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EXNXORBIE

It is rightly ssid that,"the beginning of the wisdom
is the oalling of things by their right nsmes”. This
dissertstion is & small step in this direction i.e. irying
to explore s method vhich desorides the atnormslity of drsin-
s oantre of wisdom. |

The sonfounded language of drain is studied vith the

help of bio-sleetric potentials recorded from the soslp.

This recexding is termed s» the Electrosucephslogram (KRG),

In this presess, the first step should de in the direotion
ofGigprebanding the physiologicsl process. Bo, in «al
Zairnses, the anstomy snd funotions of the Yrain ars discussed
sugointly, followed by m Brief description of s the under—
lying proeess in the gensrstion of EXG wave and its charsoter~
istics; 1the recoxding teclmiques; and then soms of the
stnormalities of the brain having olinicsl and pathologiosl
Bac) a.

At last, the suthor has discussed & few methods of
snalysis of vandom signal. An approsch is made tovards the
time domain analysis for mmune the elsmentary features
of ERG wave. In this approsch, the spochs are deoided dy the
segnentation procedure for » random signal. In this vay, more
discernible, and informetive paransters are obdtsined, whieh
‘can be eerrelsted with the olinical end pethologicsl cemditions
of the drein,

(vd)



As susch, the onalysis of sleetrosncephalogran
doss not apeeify any etislegy, Mt in all sincerety
an ides of certain patholegioal conditions of the drain,
S8+ Jotorslised injury, bBrain tumor, etc. can Be had
with the help of this analysis mihod.
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CHAPSER -~ 1
FEZ2RODUCIION

Michsel Crichton, in his dook and acresn play,
'The Terminal Man' epins sn entortaining tale shout a tean
of surgeons and enginesers vho sollectively conuect a
p.uont'o} bdrain to a computer for ths express purposs of
regulating his dehsaviour, ZThey achieve the goal in the
atory es Darrated by monitoring the eleotricsl sctivity of
funotional groupings of neural units with the help of
inplanted slectrodes. Ihe psttern of eleoctricsl eotivity
is prooessed and recognised by the computer, whioh in turn
stimulstes specific locations within the drain, But this
is only the deginning of the Criohton's story; it gees on
to desoribe how things osn go awry vhen » human, psrticulerly
an ingenious one, sets his mind to circumvent sutomated
sachine opsrated control systeas,

¥ith animsl subjeois in place of humans of
Crichten’s story, a lerge mumder of expsrisents ere undervay
in varcus lsboratories throughout the vorld where the '
computer is not only monitoring the brain wvaves, Mt is
slso programmed tc sutomstically stimulets the brain or
sensory madalities in sttsapts to educe apecific dehaviocursl
POSPONSES .

It has now been Just over a century sinoe
Dr. Richerd Caton, an English Fhysicisn, reperted in 1875



his obsarvatiens concerning drain vaves recorded Irxoa the
exposed surfece of the drains’ of rabits and monkeys. He
vas the first to observe two forms of brein elsotricsl
sctivity, the first is nov known ss an evoksd potentisly
and the ssoond is the spontansous, on going electirical
sotivity, the recording of which is now termed as XXG,

At the time of Caton's discovery it had desn
known for nearly ons half century that nerves conduoted
slectrical pulees, Another one half century was t0 pass
following Caton'a investigations before bLrain waves wers
to de discovered in humans by the German p-yghutrut.
Hans Berger, in 1929. Ry this time the technologicsl
sdvanocement, beyond the orule galvancmster and optical
anplificstion from Caton’s dsys to the use of eleotronic
snplitiexs, allowed Berger to messure potentisl Lfluctustions
direetly fyom the soslp vwith two large ped electirodes soaked
in ssline vhish he placed on the forehesd and st the deck
of the hesd ever the oceipital region. Ileter, he confirmed
his obeervations at the scalp by msssuring directly from the sarx—
fece of the brain., He then hoped it might be possible to
estadblish relationship betweer: thess potentisls and the perfor—
asnce of ths brain,

In olinicsl mediocsl prectice, thess yotential
fluctustions recorded from the scelp named by Berger ss
Electresnoephslogran (EEG), has deen found ussful in two
main fields. Pirst the study ef ednormality which hss deen



xnown fros very ancient times - epilepsy, snd sscomdly
in helping the early disgnosis of at least ocertain types
of tamors.

ﬂootmm‘ph-lomph: is to this dsy one of
the major techniques in the study of higher wexvous
sestivity, In visw of the penetration of mathematios into
sl)l fields of soience, the sttempt: by physiologists to
suprlenent visual analysis of the olootrommlosru (BRG)
by mathamaticsl model is netursl. JFrom msthematicsl snalysis
of sleotrosncephalographic dsts,much informstion on the
funoticnsl state of the brain can be obtsined, so thet a
deeper understanding of complex physicliogical phenomsns
will undoubtedly result, and the possidilities for disgonis
in cases ef tumor of the brain will be enhanced.

