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Abstract— Emotional identification is necessary for example in
Brain Computer Interface (BCI) application and when emotional
therapy and medical rehabilitation take place. Some emotional
states can be characterized in the frequency of EEG signal, such
excited, relax and sad. The signal extracted in certain frequency
useful to distinguish the three emotional state. The classification of
the EEG signal in real time depends on extraction methods to
increase class distinction, and identification methods with fast
computing. This paper proposed human emotion monitoring in
real time using Wavelet and Learning Vector Quantization (LVQ).
The process was done before the machine learning using training
data from the 10 subjects, 10 trial, 3 classes and 16 segments (equal
to 480 sets of data). Each data set processed in 10 seconds and
extracted into Alpha, Beta, and Theta waves using Wavelet. Then
they become input for the identification system using LVQ three
emotional state that is excited, relax, and sad. The results showed
that by using wavelet we can improve the accuracy of 72% to 87%
and number of training data variation increased the accuracy. The
system was integrated with wireless EEG to monitor emotion state
in real time with change each 10 seconds. It takes 0.44 second, was
not significant toward 10 seconds.

Keywords—emotion monitoring; EEG signal; Wavelet; LVQ;
Brain Computer Interface

I. INTRODUCTION

Emotion is a physiological process triggered by conscious
and/or unconscious perception of an object or situation and is
often associated with mood, temperament, personality,
disposition, and motivation [1]. Emotion plays an important role
in human communication that can be expressed through gesture,
facial expression, text or speech. Emotion is a feeling and a
particular thought in human, such as pleasure, anger, sadness,
passion, and disappointment. Emotion can be divided into
positive and negative emotion. Emotional control is very
important, but some people have problems for it so that therapy
is needed. When emotional therapy is performed, it is necessary
to identify and monitor the impact of therapy on emotional
change to be positive. One instrument that can identify the
emotion state in real time is the Electroencephalogram (EEG).

EEG signals involve a great deal of information about the
function of the brain, which may reflect a state of mind, such as
level of attention [2], relax condition [3], mental activity [4],
human grasping [5] [6], human attention [7], alertness level [8],
or emotional conditions [9], [1], [10], and [11], [12]-[18].
Several studies on identification of emotional states through
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EEG signals are the response of sound stimulation [19], after
watching movies [20], watching ads [21], listening to music
[11], playing video game [12] , and watching videos [22], [23].
Moreover, wireless EEG provide comfort so emotional
identification of brain signals can be an intermediate device in
the development of Brain Computer Interface (BCI) [24] [25].

EEG signal transform becomes a model and by analyzing it
provides an effective way to classify the EEG signal. In general,
EEG signal consists of wave components, differentiated by their
frequency regions. They are alpha waves (8-13 Hz), very often
appears when people are in conscious and relaxed conditions;
beta wave (14-30 Hz), often occurs when people are in thinking;
theta wave (4-7 Hz), usually happens when people take a nap,
feel sleepy, or suffer emotional stress; and delta wave (0.5-3 Hz),
very often appears when people are in deep sleep. As a
consequence, a lot of researches concerning EEG signal analysis
represent the signal into frequency domain. It can be used like
Power Spectral Density [26] [27] [24], Wavelet [18], [28]-[31]
[2], [8], [32] [33]. Besides, EEG model used Autoregressive [5],
[34]-[36], and Fractal Dimension [37] [10].

This research focuses on identifying emotion state. Prior
research on EEG based emotion identification using statistical
[38], Support Vector Machine (SVM) [39], Multilayer
Perceptron [40] and Learning Vector Quantization (LVQ) [23].
Although there are varieties of emotional states to describe the
human’s feelings, until now only limited types of emotions can
be recognized using EEG. They are time constrains, accuracy,
number of electrodes, number of the recognized emotions, and
benchmark EEG affective databases [37].

