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Abstrac— There are several dementias but Alzheimer’s
Disease (AD) is leading cause of dementia in the world. In this
paper, a new methodology for classification of MR images is
proposed, using a large data base (more than one thousand
patient). We have two main objectives in this paper: a first one
where a classification method is developed to classify MR
images as either normal or with the Alzheimer’s disease and a
second which is the ambitious goal of this study, the
identification and classification between normal subjects, MCI
patients and AD patients. It is noteworthy that with this last
study we could offer a tool to assist the early diagnosis of
dementia.
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I. INTRODUCTION

Dementia is an acquired syndrome characterized by a
deterioration of higher brain function that determines an
impairment of daily life in absence of altered level of
consciousness. Still no definitive indicators are known, so the
differential diagnosis of dementing illness can be, at least,
controversial.

There are several dementias but Alzheimer’s Disease (AD) is
leading cause of dementia in the world. There are an estimated
35.6 million people in the world with dementia and more than
18 million of them have Alzheimer’s disease, which supposes
more of the 50% of the total people with dementia. Besides the
total number of people with dementia is expected to increase to
65.7 million in 2030 and 115.4 million in 2050.

Today, the diagnosis of Alzheimer’s disease is made by using
clinical criteria, however these criteria are not able to diagnose
the disease in its pre-clinical stage, not offering a early
diagnosis. Given this situation, it is necessary to develop
methods and techniques to be included in the criteria that
provide an early diagnosis, which would allow people with
dementia to plan ahead while they still have the capacity to
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make important decisions about their future care as well as it
would allow them to access available drug and non-drug
therapies that may improve their cognition and enhance their
quality of life.

Neuronal loss and consequent brain atrophy causes widening of
the sulci, thinning of the gyri and dilatation of the ventricles
with a significant reduction in brain weight. In recent years
have been identified different distributions of atrophy
depending on the type of dementia. For AD, the atrophy affects
the medial temporal lobe (particularly the hippocampus and the
entorhinal cortex, posterior cingulated, precuneus, and
tempoparietal cortex). However, the measures of the general
atrophy do not seem to be useful on the AD diagnosis as most
of neurodegenerative diseases cause similar global atrophy.

Many studies have focused on quantifying focal atrophy in the
temporal lobe [1] [2] and even exist visual scales to quantify
the degree of atrophy, which are quick and easy to use.
Recently have been published validations of computerized
methods to measure the degree of temporal atrophy. In
comparison, these methods have a similar discriminatory
power [3] with the advantage that they would facilitate
measurements and would provide more objective results by
standardizing the methods of analysis [4].

In parallel, there has been observed that AD patients may have
a striking atrophy in posterior regions known as posterior
cortical atrophy. This impairment seems to be more
characteristic, but not exclusive, of AD with typical clinic
manifestations and shows in cases of early onset (onset before
65 years). Recently have been proposed visual scales to
quantify the degree of posterior cortical atrophy that seems to
be useful to discriminate AD from other dementias, especially
from frontotemporal dementia (FTD), which also may cause
temporal lobe atrophy [5].

From another point of view, computer-based studies look for
the acquisition of certain features that lead a classification rule
to classify different kind of MR images. In this way, the start
point was the classification of MR images of the human brain



as normal or abnormal, thus using wavelets as image features
to train a Support Vector Machine (SVM) classifier and using
neural network self-organizing maps (SOM), good
classification accuracy was achieved [6].

The following studies continued the same line of work as most
of them also used wavelets as features and a certain classifier.
However, some of them introduced Principal Component
Analysis (PCA) as feature reduction algorithm [7] [8]. These
last two studies used Neural Networks (NN) for classification.
Finally, the final step is to use the developed technique for the
classification of specific conditions. So, wavelets and SVM
were used to classify mammographic masses from digitalized
mammograms as benign or malign [9], and in Alzheimer’s
disease field, volumetric and shape features together with PCA
and SVM were used to classify MR images as having the
disease or not [10].

