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Abstract. Ensemble independent component analysis (ICA) is a Bayesian multivariate data analysis method

which allows various prior distributions for parameters and latent variables, leading to flexible data fitting. In

this paper we apply ensemble ICA with a rectified Gaussian prior to dynamic H15
2 O positron emission

tomography (PET) image data, emphasizing its clinical usefulness by showing that major cardiac components

are successfully extracted in an unsupervised manner and myocardial blood flow can be estimated in 15 among

20 patients. Detailed experiments and results are illustrated.

Keywords: Bayesian learning, independent component analysis (ICA), myocardial blood flow quantification,

positron emission tomography (PET)

1. Introduction

The dynamic H15
2 O cardiac positron emission tomog-

raphy (PET) has been widely used for the quantifica-

tion of myocardial blood flow (MBF) [1, 7–9, 17, 21],

since H15
2 O is an ideal blood flow tracer, which is

freely diffusible and has stable characteristics. The

half life of H15
2 O is about 2 min, which makes

repetitive (more than two or three times) and short

interval estimation (every 10 min) of MBF possible. It

is essential to extract the left ventricle input function

for the calculation of MBF in the tracer kinetics

model of dynamic H15
2 O cardiac PET. However, it is

required to carefully determine the region of interest

(ROI) for the precise extraction of the input function,

which is not an easy task because of the partial volume

effect resulting from the limitation of system resolution

and the spill-over of left ventricle, right ventricle and

myocardium caused by the motion of heart. Conse-

quently, a new method for the input function extraction

is required to estimate the blood flow more accurately.

Linear model-based methods, including factor

analysis, principal component analysis (PCA), inde-

pendent component analysis (ICA) and nonnegative

matrix factorization (NMF) methods, have been used

for the extraction of input function [1, 14, 15, 17]. In

the framework of linear models, the goal is to learn

basis vectors and associated encoding variables

(latent variables), given a set of data samples. When

a linear model-based method is applied to the

dynamic H15
2 O cardiac PET, what are expected as

successful results, are as follows. Learned basis

vectors are associated with the time–activity curves

(TACs) which reflect activities of cardiac compo-

nents across the time and encoding variables corre-

spond to major cardiac components such as left

ventricle, right ventricle, and myocardium.
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Factor analysis assumes that encoding variables

(that are known as factors in this case) follow

mutually independent Gaussian distributions and

uncertainty (noise) is also Gaussian and independent

thereof. Under these assumptions, factor analysis

finds a linear model that best models the covariance

structure of the data. PCA is closely related to factor

analysis, the goal of which is to determine principal

directions that are associated with the largest

eigenvectors of the data covariance matrix. In

contrast to factor analysis and PCA that are based

on second-order statistics, ICA exploits either

higher-order statistics or non-Gaussianity for data

fitting, assuming that latent variables are non-

Gaussian as well as mutually independent, ICA finds

a linear model by maximizing the output entropy or

minimizing the mutual information between output

variables. Various methods for ICA have been

extensively developed. For example, see [3, 4, 6]

for reviews of ICA. Factor analysis and ICA were

shown to be useful in extracting cardiac components

from dynamic H15
2 O cardiac PET [1, 17]. However,

these methods often produce negative values in a

learned TAC, which is not desirable. On the other

hand, nonnegative matrix factorization (NMF) [11]

imposes nonnegativity constraints on both basis

vectors and encoding variables. NMF was success-

fully applied to dynamic H15
2 O cardiac PET [14, 15],

avoiding any negative values in a learned TAC.

Ensemble ICA [19] is a Bayesian ICA where the

linear generative model for ICA is optimized over a

parametric distribution that approximates the intrac-

table true posterior distribution. Allowing various

prior distributions for parameters and latent vari-

ables, leads to more flexible data fitting and source

separation. The main benefit of ensemble ICA over

factor analysis, ICA, and NMF, is its flexibility since

various prior distributions for model parameters

allow data fitting as well as learning. With a rectified

Gaussian prior, ensemble ICA seeks independent and

nonnegative components, which is desirable in our

task. In this paper we apply ensemble ICA to H15
2 O

cardiac PET images that are acquired from 20

patients, in order to estimate MBF. In contrast to

our previous study involving PET scan of heart

activity of dogs [1, 14, 17], we investigate the

usefulness of ensemble ICA in analyzing clinical

data acquired from patients, showing that ensemble

ICA is a promising tool for medical image analysis.

