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Abstract— Previous statistical analysis studies using large-
scale brain magnetic resonance (MR) image databases have
examined that brain tissues have age-related morphological
changes. This fact indicates that one can estimate the age
of a subject from his/her brain MR image by evaluating
morphological changes with healthy aging. This paper proposes
an age estimation method using local features extracted from
T1-weighted MR images. The brain local features are defined by
volumes of brain tissues parcellated into local regions defined by
the automated anatomical labeling atlas. The proposed method
selects optimal local regions to improve the performance of age
estimation. We evaluate performance of the proposed method
using 1,146 T1-weighted images from a Japanese MR image
database. We also discuss the medical implication of selected
optimal local regions.

I. INTRODUCTION

Morphological changes of a human brain have been found
to follow a specific pattern of growth and atrophy in the
process of brain development and healthy aging. On the
other hand, neurodegenerative diseases such as Alzheimer’s
disease (AD) have caused the accelerated aging process,
i.e., the accelerated brain atrophy. Evaluating the difference
between the age estimated from the brain information and
the actual age might help early identification and diagnostic
support of age-related brain disorders.

Previous statistical analysis studies using magnetic reso-
nance (MR) imaging, especially T1-weighted images, have
demonstrated that age-related changes are found in gray
matter (GM) volume, white matter (WM) volume and Cere-
brosphinal fluid (CSF) [1], [2], [3], [4]. GM volume mono-
tonically decreases with age from 20s to 70s, WM volume
shows small changes, and CSF monotonically increases with
age from 20s to 70s in contrast with GM volume [4]. Such
volume changes make it possible to estimate the age of
subjects from T1-weighted images.

So far, there are some studies on age estimation from T1-
weighted MR images [5], [6], [7], [8], [9]. These methods
employed high-order features, all the voxels or combined
information to estimate the age, and hence it was diffi-
cult to give the medical implication to estimation results.
In addition, experiments were not necessarily sufficient to
demonstrate the effectiveness of methods in these studies,
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since only a few hundred MR images were used to evaluate
the accuracy of age estimation methods.

Addressing the above problems, this paper proposes a
novel age estimation method using local features extracted
from T1-weighted images. We define local features by re-
gional volume calculated from 90 local regions of GM, WM
and CSF parcellated by the automated anatomical labeling
(AAL) atlas [10]. We then construct a classifier for age
estimation based on the combination of local features using
relevance vector machine (RVM) [11]. The proposed method
selects optimal local regions to improve the performance of
age estimation. We evaluate performance of the proposed
method using 1,146 T1-weighted images from a large-
scale brain MR image database of normal Japanese [12],
and demonstrate that the proposed method exhibits efficient
performance of age estimation compared with conventional
methods. We also discuss the medical implication of selected
local regions.

II. AGE ESTIMATION USING BRAIN LOCAL FEATURES

This section describes the proposed age estimation method
using brain local features extracted from T1-weighted im-
ages as shown in Fig. 1. The proposed method consists of
3 processes: (i) local feature extraction, (ii) local feature
normalization and (iii) classifier construction. We describe
the details of each process in the following.

A. Local Feature Extraction

We apply preprocessing [13] to T1-weighted images in
order to extract local features of each brain tissue. This
preprocessing is done using Statistical Parametric Mapping
2 (SPM2)1 [14] and Voxel-Based Morphometry 2 (VBM2)2.
Note that we empirically confirmed that the accuracy of age
estimation with SMP2 is better than that with the newer
versions of SPM such as SMP5 and SPM8.

First, T1-weighted images are transformed into the Ta-
lairach stereotactic space by registering each of the images to
the T1 template, where we employ the ICBM 152 template,
which approximates the Talairach space [15]. The deforma-
tion field used in this normalization process is estimated
only from GM information to prevent any contribution of
nonbrain voxels and perform optimal spatial normalization
of brain tissues. We normalize the T1-weighted image (Fig.

1http://www.fil.ion.ucl.ac.uk/spm/software/spm2/
2http://dbm.neuro.uni-jena.de/vbm/vbm2-for-spm2/
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Fig. 1. Flow diagram of the proposed method.

2 (a)) using the estimated deformation field and obtain the
normalized image as shown in Fig. 2 (b).

