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Investigation on Effect of Image Lag in Fluoroscopic Images
Obtained with a Dynamic Flat-panel Detector (FPD)
on Accuracy of Target Tracking in Radiotherapy
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Real-time tumor tracking in external radiotherapy can be achieved by diagnostic (kV) X-ray imaging
with a dynamic flat-panel detector (FPD). The purpose of this study was to address image lag in target
tracking and its influence on the accuracy of tumor tracking. Fluoroscopic images were obtained using a
direct type of dynamic FPD. Image lag properties were measured without test devices according to IEC
62220-1. Modulation transfer function (MTF) and profile curves were measured on the edges of a moving
tungsten plate at movement rate of 10 and 20 mm/s, covering lung tumor movement of normal breathing.
A lung tumor and metal sphere with blurred edge due to image lag was simulated using the results and
then superimposed on breathing chest radiographs of a patient. The moving target with and without image
lag was traced using a template-matching technique. In the results, the image lag for the first frame after
X-ray cutoff was 2.0% and decreased to less than 0.1% in the fifth frame. In the measurement of profile
curves on the edges of static and moving tungsten material plates, the effect of image lag was seen as
blurred edges of the plate. The blurred edges of a moving target were indicated as reduction of MTF.
However, the target could be traced within an error of = 5 mm. The results indicated that there was no
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effect of image lag on target tracking in usual breathing speed in a radiotherapy situation.

INTRODUCTION

Real-time tumor tracking in external radiotherapy can be
achieved by diagnostic (kV) X-ray imaging with a dynamic
flat-panel detector (FPD).'> These FPD systems are expect-
ed to solve the problems of low image contrast and quality
seen in megavoltage imaging. However, there are still a
number of factors that reduce the accuracy of target tracking
in external radiation therapy. In terms of image quality,
image lag, ghosting, image noise, contrast, and resolution
are thought to effect on the accuracy of tracking. Image lag
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and ghosting which may induce blurring on the contours of
a moving target, especially need a lot of attention. Lag is the
carryover of image charge generated by previous X-ray
exposures into subsequent image frames. Ghosting is the
change of X-ray sensitivity, or gain, of the detector as a
result of previous radiation exposure. Lag and ghosting in a-
Se FPDs are determined by the properties of both the a-Se
layer and the active matrix.*> Previous studies indicated that
primary a-Se FPDs showed a lag in the first frame after X-
ray exposure of less than 5%.%% Modifications in the tech-
nology of the a-Se detectors appear to have resulted in
marked decreases in both lag and ghosting effects in more
recent systems.'®'? Recently, several methods for measur-
ing temporal modulation transfer function (MTF) and detec-
tive quantum efficiency (DQE) have been proposed and the
properties of FPDs used in dynamic imaging have been
reported."*'> However, there have been no studies regarding
image qualities affect motion tracking by dynamic imaging
with FPDs. In external radiotherapy, there is concern regard-
ing the relationship between image quality and total patient
dose during real-time tumor tracking, because it is necessary
to optimize imaging parameters in each patient to keep
patient dose as low as possible while maintaining tracking
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accuracy. Here, we investigated image lag and MTF during
target tracking in external radiotherapy. The purpose of this
study was to address its influence on the accuracy of tumor
tracking.

MATERIALS AND METHODS

Imaging devices and geometry

Dynamic images were obtained using a dynamic FPD
system (SONIALVISION Safirell; Shimadzu, Kyoto, Japan).
The system was developed for real-time target tracking in
three dimensions for external radiotherapy and it was limited
to 1.0 m in the source-to-image distance (SID) (Fig. 1). The
FPD was a direct type consisting of an a-Se/TFT imaging
array and the maximum imaging rate was 30 frames per sec-
ond (fps). In this study, one of the FPDs was examined. The
experiments were performed according to IEC 62220-1 stan-
dard.'® The matrix size was 1024 x 1024 pixels, the pixel
size was 248 x 248 um, field of view was 25.4 X 25.4 cm,
and the grayscale range of the images was 16 bits, which
was proportional to the incident exposure in the FPD.

