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The vergence control of binocular stereoscopic camera is the most essential factor for acquiring
high quality stereoscopic images. In this paper, we proposed a binocular stereoscopic camera
vergence control method using disparity information by the simple image processing and estimate
the quantity of vergence control using the Lagrange interpolation equation. The method of
extracting disparity information through image processing is as follows: first the key-object in left
& right images was extracted through labeling of the central area of the image, and then a simple
method was used for calculating the disparity value of the same key-object in the labeled left and
right images. The vergence control method uses disparity information and keeps the convergence
distance of left & right cameras and the distance of the key-object the same. According to the
proposed method, variance in the distance of the key-object and application of calculated disparity
information of obtained left & right images to the quadratic Lagrange interpolation equation could
estimate the quantity of vergence control, which confirmed that the method of stereoscopic camera
vergence control can be simplified through experiments on various key-objects and other
convergence distance.
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OCIS codes: (100.6890) Three-dimensional image processing; (330.4150) Motion detection;

(330.7320) Vision adaptation

I. INTRODUCTION

Human beings repeat focus control of the thickness
of the eye lens, according to the distance, and vergence
control, which always keeps the key-object formed in
the center of both the retinas and so, provides ever-
natural and clear image information[1-5]. The multiple
cameras with two or more sensors or a lens array com-
posed of many lenses are used to get three-dimensional
data [6-8]. The last goal of research on stereoscopic
images is to make an artificial visual device which
acquires information as similar as possible to the visual
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information formed on both the human eyes. Acquiring
a stereoscopic image similar to image information
provided through both human eyes requires preceding
research on the binocular stereoscopic camera method
using two cameras.

There are two methods for acquiring stereoscopic
images: one is the binocular stereoscopic camera method
using left and right cameras grouped according to the
number of cameras used, and the other is the multi
view camera method for acquiring images information
of a specific image concurrently from several angles.
The latter can maximize the effect of stereoscopic
images of limited region or object, but has some trouble
in processing complex images or in moving cameras
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toward moving objects or in accurately photographing
in a complex space.

For stereoscopic image by stereoscopic camera,
acquiring a stereoscopic image similar to a real image
first requires vergence control of left and right cameras
over the key-object. The vergence control of stereo-
scopic cameras can be divided into the toed-in type and
the parallel type[8].

There are two kinds of vergence control methods of
binocular stereoscopic cameras: one is by calculating
the distance information of the key-object and the
other by using disparity information between left and
right images according to the position of the key-object
in the image. The former requires complex calculation
of the mechanism by mechanical methods, and has a
defect that the distance of the key-object lessening the
accuracy of calculation. On the other hand, the latter
has simple and accurate vergence control by using
disparity information between key-objects in acquired
left and right images.

As preceding research on the binocular disparity
extraction method for the vergence control of binocular
stereoscopic camera, Krotkov extracts the mean value
and the variance value and takes advantage of the
depth distribution of specific points, but the method
has some trouble in accurate vergence control except
in specific environments[9]. M.Tanaka attempted the
vergence control of binocular stereoscopic camera using
ZDF(Zero Disparity Filter) which takes advantage of
left and right image edge detection[10]. H. Hirschmuller
proposed a cross correlation error function for vergence
control of one point. Its method of extracting disparity
value by ZDF and correlation is also low in accuracy
and has a long processing time[11]. D. J. Coombs, etc.
proposed the real-time vergence control system using a
Cepstral filter for estimating the quantity of vergence
control error in the acquired left & right stereoscopic
images.[12-14] Last, K. C. Kwon[1] showed the theory
of relationship between vergence and focus according to
the object distance of parallel stereoscopic cameras, and
took advantage of one-dimensional Cepstral Filter with
the vertical projection data of a pair of stereoscopic
images as input data for fast, accurate simultaneous
control of vergence and focus. The methods of extracting
disparity information that have been proposed for the
vergence control of stereoscopic cameras have long-time
processing and low accuracy, and also most of them are
vergence control methods of toed-in stereoscopic cameras.

This study has extracted disparity information by
image processing, and then proposed a vergence control
method of a binocular stereoscopic camera using the
former. The vergence control method proposed by this
study extracts the key-object from stereoscopic data
through labeling, calculates disparity information,
always keeps the distance of the key-object and the
convergence distance of left & right camera the same

by using the disparity information. The quantity of
vergence control can be estimated by applying the
disparity information calculated from the acquired left
and right images to the 2nd Lagrange approximated
equation while the distance of the key object is made
to vary, and accordingly, the experiments confirmed
that it is possible to simplify the vergence control
method of the stereoscopic camera.

