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Abstract. We present a general framework for reconstructing binary
images with few disjoint components from the horizontal and vertical
projections. We develop a backtracking algorithm that works for binary
images having components from an arbitrary class. Thus, a priori infor-
mation about the components of the image to be reconstructed can be
incorporated into the reconstruction process. In addition, we can keep
control over the number of components which can increase the speed and
accuracy of the reconstruction. Experimental results are also presented.

1 Introduction

Reconstruction tomography is an imaging procedure for obtaining the two di-
mensional cross-sections of three dimensional objects by using projections of the
object being studied. Reconstruction algorithms have a wide area of applica-
tions in non-destructive testing, angiography, radiology, crystallography, image
processing, and so on. In most of those applications the reconstructed image
should contain only a small number of grey-intensities that are known before-
hand. In the same time, there is often a practical limitation that only a few
(usually at most about 10) projections of the object can be made. Discrete to-
mography (DT) [I0/11] investigates how the knowledge that the reconstruction
should only contain a few values can be exploited to eliminate the problems aris-
ing from using a small number of available projections. Binary tomography (BT)
arises as a special case of DT, where the task is to reconstruct a binary image
(also called discrete set). BT also has a variety of applications, for example, in
angiography, electron microscopy, and non-destructive testing.

Due to the small number of available projections, the reconstruction in BT
is usually very underdetermined. Thus, additional knowledge is needed to avoid
intractability and reduce the number of possible solutions. In this paper we
present a general framework for reconstructing discrete sets from two projections.
The prior assumption we use this time is that the discrete set to be reconstructed
should consist of few disjoint components.
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This paper is structured as follows. The necessary definitions are given in
Sect. @l Section [ describes the reconstruction framework. In Sect. ] we give
experimental results. Finally, in Sect. Bl we summarize our experiences.

2 Preliminaries

The finite subsets of the two-dimensional integer lattice are called discrete sets.
A discrete set is defined up to a translation and it can be represented by a
binary image or a binary matrix as well (see Fig.[I). The horizontal and vertical
projections of a discrete set F' are the vectors H(F') = (hy,...,hn), and V(F) =
(v1,...,vy), respectively, where

j=1

vj:Zfij (G=1,....n). (2)

For example, the discrete set F' in Fig. [[] has the horizontal and vertical pro-
jections H(F) = (1,3,1,3,4,3), and V(F) = (2,3,4,2,2,2), respectively. In the
rest of the paper (without loosing generality) we always assume that discrete
sets do not have empty rows and columns.

000100
— 001110
001000
111000
110011
011001

Fig. 1. A discrete set represented by its elements (left), a binary image (center), and
a binary matrix (left)

In the reconstruction two vectors, H and V are given and the task is to con-
struct a discrete set such that H(F) = H and V(F) = V. To reduce the number
of possible solutions of this task we are usually interested in reconstructing dis-
crete sets belonging to a certain class defined by some geometrical properties

Two positions P = (p1,p2) and @ = (¢1,¢2) in a discrete set are said to be
4-adjacent if |py — q1| + [p2 — q2] = 1. A discrete set F' is 4-connected (with an
other term polyomino) if for any two points P and @ in F there is a sequence
of distinct positions Py = P,...,Pr = @ in the discrete set F' such that P,
is 4-adjacent to P;_q, for each I = 1,..., k. The discrete set F' is hv-conver if
all the rows and columns of F' are 4-connected. An hv-convex polyomino P is
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Fig. 2. An hv-convex discrete set (left), an hv-convex polyomino (center), and an hv-
convex directed polyomino (right)

called directed if the point (m, 1) belongs to P. Figure [2] shows some examples
of hv-convex discrete sets.

A discrete set can always be partitioned into maximal 4-connected subsets,
in a uniquely determined way. Those partitions are called the components of
the discrete set. Clearly, if the discrete set is a polyomino then it has just one
component. Let F' be a discrete set with & (k > 1) components such that I; x J; =
[i1,%7] X [j1, ;] is the minimal bounding rectangle of the [-th component of F. We
say that the components of F are disjoint if for any 1 < [,1’ < k the inequality
1 # I’ implies that I;NI;y = () and J;N.Jy = (). Note that this statement is stronger
than just saying that the minimal bounding rectangles of the components are
pairwisely disjoint.