In this paper we include more clinical study,

elaborating further our earlier work [11] where

ensemble ICA was first applied to PET image data.

The rest of the paper is organized as follows. The

next section describes details on experiments and

methods, such as PET image acquisition, image

processing and analysis methods, a quantification

method involving regional myocardial blood flow

(rMBF), and so on. Section 3 illustrates the clinical

results with PET images acquired from 20 patients.

Finally conclusions are drawn in Section 4 with a

discussion of the results.

2. Materials and Methods

2.1. Materials

Dynamic H15
2 O myocardial PET was performed on

20 patients (15 male subjects that are 55 � 10.8

years old and 5 female subjects that are 64 � 2.9

years old) who underwent gated 99m Tc-MIBI

myocardial perfusion SPECT for the suspicious

coronary artery disease. Images were acquired at rest

and during adenosine stress. Nine of the patients

underwent angiography (three vessels for four subjects,

two vessels for three subjects, and one vessel for two

subjects).

2.2. SPECT and PET Image Acquisition

Gated myocardial SPECT images were acquired

using the dual head SPECT camera (Vertex EPIC,

Philips-ADAC Labs, Milpitas, USA) with low

energy high collimator. Images were reconstructed

using the filtered back projection method with ramp

filter and butterworth(cutoff frequency = 0.33,

degree = 5) filter. ECAT EXACT47 (Siemens-CTI,

Knoxville, USA) was used for PET image acquisi-

tion. Transmission scan was performed during 4 min

using 68Ga/69Ge, and emission scan was performed

at rest and adenosine stress state respectively. Totally

24 frames with 47 transaxial images were acquired;

12 frames for 5 seconds, 9 frames for 10 s, and 3

frames for 30 s. After bolus injection of H15
2 O (555–

740 MBq), adenosine stress was carried out during 7

min. H15
2 O was injected after 3 min during stress, and

then dynamic PET images were acquired during 4

min continuously. Images were reconstructed using

FBP (image matrix = 128 � 128, magnification

factor = 1.5).
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2.3. Image Processing

Because of a lot of background of dynamic heart image,

all frame data was summed to make a static image for

axis reorientation. With this static image, short axis was

determined for the transformation of short axis image

before summing the slices to increase the SNR of the

images. Determined short axis was applied to dynamic

data reversely for transformation of all dynamic data.

Two planes of short axis images were summed in order

to extract myocardium component automatically using

ensemble ICA (Fig. 1). FIRE (functional image

registration) software was used for axis reorientation

[10, 17], and ensemble independent component sepa-

ration and myocardial blood flow estimation was

tested using Matlab software. Nine regions of interest

(ROI) were drawn manually on left ventricle and

myocardium (one apex, four middle wall, four basal

wall) to take out the time–activity curve of dynamic

PET image. Using the input function and time–activity

curve of each region, rMBF was calculated. The

values of rMBF were compared with angiography

and gated myocardial perfusion SPECT. Regional

perfusion was relocated to the 9 regions used above

in dynamic PET analysis.

2.4. Separation of Factor Images Using
Ensemble ICA

H15
2 O PET images are converted to vector sequences

D ¼ fxt 2 Rmg. ICA assumes that data vectors xt are

generated by
xt ¼ Ast þ �t; ð1Þ

where st 2 Rn correspond to factor images (indepen-

dent components), column vectors of the matrix A 2
Rm�n represent time activity curves, and �t 2 Rm

reflect the model uncertainty which is assumed to be

Gaussian.

In the context of H15
2 O PET images, the

independent components that are expected to

appear correspond to left ventricle, right ventricle,

myocardium, and background, which reasonable

satisfy spatial independence. In such a case, basis

vectors (corresponding to the column vectors of A)

represent the time activity curves which reflect

the time-varying influence in PET images [21].