This research developed emotional response identification
system in real time every 10 seconds. It used Wavelet
transformation and LVQ. One of the emotional identification
information based on the emotional identification can be
informed the presence of Alpha, Beta, Theta, and Delta waves.
Some research introduced Gamma wave can be represented Beta
wave. Therefore using Wavelet for the signal extraction in the
frequency area is very useful to improve the accuracy [9], [19],
[29]. While the ability LVQ in machine learning to identify
signals having fast computation [2], and quite accurately, so it is
suitable for use as an identification system in real time.

Real time monitoring system was developed with 10 subject
each 15 trials. Then it was segmented each 10 seconds and
extracted into Alpha, Beta, and Theta waves using Wavelet. The
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three waves of four channels was identified using LVQ into
three emotion i.e. excited, relax, and sad.

The system's ability to identify emotions is highly dependent
on training data that precisely identify emotional state before.
One way to obtain certain emotion state was by stimulation with
music that can generate waves related to the emotional state [19].
Some music evoke Beta waves related to excited emotional
state, slow music generate theta wave representing sad emotion,
and some music evokes alpha waves for a relaxed emotional
class. The system implemented in software to identify three
emotional states in real time that can be used for monitoring
emotional therapy.

II. MATERIAL AND METHODS

Monitoring system of emotion state as illustrated by Fig. 1.
EEG Data

i
Preprocessing
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(10 seconds) e
ee e Wavelet extraction
5-32Hz
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Fig. 1. Emotion state monitoring using Wavelet and LVQ
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The system first learns by using the training data so that it
can be obtained generalization in the form of weights which
stored in the database. To improve recognition accuracy then the
EEG signal is first extracted in the frequency range 5-32 Hz
using Wavelet as Fig. 1

A. EEG Data Acquisition

EEG data is recorded with Emotiv Insight wireless EEG
from 10 subjects for machine learning. In order to minimize
other variables electrical activity in the brain, we selected the
subject from a 20-25 years old, healthy and declared willingness
as subject in this research. We used wireless EEG recording by
placing electrodes on the four channels, namely AF3, T7, T8 and
AF4 and with 128 Hz sampling frequency. It was recorded three
sessions: in the morning, noon, and night. Before recording, the
subject was asked to get enough sleep between 7-9 hours, then
starting light sport and not hungry. The recording took place in
a dim lighting level and not noisy. Each subject was recorded sit
and open eyes. Everything were set to minimize the influence of
other variables than emotional. The recording is performed for
three minutes which were segmented every 10 seconds per
channel, thus resulting in a set of 128 x 10 = 1280 points in a
data set. EEG signal recording was used by 10 people for
training data and 10 people tested offline test data before the
system was used.

The face video was recorded to compare the result. Subjects
performed three emotion state, excited, relax, and sad. System
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identification of the condition of emotion EEG signals
constructed based on wavelet extraction as the input of LVQ.
Experiments performed as illustrated by Fig. 2.

Fig. 2. EEG recording

Each subject is recorded with three different emotional
states, namely excited, relax and sad. Recording begins with a
stimulus of instrumental songs that can evoke beta waves or
excited state. After that subject given about 30 minutes to rest
and then proceed to record with sound stimulation that generate
alpha waves or relaxed emotional state. Finally subjects given a
sound stimulation that can generate Theta waves to evoke sad
emotions.

B. Wavelet Extraction

EEG signals contain 0-128 Hz frequencies. Using Wavelet
transform, EEG signal was extracted into needed frequencies (5-
32 Hz) which contained Alpha, Beta, and Theta waves. Discrete
wavelet transforms against x(n) signal is described as (1):

C(j k) =—= S xmyr* 7 n— k) (1)
2./ n

is a wavelet base function, with and is a scale factor and shift.

Some of the wavelet functions are convolutions as well as
down sampling which filtered the resulting signal value from
each wave. Using wavelet transform, signal may be composed
of signal approximation and detail. For example signal with 128
Hz sampling rate contains 0-64 Hz frequency band. It can be
extracted into 5-32 Hz frequency band after five steps
decomposition as Fig.3.

