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Simulation-based Evaluation of NEG-ML Iterative
Reconstruction of low count PET data
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Abstract—In this study we propose the use of a new re-
construction scheme for low count data which consists in the
reconstruction of the prompt events with the inclusion of the
correction of the sources of contamination in the iteration process
(OP-scheme) using the NEG-ML algorithm. The performances
of this variant, hereafter called OP-NEG3D, is evaluated in low
count data situations using simulated replicated data. Quantifica-
tion results obtained with the filtered back projection algorithm
(FBP3D), which is still the standard reconstruction method for
quantitative dynamic PET brain studies, and conventional OP-
OSEMB3D are also shown for comparisons. The comparison tests
include the VOI-based measurements of activity concentrations
in large regions filled with high and low activity concentrations,
the measurement of small activity differences in hot and cold
regions using VOIs and using voxel-wise statistical analysis, and
the activity recovery in small cold and hot inserts. The results
indicated that OP-NEG3D allows an activity recovery in large
cold regions as accurate as with FBP3D whereas OP-OSEM3D
is biased due to the positivity constraint in the image space.
OP-NEG3D shows better noise characteristics than FBP3D and
allows a better detectability of differences between groups of
scans and a better recovery of the activity in small regions
than FBP3D. In conclusion, OP-NEG3D is a viable alternative
to FBP3D for the reconstruction of PET data in the context of
dynamic brain imaging.

I. INTRODUCTION

TATISTICAL image reconstruction methods such as

MLEM [1] have shown improved image quality over
conventional analytical reconstruction methods. Indeed, they
account for the noise nature, and may include in the iteration
process the correction for the image degrading factors such
as attenuation, normalization, scattered and random events
contamination and finite spatial resolution. Therefore, they
yield images with a lower variance, an enhanced contrast
and resolution and a better signal-to-noise ratio compared to
images reconstructed with an analytical method [2]-[7]. In the
case of sinograms containing few events, as in dynamic radio-
ligand PET studies where early frames are usually short in time
and where the radio-activity is low for the late frames due to
activity decay, the activity estimate obtained with ML-based
reconstruction methods is biased by the built-in positivity
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constraints in the sinogram space and in the image space. Both
constraints contribute to an overestimation of the activity in
cold regions of the image [8]. First, the reconstruction of the
pre-corrected sinograms raises two issues. Pre-corrected data
result from the subtraction of the estimated scatter distribution
and the estimated or measured random distribution from the
detected prompt events. In addition to affecting the Poisson
nature of the detected prompt events, this operation yields
negative elements in the sinogram [9]. Those negative elements
are set to zero prior to the reconstruction which results in
locally overestimated counts (higher counts are no longer
counter balanced by negative counts). The reconstruction of
the prompt events, called Ordinary Poisson OSEM (OP-
OSEM [9]), with the inclusion of the correction of the sources
of contamination in the iteration process offers a valuable
solution to these issues. Second, the MLEM algorithm can
be regarded as a scaled gradient ascent algorithm, in which
the step size is such that it prevents negative values:
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where prime indicates the reconstruction available at the
current iteration, y; is the measured count in detector i, \;
is the unknown activity in pixel j, ¢;; is the system matrix, r;
is the projection estimate r; = >~ ¢;jA; and A; is the step
size. With the conventional MLEM algorithm the step size is
given by:

/
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The main disadvantage of this step size calculation is that
it vanishes when )\;- approaches zero. In other words, for
activities near zero, the step size can be very small leading
to very slow (or unreachable) convergence. This is especially
true when the data to be reconstructed are noisy and contain
few events. The premature interruption of the iteration process
is the second source of the activity overestimation in cold
regions. Methods such as AB-EMML [10] and NEG-ML [11]
are alternatives to MLEM which allow negative values in
the image and a faster convergence to low activity values.
These methods should help in decreasing the bias of cold
regions. The NEG-ML algorithm, developed in the context of
whole-body reconstruction of PET data without attenuation
correction, followed an approach similar to the surrogate
function method proposed by Ahn and Fessler [12]. In NEG-
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ML, an alternative step size is derived as follows:
1
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where ¢ is the image pixel index equivalent to j. Unlike the
MLEM step size, this step size does not vanish when the pixel
value gets close to zero. To avoid zero divisions in the above
equation and in the ML equation, 1711 or % are replaced by 1
whenever y; or r; is smaller than 1. This step size can be very
small for positive pixel values. To improve the convergence
speed, the MLEM step size is also computed in every pixel
and the algorithm uses the largest of the MLEM and NEG-ML
step sizes.
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In this study we propose the use of a new reconstruction
scheme for low count data which consists in the reconstruction
of the prompt events with the inclusion of the correction of the
sources of contamination in the iteration process (OP-scheme)
using the NEG-ML algorithm. The performances of this vari-
ant, hereafter called OP-NEG3D, is evaluated in low count
data situations using simulated replicated data. Quantification
results obtained with the filtered back projection algorithm
(FBP3D), which is still the standard reconstruction method for
quantitative dynamic PET brain studies, and conventional OP-
OSEMB3D are also shown for comparisons. A special focus is
put on the evaluation of the performances of the reconstruction
methods for the quantification of low activities and for the
quantification of small activity differrences using simulated
cases.

“4)

Aj; = maz

II. MATERIAL AND METHODS

A. Absolute activity and relative difference as a function of
the count level

1) Data simulation: Several simulated replicated data were
generated for 4 different count levels characterized by the NEC
(Noise Equivalent Count): NEC = 47.85 k counts (extremely
low), 1.44 M counts, 3.35 M counts and 16.7 M counts
(regular count level), using the PET-SORTEO Monte Carlo
PET simulator [13], [14], modeling the Ecat Exact HR+
scanner operating in 3D mode. The phantom used for the
simulation consisted of 3 cylindrical compartments filled with
radioactive fluorine: the main compartment, denoted hereafter
by Background (® =20 cm, length = 20 cm) and 2 cylindrical
inserts denoted hereafter by hot region (® = 5 cm, length = 20
cm), and by cold region (® =9 cm, length = 20 cm). For all
count levels but the highest, 50 equivalent replicates (hereafter
called group 1) were simulated from the phantom filled with
a homogeneous activity of 100 Bg/cc in the background, 10
Bg/cc in the cold region and 300 Bg/cc in the hot region.
For the highest count level only 10 replicated data were
generated. The chosen attenuation phantom, activity level,
detection geometry and acquisition parameters lead to an

average scatter fraction of 43.25% and an average random
fraction of 18%. For each of the 4 count levels (or NEC), other
equivalent replicates (group 2) were simulated following the
same methodology as for the creation of group 1, but with the
activities in the inserts increased by 5%.

phantom

FBP (ramp)

OP-NEG

Figure 1.  (left) original numerical phantom employed for the simulation.
(middle) the FBP3D image and (right) the OP-NEG3D images reconstructed
from a single replicate (NEC = 3.35 M counts).

2) Data correction and reconstruction: Two iterative recon-
struction variants were tested: 1) Ordinary Poisson (OP) using
the conventional MLEM algorithm (OSEM implementation),
hereafter called OP-OSEM3D and 2) OP using the NEG-ML
flavour, hereafter called OP-NEG3D. In the OP-variants, the
volume is directly reconstructed from the prompt events with
the estimated random event and scatter event distributions
as sources of contamination. For this, a mean (and smooth)
random event distribution was derived, for each simulated
group, from the simulation of 120,000 independent realizations
of random events. A random estimate was then derived for
the correction of each count level by appropriately scaling
down the original distribution. A smooth scattered event
distribution was estimated using the e7_sino program (e7tools
package) from the sum of the replicates with the highest
NEC. The scatter distribution was then globally scaled down
to derive a scatter distribution estimate matching each count
level. We followed this strategy to avoid including bias and
variability from the scatter and random correction procedure
in the comparison of the algorithm performances. Data were
also reconstructed using a filtered back projection algorithm
(FBP3D), using a ramp filter and a cut-off frequency of 0.5
cm~!. We used the scatter distribution estimate for the pre-
correction of the scatter with FBP3D. Each reconstruction
led to 63 axial slices of 128x128 voxels (2.25 x 2.25 x
2.4250 mm?). Figure 1 shows the original numerical phantom
employed for the simulation, the FBP3D image and the OP-
NEG3D image reconstructed from a single replicate (NEC =
3.35 M counts). Preliminary results showed that the number
of iterations required to ensure convergence in the cold region
(the slowest to converge) were different depending on the
count level, and also on the reconstruction variant. Table I
shows the number of iterations and subsets required to reach
convergence with all reconstruction methods and for each
count level.