Standard ICA, including mutual information

minimization, maximum likelihood estimation

(MLE), output entropy maximization, and so on

(see [3] for recent review), take into account the

prior probability of parameters in a limited way

and neglects the uncertainty term in Eq. (1).

In standard ICA, parameters were inferred by

maximizing the likelihood in the limit of zero

noise.

On the other hand, NMF [12] also considers the

linear model Eq. (1) but infers parameters with

constraining both A and st to be nonnegative, whereas

ICA imposes independence conditions for st . Infer-

ence in NMF can also be illustrated in the framework

of maximum likelihood estimation, assuming

Poisson distribution for �t [12]. Application of NMF

to dynamic PET can be found in [14].

Here we use ensemble ICA [19] to extract factor

images in H15
2 O PET. In the Bayesian framework,

the posterior probability of parameters Q, given a

set of data points D, is described by

PðQjD;HÞ ¼ PðDjQ;HÞPðQjHÞPðDjHÞ ; ð2Þ

where H represents a model. The ensemble

learning, the inference is performed by averaging

over the posterior distribution, so that the inference

is sensitive to regions where the probability mass is

large, in contrast to ML or MAP where the

inference is sensitive to regions where the proba-

bility density is large. In practice, exact inference is

often intractable. Ensemble learning finds an

approximate posterior distribution Q for the model

parameters by minimizing the Kullback–Leibler

Figure 1. a Dynamic H15
2 O PET image acquired using ECAT

ECAT47 scanner. b Summed static image. c Tissue component

image obtained using ensemble ICA in this study (the image was

transformed to the short axis). Noise is present in dynamic image

data (as shown in a) and static image data (as shown in b).

However, component images (as shown in c) extracted by

ensemble ICA clearly show myocardium.
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divergence between the approximate posterior Q
and the true posterior

KL½QjjP� ¼ log
QðQÞ

PðQjD;HÞ

� �� �
Q

¼ log
QðQÞ

PðD;QjHÞ

� �� �
Q

þ log PðDjHÞ;

ð3Þ

where h�iQ denotes the statistical expectation under

an approximate distribution Q.

The following objective function J was consid-

ered in [19]

J ¼ KL½QjjP� � logPðDjHÞ

¼ log
QðQÞ

PðD;QjHÞ

� �� �
Q

� � log PðDjHÞ

: ð4Þ

The minimization of the objective function J in

(Eq. 4) is equivalent to maximizing the lower-bound

on the log-evidence log PðDjHÞ.
For tractable calculation, the approximate posteri-

or distribution QðQÞ is assumed to be of factorized

form,

QðQÞ ¼ QðsÞQð�Þ; ð5Þ

where s represents latent variables and � is a

collection of model parameters as well as hyper-

parameters. Each QðsÞ and Qð�Þ is further factorized,

depending on parameters. Ensemble learning (or

variational Bayesian learning) determines QðsÞQð�Þ
iteratively through EM-like optimization where the

variational E-step determines QðsÞ which minimizes

[Eq. (4)] given Qð�Þ and the variational M-step finds

Qð�Þ which minimizes [Eq. (4)] given QðsÞ. Detailed

algorithms can be found in [19].

The main benefit of ensemble ICA is to decom-

pose the PET images as a linear combination of

factor images with encoding variables being statisti-

cally independent as in ICA, while imposing non-

negativity constraints on A and st through the

rectified Gaussian prior. In other words, ensemble

ICA allows us to incorporate with both independence

and nonnegativity constraints in the context of the

linear model Eq. (1).

2.5. Quantification Method

Perfusion information of rest and stress state in gated

myocardial perfusion SPECT and diagnosis results

of angiography which were expressed as percentage

according to territory were used for this study.

Correlation was evaluated between 9 regions for

the measurement of rMBF twice. The rMBF from

H15
2 O dynamic myocardial PET were compared with

the results of angiography and perfusion SPECT.

And image contrast between myocardium and left

ventricle was estimated in segmented myocardial

independent component images.

