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ABSTRACT

Céll phone emits electromagnetic radiation which could be harmful to human brain
after an extensive exposure. The number of cell phone users has drastically increased
all over the world. In 2012, the number of cell phone subscribers went up to 6 billion
and the magjority of them are children and young adults. The main concern is the
health risk involved with the cell phone usage. In this paper, the effects of cell phone
on human brain are investigated. 16-channels EEG was used to record the brain
signa from 24 healthy participants under six different conditions (before experiment,
during experiment: right ear with distance, right ear without distance, left ear with
distance, left ear without distance and after experiment). After data were pre-
processed, the signal irregularity for all the six conditions was computed. Three
parameters were used to measure the signal complexity for time series data: i)
Composite Permutation Entropy Index (CPEI), ii) Fractal Dimension (FD) and iii)
Hjorth complexity. Based on these three parameters, the results showed that the
complexity level is high during experiment when the cell phone is at Right ear
without distance compared to Left ear without distance for all the brain regions
(frontal, central, parietal, temporal and occipital). However, the complexity level
decreases with distance when the cell phone is either on right or left ear. The increase
in the complexity level explains the presence of high frequency components due to
the cell phone radiation. Participants are more exposed to the radiation during the
call when the cell phone is without distance. For the frequency domain, absolute
power and coherence were used for the analysis. It can be observed from the result
that delta, theta and alpha brain waves are lower at both frontal and temporal lobes
during cell phone usage. But beta wave is higher during and after call. Thisis due to
the effect of radiation from the cell phone.



ACKNOWLEDGEMENTS

Praise to God, The Most Gracious and The Most Merciful for His endless blessings
throughout my life and the success He granted me during this Final Y ear Project.

My deepest heart gratitude is to my parents who strived to get me where | am now
and for their endless support and encouragement during thisfinal year.

My utmost appreciation and gratitude towards my supervisor Dr. Aamir Saeed
Malik, for the dedication of his time and effort, teaching, guiding and helping mein
all my work-related tasks despite his many other obligations.

My gratitude is extended to the postgraduate students for help and giving advices
whenever it was needed. Last but not least, | thank my friends and everyone who

supported me throughout this project.



Table of Contents

LIST OF FIGURES ......oo oottt vii
LIST OF TABLES ... oottt e e snse e e nnnee s IX
LIST OF ABBREVIATIONS. ..ottt st X
(O 1 e It RS 1
INTRODUGCTION ..ottt et e s e s sss e e s sss e e snsaessnnessnaessnaeeens 1
1.1 Background Of SIUAY .......cccceveriiiieiinie e 1

1.2 Problem Stalement ... e 2

1.3 ODJECHVES......ooeeceecece ettt 2

1.4 Relevancy & Feasibility ... 2
CHAPTER 2 ..ottt sttt st e 3
LITERATURE REVIEW. ..ottt st 3
2.1 Electromagnetic Radiation............cccevieereeieesiesecieseesesee e eee e see e 3

2.2 Brain ANGLOMY .....oocveiieeieeiesteesieseeseeseeeeeseesteseesseesseensesseessesnessseessesnenns 4

2.3 Electroencephal Ogram .........ccccecveceieereeiesee e eeesee e see et see e e sae e 7

2.4 PrevioUS SIUAIES .......coveeeiiieriesie st nne e 9

(@ 1 o = SRS 13
METHODOLOGY ...cuiitiiiieierieieiesie e esie e sesses e see e se e e e ssestesessessessssessessesessessnnens 13
I R . o= ot o Y = 13

3.2 EXPEriment PrOCEOUNE.........couiieeieee et 14

3.2.1 Subjects & QUESLIONNAITE ......cocuereerierieeieeie e 14

3.2.2 Experiment Design & Data ACQUISITION .......ccceeevevvieeniennenne 15

3.3 RemMOVING ATtITACES......oieiieeeeee e e 17

34 DAAANAYSIS. ..ot e 18

341 Time SEeSANAYSIS ..o e 18

3.4.1.1 Hjorth Parameters.........cccooeeierienenieneeseeie e 18

3.4.1.2 Composite Permutation Entropy Index..........cccceu... 19

3.4.1.3 Fractal DiMeNSION .........ccooeeiiireenienienee e 20

3.4.2 Frequency Domain ANalySIS .....cccoveeieeieneenierie e 20

3.4.2.1 ADSOIULE POWET .......ooiiiiiieiieeeee e 21

3.4.2.2 CONBIENCE. .....ccuiriireiriieeeiese et 22

3.5 TOOIS& EQUIPMENL.....ccceeiieeiecieesieeee et 22

3.6 GANtt Chart......ccooeeeeeieeere e 22



CHAPTER 4 ... 24

RESULTS & DISCUSSION.....ccoiiiiieiniesienieesie st esse st seesesseseenessesennens 24
4.1 TimMeE SEMES ANAYSIS...ciicee e ettt 24

4.1.1 Composite Permutation Entropy INdex ..........cccccvueeneen. 25

4.1.2 Fractal DIMENSION ......ccccvieirieeieeeesieeie e 26

4.1.3 Hjorth Complexity Parameter ..........ccccooeveninneenennns 28

4.2 Frequency DOmain ANalYSIS.......coovririienieniineesieeee s 30

4.2.1 ADSOIULE POWET .......oveiiiiiiieeieee e 30

4.2.2 CONEIENCE ....c.eeeieeiie ettt 32

(O 1N I o TSRS 35
CONCLUSION & RECOMMENDATION ...ttt 35
REFERENGCES........ooo ottt e e e e e e s nn e e sna e e snree s 36
APPENDIX ..ottt sttt bbb nenre e 38

Vi



Figure 1:
Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12
Figure 13:
Figure 14:
Figure 15:
Figure 16:
Figure 17:
Figure 18:

Figure 19:
Figure 20:
Figure 21:
Figure 22
Figure 23:
Figure 24:
Figure 25:

Figure 26:
Figure 27:
Figure 28:

Figure 29
Figure 30
Figure 31

LIST OF FIGURES

Electromagnetic field CONCEPL .......ccceeiereriireee e 4
Brain @NaI0MY ......oceiiiieieiiesieeie ettt sne e 5
Neurons communiCation FIOW .........ccccevieiiniiniereee e 6
10-20 standardS €l €CtrOUES .........coeeiierierieeeee e 7
BIalN WEAVES ...ttt s sttt e sne e 8
EEG EXPEITMENT ..ottt 10
Project flOWChart .........ccooii s 14
EmOtiv EPOC hEAOSEL .....coviiiiiiiiiiieeiee ettt 15

