
 

Abstract—Glomerulus is the filtering unit of the kidney. In
the computer aided diagnosis system designed for kidney
disease, glomerulus extraction is an important step for
analyzing kidney-tissue image. Against the disadvantages of
traditional methods, this paper proposes a glomerulus
extraction method using genetic algorithm for edge patching.
Firstly, Canny edge detector is applied to get discontinuous
edges of glomerulus. After labeling to remove the noises,
genetic algorithm is used to search for optimal patching
segments to join those edges together. Lastly, the edges and the
patching segments with high fitness would be able to form the
whole edge of the glomerulus. Experiments and comparisons
indicate the proposed method can extract the glomerulus from
kidney-tissue image both fast and accurately.

I. INTRODUCTION

S the computer technology develops, it plays a more and
more vital role in medical diagnostics. Many traditional

diagnostic methods could benefit from the automation
brought by computer technology. One example is Nephric
biopsy [1], which is the primary method in clinical diagnosis
for kidney disease. In this method diagnosis is made by
observing the changes of glomerulus’ size and shape in the
kidney-tissue image. Aided by computer image processing, it
is possible to automatically extract the glomerulus, which
means great help for kidney-tissue analyzing.

Fig. 1 shows a standard microscopic slice image of
kidney-tissue, which contains both the glomerulus (the
triangular tissue in the center of the figure) and other
irrelevant tissues considered as noises. To successfully
extract the glomerulus from the image, there are three major
obstacles for traditional methods. First, unlike the round or
elliptic cells, the glomerulus has irregular shapes. Ellipse
fitting [2] which is commonly used in medical image
processing cannot deal with all the situations. Second, there
is not only glomerulus but also numerous noises in the image.
And edge detection method [3] cannot exclude the effect of
noises, as well as active contour method [4]. Third, because of
the coloring uniformity of slice images, extraction by color
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feature [5] is not possible. One available method to solve this
problem is using genetic algorithm (GA) to do spline function
fitting [6], [7]. The heuristic nature of GA makes it capable to
search for an optimal B-spline curve [8] to represent the
shape of the glomerulus in high accuracy. However, this
method mainly flaws on that the searching space of GA is too
large, so its time efficiency needs to be improved.

Taking account the disadvantages stated above, this paper
proposes an edge patching method which combines edge
detection and genetic algorithm to solve this problem. First,
edge detection will extract the edges of all the tissues in the
image. Then the labeling method is used to denoise and it
leaves mainly the edges of glomerulus. According to the
extracted edge information, various connections between
endpoints are established to try to patch discrete edges into a
whole, in which GA runs to search for the optimal way of
patching.

II. EDGE DETECTION

Although an ordinary edge detection method cannot
extract the whole edge of glomerulus, as stated above, it could
still retrieve useful information of edges from image. If we
could take full advantage of this information, the searching
efficiency of GA can be greatly improved. Thus, the first
important step is to detect the edges of the glomerulus. At
present, Canny edge detector [9] is one of the best-performing
edge detection method which could mark as many real edges
in the image as possible, so we adopt the Canny to extract
enough edge information for the following step of GA.

Canny edge detector has two kinds of parameters. First is σ,
the size of the Gaussian filter which directly affects the results
of the Canny algorithm. Smaller σ causes less blurring, and
allow detection of small, sharp lines. On the contrary, a larger
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Fig. 1. Kidney-tissue image
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σ causes more blurring, smearing out the value of a given
pixel over a larger area of the image. The second kind of
parameters is two thresholds: the use of two thresholds with
hysteresis allows more flexibility than in a single-threshold
approach, but general problems of thresholding approaches
still apply. A threshold set too high can miss important
information. On the other hand, a threshold set too low will
falsely identify irrelevant information (such as noise) as
important.

In this paper, we set the size of the Gaussian filter
relatively large, let σ = 2, in order to offer better continuity of
edges. And other two thresholds can be automatically
selected by the Canny method in MATLAB. Fig. 2 (a) shows
the processing result of Canny edge detector for Fig. 1. And
then, labeling method is used to preserve some longest edges
in the image, and to delete those shorter ones. Thus most of
the noises will be erased, like in Fig. 2 (b).

Afterwards, GA will search for connections to patch the
discontinuous edges in Fig. 2 (b), and those connections are
evaluated by the overlap ratio with the edge information in
Fig. 2 (a).

III. EDGE PATCHING USING GENETIC ALGORITHM

In the method of spline function fitting, the main idea is
using GA to search and adjust a spline curve which could best
fit the edge information in a denoised graph. Fig. 3 shows a
crude fitting result of this method, in which the red line is the
spline curve.