2.6. Analysis of PET Blood Flow as the Result
of Angiography

Stenosis of angiography is defined as ratio of

narrowing diameter by intact diameter. From the

result of angiography, regions were divided as a

degree of stenosis (50%). The regional SPECT

perfusion and absolute blood flow of PET were

compared with the results of angiography regionally.

2.7. Comparison with Myocardial Perfusion
SPECT

Regions were divided into two parts as the decrease

of reversible blood flow. All regions were selected

according to the stenosis score(>50%) of angiogra-

phy. Regional flow reserve (stress MBF–rest MBF)

were analyzed in each part, respectively.

3. Results

3.1. Quantification of rMBF Using Ensemble ICA

Myocardium independent component images could

be obtained in 15 among 20 subjects (Fig. 2). The

five subjects were excluded due to out of range (two

cases), imaging failure in stress (two cases) and low

SNR for analysis (one case). Image contrast of

myocardium was 1:2.97 (LV/myocardium) in rest

image, 1:2.56 in stress image of separated indepen-

dent component images. The number of subjects

with the image contrast under 2.0 was 6, and the

highest value of image contrast was 4.63. Blood flow

obtained from PET was 1:2� 0:40ml=min=g in rest

state, 1:85� 1:12ml=min=g in stress state. Repro-

ducibility of myocardial blood flow of 15 subjects
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PET image data which were acquired twice for each

region was high (r = 0.99 and p<0.0001 where r is the

correlation coefficient by paired t-test and p repre-

sents p-value which reflects statistical significance).

3.2. Analysis of PET Blood Flow as the Result
of Angiography

A total of 83 segments from nine patients who

underwent coronary angiography were analyzed

(Figs. 3 and 4). According to angiography findings,

17 segments were classified into normal segments

group, and 66 segments into stenotic segments

group. The rMBF of normal segments which was

measured by water PET was 1:16� 0:36ml=min=g in

rest, 3:15� 1:15ml=min=g in stress. Blood flow

reserve of normal segments group was 2:00�

1:05ml=min=g . 66 segments were classified into

stenotic segments group.

The rMBF of stenotic segments group was 1:06�
0:37ml=min=g in rest, 1:97� 1:21ml=min=g in stress,

and blood flow reserve was 0:91� 1:62ml=min=g .

The blood flow reserve of stenotic segments group

was significantly lower than normal segments group

(p < 0:05). Myocardial perfusion was quantified by

autoQuant program. Uptake value of normal seg-

ments group were 67:6� 13:3% in rest and 65:7�
12:3% in stress (reversibility score = 1.9), while that

of stenotic group were 71:9� 9:8% in rest and 69:1�

Figure 3. Absolute myocardial blood flow values measured

using H15
2 O PET at rest and during stress according to stenosis

states. Perfusion reserve (stress blood flow–rest blood flow) was

significantly different between the segments with and without

stenosis (p < 0:01).

Figure 4. Correlation of relative myocardial uptake measured

using 99m Tc-MIBI SPECT} and stenosis state. There was no

significant difference in SPECT perfusion reversibility score

between segment with stenosis and that without stenosis.

Figure 5. Component images associated with myocardium, that are

computed from PET images taken from a 57-year-old female patient

with coronary artery disease, are shown in the case of ensemble ICA a

and NMF b. Image contrast is improved using ensemble ICA,

compared to NMF. Pictorial illustration in the bottom, where short

axis images of heart from base to apex are displayed, depicts

simplified cardiac components such as right ventricle, left ventricle,

and myocardium, in order to emphasize that myocardial component

images computed by ensemble ICA in this case clearly shows its

structure, compared to ones determined by NMF.

Figure 2. Independent component images from 60 year old male

with triple vessel disease. Short axis image of a, b, and c from

base to apex were displayed associated with cardiac components:

a right ventricle; b left ventricle; c myocardium.
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12:8% in stress (reversibility score = 2.8). There was

no significant difference between normal group and

stenotic group in terms of reversibility score.