However, most the articles published to date for the use of
intelligent classification systems Alzheimer’s disease has two
major drawbacks:

e They use a low number of data for both training and
test (in some cases less than a hundred).

e C(Classification is performed between patients with
dementia and healthy patient, but does not qualify,
since it is a complex task, patients with Mild
Cognitive Impairment (MCI).

In this paper, a new methodology for classification of MR
images is proposed using a large data base (more than one
thousand patient), for the classification of MCI patients. We
have two main objectives in this paper: a first one where a
classification method is developed to classify MR images as
either normal or with the Alzheimer’s disease and a second
which is the ambitious goal of this study, the identification and
classification between normal subjects, MCI patients and AD
patients. It is noteworthy that with this last study we could
offer a tool to assist the early diagnosis of dementia. Besides,
throughout the entire paper different techniques and methods
are tested to compare them and determine which are those that
offer better results.

II. ALZHEIMER’S DISEASE ON MAGNETIC
RESONANCE IMAGING

Imaging findings in patients with MCI are typically
inconspicuous, and often considered as normal. The main
problem is that do not exist standardized criteria to determine if
the impairment observed in a MR image is caused by normal
aging or if it can be admitted as pathological. After 65 years is
considered normal to detect mild signs of atrophy and little
impairments of the white matter, but the evaluation of the
degree of damage, which will determine if it is considered
pathological, remains subjective [11].

The table below shows the principal slices were AD symptoms
could be detected. The main feature of the disease is the

general atrophy of the cerebral cortex. As the disease
progresses, an accelerated loss of focal volume is shown in the
medial temporal lobes, in particular in the hippocampus,
entorhinal cortex and amygdala.

Healthy Patient Patient with AD Observations

In clinical practice, the
width of the horn of the
lateral ventricle is the
most reproducible
measure to asses the
atrophy.

Cortical volume loss.
General atrophy of the
cortex.

Atrophy of the temporal
lobes.

Dilatation of the
ventricular system as a
result of general atrophy.

Atrophy in the
hippocampal region.

It is possible to observe
the dilatation of the third
ventricle.

Table 1. Alzheimer's disease on MRI

III. MATERIALS AND METHODS

ADNI  (Alzheimer’s Disease Neuroimaging Initiative)
beginning in 2004 is a 7-year massive effort to support research
in the discovery and development of treatments that slow or
stop the progression of AD. ADNI is a multisite longitudinal
clinical/imaging/genetic/biospecimen/biomarker study. Its goal
is to determine the characteristics of AD as the pathology that
evolves from normal aging to mild symptoms, to MCI, to
dementia. ADNI is committed to establishing standardized
methods for imaging/biomarker collection and analysis for use
in clinical trials.

In the Figure 1 are shown the eight cores that structure ADNI.
In this paper we are only interested in the MRI core, based at



the Mayo Clinic, Rochester, Minnesota, and responsible for all
MRI procedures and for developing standardized imaging
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Figure 1. Governance and organization of ADNI

Describing the past, present and the future of the ADNI MRI
core, it starts with the “ADNI-1” for the first 5 years
(approximately, from 2005 to 2010). Focusing on the MR
images, all subjects enrolled in this period received a 1.5T
protocol examination at multiple point times which varied by
baseline clinical diagnosis: MCI at 0, 6, 12, 24 and 36 months;
AD at 0, 6, 12 and 24 months; and controls at 0, 6, 12, 24 and
36 months. A subset of participants (approximately 25%) was
enrolled in a 3T arm, which involved MRI scanning at both
1.5T and 3T at each scheduled time. ADNI-1 ended October
2010.

Plans for the second 5 years of ADNI running through 2015 are
based on “ADNI-GO” (GO stands for “Grand Opportunity”)
and “ADNI-2”, which is the S5-year competitive renewal of
ADNI-1. These initiatives are following three cohorts of
subjects:

e Cognitively normal and late MCI subjects carried
forward from ADNI-1 (followed at 1.5T).

e Early MCI enrolled in ADNI-GO and carried forward
into ADNI-2 (scanned at 3T).

e  Cognitively normal, late MCI and AD subjects newly
enrolled in ADNI-2 (scanned at 3T).

