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Examination of Temporal Characteristics of
Epileptic EEG Subbands Based on
the Local Min-Max

Suparerk Janjarasjitt and Kenneth A. Loparo

Abstract— Tempoval characteristies of EEG signal provide
insight into the state of the brain. In this work, temporal
characteristics of spectral subbands of epileptic EEG data asso-
ciated with different pathological states of the brain inciuding
§, 0. a, # and ~ subbands are examined using two features
of local minima and local maxima, veferred to the number of
local min-max and the variance of local min-max intervals.
The compulational vesults show the substantial differences
between the temporat characteristics of the cpileptic EEG signal
during an cpiteptic seizure activity and during a non-seizure
period in any subhand. Furthermore, the epiteptic EEG signat
during an cpileptic seizure activity exhibits different temporai
characteristics hetween the low and high frequency subbands
as compared to the epileptic EEG signal duving a non-scizarc
period.

Index Terms—cicctroencephalogram, cpilepsy, scizure, focat
min-max, subbands.

[. INTRODUCTION

PLLEPSY is a commuon brain disorder in which clusters

of neurons signal abnormally [ 1. More than 50 million
individuals worldwide, about 1% of the world’s population
are affected by epifepsy [21. In epilepsy. the normal patlern
of neuronal activity s disturbed, causing strange sensations,
emotions. and behavior, that sometimes include convulsions,
muscle spasms, and loss ol consciousness {1]. There are
many possible causes for seizures ranging from illness 1o
brain damage to abnormal brain development {11, and epilep-
tic seizures are manifestations of epilepsy [3[. The electroen-
cephalogram (EEG) is a signal that quantifies the clectrical
activity of the brain, usually from scalp recordings and 1s
commonly used to assess and detect hrain abnormalities, and
is crucial for the diagnosis of epilepsy [1].

‘femporal patterns of EEG signals can provide important
information and such fcatures can be obtained by visuul
inspectionfanalysis and using computational tools, Concepts
and computational tools derived (rom the study ol complex
systems including nontincar dynamics have gained increasing
interest Tor applications in biology and medicine [4]. The
correlation integral and dimension are common nonlincar
dynamical analysis techniques that have heen applied to EEG
signal analysis [51 to study various aspects. Epilepsy is an
important application for nonlinear EEG analysis [6], [71.
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K. A. Loparu is with the Department of Hlectrical Enginecring and
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In this paper, the temporal characterislics of cpileptic
EEG data are examined in terms of [ocal minima and
local maxima. There are a variety of diffcrent approaches
to determining local minima and maxima and typically.
Jocal min-max detection algorithins rely on thresholding the
magnitudes in a specified time window. The local minima
(local maxima) here is defined as a point whose amplitude
is less (greater) than its neighbors. The local minima and
maxima thus specify extreme points of the signal where the
magnitude changes direction. Previously, the characteristics
of the local min-max of the cpileptic ERG signals were
investigated in [8]-110]. Also. in j11], the characteristics of
the local min-max were examined in the sleep EREG data
associated with various sleep stages.

The features of the local minima and maxima examined
in this paper arc the total number of the local minima
and naxima, referred to as the number of focal min-max,
and the variance ol the sequence of distances between two
consecutive local minima and maxima. referred 1o as the
variance of local min-max intervals. In this paper, as com-
pared to the full-speetrum of ERG signat investigated in [8]-
1101, the temporal characteristics of five spectral subbands
of intracranial EEG data obtained from epilepsy paticnts
corresponding to different pathological states of the brain
(i.e., during a non-scizure period and during an epileptic
seizure activity) including & (1= Hz), 6 (48 Hz). « (8—
13 Hz), 5 (14-30 Hz), and ~ (31-80 Hz} are examinced.