Lag measurement

Lag measurement experiments were performed at a stan-
dard X-ray spectrum without grid IEC RQAS; 70 kV, 23 mA,
4 ms, 3.2 mR). After irradiation more than 10 times, the X-
ray was cutoff and images continued to be read out and
stored. IEC 62220-1-3 standard shows two requirements in
the number of stored images; one is a power of 2 and the
other is stable mean pixel value in the obtained images, and
recommends acquisition of 64 images.'” However, in the

Texpose

present study, 32 images were stored due to system limita-
tions. Note that the image sets were confirmed to fulfill the
requirements, i.e., stability of mean pixel values. The region
of interest (ROI) measuring 256 X 256 pixels was located
manually on the detector center and average pixel value was
measured using Image-J ver. 1.42 (http://rsb.info.nih.gov/ij/)
(Fig. 2). Image lag can be defined as the carryover of trapped
charge generated by X-ray exposure into subsequent image
frames acquired with no X-ray exposure, and that in the nth
frame (L,) can be calculated as follows:¥
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Fig. 1. Geometry of the FPD system evaluated in this study.

Added filter and a tungsten plate were set in contact with the X-ray
tube and the detector surface, respectively. Source-to-image dis-
tance was limited to 1.0 m in the system which was evaluated in
this study.
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Fig. 2.

Imaging chart and images obtained. Images were read after exposure. The squares show the region of inter-

est (ROI) for measuring pixel values to determine image 1ag. Texposures Tcharges and Treaq are the time for exposing X-ray,

charging and reading electric charge, respectively.
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Ln=(5"_B]><100 1)
S,—B
where S, and Sy are the average pixel values measured in
ROI in frame number n and the 0™ frame acquired immedi-
ately following X-irradiation and cutoff, respectively. The
term B is the pixel value measured in the background image,
which was obtained without any radiation. Three sets of
images were evaluated and the average L, value was calcu-
lated in each nth frame from X-ray cutoff.

MTF measurement

A tungsten plate with a precision edge (thickness, 1 mm;
size, 10 X 10 cm; IEC standard) was mounted onto a motor
control device, which provided a constant velocity. The plate
was positioned in such a way that the edge was slightly (~2°)
tilted with respect to the axis of the image matrix.'® The
plate was moved into the detector in contact with the detec-
tor surface. Figure 3 shows imaging chart and images of a
tungsten plate. The movement rate was 10 and 20 mm/s,
covering lung tumor movement of normal breathing. Imag-
ing was performed under conditions of target tracking in
external radiotherapy in our center (15 fps, 70 kV, 23 mA,
4 ms). Images of the static plate were also obtained for com-
parison between the results in dynamic and static states. In
the present study, the edge in the direction of movement was
referred to as the “edges covering the detector,” and those in
the opposite side were referred to as the “edges uncovering
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the detector.” Profile curves of average pixel values in 50
rows were obtained in both edges covering and uncovering
the detector, to evaluate image blurring visually and quanti-
tatively. Subsequently, ROIs of 256 x 256 pixels were located
on the edges covering and uncovering the detector. The
frame with the edge closest to the detector center was used
to calculate the MTF. For determination of MTF, the method
given in the IEC standard was used.'® The standard process
of derivation of the edge spread function (ESF) to obtain the
line spread function (LSF) and subsequent fast Fourier trans-
form to obtain the presampled MTF was applied. The mea-
surement was performed by using the analysis tool Kkit,
which was provided in the digital radiography seminar held
by image research group of Japanese society of radiological
technology.