3 The Reconstruction Framework

We develop our reconstruction framework in such a way that it will be easy
to incorporate a priori knowledge of the components into the reconstruction
process. Thus, we will always assume that the components belong to a certain
class S of polyominoes. When no prior knowledge is available then we simply
assume that S is the whole class of polyominoes.

We introduce a notation. For each 1 < iy <is <mand 1 < j; < jo <n let

12 J2
Hijy i)=Y hiy and Vi 5= > v (3)
1=11 J=n
If iy = 1 or j; = 1 then - as special cases - we obtain the cumulated vectors of
F which are used in several reconstruction algorithms [BI4J57]. We will refer to
the partial sums defined in [B]) as the sums of the intervals [i1, 2] of the vector
H and [j1, jo| of the vector V.

Definition 1. Let S be a class of polyominoes, H € IN™ and V € IN". We say
that the intervals [i1,i2] of H (1 < i1 <iy <m) and [j1,j2] of V (1 <j1 <ja <
n) are compatible, with respect to the class S, if there exists a polyomino P € 8
with H(P) = (hiy, ..., hiy) and V(P) = (vj,,...,0j,).

For the sake of simplicity we will denote [i1,42] ~s [j1,]2] if [i1,42] of H and
[71, 2] of V are compatible, w.r.t. the class S. Obviously, if [i1, i3] ~s [j1, 2] for
an arbitrary class S then the followings hold simultaneously
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(i) i <jo—j1+1foreachi; <i<is,
(ii) j <ig—i3 + 1 for each j1 <j < jo,
(lll) H[i1,i2] = V[jl,jz] .

We will exploit this necessary condition to make our algorithm faster. The fol-
lowing proposition offers the basis of our algorithm.

Proposition 1. Let F' be a discrete set with disjoint components from the class
S. Then there exists a partitioning of H(F) into intervals Iy, ..., I, a par-
titioning of V(F) into intervals Ji,...,Jx (k > 1), and a bijective mapping
o:{L,. ... It} — {J1,..., Ik} such that I; ~s o(I;) (i=1,...,k).

Proof. Let F be a discrete set with & (k > 1) disjoint components from the
class S, and let I; x J; = [i;, )] X [ji,7;] be the smallest containing discrete
rectangle of the I-th component (I = 1,...,k). Then I1,..., I} gives a parti-
tioning of H(F), Ji,...,J, gives a partitioning of V(F), and with the bijection
o:{h,....,Ix} — {J1,...,Jx} where I; — J; (i =1,...,k), I, ~s ¢(I;) also
holds. O

Remark 1. The partitionings defined in Proposition [Il determine the smallest
containing discrete rectangles I; X ¢(I;) (i = 1, ..., k) of the disjoint components
belonging to the class S of a set F’ with H(F') = H(F) and V(F') = V(F).
However, F' = F not necessarily holds. For example, if ' = {(1,1), (2,1),(3,2)},
Il = [1, 1], IQ = [2,3], (,O(Il) = Jl = [2,2], and (P(IQ) = J2 = [1, 1], then
F'={(1,2),(2,1),(3,1)} (here S can be the class of all polyominoes).

Remark 2. The counterpart of Proposition [I] does not always hold. Let F =
{(1,2),(2,1),(3,2)}. Clearly, the components of F' are not disjoint. However,
there exists a partitioning I; = [1,1],1> = [2,3] of H(F) and a partitioning
J1 = 1[2,2],J2 = [1,1] of V(F) such that I; ~s Ji and Iy ~s Jo (with S being
the class of all polyominoes).