The study of the brain potentisls and their
Thythme is ons of the most complicated tasks thst has ever
been proposed to physiologists. Brain potentisls and their
rhythns are the net result of s conjuction of smany hetroge-
nous physicsl conditions, anatomical ergsnisstions, statisti-
cal effects and &ifferentisl properties of the nsuron segments
inplenented in 4ifferent vays.

It is the aim of this study t0 have a pragmatic
approsch for the analysis of the cliniosl EEG, with the
final gosl of an automatic disgonsis. In this ease, we 40
not have any nsurophysiologiscl model, either somxroe and
qsnsraters of the Ki¢ are still not exsotly known, 80 we



have to content ourselves with the phenomenoclogical acdel.

The evaluation given by the physician consists
of tvwo perts; the Lirst one is yurely descriptive wvheress
ths sscond one contains the disgrnostio svalustion of the
record. 7This cerresponds to the pattern recognition., It
should slso be noted in this context that cnly in few cases
1t is posaidle t0 estabdlish a disgnosis from the EEG slone
(About 15% of the populstion show EKEG stnormslities dut
do not suffer any neurologicsl disoxder).

_ The EEC sotiviily is divided into the following
categories: spontansous on going (non paroxysssl) sotivity,
spontaneous paroxysmsl sotivity, and the sotivity evoked
by external ssnsory stimlstion. The EEG eignsl has a
random fora vhich can e desorided in statistical terms,
There are tvwo waveforms of intersst. In the Lirst, the
observed signsl has statistically regular festures (e.g.
"normel < and P rhythr) end signsl osn be regarded as
stationary ew stochastie prooess. In the second type,
speeifie trsnsienis such o8 isoleted pulse or complex
ursts are obsexved (i.e. spikes or waves),

ERG is best charssterised as continuous uave
sotivity of varisdle amplitude and frequency, within
constant phase relstions quite similar to rsndom noise in
oversll sharsoteristies. Arising spontaneously, the EEG
is 41ffieult to correlate in esnsistent mamner with discrete



behsavicural svents. Superposition and sumeation, which
dring about dramstic improvements in signsl to noise ratio
in suoch time loocked svenis as evoked potentisls, completely
fail with regerd to EEG. émrnll.r. when seversl EEG
segaats are superimposed, the slgedric sum tends to sero
in keeping with noise like charsoteristic of this activity,

Unlike man-made mechine comsunicstion aystems
in which noise is an encumbersnoe, the bBrain may use noise
sn a desirsble or perhaps even esseniisl fasctor. JFrom the
study of statisticel properties of EEG, oertsin inferences
nay be made about the Basic sschanisa of the generation of
E£EG. While the oriazin of the drain wave is atill enigmstie,
it is nonetheless evident from the various study that slow
wave phenomsus sre sn important indicator of fundemental
cerebrsl process,

Todsy, the slscotrosncephalographer is not only
concerned with the voltage—time derivetion from the scalp,
considexed ss the remote Lisld of s single, compact distant
gorarators Mt he is sleo concernsd with S.ntar.i‘uon of
sany partislly correlsted voltage-time changes spstially
disperssd and not only over the convexity of the surfacs
bus i three dimsnsions) 8 he s reaching dovn with his
probes into the regions vhare the genexators of these waves
sotuslly lie., Ko wonder he ories for help. %o whom he
should turn ¥ The answer is implied in a parsgiaph teken
from a bdeok "The Organisation of the Ceredrsl Cortex” by
‘S8holl, D.A.'.

&, )



"It is sugeested, howsver, thet whether the
cortex is studied by anstonist, the physiologist, or tw
payohologist, the model employed should bds based on the
concept of mniuztsr snd discussed in s siatisticsl
langusge, This would imply that sny theory thet attemptis
10 sccount for the properties of the dyuamio spstio-temporal
systen thet ferms the basis of cur behsviour, muat employ
statisticsl hypotheais,'



CHAPTER « 11

ARMTOMNY__AND FHYSI0LOGY

The fluctusting potential recorded sither
from the ascalp, cortex or depths of the h?ain, repressnts
» superposition of volums-~conduotor f£islds produced by a
variety of aotive neurcnal ourrent gensrators, imlike the
relatively aimple biosleotric soures i,e, the nerve trunk
with its snclosed dundles of oirculer oylindericsl nerve
axons, the sources genarating the flield potentials are
sggregetes of nsuronsl elements (dendrites, cell bodies or
sonats, snd axoms of nerve eells) with complex inter -
connsotions. The architecturs of the nsuronal brasin tissue
is not uniform from one locstion to snother in the dBrasin,
S50 we must Lirst discuss sdout gross anatony and funoctions
of the drsin, the ultrs-struoture of the ceredrsl cortex
and other related things dafors sny detailed study of
electrosncsplislography.