Creation of simulated images
(i) Creation of a target

A digitally generated lung nodule and metal sphere were
used as a target in this study. The phantom of the lung nod-
ule was created based on Gaussian distribution as follows:

_ 1 RTINS
f0)= e 55) (02 <X) 2)
where x is the distance from the center of the Gaussian dis-
tribution, W is the mean displacement and ¢ is the standard
deviation. In this study, X and ¢ were 120 and 25 pixels,
respectively, to create a round target of 1 cm in diameter at
75% value width, and | was determined by multiplying the

rea

Fig. 3.
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Imaging chart and images of a moving tungsten plate (70 kV, 1.4 mAs, 15 fps, attached Al filter 4 mm). The

squares show the region of interest (ROI) to measure MTF. Texposure, Teharge, and Treaq are the time for exposing X-ray,

charging and reading electric charge, respectively.
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process number of frames and a movement rate in units of  get in the nth frame 7(n) is described as:
ixels/f . The target inserted ont hest radi h

pixels/frame. The target inserted onto a chest radiographs T(n)= Px f(x), 3)

was observed as a round tumor of about 1 cm in diameter.

The targets moving at rates of 10 mm/s and 20 mm/s were  where P is the pixel value at the center of the target, which

displaced by 2.7 and 5.4 pixels/frame, respectively. The tar-  was determined based on the pixel value of soft tissues
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Fig. 4. Process of creating a digital phantom. (a) The lung tumor of 1 cm in diameter with image lag, moving at a rate of 10 mm/s
(X=120,06=25,u=2.7 X k, 0<k<5), with half bandwidth of the distribution given by 60 pixels, and (b) a metal sphere of 3 mm
in diameter, with a well-defined edge. The bold and solid lines show simulated target with image lag (n = 4), Ti,s(4). Results image
of the lung tumor (c) without and (d) with image lag, and a metal sphere (e) without and (f) with image lag, respectively. The direc-
tion of movement is diagonally downward to the right.

c|d

Fig. 5. Simulated images with (a) a lung tumor and (c) a metal sphere in the right lower lung (n = 0) and the
enlarged images of (c) the lung tumor and (d) the metal sphere surrounded by the solid squares.
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around the insert position. In addition, to investigate an
influence of the target shape on the accuracy of target track-
ing, the digital phantom of metal sphere was created as a cir-
cle with a well-defined edge, high pixel value, and 3 mm in
diameter.
(ii) Simulation of image lag

A moving target in the nth frame Tj,(n) was simulated
using the results of lag measurement as follows:

T (M) =T(n)+ > {T(n—k)XL} )
k

where k is the frame number going back from the n™ frame
of interest, and Ly is the image lag (%) calculated by Eq. (1).
The computation was repeated while Ly was greater than 0.1.
Figures 4a and 4b show the process of creating a target with
image lag. Figures 4c to 4f show targets with and without
image lag created by this method.
(iii) Creation of target trajectory

The images of the lung nodule and metal sphere were dig-
itally added into chest images of a patient during respiration
obtained with the FPD system, as shown in Figs. 5a and 5b,
respectively. Approval for the study was obtained from our
institutional review board, and the subjects gave written
informed consent prior to participation. The path of the tar-
get was determined based on the distinguishable shadows of
pulmonary vessels around the position where the digital lung
nodule and metal sphere were inserted in the image. Figure
6 shows the trajectory of the shadows of pulmonary vessels
in the lower right lung, which was measured manually by
one medical physicist (R.T.) with clinical experience in diag-
nostic imaging. The measurements were performed three
times and the average was adopted as the benchmark in the
evaluation of the accuracy in target tracking. The movement
speed was simulated in two patterns, 10 mm/s and 20 mm/s,
covering the range of lung tumor movement in normal
breathing.