A = Approximation (low)
D = Detail (High)
Al

AAA3

AAAAL AAAD4 AADA4

AADDD5

Fig. 3. Wavelet extraction into 5-32 Hz
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Approximation is a resulted signal generated from
convolution process of original signal with low-pass filter while
detail is a signal generated from convolution process of original
signal with high-pass filter. Approximation and detail described
in (2) and (3):

Approximation signal = yhigh[K]

= Xnx[n] * g[n — k] (2)
Detail signal = ylow[k]
= Yax[n].h[n —K] 3)

where

x(n) = original signal

g(n) = low-pass filter coefficient

h(n) = high-pass filter coefficient

k,n = index 1 — till lenght of signal

Wavelet with Symlet2 function, contain four low pass filter

coefficient (detoned g,) and four high-pass filter coefficient
(denoted 4,) (4) and (5).

Scale function coefficient (low-pass filter)

1-+3 3- 3+v3 _1+v3

_ _3-43 _ 4
9= 9' = BT 9T “)
Wavelet function coefficient (high-pass filter)

1-v3 3-v3 3+V3 1+ V3
o= M= = =y ©®)

Previous research were using Wavelet Symlet2 function in
order to extract beta power [41]. Using Symlet2 in calculation
actually almost the same with Daubechies4 calculation in
determining values of alpha, beta, and theta waves from EEG
signal. However, while the number of coefficients contained in
Symlet2 and Daubechies4 are equal, their values are different.
Symlet2 forms noted for asymmetric signals.

The extraction of EEG signals into theta waves was
conducted in five steps by approaching the frequency range 5-8
Hz that yielding 8 points. Then, the signal was extracted in alpha
waves 9-14 Hz with five steps for getting into 12 points. Beta
wave extraction was after four steps (15-32), gave 36 points.
After wavelet filtering, each second, using wavelet extraction we
reduced 128 points into 56 points data. If the signal is 10
seconds, we got 560 points.

C. Monitoring System Using Learning Vector Quantization

Learning Vector Quantization (LVQ) is a supervised
version of vector quantization that can be used when we have
each input data with class label. This learning technique uses the
class information to reposition the Voronoi vectors slightly as to
improve the quality of the classifier decision regions, which
adapted from Kohenen Map. A two stage process of LVQ shown
Fig. 4.

Each of the classes used select one set of input vectors from
the training data called weights. A competitive layer will learn
to classify input vectors. The classes obtained as a result of this
competitive layer depend on the Euclidean distance between
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reference vectors or weights compared training data each class.
We are looking at based on (6).

D; = X_if|xij - wy||”

(6)

Fig. 4. LVQ Architecture

System identification was based on the results of the wavelet
extraction, which is consecutive waves of theta, alpha, and beta
on every 10 seconds and every channels. Considering the
emotion state factor related to the asymmetric of symmetric
channel, the information is also included in the identification
system.

Follows is the series of input identification system:

_t1—8,s:1,AF3 2 A1-12,51,4F 3 D1=36 521, 4R35
11-8,5=10, 4F 3> A1-12,5=10,4F 3>D1-36,5=10, 4F3
1§ 521,78 A1-12,5=1,78 »D1-36,5=1,78 """

118 5=10,78> A1-12,5=10,78> D136,5=10.T5>

X(n) =| el g 1 4p3-aF4>CA 12,521, AF3-AF 4> D136 521 AF3-AF 4> "5

€11_8 510, AF3—AF 4 €A1-12,5=10, AF 3-AF 4> €D1_36 5210, AF 3-AF 4

el_g ¢—1,77-78>€41-12,5=1,77-T8> ebl—36,s=1,T7—T8 PR

€l1_8 4=10,77-18>€41-12,5=10,77-T8 > €D1_36,5=10,77-T3

Where t: theta wave, a: alpha wave, b: beta wave, et:
equilibrium of theta wave, ea: equilibrium of alpha wave, eb:
equilibrium of beta wave. Thus we get 560+560+560 = 1680
data input. Input of LVQ is 1680 or number of n.

