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Abstract — Brain hemorrhage is a serious category of head 
injury that can have a fatal impact on brain function and 
performance. But sometimes the identification of cerebral 
hemorrhage can not be known immediately. So far, the 
identification of cerebral hemorrhage is done through CT Scan 
image observation that requires special skills. Therefore we 
need a certain method that can segment the CT Scan image 
quickly and automated. The goal is to obtain the image 
segmentation of brain bleeding more quickly and accurately. 
So patients with cerebral hemorrhage can immediately obtain 
medical treatment in accordance with the needs. The pre-
processing process of CT Scan image starts from the pre-
processing phase of the CT Scan image using color filtering, 
erosion and dilation methods. This stage is done to clarify the 
cerebral hemorrhage and eliminate the noise contained in the 
image. Then performed watershed and cropping segmentation 
to separate the skull bones of the skull with brain tissue. The 
next step is to improve the image quality using median 
filtering. Then the image is again segmented using the 
threshold method to separate the image of cerebral 
hemorrhage as the observed object. Last performed the 
calculation of area and volume percentage of bleeding in the 
brain. From the system test obtained the calculation of brain 
area has an average error of 1.13%. As for the test calculation 
of the area of bleeding has an average error of 11.17%. 

Keywords— Watershed Segmentation, Brain Hemorrhage 
Volume, CT Scan Image 

I.  INTRODUCTION 
CT image segmentation Scan head is one of the 

important efforts undertaken to determine the health 
conditions in the human brain. In general, segmentation done 
manually by experts or radiologists, takes a very long time 
and often finds the error of segmentation results, because the 
human error itself. Therefore we need a certain method that 
can segment the image of the brain quickly and automated. 
The goal is to obtain the image segmentation of brain 
bleeding more quickly and accurately. So patients with 
cerebral hemorrhage can immediately obtain medical 
treatment in accordance with the needs. 

CT Scan is a very useful digital imaging technique, 
because this technique can provide clear information of the 
human anatomy. The CT scan scans the nucleus of hydrogen, 
which is the largest atom in the human body. CT Scan image 
segmentation becomes the preferred diagnostic method for 

knowing injuries to the brain, as well as for assessing 
potential surgical risks or levels of brain treatment. The 
doctor performs a CT scan to (1) examine the anatomy of the 
brain, (2) determine precisely the part of the brain that 
requires special handling. (3) monitor the severity of cerebral 
hemorrhage, (4) as a guide for surgical planning or other 
surgical treatments for the human brain. 

In this final project, segmentation research on CT brain 
scan will be done to identify cerebral hemorrhage in humans. 
Prior to segmentation process, preprocessing should be done 
first using white filter method, erosion, and dilation. This 
stage is done to clarify the cerebral hemorrhage and 
eliminate the noise contained in the image. Then carried out 
watershed segmentation to separate the skull bones of the 
skull with the brain tissue. The next step is to improve the 
image quality using median filtering. Then the image is again 
segmented using the threshold method to separate the 
concussion image as the observed object. So that can be 
known location and position of cerebral hemorrhage that 
happened to patient. Last performed calculation percentage 
of bleeding volume in brain. The output of this segmentation 
process is CT Scan brain bleeding image which can be 
known volume percentage. The use of this method is 
expected to help experts in analyzing brain hemorrhage in 
humans more quickly and accurately. So that the appropriate 
medical treatment can be done immediately. 

II. THEORY SUPPORT 
 Brain injury is one of many dangers that cause death in 
humans. Of all the cases of head injuries according to data in 
the United States last about 49% caused by motorcycle 
accidents and fall is the second common cause. Head injuries 
are most commonly found at the age of 15 to 24 years, and 
twice as large in men as compared to women. The medical 
process uniquely helps doctors and health professionals to 
perform special therapies based on the consequences of the 
patient's pathology condition. 

 There are many terms used to describe or classify 
patients with head injuries. In the last year we use the terms 
"open" and "closed", as well as coup and counter coup. 
However, the term will be difficult to describe the degree of 
severity of head injury. The current head injury weights are 
defined based on the Gaslow coma scale. The terms mil, 
moderate, and severe head injury are useful in relation to the 
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assessment of parameters for therapy and outcome along the 
treatment continuum. However, there should be no 
assumption that mild head injury will result in mild problems 
or no problems in the patient. 

III. METHODOLOGY 
In this section, we represent the procedures developed 

segmentation of head CT Scan. The procedure for head CT 
Scan segmentation which involves color filtering, erosion, 
dilation, watershed segmentation, crop, median filtering, 
threshold. The procedure are graphically described in a 
schematic diagram shown in Fig. 1. 

