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Abstract

The idea of the present work was to investigate general features of the vertical travel of the treatment
table in different configurations and the limitations of an optimised alignment. The investigations were
carried out on two tables for different load cases, lateral positions and turntable angles. A wire was
held vertically nearby the rotational axis of the table. The wire was used as reference in the investi-
gations. A digital USB-microscope was attached to the tabletop. An orthogonal set of images of the
wire was acquired at different vertical table positions. By analysing the images the vertical travel
accuracy of the table was extracted. The two tables were found to travel linearly with the same char-
acteristics over the full range of 110 cm with deviations less than 0.5 mm relative to a straight line. A
divergence from a vertical travel above 0.5 mm was found to originate from misalignment. An align-
ment procedure to attain the optimal vertical performance with a minimum of inclination was pre-
sented. This procedure must be relayed on objective measured data of the travel with uncertainties far
beyond 0.5 mm. Our suggested experimental method was found to have the potential to obtain the
required data.
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INTRODUCTION

The vertical travel accuracy of the treatment
table is an important issue especially for patients
aligned at a table height different from the
height at which the treatment is given. Norm-
ally, the alignment is carried out by matching
external markers on the patient immobilisation
system or the skin of the patient to the sagittal,

coronal and vertical laser lines. If the isocentre
of the treatment is planned to be inside the
patient, the table is moved to bring the planned
isocentre inside the patient to coincide with the
isocentre of the accelerator. For isocentric treat-
ments, the image-based verification for correct
patient position is preferably performed at the
position used for the treatment. Treatments
planned at large source-skin distances (SSD),
the image-based verification of the patient posi-
tion become inconvenient due to limited space
and the risk of collision with the image system
and the patient. For large SSD treatments, the
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image verification must be carried out at
another tabletop position than the position at
which the treatment is delivered. Therefore,
the position at which the patient actually is trea-
ted at large SSD depends on the travel accuracy
of the treatment table. A quality assurance pro-
cedure on regular basis is required to verify the
precision and stability of the vertical travel. The
procedure should include a description of how
to improve the vertical travel by adjustments.
However, the development of the procedure
requires a general understanding of the features
and limitations of the treatment table perform-
ance. As a first step, we present a new experi-
mental method to evaluate and optimise the
vertical travel accuracy of the treatment table.
Previously, a simple and efficient method to
measure the inclination of the treatment table
axis against the vertical axis has been investi-
gated using a three-axis gauge1. The vertical
room laser lines were used as reference.

This publication describes an optical method
based on a digital USB-microscope as the
detector and a vertical wire as the reference.
The experimental setup is simple and the mea-
surements are easy to perform. The position of
the tabletop is extracted from analyses of the
acquired images of the wire. The uncertainty
in the position detection method has a standard
deviation around 0.02 mm.

MATERIALS AND METHODS

Two Elekta (Elekta�, Sweden) Precise Tables
installed at accelerator 1 (Ac1) and 4 (Ac4) at
our hospital were included in the study. The
tables were identified as product no. MRT
5071, serial no. 12 5624 (Ac1) and 12 5783
(Ac4). Both tables were installed in a shallow
pit concrete cavity. The tabletops were a prod-
uct of Medical Intelligence Medizintechnik
GmbH (Elekta�, Sweden), iBEAM�evo
Couchtop EP, P10105-148, serial no. 02 1506
(Ac1) and 02 2982 (Ac4). The vertical reference
was created by a 200 g plumb bob hanging in a
wire (a fishing line) with the diameter Ø0.35
mm attached via a magnet to a crane bar of steel
situated in the ceiling of the treatment room. A

glass filled with washing-up liquid to prevent
oscillations of the plumb bob was placed on
the floor. The gantry arm of the accelerator
was turned away from 0� to give room for the
wire. Also, the gantry angle was adjusted if
necessary to allow a full vertical travel of the
treatment table in each setup. In Figure 1 the
setup of the wire relative to the treatment table
is shown. The effect caused by the patient was
simulated by applying an external force to the
tabletop in terms of weights to 0, 40 and 80 kg.

