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ABSTRACT 
 
The new particle accelerators and detectors create a 
challenging processing environment, characterized by 
huge mass of recorded data of which only small part is of 
scientific interest. This paper addresses the problem of 
muon track identification in a cathode strip chamber 
(CSC), which is a part of the ATLAS detector.  
We suggest a new “detect-before-estimate” approach, 
which first detect the particle and then estimate its hit 
locations. In a presence of high background noise, this 
approach can significantly save computing time. We use a 
modification of the Hough transform and we show that 
using the appropriate transform parameters, the line 
detection performance is sufficiently close to the 
theoretical detection performance, based on a statistical 
model specially developed for this problem. 

 
1. INTRODUCTION 

 
The LHC, the largest hadron collider accelerator ever 
built, presents new challenges for physicists and 
engineers. With the anticipated luminosity of the LHC, we 
expect as many as one billion total collisions per second, 
of which at most 10 to 100 per second might be of 
potential scientific interest. The track reconstruction 
algorithms applied at the LHC will therefore have to 
reliably reconstruct tracks of interest in the presence of 
background hits.  
One of the two major, general-purpose experiments at 
LHC is called ATLAS.  Since muons are among the most 
important particles to be detected as a sign of new 
phenomena, a stand-alone muon detector system is being 
built for ATLAS. This system is also called the muon 
spectrometer [1]. The ATLAS muon spectrometer is 
located in a large background environment which makes 
the muon tracking a very challenging task. 
Certain areas of the muon detection system are expected 
to receive a high flux of particles. In these areas, devices 
known as Cathode Strip Chambers (CSC) will be 
employed. Though many particle tracking algorithms 
were developed during the years by the High Energy 
Physics community [2], the requirement of high accuracy 
in an environment with such a high noisy background is a 

new challenge. The commonly used technique [1], which 
first estimates all particles hit location and then identifies 
the tracks, is very complex in a high noisy background 
environment. This paper will discuss the potential benefit 
of the detect-before-estimate approach which uses the 
physical measurements as the input for the track detection 
process without prior estimating the hit locations. 
 
The identification of a relatively short track segment 
within a particle detector can be translated to a line 
identification problem in a noisy image [2].  
The detection of straight line-segments in images is a 
problem that often occurs in image analysis. One method 
for detection of collinear points is related to the Hough 
transform (HT) [3,4,5]. Points in the image are 
transformed into lines in a line parameter space. Lines in 
the parameter space corresponding to collinear points will 
cross each other at one point. This point defines the 
spatial parameters of the line through the collinear points. 
Quantizing the number of lines crossing each cell reduces 
searching for collinear points in the image to looking for 
cells in the parameter space which are local maximum.   
 
The performance of the HT-based detector has been 
analyzed and compared to other detection methods in a 
presence of additive noise [6,7]. It was shown that in the 
presence of Gaussian, uniform and Laplacian noise, both 
Hough transforms and Gaussian-based optimal processor 
have good detection performance [8]. While the Gaussian-
based optimal processor has superior location estimation 
performance, it is computationally more intensive. 
However, due to the presence of interferences, the 
Gaussian noise assumption cannot be applied for the 
particle track detector, and robust detection method is 
needed. Moreover, the particle interaction rate requires a 
fast and efficient detection. The subspace-based line 
detection (SLIDE) is based on an analogy made between a 
straight line in an image and a planar propagating wave 
front impinging on an array of sensors [9]. A comparison 
made between SLIDE and the Hough transform [10] 
demonstrate that SLIDE is significantly less robust than 
the Hough transform. 
 



The CSC [1, 11] consists of four-layer chambers that give 
a position measurement based on a charge-interpolation. 
When an energetic particle, presumably a muon, passes 
through the chamber, it ionizes a local region of the gas 
that fills the chamber. The ionized cluster of electrons 
drifts towards a nearby anode wire and a charge avalanche 
is established. The charge avalanche induces charge on 
two sets of cathode strips that are mutually perpendicular. 
The induced charge is spread out over adjacent strips; 
each strip receiving a fraction of the total induced charge. 
The spread of strips that receive charge is called a hit-
cluster. The concept is that with the knowledge of the 
interpolated total charge passing through a layer, 
calculating the relative magnitudes of both the charge on 
each strip and the position of the strip in the hit-cluster 
will give enough information to find a centroid of the 
charge. The centroid is the point in the chamber where the 
ionization cluster originated, thus, the position of the 
energetic particle’s track. The cathode strips for the 
precision measurement are oriented orthogonal to the 
anode wires. A measurement of the transverse coordinate 
is obtained from orthogonal strips, i.e. oriented parallel to 
the anode wires, which form the second cathode of the 
chamber. Figure 1 describes the charge induction over the 
precision strips. 
 