As previously mentioned, the method is mainly trapped in
the time cost because the searching for the spline curve runs
in a domain of the whole image space. When searching space
is too large, the speed and accuracy of GA would be
discounted. Additionally, constructing a spline function to
describe a smooth closed curve is not fast, but it must be
executed every time GA calculates fitness, totally about
thousands of times in one complete running. Against those
existing weaknesses, the proposed method makes essential
modifications in two aspects. One is using edge patching
instead of whole edge fitting, which will reduce the size of
searching space considerably. And the other is using n-fold
segment to substitute the spline curve, which accelerates the
fitness calculation.

In order to diminish the searching space, we need to utilize
the information got from edge detection as much as possible.
As a result, connecting the extracted edges to form the
complete glomerulus edge becomes the solution. Fig. 4 shows
the conceptual image of the idea of edge patching, in which
the endpoints of edges selectively connects with each other by
n-fold segment.

In the proposed method, for each endpoint, it will have
several neighbor endpoints as connection candidates. An
optimal connection is found between those endpoint pairs.
And finally, all the connections are evaluated by their fitness.
Those with high fitness will constitute the complete
glomerulus edge in the final step.

In order to establish the searching of connections, we
define a searching space named admission area for each two

(a) (b)

Fig. 2. Results of Canny edge detection and denoise

Fig. 3. Spline function fitting

(a) (b)

Fig. 4. Concepts of edge patching

Fig. 5. Admission area for two endpoints
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endpoints. This admission area is a square with length equal
to l, as shown in Fig. 5, where Pt0 and Ptn are two endpoints,
and Pt1 to Ptn-1 are intermediate points. The connection
which is realized by n-fold segment cannot go beyond the
admission area. The reason is that due to the approximately
spherical shape of the glomerulus, it is hardly for desired
connection segment to break out of the admission area. Thus
for any n-fold segment, it conforms to these rules:

x(Pt0) < x(Pt1) < x(Pt2) < … < x(Ptn) (1)

0 ≤ x(Ptk) ≤ l, 0 ≤ y(Ptk) ≤ l (2)

where x(Ptk) is the x-axis value of kth point in the virtual
coordinate. And Pt0 is assigned as (0, l/2), Ptn is (l, l/2). Note
that this virtual coordinate does not need to be parallel with
the real coordinate.

A. Chromosome Design
According to the ideas mentioned above, the task has

become a searching problem which is suitable for GA to solve.
GA will run once for every two endpoints which are likely to
connect. And the object of each single GA is to determine the
coordinate values of intermediate points Pt1 to Ptn-1, so we
design the chromosome of GA like this:

(3)

where each square is a 9-digit binary number representing a 
number that is no larger than 512 in decimal since our image
source is 512×512 pixels. As the different value of n is
selected, the precision of the result will be different. It is
reasonable to set n as 3, 4, or 5 in our problem, which means
using 3-fold, 4-fold, or 5-fold segment respectively to
approximate edge curves. Also, we can let GA dynamically
adopt larger n for larger l since the requirement of precision
will differ depending on different l. In our simulation
program, we just simply set n equal to 3.

It is well known that GA is a robust and fast method for
complex searching problem because its time complexity is
about O(t1t2+t3), where t1 for generation, t2 for population
and t3 for gene length (does not consider the complexity of
fitness calculation, the same below). Obviously, GA would
get more advantage than common algorithms as exhaustive

method when we use large n, since its time complexity is
about O(sn-1), where s for admission area. However, it can be
proved that even if n is small (≥ 3), GA still runs faster than
exhaustive method. For both methods in this case, Table I
shows the time cost for n-fold segment connection.

In Table I, Ta represents the time for fitness calculation,
and Tb represents the time for genetic operations (include
selection, crossover, and mutation). Here we suppose the
admission area is 30×30 pixels, but note that in many
situations it will exceed this value. When n = 2, the total time
cost of GA will be T = 5000Ta + Tb, which is larger than that
of exhaustive method. However, when n = 3, the time cost of
GA is only added by 1Tb, whereas the time cost of exhaustive
method becomes 81000Ta. In our case, 81000Ta is much
larger than 5000Ta + 2Tb.

Simulations show that when n = 3, exhaustive method
cannot obtain the results within several minutes, but GA
could finish its work in 2 seconds. So it is obvious that GA
runs faster than exhaustive method if n ≥ 3.