A fixed room (x, y, z) and a rotated table (x0,
y0, z0) coordinate system are introduced in
agreement with IEC 612172. The table
coordinate system is rotated by the turntable
angle � relative to the room system. The origin
of both systems is located on the table rotational
axis at the isocentre height z ¼ 0.0 cm. The
definition of the two coordinate systems and
turntable angle is shown in Figure 2(a). The
table height z was varied over the full travel of
110 cm. At turntable � ¼ 0�, the vertical travel
of the table was investigated at the lateral posi-
tions �25.0, 0.0 and 25.0 cm. The definition
of the lateral positions of the tabletop is dis-
played in Figure 2(b). Also, the vertical travel
was examined at turntable � ¼ �90� and 90�
with the lateral position at 0.0 cm.

A reference point was chosen nearby the wire
on the superior end of the tabletop at the posi-
tion r0R ¼ ðx0R; y 0R; z 0RÞ relative to the table sys-
tem with x0R ffi 0:0 cm, y 0R ffi �7:0 cm < 0.0
cm and z 0R ffi 0:0 cm. The position of the refer-
ence point at any height is denoted r0 ¼ (x0, y0,
z0). Hence, the vertical travel of the table is
defined as the relative change given as Dr0 ¼
r0 � r0R. Furthermore, the rotation of the refer-
ence point around the z-axis as function of the
table height z is assumed to be negligible. Thus,
the movements of the reference point would be
the same as if the reference point virtually was
positioned on the wire at y 0R ffi 0:0 cm.

A USB-microscope was used previously in
experimental studies of treatment tables.3,4

This work was based on the same microscope
and the same method of image analyses as
described in previous studies. The measuring
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system included a vertical wire positioned at the
rotational axis (z) of the table and a USB-
microscope attached to the tabletop. An image
of the wire at large field of view4 was acquired
at different table configurations. In order to
achieve Dx0 and Dy0 data, two orthogonal posi-
tions of the USB-microscope were used: (1)
image plane parallel to the (x0, z0)-plane and
(2) image plane parallel to the (y0, z0)-plane.
The acquired images were calibrated and posi-
tion data of the tabletop were extracted. The
self-consistent calibration correction method4

was applied in the calibration process of the
images.

THEORY

Rotational symmetry of the mechanical struc-
ture is assumed. The lateral position of the
tabletop is 0.0 cm. Thus, the alignment of the
iso-rotation base frame can be made to fulfil
the properties

Dx0ðz; �Þ ¼ Dx0ðz;��Þ; ð1Þ
and
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Figure 1. Schematic diagram showing the treatment table and the reference system defined by the wire. The plumb bob is seen

immersed into the liquid in the glass. The tabletop is shown at isocentre height z ¼ 0.0 cm approximately 125 cm above floor level.

The longitudinal position of the tabletop was 30.0 cm. The wire was positioned within a few millimetres from the table rotational

axis. The distance between the wire and the superior end of the tabletop was 7 cm. A force F was applied 38 cm from superior end of

the tabletop. The figure is based on Figure 14 at doi: 10.1088/0031-9155/55/24/014. Reproduction was permitted by IOP

Publishing Ltd.
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Dy 0ðz; �Þ ¼ Dy 0ðz;��Þ: ð2Þ

However, (1) and (2) are inadequate to ensure a
vertical travel. From an ideal point of view, the
vertical travel should obey

@r0ðz; �Þ
@z 0

¼ ð0; 0; 1Þ; ð3Þ

for all � and z. This requirement given in (3)
cannot be fulfilled due to deviations from a lin-
ear travel and hysteresis effects. A linear approx-
imation of the vertical travel of the table around
the reference height z ¼ zR is our suggestion to
an alignment criterion of the table. This
criterion is formulated in (3) by replacing z
with zR.

