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Abstract—The surface roughness of mold affects the product 
quality and the surface quality of the blade and aircraft has a 
direct impact on stability and reliability of related equipment, 
so the polishing plays an important role in manufacturing 
industry. Conventional industrial robots provide teaching 
pendant to plan the path, while the teaching of free-form 
surface is difficult and complicated. This paper utilizes the off-
line programming to plan the path. Before the path planning, 
we read STL format files of the free-form surface objects and 
build topology relations. Comparing the direction-parallel and 
contour-parallel path patterns, we find that the direction-
parallel pattern needs less degree of freedom and is much 
easier to avoid physical interventions and mechanic singularity, 
so we adopt the direction-parallel method to plan the path at 
last. We solve the intersection between the cutting plane and 
free-form surface based on the topology relations. We develop 
a simulation platform using the C++ and OpenGL and conduct 
the experiment. The experiment proves that the path generated 
by direction-parallel method based on topology relations is 
accurate. 
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I. INTRODUCTION 
During the process of mold manufacturing, the surface 

roughness of mold affects the product quality, and thus the 
polishing plays an important role for improving the quality 
of product. Molds are general polished manually as the 
finishing process after milling. This process takes the special 
technical skills and much time which leads to higher cost of 
the molds [1]. High-end manufacturing filed also requires the 
polishing such as automobile, turbine blades and aircraft 
manufacturing. The surface quality of these workpiece has a 
direct impact on the service life, stability and reliability of 
related equipment. The skilled workers cost much time to 
polish the workpiece [2]. The industrial robot is widely used 
in many enterprises such as machining, assembly and 
welding. Developing the industrial robot used to polish 
molds, workpiece and blade is absolutely essential. The first 
to do is planning the path of the polishing tool movement. 

Some researches have been done before. F. Nagata 
applies the robot to the polishing process of PET(Poly 
Ethylene Terephthalate) bottle molds and get the paths from 
the cutter location(CL) data generated from 3D CAD/CAM 
systems [3]. K. Zhang utilizes the six-axis machining tool to 
polish the blade including the free-form surface and propose 
path planning method for machining on the blades [4].  X. 
Yang designs an automatic belt grinding system to grind the 
blade and plan the path of grinding [5].  

Conventional industrial robots provide only a teaching 
pendant as user interface devices and the teaching of free-
form surface is extremely difficult and complicated, thus the 
off-line programming using the CAD models is convenient 
and efficient. This paper utilizes the stereolithography(STL) 
files which are widely used in many industries such as 
computer-aided manufacturing and 3D printing. The STL 
files include plenty of unstructured triangular facets, and it is 
difficult to plan the path on the independent triangles. There-
fore we use the half-edge method to build topology relations. 
The active edge method is used to extract to the polishing 
surface. Through comparing the direction-parallel and 
contour-parallel path patterns, we find that the direction-
parallel path pattern needs less degree of freedom and is 
much easier to avoid physical interventions and mechanic 
singularity, and we adopt the direction-parallel method to 
plan the path at last. We present the specific algorithm of 
solving the intersection between the cutting plane and free-
form surface based on the topology relations. We test our 
method by planning the path on two representative surfaces. 
The experiment proves that the path generated by direction-
parallel method based on topology relations is accurate. 

In the remainder of the paper, we firstly read the STL 
files and build topology relations. Then we utilize active 
edge method to extract the polishing surface. In addition, we 
adopt the direction-parallel method to plan the path after 
comparing the two path patterns and introduce the algorithm 
of cutting plane in detail. Afterwards, experimental results 
are demonstrated and analyzed. Finally, we draw the conclu-
sions and describe the future work. 

II. PRELIMINARY WORK 
There are two kinds of CAD models typically used in the 

path planning: mesh and parametric. The mesh model has 
recently become the focus of considerable interest, because 
its geometric computation is simpler than the parametric 
model. There are several formats of mesh models, such as 
STL, OFF and NASTRAN. We focus our experiment study 
on the STL files. Then we will read STL files, build the 
topology relations and extract the polishing surface. 

A. Read STL Files 
STL is a file format created by 3D systems. The file 

format is supported by many other software packages and 
used for interchanging data between CAD/CAM systems. An 
STL file describes an unstructured triangulated surface by 
the unit normal and vertices(ordered by the right-hand rule) 
of the triangles using a three-dimensional cartesian coordi-
nate system as shown in Fig. 1. The STL files include ASCII 
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and binary formats. According to the characteristics of the 
ASCII and binary STL files, we read STL files by using C++ 
program. 

n
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Figure 1. The mesh surface of the face acquired by reading the STL file. 

The data redundancy of the STL files is very large as 
almost every vertex is recorded repeatedly 6 times. At the 
same time, it is difficult to analyze the free-form surface 
feature and plan the path on hundreds of unstructured 
triangular facets. It is essential to build topology relations of 
STL format files which can remove the redundancy and 
improve the efficiency of path planning. 

