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ABSTRACT

Thispaper proposes an outlier and artifact removal method for multi-
view stereo. The proposed method introduces the three filters, which
check (i) consistency among depth maps and their visibility, (ii) left-
right consistency and (iii) consistency between the depth map and
color intensity, respectively. The proposed method removes outliers
and artifacts from depth maps generated by PatchMatch Multi-View
Stereo. We demonstrate that the proposed method exhibits the effi-
cient performance on 3D reconstruction compared with conventional
methods through a set of experiments using public datasets and un-
der practical situations.

Index Terms— 3D reconstruction, depth map, outlier removal,
artifact removal, multi-view stereo

1. INTRODUCTION

Multi-view 3D reconstruction is a technique to reconstruct the 3D
shape of a target object from multiple images and has been a topic
of interests in the field of computer vision for many years [1, 2].
Multi-view 3D reconstruction generates the 3D shape of atarget ob-
ject through camera parameter estimation by Structure-from-Motion
(SfM) and 3D mesh reconstruction by Multi-View Stereo (MVS).

MV'S agorithms are categorized into four types: voxel-based,
mesh-based, depth-map-based, and patch-based algorithms [1].
Among them, depth-map-based MVS and patch-based MV'S can
be used for a wide range of applications, since they do not require
the initial 3D shape or do not constrain the 3D shape of a tar-
get object (e.g., topology). For this reason, many state-of-the-art
multi-view 3D reconstruction algorithms employ depth-map-based
MVS or patch-based MVS [3, 4, 5, 6, 7, 8, 9, 10]. However, both
depth-map-based MVS and patch-based MVS have a drawback,
since depth-map-based MV S usually generates artifacts at the object
boundaries, patch-based MVS cannot reconstruct 3D shape from
low-contrast regions, and both reconstruction results include much
outliers with accurate 3D points.

Addressing the above problem, this paper proposes an outlier
and artifact removal method for MVS. The proposed method em-
ploys PatchMatch Multi-View Stereo (PM-MV'S) [11], which is one
of the fast depth map generation methods, to reconstruct the depth
map of each view from multi-view images. Three types of filtersare
applied to depth maps so as to remove outliers and artifacts based
on multiple-view geometry. The three filters check (i) consistency
among depth maps and their visibility, (ii) left-right consistency and
(iif) consistency between the depth map and color intensity, respec-
tively. We demonstrate that the proposed method exhibits the effi-
cient performance on 3D reconstruction compared with conventional
methods through a set of experiments.

2. PATCHMATCH MULTI-VIEW STEREO (PM-MVYS)

This section briefly describes PM-MVS [11], which is used to re-
construct the depth map of each view from multi-view images in
this paper. Note that the proposed filtering techniques described in
the next section can be used in other MV S algorithms.

PM-MVS generates a depth map from multi-view images by
repeating spatial propagation, view propagation and plane refine-
ment. In spatial propagation, a depth is propagated to neighbor-
ing pixelsand is updated according to Normalized Cross-Correlation
(NCC)-based scores. In view propagation, a depth is propagated to
neighboring views and is updated according to NCC-based scores.
In plane refinement, a depth is refined by comparing the matching
scores calculated from the current parameters and the parameters
with the addition of minute disturbance.

The accuracy of depth maps generated by PM-MVS is compa-
rable with plane-sweeping approaches, while the computational cost
of PM-MV Sismuch lower than that of plane-sweeping approaches.
PM-MV S requires a few dozen-time window matching to calculate
the depth of one 3D point, while a simple plane-sweeping approach
requires more than a thousand-time window matching to calculate
the depth of one 3D point. Refer to [11] for more details of PM-
MVS.

3. THREE FILTERING TECHNIQUES

A 3D point cloud is obtained from multiple depth maps and their
camera parameters. 3D points of each view are calculated from its
depth map and are converted into the world coordinate system so as
to mergetheminto a3D point cloud. Then, threefiltering techniques
are applied to remove outliers and artifacts. The three filters check
(i) consistency among depth maps and their visibility, (ii) left-right
consistency and (iii) consistency of pixel intensity, respectively.