Let the position Dr0 ¼ (Dx0, Dy0, Dz0) turn
into D~r0 ¼ ðD~x0;D~y 0;D~z 0Þ after adjustment of
the iso-rotation base frame with the angles c
and � representing rotation around the x- and
y-axes, respectively. The adjustment is
described by three rotations in terms of three
matrices. These are given by

RxðcÞ ¼
1 0 0

0 cosc � sinc
0 sinc cosc

2
4

3
5; ð4Þ

Ryð�Þ ¼
cos� 0 � sin�
0 1 0
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2
4

3
5; ð5Þ

y′

x′

y

x

E

F

θ

z

(a)

z z z

E
E

E

F F F

(i ) ( ii) (iii)

(b)

Figure 2. Lifting mechanism (light-blue) and tabletop (gray) seen from above. The iso-rotation arm is not displayed. The

quantity E denotes the eccentric rotational axis. The force F was acting in the longitudinal and vertical symmetry plane

of the tabletop. The distance between the z- and E-axes is 100 cm. (a) The definition of the coordinate systems (x, y,

z), (x0, y0, z0) and the turntable angle � appear from the figure. The y-axis is towards the gantry. The tabletop is shown

at the lateral position 0.0 cm. (b) Three different lateral positions of the tabletop are shown: (i) �25.0 cm, (ii) 0.0 cm and

(iii) 25.0 cm.
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and

Rzð�Þ ¼
cos � � sin � 0

sin � cos � 0

0 0 1

2
4

3
5: ð6Þ

The relation between Dr0 and D~r0 is given by

D~r0 ¼ Rzð��Þ �RxðcÞ �Ryð�Þ �Rzð�Þ � Dr0: ð7Þ

Assuming c and � are small angles, sin c ffi c,
sin � ffi �, cos c ffi 1 and cos � ffi 1, then (7)
reduces to

D~r0 ¼ Dr0 � dr0; ð8Þ

where dr0 ¼ (�Dz0, cDz0, 0). The angles that
the iso-rotation base frame has to be adjusted
to achieve alignment at the turntable angle � is
calculated from the projection on the x0- and
y0-axis of the partial derivative with respect to
z0 of Rz(�) · Dr

0. The result is given by

c ¼ arctan
@x0ðzR; �Þ

@z 0
sin �þ @y 0ðzR; �Þ

@z 0
cos �

� �
; ð9Þ

and

� ¼ arctan
@x0ðzR; �Þ

@z 0
cos �� @y 0ðzR; �Þ

@z 0
sin �

� �
; ð10Þ

where the values of c and � depend on the
turntable angle �. By using (9)�(10), the cor-
rections necessary to be done in order to fulfil
the symmetry conditions (1) and (2) at the
two � angles �90� and 90� are calculated. The
corrections are found as the mean values of c
and � at the two � angles to give

copt ffi
1

2

@x0ðzR; 90�Þ
@z 0

� @x0ðzR;�90�Þ
@z 0

� �
; ð11Þ

and

�opt ffi 1

2

@y 0ðzR;�90�Þ
@z 0

� @y 0ðzR; 90�Þ
@z 0

� �
: ð12Þ

In (11) and (12), it was assumed that the par-
tial derivatives are small, i.e., tan x ffi x. For an
optimal aligned treatment table, one will find
using (11) and (12) that copt ¼ 0� and �opt ¼
0�. The alignment criteria stated in (11) and
(12) deviates from the one given in the Elekta
Precise Table Installation Manual. According
to the manual, the iso-rotation arm is levelled
using a spirit level along x0- and y0-axes at the
turntable angles � ¼ �45� and 45�. Then the
base frame is attached to the foundation, after
which the lifting mechanism is mounted on
the iso-rotation base frame, see Figure 3. The
two methods are equivalent if a symmetry
around � ¼ 0� in the elastic properties of the
attachment of the iso-rotation base frame
to the foundation and the foundation itself is
present.

The rotation angles VA and VB of the nuts at
the positions A2, A1, B1 and B2 to adjust the
iso-rotation base frame are given by

VA=B ¼ ‘c� wn�

s
; n ¼ 1 or 2 ; ð13Þ

where þ and � refer to A and B side,
respectively, s ¼ 2.5 mm/360� is the thread
pitch of the M20 nuts, the values of w1, w2

and ‘ are given in the figure caption of
Figure 3. If the values of c and � found
using (9) and (10) are inserted in (13) per-
fect alignment is achieved at one particu-
larly turntable angle �. By applying (11)
and (12) instead results in a compromised
alignment.
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RESULTS AND DISCUSSION

Table data for turntable angle � ¼ 0� with no
external load applied are shown in Figure 4(a).
The data were measured for both tables on 14
February, 2011. The position was measured
over the full vertical travel of the table in small
steps of 2.5 cm in downward direction starting
at maximum height 49.5 cm (Ac1) and 48.8
cm (Ac4) down to �60.0 cm. Both tables
seem to perform equally. The main difference

originates in the alignment of the iso-rotation
base frame. The Dx0 data have a characteristic
bending while the Dy0 data are linear apart
from the table height z in the region around
47.5 cm to maximum height.