Anstomy snd Junotiomof the Brain (5, 12, 16]

The central nervous system (CHS) consists of
the epinsl coxd lying within the bony vertebrsl column and
Ats oontinuatien, lying within the skull. 7The wrain i»
the grestly modified and snlarged portion of the CKS,
surrounded by thres protective membranes (meninges; e.g.
the pis mater, the srachnoid, end the dura mater) and



enclosed within the oranisl cavity of the skull. Zhe
spinal ooxd ias likewiss surrounded by downwvard continuation
of aeninges, and is sncased within the prossotive vertebral
colusn, Both drain and spinsl cord are bathed in s spevial
extracelluler fluid celled cerebrsl spinsl fluid (CSF).

¥ithin the CKS, there are sscending (ssnsory) nerve
irsots that run froa spinal ooxd o the varicus arees of the
drain, conveying information regsrding changes in the
external snvironment of the body that sxe reported by various
peripheral bidogical transducers. ZThere are s nusber of
sensory transducers for sensing tempsrsture, pain, fine
touch, pressure and vorious other things on the humsn dody
surface, '

Similarly, thers are descending (mt_er) narve
traots that originate in varieus drain structures such as
the cerebrum snd cersbellum (Fig.2'1) snd tersinste ulti-
mstely on motor nsurons in the ventral horn of the spinal
coxd, Thus there exists two~way oosmunicstion 1inks
betveen the drsin snd .ﬂn spins)l oord thst allov higher centres
in the brasin to oontrol or modify the behsviour of elemsental
spinal reflex arc at s given spinal level, In this way, the
brsin is not only informed of a peripheral evany, btut also
aodifies the response o the spinal reflex 10 that environ-
aantsl reflex. The transmission of information to braein
is by means of & frequency modulsted train of nerve impulses
vhich stimulstes the nsurons of spescific sxea of the brain,
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In turn, the decision to tske a particular mctor sction

in response to s stimilus is manifested in the activity
of cortical neurons from one of the various aress of drain,
Such corxtical activity is xeflected in changes in the
volume-oconductor fisld potentisls recorded from the brain
as 236, '

The drein is divided into three main perts -
cersbrum, drain stem, and cerebelluz (Pig.2%a) Lxom the
point of loocalixation and functional study of brein., The
goneral snstomic directions of orientation in the CNB
are shown in (Fig.23b). Here the directions mﬂm
(tovards hesd),csudsl (tovards tafl), dorsal (back), snd
ventrasl (front) sre sssocisted with the brain stea;
remsining terms are associatsd with ths ceredrum., Zhe
terns medial and lsteral imply nesimess anid remotensess
respectively, to central midline axis of brein.

Ihe Cerebyup

The cerebrum (Fig.2.4) is @ paired strusture,
with zight and left cerxedral henispheres, sach relsting to the
opposite side of the body. The surfsce layer of the hemi~
‘sphere is oslled cortex, which recelives sensory informstion
from skin, eyes, essrs and other recspiors loosted generslly
on the opposite side of the body, whioh is compered with the
previous experience snd »roduses movemsnts in reasponse 1o
these stimulil, |
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Rsch hemisphere consists of several lasyers.
The outer layer is a dense collection of nerve oslls that
appesr grey in color. So At is called as grey matter.
This cuter layer, roughly 1 om, thick is oslled cersbral |
cortex, It has s highly convoluted surface consisting of
&yri (ridges) snd sulcl (valleys); the deeper sulci being
termed fissures. The desper layers of thw hemisphere
(1.8, bensath the cortex) consists of sxons {(or white |
matter) snd gollection of cell bodies, termed mucles,

The major dividing landmsrk of the cerebral
oortex is the letersl fissure (Fig.24), which runs on the
lstersl (side) surfece of the brein from the open end in
front, posteriorly and dorsslly (backward and upvaxd). The
lstersl fissure defines s side lode of cortex below i,
cslled the temporal lode. The upper part of this lobe
containe the prisary suditory cortex, whioch is the part of
the cortex that receives suditory impulses vis neursl
pathvays lesling from the suditory recepiors in the inner
ear. FPFor most individuele, the left temporsl lods surround-
ing ths transverse isaporsl gyrus is involved in more complex
interpretstion of suditory signels. If cells in this eres
sre demaged and die, the subjeat is not adle to interpret
sound ss words, 7This gensxal aortical sres surrcunding the
prime suditory reception sres (primary suditory cortex) scts
88 an sxes of guditory interpretation.
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The visusl system is another example of the
projsction of the senses onto the cerebdrsl cortex. The
oocipitsl lobe at the back of the hesd is the primary
visusl cortex; on which depends the adbility of the visual
system t0 deteot spatial organisation of the visual soene,
Specific points on the retins are connected with specific
points of the visusl cortex,

Another dividing line, the central sulcus runs
from the mediasl surface over the convexity qt the hemisphere
to the latersl fissures. The ceniral sulcus alsc represents
the posterior border of the frontsl lobs. The gyrus lying
Just snterior (forward) o the central sulcus is the
preoentral gyrus, vhich funotions as the primary motor
cortex. Jrom this gyrus, nerve signsls run down through
the brain stem to thespinal cord for contrsl of skeletsl
muscles vis neursl control of motonsurans in the ventral
horn of the spinal coxd. lesions of the part of this
prscentrsl gyrus cause pasrtisl paralysis on the oprosite
side of the dody.