Figure 1- charge distribution over the precision strips 
 
The CSC is located in a high radiation area, where the 
fluxes of photons and neutrons can reach 800Hz/cm². This 
can lead to situation where uninteresting particle hits are 
close to the muon track. In many cases, several hits would 
occur at the detector layers. Moreover, the interaction of 
the muons with the detector material that may cause the 
creation of secondary particles, the inefficiency of strip 
channels, and other electronic phenomena such as 
overflow and crosstalk, can produce false track candidates 
and reduce the detection performance of the real muon 
track. Figure 2 illustrates the hits clusters induced over the 
four layers CSC detector. Only those which are on the 
straight arrow belong to the muon track: 
 
It can be seen in figure 2 that the detector physical 
quantized measurements, which are used as the input to 
the detect-before-estimate process, make the line segment 

wider. These segments become even wider with the 
presence of background particles. Therefore, the line 
detection procedure should be robust enough in order to 
detect the wide lines in one hand, without creating too 
many false tracks on the other hand. 
 

 
 Figure 2- the hit clusters over the four layers of the CSC detector. The 
axes are the strip number and the CSC layers. Only the hit clusters on the 
upright arrow belong to the muon track. The other hit clusters are 
probably due to other particles. Taking the strip measurements as data for 
the detection process (instead of taking the estimated hit position), will 
make the line segment wider (the area between the two doted lines). 
 
We suggest a revised version of Hough transform as a 
robust track identification technique in the muon 
spectrometer, which uses the known detector geometry for 
reducing the complexity. 
 
The rest of the paper is organized as follows: In section 2 
we describe the detect-before-estimate proposed 
approach. In section 3 we describe the theoretical 
detection problem and we calculate the detection 
performance for the model suggested. In section 5 we 
compare the algorithm results from the test beam with the 
analytical calculation, and we conclude in section 6.  

 
2. THE PROPOSED APPROACH 

 
In the presence of a noisy background, the number of 
recorded hits is much larger than the number of the muon 
hits. In order to reduce complexity, we suggest the detect-
before-estimate approach, i.e. to identify the hits belong to 
a relevant track, and then to estimate the hits location.  
The revised version of Hough transform is shown to be a 
robust track detection technique which follows the 
detector requirement for a very low probability of miss 
detect. 
In the following we describe a version of the HT adapted 
to the specific problem of detection of collinear tracks in 
Atlas. The algorithms consist of building the test statistics 
(based on the HT) and comparing it to a threshold. 
Because of the special characteristic of the additive noise 
in our problem, the theoretical tools used in image 
processing for setting up the threshold in a HT-based 
detector cannot be applied directly. As such, we have 
derived the appropriate theoretical tools and used them to 
set up the threshold and to evaluate the performance of the 
proposed detector. 



2.1. Two-phase process 
 
The muon gas ionization in each chamber results in 
different signal amplitude in each layer. This amplitude 
follows the Landau distribution [12,13]. The signal 
amplitude influences the hit detection in the layer, since 
higher amplitude causes higher signal to noise ratio (SNR) 
which improves the detection performance. However, for 
the line detection problem it is enough to get a binary 
result which indicate the existence of a hit in the layer. 
Hence, the line detection process has two phases:  a 
preprocessing phase in which the multi valued image Y is 
converted to a binary image using a threshold, and a line 
detection phase using the modified Hough transform. 
 