EMOLIV SUD EBVICES .....eeeiiiiiiii et 15
Block diagram for experimental protocol ..........cccoceveeiennnenienieneenn, 16
EXperimental SEEUP ......oovoeiieeeee e s 16
Row EEG signal recorded ..........ocoveeeiieieneeseee et 17
EEG signal after removing artifacts ........cccccvieevenceniese e, 17
CPEI with respect to conditions at frontal [obe ...........ccceecevieieeceeceenen. 25
CPEI with respect to conditions for central 1obe .........ccccccevveveecevnienen. 25
CPEI with respect to conditions for parieta ..........ccccocevevevevcieiecceseenn, 26
CPEI with respect to conditions for temporal ..........cccoeeveveveereeceeseenen, 26
CPEI with respect to conditions for temporal .........c.ccooeeevevienencienennn. 26
FD with respect to conditions for frontal ............ccccooeeriiiiniininieiene 27
FD with respect to conditions for central ..........ccoccoveriinnninin e 27
FD with respect to conditions for parietal ..........cccoceeiinieiininnenenne 27
FD with respect to conditions for temporal ..........ccooceeveninininneenenns 27
FD with respect to conditions for occipital ..........ccoceeveneeiininnicenenens 28
Hjorth complexity for frontal [0De ..........ccooeereriini e, 29
Hjorth complexity for central 0be.........cccoeveveeceeceee e, 29
Hjorth complexity for parietal 10be ........ccocoveveeieececee e, 29
Hjorth complexity for temporal 10be .........ccoovvevviceiieeceeeeee, 29
Hjorth complexity for occipital 10be ........ccevveveeeie e, 29

: Absolute power ratios of Deltafrontal ..........ccccoceviecinieiicce e, 31

: Absolute power ratios of Deltatemporal ..........cccceevveeenieniecce e 31

: Absolute power ratios of thetafrontal ...........ccccoeeviinienienicce e 31

vii



Figure 32: Absolute power ratios of thetatemporal ..........ccccoevvvieveeieccccecce 31

Figure 33: Absolute power ratios of alphafrontal ............cccooevevievicice e 32
Figure 34: Absolute power ratios of alphatempora ...........ccccecevveevieeiecceseccec 32
Figure 35: Absolute power ratios of betafrontal ............cccceeovevevieviiccecccsecce 32
Figure 36: Absolute power ratios of betatempora ..........ccccoveeevievicceccesece 32

Figure 37: The summary of the coherence ratio between the Frontal lobe and the
Temporal lobein terms of frequency bands ..., 34

viii



LIST OF TABLES

Table 1. Summary of brain waves according to EEG band frequency and conditions

...................................................................................................................................... 8
Table 2: Comparison between conditions in term of absolute power ....................... 21
Table3: FYP T Gantt Chart........ccccooiiiiiiiieseseenee e 22
Table 4: FYP I Gantt CRart.........cccoiieiieieiieeee et 23
Table5: Conditions and details ..........oooeveeiiriiiii s 24

Table 6: The summary of the coherence ratio between the Frontal lobe and Temporal
INterms of frequenCy DaNAS .........cocooiiiiii e 33



EEG

LIST OF ABBREVIATIONS

Electroencephal ography.

Frontal lobe.

Tempora lobe.

Parietal lobe.

Occipital lobe.



CHAPTER 1
INTRODUCTION
1.1Background
The exponential increase in cell phone use arobadmorld for the last decades has captured
many scientists and researchers attention. Tloaicarn is the health risk involved in using cell
phone. The Central Brain Tumor Registry reporteat tihe number of population in United
Stated suffering from brain tumor (benign and madigt) had increased from 13.4 per 100,000
in 1995 to 18.2 per 100,000 in 2004 [1]. The raad &lear cause of the brain tumor is still
undetermined but scientists believed that cell phioas biological effects on human after a long
term usage. These biological effects might be fatdause the cell phone subscriptions had
increased drastically around the world. Teens dmidren are known to be very exposed to the
cell phone effects because they start using it\&rg young age. Furthermore, children around
12 years and above sleep with cell phone under gikow. A recent study demonstrated that
children exposed to cell phone electromagneticataahi at 1800 MHz can have abnormities in

cortical regions, hippocampus, hypothalamus anceyes [1].

In order to investigate the possible health riskiseal by the cell phone radiation, many
experiments and researches have been done on sr(raglrabbit, and cat), plants, or human
beings. But in this research, our focus will behmman beings. One of the techniques used in
human beings to determine the effect of radio femgy radiation caused by cell phone on brain
activity is called electroencephalogram (EEG). EEGhe safest method of measuring brain
electrical activity by placing electrodes on thalpcwith a conductive gel. It was introduced

since 1924 by Hans Berger. The conditions suchnas and position of the EEG recording

depend on the researchers. Some required subgecizen or close their eyes, to be asleep or

awake.

Cell phone electromagnetic radiation is believed¢odangerous for the brain even though the
researches and studies on that field are stillnokesive. The possible health risk of the cell
phone includes cell damage, heating tissue, headdehin tumors and etc... Therefore, this

project aims to investigate and verify those pdedilealth risks and the ways to prevent them.



1.2 Problem statement

Cell phone technology has evolved rapidly from d&6G during the last decade. In line with
this tremendous development, the frequency has fjone 450 to 2200 MHz which leads to
higher electromagnetic radiation emission. Manyesitsts and researchers believed that the
electromagnetic radiation emitted by the cell phoaeld harm human brain after an extensive
exposure. The number of cell phone use has drlgticereased all over the world. In 2012, the
number of cell phone subscribers went up to 6dniliand the majority of them are children and
young adults. Also, the number of brain cancergp&eaacreasing as reported by Central Brain
Tumor Registry. Therefore, there is a need to itigate the effects of this radiation on the brain

in order to confirm the beliefs and previous reskas done.

1.30bjective

This research intends to:

> Understand the brain waves and their functionalitie

» Investigate the side effects of cell phone’s eteotagnetic radiation on human brain

using electroencephalograph (EEG).

1.4 Relevancy & Feasibility

Relevancy: This research is more related to biomedical andrateengineering. Since
engineering and medicine are working together tprawe healthcare, this research will widen
the knowledge about both fields.

Feasibility: The project can be achieved within two semestarsrding to the availability of the

equipments that are needed for collecting and aimajythe data.



CHAPTER 2
LITERATURE REVIEW

This chapter covers some fundamental topics sualeatromagnetic radiation, brain anatomy,
electroencephalogram (EEG) in order to understaaghtoject as well as the previous researches

done.

2.1 Electromagnetic Radiation

The radio frequency emitted from cell phone ishe tange of 800-2200 MHz, which is very
dangerous for human brain. Figure 1 (a) is a detratian of an electrical current that flows in a
conductor (antenna or circuit inside cell phone)iclwhgenerates both electric and magnetic
fields. The combination of both magnetic and eledtelds outputs Electromagnetic field (EMF)
perpendicular to each other as shown in figure) 1IEMF is emitted by cell phone when there is
reception, process, amplification of a signal aedegation of a signal from built in antenna as
shown in figure 1 (c). The EMF strength decreasg®eentially according to the distance from
the source. Due to the EMF strength, it is advisekkep the cell phone away from the body and

the head to avoid and risk involved. [1]



(a)

Magnetic and electric waves produced by current flowing through a conductor combine to
create an electromagnetic field [EMF]).

