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Emulation of Anti-alias Filtering in Vision Based

Motion Mmeasurement

Kim Jung Hyun'

Abstract This paper presents a method, Exposure Controlled Temporal Filtering (ECF), applied to
visual motion tracking, that can cancel the temporal aliasing of periodic vibrations of cameras and
fluctuations in illumination through the control of exposure time. We first present a theoretical
analysis of the exposure induced image time integration process and how it samples sensor impingent
light that is periodically fluctuating. Based on this analysis we develop a simple method to cancel
high frequency vibrations that are temporally aliased onto sampled image sequences and thus to
subsequent motion tracking measurements. Simulations and experiments using the ‘Center of
Gravity” and Normalized Cross-Correlation motion tracking methods were performed on a
microscopic motion tracking system to validate the analytical predictions

Keywords: motion tracking, anti-aliasing, image stabilization, image vibration, motion estimation, motion filtering, video

stabilization, visual servoing

1. Introduction

Capturing a digital image time sequence is a process
that requires sampling of the spacetime video volume both
spatially and temporally, where each pixel integrates the
light over time and space (Fig.1). Sampling is always
accompanied by aliasing when the spatial and/or temporal
signal content varies in frequencies that exceed the Nyquist
frequency“]. In this paper, we are concerned with temporal
aliasing and especially its effect on visual motion tracking
CHI% 1 motion tracking, each temporally sampled image

4 46 estimate

is processed using a variety of algorithms
the camera-object relative motion. When there is motion
vibration and/or fluctuation in illumination, the photonic
energy impingent on the image sensor will fluctuate. If this

fluctuation contains frequency components exceeding the
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Nyquist frequency, its false low frequency ‘alias’ will
appear in the temporally sampled image sequence, and thus
in the motion tracking results.

A common practice in sampling of a continuous-time
signal is to filter the signal before it is passed to the
sampler. The filter used for this purpose is an analog low-
pass filter whose cutoff frequency is not larger than the
Nyquist frequency, called anti-aliasing filter'. However, in

the case of videotime sampling, the physical signal

lllumination
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Optics '
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Fig. 1. Process of sampling of the space-time video volume.



medium is not an electrical voltage but photons impingent
on a solid state array and building an anti-aliasing analog
filter is not physically possible.

Current solutions to this problem, in the case of motion
vibration, involve mechanically dampening the vibration
either passively or using gyroscopes to measure and
counter the vibration with opposing motion using servo
motors; a field called image stabilization™ . This
approach is known to successfully eliminate artifacts, e.g.
blurring, from high frequency motion up to the bandwidth
of the servo motor, with sensitivity down to the resolution
of the servo mechanism.

In this paper, we develop a novel method, Exposure
Controlled Temporal Filtering (ECF) that utilizes the time-
integration property of the imageexposure mechanism
inherent in all imaging systems, to electronically cancel
temporally aliased image intensity fluctuations caused by
periodic motion vibration and/or illumination fluctuation
without additional mechanical components.

We first present a theoretical analysis of the exposure
induced image time integration process and how it samples
sensor impingent light that is periodically fluctuating. The
criterion for the cancellation of temporal aliasing is derived
from this relationship. We also show analytically that
temporal aliasing appears in the estimated motion
parameters for motion tracking using first order image
moments (FOIl\/[)[Z]‘[4], also known as the Center of Gravity
method. The cancellation criterion also applies to this
motion measurement. Simulation and experiment results
are shown for motion tracking with FOIM and with

normalized crosscorrelation (NCC)".

2. Motion Tracking

Fig. 2 describes the process of motion tracking. Object-
Camera relative motion will be projected onto the image
plane through the optics, changing the impingent intensity
i(x,y,8. This continuous function is integrated and
sampled to form the discrete function 7(x',y’, k) I'(x,y’,
k). At this stage the signal is physically an electronic
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Fig. 2. Process of motion tracking

charge ready to be digitized. Thus the signal is subject to
noise sources mainly of slowly varying thermal nature. The
signal is then quantized to get 7°(x’,y" k), a fully digital
video volume. This function is then subject to a motion
tracking process.