 

 
Fig. 1. Schematic diagram of the algorithm 

A. Head C- Scan Image 
Almost all CT-Scans were performed in axial plane [2]. 

The axial plane is selected for clearer image results. In this 
research, we used axial plane head CT-Scan image. Size of 
input image is 512 x 512 pixels. Fig. 2 represents the head 
images in axial plane view. 

 
Fig. 2. The head image in axial plane 

B. Color Filtering 
Color Filtering is an image processing technique used to 

manipulate an image based on a specific color. The way it 
works is by comparing the color components of each pixel 
image with a specific color. If the color corresponds to the 
specific color of the pixel color component it is left alone. 
However, if the color does not match the specific color of the 
pixel color component is changed to the background color, 
usually a black color. The colors used in Color Filtering can 
be represented in different color spaces. Fig. 3 represents the 
result of color filtering. 

 
Fig. 3. Result of Color Filtering 

C. Erode  
Erosion or erosion is one of the image morphology 

operations that calculates the local minimum value based on 
the kernel or structuring element area. Image morphology 
operation is an image processing technique based on the 
shape or morphology of an image feature. The kernel or 
structuring element is an mxn-sized matrix that has a central 
point. 

In general, the erosion process performed on an image 
produces smaller objects and eliminates the object points as 
part of the background based on the kernel used. Fig. 4 
represents the result of erode operations. 
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Fig. 4. Result of Erode Operations  

D. Dilate 
Dilation is the opposite of the erosion process. Dilation 

or dilation is one of the image morphology operations that 
calculates the local maximum value based on the kernel or 
structuring element area. In general, dilation processes 
performed on an image produce larger objects and merge 
the object points into parts of the object based on the kernel 
used. Fig. 5 represents the result of dilate operations. 

 
Fig. 5. Result of Dilate Operations  

E. Watershed 
The concept of Watershed transformation is to assume 

an image is a three-dimensional form of x and y position 
with each level of color it possesses. The position of x and y 
is the basic plane and pixel color level, which in this case is 
the ash image (gray level) is an altitude with the assumption 
that the value that is closer to the white color has a higher 
height. 

Assuming the shape of topography, then there are three 
kinds of points are: 
1.The point that is the minimum region 
2.The point that is where where if a drop of water is 
dropped, the water will fall down to a certain minimum 
3.The point which is where if water is dropped, the water 
has the possibility to fall into one of the minimum positions 
(uncertainly falling to a minimum point, but may fall to a 
certain minimum point or other minimum point). 

Suppose a gray image of level f (x, y) is considered a 
topographic surface S, where each gray level is considered 
to be considered terrain elevation, and hill areas correspond 

to the intended region, as well as valleys or basins showing 
a minimum . Suppose that every minimum m1 (f) is full of 
holes and the topographic surface S is depicted vertically 
into a lake, assumed at a constant velocity. Water will flow 
and fill the surface. During this filling process, water will 
come from two or more different minima. Fig. 6 represents 
the result of watershed segmentation. 

 
Fig. 6. Result of Watershed Segmentation  

F. Crop 
Subsequently, image will be crop in segmented area 

(land area in watershed). The output of this step is brain area 
(without skull). First find the contours with OpenCV's 
findContours and create a mask with drawContours. Finally 
copy the masked original image to the new image, which 
means only the areas of the contours will be copied. Fig. 7 
represents the result of crop operations. 

 
Fig. 7. Result of Crop Operations 

G. Median Filtering 
Median filtering is a non-linear method used to eliminate 

noise in the image. It is widely used because it is very 
effective for removing noise but still retaining edges. The 
median filter works by moving through pixels to pixels in an 
image, replacing each value with the median value of 
neighboring pixels. 

Median Filtering is calculated by first sorting all pixel 
values from window to numerical sequence, and then 
replacing pixels with pixel middle values. How to find the 
above median value is: 
1. Read the pixel value to be processed along with its 
neighbor pixels. 
2. Sort the pixel values from the smallest to the largest. 
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3. Select the value in the middle for the new value for pixels 
(x, y). 

Thus, the median filter eliminates very different pixel 
values with its neighboring pixels. The use of the median 
filter itself also has a drawback that the processed image 
will appear slightly blurred or blurred. Fig. 8 represents the 
result of median filtering. 

 
Fig. 8. Result of Median Filtering 

 
F. Threshold Binary 

Thresholding is a binary technique used to convert gray 
images into binary images. Thresholding can be used in the 
image segmentation process to identify and separate the 
desired object from the background based on the gray level 
distribution or image texture. The thresholding process uses 
a threshold value to change the pixel value of the grayscale 
image to black or white. Threshold consists of several types, 
in this research type of threshold used is Threshold Binary. 

In the binary threshold, if the pixel value in the image is 
larger than the threshold value, the pixel value will be 
replaced by the maxval value, otherwise if the pixel image 
value is smaller than the threshold then the pixel value will 
be replaced by 0 (black). Fig. 9 represents the result of 
threshold binary. 