Thus, the initiatives described above provide us a great
database of MR images that are used in this paper. Specifically,
for the realization of this study were downloaded 1500 images
with a total size of approximately 240 GB. Once they were
normalized and some images with errors were eliminated, 1350
images (443 are from cognitively normal subjects, 448 from
MCI subjects and 459 from AD subjects) are left with a size of
15.7 MB each one, which makes a database of normalized MR
images with a size of approximately 21 GB. The extension of
the files is .nii, which corresponds to the format NIfTI
(Neuroimaging Informatics Technology Initiative). This format
is adapted from the widely used ANALYZE 7.5 using the
“empty space” in its header to add new features. For more
information see the official website of ADNI [12].

In studies that involve images of many patients, it is often
useful (in this paper necessary) to coregister a brain image of a
patient to that of another subject or a standard template. We
refer to this process as spatial normalization.

To perform the normalization of our MR images we used the
“SPMS5” (currently available SPMS8 release) toolbox for
MATLAB. SPM (Statistical Parametric Mapping) entails the
construction of spatially extended statistical processes to the
test hypotheses about regionally specific effects [13]

IV. FEATURE EXTRACTION

In this paper, we need to extract from an image the feature
vector that characterizes it. Thus, our features are the
approximate wavelet coefficients, using them to generate a
classification rule to assist with diagnosis. As described in the
following sections the number of features is not as important as
robustness to get the best classification accuracy, being
robustness in an image application understood as the
consistency of the results that certain feature provides across
the entire application.

Wavelets are mathematical functions that decompose data into
different frequency components and then study each
component with a resolution matched to its scale. While the
Fourier Transform only provides representation of an image
based on its frequency content, so it loses time information of
the signal, the Wavelet Transform provides both time and
frequency information (see Figure 2). Therefore, the Wavelet
Transform is a better tool for feature extraction from images.

amplitude
amplitude
scale-value

tirme frequency time

signal-domain frequency-domain (FT) Wavelet-analysis

Figure 2. The development of signal analysis

The Discrete Wavelet Transform (DWT) is a linear
transformation that operates on a data vector whose length is an
integer power of two, transforming it into a numerically
different frequency components, and then studies each
component with resolution matched to its scale.

Supposed x(¢#) a square - integrable function, then the
continuous wavelet transform of x(?) relative to a given wavelet
y(t) is defined as:

(1) We(a,b) = f X(OPap(O)dt

where

@ ran(® = = ()
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To get the DWT, equation 1 can be discretized by restraining a
and b to a discrete lattice (a = 2b; a > 0; a, b € R). Then, the
DWT can be expressed as follows:




ca;, (n)= DS{Z x(n)g (n—2’ k)}

cd, (n)= DS{Z x(n)h; (n—2’ k)}

Here ca;; and cd; ; refer to the coefficients of the approximation
components and detail components, respectively. g(n) and A(n)
denote the low-pass filter and high-pass filter, respectively. j
and k represent the wavelet scale and translation factors,
respectively; and DS operator means the down sampling [14].

The above decomposition process can be iterated decomposing
successively the approximations in turn, so that the signal is
broken down into various levels of resolution. In case of
images, the DWT is applied to each dimension separately,
decomposing an image into four sub-bands which are low-low
(LL), low-high (LH), high-high (HH) and high-low (HL);
where the LL sub-band can be regarded as the approximation
component and it is used for the next level of the 2D-DWT,
meanwhile the other sub-bands would be regarded as the
detailed component of the image. A 2D-DWT scheme is shown
in Figure 3.
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Subband
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HL
Subband
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Figure 3. 2D DWT decomposition scheme

Figure 4 shows the decomposition up to level 2 of an image
using the Wavelet Toolbox of MATLAB and Figure 23 shows
how the approximation and detailed components are organized.
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Figure 4. Level 2 decomposition of an image using DWT

At each decomposition level, the half band filters produce
signals spanning only half the frequency bands. This makes the
frequency resolution two when the indetermination in
frequency becomes a half less [9], the size of the first level
approximation coefficients of an N by N image is N/2 by N/2,
the second level is N/4 by N/4 and so on. As the level
decomposition is increased, a more compact and less resolution
image is obtained [6].