High frequency object-camera relative vibration will
cause i (x, y, f) to fluctuate at the same frequency. We are
interested in how this fluctuation will affect the motion
estimation result from motion tracking. The motion
tracking method we choose for purpose of analysis is the
widely used ‘Center of Gravity’ (COG) derived from first
order Image moments’”. An analytical model is derived
and based on this, a strategy to cancel high frequency

aliased measurements is presented.

2.1. COG of Miniscule Are

We start with defining a miniscule square area,
A, XA, (Fig.3) on the image plane that has uniform
intensity, p. The rest of the image plane is considered to
have zero intensity. We assume that this area undergoes
temporally continuous motions in both the x and y
directions defined by (X(¢), ¥(¢)). The generated continuous
image i (x, y, f) is integrated and sampled in time to obtain
I(x,y,k). The COG in the y direction obtained at time

sample & is obtained from the equation,
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Fig. 3. Miniscule area with uniform intensity moves in x and y
directions.

1-3(k) = [[[y- 1Cx,.5)]-dxdy 0

where on the right hand side is the definition of first-order
image moment, 7 is the total intensity and y(k) denotes the
COG y coordinate at sample k. All derivations are the
same for x thus are omitted. The discrete time image
function 7(x,y, k) is a time integration of i(x,y,?),

therefore (1) becomes,

kT +T,

I-3(k)= “'y _[i(x,y, 1)dt - dxdy )

KT

Switch integration order and reflect the motion of the

square onto the area integration range,

KT +T, Yo+Y(D+A, X+ X (1)+A,

Tyh= | [yp -dxdydr 3)

KT, Yp+Y(1)  Xo+X(1)

Solve and divide by 7=p- A A T, to get,

KT,+T,

T =Y, 434 4o [V @

e kT

The result shows that y(k) is a time average of the
continuous time function Y(f) during the period of
exposure. Further, if you transform the time integration

into a convolution,

B 1 1 7.
y(k):Y()+EAy+F|:Y(t)*HO:| ©)

e

t=kT;

The convolution operation is a multiplication in the

frequency domain. The amplitude of the Fourier Transform

. . .
of the square function Iy is

st

o [LO
=T, s1nc( > ) 6)

a sync function which goes to zero at points where the
condition 7,w/2=mn « w(n=0,x1,---)is satisfied. When
there is periodic motion in Y(f) with the period 7, i.e.

when w=2n/T

m?>

due to the convolution effect, those
motions will be cancelled when the ratio between exposure

time 7, and function period 7, are an integer, i.c.

f:N, N=123,... %

m

is satisfied. The motion Y(f) can be considered as being
filtered by a filter having a sync function as its frequency
response. This means that if the continuous motion Y(¥)
contains periodic motion vibrations, the effect of these
vibrations can be cancelled in y(k) if the exposure time is
appropriately tuned such that cancellation criterion (7) is

satisfied.

2.1.1 COG of General Object

Now we consider a general rigid body object projected
on the image plane (Fig. 4) consisting of an infinite
number of minuscule square areas (Fig.3) with different
intensity values. When the object undergoes motion, all
minuscule areas go through identical motion since the
object is considered rigid. We define coordinate frame {C}
(Fig.4) as a moving one attached to the object at its COG.
{O} is a global reference coordinate frame which is
stationary.

We start with considering each miniscule square of the

rigid object as having its own COG (y-axis), i.e.,



Fig. 4. Image of general object consisting of infinite number minus-
cule areas. {0} denotes the global coordinate frame; {C}
denotes the coordinate frame attached to the moving object
at its COG.

kT,

1,5,(k)= ”y-Uk;% "i(x, p,1)- dt} dydx
Xy *

(n=1.2,..0)

@®

Summing for the whole object area we get,

ifn?n(k)= y-{f::”"i"i(x,y,t)-dt]dydx ©)

* n=l

However the COG y-axis component for the whole area,

y(k), by definition is,

I35 =[] [T ier-at v

KT,

The right hand side of (9) and (10) are identical

therefore,
I-5(k)=Y"1,5,(k) (1)
n=1

Since we assume that the object undergoes rigid body
motion the COG of minuscule area P (Fig.4) can be

presented as,

¥, =07, ()=¢y(k)+ 1y, (12)
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Note that ¢ ¥(k) is common for all n, thus the subscript
is omitted, and -¥, is time invariant for all n. Substitute
(12) into (11),