MagneticField
{waves)

Electric Field[wawes)

(b) (c)
Eleciric
Fiexled
Magnetic \ /
[Z=11a]
_ EMF strength
¥ - F'\‘IHC yole

W

Distance

—

Sending antenna

Figure 1: Electromagnetic field concept

The intensity of human brain magnetic field is 1@*-Tesla. The intensity of cell phone’s
magnetic field is 750mT when the cell phone is,i@®15T when the cell phone is ringing and
0.03T during call.

2.2 Brain Anatomy

Known as the important part of our body, the bordinates all the activities that take place in
our body. The brain consists of three mains paltetware cerebrum, cerebellum and brainstem
as shown in figure 2 [2].

» The cerebrum is the biggest part of the brain .ddrebrum is responsible of interpreting

any incoming information from the five senses whak smell, touch, vision, taste and



hearing. It also has the ability to speech intdgtien, reasoning, learning and control

body movement. The cerebrum is composed of leftragid hemispheres and is divided

into three parts which are frontal lobe, pariedhld, temporal lobe and occipital lobe.

Frontal lobe deals with personality, behavior, eoms, judgment,
planning, problem solving, speech (speaking andting)i, body
movement, intelligence, concentration and self awess.

Temporal lobe deals with memory, hearing, undeditan language,
sequencing and organization.

Parietal lobe is in charge of language and wordsrpnetation, signals
from vision, hearing, motor, sensory and memorgrprtetation, spatial
and visual perception, sense of touch, pain, amgéeature.

Occipital lobe interprets vision (color, light, mement).

» Cerebellum is the smaller part of the brain whisHaund under cerebrum as shown in

the figure 2. It coordinates muscle movements, taairposture and balance.

» Brainstem is the smallest part of the brain whiohrects cerebrum and cerebellum to

the spinal cord. It contains midbrain, Pons and utiad Brainstem is responsible of

automatic functions such as coughing, vomiting, llomang, heart rate, breathing,

digestion, body temperature, sneezing, wake argh sgcles.

3 0 ,@ﬂ

. {*L

/frontal lobe &° & .

: ‘r’ parletal Inbe

— © Mayfield Clinic

Figure 2: Brain anatomy



All the brain activities described above are doheough neurons. The neurons convey
information through electrical and chemical sigreasl they consist of cell body, dentdrites and
axon as shown in figure 3 [2]. Neurons communi¢ateach other through a tiny gap called
synapse. The arms of the neurons is called derdsikéch act like antenna to receive message
from other neurons. The received message from ¢hdrides are passed to the cell body which
decide to pass the message or not. But the mostriamt messages are passed to the end of axon
where sacs containing neurotransmitter open irgctmapse. The neurotransmitters channel out
of the synapse and reach receptors on the recemange cell, which stimulates the particular
cell to pass on the message. The neurons are hedriprotected and given a structural support
by glia cells. Glia cells are 10 to 50 times madnart neurons and are the most commonly

involved in brain tumors.

incoming
messages
received

by dendrites

neurotransmitter
synapse

message

receptor ' , ©ACe

Figure 3: Neurons communication flow



2.3Electroencephalogram

Most of the above studies are done using electeggradogram (EEG). EEG is a tool to record
any electrical activity that the brain generates f@gcing electrodes on the scalp with a
conductive gel. The brain consists of millions a&furons that generate individually a little
electric voltage field. The collection of theseatte voltage fields produces an electrical signal
which is detected by the electrodes placed ondhlp $3].

The international standard number of electroddsetoised in any experiment involving EEG is

around 10 to 20 as shown in figure 4.

Figure 4: 10-20 standards electrodes disposition

1. Front left (FL): Fpl, F3, F7

2. Front midline (FM): Fz

3. Front right (FR): Fp2, F4, F8
4. Center left (CL): T3, C3, T5
S. Center midline (CM): Cz

6. Center right (CR): T4, C4, T6
7. Posterior left (PL): P3, O1

8. Posterior midline (PM): Pz

The electrical signal recorded from the brain inegally classified in frequency band known as
alpha, beta, gamma, theta and delta. The correspgpidain wave of the different frequency

band is shown in the figure 5 below.
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Figure 5: Brain waves

The different brain waves are summarized in théetatbelow according to their EEG band

frequency and conditions.

Mental states and conditions

Brainwave Type

Frequency range

Delta 0.1Hz o 3Hz Deep, dreamless sleep, non-REM sleep, unconscious
Theta 4Hz to 7THz Intuitive, creative, recall, fantasy, imaginary, dream
Alpha 8Hz to 12Hz Relaxed, but not drowsy, tranquil, conscious

Low Beta 12Hz to 15Hz Formerly SMR, relaxed yet focused, integrated

Midrange Beta

16Hz o 20Hz

Thinking, aware of self & surroundings

High Beta

21Hz to 30Hz

Alertness, agitation

Gamma 30Hz to 100Hz

Motor Functions, higher mental activity

Table 1: Summary of brain waves according to EE@dtfeequency and conditions

The amplitude of EEG signal ranges approximatedynfiluV to 100uV which is very weak and
it can easily be affected by other sources. Actfaare EEG signal that the sources are different
from brain; they can be physiologic or non-physgito Physiologic artifacts are caused by heart
beat, eyes blink, muscle and tongue movements gluEEG recording. However non-
physiologic artifacts are caused by interferenceeqliipment at 60Hz such as electrodes

movement and body movement [3].



2.2 PREVIOUS STUDIES

A Swiss study conducted an experiment on humamiedus head by exposing the head to a cell
phone electromagnetic radiation of 900 MHz, assaltethe cerebral blood flow in the side of
the brain has increased enormously, demonstratiaigthere is a change of metabolism in the
brain region. Furthermore, the increased in glueostabolism on the side of the brain has been

proven in a recent study after 50 minutes of dedine use. [1]

Besides, an experiment was carried out by Reise,,e36 participants were exposed to a radio
frequency of a cell phone for 15 minutes, they werpiired to be awake and seated. The carrier
frequency of the cell phone was 902.4 MHz, moddlatethe frequency of 217 Hz. The power
transmitted by the cell phone to the head was 8tW distance of 40 Cm. As a result of this
experiment, there is an increase in EEG frequerfcth® brain wave after the 15 minutes
exposure. The brain waves are in the range of BZ5 12.5 Hz (Alpha 2), 12.75 — 18.5 Hz
(Beta 1) and 18.75 — 35 Hz (Beta 2) [4]. Moreowarother similar experiment was done by
Roéschke and Mann on 34 men. The EEG condition wdsetawake and closed eyes. The 34
men were exposed to GSM (Global System for Mobiem@wunication) mobile phone at a
carrier frequency of 900 MHz modulated at a frequyenf 217 Hz for about of 3.5 minutes. The
peak power of the GSM mobile phone was 8 W trariethiat a distance of 40 Cm from the
vertex. The statistical data was recorded fromBR& spectral power density at the frequency
band of 1 — 3.5 Hz (Delta), 3.5 — 7.5 Hz (Thetay,+12.5 Hz (Alpha), and 12.5 — 18 Hz (Beta)

[5].