V. FEATURE SELECTION

Often the extraction of image features provides a large number
of them, but as we explained before, that do not guarantee the
best classification accuracy because of a part of the data may
be redundant. Therefore, we have used the Principal
Component Analysis (PCA) in our experiments as a feature
reduction technique and also have studied the effects of
including other two techniques that set a ranking of features in
order of importance based on different criteria: minimum
Redundancy Maximum Relevance (mRMR) and Normalized
Mutual Information Feature Selection (NMIFS).

VI. CLASSIFICATION

For the classification of the MR images we used Support
Vector Machines technique. In particular, the LIBSVM 3.0.1
(currently available the 3.1.1 version), which is an integrated
software for SVM classification with a MATLAB extension
[15]. The best enhancement that LIBSVM provides is the
multi-class classification, while most of SVM tools only can
classify between two classes

Firstly, we defined the procedure to follow. In the first place,
we use the 2D-DWT to perform the feature extraction, then we
develop a feature selection algorithm based on PCA and finally
we use an SVM classifier. The structure of the procedure is
schematically shown at Figure 5.

Feature Feature
Extraction Reduction
(2D -DWT) (PCA)

Normalized

MR image
Feature
Matrix

Figure 5. Structure of Experiment I schematically

Classification
(SVM)

=

Label

Reduced
Feature
Matrix

Once the procedure was decided, we had to know what slice or
slices where the best to extract the wavelets from them.
According to this, we proposed two starting points: a first in
which we have no medical expert help and a second in which
Doctor Ignacio Garcia Basterra (Neurologist) advises us the
slices where the AD can be diagnosed. Thus, in the first option,
we have applied the complete procedure shown in Figure 5 to
every slice of every image to set up a ranking of accuracy.
Then we used the top 20 slices in the experiment.

The first interesting result is to verify the difference between
the slices chosen by the computer and the expert. According to
this, in the coronal view the slices are quite similar, so the same
brain zones are included in the studies. However, while Dr



Garcia chose those slices where the temporal lobes can be
clearly observed together with the hippocampus, our procedure
gives us higher slices where only the hippocampus can be
observed.

No. of Medical | Wavelet No. of No. of Noof. | Final Feat.
Classes Expert Family Patients | Features PC. Matrix
(NiD) No Db4 1.2 902 40144 369 902x369
(NiD) Yes Db4 1.2 902 40144 408 902x408
(N/ZXD) No Haar L3 902 8400 297 902x297
(NMéIAD) No Db4 L2 1350 56784 597 1350x597
(NM(3JIAD) No Haar L3 1350 12000 466 1350x466

Table 2. Matrices of features after Feature Extraction process

VII. CLASSIFICATION ACCURACY

This is the final step of the procedure. Based on the studies
cited earlier, we find that two wavelet families are mainly used:
the Daubechies - 4 wavelet up to level 2 and the Haar wavelet
up to level 3. We decided to study both and see which one
gives better results.

Therefore at this point, we have five matrices of features, each
one according to a different study. Then, we use PCA to reduce
the dimensions of features to a higher degree. Once we have
the principal components and their associated variances, we
keep a number of them that preserves 95% of total variance.
Hence, the number of principal components kept is the number
of features for each patient that conforms the final feature
matrix. To clarify, the development of the five studies can be
followed in the Table 2 where is shown the final number of
features for each subject after the feature reduction is applied.