The proposed vergence control method can make
extraction of disparity information simple and fast, and
also, can make vergence control accurate, and the
distance information of the key-object calculated by the
focus information of the lens used can estimate the
quantity of vergence control by the Lagrange approxi-
mated equation, and so, can automate the vergence
control of binocular stereoscopic camera quite simply.

II. CHARACTERISTICS OF VERGENCE
CONTROL OF BINOCULAR STEREOSCOPIC
CAMERA

According to the distance of the key-object, there are
two methods of binocular stereoscopic camera with
controllable vergence: toed-in mode and parallel mode.
The former is a binocular stereoscopic camera method
controlling vergence by rotating the optic axis of the
camera at an angle of & according to the distance of
the key-object as in Fig. 1(a). Parallel mode, however,
is a binocular stereoscopic camera method of controlling
vergence by horizontally moving separated lens and
CCD sensor into symmetric position to each other.
Either of them can easily acquire the quantity of
vergence control & and h by interpreting their own
geometric structure[1-3]. With the distance between
lens and key-object as p, the distance between CCD
sensor and lens as f, and the distance between left and
right camera as 2¢, the vergence control angle of toed-in
camera () and the control quantity of parallel camera
(h) can be expressed as follows:

FIG. 1. Geometry of binocular stereoscopic camera of
(a) Toed-in binocular stereoscopic camera and (b) Parallel
binocular stereoscopic camera.
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If it is considered as there is no vertical disparity of
the left and right camera for making stereoscopic
camera, there always exists horizontal disparity of the
stereoscopic images acquiring as the distance of the
key-object. Therefore, it is just needed the process to
extract disparity information of the key-object acquiring
from the left and right stereoscopic images for vergence
control.

III. VERGENCE CONTROL OF BINOCULAR
STEREOSCOPIC CAMERA

1. Automatic vergence control method by disparity
information

The proposed vergence control method of a binocular
stereoscopic camera by disparity information, when the
early convergence distance of the stereoscopic camera
doesn’t correspond to the distance of the key-object as
in Fig. 2, extracts the horizontal disparity of key-object
from the acquired left & right image, and minimizes the
difference between the distance of a key-object and the
convergence distance of camera by keeping disparity
value to the minimum [1].

The proposed vergence control algorithm of a binocular
stereoscopic camera has consisted of extracting the
key-object from the acquired left & right images, as in
Fig. 2, by simple image processing, and then calculating
disparity information and then compensating it.

Extraction of disparity information by image proce-
ssing is composed of three steps: converting color image
to gray image, labeling, and extracting the key-object.

Leftimage Leftimage

f

. -

Rightimage

FIG. 3. Extracting binocular stereoscopic disparity information :
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Conversion to gray image is the previous process for
speeding the processing, and labeling the previous
process for extracting the key-object. Fig. 3 shows an
example of extracting the disparity information of the
key-object through image processing. The position of
the key-object and the square region in Fig. 3(a), (b)
were assumed to remain in the center of the image, and
the key-object was extracted within half the full region
from the center of the image, and disparity information
was calculated. Also, for extracting the key-object, the
threshold value is fixed by applying the empirical rule
to the histogram distribution of the brightness of the
region of interest as in equation (2) within the labeled
region through the labeling method

[15]. That is, 95% of the total brightness distribution
of the region of interest is fixed as threshold value and
then labeled. Threshold value Ay is what is the result
of subtracting twice the standard deviation(s) from the

before the vergence control

fation)

%
=

Image Pr
( Disparity Ca

-

Vergence
Angle

Optical
Axes

N

after the vergence control

Vergence Control Part

FIG. 2. Vergence control of binocular stereoscopic camera
by disparity information.
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(a) Original image. (b) Labeling. (c¢) Extracting left
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and right object. (d) Extracting the disparity information of the key-object.
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brightness value distribution of the region of interest
or of adding twice the standard deviation(s) to mean
value(z ), and the threshold value are two. Of these,
whether to use the threshold value with large or small
brightness is decided by considering the brightness of
the key-object selectively.

A, =x+2s (2)

Fig. 3(c) shows the result of extracting the key-object
by labeling left and right images. Extracting the
disparity information of the key-object fixes the symbol
by acquiring the coordinates of the boundary point of
the key-object in left and right images, and calculates
the absolute value of the difference between coordinate
values. Fig. 3(d) shows an example of the result of
extracting the disparity information of the test image.