The data shown in Figures 4(b) and 6(a) were
measured on 7 October, 2008 (Ac1) and 2 July,
2008 (Ac4). In these measurements, the table-
top was moved both upward and downward.
Straight lines connect the data points in each

y

x

w1

w2

A2 A1 B1 B2

C0

θ

Figure 3. Iso-rotation base frame seen from above. The gray part (base frame) is fixed to the foundation with double M20 nuts at

each four positions denoted A2, A1, B1 and B2. Levelling of the unit is performed by adjusting the nuts. According to the

Elekta Precise Table Installation Manual, the A2 and B2 nuts are tighten to 160 Nm while A1 and B1 are tighten to 10 Nm.

The edge C0 is standing on the bottom of the pit. The orange part is called the iso-rotation arm. This part is also shown in

Figure 1. The rotation of the arm is limited to � ¼ [�100�; 100�]. The lengths are w1 ffi 200 mm, w2 ffi 550 mm and ‘
ffi 578 mm.
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series of measurements, Figures 4(a) and 6(b).
The table heights were varied in large steps as
z ¼ (�60.0, �30.0, 0.0, 25.0, zmax) cm with
zmax found to be 50.0 cm (Ac1) and 48.8 cm
(Ac4). A comparison of the data shown in
Figure 4 concludes that Dx0 data of Ac1 are
unchanged. Other data are slightly different.
According to our files, the iso-rotation base
frame had been adjusted on Ac4 in September

2010. The adjustment was carried out by using
the cross wire generated by the light field of
the accelerator as reference. No adjustments of
the iso-rotation base frame of Ac1 have been
performed. We believe that the difference in
the Dy0 data of Ac1 is due to a drift in the
attachment of the four bolts to the foundation.
This effect is mainly caused by the net weight
of the table unit (832.5 kg) attached to the
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Figure 4. Measured data of the tabletop movements relative to the wire at different table heights Dz. The turntable angle was held at
� ¼ 0� and no external loads were applied. The red and blue curves denote Ac1 and Ac4 data, respectively. The markers & and �

denote Dx0 and Dy0 values, respectively. (a) The data represent upward tabletop movements only. The black curves are polynomial fit
of first and second degree. All displayed data were measured on 14 February, 2011. (b) Data for both upwards and downwards

movements of the tabletop are shown. The displayed data were measured on 7 October, 2008 (Ac1) and 2 July, 2008 (Ac4).
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iso-rotation arm. In conclusion, the shape of the
curves was stable over almost a period of three
years.

In Figure 5(a) the Dx0 values are displayed
for different values of the lateral tabletop posi-
tion and load. The Dx0 data representing the
lateral position 0.0 cm seem to be independent
of the external load. The data measured at
�25.0 cm in the lateral position are symmet-
rical around the data found at the lateral posi-
tion 0.0 cm. The shift in the shape of the Dx0

data is caused by a change in the weight
distribution of the table. When a movement
of the tabletop in the lateral direction is carried
out, the weight of the longitudinal/lateral car-
riage assembly (ffi200 kg) is moved accord-
ingly. The displacement in the Dx0 data due
to the weight of the carriage and the external
applied load is in good agreement with the
linear theory of elasticity.

Measurements of Dy0 are shown in Figure 5
(b). An external applied load courses a negative
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Figure 5. Tabletop movements relative to the wire at different table heights Dz. The displayed data were measured on Ac4 on 2

July, 2008. Curves representing 0 kg (green), 40 kg (blue) and 80 kg (red) are shown at the lateral table positions �25.0 cm

(/), 0.0 cm (�), and 25.0 cm (.). (a) The x0-direction. (b) The y0-direction.
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rotation around the x0-axis of the vertical travel
of the table. The Dy0 data were expected to be
equal at the lateral positions �25.0 cm and
25.0 cm. The asymmetric effect might be due
to an asymmetric construction of the lifting
mechanism.