Next, the normalized images are segmented into each
tissue such as GM, WM and CSF using the SMP2 default
segmentation procedure, where a mixture model cluster
analysis with a priori knowledge of spatial distribution of
tissues is used. The segmented tissues are then modulated by
the Jacobian determinants derived from spatial normalization
to correct volume changes in spatial normalization. Fig. 2 (c),
(d) and (e) show example of segmented GM, WM and CSF
after volume modulation, respectively.

Finally, each brain tissue is parcellated into 90 regions
defined by the AAL atlas [10]. We then calculate the GM
volume in each parcellated local region as shown in Fig. 2
(f), and obtain the regional GM volume (RGMV). We also
obtain the regional WM volume (RWMV) and the regional
CSF volume (RCSFV) in the same way.

B. Local Feature Normalization

The extracted local features such as RGMV, RWMV and
RCSFV include the effects from sex and total intracranial
volume (TIV). These effects result in the decrease in the
accuracy of age estimation. We employ a linear regression
analysis to remove such effects from local features.

We now consider RGMV calculated from N subjects. The
i-th RGMV can be modeled by
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where i (= 1, 2, · · · , 90) is the index for local regions and n
(= 1, 2, · · · , N) is the index for subjects. RGMV i

n indicates
the i-th RGMV of n-th subject, aSex and aTIV indicate
parameters for sex and TIV, respectively, and e i

n indicates
the residual for i-th RGMV of n-th subject. Sexn is 1 for
male and 0 for female. TIVn is the TIV calculated as the
sum of GM, WM and CSF volume. Parameters aSex and
aTIV are estimated by using the least-square optimization
method. Using the estimated parameters, we can calculate
the residuals ein, which do not include any effects from sex
and TIV. We denote the residuals ein as corrected RGMV
(cRGMV) used to construct the classifier for age estimation.
We also obtain cRWMV and cRCSFV by applying the above
procedure to RWMV and RCSFV.

(d) (f)

(b)(a)

(e)

(c)

Fig. 2. Results of preprocessing: (a) T1-weighted image, (b) normalized
T1-weighted image, (c) normalized, modulated GM, (d) normalized, modu-
lated WM, (e) normalized, modulated CSF and (f) parcellated local regions
of GM, where each color label indicates a segment.

C. Classifier Construction

The classifier for age estimation is constructed using the
combination of cRGMV, cRWMV and cRCSFV as a feature
vector. We utilize RVM [11] to make an age estimation clas-
sifier, since RVM selects a small number of support vectors
to construct a classifier, and hence is robust against outliers
and overlap of feature vectors compared with support vector
machine (SVM) [16]. The problem of age estimation is
regression estimation, since the estimated age is not a binary
output but a real-valued output. We employ relevance vector
regression (RVR), which is a version of RVM generalized to
regression estimation [11].

We select effective local regions for age estimation by
measuring the mean absolute error (MAE) of age estimation
with the increase or decrease in the number of local regions,
where the MAE is defined by a mean of the absolute
difference between the actual and estimated age for each
subject. We employ 45 local regions by making a pair of
corresponding left and right local regions from 90 local
regions. In the case of increasing the number of local regions,
we first select the single local region, evaluate MAE using
the local region, and rank the local region having the lowest
MAE 1st. Next, we select one local region from the remains,
combine it with 1st-ranked region, and evaluate MAE using
the combined local features. We rank the local region having
the lowest MAE 2nd. We repeat the above procedure until
no region remains. In the case of decreasing the number
of local regions, we evaluate local regions in an opposite
manner. We remove one local region from 45 local regions
and evaluate MAE using 44 local regions. The removed local
region having the lowest MAE is ranked the last place, i.e.,
45th. We remove one local region from remaining 44 local
regions, evaluate MAE using 43 local regions, and rank
the local region having the lowest MAE 44th. We repeat
the above procedure until no region remains. Finally, we
identify effective local regions in age estimation by finding
the minimum of MAE obtained by changing the number of



TABLE I

CHARACTERISTICS OF THE SUBJECTS IN THE TWO PROJECTS.

Project # of subjects Age (mean±SD)
Aoba 1 1,156 (M: 565/F: 591) 45.6±15.7

Tsurugaya 1 176 (M: 84/F: 92) 72.1±1.7

local regions.