The first step is feature selection — the unsupervised
identification of a reasonably small set of features in which the
essential information content of the input data is concentrated.
The second step is the classification where the feature domains
are assigned to individual classes.

The LVQ algorithm attempted to correct winning weight w;
which minimum D. The correction was by shifting:

1. Ifthe input x; and wining w; have the same class label, then
move them closer together by Aw; (j) = () (x;; — w;j)

If the input x; and wining w; have a different class label,
then move them apart together by Aw;(j) = —B(j) (x;; —

Wij)

2.
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3. Voronoi vectors/weights wj corresponding to other input

regions are left unchanged with Aw; (t) = 0.
Where B(t) is a learning rate that decreases with the number

of'epochs of training. In this way we get better classification than
by the SOM alone.

III. RESULT AND DISCUSSION

Wavelet extraction used Symlet2 by Wavelet extraction of
5-32 Hz reduced DC frequency and noise of signal as illustrated
by Fig 5.

Wavelate Extraction Toward Original Signal

88888

Amplitude

- 8 8 8 8 B &

RERE

w @ = w7 w s
Sumple Time (FS 128 He i a Second)

— Wavelate Extraction Signal —— Original Sigaal

Fig. 5. EEG signal compared wavelet filtering in a second

Fig. 5 appears that the EEG signal was extracted to eliminate
the signal details outside the frequency of 5-32Hz with half of
data points

A. Optimizing of LVQ Parameter

Monitoring system for emotional condition needs to be
tested against optimization of training parameters to find
parameters that produce weight and accuracy that provide the
best accuracy as shown in Table I Tests using the constant
reduction of fixed learning rate, namely 0.1.

TABLE L. OPTIMIZED OF TRAINING PARAMETER

Accuracy (%)

No o Epoch | Time | Training New

Data Data
1 0.05 59 706 100 87
2 0.04 57 670 100 84
3 0.03 55 666 100 83
4 0.02 51 666 100 84
5 0.01 44 666 100 85

Optimized training parameters of LVQ are learning rate o
0.01 to 0.05 with 0.001 of learning rate reduction and the
maximum epoch of 10000. We got that learning rate gave best
accuracy 0.05. The next in the system.

B. Using Wavelet Filtering

Furthermore, the system tested the effect of using Wavelet
extraction on accuracy as shown in Table II. It can be seen that
72% without extraction to 87% using extraction with
asymmetric wave of pair symmetric channel and with 84%
without asymmetric wave. So the identification process will be
very good if it passes the stage of extraction first and using
symmetric of wave.
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TABLE II. USING WAVELET IN ACCURACY OF RECOGNITION SYSTEM
Accuracy of (%)
State Without With 3 wave of “;‘sth n‘:’nvlvife “'}d
Wavelet Wavelet M etric o
Wavelet
Exited 73 84 38
Relax 74 88 90
Sad 70 79 84
Average 72 84 87

This research result that using wavelet filtering improved
accuracy from 72% into 87%. While using asymmetric of pair
symmetric channel improved accuracy of 84 to 87%.

C. System Monitoring of Emotion State

Recognition system tested toward training data. One of the
advantages of a LVQ is revision of all weights but winner weight
as the ANN method. Testing of all training data about 100%
accuracy. The training processed took only under 10 minutes
from all training data.

Monitoring system toward attention has implemented in
integration software with wireless EEG. Each testing took 0.44
second to identify of 10 seconds. So it was not a signification lag
time.

TABLE III. SYSTEM ACCURACY OF TESTING DATA
. Accuracy of (%)
Subject Excited Relax Sad Average
1 88 89 84 87
2 87 93 82 87
3 83 83 76 81
4 86 84 87 86
5 92 96 89 92
6 89 97 87 91
7 86 88 84 86
8 89 88 86 88
Average 88 90 84 87

The emotional state monitoring system that has been
implemented in software is shown in Fig. 6. It can give
emotional state in real time.