3) Analysis:

o Using the available reconstructed data from group 1 at

each count level, mean activity, mean coefficient of vari-
ation of the measurement (COV), and standard deviation
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Convergence in the cold region for a single replicate

Mean activity value as a function of the NEC

Standard deviation as a function of the NEC
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Figure 2. (a) Activity values measured in the cold region as a function of the number of iterations. (b) Mean activity measured in the 3 compartments as a

function of the NEC. (c) Standard deviation of the measurements as a function of the NEC. (d) Coefficient of variation of the measurement as a function of

the NEC. (e-f) scatter plots of the relative differences between the cold region

activity values measured from the reconstructed FBP3D images and from the

OP-NEG3D and OP-OSEM3D images as a function of the mean activity values computed from the 50 replicates and for two NEC levels.

Table 1
NUMBER OF ITERATIONS AND SUBSETS USED FOR EACH COUNT LEVEL

of the number of scans included in the analysis. The
sensitivity was computed as the ratio of the detected true

positive voxels to the total number of voxels which should

NEC (counts) Iterations x Subsets MLEM equivalent iteration
47.85 k 13x32 + 8x16 + 8x8 + 8x4 640
144 M 3x32 + 8x16 + 8x8 + 8x4 320
335 M 3x32 + 4x16 + 4x8 + 8x8 224
16.7 M 3x32 + 4x16 + 4x8 + 8x8 224

be detected as significantly different. As in actual SPM
analysis, spatial smoothing was applied to the data prior
to the analysis. We tested Gaussian smoothing of 4, 8,

(SD) were calculated in Volumes of Interest (VOIs) The
VOIs were slightly smaller than the actual regions so as
to prevent bias due to activity contamination from the
other regions. The COV was computed as the ratio of the
standard deviation of the values of the pixel belonging
to VOI to the mean pixel value in the VOI. The mean
COV was the average COV calculated for each replicated
data, and it reflected the homogeneity of the pixel values
within the VOIL. The SD characterized the dispersion of
the mean VOI values computed from all replicated data
from a specific NEC level.

We characterized the activity differences in the hot and
cold regions between the two groups of scans as a
function of the NEC, by computing the VOI-based mean
activity differences. The signal to noise ratio (SNR),
computed as the ratio of the mean activity difference mea-
sured from the replicated data to the standard deviation
was also derived.

Finally, the detectability of the differences between the
two groups of scans was characterized voxel-wise for the
NEC level of 3.35 M counts using a 2 sample t-test with
SPM2 (Statistical Parametric Mapping, Welcome Depart-
ment of Cognitive Neurology, London), as a function

30

12 and 16 mm full width half maximum (FWHM). The
mean Z-score was also determined.

B. Activity recovery in small regions

1) Data simulation: Following the same methodology as
in the previous section we generated several replicated data
for different NEC values (ranging from 47.85 k counts to
16.7 M counts). The employed phantom consisted in a main
cylindrical compartment (® = 20 cm, length = 20 cm) with
small line inserts with diameters of 5, 8, 10 and 12 mm. Half
of the inserts were filled with a homogeneous activity of 10
Bg/cc and the others were filled with a homogeneous activity
of 300 Bg/cc while the activity in the main compartment was
held at 100 Bg/cc. A total of 480 equivalent MLEM iterations
were used for the iterative reconstruction (11 x 32 +4x 16 + 8
x 8 [iteration x subset]) using OP-OSEM3D and OP-NEG3D
using scatter and random contamination estimates derived as
in the previous section. The selected number of iterations was
selected as a compromise between the numbers of iterations
required for convergence in case of low and high count cases,
and was not optimized for each NEC level. In order to
assess the impact of the number of iterations on the activity
recovery in small regions, data were also reconstructed with
OP-NEG3D using 640 equivalent MLEM iterations (13x32 +

11



8x16 + 8x8 + 8x4 [iteration x subset]). The data were also
reconstructed using FBP3D, using a ramp filter and a cut-off
frequency of 0.5 cm~!. Each reconstruction led to 63 axial
slices of 128x128 voxels (2.25 x 2.25 x 2.4250 mm3).