3.3. Comparison of MBF by Myocardial Perfusion
SPECT and PET

We analyzed rMBF according to uptake value of

myocardial perfusion SPECT. Among 66 stenotic

segments, 19 segments showed high reversibility

score (> 7 , reversible segments), and 45 segments

showed low reversibility score (� 7 , persistent

segment) in myocardial perfusion SPECT. The

rMBF of reversible segments were 0:98� 0:30ml=
min=g in rest, 1:78pm0:76ml=min=g in stress, and

blood flow reserve was 0:80� 0:69ml=min=g . The

rMBF of persistent segments in myocardial perfusion

SPECT was 1:10� 0:40ml=min=g in rest, 2:06�
1:35ml=min=g in stress, and blood flow reserve was

0:95� 1:32ml=min=g . The blood flow reserve of

reversible segments was tended to be lower than that

of persistent segments, but p > 0.05 there was no

statistical significance.

4. Conclusions

Various efforts have been made to separate cardiac

components from dynamic H15
2 O heart PET images

[1, 15, 17]. In earlier study, we have successfully

separated independent components in the animal

study (dogs) using micro sphere and the natural

gradient ICA method. However, major cardiac

components were difficult to be extracted from

clinical PET data by the conventional ICA, because

of the difference of injection dose according to

weight and low sensitivity of hardware system.

Recently, left ventricle and myocardium images

were visualized by NMF in the case of clinical

patients_ data. The MBF of patients could be

estimated using NMF [5, 10, 15, 16], showing that

the nonnegativity constraints are appropriate for

nuclear science image analysis. However, the con-

trast and image quality were still not satisfactory

enough to draw ROI on myocardium [10, 15].

Ensemble ICA allows us to impose nonnegativity

constraints as well as independence conditions, on

latent variables, leading to more flexible data fitting.

We have applied ensemble ICA to the clinical PET

data, showing that the image contrast and quality

were improved for ROI processing, compared to

NMF (see Fig. 5). Myocardial blood flow distribu-

tion obtained in this study corresponded to the

known distribution [2, 5, 7, 9, 13, 20, 21].

We have shown that myocardial blood flow could

be measured in a non-invasive manner from the

time–activity curve of left ventricle and myocardi-

um in H15
2 O dynamic cardiac PET. We have

demonstrated that rMBF measured by water PET

could be applied to assess absolute myocardial

blood flow. Flow reserve measured by water PET

was significantly decreased in angiographically

stenotic segments compared with normal segments.

However, myocardial perfusion SPECT did not

show such difference of reversibility score between

stenotic and normal segments, which is thought to

be due to limitation of relative uptake. Our results

were correlated with well-known findings that PET

is a better method to assess myocardial perfusion

than myocardial perfusion SPECT. In conclusion,

rMBF was estimated using ensemble ICA in H15
2 O

dynamic myocardial PET. We suggest that ensem-

ble ICA incorporating non-negative constraint is a

feasible method to handle dynamic image sequence

obtained by the nuclear medicine techniques.

Reproducibility of measurement and image contrast

were good enough to segment myocardium. We

expect that dynamic myocardial PET analysis using

ensemble ICA can be used to assess absolute

myocardial blood flow in clinical situations.
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21. K.P. Schäfers, T.J. Spinks, P.G. Camici, P.M.B.C.G. Rhodes,

and M.P. Law, BAbsolute Quantification of Myocardial

Blood Flow with H15
2 O and 3-Dimensional PET: An

Experimental Validation,^ J. Nucl. Med., vol. 43, 2002,

pp. 1031–1040.

Byeong-il Lee received his Ph.D. degree in the School of

Computer Engineering from Inje University, Korea, in 2004.

He was a researcher at the Department of Nuclear Medicine of

Seoul National University Hospital. He had been working at

the Seoul National University Hospital during his doctoral

course, and postdoctoral training with prominent professor

Dong Soo Lee and Jae Sung Lee. His research was focused on

analysis of functional cardiac image using medical image

processing and analysis technologies. He is now a Research

Professor at the Department of Nuclear Medicine in Chonnam

National University Hospital, Korea. His current research

areas include cardiac analysis and molecular imaging.