We now consider a set of views V. = {Vi,Va,--- ,Vn}. N
is the number of views and m = (u,v) is an image coordinate.
For each view V,, € V/, let I,,(m) be an image, A,, be an internal
parameter, and R,, and t,, be external parameters consisting of a
rotation matrix and a translation vector. The depth map is indicated
by d,.(m). For each referenceview V; € V', let V', C V\{V;} be
one of other views. Using the above notation, we describe the detail
of the proposed three filtersin the following.

3.1. Filter 1: Consistency among Depth Mapsand Their Visibil-
ity

Filter 1 checks consistency among the multiple depth maps and their
visibility. If a3D point interrupts the visibility of other 3D points or
its visibility isinterrupted by other 3D points, this point is removed
asan outlier.



Other views Vi
Reference view

Fig. 1. Geometric relation between the reference view and the other
view.

Fig. 2. Example of outlier remova using Filter 1. The red color
indicates outliers and the blue color indicates the updated penalty
SCcores.

Let consider the reference view V; and the other view V}, as
shown in Fig. 1. For V;, the 3D point M; = [X;,Y;, Z;]T iscacu-
lated from the coordinate mm; on the depth map d; (m;) by

M; = R {di(mi) A7 s — 3} @

where m; indicates the homogeneous coordinate of m;. The corre-
sponding point on the neighboring view V. is obtained by

sy = Ay, [Ri|ti] M, 2

where s isascale factor. The depth d¥ on Vi, is calculated from the
3D point M ; asfollows

d¥ = RIX; + R, + RPZ; + £3, 3

where R;' and t° indicate the (s, t)-th element of R;, and the s-th
element of ¢;,, respectively. The depth d}, is obtained from the depth
map of V3, asfollows
dj, = dy.(m3). (4)
If (dj, — d¥) > 61, M, or M can be considered as an out-
lier, while it cannot be distinguished using the relation between two
views. Hence, we introduce a penalty score for m; and classify m;
into a 3D point or an outlier by majority vote. The penalty scores of
m,; and m? areincremented by 1 in the case that (d}, — d¥) > ;.
The penalty scores of m; and m* are evaluated for al the other
views. After calculating the penalty scores for all the pixels on all
the depth maps, we obtain the penalty score map as shown in Fig. 2
(). m; having the maximum penalty score can be considered as an
outlier and then isremoved. In the case of Fig. 2 (a), 3D pointswith
penalty score=4 are removed asoutliers. Then, the penalty scoresare
updated as shown in Fig. 2 (b), since the penalty scores are changed
by removing outliers. The above processisrepeated until the penalty
score of al the remaining 3D points is not greater than 2 as shown
inFig. 2 (c). Thethreshold ¢, isset to
!
01 =15 % i (5)
fr

in the experiment, where f;, indicates the focal length, which can be
obtained from Aj,. This threshold means that a 3D point having the
depth difference more than 15 pixelsis atarget to carry penalty.

3.2. Filter 2: Left-Right Consistency

Filter 2 issimilar to left-right consistency checking used in binocular
stereo matching. We remove a point whose distance from each cor-
responding point in al other views is longer than threshold, where
we use the depth instead of the distance. Therefore, we use the depth
d;(m;) for the reference view V; and the depth d;, for the neighbor-
ing view Vi, aswell asFilter 1. If |d; (m;) — dj,| < 2, weincrement
the score by 1. If the scoreis less than 2 after calculating the score
for all other views, m; can be considered as an outlier, sinceits | eft-
right consistency is collapsed from the viewpoint of stereo matching.
The threshold 65 isset to
dj
02 5 X fk (6)

in the experiments. This threshold means that M; having the depth
difference less than 5 pixels corresponds to Mj,.