2) Analysis: For each count level, the mean activity in each
insert was extracted using VOIs from each of the reconstructed
replicated scans and averaged. A global activity value was
derived for the hot and the cold inserts by averaging the
activity values obtained for each insert diameter.
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Figure 3. Histograms of the pixel values in the cold region from a single

replicate reconstructed with OP-NEG3D, OP-OSEM3D and FBP3D and for
two count levels: (a) NEC = 1.44 M counts and (b) NEC = 3.35 M counts.

III. RESULTS

Images reconstructed with FBP3D and OP-NEG3D and
from a single replicate scan (NEC = 3.35 M counts) are
shown in figure 1. The OP-OSEM3D image is very similar
to the OP-NEG3D image. Generally speaking, iterative re-
construction methods led to images with higher visual image
quality. Figure 2(a) shows the activity measured in the cold
region as a function of the number of iterations used for
the reconstruction and from images reconstructed with OP-
NEG3D and OP-OSEM3D operating on a single scan from
the group with the lowest NEC. This result is representative
of the convergence characteristics. This figure demonstrates
that the convergence is faster with OP-NEG3D than with OP-
OSEM3D in the cold region. The slower convergence to low
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Figure 4. (a) Mean activity differences (%) and (b) SNR measured in the

hot region between replicated data from group 1 and group 2 at various NEC
levels. The reference difference in the hot region is 5%

activity values of OP-OSEM3D leads to an overestimation of
the cold region activities as compared to the values obtained
with OP-NEG3D when the count level is low. This is also
visible in figure 2(b), which represents the estimated mean
activity values computed from all replicates as a function of
the NEC and for the different reconstruction methods. Mean
activity values obtained with ANW-OSEM3D (Attenuation
and Normalization Weighted- OSEM) and FBP3D are also
reported for comparison. In addition to being biased by the
positivity constraint in image space, ANW-OSEM3D recon-
struction also suffers from the positivity constraint in sinogram
space since data are pre-corrected for the scatter and random
contaminations with this reconstruction variant. While OP-
OSEM3D significantly reduced the positive bias in the cold
region as compared to ANW-OSEM3D reconstructions, only
OP-NEG3D was able to completly remove it. Figure 2(c)
shows the standard deviation of the activity measurements
in the hot and cold regions computed for each NEC level
using the 50 replicated data sets. It shows that in low activity
situations, iterative reconstruction methods outperform FBP3D
(see the cold region), OP-OSEM3D being the best method
regarding this criterion. In higher activity situations, FBP3D
seems to perform slightly better than OP-NEG3D and OP-
OSEM3D whose curves are almost superimposable. It could be
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Figure 5. Sensitivy obtained from a voxel-wise two sample t-test with SPM2
as a function of the number of reconstructed volumes per group involved in
the analysis. Volumes were reconstructed using OP-NEG3D, OP-OSEM3D
and FBP3D.

that the selected number of iterations was not optimal in these
cases. Figure 2(d) shows the measured COV in the images. The
results suggest that iterative reconstruction methods produce
images with a lower noise than FBP3D, whatever the region
and the count level. This is an important advantage of iterative
methods over FBP3D. Figures 2(e) and 2(f) are the scatter
plots computed from the 50 replicates and for two NEC levels
of the relative differences between the cold region activity
values measured from the FBP3D images and from the OP-
NEG3D (respectively OP-OSEM3D) images as a function of
the mean activity values measured from the FBP3D images
and from the OP-NEG3D (respectively OP-OSEM3D) images.
The results shows that a low count level there are large
relative differences between the cold region activity values
measured from the FBP3D and OP-OSEM3D reconstructed
volumes. The differences are less important at higher count
level. Differences between the cold region activity values
measured from the FBP3D and OP-NEG3D are less important
whatever the count level.

The histograms of the pixel values in the cold region
from a single replicate reconstructed with OP-NEG3D, OP-
OSEM3D and FBP3D are shown for two NEC levels in
figure 3. The histograms clearly show the truncation of the

pixel value distributions for negative values with OP-OSEM3D
reconstruction which leads to an overestimation of the activity.
The pixel value distribution obtained with OP-NEG3D is not
truncated, almost symmetric and centered on the true activity
value. FBP3D also led to symetric pixel value distributions
centered on the exact value. However, the dispersion of the
pixel counts was much larger than with OP-NEG3D.