On the basis of Proposition [I to reconstruct a set with disjoint components
from the class § and with the horizontal and vertical projections H and V,
respectively, it is sufficient to find the proper partitionings of H and V, and the
appropriate mapping between them, whenever the reconstruction in the class S
can be performed from two projections. This can be achieved by a backtracking
algorithm which builds a tree where each node is labelled with a list containing
4-tuples of the form [i1, 9, j1,j2] such that [i1,i2] ~s [j1,72]. We define the
classical lexicographical order < over these 4-tuples. Moreover, for an arbitrary

pOiIlt p with the label <[i117i217j117j21]7 [7;1277;227j127j22]7 R} [i1r7i2rvj1r7j2r]>
we denote
T T
Su(p) = U[ilz,izl] , and  Sv(p) = U[jlz»jzz] : (4)
=1 =1

For the backtracking we need the following tree operators.

Father. It is the simplest operator. The Father of {l1,ls,...,1,) is the empty
list () if » = 1, otherwise it is (I1,1a,...,l—1).
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Brother. The Brother of (l1,la,...,lr—1, [t1,) i2,, J1,., J2,-]) 18 & list of the form
(I, oy ooy bz, [iny, 15, 51, J5)) where [i1,., 15, j1, j5] is the smallest element accord-
ing to the ordering < such that

- [i1r7i2r7j1r7j2r] = [ilrviévjivjé]v and
— if r > 1 then Sv(<ll,lg,. . .,ZT_1>) N []1,]&] =0

if such an element exists. Otherwise the Brother points to nil.

Son. The Sonof (ly,la,...,lr—1, [i1y, 92, J1,, J2,]) POints to nil if ig, = m. Oth-
erwise, it is (I1, la, ..., I, [i], 15, j1, J5]) where [¢], 45, 41, j5] is the smallest element
according to the ordering < such that

— le :'L'QT —+ 1, and
- SV(<117Z2""’1T>) N []17]&] =10

if such an element exists. Otherwise the Son points to nil. A tree node p which
son points to nil is called leaf.

Our framework is called DisjointReconstruction. We now give some technical
details on how it works. It takes two vectors, H € IN"* and V € IN" as input,
and the class S from which the components arise must be also specified. First
the algorithm identifies all the compatible intervals [i1,i2] of H and [j1, ja] of V
w.r.t. the class S which takes O(m?n?) iterations. To prove compatibility of the
intervals it is necessary to construct a polyomino P € § with the corresponding
projections determined by the intervals. This modul of the framework must be
set according to the class S. Its execution can be time-consuming, depending
on the reconstruction complexity in the class S. Therefore we execute it only if
the actual pair of intervals satisfies the necessary conditions (i), (ii), and (iii) of
compatibility. The compatible intervals can be stored in a lexicographical order
without further computation in a 4-dimensional array in the form [i1, i2, j1, j2]-
In addition, we also store the polyominoes corresponding to the intervals as they
possibly will serve as the components of the solution. Furthermore, for each
i=1,...,m we define a pointer to the smallest element of the array which has
i as the first component. This yields fast execution of the tree operators.

After the preprocessing step we explore the tree in a preorder way using the
tree operators starting out from the node which has the smallest label according
to the ordering <. We stop the search if there are no unreached nodes left (in
this case there is no solution of the given reconstruction problem) or if we find
a leaf p with Sy (p) = {1,...,m} (which corresponds to a solution). Without
proof we mention here that for certain classes this step can be performed in
polynomial, while for others in superpolynomial time. The following theorem
proves the correctness of the algorithm.

Theorem 1. Every leaf p of the search tree built by Algorithm DisjointRecon-
struction for which Sy (p) = {1,...,m} corresponds to at least one solution of
the corresponding reconstruction problem. If the reconstruction in the class S is
uniquely determined from the horizontal and vertical projections then the corre-
spondence is one-to-one.
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Proof. Let p be a leaf for which Sg(p) = {1,...,m}, and