In ths area called premotor cortex, more
complex movements such ss apeech are organised. The anterior
snd inferior portion of the frontal lobe are involved in
the control of emotional bshaviour. Immedistely behind the
central sulous lies the parietsl lode. Its snterior dorder
is the central sulcus; its venirsl boundary is the latersl
Lissure) and its posterior boundery is rather 1ill defined
on the lateral surfsce (Fig.2 4). Immediately posterior to
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the central sulous is the primary somatosensory cortex, the
pouimtral gyrus. Esch 1ittle area slong this gyrus is
related to & perticulsr part of body and receives impulses
from all genersl senses receptors of the skin. Higher-order
sensory disoriminstion is organiced solely in the parietal
lobs, The perietsl 1obe is slso responsible for a persan‘s
svareness of the general position of the body and its limbs
in spece, ‘ |

Zhe Prein Stem

The brsin stea is compossd of four regions esch
having its distinot functions: the msdulls oblongats, the
pons, the mid brein, snd the diencephslon (Fig.2%0). ZXach
contains groupings of osll bodies (nuclel) snd dundles of
nerve sxons (traots) that are intermingled. At ths upper
border of the medulls is s distinotive bulge; the pons.
The medulls contains fiber tracis, as well as motor and
sensory nuclei for receiving ssnsory informstion from and
contrelling muscles in the mouth, neck, and throst. It also
hosts for the reflex control of the respiratory and cardio-
vasscular systems.

The nerves that oonneot Aireotly 10 the drain sre
called cranisl nerves. Thare are twelve pairs oranisl nerves,
sleven of vhich enter the drain stem and the olfactory nerve
from the nese enters the cerxebruam,

The pons contains oranisl nerve nuclei associated
vith sensory input snd motor foutput $0 the face. The aiddrain
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contsins the major muclei conirolling eye-movemsnts. It
also contains lerge tracts oarrying signals down from the
cesebral hemispherse, as well a8 esneory iracts arising
from various sources (the spins) cord, suditory system etc.)
and continuing through the mid brain %o higher centres.

The diencephslon is the most superior portion
of the brain stem; its chisf component and largest structurs
is the Thalamus, m'tbﬂ.m S8YVES 28 & Major relay
stetion and integration center for sll genersl and specisl
sensory systems sending inforsation to their respsctive
vortical reception aress. It ssrves as a gateway to the
cerebrun (16) .

The brein contains s systen of cavaties, known
as vantricles, vhere the ceredrospinsl fluid is generated.
The fluid pesasss through s hole in brain stem axd surreunds
both brain and spinal cord. Theas, thus flost in the fluid
vhich helps to Tesist the stresses dus to socelerstion.

Gerebeljun
The csrebellum (Fig.21) receives informstion
from the spinsl cord regerding the position of trunk and
1imds in space. It receives information that hss originated
in the cortex. Fibers desosnd from the ocortex to nuoclei in
ihe pons, synapaes occur, and postaynsptic fidbers cerry
informstion to the cersbellum., The spinsl cord sends the
coredellun fesd dack informstion sbout the 1limbs in spece.
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The ocortex sends the cerebellum s command sbout wvhere it
should be. The cersbdellum compsres informstion and sends
commands to spinsl motor neurons. The seredellum receives
s strong input from the vestibular system and is hesvily
involved in santinucus sdjustment of macles to meintein
the body's posture under a veriety of opsrating conditions.

t4 r \J

Throughout the extent of the brain stem, there
is 8 2iffuse ocolleoction of neurons and miclei colleotively
known ss the retioulsr formstien (5] . Meny specisl amell
nuclei, motor and sensory in function, are interapersed ia
tha reticular formation. Bome motor nuclei operste in
conjunction with the diffuse reticulsr neurons 1o sctivate
the subconscious motor sotivities of the body. MNoat of ths
retionlay formation is sxoitatory in funotion. Diffuse stimn-
letion in this ares increases the auscle tones. A smell
area in the lover part of reticuler formstion has inhibitory
funoction.

wWhen the fascilitoxry portion (exoitstory) is
uninhibited by signsls from other sources, it trauasmits
repetitive impulses 10 skeletal auscles throughout the body.
fhis feoilitory sres nim provides the input to the reticular
sotivating system (RAS). This stimulus to this very inportant.
systen csuses s sleeping animal 10 evaken instantsneocusly.
Anesthesis snd comstose states esuse impairment of its
funotion, In sleep, RAS ia in dormant state, yet any type
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of sensory input signsl csuse sudden activation of RaS,
producing srousal. So there is sn sccompanying change in
typical ERG resordings, froa sleeping to a vaking pstiemn
of sotivity,