 
2.2. The modified Hough transform 
 
The standard Hough transform can be applied to various 
applications [3]. Using the specific characteristics of the 
Cathode Strip Chamber (CSC) muon detector enables to 
make some modification to the standard Hough transform. 
These modifications reduce the complexity and improve 
the detection performance. The fact that we should look 
for straight lines within the detector layers that starting at 
the first layer and ending in the last (forth) layer can 
simplify the calculation. Instead of using the parametric 
form dkxy += or the polar form θθρ sincos yx +=  
we suggest to use the two point form 
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which represents a line connecting points ),( 11 yx and 

),( 22 yx . For the CSC detector, 21, yy are both known 
(the layers location), so it is possible to implement a 
transform from any point ),( yx in the track to a straight 

line in the parameter space using ),( 21 xx as the only two 
unknown parameters. This formulation allows using 
constrains on the tracks: (i.e. only lines that go through 
the first and the forth layer are valid). More reduction can 
be made by applying an angle constrains, i.e. the 
transform will be applied only for lines roughly projected 
to the interaction point. 
 
2.3. Discretization errors in the Hough transform  
 
The influence on the Hough transform of the quantization 
of the parameter space, the quantization of the image and 
the width of the line-segment was investigated in [14].  
In our problem the quantization of the image is done by 
the detector, and the line width is relative to the position 
difference between the strips and the muon track. Thus, 
the free parameters are only those of the parameter space. 

Since the strip charges are actually the samples of 
interpolated charge, the position error of the strip with the 
maximum charge is uniformly distributed: 

)2/,2/(~ wwU −ε  where ε  is the difference of the 
maximum charged strip to the track position in the same 
layer and w  is the width of the strip. The position error 
can be even bigger in the presence of the detector noise 
and the background particles. Since two closed muon 
tracks is a very rare event, the Hough cell size should be 
big enough in order to contain all the potential track hits 
(i.e. the peak is not spread over several cells).   
   

3. DETECTION ANALYSIS 
 
In order to analyze the detection performance of the 
Hough transform, we first calculate the theoretical 
detection performance and then compare it to the Hough 
transform results. The analytical calculation is optimistic 
in a sense that we assume that there is no degradation in 
detection performance due to the quantization of the 
image and the parameter space. Therefore, the Hough 
transform detection performance is bounded by the 
theoretical one. 
 
3.1. The signal statistical model 
 
It can be shown that the muon straight line track can be 
modeled as: 

),()();(),( mnrtmSixnSAmny iptpxii +−∆+=      (2) 

where i indicates the detector layer number, n is the 
spatial sample, and m is the temporal snapshot. )(;xS  is 

the spatial signal shape over the detector strips and )(⋅tS  

is the time dependent signal for each strip. ),( mnri is a 
general expression for noise plus interferences. 

iA , px ,∆ , pt are the amplitude, the hit position, the line 

slope and the hit timing, respectively, which are the 
parameters to be estimated. 
We assume that the time of arrival is known (or estimated 
before). Substituting   ptm ˆ= in (2) we get: 
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The conversion of the model described in (3) to an image 
can done in several ways.  
We choose to use the strip charges as the image pixels: 
 

3..0,..1),(),( === iMjjyjiY i             (4) 



We define );(~),( ∆+= ixjSAjiS pxi  as the muon 

track image, and )(~),( jrjiN i= as a two dimensional 
image of the noise and interferences. 
Using (4) and omitting the indexes i,j we can state the 
muon detection problem as deciding between the two 
hypotheses: 
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3.2. Detection analysis in the preprocessing phase 
 
The conversion of the multi valued image Y to a binary 
image requires detection for each strip in the detector. 
Practically, a thresholdγ is used, and strips with 
maximum charge (in the appropriate time window) above 
the threshold are marked as active pixels.  
The probability of detection of a muon hit in a layer i and 
strip j is given by:  

aijmajDi paHYppp ⋅>= ),|(),( 1, γγ        (6) 

where γ is the threshold, ijY is the maximum charge, and 

1H  is the hypothesis that the strip was hit by a muon. 

),|( 1 aHYp ijm γ>  is the probability that the strip 

maximum amplitude is above the threshold γ given that 
the strip was hit by a muon and there was no photon that 
mask the muon signal. ap  is the probability that no 
photon will mask the muon signal. We assume that the 
maximum charge distribution follows the Landau 
distribution which approximated by [15]: 
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Since the photon usually has amplitude higher then the 
muon, we assume that every photon hit before the right 
time window could potentially mask a muon. It can be 
shown and verified using the real data that the photon 
background will reduce the probability of detection by 

%1  ( %99=ap ). Non-linear effects as cross talk have 
very low probability to mask the muon hit and therefore 
are ignored. 
 