From now on we noted as NAD those experiments that
involves two classes classification (normal and AD images),
and as NMCIAD those that involves the three different kind of
subjects (normal, AD and MCI).

Study Accuracy (%)
Db4 L2 + RBF Kernel 98.7
Db4 L2 + RBF Kemel (Medical Expert) 97.3
Haar L3 + RBF Kernel 98.7
Db4 L2 + Linear Kernel 94.7

Table 3. Accuracy of the NAD studies

We implement the SVM classifier with LIBSVM. So, we use
the RBF kernel as the main kernel of the experiment, however,
we also use the linear kernel to study the variance of the results

against the RBF kernel. Once we have decided to use the RBF
kernel, the goal is to identify good (C, y) so that the classifier
can accurately predict unknown data (i.e. testing data). A
common strategy is to use Cross - Validation (CV) that is to
separate the data into two parts, of which one is considered
unknown. The prediction accuracy obtained from “unknown”
set more precisely reflects the performance on classifying an
independent data set. In p - fold CV, we first divide the
training set into p subsets of equal size. Sequentially one subset
is tested using the classifier trained on the remaining p — /
subsets. Thus, each instance of the whole training set is
predicted once so the CV accuracy is the percentage of data
which are correctly classified. Finally, we chose to do a “grid
- search” on C and Y using p - fold CV. Various pairs of
(C, y) values are tried and the one with the best CV accuracy is
picked.
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Figure 6. Confusion Matrix. Study: NAD+Db4L2+RBF

We chose to use 75 MR images of each class for testing
making a total of 150 images (the 16.63% of the whole
database, i.e. 902 images) for testing in two classes
classification (NAD) and 225 (the 16.67% of the whole
database, i.e. 1350 images) in three classes (NMCIAD). It is
noteworthy that the images used for testing are not included in
the training set.

Tables 3 and 4 show the accuracy achieved by the seven
studies performed for NAD and NMCIAD classification
respectively.

We have obtained very good accuracy results with the four
studies of NAD classification. According to them, is quite
difficult to choose between the wavelet families used as both
have the same accuracy. However, because the haar family
provides fewer features, the computational time is lower, so it
might be a better option. In what refers to the kernel choice,
although the linear kernel achieves a really good accuracy, the



probability estimates for each class label are clearly lower than
the same with the RBF kernel.

Study Accuracy (%)
Db4 Level 2 + RBF Kernel 90.2
Haar Level 3 + RBF Kernel 86.2
Db4 Level 2 + Linear Kernel 89.8

Table 4. Accuracy of the NMCIAD studies
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Figure 7. Confusion Matrix. Study: NMCIAD+Db4L2+RBF

Finally, Figures 6 and 7 show the confusion matrix for the two
studies of each class (NAD and NMCIAD) which have
achieved the best classification accuracy.

On the other hand, as it is mentioned on this text before, we
have implement two feature selection methods based on
mRMR and NMIFS rankings respectively. Once the rankings
are set, we have repeated the whole procedure of the
Experiment I for the main studies to obtain the classification
accuracy using the first 10, 20, 30, 50, 100 and 200 features for
the NAD classification and the first 10, 20, 30, 50, 100, 300
and 450 features for the NMCIAD classification problem.

The results achieved using both feature selection methods are
shown on Table 5.

VIII. SENSITIVITY, SPECIFICITY AND PREDICTIVE VALUES

Sensitivity, specificity and predictive values are statistical
measures of the performance of a diagnostic method. Each
subject in this paper either has or does not have the disease.
The test outcome can be positive (predicting that the person has
the disease) or negative (predicting that the person does not
have the disease). The test results for each subject may or may
not match the actual status of the subject. In that setting:

e TP (True Positive): Sick people that is correctly
diagnosed as sick.

e FP (False Positive): Healthy people that is incorrectly
identified as sick.