III. EXPERIMENTS

We describe performance evaluation of the proposed
method using a large-scale T1-weighted MR image database.
We also discuss the medical implication of selected local
regions.

A. Experimental Condition

We use T1-weighted MR images from the Aoba Brain
Imaging Project (Aoba 1) in Sendai, Japan [12] and the
Tsurugaya Project (Tsrugaya 1) in Sendai, Japan. Table I
shows characteristics of the subjects in both projects. T1-
weighted MR images of each subject in both projects were
taken using the same 0.5T MR scanner (Signa contour, GE-
Yokogawa Medical Systems, Tokyo), where the image size
is 256×256×124 voxels. The subjects of the two projects
were all healthy and had neither present illness nor a history
of neurological disease, psychiatric disease, brain tumor, or
head injury. In the following, we use a combination of Aoba
1 and Tsrugaya 1 as a database for the experiment.

We select 1,146 subjects aged 20–75 years from the
database, including 552 men and 594 women aged 20–75
years. We randomly select 550 subjects for the training data
to construct classifiers from 1,146 subjects and also randomly
select 550 subjects for the test data to evaluate the accuracy
of age estimation from the remaining subjects. We perform
multiple trials, where each trial includes data selection and
performance evaluation, so as to prevent experimental results
from depending on selected data. The number of trials is 100
for all the cases in this paper.

We employ the different types of machine learning al-
gorithm such as linear discriminant analysis (LDA) [17]
and SVM [16] in addition to RVM in order to demonstrate
the effectiveness of the proposed method. The LDA-based
classifier is constructed by MATLAB Statistics Toolbox,
where default settings are used. The SVM-based classifier
is constructed by A Library for Support Vector Machines
(LIBSVM)3, where the type of SVM is nu-SVR and param-
eters are optimized for each trial. The RVM-based classifier
is constructed by Sparse Bayes Version 14, where the kernel
type is set to “cauchy.” We evaluate the accuracy of age
estimation using the mean absolute error (MAE), the root
mean squared error (RMSE) and the correlation coefficient
(Corr.).

3http://www.csie.ntu.edu.tw/˜cjlin/libsvm/
4http://www.miketipping.com/sparsebayes.htm

TABLE II

SUMMARY OF EXPERIMENTAL RESULTS.

Local regions MAE [y/o] RMSE [y/o] Corr.
LDA All 7.581 9.925 0.804

Optimal (16/90) 5.777 7.513 0.893
SVM All 5.109 6.423 0.921

Optimal (56/90) 4.727 5.989 0.931
RVM All 4.630 5.812 0.936

(Proposed) Optimal (48/90) 4.498 5.645 0.939
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Fig. 3. MAE when changing the number of local regions (upper: increase,
lower: decrease), where the dashed line indicates the MAE using all the
local regions, and the orange-color box indicates the combination of local
regions having the lowest MAE. We employ the same abbreviation of each
local region used in [18].

B. Results

Table II shows experimental results for each classifier. The
age of subjects can be estimated with an MAE of 4.498
years when using the RVM-based classifier with the optimal
local regions. The classifier constructed by the proposed
method can estimate reliable age from T1-weighted MR
images, since there is strong correlation between the real
and estimated age. Fig. 3 shows experimental results of MAE
variations both for increasing and decreasing the number of
local regions in the case of the proposed method.

Fig. 4 shows selected regions having the lowest MAE
which are visualized by BrainNet Viewer5. Effective local
regions are concentrated in the frontal association area, the
Wernicke’s area, the angularis gyrus and the primary motor
cortex. The frontal association area takes on the function
of behavioral decision and working memory. The functions
of the Wernicke’s area include language comprehension, se-
mantic processing, language recognition and language inter-
pretation. The angularis gyrus takes on the functions related
to language, spatial cognition, memory retrieval, attention
and theory of mind. The above regions take on the high-
order function compared with other regions, and hence are

5https://www.nitrc.org/projects/bnv/
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Fig. 4. Visualized optimal local regions for age estimation.

TABLE III

COMPARISON AMONG CONVENTIONAL AND PROPOSED METHODS.