B. Fitness Definition
Fitness is very important in GA because it decides how to

evaluate the quality of solutions then the evolution could
proceed. Since the result of Canny edge detection holds
almost the complete information of glomerulus’ edges, it
could be used to calculate the fitness of any possible
connection for each of two endpoints. If one connection
segment could correctly patch a corresponding edge, it will be
evaluated for a high fitness. The fitness function established
below indicates that for each two endpoints i and j, the
connection method Cij has a fitness of:

where, for kth point (or pixel) on the whole connection patch,
grayk is the corresponding grayscale value (ranges from 0 to
255) at the same position of the result image of Canny edge
detection. That means the first item of (3) becomes the
overlap degree between the connection line and the detected
edge. Lij is the total length of connection segment between
endpoint i and j; α is a coefficient; and pe is other penalties of
fitness.

1) Average Grayscale: Average grayscale is a main index
of the fitness function which reflects how much a connection
segment overlaps with a detected edge. If a connection
segment perfectly overlaps with an edge, its value of average
grayscale should be 255. (Note that figures in this paper are
black and white reversed, so 255 becomes the grayscale of
black.) In addition, the edge information should be enhanced
by dilation operation in order to accelerate the convergence
speed of GA. Fig. 6 shows the result of dilation operation for
the image of Fig. 2 (a).

TABLE I
GA VS. EXHAUSTIVE METHOD IN TIME COST

Symbol Exhaustive Methoda Genetic Algorithmb

n = 2
n = 3
…

Ta  Tb

900 0
9002 0

…

Ta  Tb

5000 1
5000 2

…
n = i 900i-1 0 5000  i-1
a admission area = 30×30 pixels
b population = 50, max generation = 100

x(Pt1) y(Pt1) x(Ptn-1) y(Ptn-1)…
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2) Length Factor: For one endpoint, there is not only one
correspondence to build the connection. Since there are
several candidates, usually, the nearest neighbor has the
highest initiate to be connected. On the other hand, a lot of
noise information could influence the connection. In most
situations, if there are more than one connection path which
has high average grayscale value, we would like to select the
shortest one. As a result, the length factor is introduced to cut
down the fitness according to the length of connections. In
our simulation, the coefficient α is empirically set as 0.5.

3) Other Penalties: Due to the flexibility of GA, any fitness
penalty (or bonus) which is suitable for the problem could be
added in to optimize the solutions. In this problem, a rule is
set as below:

where dij is the distance between i and j; p is another endpoint
which is on the same curve of edge as i, and q is another
endpoint on the same curve of edge as j. This rule reduces the
possibility that the edge connections would intersect with
each other. Take Fig. 7 as an example, where Cij, Cpq will not
be penalized whereas Ciq, Cjp will. This is meaningful
because Cij and Cpq can make the patched edge be
approximately circular but Ciq and Cjp cannot.

4) Heuristic Rules: There are some rules cannot be
represented as penalties but also useful to improve the quality
of solution. We adopt two rules as below:

a. For any endpoint, it could connect with one and only one
endpoint per edge.

b. If there is more than one connection between two
endpoints, only the one with largest fitness remains.

C. Genetic Operation
In our simulation, the population P = 50, maximal

generation G = 100. For each generation, one elite is
automatically selected into the next generation, and other
individuals are selected by tournaments. One-point crossover
is used, probability of crossover Pc = 0.2, probability of
mutation Pm = 0.2. Each endpoint has three candidates for

connection. And for all the connections, their final fitness
after evolutionary are recorded for obtaining the result in the
next step.

(a) (b)

(c) (d)

(e) (f)

Fig. 8. Procedure of obtaining result

Fig. 6. Dilation result

Fig. 7. Example of penalty
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IV. OBTAINING THE RESULT BASED ON FITNESS

After the searching of GA, each of the two endpoints has
an optimal connection with its fitness recorded. Arrange
those connections according to fitness from large to small,
and then patch them into the denoised image will lead to the
final result.

In our designation, connection segments with large fitness
will be the desired edges of original image, and those with
small fitness should be discarded, but there is not a fixed
fitness point to divide them. As a result, we introduce Δa, the
area size increment to indentify when the edge patching has
found its result. When each connection segment is placed in
the image, trace a, the maximal area of all the inner contours
of the graph, and compare it with the previous area size aprev.
If the area size increment Δa = a – aprev is larger than a
predefined value A (A = 10000 in our program), it means the
edge patching work is done. See Fig. 8 for the procedure
description. The left side of Fig. 8 is the edge patching
procedure by sequence of fitness, whereas the right side
shows the output of result only if the program detects that Δa
of left side image is larger than A.

The proposed method could also trace more than one area
increment in the same time. During the procedure, if there is
a second area size whose growth Δa2 becomes larger than A, it
indicates a second glomerulus exists in the image. For spline
function fitting method, to find a second glomerulus in an
image requires twice time cost as usual. (Remove the first
glomerulus away from the original image, and then redo the
whole procedure.) But this method could directly extract
multiple glomeruli at a time.