From the compulational results, it is shown that there are
substantial differences between the temporal characteristics
of the epileptic EEG signals during an cpileptic seizure
activity and during a non-scizure period in any subbands.
Eurther. the number of local min-max N of epileptic FREG
signat during an epileptic seizure activily iy significantly
different from that during a non-seizure period at the o, 7 and
~ subbands, and the variance of local min-max intervals ¥y
of epileptic EEG signal during an epifeptic seizure activity is
significantly different from that during a non-seizure period
at the 8, «v and ~ subbands. Also. the epileptic EEG signal
during an epileptic seizure activity corresponds 10 different
temporal characteristics (i.c., the mumber of local min-max
N, and the varfance of local min-max intervals V) at the
lower and higher frequency subbands as compared to that
during a non-seizure period.

II. METHODS

A. Data and Subjects

The intracranial EEG data of cpilepsy paticnls ex-
amined in this study werc obtained from the Depart-
ment of Epileptology, University of Bonn {available onhine
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Fig. 2. Local minima Ay, plotted in A and local maxima Amex plotted in 577

at hupefepileptologie-bonn.de/ems/front_content. phplidcat=
193&lang=3&changelang=3) and originated from the study
preseated in [12]. Two sets of EEG data. referred 1o as sets
D and F. were recorded using intracranial electrodes from
five epilepsy paticnts. Both sets of EEG data were recorded
from within the epileptogenic zone. Further. the EEG data in
the set D corresponds Lo non-scizure periods while the EEG
data in the set £ were recorded during seizure activity.
Fach epifeptic FEG data set contains 100 cpochs of a
single-channel that were sclected to be [ree of artifacts such
as muscle activity and cye movements. The length of each
epoch is 23.6 seconds (4097 samples). In addition, the epochs
of the FEG signal satistied the weuk stationarity criterion
given in }12]. The sampling rate of the data i1s i73.6]1 Hz
and a bandpass filter with passband between 0.50 Hz and
85 Hz was used during signal acquisition. Examples of the
epileptic EEG signals for cach data set are depicted in Fig. 1.

B. Local Minima and Local Maxuna

[et the sequence {x[n}} be samples Trom a signal for
- 0.1 N — 1. where N is the length of signal. The
Jocal minima Ag, of the signal = are defined as point w hose
amplitude is fess than that of its consceutive preceding and

succeeding points while the local maxima Apa, are defined as
point whose amplitude is greater than that of its consecutive
preceding and succecding points.

Computationally, the local minima Ay, and maxima Ap,
arc given by

(o)
als — 1] > 2[n] and xft + 1] > 2l

and

e 28]

s — 11 < xln) and 2t + 1] < x[n]

where 2{s] = &js+1] = xin] =an e 1w e :rriti.

The local minima and maxima 0{ an EEG qwnai are depicted

in Fig. 2

C. Local Min-Max Characteristics

Temporal characteristics of the spectral subbands of the
EEG signals arc examined based on two features quantified
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Fiv. 3. Comparison of the number of local min-max Ny of the spectral subbands of the EEG data of sets D and E.

from the local minima Ay, and the local maxima Ay
defined as follows:

1y Number of local min-max:
The number of local min-max Ny is the total number
ol buth local minima Ay and local maxima Apy,, of
the EEG signal.
Vuriunce of local min-max intervals:
The varionce ol local min-max intervals Vy o is the
variance of the sequence of distances between (wo
consecutive tocal minima and maxima iy.

12

D. Analvtical Framework

In this study. the intracranial EEG signal of the EEG data
of sets 12 and E is divided into five spectral subbands: ¢
(1— Hzy. ¢ (3-8 Hz), o (8=13 Hy), 3 (14-30 Ha), and v
(31-80 Hz). The temporal characteristics, i.c.. the number
of local min-max Ny and the variance of local min-max
intervals V. of all five spectral subbands including the 4.
., 5 and v subbands are examined. The two-sample -
test is performed o determine whether both focal min-max
characteristics ol cach spectral subbands of EEG data set D
significantly differs from that of the data set E.