2. Automatic vergence control by estimating disparity

For a fixed binocular stereoscopic camera, binocular
disparity varies from plus to minus or from minus to
plus, according to variance in the distance of the
key-object. So analyzing the absolute value of binocular
(left and right) distance difference according to distance
between camera and key-object can estimate disparity
information, and execute vergence control. That is, this
can be expressed in equation (2), and its answer value
is the point when the vergence control of the key-object
comes to an end. The method proposed here of solving
equation (2) is relatively quick and simple, and uses the
Lagrange interpolation method which can be used with
no relation to the interval of data.

Generally the definition of interpolation is as follows:
Suppose that there is a non-polynomial function[f{(z)]
with real value in n+1 points (a2, z1, =+, z,) and a
closed interval including these points on the X axis, and
that there is the n-th polynomial equation (4), which
is called the interpolation polynomial, satisfying
equation (3) of these points. And interpolation means
finding the approximated value of f(z) other than the
given points by interpolation polynomial.

p(x)=f(x,),i=0,,...,n (3)
p(x)=ax,+a, x,  +.+ax+a,a,#0 (4)

For the interpolation polynomial, its answers can be
acquired by substituting the condition of equation (3)
for equation (4), and then solving n+1 equations of
coefficient ;. Of several interpolation polynomials,
finding the 2nd approximated equation with just the
coordinates of three points requires the Lagrange inter-
polation polynomial. Equation (5) shows the n-th Lagrange
interpolation polynomial of a point (m, i, -, @) [16].

/= (x=x)(x=x)...(x —x_ ) x—x;,,)..(x—x,) i=01n

(0, = 2%)0% = X0 )o (= %, )X = X, (X, — X))
(5)

When there are coordinate points (m, ), (71, y1) -
(2, ym)equation (6) shows their interpolation polynomial.

p(x) = yoly(X)+ ¥, (x) + -+ y L () +-+ p,L (%) (6)

When the interpolation polynomial is acquired
directly from those points as in the above expression,
the following is the procedure for the simulating
algorithm that acquires approximated value in other
points.

(1) Input n, z, x;, ¥
(2) Set S=0
(3) Perform the following steps from K=0 to n.
(3.1) Set T=y:
(3.2) Perform the following from the j=0 of
each k to m.
(3.3) Calculate S=S+T
(4) Output S=p(x)

IV. EXPERIMENTING BINOCULAR
STEREOSCOPIC CAMERA VERGENCE
CONTROL

1. Analyzing the characteristics of binocular stereo-
scopic camera vergence control using acquired dis-
parity information

For an experiment of extracting binocular stereoscopic
disparity information, as in Fig. 4, the convergence
distance of the stereoscopic camera was fixed at 1,000
mm, and the observed object was moved 100 mm at
a time from 600 mm to 1,400 mm to acquire left &
right images, and disparity information was extracted
by the method proposed here.

The following results as in table 1 can be acquired
by making the distance of the key-object and that of
binocular stereoscopic camera different and applying
the proposed disparity information-extracting algorithm
to the left and right image of a single object inputted
from each point. Here, L. means the distance between
the left-image key-object and the left standard point of
full image, R means the distance between the right-
image key-objectand the left standard point of full
image. L-R shows the distance difference between the
left standard points of the right and left images of the
same key-object, and IL-RI is the absolute value of the
acquired distance difference.

As the above Table 1 shows, the difference between
the central points of the key-object in its left and right
images is gradually decreasing and then increasing.
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FIG. 4. A design of acquiring left and right image
according to distance.

TABLE 1. Disparity information according to the dis-
tance of the key-object (convergence distance, 1000 mm)

Distance[mm] L R L-R IL-RI
600 60 73.1 -13.1 13.1
800 72 76.4 4.4 4.4
1000 79.1 7.7 14 1.4
1200 84.4 79.1 5.3 5.3
1400 88.1 80.6 7.5 7.5

This means that high quality stereoscopic image can be
acquired when the convergence distance of binocular
stereoscopic camera is the same as the distance of the
key-object that is, the disparity value of the key-object
is the minimum. That, in other words, means acquiring
the best stereoscopic image from the point of 1,000 mm
where vergence control makes the distance of the
key-object and the convergence distance of the camera
the same. Therefore, acquiring a stereoscopic image
always requires vergence control of the binocular stereo-
scopic camera according to variance in the distance of
the key-object.