There are three elements that can cause false alarm; the 
additive electronic noise, the photon background and delta 
electrons. The probability of false alarm is the probability 
that one or more events happened (or one minus the 
probability that none of them happened).The false alarm 
probability for layer i and strip j is:                

cbijmcbjFi ppcbHYpppp ⋅⋅<−= ),,|(1),,( 0, γγ         (8) 

where ),,|( 0 cbHYp ijm γ< is the probability that the 

strip maximum amplitude is under the threshold known 
there was no muon and there was no muon like caused by 
either photon or delta electron. bp  is the probability that 

there will be no muon-like hit caused by a photon. cp  is 
the probability that there will be no muon-like hit caused 
by a delta electron. These two events are statistically 
independent.  
The probability that the electronic noise is bellow 
threshold is given by: 

)(1),,|( 0 σ
γγ QcbHYp ijm −=<                     (9) 

Analyzing the data from the test beam we get: 
%95.99%,99 == cb pp  

Figure 3 shows the probabilities of detection and of false 
alarm for a single strip: 
 

 
Figure 3- The probability of detection (bottom) and of false alarm (top) 
for a single strip vs. the threshold of the activity detection, γ . The noise 
sigma was calculated from the test beam data. The values of the 
background particle probabilities were taken from the test beam data as 
well.  
 
3.3. Detection analysis in the line detection phase 
 
The line detection phase includes executing the modified 
Hough transform on the binary image. A second threshold 
Ν is used in each cell of the accumulator space in order 
to detect a line. The probability of the line detection 
depends on the probability of detecting the hits in the 
previous phase, and on the thresholdΝ . 



Since the maximum charge distribution for each layer 
follows the Landau distribution and the noise in the 
different layers is uncorrelated, it is reasonable to assume 
that the probability of muon detection in each layer is 
independent. Therefore the probability of detection of a 
line is the probability of detecting at least Ν  collinear 
points:   
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where cA is the accumulator output for the parameter 

space cell, ),( aD pp γ is the detection probability for a 
given strip with threshold γ and probability of no mask 

photon ap , given in (6). 
Figure 4 shows the probability of detection as a function 
of the strip thresholdγ . 
 

 
Figure 4- The theoretical probability of detection vs. the threshold of the 
activity detection, γ , for two cases: (a) there is no photon source and the 
cell threshold is set to 3. (b) With photon source and the cell threshold is 
set to 2.  
 
There are four physical sources for false alarm; the white 
electronic noise, the photon background, the delta 
electrons and other non linear effects such as cross talk 
and overflow.  
We assume that the muon hits contribute to false alarm 
tracks only when a closed delta electron exists. Though 
the electronic white noise is layer independent, there is a 
dependency between the layers for a delta electron hit and 
photon hit. A delta electron can cause more than one hit 
per layer and might be seen like a muon. We assume that 
a delta electron with two or more hits (together with one 
real muon hit) causes a line false alarm. 
 We model the cross talk and the other non-linear effects 
within the detector as an additional independent noise 
source of normal distribution with a zero mean and 

standard deviation dσ . This noise source is only activated 
in the cases where a photon hit accrued, and it is located 
in the collinear strips in the next layer.  
Figure 5 describes the probability of false lines detection 
for 3=Ν : 
 

 
Figure 5- The theoretical probability of false line detection vs. the 
threshold of the activity detection, γ , for three cases: (a) there is no 
photon source. (b) With photon source. (c) With photon source and 
modeling the non-linear effects. In all cases, the cell threshold is set to 3. 
 
We can see from figure 4 that a detection probability 
higher than 99.5% can be achieved for all cases 
with 12<γ . The photon source decreases the detection 
probability by about 0.3%. The non-linear effects increase 
the probability of false line significantly for 8<γ  . 
 

4. RESULT 
 
The proposed algorithm was tested with a real data from a 
test beam (X5 data).  
Two cases were analyzed:  

a. A muon beam without an interfering photon 
source. 

b. Muon beams with an interfering photon source. 
 
For each strip channel, the noise level was estimated and 
the average value (pedestal) was subtracted from the strips 
signal output. 
 