tit, RESULTS

The box plots shown in Fig. 3ta), Fig. 3(b), Fig. 3(c),
Fie. 3(d) and Fig. 3(e). respectively, compare the number of
focal min-max Ny of the 8. 8, v, J and ~ subbands of the
epileptic EEG data sets 12 and £ the variance of local min-
max intervals Vy of the 8, 9, . & and + subbands of the

epileplic FEG data sets D and F are compared in Fig. Ha}.
Fig. 4(b), Fig. ¥c), Fig. Hd) and Fig. 4(e), respectively. The
central mark of cach box is the median mark while the edges
of the bax are the 25th and 73th pereentiles. In addition, the
mean, median and standard deviation of both local min-maux
characteristics, i.c., Ny and Vy, of the EEG subbands arc
summarized in Table k. Evidently. the epileptic EEG data of
sels D and F associate with different characteristics of the
local min-max of various speetral subbands, ie., d. 0, . 1
and ~. The number of local min-max Ny of the epileptic
EEG data of both sets D and E tends to increase with
higher frequency subbands while the variance of local min-
max inlervals Vi of the epileptic EEG data of both sets 1)
and F tends © decrease with higher frequency subbands.
The number of local min-max Ny of the § and € subhands
of the epileptic EEG data of set E tends 1o be higher than
that of the data set D. On the contrary, the number of local
min-max & of the 4 and ~ subbands of the epileptic EEG
data of set E tends to be less than that of the data set . Also,
the variance of local min-max intervals Vy of the epileptic
EEG data of set I tends to be lower than that of the data set
D at the tower frequency subbands (i.c., 4, # and ) while,
at the higher frequency subbands (i.c., 8 and +), the variance
of focal min-max intervals Vy of the epileptic EEG data of
set E tends to be higher than that of the data set . Note
that the degree of difference between the number of local
min-max Ny of the spectral subbands of the epileptic CEG
data scts tends to increase with higher frequency subbands.
The results of the two-sample ¢-test comparing between
the local min-max characteristics, ie., Ny and Vy. of the
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lig 4 Comparison of the variance of local min-max intervals Vi of the spectral subbands of the EEG data of sels [ and /7.

STATISTICAL VALTES OF THE LOCAL MIN-MAX CHARACTERISTICS OF
THE SPECTRAL SUBBANDS OF THE L111XG DATA OF SETS 4 AND [2.

TABLI: |

leature | Data Set | Subband Mecan Median S. D
Ny D ) [33.19 133.00 9390
Ny D {} 293.74 292.00 30.5%
Ny I8 v 483.87 483.00 1557
Ny I Ri 970.55 972.00 47.11
Ny D ~ 247778 2502.00  131.03
Ny £ S i40.26 141,00 1460
Ny I s 290.06 287.00 12.83
Ny I (r S20.74 32800 18.63
Ny o 3 88932 830.00 70.88
RN I ~ 190343 1883.00 16084
vy 1) & 139.79 i32.04 50.51
1y i 4 1434 14.36 110
[ 1) I 348 339 0.75
s i) A 178 1.75 03]
Uy 2 3 059 0.57 0.08
Yy L § 91.63 31.07 49.84
[55% L f 109 i2.13 527
1y I o 2.50 2.63 0.77
Wy K i 2.04 1.98 043
Uy K 5 0 .68 0.69 0.08

spectral subbands, ie., 8. 8, «, J and 7, of the cpileplic
FEG data of sets D and E are summarized in Table 11
From the two-sample t-test for the number of focal min-max
Ny the results suggest that there are statistically significant
differences between the number of local min-max Ny of the
. 3 and v subbands of the epileptic EEG data of sets [)
and E with a p-value of 0.000001. Furthermore. the resulls of
two-sample t-test for the variance of local min-max intervals
V) suggest that there are statistically significant differences
between the variance ol local min-max intervals Vy of the 4,
o and v subbands of the epileptic EEG dala of sets [ and
E with a p-valuc of 0.000001.