2. Experimenting with vergence control by esti-
mating disparity information

The study acquired a little more complex image
through the binocular stereoscopic camera, and extracted
disparity information by image processing, and made
an experiment on estimation of the disparity value by
Lagrange interpolation. As in Fig. 5, disparity information
was extracted through the acquired experimental image
according to distance, and then the estimated value
was analyzed by applying the Lagrange interpolation
equation. For the same distance, left image(L) means
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Betweentwo camera distance: 50 mm
Lensfocallength: 12 mm

Convergence distance: 1,000 mm
KeyObject distance 600~ 1,400 mm

Object distance 800 mm

Object distance 1,400 mm

FIG. 5. Acquiring the experimental image of Multi Objects.

left-eye image, and right image(R) means right-eye
image. Moving the key-object has caused distance
difference between the left image and the right image,
which has been compared with the theoretical value by
a numerical expression, as in Table 2.

Table 2 shows the results of extraction and inter-
polation of disparity information in a complex environ-
ment. As for estimation of disparity information, the
study assumed that a specific binocular stereoscopic
camera already has the disparity information of the
key-object on three spots beforehand, and we made an
experiment of estimating disparity information by
Lagrange interpolation. The study fixed the maximum
distance at 1,400 mm, and then calculated the disparity
difference of left and right images at a long distance
from the key-object and at a short distance and at a
middle one, and acquired a Lagrange interpolation equation,
based on the former results. As shown in Table 2,
experiment Case 1 with 700, 900, and 1,400 mm as
standard distances has proved that vergence control at
1,000 mm brings the minimum error in real estimated
value and theoretical value. And experiment Case 2
with 600, 900, and 1,300 mm as standard distances also
proved that vergence control is fixed at 1,000 mm
corresponded to estimation value. And the error range
of theoretical estimated value and real measured value
is within about 20 mm by each distance, which has
been found rather accurate. Also, for experiment Case
3(700 900 1,100 mm) establishing all three points as
either a long distance or a short distance and
experiment Case 4 (1,000 1,200 1,400 mm) establishing
all the three points just as a long distance, the
theoretical value converges on the minimum distance
(1,000 mm), so the study has proved that any three
points can have accurate vergence control. Also, focusing
on either a long distance or a short distance can
prevent vergence control from going wrong by emphasi-
zing just one of the error range ends.
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TABLE 2. Comparing the estimated value and the real measured value of vergence control according to

established three points

Object .L?ft. .R‘l[ght L-R Ab[solute Case 1 Case 2 Case 3 Case 4
No. | distance image | image value . .
(mm) L R L.R IL-RI Theoretical Error Theoretical Error Theoretical Error Theoretical Error
value value value value
1 600 98.3 114 -15.7 15.7 15.7 0.00 15.7 0.00 15.7 0.00 26.69 10.99
2 700 104.4 | 114.7 | -10.3 10.3 11 0.70 10.91 0.61 10.96 0.66 17.16 6.86
3 800 106.7 | 113.1 | -6.4 6.4 6.82 0.42 6.76 0.36 6.86 0.46 9.47 3.07
4 900 110.2 | 1134 | -3.2 3.2 3.16 0.04 3.25 0.05 34 0.20 3.62 0.42
5 1,000 112.1 | 112.6 | -0.5 0.5 0.02 0.48 0.38 0.12 0.58 0.08 0.39 0.11
6 1,100 114.1 | 1124 1.7 1.7 2.6 0.90 1.85 0.15 1.6 0.10 2.56 0.86
7 1,200 1145 | 1114 3.1 3.1 4.7 1.60 3.44 0.34 3.14 0.04 2.89 0.21
8 1,300 116.5 | 111.9 4.6 4.6 6.28 1.68 4.39 0.21 4.04 0.56 1.38 3.22
9 1,400 1184 | 112.7 5.7 5.7 7.34 1.64 4.7 1.00 4.3 1.40 1.97 3.73
———SS vergence distance of the key-object. The proposed method
zz: = measurement value | § can be used as algorithm for automatic vergence control
o] e of a binocular camera, considered important in optics.
2] e e 1 The proposed vergence control method extracts the
20 ] key-object from the acquired stereoscopic data through
z 18 . labeling, and calculates the disparity value of left &
£ 167 = 7 right images. The study took advantage of the disparity
-‘g ::: \ ] information of left and right images obtained by
§ 10.] ] varying distance between camera and the key-object,
5] \ ] and could estimate the quantity of vergence control by
6] \ //o—'—/"': ] applying this to the 2nd Lagrange approximated
4 \ ,\///,:/ % ¢ equation. And it could simplify the stereoscopic camera
(2)'_ \ /v/ ] vergence control method by proving that the control

T T T T T T 1
900 1000 1100 1200 1300 1400

Obiject distance[mm]

600 700 800
FIG. 6. Variance in the disparity of left and right images
according to distance between camera and key-object.