RAS is s complex polysynaptic pathway. Collatersl
nerve dranches funnel into it not only from the long sscending
sensory nerve tracts running from the apinal ocord to the
thelsmus and cortex, but also from sensory nerve input from
the fsoe as well as the suditery, visusl, snd olfsotory
systems. The systeam is nonspecific as most reoticular nsurons
are sotiveted with equal faoility by different sensory
stimalii. In the specific system of ssosnding ssnsory msursl
pathvays to the thalamus and cortex, the component nerve
£idres axre sctivated by only particular type of ssnsory
stisulation. Activity in RaS, thwough the thalamus or
bypassing it, projects in s diffuse mapner to the carebral
oortex. '

Bome of the quantitativs data shout s human brain are
given ss follows. %The predominent psrt of the brain mess is
seen to lis in the cerebrsl hemispheres. This may be the
spparsnt reason for unique effioienoy with which man can
think ebstractly and symbolically [12] .

- o “% of brain.

- - weight
Brain veight, male 3400 gm Ceoxebral hemispheres 68
Bresin weight, female 1300 gan Cerebellum 10
BIrain volume 1200 ml Brain stam 2

Spinal cord veight 27~38 gm
Spinal ocord length 42 on




CHAPTER = IIX

IIX.1 Gemeration of Blosleotric Signal (5,12]

Bloeleotirio potentisls are produced as a result
of slectrochemical aotivity of eells known es exoitable cells,
that are components of nervous, musculsr or grandular tissue,
The functional unit of the nervous aysates is the nerve cell
or the nsuron. The nerve cslls are building dlocks of
pignslling system of the drain. They are to it s the logle
circuits, wires snd elesents of the magetio core store are
to & digital computer,

Rasch nerve cell body hss asveral short procssses,
or dendrites and & long nerve fidber, an axon, which can hsve
many bdranches, Wwhile the aise of the centrsl body of e
nerve oell is that of the ether cells of the dody (10-100 )n),
the axon esn be & meter in hmth (rigo19).

The neurons, like othery cells of the dody, are
sleotrically polariged st zest. The interior of thes neuron
is at 2 petentisl of sdout <70 mv relstive to ths exterior,
lesding %o » very high field strength of shout 10° volts/cs
aoross the very thin surfece membrane (Fig.31n). This
potentisl is mainly due to the sotive transport of the Kk’ fen
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to the interior of neurcon, At the stesdy state of resting
potentisl, the eell menbrane is #aid %0 de polarised. A
lessening of the megnitude of this polarisation is oslled
depolarisation and an inoresse in msgnitude is referred to
an hyperpolarisation. VWhen s nerve oell 1s exposed to »
stimlus sbove a threshold -~ whether sleotriocsl, cheaiocsl,
msohsnicsl, or thermal « & nerve impulse, which sesnh as &
change in membrane potential, is generated and spresd in
the cell, This is dus 10 & sudden inorvesss in ¥a' fon
permssbility of the membrane, which results in the depole~
" risstion of the memdrsne followed by xepolarisstion.

Information is transmitted through an sxon by
means of short impulses of oconstant amplitvde, in sccordance
vith the monostadle flip~flop, When the stimulation thres~
hold is excseded, @ nsrve impulse is gensrated and conducted
along ths axon et a speed depending on its dismeter. Por
axons of 20 snd 0,5 Jimy the velooity is sbout 100 ana 0.5 a/e.
The duration of the impulse is sboul 1m s¢0 sand the informstion
is coded through ths rats of eonducted impulases [16] .

In the nervous system, there sre s large number
of synapess (i.e. the conneotion detwsan tvwo sxoitable oells
in the ferm of & contsotl surfase betwean a nsurcon snd anothsy
neuron, muscle csll, or s sensory cell eto.) betwesn sach
nsuron and oell bodies of the dendrites of other nsurons, snd
Wranched and Liders of sxons (Fig.3h). In the synapes s
nexve impulse can be transaitted, blocked, or changed from
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. simple t0 repetitive pules or integrated with impulses from
other eells leading to & complex psttern, depending on the
function of synapse. IWo types of chemical substance:
acetylcholine and norepinephrine, are diffused aocross the
gep (= 200 A°) in the synapses resulting in two type of
nerves known as cholinergic snd sdrenergic respectively.

In the dody of nouron, the two Qifferent petentials
namely exeitatory post synsptic potentisl BPSP, end inhibditory
post synaptic potential IFSP sxe geusrsted via synspees., 7The
asnbwane potentisl is not msasurable st the soslp dus to the
thickness of intervening tissuss. 80, activity of large
aumber of nsurons sust be synchronised to have s msssursble
potentisl st the scalp. Buch synchronisstion is controlled
by subbortical ocentres prodbably from the brain staa, Bt
the exsot mechanism is still unknown,i.s. wvhy EEG ourves
ares olinicelly interpreted largely on s purely empiricsl
basis, |

The pesk to pesk amplitude of the waves that
nnha pleked up from thw scalp is noraslly mo/nv or less, |
uhlln that en the exposed brain is 10-20 timss greater - 1 mv,
The freguency content renges from 1 to 50 Hs,

Soms guantitative dats sdout nsrve cells in
various pert of the human brain are ss follews [12] .