  
(a)                                (b) 

Fig. 9. Result of Threshold Binary: (a) Brain (b) Brain Hemorrhage 
 

H. Count Pixel of Brain Area & Brain Hemorrage Area 
The calculation of the area of the brain begins by 

searching for pixels that have a gray value not equal to 0 of 
the global threshold process. The number of pixels is the 
area of the brain. The calculation of the area of brain 
hemorrhage begins by looking for pixels that have a gray 

value not equal to 0 from the threshold region process. The 
number of pixels is the area of brain hemorrhage. Fig. 10 
represents the result of count pixel of brain area and brain 
hemorrhage area. 

 
Fig. 10. Result of count pixel of brain area and brain hemorrhage area 

 

I. Calculating Volume and Volume Percentage 
At this stage the calculation of the volume of bleeding in 

the brain. The calculation of the volume of brain 
hemorrhage begins by finding the extent of bleeding on each 
CT-Scan layer. In this final project CT-Scan image obtained 
from the hospital amounted to 200 images with a thickness 
of 0.5 mm. The following are the steps to calculate the 
volume of bleeding: 
1.  Calculate the area of brain hemorrhage from the 1st layer  

to the nth layer by counting the number of pixels on each 
layer. 

2.   Perform calculations to convert pixel values into mm 
units. 

3.   Get information about the distance between layers / CT-
Scan image slices. This information will be used as high 
(t) in volume calculation. 

4.   Illustrate the use of layer and slice distance on CT-Scan 

 
Fig. 11. Counting Bleeding Volume 

 
5.  Once we get the width of layer 1 to layer n. 
6.  Use the volume count formula to get the volume between 

layers. 

 
Information : 
V = Volume (mm3) 
Ai = Wide Area (mm2) 
n = Multiple Layers 
i = 1, 2, 3, ... n 
t = Height (mm) 
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IV. EXPERIMENTAL RESULT 
The proposed algorithm was tested using dataset axial 

head CT-Scan image from Hospital Haji Surabaya. The 
experimental steps consist of error value of wide brain 
segmentation, error value of wide brain hemorrhage 
segmentation, percentage area calculation. Segmentation and 
calculation testing were performed on 200 axial head CT-
Scan images.  

A. Error Value of Wide Brain Segmentation 
 Table 1. shows some error value calculations in the 28 
layer images data. This table shows brain segmentation have 
average error of 1.13% 

Table 1. Error value calculations of brain segmentation 

Wide Brain Wide brain Error
Reference (mm2) Experimental (mm2) (%)

1 070.jpg 19145.76 19355.57 1.10
2 071.jpg 19279.63 19503.21 1.16
3 072.jpg 19417.75 19638.41 1.14
4 073.jpg 19562.21 19790.28 1.17
5 074.jpg 19693.18 19924.42 1.17
6 075.jpg 19826.79 20058.83 1.17
7 076.jpg 19947.44 20186.36 1.20
8 077.jpg 20082.12 20318.92 1.18
9 078.jpg 20201.97 20443.01 1.19

10 079.jpg 20323.94 20562.6 1.17
11 080.jpg 20437.45 20679.28 1.18
12 081.jpg 20549.1 20788.29 1.16
13 082.jpg 20677.16 20892.53 1.04
14 083.jpg 20757.86 20997.04 1.15
15 084.jpg 20870.04 21108.43 1.14
16 085.jpg 20965.82 21210.3 1.17
17 086.jpg 21071.39 21310.57 1.14
18 087.jpg 21163.99 21396.03 1.10
19 088.jpg 21247.07 21484.4 1.12
20 089.jpg 21321.42 21553.46 1.09
21 090.jpg 21396.3 21630.72 1.10
22 091.jpg 21464.56 21698.72 1.09
23 092.jpg 21541.55 21774.39 1.08
24 093.jpg 21593.41 21829.95 1.10
25 094.jpg 21650.83 21886.57 1.09
26 095.jpg 21689.19 21930.49 1.11
27 096.jpg 21732.05 21967.8 1.08
28 097.jpg 21762.48 22004.04 1.11

1.13

No. File Name

Average error
 

 

B. Error Value of Wide Brain Hemorrhage Segmentation 
 Table 2. shows some error value calculations in the 28 
layer images data. This table shows brain hemorrhage 
segmentation have average error of 11.17% 

Table 2. Error value calculations of brain hemorrhage 
segmentation 

Wide Bleeding Wide Bleeding Error
Reference (mm2) Experimental (mm2) (%)

1 070.jpg 0 0 0.00
2 071.jpg 324.64 230.19 29.09
3 072.jpg 267.76 326.5 21.94
4 073.jpg 403.49 383.12 5.05
5 074.jpg 484.45 394.49 18.57
6 075.jpg 571.76 409.57 28.37
7 076.jpg 449 416.98 7.13
8 077.jpg 401.9 462.49 15.08
9 078.jpg 481.28 495.83 3.02