REAL TIME IDENTIFICATION

Time: 0:22 Emotional Respons: Relax

Fig. 6. Real time monitoring system of emotional state

IV. CONCLUSION

This research has developed an EEG signal recognition
system on the attention state using wavelet extraction and LVQ.
Using wavelet extraction could improve system accuracy from
72% to 87%. Using wavelet transform can also be the series
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configuration theta wave, alpha and beta. Using asymmetric
channel improved accuracy of 84% to 87%.

Using LVQ could reduce the computation time to be under a
minute without accuracy loss. Obtaining generalization of data
in LVQ training such was relatively faster and more stable than
using Multilayer Perceptron. Each testing took 0.44 second to
identify 10 seconds signals data. Therefore it was not a
significant lag time.

ACKNOWLEDGMENT

This research was funded by Penelitian Unggulan Perguruan
Tinggi Kementerian Riset, Teknologi, dan Pendidikan Tinggi,
Republik Indonesia in 2017.

REFERENCES

[1] S. Koelstra et al., “DEAP: A database for emotion analysis; Using
physiological signals,” IEEE Trans. Affect. Comput., vol. 3, no. 1, pp. 18—
31,2012.

E. C. Djamal, D. P. Pangestu, and D. A. Dewi, “EEG-Based Recognition
of Attention State Using Wavelet and Support Vector Machine,” in 2016
International Seminar on Intelligent Technology and Its Applications
(ISITIA), 2016, pp. 139-144.

R. Ekayama, E. C. Djamal, and A. Komarudin, “Identifikasi Kondisi Rileks
Dari
Quantization,” in Seminar Nasional Sains dan Teknologi (SNST), 2016, pp.
150-155.

A. Turnip and K. S. Hong, “Classifying mental activities from EEG-P300
signals using adaptive neural networks,” Int. J. Innov. Comput. Inf.
Control, vol. 8, no. 9, pp. 6429-6443,2012.

E. C. Djamal, Surijanto, and S. J. Setiadi, “Classification of EEG-Based
Hand Grasping Imagination Using Autoregressive and Neural Networks,”
J. Teknol., vol. 78, no. 66, pp. 105-110, 2016.

V. Gaveau et al., “Automatic online control of motor adjustments in

Sinyal Eeg Menggunakan Wevalet Dan Learning Vector

reaching and grasping,” Neuropsychologia, vol. 55, no. 1, pp. 2540, 2014.

M. Gola, M. Magnuski, I. Szumska, and A. Wrdbel, “EEG beta band

activity is related to attention and attentional deficits in the visual

performance of elderly subjects,” Int. J. Psychophysiol., vol. 89, no. 3, pp.

334-341, 2013.

E. C. Djamal, Suprijanto, and A. Arif, “Identification of Alertness State

Based on EEG Signal Using Wavelet Extraction and Neural Networks,” in

2014 International Conference on Computer, Control, Informatics and Its

Applications (IC3INA), 2014, pp. 175-180.

M. Murugappan, N. Ramachandran, and Y. Sazali, “Classification of

human emotion from EEG using discrete wavelet transform,” J. Biomed.

Sci. Eng., vol. 3, no. 4, pp. 390-396, 2010.

[10]S. Sengupta, S. Biswas, and S. Nag, “Emotion Specification from Musical
Stimuli: An EEG Study with AFA and DFA,” in 4th International
Conference on Signal Processing and Integrated Networks (SPIN) 2017,
2017.

[I1]R. Duan, X.-W. Wang, and B.-L. Lu, “EEG-Based Emotion Recognition
in Listening Music by Using Support Vector Machine and Linear Dynamic
System,” in International Conference on Neural Information Processing,
2012, pp. 468-475.

[12]D. Giakoumis, D. Tzovaras, K. Moustakas, and G. Hassapis, “Automatic
recognition of boredom in video games using novel biosignal moment-
based features,” [EEE Trans. Affect. Comput., vol. 2, no. 3, pp. 119-133,

102

2011.