B. Build Topology Relations 
Half-edge structure was taken to build topology relations 

of STL format files in this paper. Half-Edge structure is 
presented in Fig. 2. 
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Figure 2. Half-Edge structure. 

An edge in the mesh surface is divided into two directed 
edges. Each triangle consists of three half edges and three 
vertices, and all of them meet the right-hand rule. For 
example, the edge 2E  is divided into two directed half edges 

2HE  and 5HE . The triangle face 1F  has three half edges 

1HE , 2HE  and 3HE . Each edge has two adjacent triangles 
such as 2E is shared by 1F  and 3F . Each Half-Edge has an 
adjacent half edge such as the 5HE  is adjacent half edge of 

2HE . Building topology relations is to create the adjacent 
information among triangles, half edges and vertices. The 
topology relations are as follows: 

When a triangle is known, the three vertices, the 
normal vector, the three half edges and the three 
adjacent triangles of the triangle are also known. 
When a half edge is known, the two vertices, the 
triangle, the adjacent half edge, the adjacent triangle 
of the half edge are also known. 
When a vertex is known, the adjacent vertices, the 
half edges and the triangles of the vertex are also 
known. 

1) The data structure of topology relations
During the process of building the topology relations, the 

data structures of the vertices, half edges and triangles need 
to be built. The data structure is divided into four classes: 
Vertex, HalfEdge, Facet, STLSolid. All the implementation 
of the algorithm is based on the four classes. 

2) The algorithm of topological reconstruction 
The main work of the topological reconstruction process 

is to merge duplicate vertices which asks for lots of search 
and insertion, so the speed of searching vertices affects the 
speed of the topological reconstruction. In the process of 
building topology, the set container of C++ Standard Temp-
late Library is used. Sets are containers that store unique 
elements following a specific order. It is very fast to access 
and search the data for the set container which is 
implemented as binary search trees. The set container is very 
suitable for topology construction because of its high 
efficiency. The value of an element is also the key used to 
identify it. It is essential to overload the comparison operator. 
The comparisons of the vertices and half edges themselves 
are as follows: 

1 2

1 2 1 2

1 2 1 2 1 2

. .

. . . .

. . . . . .

p x p x or

p x p x and p y p y or

p x p x and p y p y and p z p z

and  

1 2

1 2

1 2

. .

. .

. .

hf starVex hf startVex or

hf starVex hf startVex and

hf endVex hf endVex

The algorithm of topological reconstruction is as follows. 
Step1: Declare vertex set container vertexSet  and half 

edge set container halfEdgeSet . Read num  triangles.
Step2: For the ith  triangle, judge if i num . If not, end. 

If so, continue the next step. 
Step3: Build three vertices. For ith  triangle, insert three 

vertices in the vertexSet . If success, add the vertex to the 
vertices array. If not, the vertex exists. At last, complete 
other relations, such as the index of vertex and the relation of 
vertex and facet. 

Step4: Build three half edges. Insert three half edges into 
the halfEdgeSet  and vertices array. Search adjacent half ed-
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ges of the three half edges. If search success, add the adja-
cent relations. At last, complete other relations, such as the 
index of the facet, the relation of the half edge and vertices, 
the relation of the half edge and the facet and the adjacent 
facets. 

Step5: Insert the facet into the facets array. Let 1i i .
Return the step2. 

C. Extract Polishing Surface 
The process of extracting polishing surface mainly 

include two steps, determine if the triangle is needed and 
extract the triangles and boundary half-edges. The two steps 
are as follows. 

1) Determine if the triangle is needed 
To determine if the triangle is needed, we improve edge-

based method for defining feature boundaries which rely on 
the dihedral angle between two triangles. The normal vector 
of a new triangle is 1n , the given normal vector is 2n  and the 
threshold is threshold . If

                                 1 2

1 2

n n
threshold

n n
2n

thre                             (3) 

the new triangle is needed. 
2) Algorithm of extraction polishing surface 

We use the active edge method to extract the polishing 
surface. The brief principle of the method is as follows

Let triangle 1 be the first triangle and add the three half 
edges to the active edge list in Fig. 3. The list includes AB,
BG and GA. Then traverse the active edge list and search the 
adjacent triangle of the half edges. The list deletes the AB,
and includes the half edges AD, DB, BG and GA. Repeat 
above the process. 
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Figure 3. A brief instance of extract the polishing surface. 

When the adjacent triangle dissatisfies the threshold 
condition, delete the half edge in the active edge list and add 
the half edge to the boundary half edge list. At last, the active 
edge list is empty and the boundary half edge list includes 
ED, DC, CG, GH, HF and FE. The polishing surface is the 
triangle 1, 2, 3, 4, 5, 6, 7 and 8. 