Figure 4(a) shows the mean percent differences between
the activity values measured between replicated data from the
two groups of scans at various NEC levels. The true activity
difference in the simulated data was 5%. The results show that
all methods were able to accurately estimate the difference at
all NEC except at the lowest iterative methods outperformed
FBP3D. OP-NEG3D and OP-OSEM3D performed similarly
and their respective curve are almost superimposable. It must
be noted that none of the tested methods was able to charac-
terize the 5% difference in the cold region between the two
groups of scans. The signal to noise ratio of the difference
measurements obtained with the studied reconstruction meth-
ods is shown in figure 4(b) as a function of the NEC. The
results show that FBP3D very slightly outperformed iterative
reconstruction methods at all NEC levels but the lowest.

Figure 5 shows difference detectability results obtained with
a 2 sample t-test with SPM2 and for the NEC level of 3.35
M counts. The graph gives the obtained sensitivity for each
reconstruction method and for two smoothing parameters as
a function of the number of scans involved in the statistical
analysis. The results indicate that at a smoothing of 12 mm,
OP-NEG3D is the reconstruction enabling the highest sensitiv-
ity when the number of scans is greater than 25, while with less
than 25 scans, FBP3D is slightly more sensitive. The results
obtained with a higher smoothing are clearly at the advantage
of iterative reconstruction methods and especially OP-NEG3D.
From these results it seems that the same smoothing process
increases the sensitivity more when applied to iteratively
reconstructed PET data than on FBP3D reconstructed data.
The lower COV of OP-NEG3D and OP-OSEM3D images
might be at the origin of this finding. No voxels were found
significantly different with a Gaussian smoothing of 4 mm
for any method, and a smoothing of 8 mm showed a slight
superiority of FBP3D over iterative reconstruction methods.
The mean Z-score obtained with FBP was very slightly better
than with iterative reconstruction methods.

Figure 6 shows the activity recovery in the hot and cold
regions, obtained with the studied reconstruction methods as a
function of the NEC. Since we used the same number of itera-
tions (480 and 640 for OP-NEG3D and 480 for OP-OSEM3D)
for all NEC levels, the performance obtained with iterative
reconstruction methods strongly depends on the count level.
Indeed, the higher the count level, the better the recovery. The
results show that iterative reconstruction methods outperform
FBP3D for NEC values above 200 k counts in the hot region
and above 800 k counts in the cold region, with, in both cases,
a slight advantage of OP-NEG3D over OP-OSEM3D. The
higher performances of iterative reconstruction methods over
FBP3D are mainly due to the spatial degradation modeling in
the iteration loop. The better performances offered by OP-
NEG3D over OP-OSEM3D are almost certainly due to its
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mean activity in small inserts vs NEC
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Figure 6. Activity recovery in the small hot and cold inserts obtained with

OP-NEG3D, OP-OSEM3D anf FBP3D reconstruction method as a function
of the NEC.

faster convergence. A higher number of iterations improves
the performances of the iterative reconstruction methods (see
the results obtained with OP-NEG3D using 480 and 640
equivalent ML-EM iterations).

IV. CONCLUSION

In this study we investigated and compared the perfor-
mances of three reconstruction methods, OP-NEG3D, OP-
OSEM3D and FBP3D in the case of the reconstruction of
low count PET data. The comparison tests included the VOI-
based measurements of activity concentrations in large hot and
cold regions, the measurements of small activity differences
in hot and cold regions using VOI and using voxel-wise
statistical analysis, and the activity recovery in small cold
and hot inserts. The results indicated that OP-NEG3D allows
an activity recovery in large cold regions as accurate as with
FBP3D whereas OP-OSEM3D is biased due to the positivity
constraint in the image space. OP-NEG3D shows better noise
characteristics than FBP3D and allows a better detectability
of differences between groups of scans and a better recovery
of the activity in small regions than FBP3D. While OP-
NEG3D seems to be an interesting alternative to FBP3D
for the reconstruction of dynamic brain PET data where the
count levels in each frame are generally low, the actual gain
remains to be assessed in more realistic conditions. We plan
to assess the performance of the reconstruction algorithm on
simulated data of dynamic radio-ligand PET acquisitions as
was already performed in [8] for ANW-OSEM3D and UW-
OSEM3D (UnWeighted-OSEM).