[13]N. Kumar, K. Khaund, and S. M. Hazarika, “Bispectral Analysis of EEG
for Emotion Recognition,” Procedia Comput. Sci., vol. 84, pp. 31-35,
2016.

[14]]). Atkinson et al., “Improving BCl-based emotion recognition by
combining EEG feature selection and kernel classifier,” Expert Syst. Appl.
Elsevier, vol. 47, no. 3, pp. 3541, 2016.

[15]M. Othman, A. Wahab, 1. Karim, M. A. Dzulkifli, and 1. F. T. Alshaikli,
“EEG Emotion Recognition Based on the Dimensional Models of
Emotions,” Procedia - Soc. Behav. Sci., vol. 97, pp. 30-37, 2013.

[16]Y. Zhanga, X. Jia, and S. Zhanga, “An approach to EEG-based emotion
recognition using combined feature extraction method,” Neurosci. Lett.,
vol. 633, pp. 152-157, 2016.

[17]Y. P. Lin, C. H. Wang, T. L. Wu, S. K. Jeng, and J. H. Chen, “Support
vector machine for EEG signal classification during listening to emotional
music,” in Proceedings of the 2008 IEEE 10th Workshop on Multimedia
Signal Processing, MMSP 2008, 2008, pp. 127-130.

[18]Y. Liu, O. Sourina, and M. K. Nguyen, “Real-time EEG-based Human
Emotion Recognition and Visualization,” in 2010 International
Conference on Cyberworlds, 2010, pp. 256-277.

[19]E. C. Djamal and Suprijanto, “Recognition of Electroencephalogram
Signal Pattern against Sound Stimulation using Spectral of Wavelet,” in
Tencon 2011,2011, pp. 767-771.

[20]D. Nie, X. Wang, L. Shi, and B. L. S. Member, “EEG-based Emotion
Recognition during Watching Movies,” in Proceedings of the 5th
International IEEE EMBS Conference on Neural Engineering, 2011, pp.
667-670.

[21]T. Nomura and Y. Mitsukura, “Extraction of unconscious emotions while
watching TV commercials,” in JECON 2015 - 41st Annual Conference of
the IEEE Industrial Electronics Society, 2016, pp. 368-373.

[22]M. Soleymani, M. Pantic, and T. Pun, “Multimodal emotion recognition in
response to videos,” IEEE Trans. Affect. Comput., vol. 3, no. 2, pp. 211—
223,2012.

[23]A. Marzuki, L. Dioren Rumpa, A. D. Wibawa, and M. H. Purnomo,
“Classification of human state emotion from physiological signal pattern
using pulse sensor based on learning vector quantization,” in 2016
International Seminar on Intelligent Technology and Its Application, 2016,
no. May 2017, pp. 129-134.

[24]E. C. Djamal, M. Y. Abdullah, and F. Renaldi, “Brain Computer Interface
Game Controlling Using Fast Fourier Transform and Learning Vector
Quantization,” J. Telecommun. Electron. Comput. Eng., 2017.

[25]J. R. Wolpaw, N. Birbaumer, D. J. McFarland, G. Pfurtscheller, and T. M.
Vaughan, “Brain Computer Interfaces for communication and control,”
Front. Neurosci., vol. 4, no. 113, pp. 767-791, 2002.

[26]N. H. Liu, C. Y. Chiang, and H. C. Chu, “Recognizing the degree of human
attention using EEG signals from mobile sensors.,” Sensors (Basel)., vol.
13, no. 8, pp. 10273-10286, 2013.

[27]M. Murugappan and S. Murugappan, “‘Human emotion recognition through
short time Electroencephalogram (EEG) signals using Fast Fourier
Transform (FFT),” in 2013 IEEE 9th International Colloquium on Signal
Processing and its Applications (CSPA), 2013, pp. 289-294.