In order to clarify these two similar investigatspnD’costa et al. had carried another
investigation using two different types of cell pleo(Nokia 6110 and Ericsson GH388) with
different power output (full-power and standby m®despectively). The two cell phones
operated at the carrier frequency of 900 MHz maedlat 217 MHz and they were configured
to output 250 mW. The investigation was done ompdQicipants with ages from 18 to 30 years.
All the participants were required to be awaketestaand eyes closed. The EEG data was
recorded for 5 minutes times ten for different ddods by placing the cell phone at the rear of
the head at a distance of 2Cm as shown figure 8. HEG data collected was set in frequency

domain between 1-32 Hz by using software calleddg@t EEG processing software (Wavelab).



The data was categorized into four main clinical3tands which are: delta (1 — 4 Hz), theta (4
— 8 Hz), alpha (8 — 13 Hz), and beta (13 — 32 B&}osta et al. found that there was a change in
human brain wave activity when exposed to full aéeli GSM mobile phone. The change
appeared in alpha (8-13 Hz) and beta (13-32 HEES® bands [6]

N 1 Ay & A

Figure 6: EEG experiment

In addition, Hinrikus et al. also conducted a stuay13 young volunteers with ages ranging
from 21 to 30 years to investigate the non-therafédcts of microwave radiation on human
brain. The subjects were exposed to 450 Hz micrewadiation of mobile communication
located at 10 cm from skin on the left side of llead. This investigation helped in determining
the increased in EEG energy level caused by miorevaimulation which is more intense in

beta 1 and at higher modulation frequencies [7].

A German group conducted an experiment on thetsfffanobilephone EMFs on brain signals
during sleep. A total of 12 volunteers were expasedight (5 stages of sleep were considered)
to radiofrequency (RF) emissions from a mobile ghorhe brain signals were recorded using
EEG. The data was analyzed and there was an s&medhe spectral power during REM sleep
but not in the other sleep stages [8].

In an experiment conducted on nine epileptic p&iem prove whether the cell phone radiation
affects their brain, had lead to almost consistamtclusion but the number of subjects were
insufficient [9][20]. The nine epileptic patientsere exposed to GSM Nokia 3310 at a carrier
frequency of 900MHz modulated at 217 Hz with peakl anean power of 2W and 0.25 W

respectively. They were in hospital for several ddgr supervision and were not under

10



medication. The EEG recording lasted one hour fdifférent conditions, each 5min with eyes
opened and closed periodically according to thdruoson. The experiment used 10-20
electrodes standard. As a result, there is an aseee in alpha, beta and gamma waves. The
increase power in alpha wave in the epileptic p&ie@re similar to the one reported for non
epileptic. However, the increase power in beta gachma wave may be due to the epileptic
condition.

Similarly, E. Maby et al. investigated the effe€t@SM mobile phone on nine healthy patients
and six epileptic patients [10]. There was an ifice in the brain activity precisely in the alpha
wave of the nine healthy patients according todéerease of correlation coefficient. However,
for the six epileptic patients, the correlationfficeent increased. Both patients EEG brain signal

were influence by the radio frequency.

Furthermore, a study was carried out to investigageeffect radio frequency emitted by cell
phone on human brain activity [11]. Adults arouhd tiges of 28 to 57 years old were exposed
to radiation from five different mobile phones atarier frequency of 900MHz or 1800 MHz.
they were required to close eyes and relax, the EHEGrding was done for six 30munites. As a
result, a change in brain activity (in delta freqey® was only found in one mobile phone [11].
Similarly, another study was done to investigate #ffect of cell phone radiation brain. The
experiment was done for 60mn session (before aredt) afxposure with eyes closed. Hence,
there is a change observed in the brain [12].

James C. Lin conducted experiment on human EE&Xpgsing subjects to microwave radiation
from cell phone [13]. The brain electrical signalsre recorded using a large number of small,
metallic electrodes placed on scalp. As a reshkret were changes on the brain electrical
activity but the result was inconclusive due to thdifacts from the electrodes and the

inconsistency of the methodology.

However, in a study done to investigate brain dathage in mammalian brain and blood-brain-
barrier permeability has demonstrated that micr@sanadiation influences brain’s physiology
insignificantly when exposed to low doses (Perssbnal, 1997; Salfordet al, 2003;
Schirmacheet al, 2000).

11



Children and youngster have the highest percentdgeell phone use which may be very
dangerous to their health according to 2004 siatisy technology research. National Radio
Protection Board in United Kingdom advised pardatgsot let their children below eight years
old to use cell phone. Many laboratory studies Hasen done on youngster to demonstrate the
effect of cell phone on children. Some studies heh@vn cell phone radiation can lead to short-
term memory, delay in response time and brain delnage [14][21]. However, recent
investigations conducted by United Kingdom and &l on 18 and 36 children of ages (10-14
years) respectively have shown no significant effefc cell phone. The two studies were

inconclusive due to the small number of subjectslank of ethical consideration [14].

12



CHAPTER 3
METHODOLOGY

This chapter covers the methodology of the progech as project activities, the timeline, key

milestones, Gantt chart, and the tools that haea lbsed in the project.

3.1 Project activities

The main flow of the project is shown in the figutrdelow. The project will be done using EEG
recording. Firstly, EEG signal data need to beexddld from volunteer participants which have
not been under medication and are totally healfilme EEG signals recorded will be processed
in order to remove any artifacts caused by otharcgowhich is not brain. Once the artifacts are
removed, the data will be analyzed using MATLAB.

13
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Figure 7: Project flowchart

3.2 Experiment procedure

3.2.1 Subjects & questionnaire:

Twenty four subjects both male and female are rextdrom Universiti Teknologi PETRONAS

students to participate in the experiment. Theigpéents are asked about their health and cell

14



phone usage. All of the selected subjects aretheahd have not been under any medication.
Also, they have been using cell phone for more thgears.

Before the experiment, the experimenter briefssiligects about the experiment procedure and
requirements. Only participants that had washedr thair using only shampoo and not
conditioner, cream or oil in their hair or skin leaundergone the experiment because the latter
would affect good connectivity. The participantge aequired to relax, be silent and steady to
minimize artifacts and generate good EEG signaitheamore, before being assigned to the
EEG experiment, the participants are asked toafitonsent form, as well as to complete a
guestionnaire. The questionnaire consists of 1ktgues such as the amount of calls that they
make daily, the mean duration of a call and thecatfthat they usually have while or after using
the mobile phone in addition to some questions alioeir health condition. Please refer to

Appendix A and B.