IV. CONCLUSIONS AND DISCUSSION

In this paper. the temporal characteristics of the spectral
subhands of epileptic EEG data as quantified from the tocal
minima and maxima are examined. The epileptic EEGs were
divided into five subbands: 4, 4. «v. 3, and . Two local min-
max characteristics of the subbands of epileptic EEG data
examined are referred to as the number of local min-max
Ny, und the variance of lecal min-max intervals ¥y, in {9].
10], it was shown that the number of local min-max N,
ol the full-spectrum EEG signal during an epileplic seizure
aclivity tends to be lower than that during a non-seizure
period while the variance of local min-max intervals V)
of the full-spectrum EEG signal during an epileptic seizure
activity tends to be higher than that during a non-seizure
period. Moreover, a decrease of the number of focal min-max
Ny and an increase of the variance of local min-max intervals




TABLE I
RESUITS OF (=TEST OF THE LOCAL MIN-MAX CHARACTERISTICS OF
THIE SPECTRAL SUBBANDS OF THE ELEG DATA OF SETS 1) AND I

Feature | Subband Hypothesis p—value
Ny a4 71y cannot be rejected  p — 0.000087
Ny 4 {1y cunnot be rejected  p o= 00130718
Ny Q {1y cuan bhe rejected p <& 0.00600 1
N b {1 can he rejected p <€ 0.000001
Ay o I can be rejected p <€ 0.000001

- i A /iy can be rejected p < 0.000001
1Y t Hy cannol be rejected  p = 0.000002
(5% 0 I can be rejected < 0.00000F
15 gl {1y cannot be rejected p o= 0.0D0028
[N " | Ty can be rejected p < 0.000001

1, of the Tull-spectrum long-term clectrocorticogram (ECoG)
signal during 4 seizure onset were shown in [].

From the computational results, it is shown that both the
number of local min-max N, and the variance of local
min-max intervals Vy ol various subbands of the epileptic
FERG data for both non-seizure and scizure periods are
substantially dilferent. The numher of focal min-max N,
increases while the variance of local min-max intervals V),
with a higher frequency subband. This is as expected since
at a higher-Trequency subband thie EEG signal contains faster
osciltuting components. As a result, the amplitude of EEG
sivnat varies faster and the interval between extrema of ERG
signal becomes narrower. Further, the temporal characteris-
tics of the epileptic EEG signals during an epileptic scizure
aclivity and a non-scizure period are also basically different
f'or cach subbands.

Al the low frequency suhbands (ie., 4 and o) the number
of local min-max N, of the epileptic EEG data of set D)
tends to be higher than that of set £ but the number of Tocal
min-max Ny of the epileptic EEG data of set D at the high
frequency subbands (ie.. 3 and ) tends to be fower than
that of set I7. This indicates that there is a higher rate of
amplitude variation of the low frequency contents of EEG
signal during an epileptic seizure activity than that during a
non-seizure period. On the other hand, the rate of amplitude
variation of the high frequency contents of EEG signal during
a non-scizure period tends to he higher than that during an
epileptic scizure activity.

In addition. the varance of local min-max intervals V)
of the epileptic EEG data of set D at the jow frequency
subbands (e 5, # and ) lends o be jower than that of

set £ but at the high frequency subbands (ie., o and )
the variance of local min-max intervals V) of the epileplic
EEG data of set D tends to be higher than that of set I
This indicates that the regularity of amplitude variation of the
fow frequency contents of the epileptic EEG signal during
an cpileptic seizure activity is lower than that during a non-
seizure period. The regularity of amplitude variation of the
high requency contents of the epileptic EEG signal during
an epileptic seizure activity is higher than that during a non
seizure period.

Therefore, as quantified using the local minima and max-
ima, at the low frequency subbands the rate of ampli-
tude variation of epileptic EEG signal during an epileptic
setzure activity is higher but its temporal variability s less
as compared o that during a non-seizure period. This is
however reversed at the high frequency subbands. The rate
ol ampiitude variation of epileptic EEG signal during an
epileplic scizure activity is lower while the reguiarity of
amplitude variation is fess as compared to that during a non-
scizure period.

REFERENCES

[1} Seizure and Epilepsy: Hope through Research National Institute
of Neurological Disorders and Stroke (NINDS), Bethesda, M.
2004 {Online}. Available: http://www.ninds.nih.gov/disordersieptlepsy/
detail_cpilepsy.him

[2] B. Lit and I. BEchauz. “Prediction of epileptic seizures.” lancer
Neurology, vol. 1. pp. 2230, 2002.