Method # of subjects MRI MAE Corr.
(Age range) [y/o]

Lao et al.[5] 153 1.5T — —
(56∼85)

Neeb et al.[6] 44 1.5T 6.3 0.69
(23∼74)

Franke et al.[7] 547 1.5T, 4.61 0.94
(19∼86) 3T

B. Wang et al.[8] 20 1.5T 2.41 —
(50∼86)

J. Wang et al.[9] 360 1.5T, 4.57 0.94
(20∼82) 3T

303 ∼3T 1.38 0.79
(7∼22)

Proposed 1,146 0.5T 4.50 0.94
(20∼75)

impaired with aging. The primary motor cortex exhibits high
effectiveness in age estimation, although this region takes on
the low-order function. The location of the primary motor
cortex is close to that of the central sulcus. The central
sulcus becomes dilated by atrophying the frontal area and
the primary motor cortex also becomes dilated which looks
like atrophy. On the other hand, ineffective local regions are
concentrated in the parietal lobe and the occipital lobe. These
regions take on the low-order function and hence are robust
against aging. The above result corresponds to the statistical
analysis of age-related morphological changes [4].

Table III shows comparison among conventional and pro-
posed age estimation methods. The proposed method is
evaluated using much more subjects and wider age range
than the conventional methods. The MAE of the proposed
method is lower than that of most conventional methods. The
proposed age estimation method is more reliable than the
conventional methods, since the proposed method indicates
low MAE and high correlation coefficient.

IV. CONCLUSION

This paper proposed a novel age estimation method using
brain local features extracted from T1-weighted MR images.
Through a set of experiments using a large-scale MR image
database, we demonstrated that the proposed method exhibits
efficient performance in age estimation compared with the

conventional methods. We also discuss the medical implica-
tion of selected local regions. We verified that the selected
local regions suggested by the proposed method correspond
to the previous statistical analysis study. We will develop a
system using the proposed method to help early identification
and diagnostic support of age-related brain disorders.

REFERENCES

[1] T.L. Jernigan, S.L. Archibald, C. Fennema-Notestine, A.C. Gamst, J.C.
Stout, J. Bonner, and J.R. Hesselink, “Effects of age on tissues and
regions of the cerebrum and cerebellum,” Neurobiol. Aging, vol. 22,
pp. 581–594, 2001.

[2] J.S. Allen, J. Bruss, C.K. Brown, and H. Damasio, “Normal neu-
roanatomical variation due to age: The major lobes and a parcellation
of the temporal region,” Neurobiol. Aging, vol. 26, pp. 1245–1260,
2005.

[3] D. Terribilli, M.S. S̀chaufelberger, F.L.S. Duran, M.V. Zanetti, P.K.
Curiati, P.R. Menezes, M.S. Scazufca, E. Amaro Jr., C.C. Leite, and
G.F. Busatto, “Age-related gray matter volume changes in the brain
during non-elderly adulthood,” Neurobiol. Aging, vol. 32, pp. 354–
368, 2011.

[4] Y. Taki, B. Thyreau, S. Kinomura, K. Sato, R. Goto, R. Kawashima,
and H. Fukuda, “Correlations among brain gray matter volumes, age,
gender, and hemisphere in healthy individuals.,” PLoS One, vol. 6,
no. 7, pp. e22734–1–e22734–13, Apr. 2011.

[5] Z. Lao, D. Shen, Z. Xue, B. Karacali, S. M. Resnick, and C. Da-
vatzikos, “Morphological classification of brains via high-dimensional
shape transformations and machine learning methods,” NeuroImage,
vol. 21, no. 1, pp. 46–57, Jan. 2004.

[6] H. Neeb, K. Zilles, and N. J. Shah, “Fully-automated detection of
cerebral water content changes: Study of age- and gender-related H2O
patterns with quantitative MRI,” NeuroImage, vol. 29, no. 3, pp. 910–
922, Feb. 2006.

[7] K. Franke, G. Ziegler, S. Kloppel, and C. Gaser, “Estimating the age of
healthy subjects from T1-weighted MRI scans using kernel methods:
Exploring the influence of various parameters,” NeuroImage, vol. 50,
no. 3, pp. 883–892, Apr. 2010.

[8] B. Wang and T. D. Pham, “MRI-based age prediction using hidden
Markov models,” J. Neurosci. Methods, vol. 199, no. 1, pp. 140–145,
July 2011.