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

(11]

[12]

[13]

[14]

3014

REFERENCES

L. A. Shepp and Y. Vardi, “Maximum likelihood reconstruction in
positron emission tomography,” IEEE Trans. Med. Imaging, vol. 1,
no. 2, pp. 113-122, 1982.

Y. Bouchareb, K. Thielemans, T. Spinks, O. Rimoldi, and P. G. Camici,
“Comparison of analytic and iterative reconstruction methods for quanti-
tative cardiac PET studies in 3D using Oxygen-15 water scans,” in [EEE
Nuclear Science Symposium Conference Record, vol. 4, pp. 2120-2123,
2005.

C. Riddell, R. E. Carson, J. A. Carrasquillo, S. K. Libutti, D. N. Dan-
forth, M. Whatley, and S. L. Bacharach, “Noise reduction in oncology
FDG PET images by iterative reconstruction: a quantitative assessment,”
J. Nucl. Med., vol. 42, pp. 1316-23, Sept. 2001.

F. Gutman, I. Gardin, N. Delahaye, H. Rakotonirina, A. Hitzel, A. Man-
rique, D. L. Guludec, and P. Véra, “Optimisation of the OS-EM
algorithm and comparison with FBP for image reconstruction on a dual-
head camera: a phantom and a clinical 18F-FDG study,” Eur. J. Nucl.
Med. Mol. Imaging, vol. 30, pp. 1510-9, Nov. 2003.

C. X. Wang, W. E. Snyder, G. Bilbro, and P. Santago, “Performance
evaluation of filtered backprojection reconstruction and iterative recon-
struction methods for PET images,” Comput. Biol. Med., vol. 28, pp. 13—
24, Jan. 1998.

R. Boellaard, A. van Lingen, and A. A. Lammertsma, “Experimental
and clinical evaluation of iterative reconstruction (OSEM) in dynamic
PET: quantitative characteristics and effects on kinetic modeling,” J.
Nucl. Med., vol. 42, pp. 808-17, May 2001.

J. Nuyts and J. A. Fessler, “A penalized-likelihood image reconstruction
method for emission tomography, compared to postsmoothed maximum-
likelihood with matched spatial resolution.,” IEEE Trans. Med. Imaging,
vol. 22, pp. 1042-52, Sept. 2003.

A. Reilhac, S. Tomei, I. Buvat, C. Michel, F. Keheren, and N. Costes,
“Simulation-based evaluation of OSEM iterative reconstruction methods
in dynamic brain PET studies,” Neuroimage, in press, 2008.

M. Yavuz and J. A. Fessler, “Objective functions for tomographic
reconstruction for random-precorrected PET scans,” in IEEE Nuclear
Science Symposium Conference Record, vol. 2, pp. 1067-1071, 1996.
K. Erlandsson, D. Visvikis, I. C. W. A. Waddington, P. H. Jarrit, and
L. S. Pilowsky, “Low-statistics reconstruction with AB-EMML,” in [EEE
Nuclear Science Symposium Conference Record, vol. 3, pp. 15/249—
15/253, Oct. 2000.

J. Nuyts, S. Stroobants, P. Dupont, S. Vleugels, P. Flamen, and
L. Mortelmans, “Reducing loss of image quality because of the atten-
uation artifact in uncorrected PET whole-body images,” J. Nucl. Med.,
vol. 43, pp. 1054-62, Aug. 2002.

S. Ahn and J. A. Fessler, “Emission image reconstruction for randoms-
precorrected PET allowing negative sinogram values.,” IEEE Trans.
Med. Imaging, vol. 23, pp. 591-601, May 2004.

A. Reilhac, G. Batan, C. Michel, C. Grova, J. Tohka, N. Costes, and
A. C. Evans, “PET-SORTEO: Validation and development of database
of simulated PET volumes,” IEEE Trans. Nucl. Sci., vol. 52, pp. 1321-
1328, Oct. 2005.

SORTEO, “http://sorteo.cermep.fr.”




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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.)
    /JPN <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