1-5(k)= [Zln}?y(k) +3'1,53, (13)

Since the origin of {C} is attached at the object COG, the

second term on the right hand side of (13) is zero and since,

(14

~ii

Il
gl
>~

we obtain,

y(k)=gy(k) (15)

The significance of (15) is that it shows the COG
obtained from the whole object is equal to the time varying

portion, ¢¥(k), of the COG for each minuscule area
(Fig.5). And the behavior of the COG of a minuscule area
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Fig. 5. (A) Plot showing regions of sampling, aliasing and exposure
canceling. (B) Dependency of Sampled and cancelable
regions on sampling frequency 7s.
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is such that if the exposure time is appropriately tuned,
periodic motion vibrations that have periods which satisfy
the cancellation criterion (7) will not show up in the
measurement. Thus, the cancellation criterion also applies

to a general object in the image plane.

2.1.2 Cancellation of Aliased Signal

The primary objective of ECF is to cancel the aliasing
of high frequency fluctuations which are either from
motional vibrations or illumination fluctuations. We have
shown that motion tracking measurements of periodic
motions will be cancelled when those motion periods and
exposure time satisfy cancellation criterion (7). This is
done by tuning the exposure time 7. such that (7) is
satisfied for a known fluctuation period 7. However, there
exists a physical limit on the range of achievable exposure
times 7., which is 7, < T, where Ty is the sampling period.
This limits the frequency range of the signals that ECF can
cancel, i.e. only when f, = f; can T, be tuned such that the
cancellation criterion is satisfied.

To explain more clearly, Fig.5(A) shows three distinct
regions in the frequency domain: 1) when the fluctuation
frequency f. is below the Nyquist frequency f;/2, the
signal can be sampled without aliasing; 2) when it is at or
above the Nyquist frequency, the signal will cause hidden
oscillations or will be aliased, both of which are unwanted;
and 3) when it is at or above the sampling frequency f;,
it can be cancelled through ECF. The problem arises when
fs/2 < fu < f; since the signal will be aliased and it cannot
be cancelled. This range is from now on referred to as the
void zone.

In order to resolve this problem, we choose a strategy
of varying the sampling frequency f; which can be done
easily in many modern cameras. The plot in Fig. 5(B)
shows three regions; sampled, cancelable and void zones
and how the range of these regions changes depending on
the sampling rate f;. The strategy is to change both the
sampling period 7 and the exposure time 7.. For example,
when the frequency of the fluctuation is f.1 (Fig. 5(B)),

choose f; larger than 2f,; when sampling is intended. For

cancellation, choose f; smaller than f,; then tune 7, such

that criterion (4) is satisfied for cancellation.

3. Simulation Results

Simulations that verify the analytically derived results
were performed. Object motion was simulated by a square
on the image plane having uniform intensity undergoing
sinusoidal vibration according to the specified frequency
against a zero-intensity background (Fig. 8). This forms the
impingent intensity function i (x, y, f), In order to simulate
its temporal and spatial continuousness, a 800x800 pixel
video sequence with time resolution of 50 micro-seconds
was used. We spatially and temporally integrate this
function within each pixel area and exposure time
respectively to obtain 7 (x, y, k), which is a time sequence
of 40x40 pixel images. The COG motion tracking
algorithm is then applied to the image sequence.

Fig. 6 shows the time plot and a sample image for three

different 7, /T, values. In the time plots, the highly varying
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Fig. 6. Varying T, with constant 7,=55 msec and T, =25 msec.
Left column is time plot of real motion versus motion
tracking result and right column is a sample image at each
respective exposure time.
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plot is the simulated motion, and the circle-dotted line
plots correspond to the estimation results from motion
tracking. In each case, sampling time 7y is 5.5
milliseconds while the motion period 7, is 2.5
milliseconds, thus aliasing occurs in all three cases.
However, the exposure time differs for each case, causing
a change in estimated motion amplitude, and finally the
sinusoidal motion is totally cancelled when 7./ 7, =1
(Fig.6<(c)) as predicted.

Note that as the exposure time is increased, from 7./ T,
=0.2 to 1.0, image blur increases. This is unwanted in
most imaging situations where image clarity is critical.
This does not however disrupt motion tracking with COG
even when the motion is quite large as in the simulation.
However, other motion tracking methods can be degraded
with increasing blur, especially when motion range is
larger. For example, results from Normalized Cross-
Correlation (NCC), for which experimental results are
shown in Sec. V, indicate that the peak correlation strength
is weakened when the amplitude of the periodic vibration
increases.