3.2.2 Experiment Design & Data Acquisition:

This experiment is carried out using EEG Emotiveehénnels as shown in figure 8 and 9 below.

It is connected to a PC to show the brain signals.

_—

.|..r"|~

Y kron
“

-

Figure 8: Emotiv EPOC headset Figure 9: Emotiv sub devices

A total of six conditions are performed for the EE€gording as shown in figure 10 below. The
conditions are mentioned as i) Before ExperimegesEOpen and relax ii) During experiment:

Right ear with 5cm distance iii) During experimeRight ear without distance iv) During
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experiment: left ear with 5cm distance v) Duringesiment: Left ear without distance vi) After
Experiment: Eyes Open and relax. Each conditiordak minutes and participants can take

break after each session.

EEG
Recording

v v v

Answering and
putting cell phone

Before using After using cell

cell phone on the head phone
|
Right side Left side
| |

v v v v v v

5mn recording

5mn recording
with distance

5mn recording
without
distance

5mn recording
with distance

5mn recording
without

5mn recording

Figure 10: Block diagram for experimental protocol

The experimental setup is shown in figure 11 witeesparticipant is undergoing the EEG

recording for the six different conditions.

Figure 11: Experimental setup
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3.3 Removing Artifacts:

The artifacts such as eye blink, muscles movemahxC are removed using EEG lab and Besa
software. Following is the cleaning process.
1. Once the data was imported in EEG lab, a shorfil& was used to remove and filter
the signal from the DC artifacts, by designing B&ass Filter BPF, LPF has a cutoff of
30.0 Hz, transition bandwidth of 0.3 Hz and itsesrts 13.0, HPF has a cutoff of 1.0 Hz,
transition bandwidth of 0.3 Hz and its order is.6.0
2. Eye blink and muscle artifacts were removed magubHdving a Specific shape. Refer to

the two following figures.
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Figure 12: Row EEG signal recorded
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Figure 13: EEG signal after manually removing adi$
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3. Eye blink and muscle artifacts were removed autmaldy using Besa software by
setting amplitude threshold to 100uV.

3.4 Data Analysis

3.4.1 Time Series Analysis
Three parameters are investigated in time seriggtiHcomplexity, Composite permutation
entropy index and Fractal dimension for Frontainperal, Parietal, Central and Occipital lobes.

3.4.1.1 Hjorth Parameter

Hjorth introduced in 1970, three parameters whioh activity, mobility and complexity to
describe the EEG signal in time domain [15]. Thissee parameters are also called normalized
slope descriptors because they can be defined ansnef first end second derivatives. The
activity of the signal is a measure of mean powthbility is an estimate of the mean frequency.
The last parameter which is complexity gives amrede of the bandwidth of the signal. The
time domain analysis using Hjorth parameters isable for situations where the data is EEG
recording. However, Hjorth parameters calculat®mased on variance, hence; it is considered
low compared to other methods.

By definition, activity (mo), mobility (m2) and cqgotexity (m4), are given by the following

equations:

m, = IOS(w)da): %if 2 (t)dt

? 16 (df)’
m, = _J;sz(a))daﬁ ijT (Ej (tdt

2 14(d2f Y
m, :_jw S(a))da):?t:[i e j (t)dt

Where S(w)the power density spectrumn( t ) the biosignal as a function of time ang, is the

spectral moment at order The discrete formulas used for the calculatiothelse parameters

are based on the following derivations [15]:
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Where ¢’ is the variance of the biosignal a, the standard deviation of the first derivative of
a, g, the standard deviation of the second derivativa. of

3.4.1.2 Composite Permutation Entropy Index

Known as a non-linear method, Composite Permutakatropy Index (CPEI) reflects the
complexity of time series. The steps of computatiare described as follow [16][17].

In the first step the continuous EEG signal argrfranted into a sequence of motifs. Secondly,
the motifs are shaped and classified into one efsik different types which is either ‘peaks’,
‘slopes’, or ‘troughs’. Then, the probability of tife to show in each type was calculated.
Sequentially, Shannon uncertainty formula was usedompute the permutation entropy (PE)
for the resultant normalized probability distritortiof the motifs,

z P ><In(pi)

PE=- :
In(numberof motlfs)

Finally, two permutation entropy parameters areedddr the CPEI calculation, lagand noise
thresholdtie. Mathematically, the formula can be expressed as,
> pxIn(p)tie< 05 7=1 +3 p xIn(p )tie<05 7=2
In(49)
Where the lag may be equal to 1 or 2 and the noise threshi@d.5 uV). The above formula

CPEI =

is the combination of PE of different lags<1 andt =2), to differentiate periods of delta waves
and to distinguish mid-frequency waves from vergwsldelta oscillation respectively. This

composite index is computed based on the summaftiemtropies and PEs. The six motifs for

eachPE, and one foPE,, hence a total of 49 (7x7) was used to normalizedenominator.
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3.4.1.3 Fractal Dimension

Fractal dimension (FDP , determines the complexity and irregularity of tisexies signal such
as EEG signal. It ranges from, =1 for a simple curve t@, =2 for a curve which nearly fills

out a whole plan. The algorithm construktsiew time series for a given time seriégl),
X(2),.....,X(N)described in [16][18].

XL -X(m)...... X(m+mt((N —m)/ By = k)

Wherem=1,2,...,kandN is total number of samplekjs interval timemis initial time,int(r) is
integer part of a real numberThe mathematical formula for lendgth(k) m, of each curveX:a
is expressed as,

1| (N-1)
L (Kl=— Xm+i=E)-X(m+(i-L=k)|| ——
(5 k;' (m+ixk)—X(m+(i—1)x }Hx_}lka.-l

Curve lengthL(k), for time intervalk, is calculated as mean of tkevalues i.e.L (k) m where

m=1, 2,..., kas described below.

X
.'r > L. (k)
Lk =| ==—
\

The value of fractal dimensioD , is calculated by a least-square linear best-fitir@redure. It

is equivalent to the slop coefficient of the lineagression of thimg/log graph of L(k) = k°'

3.4.2 Frequency Domain Analysis

In this section, two parameters are investigatbdplate power and coherent. MATLAB and
Neuroguide software are used to extract the indalidesult. Excel sheet was used to plot the
graph for frontal and temporal lobes only. As poesly mentioned the Frontal lobe
responsible for the memory, creating and mentatgsses. The Temporal lobe has the
responsibility of the hearing sense, due to thelewancy to our topic; it is preferred to

analyze the effects of the cell phone on only FlebEs for frequency domain.
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3.4.2.1 Absolute Power

Absolute Power is the distribution of the signalveo over frequency. It has been commonly
used for EEG signal analysis. Absolute power ddtesthe activity of the brain in term of

different brain waves i.e. Delta, Theta, Alpha, d@eta, in order to know the cell phone’s

effects.