[28]M. Murugappan, M. Rizon, R. Nagarajan, S. Yaacob, D. Hazry, and L
Zunaidi, “Time-Frequency Analysis of EEG Signals for Human Emotion
Detection,” in 4th Kuala Lumpur International Conference on Biomedical
Engineering 2008 IFMBE, 2008, pp. 262-265.



Proc. EECSI 2017, Yogyakarta, Indonesia, 19-21 September 2017

[29]V. Bajaj and R. B. Pachori, “Human Emotion Classification from EEG
Signals Using Multiwavelet Transform,” 2014 Int. Conf. Med. Biometrics,
no. Md, pp. 125-130, 2014.

[30]M. Murugappan, R. Nagarajan, and S. Yaacob, “Comparison of different
wavelet features from EEG signals for classifying human emotions,” 2009
IEEE Symp. Ind. Electron. Appl. ISIEA 2009 - Proc., vol. 2, no. Isiea, pp.
836-841, 2009.

[31]D. Iacoviello, A. Petracca, M. Spezialetti, and G. Placidi, “A real-time
classification algorithm for EEG-based BCI driven by self-induced
emotions,” Comput. Methods Programs Biomed., vol. 122, no. 3, pp. 293—
303, 2015.

[32]M. K. Kiymik, M. Akin, and A. Subasi, “Automatic recognition of
alertness level by using wavelet transform and artificial neural network,”
J. Neurosci. Methods, vol. 139, no. 2, pp. 231-240, 2004.

[33]A. B. M. A. Hossain, W. Rahman, and M. A. Riheen, “Left and Right Hand
Movements EEG Signals Classification Using Wavelet Transform and
Probabilistic Neural Network,” vol. 5, no. 1, pp. 92-101, 2015.

[34]A. Zabidi, W. Mansor, K. Y. Lee, and C. W. N. F. Che Wan Fadzal,
“Classification of EEG signal from imagined writing using a combined
Autoregressive model and multi-layer perceptron,” 2012 IEEE-EMBS
Conf. Biomed. Eng. Sci. IECBES 2012, no. December, pp. 964-968,2012.

[35]E. Yulianto et al., “An analysis of EEG signal generated from grasping and
writing,” Neuropsychologia, vol. 9, no. 1, pp. 51-57, 2015.

103

[36]X. D. Zhang and H. R. Choi, “Pattern Recognition of Human Grasping
Operations Based on EEG,” pp. 592-600, 2006.

[371Y. Liu, O. Sourina, and M. K. Nguyen, “Real-time EEG-based Emotion
Recognition and its Applications,” Trans. Comput. Sci. XII, vol. 6670, pp.
256-277,2011.

[38]M. Islam, T. Ahmed, S. S. Mostafa, M. S. U. Yusuf, and M. Ahmad,
“Human emotion recognition using frequency amp; statistical measures of
EEG signal,” Informatics, Electron. Vis. (ICIEV), 2013 Int. Conf., pp. 1-6,
2013.

[39]A. Bhardwaj, A. Gupta, P. Jain, A. Rani, and J. Yadav, “Classification of
human emotions from EEG signals using SVM and LDA Classifiers,” in
2015 2nd International Conference on Signal Processing and Integrated
Networks (SPIN), 2015, pp. 180-185.

[40]Y. P. Lin, C. H. Wang, T. L. Wu, S. K. Jeng, and J. H. Chen, “Multilayer
perceptron for EEG signal classification during listening to emotional

in [EEE Region
Proceedings/TENCON, 2007.

[41]Z. Mahmoodin, N. S. Jalalludin, W. Mansor, K. Y. Lee, and N. B.
Mohamad, “Selection of Symlets wavelet function order for EEG signal
feature extraction in children with dyslexia,” in ISSBES 2015 - IEEE
Student Symposium in Biomedical Engineering and Sciences: By the
Student for the Student, 2016, pp. 113-117.

music,” 10 Annual International Conference,




<<
  /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 /Error
  /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 true
  /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
    /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
    /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
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /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
    /SILDoulosIPA
    /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
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <<

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

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