(1) Ceredral hemispheress The number of cells in the cerebrsl
cortex (both sides) has bBeen thought to be about -8 x 109,
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(11) Ceredellum ; Mlinkev and Glessr (1968) gave this
Ligare eas adout 10"0 neurons .

(111) Spinsl Cords 1.3 x 107 neurons (Blinkoy snd Gleser,1968).

(dv) Corpus Cellosum: (Fig.2!) %This conaists the majority
of the f£idres which conneot two sides of cerebrsl cortex,

pessing threugh s plans of spproximate dilesteral symssiry
of hesd and brain, It contains sbout 1.4 x 10% axons.

(v) Tetal input to brein and spinsl cords There are
1.37x105 fibres into the spinsl cord snd, spert from
optie tract, 2.9 X 10° into the brain (Brussoh and
Arey, 1942).

(vi) Yelume of cell bodies: Hyden (1960) finds the following
velumes in the rabbit (in )m’. fixed tissuss, except
spinsl neurons): csrebral cortex, 5 x 10° %0 2 x 10‘;
spinsl meurons, 2.5 x 10% te 5 x 10°; grammle eells of
osrebellum, 600~700; bipolsr cells of retins, 10°-5x10°,

(vii) Wumder of dendritic branchess Sholl (1956) fimds 20~80
in sst ceredral cortex.

(viii) Tetsl number of synspses in human ceredbral cortex: This
is net knowvn dut sccexding to Cragg's and Pakkenberg's
work comss out to be something between 1.6x10%7 %o
1.6x10M4, |

(1x) MNesm fining rats per cells It is messured in the range
of 1 = 10 firinga/sec as sn overall sversge in cat
visusl cortex, (Nertx et.sl, 1969).
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{x) The fundsmental persmeter, the threshold number of
inpulses nesded to Lire a eell, is not known for
ain oells.

(5, 16]

Eleotricsl recordings froa the exposed surfece
of the drain or soalp showe eontimisusly oscillating
electriesl activity within the drain which veries doth in
fregquency and smplitude. Under certsin circumstanves o.g.
in oexrtain normel assntal states and psthologioal conditions,
a8 epilepsy-definite patterns sre seen in EEC signsls
{¥ig.325), Under normsl conditions, an inverse relaticnship
axists betveen anplitude and frequency. It is decause an
increassd cersdral sotivity lesds 10 & mors desynohroniced
astivity of nerve cells.

The intensities of the hrain vaves on the cortex
msy b» lerge as lOmv, whereas those recvorded from the soalp
have » smaller amplitude of 100 }mepm. The Lfrequencies

af thess Brain uswes wonsa fwam 0.5 — 50 Ha and thets
ocharaster is highly depsndent on ths aotivity of cerebdral |
gortex. ESoms of these are charaoteristics of apeoifie
sbnormalities of hraing such as epilepsy and others oocur
in normal persons. The brain wvaves sre colsssified into
four wvave groups as slpha (a), beta (f), theta (), wmd

delts (a) (Pig.>3 ).
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Alphs waves have frequencies detvesn £-13 Hs,
Their voltage is spproximetely 20-200 mV with approx. o
mean of 50 AV ' They appesr over the ocoipital lobes in
he avske, mentslly relaxed stats with tw eyes olosed.
When the syss are opsned, the slphs sotivitsy disspresrs
and waves of s higher fraguancy snd lower amplitude
appears, (Pig.z> ). IL the petient Lalls asles)p, the
alphs setivity disappesrs entirely. IS depends upon the
individusl sleo — in about 104 of sll normal subjeocts no
typical alpha sotivity van be recorded,[16].

Beta vaves normally scocur in the frequency rsnge
of 19530 He and sometimes ~ during intsnse msntal activity
ss high as 50 Hx. 2They appesr over the paxistsl and
frontel regions of scalp. ZThis wave is divided into twe
asjor types — Bl and B2. The L vaves have s frequancy
about twioce that of alphs waves, and shov the same dehaviour
fovards mental sctivity as alphs wvaves. %The 2 wvaves, sppesy
during intense sctivation of CN3 or during tension.