V. EXPERIMENT AND COMPARISON

We randomly took 13 glomerulus images as experiment
samples, all of which could at least hardly be identified by
human eyes. The results can be evaluated by overlap ratio of
extracted glomerulus and real ones. And we divided the
results into three levels:

good – overlap ratio larger than 95%
normal – overlap ratio larger than 80%
failed – overlap ratio lower than 80%

At first, we tested the traditional method for cell extraction
problems, which was ellipse fitting without any evolutionary
computation. And the result was 3 of 13 good and 10 of 13
failed. The outcome indicated that the traditional method did
not work well in this problem due to the various shape of
glomerulus.

Secondly, the proposed method was compared with spline
function fitting method combined with watershed transform
proposed in [7]. Under the default parameters, the results of

0

2

4

6

8

good normal failed

Proposed
method

Spline
function
fitting with
watershed

Fig. 9. Comparison results (both with default parameters)

(a) (b)

(c) (d)

(e) (f)

(g) (h)

Fig. 10. Examples of experiment results
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two methods are depicted in Fig. 9.
Although our test samples are not sufficient, the

performance advantage of the proposed method is clear.
Only two samples were failed and many got good results.
Additionally, the average time cost of proposed method was
about 3 seconds per image (running on T5500 1.66 GHz dual
CPU and 1GB memory), whereas the spline function fitting
needed about 1 minute. Fig. 10 (a) to (d) show the original
kidney-tissue images, and Fig. 10 (e) to (h) are the
corresponding results processed by the proposed method.

VI. CONCLUSION AND FUTURE WORK

Glomerulus extraction is an important technique for
realizing the diagnosis automation of kidney disease. This
paper proposes a glomerulus extraction method by using
genetic algorithm for edge patching. First of all, Canny edge
detection followed by labeling is used to preprocess the
kidney-tissue image. Then the method centers on GA to
conduct a searching, in which we introduce in the a priori
knowledge, like admission area and fitness penalties, as
much as possible to diminish the searching space, improve
the searching quality and raise the efficiency. Finally through
tracing the area size increment, the edge patching procedure
automatically detects the desired edges of glomerulus.
Experiment and comparison results indicate that the
proposed method has a significant advantage in processing
speed without sacrificing the accuracy.

However, to use the proposed method in practice, we still
need to increase the success rate of this method. Thus our
future work mainly involves three aspects as follows. First,
we want to add a step of fine tuning in the end to raise the
accuracy further. Second, it is very helpful if we can find a
more robust or suitable edge detection and denoising method.
And third, as the proposed method is designed for glomerulus
extraction, we also want to seek for its flexibility on other
applications.

ACKNOWLEDGMENT

Jiaxin Ma thanks Wa Si for supporting to accomplish this
paper.

REFERENCES

[1] Zhou WZ, Chen YP, Zhang YK et al. Illustrated Handbook of Nephric
Biopsy Pathological Diagnosis, Beijing: People’s Medical Publishing
House, 2000.

[2] N. Kharma, H. Moghnieh, J. Yao et al. “Automatic segmentation of cells
from microscopic imagery using ellipse detection,” IET2007, vol. 1, pp.
39-47, March 2007.

[3] Carlo Bruni, Alberto De Santis, Daniela Iacoviello, and Giorgio Koch.
“Modeling for edge detection problems in blurred noisy images,” IEEE
transactions on image processing, vol. 10, no. 10, pp. 1447-1453, October
2001.

[4] Chan, T.F.; Vese, L.A.; “Active contours without edges,” IEEE
transactions on image processing, vol. 10, pp. 266-277, Feb. 2001

[5] J. Fan, D. K. Y. Yau, A. K. Elmagarmid, and W. G. Aref. “Automatic
image segmentation by integrating color-edge extraction and seeded
region growing,” IEEE transactions on image processing, vol. 10, no. 10,
pp. 1454-1466, October 2001.

[6] Jun Zhang, Hong Zhu, and XueMing Qian et al. “Genetic algorithm for
edge extraction of glomerulus area,” ICIA2004, pp. 335-338, 2004.

[7] Jun Zhang, Jiulun Fan. “Glomerulus Extraction Based on Genetic
Algorithm and Watershed Transform,” IROS2006, pp4863-4866, 2006.

[8] Xie M, Ma Z. “Research of Edge Detection for B-Spline Wavelet,”ACTA
ELECTRONICA SINICA, vol. 27, pp. 106-108, 1999.

[9] Sharifi. M, Fathy. M, Mahmoudi. M. T. “A classified and comparative
study of edge detection algorithms,” Information Technology: Coding and
Computing, 2002, Proceedings, pp. 117-120, 2002.

2009 IEEE Congress on Evolutionary Computation (CEC 2009) 2479



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