III. PATH PLANNING

A. Path Pattern 
There are two main path patterns, contour-parallel path 

pattern and direction-parallel path pattern [6]. 
1) Contour-parallel pattern 

A series of cutting planes which are vertical to Z-axis cut 
the surface of the work-piece. The cutting plane intersects 

with the work-piece generating the color one and its 
boundary red line is the path of polishing tool in Fig. 4(a). 
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(a) Contour-parallel method (b)The movement of polishing tool

Figure 4. Contour-parallel pattern. 

The path planning method not only needs the accurate 
trajectory but also needs to guarantee the correct pose of the 
tool. The movement of the polishing tool is shown in Fig. 
4(b). In the process of machining, the feed motion of the tool 
includes the movement on the cutting plane and the rotation 
around the point P. The rotation motion of the tool main
includes the rotation of the cycloid angle and the elevation 
angle. The motion on the plane is that the tool moves along 
the X-axis and Y-axis, namely the xv  and yv . 

2) Direction-parallel pattern 
Likewise, a cluster of cutting planes which are vertical to 

X-axis cut the surface of the work-piece. The cutting plane 
intersects with the work-piece generating the color one and 
its boundary red line is the path of polishing tool in Fig.5(a). 
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(a) Direction-parallel method (b)The movement of polishing tool

Figure 5. Direction-parallel pattern. 

The movement of the polishing tool is shown in Fig. 5(b). 
The feed motion of the tool includes the movement on the 
cutting plane and the rotation. The rotation of the tool is the 
change of the .The movement on the plane includes the 
motion along Y-axis and Z-axis, namely xv  and yv . 

By analyzing the above two patterns, we find that the 
contour-parallel pattern makes tool have two linear motions 
and two rotation motions, but the direction-parallel pattern 
makes the tool have two linear motions and one rotation. 
Compared with the contour-parallel pattern, the direction-
parallel path pattern needs less degree of freedom and is 
much easier to avoid physical interventions and mechanic 
singularity, so we adopt the direction-parallel method to plan 
the path. 
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B. Planning Algorithm 
This paper uses the direction-parallel method to plan the 

path. Two different directions paths sliced by a series of 
parallel plane are shown in Fig. 6. 

free-form surfacecutting plane free-form surface
cutting planepath

path

Figure 6. Different directions of path on the free-form surface. 

1) Calculate the coordinate of intersection. 
The cutting plane, which is parallel to the plane YOZ, 

and the triangle ABC intersect at the point P as shown in Fig. 
7.

A

B
C

P

, ,A A Ax y z

, ,B B Bx y z

x

X

Y

, ,P P Px y z

Figure 7. The cutting plane and the triangle intersect. 

The x  of the cutting plane is known, namely the x of
the point P is known. According to the character of the 
straight line and px x , we can get 

                          

A
p B A A

B A

A
p B A A

B A

x x
y y y y

x x
x x

z z z z
x x

             (4) 

Then the coordinate of the intersection has been 
calculated. 

2) Path planning based on topology relations 
We get the boundary of the free-form surface extracted 

previous section which are used to calculate the first and the 
last intersection of one path. We calculate the range of the 
free-form surface along cutting direction, so we can get the 
coordinate of the cutting plane according to the cutting 
distance. The algorithm of path planning is as follows. 

Step1: Calculate the x  coordinate of the cutting plane 
[ ]X i . Declare the vector container nodeVec  which stores 

the intersection. 
Step2: Traverse the boundary half edges array and get 

two half edges 2ibHF  which intersect with the cutting 
plane. Declare the current triangle which has the boundary 

half edge 0ibHF . Add the intersection between the plane 
and 0ibHF  into the nodeVec . 

Step3: Traverse the three half edges of the current 
triangle and calculate the intersection between the plane and 
the half edge. If the intersection is new, add the intersection 
into the nodeVec . Else, continue. 

Step4: Update the current triangle. If the intersection last 
searched lies in the half edge, we update the current triangle 
to the adjacent triangle of the half edge. If the intersection 
lies in the vertex, we traverse the adjacent triangles of the 
vertex and update the current triangle to the adjacent triangle 
which intersects to the plane. 

Step5: Judge if the half edge last searched is the 
boundary half edge. If so, end. If not, return step3. 

The example is shown in Fig. 8. The point P1 is the first 
intersection between the cutting plane and boundary. Search 
the other two half edges of the triangle which has the half 
edge above and find the second point P2. Update the current 
triangle to F2 which is adjacent to the half edge having the 
intersection P2. Search the other two half edges of F2 and 
find the section P3. The point P3 lies in the vertex, so traverse 
the adjacent triangles of the vertex and update the triangle to 
F5. Then we can get the intersection P4. Then it is end 
because the P4 is on the boundary. 