Measured data describing the vertical travel of
the tabletop for turntable � kept at �90�, 0� and

90� are shown in Figure 6(a). In Figure 6(b),
the result after an optimal adjustment of the
iso-rotation base frame is displayed. In the figure
caption the correction values of copt and �opt are
given. The vertical travel data after the adjust-
ment is calculated via (7) or (8). The adjustment
of the nuts is calculated by using (13). After an
optimised table alignment, the Dx0 and Dy0 data
become equal at turntable angles �90�, 0� and
90� and (1) and (2) are obeyed. This feature
was observed for both tables.

CONCLUSIONS

The mechanical structure inside the lifting
mechanism is asymmetric around the y0-axis.
The asymmetry includes the bars the mechan-
ism is built of and a two-stage asymmetric spin-
dle system moving the table up and down. The
asymmetry causes a nonlinear vertical travel in
lateral direction of the table. The effect is
enhanced if the lateral position of the tabletop
is moved towards the negative direction of the
x0-axis. The variations of the position data for
up and down movements are small and compar-
able with the uncertainty in the measurements.
Therefore, a hysteresis effect of the tables was
not detectable.

Generally, the vertical travel of the two treat-
ment tables was found to have the same charac-
teristics in the Dx0 and Dy0 data. We believe that
the data presented here represent the general
characteristic of the Elekta Precise Table. We
found deviations less than 0.5 mm from a
straight line in all our experiments. In conclu-
sion, the lifting mechanism of the table per-
forms well with the capability to fulfil the
tolerance of 2 mm as stated in the AAPM
TG�40 report5.

By adjusting the iso-rotation base frame, a
vertical travel with little inclination is achiev-
able. The inclination adjustment of the Ac1
and Ac4 tables could be further improved by
using shims between the table support system
and the iso-rotation arm. This would compens-
ate for rotation around the x0- and y0-axes. This
method of compensation is time consuming and
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Figure 6. The data are displayed as Dx0 (magenta) and Dy0

(cyan) at turntable angles � ¼ �90� (.), � ¼ 0� (4) and �
¼ 90� (/). The external load was 80 kg and the lateral position

was 0.0 cm. For � 6¼ 0�, position data were measured at only

three heights. (a) Tabletop movements measured at Ac4 on 2

July, 2008. (b) The results after optimisation of the data in

Figure 6(a) by using copt¼�0.029� and �opt¼0.003� in (7).
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should only be carried out if there is a clear
need from a clinical or technical point of view.

Often the quality assurance of the vertical tra-
vel of the treatment table is based on a visual
and subjective method relative to light field
projection of the cross wire of the accelerator
on the tabletop. In this work, an objective
method has been proposed to detect the vertical
travel accuracy of the table. Also, the possibility
and the limitations of improvements of the
inclination have been discussed.
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for determining the alignment accuracy of the treatment

table axis at an isocentric irradiation facility. Phys Med

Biol 2001; 46:N19�N26.

2. IEC. Radiotherapy equipment - Coordinates, movements

and scales. IEC 61217; International Standard, Interna-

tional Electrotechnical Commission (IEC); Geneva;

1996. First edition.

3. Riis HL, Zimmermann SJ. Elekta Precise Table character-

istics of IGRT remote table positioning. Acta Oncol

2009; 48:267�270.

4. Riis HL, Zimmermann SJ, Riis P. Isocentric rotational

performance of the Elekta Precise Table studied using a

USB-microscope. Phys Med Biol 2010; 55:7597�7614.

5. Kutcher GJ, Coia L, Gillin M, Hanson WF, Leibel S,

Morton RJ, Palta JR, Purdy JA, Reinstein LE, Svensson

GK, Weller M, Wingfield L. Comprehensive QA for

radiation oncology: report of AAPM radiation therapy

committee task group 40. Med Phys 1994; 21:581�618.

123

An experimental study of the vertical travel accuracy of the treatment table used in radiotherapy

https://doi.org/10.1017/S1460396912000106 Published online by Cambridge University Press

https://doi.org/10.1017/S1460396912000106


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 150
  /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 400
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