The fregusncy rsnge ¢f the theta waves is 4~8 Hx,
These oocur aainly in ths parietsl and texmporsl regions in
ohildren Wi they also ocour during emotional sirsss in
adults, during periods of dissppointment and frustation.
They alse apresr in light -liap of adultas,

Delta wvaves includs all) the EXG sotivity below
4 Hs, They ovcur in desp slesp, in infaney, snd in serious
organis brain disorders. Delts vaves osn ecour solely



Waveform Designation  Freguency, Hz

WMVW wJ Beta waves {3} 13-30

Alpha waves(») 8-13

Delta waves(8) 0.5—4

15 100V

Eyeslopen Eyes closed

FI1G.33 _ DIFFERENT TYPES OF NORMAL
EEG WAVES



within the ocortex, indepsnient of astivities in lower
regions of the hrain,

Bonotines, transients of durstion 80200 m seo
also sppears as spikes and waves - & pathologiosl wvaveform
is shown in Fig.32zb. The FE$ waves muy Vo altered by
pethological processes in the osredrsl vortex or bdrein .
sten,
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The system most often ussd ¢o ylasce eleotrodes
for monitoring the olinios) XEG is the Internationsl
standsrd 10-20 electrode systemp[15] 0 named Becsuse the
positicus of the eleotrodes ars based on intervals of 10
and 20 perosnt of the distance detwesn the spescific points
on the scslp. EReferencs points are the rootl of noise
(nasion) and the osaification eenter (bump) on the ocofipital
bone (inion). |

The anterior-posterior messurements are based
upon the distance between the nassion and the inion over
the vertex in the aidline. Xive pointes designeted as frontsl
pole (2.), fromtal (F), esntrsl (C), Peristsl (P), sxd
Ogcipital (0) are marked in the PFig.4! . latersl messure~
ssnts sxe based upcn the eantrsl corons) plane. The distance
is messured from left to right presuricular pointe.

™e electrode loostions in 4ifferent porxtions
of the sealp are designsted by evan mumbers ss subsoripts
for right hemisphere, and odd numbders for left hemisphere.
Electrodes at the aid-line in the Frontal, Centrel and
Parietel regions are desizmsted by Pye C, snd 2, respeot-
ively (Fig.42 ),



Figure 4 The 10-20 clectrode svstem recommended by the Interma-
tional Federauon of EEG Soceties.



INTON

FIG 42 _ SINGLE PLANE PROJECTION OF HEAD
SHOWING ALL STANDARD POSITIONS
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Three types of esleoctirode conuections are used:
(1) Petveen esch of peir (dipolar), (ii) detween one monopoler le
and s distanes reference alectrode (ususlly ssr, can ds chin,
or baek of the neck), snd (iii) betwesn cns monopolsr lesd
and the sverage of sll [5,16]. In aversge reference mods,
the system reference is formed by comnecting all soalp
resoxding locstions through equal high resistance to & comzen
point, In dipolar system, the 4iffereniial msasuremsnts are
sdveantagecus Decsuse far Lield activity oommon to both
slectrode is cencelled. These potentisl undulations are
amplifisd by high gein 4ifferentisl smplifiers and displayed
by ink writing of sirip ohars recorders. Zhe scslp is
prepared specislly, degresssd by cleaning it with aloohsl,
spplying a conduoting peste and then non polarissble Ag—Agll
sleatrodes axs glusd 40 the sosly with collodion,or held
thea in place with rudber stirspe, The contect impedencs s
leas than 10 kQ. Sometises Brain potentisls sre frequancy
ssdulated and recorded on a -mtio taps, which can b
stored and played bBack at later times. 7The syeed of the
yaper in sirip chart recorder is sst st 3 en/sec., kseping
in visw the sampling thsorem for the snalysis of ihe wavefora
conteining compondnis of 30 /s and gives &istridutions at
intervale of 16.7 u sec. or 0.5 mm apert. Any further
oloser spesing is not varranted as inaccurselies are ushered;
1ike sre distortions of psns, preotiesl limits to psn
registration, and thiskness of ink record.
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Elestrodes;: Two types of elssirodes are used in recording
ths seslp potential as of needle and diso type., Needle
eleotrodesare generslly used in open drain surgery. HNeedle
elecirodes show anch larger chsnges of impedance with
Lregueney in the ranges of ERG waves, than 4o surface diso
slectrodes. So needle elesotrodes are uasd with equipments
having an input resistance more than 1 MQ,

The potentisl picked up on the scsly from
gerisin cortiocsl center of aotivity deoressss roughly with
the square of distsnce. 8o the sleotrode sctivity picked up
by esch slecirode in s unipolsr system,and dy each pair of
slectrode in s bipolsy system largely represents the cortical
sotivity bslov or detwsen the elecirodes, The sleotrode
spacing is kept as small as possidble,

Artefacts: Since every living organ gensrstes sleotrio
gurrents during recording, there are assny souroes of elestric
charge in the hesd Desides the drain [25],

(1) Physielogiosl Sourcess

(s) 8kin -~ The generstion of slowly changing e.m.fs snd
4he change in resistance during emotionsl strese sto, of
akin are certain factors responsidble forpsyohogslvanic
reflex. The affect is ansooisted with aotivity of sympathetio
narvous sysiem,

(») Muscle ~ Ths muscle of scalp, Javs, and neck ere in
oconstant tonio sctivity and sre thersfores oontinuously gensrat—
ing & large number of short eleoiriosl discharges. Although
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the duration of thess pulses ia sdout 10 » seo, they often
merge inte a reguler rhythm, which can easily de mistaken
es drain rhytha, Clenching ef jawvs snd stiffening of nsok
grestly snhanee this sotivity. In oxder to elixinate these
artefanots;, the subdject is ssked 10 reslax {0 the maximum,
prefersdly in a supine position.