Jae Sung Lee was born in Seoul, Korea in 1973. He received

his B.S. degree in the School of Electrical Engineering in

Clinical Application of Ensemble ICA in Dynamic H15
2 O PET 239



1996, and M.S. and Ph.D. degrees in the Interdisciplinary

Program in Medical and Biological Engineering Major in

1998 and 2001, respectively from Seoul National University,

Korea. He had been involved in designing and development of

software and hardware equipment for biomedical signal

acquisition and analysis. His research interests include, but

are not limited to, multi-modal registration of medical image,

PET kinetic modeling, statistical data analysis in brain PET

activation studies and intelligence system for the interpretation

of functional brain image. He worked at University of Texas

Health Science Center at San Antonio, Texas, USA in 2001,

and Johns Hopkins University School of Medicine, Baltimore,

Maryland, USA in 2003 as postdoctoral fellow. Currently, his

major research topic is physiological parameter estimation

using PET and tracer kinetic modeling. He have especially

focused on myocardial blood flow estimation using O-15

labeled water. He have applied factor analysis, independent

component anaysis, and non-negative matrix factorization to

extract each cardiac component from O-15 water PET image,

which was a challenging problem due to the poor noise

property of O-15 water PET. Applying the other analytic

methods based on this achievement, quantified parametric

image of myocardial blood flow was developed. Now he is an

Assistant Professor of the Department of Nuclear Medicine of

Seoul National University College of Medicine, Seoul, Korea.

Dong Soo Lee is a Professor at the Seoul National University,

Seoul, Korea. He received his M.D. and Ph.D. degrees at the

College of Medicine of Seoul National University in 1982 and

1990, respectively. He is now a Chairman of the Department

of Nuclear Medicine in Seoul National University Hospital.

His research fields of interest include cardiac and brain

imaging and analysis. He has published about 160 SCI journal

papers (50 among them are first or corresponding author) since

1982. He is a Fellow of American College of Cardiology and

was elected in 2006 as a member of Korea Academy of

Science and Technology. He serves as editor of Journal of

Nuclear Medicine and European Journal of Nuclear Medicine

and Molecular Imaging since 2002.

Won Jun Kang is an Assistant Professor at the Department

of Nuclear Medicine of Seoul National University Hospital,

Seoul, Korea. He is a Physician in Nuclear Medicine and

Internal Medicine. He received his Ph.D. degree at the

Department of Nuclear Medicine of Seoul National University

College of Medicine in 2007. His major in Nuclear Medicine

is Nuclear Oncology and Nuclear Cardiology. He has

published 30 papers in internal and domestic journals since

1997.

Jong Jin Lee received his Master’s degree at the Department

of Nuclear Medicine in Seoul National University College of

Medicine in 2005. He has a Korean board of Nuclear

Medicine. He has interest in Molecular Oncology. Recently,

he served at Kang-won province for his military service.

Seungjin Choi received his B.S. and M.S. degrees in Electrical

Engineering from Seoul National University, Korea, in 1987 and

240 Lee et al.



1989, respectively and the Ph.D. degree in Electrical Engineer-

ing from the University of Notre Dame, Indiana, in 1996. He

was a Visiting Assistant Professor at the Department of

Electrical Engineering at University of Notre Dame, Indiana

during the Fall semester of 1996. He was with the Laboratory for

Artificial Brain Systems, RIKEN, Japan in 1997 and was an

Assistant Professor in the School of Electrical and Electronics

Engineering, Chungbuk National University, Korea from 1997

to 2000. He is currently an Associate Professor of Computer

Science at Pohang University of Science and Technology,

Korea. His primary research interests include statistical machine

learning, probabilistic graphical models, Bayesian learning,

kernel machines, manifold learning, independent component

analysis, and pattern recognition.

Clinical Application of Ensemble ICA in Dynamic H15
2 O PET 241


	A...
	Abstract
	Introduction
	Materials and Methods
	Materials
	SPECT and PET Image Acquisition
	Image Processing
	Separation of Factor Images Using Ensemble ICA
	Quantification Method
	Analysis of PET Blood Flow as the Result of Angiography
	Comparison with Myocardial Perfusion SPECT

	Results
	Quantification of rMBF Using Ensemble ICA
	Analysis of PET Blood Flow as the Result of Angiography
	Comparison of MBF by Myocardial Perfusion SPECT and PET

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /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 Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