3] A. Subasi, “Epileptic seizure detection using dynamic wavelet nel-

work,” Expert Systemy with Applications, vol. 29, pp. 343-355, 2005

A. L. Goldberger, *Complex systems,” Proc. Am. Thorae. Soc., vol. 3,

pp. 467172, 2006.

[51 W. 8. Pritchard and D. W. Duke, "Measuring chaos in the braia: a
tutorial review of BEEG dimenston estimation.” Brain Cogn., vob. 27,
pp. 353-397, 1995.

6] C. E. Elger. G, Widman, R. Andrzejak, . Arnhold, . David, and
K. Lehnertz, “Nonlinear EEG analysis and its potential role in epilep-
tology.” Epilepsia, vol. 41(Suppl), pp. S34-838, 2000,

[71 C. E. Elger, G. Widman. R. Andrzejak. M. Dumpelmuan. J. Arnhold,

P. Grassherger, and K. {.chnertz, “Value of nonlincar time series anal-

ysis of the EEG in neocortical epilepsies.” in Adveawe i Neuralogy,

P. D, Williamson, A. M. Siegel. D. W. Roberts. V. M. Thadani, and

M. §. Gazzaniga. Hd. Philadelphia: Lippincott Williams & Wilkins,

2000.

S. Janjarasjitt and K. A. Lopara, “Temporal variabitity of the FCo(

signad during epileptic seizures” in Proc. ECTICON. 2010, pp. 332-

336.

[9]1 S. Fanjarasjitt and K. A. Loparo, "Comparison ol lemporal variability

of epileptic ECoG signals.” in Proc. {CEIE 2010, pp. V2259-V2263

S. Janjarasjitt and K. A. Loparo. “Investigation of temporal vartability

of eprteptic EEG signals” in Proc. TENCON, 2010, pp. 359-363.

8. Janjarasjitt. “lnvestigation of temporal vartability of sleep EEG. in

Prac. ICICS. 2011,

112] R G. Andrzejak. K. Lehnertz, F. Mormann. . Ricke. P. David,
and €. E. Elger, “Indications of nonlinear deterministic and finit-
dimensionat structures in time series of brain electrical activity:
Dependence on recordiang region and brain state” Phvs. Rev. E.vol. 61
pp. (061907) 1-8, 200].

14

18

{10]

L



Intermational MultiConference of Engineers and Computer Scientists IMECS 2012 https//www.ieng org/IMECS20 12 ICER main himl
A H

IAENG International Conference on Electrical Engineering (ICEE"12)
Hong Kong, 14-16 March, 2012

‘Comtactus:

Conferences . ¢ i-Publications i

The IAENG International Conference on Electrical Engineering (ICEE'12) will take place in Hong Kong, 14-16 March, 2012

The conference ICEE'12 is held under the International MultiConference of Engineers and Computer Scientists 2012. The IMECS 2012 is organized by
the International Association of Engineers (IAENG), a non-profit international assaciation for the engineers and the computer scientists, The IMECS
conferences serve as good platforms for our members and the entire engineering community to meet with each other and to exchange ideas. Qur
IMECS committees have been formed with over three hundred conference committees members who are mainly research center heads, faculty deans,
department heads, professors, and research scientists from over 30 countries. The last IMECS 2011 has attracted more than eight hundred participants
fram over 50 countries. All submitted papers will be under peer review and accepted papers will be published in the conference proceeding (ISBN:
978-988-19251-1-4). The abstracts will be indexed and available at major academic databases. The accepted papers will also be considered for
publication in the special issues of the journal Engineering Letters, in IAENG journals and in edited books.

Calls for Manuscript Submissions

Important Dates.

i HEW!