[9] J. Wang, W. Li, W. Miao, D. Dai, J. Hua, and H. He, “Age estimation
using cortical surface pattern combining thickness with curvatures,”
Med. Biol. Eng. Comput., vol. 52, no. 4, pp. 331–341, Apr. 2014.

[10] N. Tzourio-Mazoyer, B. Landeau, D. Papathanassiou, F. Crivello,
O. Etard, N. Delcroix, B. Mazoyer, and M. Joliot, “Automated anatom-
ical labeling of activations in SPM using a macroscopic anatomical
parcellation of the MNI single-subject brain,” NeuroImage, vol. 15,
no. 1, pp. 273–289, Jan. 2002.

[11] M. E. Tipping, “Sparse Bayesian learning and the relevance vector
machine,” J. Machine Learning Research, vol. 1, pp. 211–244, 2001.

[12] K. Sato, Y. Taki, H. Fukuda, and R. Kawashima, “Neuroanatomical
database of normal Japanese brains,” Neural Networks, vol. 16, no. 9,
pp. 1301–1310, Nov. 2003.

[13] C. D. Good, I. S. Johnsrude, J. Ashburner, R. N. A. Henson, and K. J.
Friston, “A voxel-based morphometric study of ageing in 465 normal
adult human brains,” NeuroImage, vol. 14, no. 1, pp. 21–36, July
2001.

[14] K. J. Friston, A. P. Holmes, K. J. Worsley, J-P. Poline, C. D. Frith,
and R. S. J. Frackowiak, “Statistical parametric maps in functional
imaging: A general linear approach,” Hum. Brain Mapp., vol. 2, pp.
189–210, 1995.

[15] J. Talairach and P. Tournoux, Co-Planar Stereotaxic Atlas of the
Human Brain, George Thieme Verlag, 1988.

[16] C. Cortes and V. Vapnik, “Support-vector networks,” Machine
Learning, vol. 20, no. 3, pp. 273–297, Sept. 1995.

[17] C.M. Bishop, Pattern Recognition and Machine Leaning, Springer,
2006.

[18] K. Wu, Y. Taki, K. Sato, S. Kinomura, R. Goto, K. Okada,
R. Kawashima, Y. He, A. C. Evans, and H. Fukuda, “Age-related
changes in topological organization of structural brain networks in
healthy individuals,” Hum. Brain Mapp., vol. 33, no. 3, pp. 552–568,
Mar. 2011.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeFangsongStd-Regular
    /AdobeFanHeitiStd-Bold
    /AdobeGothicStd-Bold
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeKaitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobeSongStd-Light
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /ARBERKLEY
    /ARBLANCA
    /ARBONNIE
    /ARCARTER
    /ARCENA
    /ARCHRISTY
    /ARDARLING
    /ARDECODE
    /ARDELANEY
    /ARDESTINE
    /ARESSENCE
    /ARHERMANN
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ARJULIAN
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /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
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HGGothicE
    /HGGothicM
    /HGGyoshotai
    /HGKyokashotai
    /HGMaruGothicMPRO
    /HGMinchoB
    /HGMinchoE
    /HGPGothicE
    /HGPGothicM
    /HGPGyoshotai
    /HGPKyokashotai
    /HGPMinchoB
    /HGPMinchoE
    /HGPSoeiKakugothicUB
    /HGPSoeiKakupoptai
    /HGPSoeiPresenceEB
    /HGSeikaishotaiPRO
    /HGSGothicE
    /HGSGothicM
    /HGSGyoshotai
    /HGSKyokashotai
    /HGSMinchoB
    /HGSMinchoE
    /HGSoeiKakugothicUB
    /HGSoeiKakupoptai
    /HGSoeiPresenceEB
    /HGSSoeiKakugothicUB
    /HGSSoeiKakupoptai
    /HGSSoeiPresenceEB
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPr6N-Bold
    /KozGoPr6N-ExtraLight
    /KozGoPr6N-Heavy
    /KozGoPr6N-Light
    /KozGoPr6N-Medium
    /KozGoPr6N-Regular
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPr6N-Bold
    /KozMinPr6N-ExtraLight
    /KozMinPr6N-Heavy
    /KozMinPr6N-Light
    /KozMinPr6N-Medium
    /KozMinPr6N-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /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
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /MyriadWebPro
    /MyriadWebPro-Bold
    /MyriadWebPro-Italic
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