<[7;11’7;21aj113j21]a [i12a7;22’j127j22]’ ER) [i1l7i2l7j1l7j2l]> (5)

be its label. The definition of operator Son guarantees that the intervals [iy,., 92,
(r =1,...,1) are pairwisely disjoint. From the definition of the operators Son
and Brother it also follows that the intervals [j1,.,j2,] (r = 1,...,1) are pair-
wisely disjoint as well. Moreover, [i1,,i2,] ~s [j1,,J2,], therefore Hj;, ;, 1 =
Viji o) (r=1,...,1). Then Sy (p) = {1,...,n} since

l l
Hiym) = Y Hiiy i) = O Vigs o] = Vi) - (6)
r=1

r=1

Furthermore, there exists a discrete set with disjoint components from the class
S such that the smallest containing discrete rectangles of the components are
[i175 %25 X [J1,502,-] (r = 1,...,1). Those components are reconstructed in the
preprocessing step.

From the above points it follows that the smallest containing discrete rect-
angles of the components of the discrete set corresponding to p are uniquely
determined, i.e., the size of all the components and their relative positions are
fixed. There might be differences at component-level, but it is possible only if
two different polyominoes of S have the same projections. O

The algorithm in this form finds just one solution of the given reconstruction
problem but it can be modified in a straightforward way to find all the solutions,
assuming that it is possible to reconstruct all the elements of S having the same
two projections.

Ezample 1. Consider that H = (1,2,1,1,2),V = (1,2,3,1), and S is the class of
directed polyominoes. In this case [1,1] ~s [1,1], [1,1] ~s [4,4], [1,2] ~s [1, 2],
[1’3] ~S [374]7 [2’3] ~S [172]7 [274] ~S [374]7 [373] ~S [171]7 [373] ~S [474]7
[3’4] ~S [2’2]’ [3a5] ~S [374]7 [474] ~S [17 1]7 [474] ~S [474]7 [475] ~S [172]' The
other intervals violate one or more of the necessary properties (i), (ii), and (iii) of
compatibility, or there is no polyomino with the projections determined by those
intervals. The array used by the algorithm stores the following elements in lexi-
cographical order: [1,1,1,1],[1,1,4,4], [1,2,1,2], [1,3,3,4], [2,3,1,2], [2,4, 3, 4],
[3,3,1,1],[3,3,4,4], [3,4,2,2], [3,5,3,4], [4,4,1,1], [4,4,4,4], [4,5,1,2]. The tree
built by the algorithm and the solutions of the reconstruction task are pre-
sented in Fig. Bl The algorithm finds a solution at node ([1,2,1,2],[3,5,3,4]),

and an other one — after the whole search tree had been scanned — at node
<[17 37 37 4]7 [47 57 17 2]>'

4 Experimental Results

In order to test the effectiveness of our algorithm we conducted some experi-
ments. In each cases we assumed that the components of the set to be recon-
structed are hv-convex directed polyominoes. We decided to choose this class
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[1,1,1,1] [1,1,1,4] [1,2,1,2] [1,3,3,4]

[1.1,1,1],[2,434] [121.2],[3,3,44] [121.2],[3,534] [1334][4411 [1334][4512]

Fig. 3. A search tree built by Algorithm DisjointReconstruction

since its elements are uniquely determined by the horizontal and vertical projec-
tions [9], and they can be reconstructed from those projections in O(mn) time
[13]. Thus, it was possible to find not just one, but all the solutions of a given
reconstruction problem. Each test data set consisted of 100 binary images hav-
ing the same size and a fixed number of disjoint components. Those images were
generated with uniform random distributions by applying the method described
in [I]. The programs were written in C++ and the tests were performed on an
Intel Pentium 4 CPU with 3.2 GHz and 1GB RAM under Debian/GNULinux
(kernel 2.6.17.13).