e TN (True Negative): Healthy people that is correctly

identified as healthy.
e FN (False Negative): Sick people that is incorrectly
identified as healthy.
No. of Selected mRMR Accuracy NMIFS Accuracy

Features (%) (%)

10 70.7 62.0

20 80.0 84.7

30 86.7 89.3

NAD 50 93.3 88.7
100 97.3 94.7

200 97.3 98.0

369 98.7 98.7

10 62.7 60.0

20 77.8 73.4

30 65.8 73.4

NMCIAD 50 76.0 79.2
100 82.7 89.4

300 86.2 85.4

450 87.1 87.6

597 90.2 90.2

Table 5. Classification accuracy with Feature Selection using
mRMR and NMIF'S

Sensitivity measures the proportion of actual positives which
are correctly identified as such, i.e. the percentage of sick
people who are correctly identified as having the condition.
This can also be written as:

P

Sensitivity = ————
TP + FN

Specificity measures the proportion of negatives which are
correctly identified, i.e. the percentage of healthy people who
are correctly identified as not having the condition. This can

also be written as:
TN

Specificity = ——

pecificity TN + FP

The Positive Predictive Value (PPV) is the proportion of
subjects with positive test results who are correctly diagnosed.
It reflects the probability that a positive test reflects the
underlying condition being tested for. It is defined as:

TP

PPV = ——
TP + FP



The Negative Predicted Value (NPV) is defined as the
proportion of subjects with a negative test result who are
correctly diagnosed. It is very important to have a high NPV as
it means that the test only rarely misclassifies a sick person as
being healthy. It is defined as:

N
TN + FN
Tables 6 and 7 show the sensitivity, specificity, PPV and NPV

achieved in our studies for NAD and NMCIAD classification
respectively.

NPV =

Study Sensitivity Specificity PPV NPV
Db4 L2 + RBF Kernel 0.987 0.987 0.987 | 0.987
Db4 L2 + RBF Kernel (M. E.) 0.960 0.987 0.986 | 0.961
Haar L3 + RBF Kernel 0.987 0.987 0.987 | 0.987
Db4 L2 + Linear Kernel 0.933 0.960 0.959 | 0.935

Table 6. Sensitivity, specificity, PPV and NPV of the NAD
studies

It is noteworthy that as these measures belong to binary
classification tests, in the case of three classes we have to adapt
them. Thus, we show the sensitivity and PPV referred to a
certain disease (MCI or AD).

Sensitivity Sensitivity e PPV PPV

Study (MCI) (AD) Specificity MCI) (AD) NPV
Db4 L2 +

RBF Kernel 0.800 0.947 0.960 0.923 0.910 | 0.878
Haar L3 +

RBF Kernel 0.693 0.947 0.947 0.881 0.877 | 0.835
D,b4 L2+ 0.787 0.947 0.960 0.922 0.922 | 0.857
Linear Kernel

Table 7. Sensitivity, specificity, PPV and NPV of the NMCIAD
studies

IX. CONCLUSION

In this paper an important challenge has been analyzed: the
necessity of identifying the condition prior to dementia which
is Mild Cognitive Impairment (MCI) and the development of
an intelligent classifier, which using the information of
magnetic resonance imaging, can successfully classifies
different patients according to their condition. Subjects with
MCI are in an intermediate clinical situation between
normality and dementia, which is characterized by the
presence of subjective cognitive complaints but that do not
make a significant alteration in activities of daily living. As
there are studies that show that between the 10 and 15% of
patients with MCI have developed dementia within a year, it is
really important to be able of identify this pathology. Thus, it
is in this field where imaging techniques can play a key role in
early detection of patients who can develop dementia, in
differential diagnose of distinct dementias and monitoring the

disease progression differential diagnose of distinct dementias
and monitoring the disease progression. According to this and
considering that a medical test that presents sensitivity or
specificity over 80% is considered as good, together with the
classification accuracy shown we have achieved great results.