Fig. 7 compares the analytical model prediction with the
simulation results. The exposure time was varied
incrementally while the motion and sampling periods were
kept constant. It is shown that the simulation results

conform well to the analytical predictions.
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Fig. 7. Comparison of analytical and simulated Amplitude vs. T,/ T,, Plots.
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Fig. 8. Experimental Setup.
4. Experiment Results

Experiments were performed to verify the analytical
predictions and the simulation results. Fig. 10 shows a
diagram describing the experimental setup used. The
periodic motion was generated by a piezo-electric motion
stage (PI. polytech) which was driven by a signal
generator. A micro cantilever (Fig. 12) that was fastened to
the stage was imaged using an optical microscope. A high-
speed CMOS camera (Mikrotron) with variable sample and
exposure times was attached to the microscope to capture
images which were subsequently sent to the image
grabber/processor PC unit for motion tracking..

Pure sinusoidal motion of 65 Hz was commanded into
the motion stage by the signal generator. The motion-stage
which carried the micro cantilever moved in the horizontal
direction orthogonal to the optical imaging axis. The
sample rate of the camera was set at 50 Hz, therefore the
maximum possible exposure time was 1/50 sec. The
exposure time of the CMOS camera was variable with a
resolution that was sufficient for our purposes. The
commanded 65 Hz periodic motion of the micro cantilever
was measured while varying the exposure time. Fig. 9
shows the time plot (left) and frequency domain plot
(right) of the measured motion using COG method, when
the exposure time was at 7.=1/82 sec and 7, =1/ 65sec,
respectively. In both cases the sampling rate was 50 Hz.
When T.=1/82 the 65 Hz motion measurement is aliased
to 15 Hz as can be clearly seen on Fig. 9«(A) (right). The
small peak at 5 Hz represents the third harmonic of the

motion vibration aliased onto the measurement, i.e. 4f-3f,
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Fig. 9. Experimental COG Motion measurement time plot (left) and
frequency domain plot (right) when T,=1/65 sec, T,=1/50
sec and (A) Te=1/82 sec (T./T,=0.793), (B) T.=1/65 sec
(T./ Tu=1).

=5Hz. Apparently, the sinusoidal motion commanded by
the signal generator is not totally pure and has higher
harmonics. However, when 7,=1/65 sec, criterion (7)
was satisfied, i.e. 7./ T, =1, and the aliased signal was
practically cancelled (Fig.9-(B), right). The aliased third
harmonic at SHz has also disappeared as is expected, since
it corresponds to 7./ T, =3, which also satisfies the
cancellation criterion (7). There still remains oscillating
components in the time plot of Fig.9-(B) that can be seen
as the very small peaks in the frequency plot Fig.9(B)
(right). They are from electronic noise and from remnant
15 Hz oscillation. The remnant 15Hz peak is due to the
limitation of accuracy with which the exposure time can be
controlled. However, the impact of the remmnant peak is
negligible as its magnitude is comparable with other
electronic noise sources. Finally, the slowing varying
component remaining after the cancellation shown in the
time plot of Fig.9+(B) is from thermally induced structural
drift between the camera and object.

Fig. 10 shows a similar experiment for motion measure-
ment, in this case using the Normalized Cross-Correlation
(NCC) method™. NCC is a well known and widely used
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Fig. 10. Experimental NCC Motion measurement time plot (left) and
frequency domain plot (right) when T, =1/65 sec, T,=1/50
sec and (A) T,=1/199 sec (T,/T, = 0.322), (B) T.=1/65
sec (T./ T, =1).

technique for motion tracking. Again, the 65 Hz motion
was aliased to 15 Hz (Fig.10+(A), right), however was
practically cancelled when T,=1/65 sec (Fig.10(B)) and
criterion (4) was satisfied. Again the remnant peak in the
frequency plot again is seen but with negligible effect.
Also the slowly varying component in the time plot
(Fig.10-(B)) accounts for thermal drift.