Case 1 : Point 700, 900, 1,100 mm.
Case 2 : Point 600, 900, 1,300 mm.
Case 3 : Point 700, 900, 1,100 mm.
Case 4 : Point 1,000, 1,200, 1,400 mm

The following Fig. 6 shows real measured values
based on the data in Table 2 and theoretical values for
four cases of interpolation polynomial. It shows that
they all converge on 1,000mm, and that binocular stereo-
scopic camera vergence control is very similar to the
real measured value when the interpolation polynomial
is applied to any three long- or short- or middle-distance
points.

V. CONCLUSION

This study has extracted the disparity information of
the key-object for binocular stereoscopic camera vergence
control, and then proposed an algorithm calculating the

points of estimated value and real measured value
converge. Therefore, it is expected that the proposed
method can be used as automatic algorithm in time of
minute adjustment of vergence control.

ACKNOWLEDGMENT

“This work was supported by the grant of the Korean
Ministry of Education, Science and Technology (The
Regional Core Research Program/Chungbuk BIT
Research-Oriented University Consortium)”

REFERENCES

1. K. C. Kwon, J. K. Choi, and N. Kim, “Automatic control
of horizontal-moving stereoscopic camera by disparity
compensation,” J. Opt. Soc. Korea 6, 150-155 (2002).

. A. A. Dumbreck, E. Abel, and S. P. Murphy, “3-D TV
system for remote handling: development and evaluation,”
Proc. SPIE 1256, 226-236 (1990).

. S. Y. Park, Y. B. Lee, and S. I. Chien, “Linear relation
for vergence control of parallel stereo camera,” Electron.
Lett. 34, 254-256 (1998).



Vergence Control of Binocular Stereoscopic Camera -

4

10

. N. A. Dodgson, “Resampling radially captured images

for perspectively correct stereoscopic display,” Proc.
SPIE 3295, 100-110 (1998).

. H. Yamanoue, M. Okui, and I. Yuyama, “A study on the

relationship between shooting conditions and cardboard
effect of stereoscopic images,” IEEE Transactions on
Circuits and Systems for Video Technology 10, 411-416
(2000).

. T. C. Wei, D. H. Shin, and B. G. Lee, “Resolution-
enhanced reconstruction of 3D object using depth-reversed
elemental images for partially occluded object recognition,”
J. Opt. Soc. Korea 13, 139-145 (2009).

. M. S. Kim, G. Baasantseren, N. Kim, and J. H. Park,
“Hologram generation of 3D objects using multiple
orthographic view images,” J. Opt. Soc. Korea 12, 269-274
(2008).

. A. Wood, T. Docherty, and R. Koch, “Image distortions
in stereoscopic video systems,” Proc. SPIE 1915, 36-48
(1993).

. E. Krotkov. K. Henriksen, and R. Kories, “Stereo ranging
with verging cameras,” IEEE Transactions on Pattern
Analysis and Machine Intelligence 12, 1200-1205 (1990).

. M. Tanaka and N. Maru, “Binocular gaze holding of a

- Ki-Chul Kwon et al.

11.

12.

13.

14.

15.

16.

385

moving object with the active stereo vision system,” in
Proc. IEEE Workshop on Applications. Computer Vision
(Sarasota, USA, Dec. 1994), pp. 250-255.

H. Hirschmuller, “Improvements in real-time correlation
based stereo vision,” in Proc. IEEE Workshop on SMBV2001
(Kauai, USA, Dec. 2001), pp. 141-148.

D. J. Coombs and C. M. Brown, “Cooperative gaze
holding in binocular vision,” IEEE Control Systems 11,
24-33 (1991).

D. J. Coombs and C. M. Brown, ‘Real time smooth
pursuit tracking for a moving binocular robot,” in Proc.
Computer Vision and Pattern Recognition (Champaign,
USA, Jun. 1992), pp. 23-28.

J. R. Taylor, T. Olson, and W. N. Martin, “Accurate
vergence control in complex scenes,” in Proc. Computer
Vision and Pattern Recognition (Seattle, USA, Jun.
1994), pp. 540-545.

S. M. Ross, Introduction to Probability and Statistics for
Engineers and Scientists (Elsevier Academic Press,
Oxford, UK, 2000), Chapter 2.

E. Kreysizig, Advanced Engineering Mathematics, 8th
ed. (John Wiley & Sons Inc., New York, USA, 1999),
Chapter 17.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