In this paper, Discrete Wavelet Transform (DWT) has been
used for feature extraction, Principal Component Analysis
(PCA) for feature reduction, and different methodologies, such
as minimum Redundancy Maximum Relevance (mRMR) and
Normalized Mutual Information, as feature selection. Finally,
the SVM has been used for classification, obtaining excellent
results.

About the two feature selection algorithms tested (mRMR and
NMIFS), it does not worth to use them, as the computational
time needed to set up the ranking is clearly higher than the
computational time to run the process with all the features.
Specifically in NMCIAD classification this time is prohibitive.
Another future work would be to use these algorithms instead
of PCA and to study how affects the results.

ACKNOWLEDGMENT

This paper has been partially supported by the Spanish CICYT
Project SAF2010-20558 and Regional Excellent Project PO7-
TIC-02768 and P09-TIC-175476.

REFERENCES

[11 Scheltens, P., Frisoni, G. B., Galluzzi, S., Nobili, F. M., Fox, N. C.,
Robert, P. H., et al. (2003). Neuroimaging tools to rate regional atrophy,
subcortical cerebrovascular disease, and regional cerebral blood flow
and metabolism: consensus paper of the EADC. Neurol Neurosurg
Psychiatry , 71, 1371-81.

[2] Koedan, E., Lehmann, M., Van der Flier, W. M., Scheltens, P.,
Pijnenburg, Y., Fox, N., et al. (2011). Visual assessment of posterior
atrophy development of a MRI rating scale. Eur Radiol , 21, 2618-2615.

[3] Westman, E., Cavallin, L., Muehlboeck, J. S., Zhang, Y., Mecocci, P.,
Vellas, B., et al. (2011). Sensitivity and Specificity of Medial Temporal
Lobe Visual Ratings and Multivariate Regional MRI Classification in
Alzheimer’s Disease. PLoS One, 6 (7).

[4] Jack, C. R., Barkhof, F., Barnstein, M. A., Cantillon, M., Cole, P. E.,
DeCarli, C., et al. (2011). Steps to standardization and validation of
hippocampal volumetry as a biomarker in clinical trials and diagnostic
creiterion for Alzheimer's disease. Alzheimer's & Dementia , 7, 474-485.

[5] Koedan, E., Lehmann, M., Van der Flier, W. M., Scheltens, P.,
Pijnenburg, Y., Fox, N., et al. (2011). Visual assessment of posterior
atrophy development of a MRI rating scale. Eur Radiol , 21,2618-2615.

[6] Chaplot, S., Patnaik, L., & Jagannathan, N. R. (2006). Classification of
magnetic resonance brain images using wavelets as input to support
vector machine and neural network. Biomedical Signal Processing and
Control , 1, 86-92.

[7]1 El-Dahshan, E. A., Salem, A. M., & Younis, T. H. (2009). A hybrid
technique for automatic MRI brain images classification. Studia Univ.
Babes-Bolyai, Informatica , 54 (1).

[8] Zhang, Y., Zhengchao, D., Wu, L., & Wang, S. (2011). A hybrid method
for brain image classification. Expert Systems with Applications , 38,
10049-53

[9] Gorgel, P., Sertbas, A., Kilic, N., Ucan, O., & Osman, O. (2009).
Mammographic mass classification using wavelet based suppont vector
machine. Journal of Electrical & Electronics Engineering , 9 (1), 867-
875.

[10] Lee, J., Su, S., Huang, C., Wang, J. J., Xu, W., Wei, Y., et al. (2009).
Combination of multiple features in support vector machine with



[11]
[12]

[13]

[14]

[15]

principal component analsis in application for Alzheimer's disease
diagnosis. Lecture Notes in Computer Science , 5863, 512-519.

Pérez, D. A., Ramos, A., & Alvarez-Linera, J. (2010). Neuroimagen.
Diagnostico, técnicas, secuencias 2. Almirall.