The topics of the ICEE'12 include, but not limited to, the following:

Biotechnology: such as EEG, ECG, and EKG, various other monitoring equipment

Clectronics: such as integrated circuit, computer, electronic amplifier

Power engineering: such as electrical generators, electric power transmission

Telecommunication: such as television, radio, mobile phone, optical multiple access technologies
Control engineering: such as auto pilot, cruise controd, climate control, space exploration, smart bomb

Signal processing: such as electronic fitter, digital filter, video and audio codec, radar, sonar, beamforming

Special Session: Design, Analysis and Tools for integrated Circuits and Systems (DATICS™2)

The special session focuses on all areas of design, analysis and toois for circuits, systems and communications.
DATICS general chairman is Dr. Ka Lok Man, Xi'an Jiaotong-Liverpool University (China - UKy and Myongji University
{South Korea). Prospective authors of the special session DATICS 2 are invited to submit their draft paper to be
limited to a maximum length of 6 pages in full paper at hitps:iwww.easychair.orgiaccount

Isignin.cgizconf=daticsimecs12 hy 8 December 2011,

More detaits of DATICS 12 can be found at:
nitp:/fdatics.nesca-conterence org/datics-imecs2012/

ICEE Conference Co-Chairs and Committee Members:

Dr Maaruf Alj

Senior Lecturer in Telecommunications Engineering & Media Technology,

Department of Electronic Engineering, School of Technology, Oxford Brookes University, UK;

Vice-chair of the |EE Berkshire Specialist Branch on Electronics, Control, Computing and Communications

Mu-Song Chen (co-chair)
Associate Professor, Department of Electrical Engineering
Da-Yeh University, Taiwan

Yen-Wen Chen
Associate Professor, Dapt. of Communication Engineering
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Hung-Yuan Chung
Professor, Department of Electrical Engineering, National Central University, Taiwan

Yi-Nung Chung (co-chair)
Associate Professor, Department of Electrical Engineering
Da-Yeh University, Taiwan

Chun-Fei Hsu
Assistant Professor of Electrical Engineering,
Department of Electrical Engineering, Chung Hua University, Taiwan

Feng-Li Lian
Assistant Professor, Department of Electrical Engineering
National Taiwan University, Taiwan

Chih-Min Lin (co-chair)

Chairman and Professor
Department of Electrical Engineering
Yuan-Ze University, Taiwan

Prof. K.L. Man
Professor, Dept. of Computer Science & Software Engineering, Xian Jiaotong-Liverpool University, China

Prof. A.B. Rad (co-chair)
Professor, Faculty of Engineering and Industrial Sciences
Swinburne University of Technology, Australia

Wen-Jye Shyr
Assistant Professor, Department of Industrial Education and Technology,
National Changhua University of Education, Taiwan

Huan-liang Tsai
Assistant Professor, Department of Electrical Engineering, Da-Yeh University, Taiwan

Tsung-Han Tsai (co-chair)
Associate Professor, Dept. of Electrical Engineering
National Central University, Taiwan

Rong-Jong Wai
Professor, Department of Electrical Engineering,
Yuan Ze University, Taiwan

G.C. Yang
Professor, Department of Electrical Engineering
National ChungHsing University, Taiwan

Special Session DATICS Chairman and Committee Members:

General Chairs

* Ka Lok Man, Xi'an Jiaotong-Liverpool University (China-UK) and Myongji University (South Korea)
* Chi-Un Lei, University of Hong Kong (Hong Kong)

" Abhilash Goyal, Sun Microsystems-Oracle (USA)

" Tomas Krilavitius, Vytautas Magnus University (Lithuania)

International Program Committee
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* Graziano Pravadelli, University of Verona, Italy

" Yui Fai Lam, Hong Kong University of Science and Technology, Hong Kong

* Viadimir PavLov, International Software and Productivity Engineering Institute, USA
" Ajay Patel, Inteliigent Support Ltd, United Kingdom

" Jinfeng Huang, Philips & LiteOn Digital Solutions Netherlands, The Netherlands
* Thierry Vallee, Georgia Southern University, Statesboro, Georgia, USA