The first column of Table [ represents the structure of the test data sets
used in our first experiment. It describes the size of the squared binary test
images (only one dimension is given) followed by the number of components of
the binary images. The remaining columns show the average number of solu-
tions (second column), and the running times of finding the first (third column)
and all (fourth column) solutions in seconds rounded to four digits. From this
table we can observe that if the set is of moderate size and it consists of just
a few components then our algorithm finds the solution quite fast. Moreover,
the average number of solutions is close to 1 in almost all studied cases, i.e.,
the reconstruction is often uniquely determined. In addition, there is usually no
significant difference regarding the execution time of finding just one or all the
solutions. The explanation of this can be that the most amount of the execu-
tion time is due to the preprocessing step of the algorithm. Unfortunately, the
running time grows rapidly as the number of components and/or the size of the
set increases. Furthermore, the more components the image has, the more likely
will the reconstruction be ambiguous.

In our second experiment we tested the performance of our algorithm on more
complex sets having 8, 9, and 10 components. In this test we set a time limit of 30
seconds for the reconstruction. The second column of Table[2lreports the number
of reconstructions that ran in less than 30 seconds out of the 100 datas. The
remaining columns show the average number of solutions, and the reconstruction
times for finding one, and all solutions, from left to right, respectively, omitting
the cases where the reconstruction has not finished in 30 seconds.

From Table 2] we can again deduce that the reconstruction of more com-
plex sets (i.e. sets with more components) takes more time and gives usually
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Table 1. Reconstruction results for sets with few components

| size/#comp. | #solutions | first (s) | all (s) |
20/2 1.13 0.0006 0.0006
20/3 1.42 0.0007 0.0008
20/4 2.41 0.0020 0.0019
20/5 8.61 0.0014 0.0025
40/2 1.03 0.0081 0.0081
40/3 1.22 0.0094 0.0094
40/4 1.45 0.0104 0.0104
40/5 2.98 0.0145 0.0147
60/2 1.03 0.0378 0.0377
60/3 1.14 0.0448 0.0445
60/4 1.24 0.0485 0.0485
60/5 2.02 0.0580 0.0582
80/2 1.02 0.1421 0.1421
80/3 1.12 0.1512 0.1513
80/4 1.20 0.1707 0.1710
80/5 1.80 0.1936 0.1948
100/2 1.01 0.3847 0.3814
100/3 1.01 0.4209 0.4206
100/4 1.12 0.4561 0.4562
100/5 1.24 0.5038 0.5016

Table 2. Reconstruction results for more complex sets with (bottom half of the table)
and without (top half of the table) prior information

| size/#comp. | success | #solutions | first (s) | all(s) ]
80/8 99 10.18 0.33 0.60
80/9 96 11.90 0.82 1.53
80/10 93 228.68 0.45 1.38
100/8 100 7.97 0.90 0.96
100/9 96 15.58 1.09 1.25
100/10 93 40.41 1.56 2.01
80/8 99 9.75 0.33 0.56
80/9 97 10.80 0.73 1.30
80/10 95 38.2 0.63 1.34
100/8 100 7.78 0.83 0.89
100/9 97 14.56 0.98 1.11
100/10 95 26.11 1.45 1.84

more ambiguous solutions. Fortunately, it is easy to incorporate some further
knowledge into the framework. The bottom half of Table [2] presents the results
obtained on the same data sets as before but pruning the search tree with the
prior information that the image consists of more than 7 and less than 11 com-
ponents. Obviously, this a priori information yielded an improvement both on
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the accuracy and the overall speed of the reconstruction as well. For an ex-
treme example, in the test set 80/10 we found a task with 16204 (!) solutions,
all having the same projections. By using the information that the set has 8-10
components the number of solutions could be reduced to 748. The additional
information usually also had a positive effect on the running time for finding the
first solution. However, it can occur that finding a solution that satisfies more
constraints can take more time than just finding one for which the conditions
not necessarily hold (see third and ninth rows of the table).

Even if we do not have explicit knowledge about the number of the compo-
nents of the set to be reconstructed, in some cases we can gain such statistical
information directly from the size of the discrete set — as it was presented in [2].