Trace of a moving target

The targets in the simulation images were tracked by a
template-matching technique.'® The targets without back-
ground image were also evaluated to investigate influence of
the background images. The summation of differences in
pixel value (R) between the search area in the next frame, S
(x + dx, y + dy), and template in the current frame, 7 (x, y),
was expressed as follows:

N M
R=YY[S(x+dx,y+dy)~T(x,y) | (5)

y=0 x=0

O<x<M0<y<N,-10<dx<10,-10 < dy < 10)

M and N are the size of the template, and dx and dy are the
search range. The smallest R value was obtained when there
were more similarities in the search area and template. The
amount of shift (dx, dy) in the search area was determined
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Fig. 6. Trajectory of target determined based on the distinguish-
ing shadows of pulmonary vessels around the inserted target on
breathing chest radiographs. In this study, it was measured in the
right lower lung. The path was given to simulated target. The star
indicates frame #. 0. (SI: Superior to Inferior, RL: Right to Left).

by minimizing R, and the coordinates after movement were
expressed as (x + dx, y + dy). In this study, the initial tem-
plate was defined as the region around which the target was
inserted in the first frame. From the second frame onwards,
the matching region of interest in the previous frame was
used as the new template.

In tracing the tumor target, the size of the template used
was 100 x 100 with a search range of + 10 pixels, resulting
in a search area of 120 x 120 pixels. This was determined
based on the movement rate of the target and a constant val-
ue during tracking. While, in trace of a metal sphere target,
the size of template was 50 X 50 pixels, which was the size
enough to cover the target. The targets moving at rates of
10 mm/s and 20 mm/s were displaced by 2.7 pixels/frame
and 5.4 pixels/frame, respectively. The displacements were
sufficiently covered by a search range of + 10 pixels.

Data analysis

Four image sets with a moving target were assessed in the
present study at 10 mm/s or 20 mm/s with and without
image lag in each target, the lung tumor and metal sphere.
The targets were tracked automatically and compared with
the benchmark, the results of manual tracking. Tracking
errors were calculated as differences between “the results of
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automatic tracking” and “the benchmark” to evaluate the
influence of blurring due to image lag on the accuracy of
target tracking.

RESULTS

Image lag properties

Figure 7a shows the average pixel values measured in the
ROIs. The average pixel values were reduced immediately
after X-ray cutoff and reached the minimum value in the
fifth (n = 5) frame after X-ray cutoff. Subsequently, they
increased slightly and achieved a stable state at the end of
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the image sequence. Figure 7b shows image lag (L,) for
frame n = 0 through n = 9. The image lag for the first (n = 1),
second (n = 2), third (n = 3), and fourth (n = 4) frames after
X-ray cutoff were 2.0%, 0.85%, 0.37%, and 0.10%, respec-
tively, and dropped to less than 0.10% in the fifth (n = 5)
frame after X-ray cutoff.

MTF properties and edge profile curves

Figure 8 shows the profile curves obtained on the edges
of a tungsten plate. From the profile, the edges were steep
slopes composed of three to four pixels and the slopes of the
moving plate were more gradual than those of the static
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Fig. 8. Profile curves obtained on edges of a tungsten plate (a) covering and (b) uncovering the detector.
*The edge in the direction of movement is referred to as the “edges covering the detector,” and those in the
opposite side is referred to as the “edges uncovering the detector.”
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Fig. 10. Results of automatic tracking of a moving lung tumor with and without image lag at a rate of (a)
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plate. There was no visible difference between the edges of
plate covering and uncovering the detector. There was also
no significant difference in the profile curves at rates of
10 mm/s and 20 mm/s. Figure 9a shows the MTF of a static
tungsten plate and a plate moving at a rate of 10 mm/s. The
results indicated that the present FPD system had good MTF
properties which were equivalent to the results reported by
the previous study."*'® The MTF of a moving plate was
much lower than that of a static plate; however, there was no
significant difference between the edges of the plate cover-
ing and uncovering the detector. Figure 9b shows the MTF
measured on the covering edge of a static tungsten material
plate and plates moving at rates of 10 mm/s and 20 mm/s.
There were also no significant differences in MTF of a target
moving at rates of 10 mm/s and 20 mm/s. The results
obtained by measurement of edge profile curves were sup-
ported by the MTF measurements, as shown in Figs. 9.