P1 P2

P3

P4

X

Y

1x

2x
F1
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F4
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Figure 8. The cutting plane and many triangles intersect. 

The steps above help us get one path, then update 
coordinate of the cutting plane and we can get a series of
paths. 

IV. EXPERIMENT RESULTS

A. Experiment Environment 
The experiment environment is in the Qt creator 4.03 

based on Qt 5.6.1. In order to display the STL model and the 
paths planned by the above algorithm, we use the OpenGL 
which is a cross-platform application programming interface. 
The development of user interface software and the calcula-
tion of the path planning is in Qt creator 4.03. 

B. Path Planning Results 
We conduct the experiment on two representative surf-

aces. The results are as follows. 
1) An object with a free-form surface 

The object is shown in Fig. 9(a) and the free-form surface 
extracted to be polished is shown in Fig. 9(b). 

The results of path planning are shown in Fig. 10. For the 
different directions and different distances of the path 
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planning, we get the desired results. The cutting planes 
vertical to Y-axis cut the free-form surface in a small 
distance shown in Fig. 10(a). The cutting planes vertical to 
X-axis cut the free-form surface in a small distance shown in 
Fig. 10(b). The cutting planes vertical to Y-axis cut the free-
form surface in a big distance shown in Fig. 10(c). The 
cutting planes vertical to X-axis cut the free-form surface in 
a big distance shown in Fig. 10(d). 

(a) The object (b) Free-form surface

Figure 9. The object and the free-form surface to be polished. 

(a) Path along    in a small distance (b) Path along    in a small distance

(c) Path along    in a big distance (d) Path along    in a big distance

x y

x y

Figure 10. The results of path planning. 

2) The stator blade 
We also conduct the experiment on the blade surface.

The CAD model of the blade is shown in Fig. 11(a) and the 
free-form surface is shown in Fig. 11(b). 

(a) The blade (b) Free-form surface

Figure 11. The CAD model of the blade and the free-form surface to be 
polished. 

The results of the path planning for the blade are shown 
in Fig. 12. We conduct the experiment for different path 

directions and different cutting distance. We also get the 
desired paths of the blade. 

(a) Path along    in a small 
distance

(b) Path along    in a small 
distance

(c) Path along    in a big 
distance

(d) Path along    in a big 
distance

z

z

y

y

Figure 12. The results of path planning on the blade surface. 

V. CONCLUSION AND FUTURE WORK

In this paper, we utilize the direction-parallel method to
plan the path of the free-form surface. Before the path 
planning, we read STL files, build topology relations and 
extract the polishing surface that lay the foundation of the 
latter work. Then comparing the two path patterns, we adopt 
the direction-parallel method to plan the path at last. We test 
our method by planning the path on two representative 
surfaces. The experiment proves that the path generated by 
direction-parallel method based on topology relations is 
accurate. 

Future work will concentrate on polishing techniques,
polishing system and improvement of path planning.

REFERENCES

[1] Daqi Li, Lei Zhang, Ji Zhao, Xu Yang and Shijun Ji, "Research on 
polishing path planning and simulation of small mobile robot," 2009 
International Conference on Mechatronics and Automation, 
Changchun, 2009, pp. 4941-4945. 

[2] B. Tsong-Jye Ng, Wen-Jong Lin, Xiaoqi Chen, Zhiming Gong and 
JingBing Zhang, "Intelligent system for turbine blade overhaul using 
robust profile re-construction algorithm," ICARCV 2004 8th Control, 
Automation, Robotics and Vision Conference, 2004., Kunming, 
China, 2004, pp. 178-183 Vol. 1. 

[3] F. Nagata, T. Hase, Z. Haga, K. Watanabe. "CAD/CAM-based 
position/force controller for a mold polishing robot," Mechatronics, 
vol.17, pp. 207-216, 2007. 

[4] K. Zhang, G. Zhu, S. Liu, B. Qian, X. Zhang and C. Zhang, "Path 
planning for machining on surface of a blade," 2017 IEEE 
International Conference on Robotics and Biomimetics (ROBIO), 
Macau, 2017, pp. 2093-2098. 

[5] Xu Yang, Ji Zhao, Lei Zhang and Daqi Li, "Research on the 
automatic belt grinding system for machining blade with complex 
surface," 2010 2nd International Conference on Advanced Computer 
Control, Shenyang, 2010, pp. 530-534. 

[6] J. M. Zhan, X.Q. Zhou, L.Y. Hu, "Study on Path Planning for 
Industrial Robots in Free-Form Surfaces Polishing", Key Engineering 
Materials, Vols. 392-394, pp. 771-776, 2009. 

Authorized licensed use limited to: INSTITUTE OF AUTOMATION CAS. Downloaded on June 12,2020 at 01:57:10 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /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