5 Conclusions

We have developed a general backtracking algorithm to reconstruct discrete sets
with few disjoint components from the horizontal and vertical projections. It is
easy to incorporate a priori knowledge about the components into our reconstruc-
tion framework. We conducted experiments to test the speed and accuracy of our
algorithm under several circumstances, assuming that the components of the set
to be reconstructed are directed. Experimental results prove that the algorithm
is fast and accurate if the number of the components are relatively small. If the
binary image to be reconstructed is more complex (i.e. it has more components)
then the running time of the algorithm increases considerably, and the size of
the search tree built by the algorithm becomes in some cases intractably large.
We also presented a simple pruning technique that exploits further information
on the number of components in order reduce the search space and gain more
accurate reconstructions.

There have been many reconstruction algorithms developed for the class of hv-
convex sets and its subclasses (see, e.g., BIABTIRIT2ITA]). Since every huv-convex
set has disjoint components, it is also possible to apply the presented method
to reconstruct hv-convex discrete sets from two projections, which problem is
known to be NP-hard in general [14].

The algorithm can also be adapted to exploit further information about the set
to be reconstructed, e.g., the size or the approximate shape of the components, the
relative positions of them, or if some positions of the set are fixed in advance. An
other extension would be to reduce the search space by using more than just two
projections for the reconstruction. In general, it needs further investigation how
the search tree can be pruned in an appropriate way for given reconstruction tasks.

Our framework can be extended to 3 dimensional reconstruction problems in
a straightforward way.

References

1. Balazs, P.: A framework for generating some discrete sets with disjoint
components by using uniform distributions. Theor. Comput. Sci. (2008),
doi:10.1016/j.tcs.2008.06.010



1156 P. Baldzs

10.

11.

12.

13.

14.

. Baldzs, P.: On the number of hv-convex discrete sets. In: Brimkov, V.E., Barneva,

R.P., Hauptman, H.A. (eds.) IWCIA 2008. LNCS, vol. 4958, pp. 112-123. Springer,
Heidelberg (2008)

. Balazs, P., Balogh, E., Kuba, A.: Reconstruction of 8-connected but not 4-

connected hv-convex discrete sets. Disc. Appl. Math. 147, 149-168 (2005)

. Balogh, E., Kuba, A., Dévényi, C., Del Lungo, A.: Comparison of algorithms for

reconstructing hv-convex discrete sets. Lin. Alg. Appl. 339, 23-35 (2001)

. Barcucci, E., Del Lungo, A., Nivat, M., Pinzani, R.: Medians of polyominoes: A

property for the reconstruction. Int. J. Imaging Systems and Techn. 9, 69-77 (1998)

. Brunetti, S., Daurat, A.: An algorithm reconstructing convex lattice sets. Theor.

Comput. Sci. 304, 35-57 (2003)

. Brunetti, S., Del Lungo, A., Del Ristoro, F., Kuba, A., Nivat, M.: Reconstruction

of 4- and 8-connected convex discrete sets from row and column projections. Lin.
Alg. Appl. 339, 37-57 (2001)

. Chrobak, M., Diirr, C.: Reconstructing hv-convex polyominoes from orthogonal

projections. Inform. Process. Lett. 69(6), 283—-289 (1999)

. Del Lungo, A.: Polyominoes defined by two vectors. Theor. Comput. Sci. 127,

187-198 (1994)

Herman, G.T., Kuba, A. (eds.): Discrete Tomography: Foundations, Algorithms
and Applications. Birkhéuser, Boston (1999)

Herman, G.T., Kuba, A. (eds.): Advances in Discrete Tomography and its Appli-
cations. Birkh&user, Boston (2007)

Kuba, A.: The reconstruction of two-directionally connected binary patterns from
their two orthogonal projections. Comp. Vision, Graphics, and Image Proc. 27,
249-265 (1984)

Kuba, A., Balogh, E.: Reconstruction of convex 2D discrete sets in polynomial
time. Theor. Comput. Sci. 283, 223-242 (2002)

Woeginger, G.W.: The reconstruction of polyominoes from their orthogonal pro-
jections. Inform. Process. Lett. 77, 225-229 (2001)



	Introduction
	Preliminaries
	The Reconstruction Framework
	Experimental Results
	Conclusions


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