Effects of image lag on target tracking

The target could be traced within a margin for error (
5 mm) in external radiotherapy. Figure 10a shows the results
of the automatic tracking of a moving tumor target with and
without image lag at a rate of 10 mm/s. The maximum track-
ing errors of a target with and without image lag were
4.2mm and 4.5 mm, respectively. Figure 10b shows the
results in a target moving at a rate of 20 mm/s. The maxi-
mum errors in tracking target were 3.5 mm for both targets
with and without image lag. In addition, those without back-
ground images were 0.25 mm, for both targets with and
without image lag, at a rate of 10 mm/s and 20 mm/s. Figures
11 show the results in a simulated metal sphere. The tracking
error was less than the pixel size and very small, with and
without image lag, at a rate of 10 mm/s and 20 mm/s, with
and without background images, with and without back-
ground images.

DISCUSSION

There are a number of factors that reduce the accuracy of
target tracking in external radiation therapy. In terms of
image quality, image lag, noise, contrast, and resolution are
thought to affect on the accuracy of tracking. In the present
study, we investigated image lag properties of a dynamic
FPD system in target tracking for external radiotherapy. The
image lag for the first frame (n = 1) after X-ray cutoff was
2.0% and decreased to less than 0.1% in the fifth frame in
our direct type dynamic FPD system. These results were
consistent with those reported by other groups.''? In the
measurement of profile curves on the edges of static and
moving tungsten material plates, the effect of image lag was
seen as blurred edges of the plate. In the MTF measurement,
the blurred edges of a moving target were indicated as reduc-
tion of MTF. In the present study, there were no visible or
significant differences in the profile curves and MTF

between movement rates of 10 mm/s and 20 mm/s, or
between edges of a moving plate covering and uncovering
the detector. The results suggested that there is no need to
consider contour blurring due to image lag under normal
breathing at the imaging rate of 15 fps. However, to address
the threshold of movement rate that impacts target tracking,
further studies involving various movement rates and imag-
ing rates are needed.

The lag property, reduction of MTF and visible contour
blurring of a moving target potential sources of errors in tar-
get tracking in external radiotherapy, i.e., out of track due to
false detection of the target. In the simulation experiment,
however, all motion targets created using such lag properties
could be tracked within an error of £ 5 mm, which is less
than overall spatial uncertainty in external radiotherapy.'” In
addition, there were no significant differences in maximum
error between targets with and without image lag. The
results indicated that image lag had only negligible effect on
target tracking in external radiation therapy. This can be
accountable for by the fact that there are only a few pixels
of interframe movement of the target under normal condi-
tions of quiet breathing during radiotherapy. The present
results suggested that, factors other than image lag, such as
image noise, contrast, and resolution, would have greater
deleterious effects on tracking accuracy. While, there were
differences in maximum error between target types. Thus,
further studies are required to investigate the influences of
target shape, size, and its density on the accuracy of target
tracking.

There was a problem in the results of tracking a tumor in
simulated images. Although the maximum errors were with-
in the acceptable range, accuracy was not satisfactory. In
addition, the maximum error was slightly larger in a target
without than with lag. This was thought to be because
motion of target was simulated based on trajectories of shad-
ows around the inserted target. To give a constant movement
rate to the target through all frames, such as 10 mm/s or
20 mm/s, there may be some differences in the movement
between a simulated target and the other shadows, including
the template. Such conditions often result in tracking errors.
It is also supported by the results that the maximum errors
in a tumor inserted chest images were more than those with-
out background images. Simulation method should be
improved for more accurate evaluations.

In conclusion, we investigated image lag propertis of a
dynamic FPD system under conditions of target tracking in
external radiotherapy. Image lag properties were assessed
and a moving target with image lag was simulated using the
results. The simulated target was tracked within an error of
+ 5 mm. In addition, there was no significant difference
between the target with and without image lag. The results
indicated that there was no effect of image lag on target
tracking in external radiation therapy. Further studies are
required to investigate the effect of a variety of parameters,
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such as tube voltage, image noise, imaging rate, target shape,
and thickness of the patient’s body.