Fig. 11 shows that experimental results conform well to
the analytical model. The exposure time was varied in
twelve steps for both COG and NCC, and the measured
amplitude was compared with the analytical prediction.

Fig. 12 shows images taken for a micro cantilever when
the exposure times were at 7,=1/199 sec and 7.=1/65
sec, respectively. As was shown in the simulations, when
the exposure time is increased the image of the object is
more blurred. The image on the left is clearer especially
on the edges compared to the one the right. In the case of
COG, image blur does not disrupt motion tracking even
when the motion is quite large. However, in the NCC
method, object position is determined by finding the peak
of a correlation function between a predefined model

image of the object and the target image presumably
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Fig. 12. Images of a micro cantilever vibrating at 65 Hz along the
horizontal y-direction. The camera sample rate is 50 Hz and
exposure times are T,=1/199 sec (left) and T,=1/65 sec
(right).

containing the object

. The object in the target image will
increasingly blur with increasing exposure time and
increasing motion amplitude, which will weaken the peak
correlation strength. When dealing with relatively small
structural vibrations this effect is not a concern, however
further considerations are recommended for larger motions.

Creating a blurred model image based on known motion

periods is a possible solution.

5. Conclusions and Remarks

This paper presented a novel method ECF that can be
applied to visual motion tracking and that can cancel the
temporal aliasing of periodic vibrations and fluctuations in

illumination through the control of exposure time. Based
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on a theoretical analysis of the mechanism of image
exposure a cancellation criterion was established. Along
with the cancellation criterion, a simple method was
developed, in which the image exposure time is controlled
to cancel temporally aliased motion tracking measurements
induced by high frequency periodic vibrations and
fluctuations. The method can be useful inside a visual
servo framework functioning as an antiuliasing filter for
canceling the aliasing of high frequency oscillations. This
method can be applied especially to microscopic imaging
systems that suffer from structural vibrations, a common
problem in such systems where mechanical solutions are
either too expensive or cannot achieve the required
precision. Any other vision systems where conventional
optical image stabilization techniques are either not
feasible or too expensive are also good candidates for

application.

2]

i

A
ret

[1] B. Porat, “A Course in Digital Signal Processing,”
John Wiley & Sons, 1997.

[2] W.T. Freeman, D.B. Anderson, P.A. Beardsley, C.N.
Dodge, M. Roth, C.D. Weissman, W.S. Yerazunis,
W.S., Kage, H., Kyuma, K., Miyake, Y.; Tanaka,
K., “Computer Vision for Interactive Computer
Graphics”, IEEE Computer Graphics and Appli-
cations, Vol.18, Issue3, pp.42-53, May-June 1998

[3] L. Di Stefano, S. Mattoccia, M. Mola,” An
efficient algorithm for exhaustive template matching
based on normalized cross correlation,” Image
Analysis and Processing, 2003. Proceedings. 12th
International Conference on 17-19 Sept. 2003 pp.
322-327

[4] BKP Horn, “Robot Vision”, The MIT Press,
Cambridge, MA, 1986

[5] R. Kurazume, S. Hirose, ‘“Development of image
stabilization system for a remote operation of
walking robots,” Proc. IEEE Int. Conf. on Robotics
and Automation, pp.1856-1861, 2000.

[6] J.S. Jin, Zhigang Zhu; Guangyou Xu, “A stable

vision system for moving vehicles,” Intelligent



26 Z9}3] =74 A6 A1 (2011, 3)

[7]

(8]
(9]

Transportation Systems, IEEE Transactions on
Vol.1, Issuel, March 2000 pp.32-39

Canon: US Patent #6,606,456, “Imageshake correc-
ting device” (Fujinaga; Nobuhiro, 2002).

Mikrotron; http://www.mikrotron.de

J. Kim, SK. Kuo, C.H. Meng, ”An Ultra Precision
Six-Axis Visual Servo Control System,” IEEE
Transactions on Robotics, to appear in October
2005 issue.

[10] J. Kim, C. H. Menq, “Visually servoed 3D

alignment of multiple objects with sub-nanometer
precision,” IEEE Trans. Nanotechnol., Vol.7, No.3,
pp-321-330, May 2008.

2010~ A ZAdd gt W7lE
Y2383 AAFAL

A Eof : Precision Motion Control, Machine Vision




<<
  /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 /Remove
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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