3.3. Filter 3: Consistency of Pixd Intensity

Filter 3 checks the consistency of pixel intensity among the multi-
ple images to remove artifacts observed around the surface. Let us
consider the coordinate m,; on the reference view V; and its corre-
sponding coordinate m” on other view V;, as well as Filter 1. We
do not take care of a 3D point near other points in Filter 1, since
it is hard to check the consistency of such a 3D point using only
geometric relation. The use of pixel intensity makes it possible to
classify such a3D point into atrue 3D point or an outlier. Therefore,
if (dj, — dF) > 0, the penalty score of m; is evaluated by a pixel
intensity. The pixel intensity of m; is given by I;(m;) for V; and
I (mf) for Vi, respectively, where I; and I, indicate theimagesfor
each view. If ||1;(m;) — Ix(mF¥)||2 > 3, m; can be considered
as an outlier. The penalty scores of m; and m? are incremented by
1in this case. The penalty score is evaluated for all the 3D points
and al the views as well as Filter 1. A 3D point having the largest
penalty scoreisremoved and the score of remaining 3D pointsisup-
dated. The above processisrepeated until the penalty score of all the
remaining 3D pointsis not greater than 2. Note that we design Filter
3 for the purpose of evaluating the effectiveness of artifact removal,
although Filter 3 can be combined into Filter 1. The threshold J3
is set to 50 in the experiments. This threshold means that the pixel
intensity between m; and m? is different if the Euclidean distance
in the RGB-color space is more than 50, where we assumes that each
color channel is 8 hits.

4. EXPERIMENTSAND DISCUSSION

This section describes experiments for evaluating the effectiveness
of the proposed method.

4.1. Evaluation of the Combination of Filters

The first experiment evaluates the combination of the three filters.
We use “Cat” and “Dog” datasets available in ToHoku University
Multi-View Stereo (THU-MVS) Datasets’. “Cat” and “Dog” are the

lhttp://www.aoki.ecei.tohoku.ac.jp/mvs/



Table 1. Experimental result for evaluating the combination of filters, where RM S errors [mm] are indicated.

Combination  No filter 1 2 3 1,2 1,3 2,1 2,3
Cat 0.4873 0.3943 04158 0.4518 0.3780 0.3982 0.3809 0.4034
Dog 0.4842 0.3595 0.4406 0.4758 0.3470 0.3688 0.3568 0.4411

Combination 3,1 3,2 1,23 1,32 21,3 2,31 31,2 321
Cat 0.4180 0.3992 0.3863 0.3889 0.3900 0.3924 0.3882 0.3933
Dog 0.3759 0.3989 0.3545 0.3548 0.3656 0.3725 0.3570 0.3600

No filter Filter 1

Filter 1, 2

Filter1,2,3
(c)

Fig. 3. Experimental results using THU-MV S datasets: (a) images,
(b) ground-truth mesh models and (c) reconstructed 3D point clouds
for each method.

multi-view image datasets of figurines of a cat and a dog, respec-
tively. We use the RGB-color version of “Cat” and “Dog” to evaluate
the effectiveness of Filter 3. The images are captured by a camera
(Panasonic Lumix GF6) with 2,272 x 1,704 pixels. Cat and Dog
datasets consist of 108 and 72 images, respectively, and their ground
truth mesh model. 3D point clouds are reconstructed from 36 im-
ages in this experiment, where 36 images are selected at intervals
of 3 images for Cat and 2 images for Dog. Figure 3 (a) shows the
example of an image in the datasets. The ground truth mesh models
as shown in Fig. 3 (b) are measured with the 3D digitizing system
(Steinbichler, COMETS5). The accuracy is evaluated by comparing
the reconstructed 3D point clouds and the ground-truth mesh model
using theiterative closest point algorithm [12].

Cameraparameters are estimated by the sequential SfM pipeline
[13]. Correspondence among multi-view images is obtained by
Scale-Invariant Feature Transform (SIFT) [14]. Then, camera pa-
rameters are calculated using the correspondence and are optimized
S0 as to minimize reprojection error among corresponding points.
We use an open-source SfM library, OpenMVG [15] in this paper.

Fig. 3 (c) shows reconstructed 3D point clouds for some com-
binations. Table 1 shows a summary of Root Mean Square (RMS)
errors for al the combinations of the three filters. Filter 1 and fil-
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Fig. 4. Images from Jensen’s dataset used in the experiment.
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Fig. 5. Experimental results for comparing the proposed method
with conventional methods.

ter 2 remove outliers and filter 3 removes artifacts around the object
surface as shown in Fig. 3 (c). The combination of Filter 1 and 2 is
the best in all the combinations in terms of RMS errors as shown in
Table 1. On the other hand, the quality of the 3D point cloud when
using the combination of Filter 1, 2, and 3 ishigher than that of Filter
1 and 2, since blue-colored points, i.e., artifacts from backgrounds,
are removed in Filter 1, 2 and 3, while such points are observed in
Filter 1 and 2. In addition, the combination of Filter 1, 2, and 3 has
a comparable RMS error with that of Filter 1 and 2. Therefore, the
combination of filter 1, 2 and 3 is better than other combinations
from the viewpoint of qualitative and quantitative evaluation. We
employ the combination of Filter 1, 2 and 3 in the following experi-
ments as the proposed method.
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Fig. 6. Reconstruction result of Scan 25 for each method.