" Menouer Boubekeur, University College Cork, Ireland

* Monica Donno, Minteos, Italy

* Jun-Dong Cho, Sung Kyun Kwan University, South Korea

* AHM Zahirul Alam, International Islamic University Malaysia, Malaysia

* Gregory Provan, University College Cork, Ireland

" Miroslav N. Velev, Aries Design Automation, USA

* M. Nasir Uddin, Lakehead University, Canada

* Dragan Bosnacki, Eindhoven University of Technology, The Netherlands

* Dave Hickey, University College Cork. Ireland

* Milan Pastrnak, Siemens IT Solutions and Services, Slovakia

* John Herbert, University College Cork, Ireland

* Zhe-Ming Lu, Sun Yat-Sen University, China

" Jeng-Shyang Pan, National Kachsiung University of Applied Sciences, Taiwan
* Chin-Chen Chang, Feng Chia University, Taiwan

“ Mong-Fong Horng, Shu-Te University, Taiwan

" Liang Chen, University of Northern British Columbia, Canada

* Chee-Peng Lim, University of Science Malaysia, Malaysia

* Ngo Quoc Tao, Vietnamese Academy of Science and Technology, Vietnam
* Salah Merniz, Mentouri University, Constantine, Algeria

* Oscar Valero, University of Balearic Islands, Spain

*Yang Yi, Sun Yat-Sen University, China

* Damien Woods, University of Seville, Spain

* Franck Vedrine, CEA LIST, France

* Bruno Monsuez, ENSTA, France

* Kang Yen, Florida International University, USA

* Takenobu Matsuura, Tokai University, Japan

* R. Timothy Edwards, MultiGiG, Inc., USA

* Olga Tveretina, Karlsruhe University, Germany

* Maria Helena Fino, Universidade Nova De Lisboa, Portugal

* Adnian Patrick ORiordan, University College Cork, Ireland

* Grzegorz Labiak, University of Zielona Gora, Poland

* Jian Chang, Texas Instruments, Inc, USA

“ Yeh-Ching Chung, National Tsing-Hua University, Taiwan

* Anna Derezinska, Warsaw University of Technology, Poland

* Kyoung-Rok Cho, Chungbuk National University, South Korea

* Yong Zhang, Shenzhen University, China

" R. Liutkevi?ius, Vytautas Magnus University, Kaunas, Lithuania

* Yuanyuan Zeng, University College Cork, Ireland

* D.P. Vasudevan, University Calflege Cork, Ireland

" Arkadiusz Bukowiec, University of Zielona Gora, Poland

* Maziar Goudarzi, University College Cork, Iretand

" Jin Song Dong, National University of Singapore, Singapore

" Dhamin Al-Khalili, Royal Military College of Canada, Canada

* Zainalabedin Navabi, University of Tehran, tran

" Lyudmila Zinchenko, Bauman Moscow State Technical University, Russia
* Muhammad Almas Anjum, Nationat University of Sciences and Technology (NUST), Pakistan
" Deepak Laxmi Narasimha, University of Malaya, Malaysia

* Danny Hughes, Xi'an Jiaotong-Liverpool University, China
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* Yanyan Wu, Xi'an Jiaotang-Liverpool University, China

* Wen Chang Huang, Kun Shan University, Taiwan

" Masahire Sasaki, The University of Tokyo, Japan

* Vineet Sahula, Malaviya Nationat Institute of Technology, India

* D. Boolchandani, Malaviya Naticnal Institute of Technology, India

* Zhao Wang, Xi'an Jiaotong-Liverpool University, China

* Shishir K. Shandilya, NRIi institute of Information Science & Technology, India
*J.P.M. Voeten, Eindhoven University of Technology, The Netherlands