The absolute power is computed with the aid of MABLfor all the six conditions considering
before using cell phone condition as baselines itmportant to classify the electrodes according
to the brain regions such as frontal (Fp1, Fp2,/43,F7 and F8); central (C3 and C4); temporal
(T7 and T8), parietal (P7 and P8) and occipital @t O2) before comparing the different
conditions to the baseline. The absolute poweryaislis done brain region by region to
facilitate the comparison of the different condisowith respect to the band frequencies. The
ratio of the absolute power is obtained by dividgagh condition to the baseline. In other words,
each of the conditions ( During experiment: Right sith 5cm distance, Right ear without
distance, left ear with 5¢cm distance, Left ear aitihdistance and After Experiment) is compared
to the baseline (before experiment) for each bragions and frequency band. The table below

illustrates the comparison of the different cormtis according to the brain region with respect to

the frequency band.

Absolute power | Absolute Power
for the for each of the = Comparison value Description
condition other five (ratin)
Before using conditions
the cell phone
Delta (base) Delta Delta/ Delta (base) | -iitheratio =1, meansthat the
condition’s power has not changed from
Theta (base) ' Theta | Theta/ Theta (base) | thebase power
-If the ratio > 1, {delta, theta, alpha or
! ! ' bieta) power of the specificcondition has
Alpha (base) Alpha Alpha/ Alpha (base) | increasedthan (deks, thets, iphaor
| beta) powerof the condition before using
Beta (base) Beta Beta / Beta (base) the cell phone, and vice versa.

Table 2 : Comparison between conditions in terrabsolute power.
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3.4.2.2 Coherence

Neuroguide software is used to analyze the coherefthe EEG signal for the six conditions focusing
mainly of frontal and temporal lobe. Coherence wetees the amount of phase stability between two
different time series, the amount of shared infdgimmaand the connectivity between brain regionser€h
are two types of coherence which are hyper coherdefined as the lack of functional differentiatsomd

the lack of functional connectivity refer as hypoherence. In this project, connectivity between
electrodes values is obtained from the Neuroguatevare for frontal and temporal brain regions with
respect to the band frequency for all the six ciomus. In order to know the changes in the conmigti

the ratio of the six conditions is performed witkfdre experiment conditions as baseline. If thio riat

greater than 1 this means the connectivity betwleetwo electrodes has increased and vice versa.
3.5 Tools and Equipment

1. Hardware

Emotiv EPOC 16 channels EEG cap (headset assemitityrechargeable, USB transceiver
Dongle, Hydration sensor Pack with 16 sensor uidtdine solution and USB charger), cell
phone device (Nokia C3) and personal computerréoording purpose).

2. Software

Emotiv EPOC Software, EEGLAB, Neuroguide, Excel MA&TLAB.

3.6 Gantt Chart

Table 3: FYP |

Project topic selection

Research

Extended proposal submission

Proposal Defense

Data acquisition

Interim draft report submission

Interim Report submission

22



Table 4 : FYPII

Data analysis

Progress report draft submission

Progress report submission

PRE - EDX

Draft report submission

Dissertation submission (soft coply)

Technical paper submission

Oral presentation

Dissertation submission

(‘hard copy)
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CHAPTER 4
RESULT AND DISCUSSION
This chapter includes times series and frequenceyatio analysis’ results and interpretations.
CPEI, FD and Hjorth complexity parameter were ugedimes series analysis for all the brain
regions (frontal, temporal, central, occipital apdrietal). However, the frequency domain

analysis focuses mainly on absolute power and eolcerfor only frontal and temporal lobes.

4.1 Time Series Analysis

The CPEI, FD and Hjorth complexity parameters weosmputed for all six conditions
mentioned here as: i) Before Experiment: Eyes OpeBuring experiment: Right ear with
distance iii) During experiment: Right ear withalistance iv) During experiment: left ear with
distance v) During experiment: Left ear withouttdige vi) After Experiment: Eyes Open.. The
conditions and details are summarized in table % fean values for CPEI, FD and Hjorth
complexity parameter are plotted with respect todttons for all brain regions (frontal, central,

parietal, temporal and occipital).

No. | CONDITIONS DETAILS
1 Before experiment: Eyes open Eyes opened befeiiephone usage and sitting
relax for 5 minutes.
2 During experiment: Right ear withAnswering the phone call with right ear with| a
distance distance of 5cm for 5 minutes
3 During experiment: Right eg Answering the phone call with right ear without
without distance distance for 5 minutes
4 During experiment: Left ear withAnswering the phone call with left ear a distance
distance (5¢cm) for 5 minutes
5 During experiment: Left earAnswering the phone call with left ear with| a
without distance distance of 5cm for 5 minutes
6 After experiment: Eyes open Eyes opened aftdr pteone usage and sitting
relax for 5 minutes

Table 5: Conditions and details
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4.1.1 Composite Permutation Entropy Index

CPEl is an index of the number of frequencies i signal and is directly proportional to it.
Higher CPEI values can be linked with the presesfcenore frequency components [16][17].
When high frequencies are dominant in the EEG &igha number of each species of motif in
each EEG segment will be almost equal. The CPHlevis maximum (PE=1.0) when there is an
identical distribution of motifs between each of gix patterns. On the contrary, the CPEI value
decreases when delta waves are slow in the signal.

From the figures below, during experiment: Right @&hout distance, the CPEI complexity
level is higher. However, the complexity level dsases when the cell phone is at Right ear with
distance. The same trend is observed on the lefdeang the experiment in all the brain
regions. The level of complexity explains the preseof high frequency components in the
signal caused by the cell phone radiation. Paditip are more exposed to the radiation during
the experiment when the phone is at Right ear witkigsstance resulting in higher brain activity.
By putting the cell phone 5cm distant from the #ae, radiation reduces in all the brain regions.
In addition, before the experiment, participants arore focus instead of being relaxed. This
results in high brain activity which causes the ptarity level to be high in all the brain regions.
On the contrary, subjects become bored after tipererent and the complexity level is lower

for all the brain regions.