Fig. 7. Reconstruction results using the proposed method under
practical situations: (a) input image and (b) reconstructed 3D point
clouds.

4.2. Comparison with Conventional Methods

We compare the performance of the proposed method with that of
the MV'S methods using the public MV'S datasets? provided Jensen
et a. [16]. This dataset consists of a set of MV Simages for 128 ob-
jectsand their camera parameters. Theimage sizeis 1, 600 x 1,200
pixels for all the images. Each object is taken by a camera from 49
or 64 constant viewpoints. For the purpose of performance evalu-
ation, this dataset includes ground-truth 3D point clouds for al the
objects. This dataset also includes 3D point clouds for each object
reconstructed by the state-of-the-art MV'S methods such as Camp-
bell et a. [3], Furukawa et a. [4] and Tola et d. [5]. From this
dataset, we selected 6 objects taken from 49 viewpoints. The per-
formanceis evaluated by accuracy and completeness which are used
in [16]. Accuracy means a degree of correctness of the position of
reconstructed points and is calculated as the distance from recon-
structed points to the ground truth. Completeness means a degree
of coverage of reconstructed points and is calculated as the distance
from the ground truth to reconstructed points.

Fig. 5 shows the median of accuracy and median of complete-
ness for each method and Fig. 6 shows an example of reconstructed
3D point clouds of Scan 25 for each method. The proposed method
produces fewer outliers than Campbell’s and Furukawa's methods
and PM-MVS, since outliers can be removed by the three filters.
The proposed method reconstructs dense 3D point clouds compared
with Furukawa's and Tola's methods, since the median of complete-
ness for the proposed method is lower than both methods. Thus, the
proposed method exhibits better accuracy and better completeness
among the methods. As observed in Fig. 6, the proposed method
can reconstruct the 3D point cloud with fewer outliers and fewer ar-
tifacts compared with conventional methods.

4.3. Practical Situation

We reconstruct 3D point clouds from multi-view images taken un-
der practical situations to demonstrate the potential possibilities of
the proposed method. Fig. 7 shows some examples of reconstruc-
tion results using the proposed method. The upper is the Everard
t’ Serclaes monument in Brussels and is reconstructed from 11 im-
ages. The lower is a carving of Palazzo Ducale in Venice and is
reconstructed from 8 images. As observed in Fig. 7 (b), the high-
quality 3D point clouds are reconstructed by the proposed method.

5. CONCLUSION

This paper proposed an outlier and artifact removal method for
multi-view stereo. We considered the three types of filters, which
check (i) consistency among depth maps and their visibility, (ii)
left-right consistency and (iii) consistency between the depth map
and color intensity, respectively. We demonstrated that the proposed
method exhibited efficient performance on 3D reconstruction com-
pared with conventional methods through a set of experiments using
public datasets and under practical situations. We will develop a
simple and accurate 3D reconstruction system using the proposed
method in future work.

6. REFERENCES

[1] S. M. Seitz, B. Curless, J. Diebel, D. Scharstein, and
R. Szeliski, “A comparison and evaluation of multi-views

’nttp://roboimagedata.compute.dtu.dk/?page_id=36



(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

[12]

(13]

(14]

(19]

(16]

stereo reconstruction algorithms,” Proc. |EEE Conf. Computer
\ision and Pattern Recognition, pp. 519-528, 2006.

C. Strecha, W. von Hansen, L. V. Gool, P. Fua, and U. Thoen-
nessen, “On benchmarking camera calibration and multi-view
stereo for high resolution imagery,” Proc. IEEE Conf. Com-
puter Vision and Pattern Recognition, pp. 1-8, 2008.

N. D. F. Campbell, G. Vogiatzis, C. Hernandez, and R. Cipolla,
“Using multiple hypotheses to improve depth-maps for multi-
view stereo,” Proc. European Conf. Computer Vision, pp. 766—
779, 2008.