10 079.jpg 523.61 540.54 3.23
11 080.jpg 568.85 558.01 1.91
12 081.jpg 629.71 575.47 8.61
13 082.jpg 622.83 590.81 5.14
14 083.jpg 678.13 609.86 10.07
15 084.jpg 734.75 657.22 10.55
16 085.jpg 842.7 656.7 22.07
17 086.jpg 782.11 659.34 15.70
18 087.jpg 805.39 656.7 18.46
19 088.jpg 749.83 669.13 10.76
20 089.jpg 726.02 694.53 4.34
21 090.jpg 792.96 692.94 12.61
22 091.jpg 721.52 663.57 8.03
23 092.jpg 743.21 660.13 11.18
24 093.jpg 763.59 638.44 16.39
25 094.jpg 702.47 655.64 6.67
26 095.jpg 730.78 677.33 7.31
27 096.jpg 673.89 692.15 2.71
28 097.jpg 723.63 661.19 8.63

11.17

No. File Name

Average Error
 

C. Percentage Area Calculation 
The volume of bleeding is obtained by calculating the 

area of brain hemorrhage multiplied by the thickness. The 
thickness of head CT Scan is 0.5 mm. Then to calculation of 
the percentage of brain hemorrhage volume to the brain 
volume as a whole. The ratio of brain hemorrhage volume is 
calculated using the formula: 
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Table 3. Calculation Percentage Brain Hemorrhage Volume 

No. Id Pasien Brain 
Volume 
(mm3) 

Brain 
Hemorrhage 

Volume 
(mm3) 

Ratio 
(%) 

1. 08550000 1526617.25 20737.49 1.36 
2. 08590000 1419555.75 38530.26 2.71 
3. 09100000 1465322.07 1884.02 1.29 
4. 09220000 1477836.97 82173.63 5.56 

5. 11440000 1562749.829 2382.91 0.15 
 

V. CONCLUSIONS AND FUTURE WORK 
Based on the experimental results, before segmenting 

the CT Scan head, The process of skull cutting with 
watershed method still has limitations. Cutting done is still 
not perfect in some parts, especially in the last slice. 
Disadvantages in skull bone removal affect the calculation 
of brain area and bleeding area, so there are still some 
errors. From the system test obtained the calculation of 
brain area has an average error of 1.13%. As for the test 
calculation of the area of bleeding has an average error of 
11.17%. 
 

ACKNOWLEDGMENT 
The authors would like to thank the Hospital Haji 

Surabaya for giving input datasets and also would like to 
thank the Politeknik Elektronika Negeri Surabaya. 

 

REFERENCES 
[1]  Noureddine Rasha, Tarhini Khalil, Saleh Soha, 

“Segmentation and Extraction of Brain Injury Lesions 
from MRI Images: Matlab Implementatio”, 
International Conference on Advances in Biomedical 
Engineering (ICABME), 2015. 

[2] Dawngliana Malsawm, Deb Daizy, Handique 
Mousum, and Roy Sudipta, “Automatic  Brain  Tumor  
Segmentation  in  MRI: Hybridized  Multilevel  
Thresholding  and  Level  Set”, International 
Symposium on Advanced Computing and 
Communication  (ISACC), 2015. 

[3] Bobotova Zuzana, “Segmentation of Brain Tumors 
from Magnetic Resonance Images using Adaptive 
Thresholding and Graph Cut Algorithm”, The 20th 
Central European Seminar on Computer Graphics, 
2016. 

[4] Su Bolan, Thien Anh Dinh, Abhinit Kumar, 
“Ambastha Automated Prediction of Glasgow 
Outcome Scale for Traumatic Brain Injury”, IEEE, 
2014.  

[5] Huang Meiyan, Wei Yang, Wu Yao, Jiang Jun, Chen 
Wufan, and Qianjin Feng, “Brain Tumor Segmentation 
Based on Local Independent Projection-based 
Classification”,  IEEE Transactions on Biomedical 
Engineering, 2013. 

[6] C. Rother, A. Blake and Vladimir Kolmogorov, 
"“GrabCut”: Interactive Foreground Extraction using 
Iterated Graph Cuts," ACM Transactions on Graphics 
(TOG), vol. 23, no. 3, pp. 309 - 314, 3 Agustus 2004. 

[7] SIGIT, Riyanto; ARIEF, Zainal; BACHTIAR, 
Mochamad Mobed. Development of Healthcare Kiosk 
for Checking Heart Health. EMITTER International 
Journal of Engineering Technology, [S.l.], v. 3, n. 2, 
apr. 2016. ISSN 2443-1168. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

306



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /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 200
  /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 400
  /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

  /CreateJDFFile 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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