FRONTAL CENTRAL
0.9 0.904
0.898 0.902
0.896 0.9
0.894 0.898
0892 +— —— —— 0896 +—1 " —1 —
0.89 +— — —— 0894 +— — ——
0888 +— — —— 0892 +— — ——
0886 +— —F —1F —— 089 BN BN B BN =
0834 BB 08ss N —— B
0882 +— —F —0 — — 086 +— —F —1F — — —
0.88 r T r r 0.884 r . . : :
Before Right Right Leftwith Left After Before Right with Right Left with Left After
with  without distance without distance without distance without
distance distance distance distance distance

Figurel4: CPEI with respect to conditionst frontal lobe

Figurel5: CPEI with respect to conditions for cahlobe
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PARIETAL TEMPORAL
0.898 0.902
0.896 0.9
0.894 0.898
oss2 -— B wm 0.896 +— —mn——
Nl EEEE I . 0.894 +— — ——
0892 +— —Ff —F —— — —
0888 +— —F —1 — — — — 089 ~ 1 -~ ==
086 +— —1'1 —o' — — —1 — o8g ~ | —+ - =
0.884 0.886

Before

Right
with

distance distance

Right Leftwith  Left

without distance without
distance

After

Before Rightwith Right Left with Left After
distance without distance without
distance distance

Figurel6: CPEI with respect to conditions for piie

Figurel7:CPEI with respect to condigdar temporal

OCCIPITAL

0.892
0.89
0.888
0.886
0.884
0.882 +—
088 +— — — —w— — —
0878 — — — — — — —
0876 — — — — — — —
0.874

Before Right Right Leftwith Left After
with  without distance without
distance distance distance

Figure 18:CPEI with respect to conditions for temporal

4.1.2 Fractal Dimension

Fractal dimension (FD) is a method to quantify ¢benplexity of EEG signal. The figures below
show the complexity level according to the condisio The highest FD complexity level can be
observed during experiment when the phone is ahtRegr without distance in all the brain
regions. In comparison to the left ear without ahste, the complexity level is slightly lower.
However, the complexity level decreases duringetkigeriment when the cell phone is either on
the right or left ear with distance. The compleXiyel increases with increase in frequency.
Higher frequency components results in more braiivides which is due to the radiation.

Participants are more exposed to the cell phonatrad when the cell phone is without distance
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on the right ear for five minutes. The radiatiorcr@@ses with distance when the cell phone is

either on right or left ear.

In addition, before the experiment, participants arore focus instead of being relaxed. This
results in high brain activity which causes the ptexity level to be high in all the brain regions.
On the contrary, subjects become bored after tiperexent and the complexity level is lower

for all the brain regions.

FRONTAL CENTRAL

1.48 1.52

1.47

1.46 1.5

1.45 1.48

1.44

1.43 1.46 -

1.42 1.44 -

141

14 1.42 -

Before Right Right Left with Left After Before Right Right Leftwith  Left After

with  without distance without with  without distance without
distance distance distance distance distance distance

Figure 19: FD with respect to conditions for frdnta  Figure 20: FD with respect to conditions for cehtra

PARIETAL TEMPORAL
1.49 1.52
1.48
1.47 1.5
1.46 - 1.48 -
1.45 +
1.44 - 1.46 -
1.43 - 1.44 -
1.42 -
1.41 - 1.42 -
Before Right with Right Left with Left After Before Rightwith Right Left with Left After
distance without distance without distance without distance without
distance distance distance distance

Figure 21: FD with respect to conditions for padet  Figure 22: FD with respect to conditions for termglor
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OCCIPITAL

1.44
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142 +—

141 N —mm—

I B e e e

139 S —S— B B BB

1.38 T T T r .
Before Rightwith Right Left with Left After
distance without distance without

distance distance

Figure 23: FD with respect to conditions for octapi

4.1.3 Hjorth Complexity Parameter

Hjorth complexity parameter is also a method tongifiathe complexity of EEG signal. Looking
at the trend of the figures below, it can be obsérthat in general, the complexity level is high
during experiment when the phone is at Right ort le=fr without distance in all the brain
regions. However, the complexity level decreaseh distance when the cell phone is either on
right or left ear. The increase in the complexaydl explains the presence of high frequency
components due to the cell phone radiation. Ppeits are more exposed to the radiation during
experiment when the cell phone is without distance.

In addition, before the experiment, participants arore focus instead of being relaxed. This
results in high brain activity which causes the ptarity level to be high in all the brain regions.
On the contrary, subjects become bored after tiperexent and the complexity level is lower

for all the brain regions.
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FRONTAL

8.2
8.1
8
7.9 A
7.8 A
7.7 A
7.6 -
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7.4 - T T T : .
Before Right with  Right Left with Left After
distance  without distance without
distance distance

CENTRAL

8.2
8.1
8
7.9 -
7.8 -
7.7 A
7.6 -
7.5 - r . . . ;
Before Right with  Right Left with Left After
distance  without distance without
distance distance

Figure 24: Hjorth complexity for frontal lobe

Figure 25: Hjorth complexity foentral lobe

PARIETAL

TEMPORAL

Figure 28: Hjorth complexity for occipital lobe
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In summary, looking at this trend, we could saygémneral, that the CPEI results conformed to

the FD method as well as Hjorth method. It can Ib&eoved that in general, the complexity level

is high during experiment when the cell phone iRight ear without distance compared to Left

ear without distance. However, the complexity ledetreases with distance when the cell phone
is either on right or left ear. The increase in tenplexity level explains the presence of high

frequency components due to the cell phone radiafarticipants are more exposed to the
radiation during the call when the cell phone ithaut distance.

There are limitations which should be mentioneceh&he sample size (n=24) is very low. It is
difficult to generalize the study. There is a needreplicate. The study participants are not
evenly distributed between male and female padiip (number of male participants=24,
number of female participant =0). The electrode=dusre only 16 which can be a constraint for
source localization. We have focused our attentmrihree features and all of them are to
guantify complexity in the time series signal as&ia our case. Only complexity could not be
the parameter to summarize the behavior of braiwadmns. In future work we would like to

use other parameter based on frequency domainsialyg., wavelet analysis.

4.2 Frequency Domain Analysis

4.2.1 Absolute Power

The analysis is done for 20 healthy participant$ aitotal of six conditions focusing mainly on
frontal and temporal lobe. The simulations resatts collected and plotted in excel to facilitate
the analysis. From figure 29 to 32 below, it carobserved that delta and theta brain waves are
lower at both frontal and temporal lobes during pélone usage i.e. all four conditions and
decrease within the period of the five minutesrafitee call. Delta and theta waves decreases
when there are high brain activity and focus. Tlouger delta and theta brain waves means there
is high radiation of the cell phone which can resnl disruption and disorder in the brain.
However, when the cell phone is slightly distantiniy the call for the four conditions at frontal

and temporal lobe, delta and theta wave incredsis.rieans there is less radiation.
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Figure 31 Absolute power ratios of theta frontal Figura32: Absolute power ratios of thetemporal

In figures 33 and 36alpha wave decreases during and after call oh fsohtal and tempor:
lobes. It is known that alpha wave increases duresj and relaxation moods. However,
result here shows lower alpha waves which meang tlwas not relaxation. This is due he
radiation from the cell phone which causes sonesston the brain activity. On the other he
alpha wave increases with distance on the leftsidie brain

In addition, beta wave increases with anxiety amuhtiad stress. In figures5 and 36, beta wave
is higher during and after call which means therbvweas under stress due to the radiation e
from the cell phone.
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4.2.2 Coherence

Neuroguidesoftware is used to analyze the coherence of the &Bgnal for the six conditior
focusing mainly of frontal and temporal lobe. Cavere determines the amount of ph
stability between two different time series, the camt of shared information and

connectivity between brain regions. The resultthefcoherence analysis are summarized ir
table 6below. Looking at figure 7, it can be observed that the theta and delta wealesrenc
are lower when the cell phone is at right side hed brain dring call for both frontal an
temporal.Delta and theta waves decreases when there ardtaghactivities. Thus lower del
and theta brain waves means there is low conngctieitween electrodes due to high radia

of the cell phone. However, de and theta waves coherence are higher when thelefie is
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5cm distant from the right side of the brain durcal which means the participants are less
exposed to the radiation and the connectivity tsebeSimilar trend is observed at the left side of
the brain during call.