Y. Furukawa and J. Ponce, “Accurate, dense, and robust mul-
tiview stereopsis,” |EEE Trans. Pattern Analysis and Machine
Intelligence, vol. 32, no. 8, pp. 1362-1376, 2010.

E. Tola, C. Strecha, and P. Fua, “Efficient large-scale multi-
view stereo for ultra high-resolution image sets,” Machine Vi-
sion and Applications, vol. 23, no. 5, pp. 908-920, 2012.

S. Shen, “Accurate multiple view 3D reconstruction using
patch-based stereo for large-scale scenes,” |EEE Trans. Image
Processing, vol. 22, no. 5, pp. 1901-1914, 2013.

S. Fuhrmann, F. Langguth, and M. Goesele, “MVE — A multi-
view reconstruction environment,” Proc. Eurographics Work-
shop on Graphics and Cultural Heritage, pp. 11-18, 2014.

Y. Uh, Y. Matsuhita, and H. Byun, “Efficient multiview stereo
by random-search and propagation,” Proc. Int’l Conf. 3D M-
sion, pp. 393-400, 2014.

S. Gdlliani, K. Lasinger, and K. Schindler, “Massibely parallel
multiview stereopsis by surface normal diffusion,” Proc. Int’l
Conf. Computer Vision, pp. 873-881, 2015.

A. Locher, M. Perdoch, and L.V. Gool, “Progressive prioritized
multi-view stereo,” Proc. IEEE Conf. Computer Vision and
Pattern Recognition, pp. 3244-3252, 2016.

M. Hiradate, K. Ito, T. Aoki, T. Watanabe, and H. Unten, “An
extension of PatchMatch Stereo for 3d reconstruction from
multi-view images,” Proc. Asian Conf. Pattern Recognition,
pp. 061-065, 2015.

Z. Zhang, “lterative point matching for registration of free-
form curves and surfaces,” Int'l J. Computer Vision, vol. 13,
no. 2, pp. 119-152, 1994.

P. Moulon, P. Monasse, and R. Marlet, “Adaptive structure
from motion with a contrario model estimation,” Proc. Asian
Conf. Computer Mision, pp. 257270, 2012.

D. G. Lowe, “Distinctive image features from scale-invariant
keypoints,” Int'l| J. Computer Vision, vol. 60, no. 2, pp. 91-110,
2004.

P. Moulon, P Monasse, R. Marlet, and Others, “Open-
MVG: An Open Multiple View Geometry library,” https:
//github.com/openMVG/openMVvaG.

R. Jensen, A. Dahl, G. Vogiatzis, E. Tola, and H. Anass, “Large
scale multi-view stereopsis evaluation,” Proc. |[EEE Conf.
Computer Vision and Pattern Recognition, pp. 406413, 2014.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /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 true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /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
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /ARBERKLEY
    /ARBLANCA
    /ARBONNIE
    /ARCARTER
    /ARCENA
    /ARCHRISTY
    /ARDARLING
    /ARDECODE
    /ARDELANEY
    /ARDESTINE
    /ARESSENCE
    /ARHERMANN
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ARJULIAN
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HGGothicE
    /HGGothicM
    /HGGyoshotai
    /HGKyokashotai
    /HGMaruGothicMPRO
    /HGMinchoB
    /HGMinchoE
    /HGPGothicE
    /HGPGothicM
    /HGPGyoshotai
    /HGPKyokashotai
    /HGPMinchoB
    /HGPMinchoE
    /HGPSoeiKakugothicUB
    /HGPSoeiKakupoptai
    /HGPSoeiPresenceEB
    /HGSeikaishotaiPRO
    /HGSGothicE
    /HGSGothicM
    /HGSGyoshotai
    /HGSKyokashotai
    /HGSMinchoB
    /HGSMinchoE
    /HGSoeiKakugothicUB
    /HGSoeiKakupoptai
    /HGSoeiPresenceEB
    /HGSSoeiKakugothicUB
    /HGSSoeiKakupoptai
    /HGSSoeiPresenceEB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyriadWebPro
    /MyriadWebPro-Bold
    /MyriadWebPro-Italic
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


