocity is obtained by
subtracting the velocity of B from A. This is the velocity
in the frame where B has zero local velocity. This results
in an angle & that the relative velocity makes to the B
orbit plane.

|

e

5 REL

Figure 3. This is the geometry of the case described in
section 6. The “disc” of object B’s orbit has a small
thickness O. In the lower panel, the same encounter
geometry is show from the locally stationary frame of
object B. In this frame the relative velocity Vg, makes
an angle & with respect to the disc.

The local 3D density is
_Z 27
=%
and the path length of A through the disc is
é (28)

F=w@®

Using the period of satellite A, 74, the flux for each
transit through the disc will be

L =1 & o (29)

T4 8 7,sin(@)  7,sin(E)

Flux =p

Where the temporary thickness o disappears from the
equation. The total flux is computed by summing over
the flux at the two points where orbit A transits the
“disc”.



In actuality, there are two radial velocities in the disc at
any point (equation 4) corresponding to the inbound and
outbound cases for B, and will, in general, result in
different £ values. The relative velocity and the flux will
need to be computed for each case and the results
averaged for each plane crossing. The total flux is then
the sum of the fluxes for each of the two plane crossings.

7 THE GENERALIZED ORBIT CASE

The discussions so far have dealt with distributions that
are randomized in argument of perigee or ascending
node, or where one satellite or another is in a circular
orbit. How is the flux handled between two orbits with
fixed nodes where the only parameter randomized is the
position in the orbit?

To handle this case, we take a page from the collision
avoidance community. They actually follow an
uncertainty covariance associated with an object around
its orbit. If we could “smear” out that probability ellipse
over time, the orbit probability distribution and spatial
density would look something like a long “fuzzy
caterpillar” in space. The “thickness” of this “caterpillar”
could be thought to represent the differences between a
pure Kepler orbit and a real orbit, uncertainty in the orbit
elements, or perhaps just a tool to create a spatial density
much larger than the satellites themselves.

The first thing we will need is the linear density of a
satellite along its orbit £L. This is computed using the
following relation

1
L) V) =~ G0

where V() is the speed of the satellite at true anomaly v
and zis the period of the orbit. This comes from the fact
that if the object has one object in it, we ought to see that
object once per orbit period.

Using the equation for the speed of an orbit as a function
of r,

V1 —e? (31

Lv) =
27‘[(1\/1 + 2e cos(v) + e?

This equation represents the number of satellites per unit
length along a stretch of orbit at position vaveraged over
time. The linear density is lower near periapsis where
the orbit velocity is higher, and higher near apoapsis.

The next step is to add the “caterpillar fuzz” along this
orbit. This is accomplished by adding a symmetric 2D
normal distribution perpendicular to the orbit with
standard deviation o much smaller than the scale of the
orbit but much larger than the satellites themselves.

p(¥) =

LO) L [—II7— ﬁ(f)llz] (32)

2w g2 202

Here the vector ¢ (7) is the point along the orbit closest to
the point #, and the term ||# — G(#)|| represents the
perpendicular distance from the orbit to point 7. In
general, ¢ (#) must be computed numerically.

As with the other densities discussed in this chapter, the
density in equation 32 can be used in computing flux in
equation 15. Experience has shown that numerically
calculating the flux using equation 32 is extremely
computer intensive if integrated over time, because only
during specific geometries do two orbits usually overlap
enough to give non-trivial “caterpillar” density.

One last thought — these distributions form a hierarchy.
If we summed over many arguments of perigee, the
“caterpillar” distribution would look very much like the
2D “disc” distribution. If we tilted the 2D “disc” and
rotated it around all possible ascending nodes, the
resulting density would be the Kessler spatial density.

8 CONCLUSIONS

The discussions in this paper have dealt with some tools
to make accurate flux calculations for a variety of
assumptions. Hopefully, many of these will provide
useful tools for the space debris community, as they have
for NASA’s Orbital Debris Program Office.

The use of distributions of orbital elements (section 4)
has allowed the ability to compute accurate fluxes for
NASA’s ORDEM3.0 model, especially near GEO where
the ascending node of the satellites cannot be assumed to
be uniformly distributed. =~ While sometimes these
computations are slow, we are always finding ways to
increase their speed and accuracy.

9 REFERENCES

1. Kessler, D.J., (1981). Derivation of the Collision
Probability between Orbiting Objects: the Lifetimes of
Jupiter’s Outer Moons, Icarus 48, 39-48.

2. Dennis, N.G., (1972). Probabilistic Theory and
Statistical Distribution of Earth Satellites, Journal of
the British Interplanetary Society 25, 333-376.



. Opiela, J.N. & Matney, M.J., (2003), Improvements to
NASA’s Estimations of Ground Casualties from
Reenternig Space Objects, In Proceedings from the
54" International Astronautical Congress of the
International ~ Astronautical ~ Federation, the
International Academy of Astronautics, and the
International Institute of Space Law, 29 September — 3
October, Bremen, Germany, IAC-03-IAA.5.4.03.

. Matney, M.J. & Kessler, D.J. (1996), A Reformulation
of Divine’s Interplanetary Model, In Physics,
Chemistry, and Dynamics of Interplanetary Dust (Eds.
Bo A.S. Gustafson & M. S. Hanner), ASP Conference
Series 104, 15-18.

. Divine, N. (1993), Five Populations of Interplanetary
Meteoroids, Journal of Geophysical Research 98(E9),
17029-17048.

. Press, W.H., Teukolsky, S.A., Vetterling, W.T., &
Flannery, B.P. (1992), Numerical Recipes in Fortran
77, Cambridge University Press, Cambridge, UK, pp.
135-140

. Su, S-Y. & Kessler, D.J., (unknown year), On the
Collisions Probability Integral between Two Orbiting
Objects, Internal NASA Document, NASA Johnson
Space Center, Houston, TX.




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