LONI. (2011). Retrieved November 5, 2011, from ADNI (Alzheimer's
Disease Neuroimaging Initiative): adni.loni.ucla.edu

Friston, K. J., Frith, C. D., Liddle, P. F., & Frackowiak, R. (1991).
Comparing functional (PET) images: the assessment of significant
change. J. Cereb. Blood Flow Metab. , 11, 690-699.

Nanni, L., & Lumini, A. (2008). Wavelet decomposition tree selection
for palm and face authentication. Pattern Recognition Letters , 29 (3),
343-353

Chan, C., & Lin, C. (2011). LIBSVM: a library for support vector
machines. ACM Transactions on Intelligen Systems and Technology , 2
(3), 2:27:1-27:27.




<<
  /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 1.7
  /CompressObjects /Off
  /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 true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /Cmb10
    /CMBSY10
    /Cmbsy10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /Cmbx10
    /CMBX12
    /Cmbx12
    /CMBX5
    /Cmbx5
    /CMBX6
    /Cmbx6
    /CMBX7
    /Cmbx7
    /CMBX8
    /Cmbx8
    /CMBX9
    /Cmbx9
    /CMBXSL10
    /Cmbxsl10
    /CMBXTI10
    /Cmbxti10
    /CMCSC10
    /Cmcsc10
    /CMCSC8
    /Cmcsc8
    /CMCSC9
    /Cmcsc9
    /CMDUNH10
    /Cmdunh10
    /CMEX10
    /Cmex10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /Cmff10
    /CMFI10
    /Cmfi10
    /CMFIB8
    /Cmfib8
    /CMINCH
    /Cminch
    /CMITT10
    /Cmitt10
    /CMMI10
    /Cmmi10
    /CMMI12
    /Cmmi12
    /CMMI5
    /Cmmi5
    /CMMI6
    /Cmmi6
    /CMMI7
    /Cmmi7
    /CMMI8
    /Cmmi8
    /CMMI9
    /Cmmi9
    /CMMIB10
    /Cmmib10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /Cmr10
    /CMR12
    /Cmr12
    /CMR17
    /Cmr17
    /CMR5
    /Cmr5
    /CMR6
    /Cmr6
    /CMR7
    /Cmr7
    /CMR8
    /Cmr8
    /CMR9
    /Cmr9
    /CMSL10
    /Cmsl10
    /CMSL12
    /Cmsl12
    /CMSL8
    /Cmsl8
    /CMSL9
    /Cmsl9
    /CMSLTT10
    /Cmsltt10
    /CMSS10
    /Cmss10
    /CMSS12
    /Cmss12
    /CMSS17
    /Cmss17
    /CMSS8
    /Cmss8
    /CMSS9
    /Cmss9
    /CMSSBX10
    /Cmssbx10
    /CMSSDC10
    /Cmssdc10
    /CMSSI10
    /Cmssi10
    /CMSSI12
    /Cmssi12
    /CMSSI17
    /Cmssi17
    /CMSSI8
    /Cmssi8
    /CMSSI9
    /Cmssi9
    /CMSSQ8
    /Cmssq8
    /CMSSQI8
    /Cmssqi8
    /CMSY10
    /Cmsy10
    /CMSY5
    /Cmsy5
    /CMSY6
    /Cmsy6
    /CMSY7
    /Cmsy7
    /CMSY8
    /Cmsy8
    /CMSY9
    /Cmsy9
    /CMTCSC10
    /Cmtcsc10
    /CMTEX10
    /Cmtex10
    /CMTEX8
    /Cmtex8
    /CMTEX9
    /Cmtex9
    /CMTI10
    /Cmti10
    /CMTI12
    /Cmti12
    /CMTI7
    /Cmti7
    /CMTI8
    /Cmti8
    /CMTI9
    /Cmti9
    /CMTT10
    /Cmtt10
    /CMTT12
    /Cmtt12
    /CMTT8
    /Cmtt8
    /CMTT9
    /Cmtt9
    /CMU10
    /Cmu10
    /CMVTT10
    /Cmvtt10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