10.

11.

REFERENCES

. Jaffray DA, et al (2002) Flat-panel cone-beam computed

tomography for image-guided radiation therapy. Int J Radiat
Oncol Biol Phys 53: 1337-1349.

Moore CJ, et al (2006) Developments in and experience of
kilovoltage X-ray cone beam image-guided radiotherapy. BrJ
Radiol 79: 66-78.

Huntzinger C, et al (2006) Dynamic targeting image-guided
radiotherapy. Med Dosim 31: 113-125.

Zhao W, Degrescenzo G and Rowlands JA (2002) Investiga-
tion of lag and ghosting in amorphous selenium flat-panel
detectors. SPIE medical imaging. Proc SPIE 4682: 9-20.
Bloomquist AK, et al (2006) Lag and ghosting in a clinical
flat-panel selenium digital mammography system. Med Phys
33: 2998-3005.

Siewerdsen JH and Jaffray DA (1999) A ghost story: Spatio-
temporal response characteristics of an indirect detection flat-
panel imager. Med Phys 26: 1624-1641.

Choquette M, et al (2000) Direct selenium x-ray detector for
fluoloscopy, R&F, and radiography. SPIE medical imaging.
Proc SPIE 3977: 128-136.

Adachi S, er al (2000) Experimental evaluation of a-Se and
CdTe flat-panel detectors for digital radiography and fluoros-
copy. SPIE medical imaging. Proc SPIE 3977: 38-47.
Schroeder C, et al (2004) Lag measurement in an a-Se active
matrix flat-panel imager. Med Phys 31: 1203-1209.
Pokischuk B, er al (1998) Selenium direct converter structure
for static and dynamic x-ray detection in medical imaging
applications. SPIE medical imaging. Proc SPIE 3336: 494—
504.

Lee DL, et al (1998) Improved imaging performance of 14 x
17-inch direct radiography system using Se/TFT detector.

12.

13.

14.

15.

16.

17.

18.

19.

731

SPIE medical imaging. Proc SPIE 3336: 14-23.

Tsukamoto A, et al (1999) Development and evaluation of a
large-area selenium-based flat panel detector for real-time
radiography and fluoroscopy. SPIE medical imaging. Proc
SPIE 3659: 14-23.

Overdick M, Solf T and Wischmann H (2001) Temporal arti-
facts in flat dynamic x-ray detectors. SPIE medical imaging.
Proc SPIE 4320: 47-58.

Friedman SN and Cunningham IA (2006) A Method to mea-
sure the temporal MTF to determine the DQE of fluoroscopy
system. SPIE medical imaging. Proc SPIE 6142: 61421X-1-
61421X-11.

Friedman SN and Cunningham IA (2009) A small-signal
approach to temporal modulation transfer functions with
exposure-rate dependence and its application to fluoroscopic
detective quantum efficiency. Med Phys 36: 3775-3785.
Determination of the detective quantum efficiency (2003) In:
IEC International standard 62220-1. Medical diagnostic X-ray
equipment-Characteristics of digital imaging devices-Part 1.
Geneva, International electrotechnical commission.
Determination of the detective quantum efficiency — detectors
used in dynamic imaging (2008) In: IEC International standard
62220-1. Medical diagnostic X-ray equipment-Characteristics
of digital imaging devices-Part 3 Geneva, International elec-
trotechnical commission.

Ballard DH and Brown CM (1982) VII Motion. In: Computer
vision. pp. 195-225. Englewood Cliffs, New Jersey, Prentice-
hall.

Klein EE, et al (2009) Task Group 142 report: Quality assur-
ance of medical accelerators. Med Phys 36: 4197-4212.

Received on May 13, 2010

Revision received on August 27, 2010

Accepted on September 7, 2010

J-STAGE Advance Publication Date: October 23, 2010




<<
  /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
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 900
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50222
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [596.130 795.120]
>> setpagedevice