Figure 6 describes the probability of line detection and 
probability of false line detection. 
It can be seen that a very high probability of line detection 
is achieved using the Hough transform algorithm, which 
is very close to the theoretical performance. The 
probability of false line is very close to the theoretical 
result for the case where the non-linear effects were added 
to the noise model and for 6>γ .  For 6<γ  the 
theoretical results are less close to the experimental 
results, maybe due to the fact that the Hough space 



quantization was optimized for high probability of line 
detection, but – as expected – the theoretical, optimistic 
false detection performance lower bound the actual 
performance.   
 

 
Figure 6: Experimental and theoretical detection results vs. the threshold 
of the activity detection, γ , for two cases: (a). There is no photon source 
(b). There is a photon source. For both cases we set the Hough cell 
threshold to 3. The upper graph describes the statistics of the line 
detection success and the theoretical probability of line detection. The 
lower graph describes the statistics of the false line detection and the 
theoretical probability for false lines.  

 
 

5. DISCUSSION 
 
The local track identification is one of many new 
challenges in HEP. We showed that the detect-before-
estimate approach results in a very good detection 
performance. Moreover, it reduces the total algorithm 
complexity significantly since the hit position estimation 
can be applied only to the hit clusters which belong to the 
track candidates. The probability of line detection can be 
improved even more (in about 0.2%) if we use an 
additional information such as the existence of particles 
that could potentially mask the muon, and we add 
appropriate weights to the modified Hough transform. 
Unfortunately, for the CSC detector, the existence of the 
non-linear effects makes the probability of having those 
potential mask hits very high. Thus, using mask 
information increases the probability of false line even 
more. We expect that the use of such additional physical 
information will improve significantly the performance of 
other detector, in which non-linear effects are negligible. 
 
 
 

 
REFERENCES 

 
[1] Atlas Muon Spectrometer Technical Design Report, CERN-LHCC-
97-22, 1997. 

[2] R.Fruhwirth et al. Data Analysis Techniques for High-Energy 
Physics, Cambridge monographs on particle physics, nuclear physics and 
cosmology, 2000  

 
[3] Illingworth J., Kittler J., A Survey of the Hough Transform, 
Computer vision, graphics and image processing, 44(10):87-116,1988. 
 
[4] Duda R.O Hart P.E., “Use of the Hough Transform to Detect Lines 
and Curves in Pictures”, Commun. Ass. Comput. Mach., 15:11-15, 1972. 
 
[5] Hough P.V.C., Method and means for recognizing complex patterns, 
U.S Patent 3,069,654. Dec, 1962. 
 
[6]  D. J. Hunt, L.W. Notle and W. H. Ruedger, Performance of the 
Hough transform and its relationship to statistical signal detection theory, 
Comput. Vision Graphics Image Process. 43, 1988, 221-238. 
 
[7] Zhijian Hu, Henry Leung, Statistiacl Performance Analysis of Track 
Initiation Techniques, IEEE tran. on signal process. Vol 45, No.2, 
February 1997.  
 
[8]  D. J. Hunt, L.W. Notle and A. R. Reibman, Hough Transform and 
Signal Detection Theory performance for Images with Additive Noise, 
Comput. Vision Graphics Image Process. 52, 1990, 386-401. 
 
[9] H.K Aghajan and T.Kailath, “SLIDE: Subspace-based Line 
Detection”, IEEE Trans.Pattern Anal.Mach.Intell., Vol 16, pp. 1057-
1073, 1994. 
 
[10] J. Sheinvald and Nahum Kiriaty, “On the Magic of SLIDE”, 
Machine vision and Application. Vol 9, pp.251-261, 1997. 
 
[11] CSC performance at High Background Rates, Brookhaven National 
Laboratory, 19 Oct 1999 
 
[12] D.H. Wilkinson, Nucl.Instr.Meth. A 383 (1996) 513  
 
[13] L.D. Landau, J.Exp.Phys. (USSR) 8 (1944) 201  
 
[14] T.M Van Veen and F.C.A Goem, “Discretization errors in the 
Hough Transform”, Pattern Recognition Vol. 14, Nos, 1-6, pp. 137-145, 
1981. 
 
[15] J.E. Moyal, Theory of ionization fluctuations, Phil. Mag. 46 (1955) 
263. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