* Wichian Sittiprapaporn, Mahasarakham University, Thailand

* Aseem Gupta, Freescale Semiconductor Inc., Austin, TX, USA

* Kevin Marquet, Verimag Laboratory, France

* Matthieu Moy, Verimag Laboratory, France

* Ramy Iskander, LIP6 Laboratory, France

* Suryaprasad Jayadevappa, PES School of Engineering, India

* 8. Hariharan, B. S. Abdur Rahman University, Tamilnadu, India

* Chung-Ho Chen, National Cheng-Kung University, Taiwan

* Kyung Ki Kim, Daegu University, Korea

* Shiho Kim, Chungbuk National University, Korea

" Hi Seck Kim, Cheongju University, Korea

* Nan Zhang, Xi'an Jiaotong-Liverpool University, China

* Brian Logan, University of Nottingham, UK

* Ben Kwang-Mong Sim, Gwangiju Institute of Science & Technology, Korea
* Asoke Nath, St. Xavier's College (Autonomous), India

* Tharwon Arunuphaptrairong, Chulalongkorn University, Thailand

* Shin-Ya Takahasi, Fukuoka University, Japan

* Cheng C. Liu, University of Wisconsin at Stout, USA

" Farhan Siddiqui, Walden University, Minneapolis, USA

* Dario Kresi¢, University of Zagreb, Croatia

Qrganising Chairs

* Michele Mercaldi, EnvEve, Switzerland

* Lai Khin Wee, Technische Universitat lImenau, Germany

“ Nan Zhang, Xi'an Jiaotong-Liverpool University, China-UK
* Kaiyu Wan, Xi'an Jiaotong-Liverpool University, China-UK
" Jieming Ma, Xi'an Jiaotong-Liverpool University, China-UK
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Publications

The conference proceedings will be published by IAENG (ISBN: §78-988-19251-1-4) in hardcopy. The length of
each camera-ready paper will be limited to 6 pages. The registration fee includes the publication of one accepted
paper of up tc B pages in the conference proceeding. For each additional paper by the same author, there is a
charge of US$180 per additional paper.

The camera-ready version of the accepted paper with its assigned paper number can be sent to Imegs@iaeng ¢rg
in pdf format or in MS Word format. The accepted papers will be considered for publication in the special issues of
the journal Engineering Letters, in IAENG journals and in edited books. Revised and expanded version of the
selected papers may also be included as book chapters in the standalone edited books under the cooperation
between JAENG and publishers like Sgpringer.

For reference, the following post conference edited books of our recent IAENG conferences have been published
by Springer and America Institute of Physics: Trends in Intelhigent Systems and Compuler Engineering, Advances

in_Communicaiion Svstemns and_Electrical Engineering, Advances in_Indusipial Engineerng and Operations

Research, and Gurrept Themes in Enginesring Sclence.

The fuli-text congress proceeding will be indexed in major database indexes so that it can be assess easily. After
the publication of the proceeding, print copies will be sent to databases like |ET INSPEC, EBSCO, Thomson
Reuters IS1 Proceedings, Engineering Information (Eiy Compendex, The Technology Research Databases (TRD) of
C8A (Cambridge Scientific Abstracts), DBLP, Scopus, Google Scholar, CiteSeerX, and Computer Science
Biiiographies for indexing. As an updated example of our successes, our past proceedings have been indexed by
Thomson Reuters Conference Proceedings Citelion Index (formerly called I1SI Proceedings), which is an integrated

index within Web of Science (updated on January 2010).

IMECS 2012 Proceeding Templates

The length of each camera-ready paper will be limited to 6 pages. The registration fee includes the publication of
one accepted paper of up to 6 pages in the conference proceeding. For papers of more than 6 pages, the page
charge is US$25 per additional page. Each conference participant will be entitled to one proceeding at the
conference.

The MS Word Template (in A4 size and the IEEE two-column format) can be downloaded here:
IMECSZ2012 MSWord tempiate doc
IMECS2312 MSWord _tempiate. odf

The LaTeX Template can be downloaded here (zipped):
IAENG Conference LaTeX template zip

The LaTeX Template along with the BibTeX Template can be downloaded here {zipped):
IACNG Conference LaTeX BibTeX templaie.zip

The Tex Template (old version) can be downioaded here:
IMECSZ012 Latex exampie tex

IMECS2012_ Latex _example.pdf

The camera-ready version of the accepted paper with its assigned paper number can be sent to imecs@iaang or
in PDF format or in MS wWord format.
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