On the other hand, alpha wave coherence is lowenwlte cell phone is placed without distance
during call but higher for beta wave under the saomition. Alpha wave increases during rest
and relaxation moods but beta wave increases witiety and mental stress. This justifies that
the participants are not relaxed and under strédgnvhere is high radiation. However, alpha
wave coherence is increases when the cell phobhenisdistance during call but lower for beta
wave under same condition. In this case, the radias lower therefore the brain is relaxed and
less stress. The connectivity is improved. The sphenomenon is observed on the left side of

the brain.

Table 6: The summary of the coherence ratio betweethe Frontal lobe and the Frontal
lobe in terms of frequency bands

Right side Left side After using
without Right side without Left side the cell phone
distance with distance distance with distance

0.31 0.47 0.68 0.75 0.8
0.64 0.91 0.94 0.98 0.89
0.86 0.88 0.95 0.95 0.98
1.17 1.07 1.03 1.03 1.01
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Figure 37: The summary of the coherence ratio between the Fntal lobe and the
Temporal lobe in terms of frequency band
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CHAPTER 5
CONCLUSION & RECOMMENDATION

In this research, the effects of cell phone on huni@ain are investigated using
electroencephalogram (EEG). The brain signals acerded using 16-channels EEG for six
different conditions for a total of 24 participantsfter data were pre-processed, the signal

irregularity for all the six conditions was compdite

Three parameters were used to measure the sigmplexty for time series data: i) Composite
Permutation Entropy Index (CPEI), ii) Fractal Dirsem (FD) and iii) Hjorth complexity.
Based on these three parameters, the results shinaedhe complexity level is high during
experiment when the cell phone is at Right ear autidistance compared to Left ear without
distance for all the brain regions (frontal, cehtparietal, temporal and occipital). However, the
complexity level decreases with distance when #iephone is either on right or left ear. The
increase in the complexity level explains the pneseof high frequency components due to the
cell phone radiation. Participants are more expdsdlbe radiation during the call when the cell

phone is without distance.

For the frequency domain, absolute power and cobergvere used for the analysis. It can be
observed from the result that delta, theta andaalpiain waves are lower at both frontal and
temporal lobes during cell phone usage. But betgevshigher during and after call. This is due

to the effect of radiation from the cell phone.

There are limitations which should be mentioneceh&he sample size (n=24) is very low. It is
difficult to generalize the study. There is a needreplicate. The study participants are not
evenly distributed between male and female padiip (number of male participants=24,
number of female participant =0). The electrode=dusre only 16 which can be a constraint for
source localization. We have focused our attentmrithree features and all of them are to
guantify complexity in the time series signal ag&il our case. In future work we would like to

use other parameter based on frequency domainsamaly., wavelet analysis.
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APPENDICES

APPENDIX A

QUESTIONNARE FORM

Pgrticipant Personal Information j
<

Name:

Contact Number: E-mail:

Gender:  Male Femalg

Age:
~

Questionnaire

1. Have you ever experienced an EEG test before?
Yes No

2. Are you taking any daily medications?
Yes No

3. Do you have any current health problems of am/(g.g.: diabetes, cancer, bed wetting,
Etc.)?
Yes No

4. Have you ever experienced any form of seveagl Ingury/ sever fever?
YES NO
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5. Do you have skin allergy?

YES

NO

6. How many calls you normally have per day?

7. What is the average duration per call?

8. What are the effects that you usually have wisng mobile phone?

9. How long these effects usually last?

10. Are you suffer from any permanent headache?

11. If yes, how many times you suffer from it? (Rexek or per month)
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APPENIX B

CONSENT FORM

Subject Information and Consent Form
(Signature Page)

Research Title: analysis of the side effects efl @hone on the brain using EEG

Researcher’s Name: Teihissande Tingolfa, AssocofPDr. Aamir Saeed Malik

To become a part this study, you or your legal espntative must sign this page. By signing thisepdgam
confirming the following:

= | have read all of the information in this Subjelstformation and Consent Form
including any information regarding the risk in shistudy and | have had time
to think about it.

= All of my questions have been answered to my satcsfon.

= | voluntarily agree to be part of this research &¢yu to follow the study
procedures, and to provide necessary informationhe doctor, nurses, or other
staff members, as requested.

= | may freely choose to stop being a part of thisidy at anytime.
= | have received a copy of this Subject Informatiand Consent Form to keep
for myself.
Subject Name (Print or type) Subiject Initiarsl Number
Subject I.C No. (New) Subject I.C No. (Old)
Signature of Subject or Legal Representative eDad/mm/yy)

(Add time if applicable)

Name of Individual
Conducting Consent Discussion (Print or Type)

Signature of Individual Date (dd/mmlyy)
Conducting Consent Discussion

Name & Signature of Witness Date (dd/mm/yy)

Note: i) All subject/subjects who are involved in this study will not be covered by insurance.
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Subject’s Material Publication Consent Form
Signature Page

Research Title: analysis of the side effects ofl gdlone on the brain using EEG

Researcher’s Name: Teihissande Tingolfa, AssomfPDr. Aamir Saeed Malik

To become a part this study, you or your legalesentative must sign this page.
By signing this page, | am confirming the following

= | understood that my name will not appear on thetereals published and there
has been an effort to make sure that the privacy my name is kept
confidential although the confidentiality is not m@letely guaranteed due to
unexpected circumstances.

= | have read the materials or general descriptionwdfat the material contains
and reviewed all photographs and figures in whiclanm included that could be
published.

= | have been offered the opportunity to read the mscript and to see all

materials in which | am included, but have waived¢ mght to do so.

= All the published materials will be shared amongetimedical practitioners,
scientists and journalist worldwide.

= The materials will also be used in local publicateg book publications and
accessed by many local and international doctorgldwide.

= | hereby agree and allow the materials to be useather publications required
by other publishers with these conditions:

= The materials will not be used as advertisement pmses nor as packaging
materials.

= The materials will not be used out of context— i.&ample pictures will not be
used in an article which is unrelated subject t@ thicture.

= There may be financial implications associated witle data or findings of this
study. | agree that | will not be entitled to regeiany financial compensation
or claim any financial value except the already @gd honorarium for this

study.
Subject Name (Print or type) Subiject InitiatdNumber
Subject I.C No. Subject’s Signature Date (dd/gyn/
Name and Signature of Individual Date (dd/mml/yy)

Conducting Consent Discussion

Note: i) All subject/subjects who are involved in thisdy will not be covered by insurance.
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