(e) Eyss ~ 7The eys ball eontains two ssparste medis; the
acqueors and vitreous humors and since ionic conocsntrations
of these are different, the eye bsll forms s conceniration
osll having a pountm difference of adout 0.1V betweesn
coxrses (eve) and ordit. Whan the eys ball is ststionary,
steady potential 4ifferense ever the surface of head is
produced,. And with the sye-dall sovemsnt, potentisl
differense changes and guite chsrscteristic srtefact is
produced,

(d) Hears — The voltage changes due te the rhythamio
sleotrissl activity of the heart exe deteciadble over the
vhole bedy. Vhen the XEG is Being recorded with a hand or
foot of patient conneoted to earxth, the input of amplifier
receives the EXG as an inphase aignal. Narrowver the R wave
of EKG, the less prominent the artefsot ia, Apsrt from EKG,
the pulse in artexies of hwaed somnetimes produces en srtefact,
More tranmverss ths eleotrical axis of heart, the lerge the
yotential in the transverse KRG run., With vensrioulsr—
Zidrilletion, records produce spikes and sharp weves shich
cannot Be recegnised as having s cardisc origin without XX¢
moniter.
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(11) External Bources:

There nay be lot meny feotors which osn
offe0t the sealp recordingss €.s. pover frequency poiscning
0f EXG signal, comminiostions 1ins nesrdy, fsulty eleotrodes
ete. So the sompetent slesotroencephalographsy must start
with the ability to distinguish the sotivity in trseing
vhich is of sexedral origin from that which is due to sny
of a nmuaber of other factors) movement of the head or eyss,
movenmsnt 0f extremities, facial muscle contractions,
perspirstion, feulty eleotrodes, defects within the
spparatus, snd brosdcast sctivity from elestrical eguipments
in the viscinity. The age and level of ecnsoiousness must
slso be taken into account. |

V.2 Ateprmplities

Weinexr (1961) stated that, ‘T™he msthematician
need net have the skill to conduet a physiclogicsl experiment,
Bt he muat have the akill %o understand one, 10 eriticise
ons, sand suggest one. The physiclogist nsed not be able to
preve a certsin mathsmetical theorsm, but he must de adle
to grasp its physioclogical significence and to tell mathe~
astisian Lor what he should look’.

In all the earliex chapters, we have disouvassd
the physiclegicel basis of the brain waves, types of the
wave 8t0. Vhich is necessary fer s msthematician to underatamd,
| 20 have & pragmatic approsch towsrds braim wave analysie,
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» mathematioisn should also have an ides of what informstion
he will seareh for in psthologicel XEG in the process of
qusntifying the signal. In this seotion, the suthor desorives
soms 0f the admormsl patterns of EEG [, J4]. The anormslity
of these patterns is validsted sfter s careful statistical
studies of the muaber of pstients.

¥hen the brsin disorder is suspected, the EEG
someiimes gives positive evidencs of the yressnce of orgsnio
brsin dissxdey. Pirvatly, slsep patterns are considersd ef
» norssl man. Iu the drowsy stste, alphs sotivity is
recorded with deoressing smplitude and Intexrmitisnt cessing,
snd alwso thets waves are recorded in sa sleep sdvances, In
desp sleep, it consfis of irreguler thets sud delts waves
ovexy the scalp. During slesp, not only is consoiousness
lost, sertsin bodily changes sleo oocur, The pulse rats,
Wlood pressure, snd the respirastory rete fally the eyes
usually deviste upvards, ths pupils are ocontrected, dbut
ususlly reset tc 1light sloviy., Zhis level of alesp s
fairly regulsrly interrupted by periods of REM (rapid aye
movement) sleep lsating from 5 40 30 ainutes.

Excoessive fest sotivity is a atld irritstive
resction 10 some type of injury., Diffuse slov waves in
vaking XEG suggests s diffuse depressive reagtion t0 injury,
A locslised focus of slov waves sugqeats s locelised depvessive
reaotion 0 injury such as wsuslly occurs arcund tumor,
infsret or sboess. Extrems sloving, whether diffuse or foesl,
is commonly asacocisted with olinical svidenos of Wrain demsge.



29

The nsture of the injury predueing the eleotro~
encephalographic abnormslity is simost never indicsted by
the ERG, The EEG does Dot apecify etioclogy [9]. AWormasli~
ties are much the seme vhether produce by traume, vasculay
disease, infeetion or neoplastic disesse. Slowly progressing
atrophy with inflesmation, and gradusl demyhlinsting yroeess)
6.8, mltiple sslerosis are often assooiated with 1ittle or
no slestsesnsephlogrsphic stmorselity.,

Serial electroencephalograns msde at weekly or
monthly intervals are sometimes of grest value, Devause
the nature of the underiying pathological process oan to
soms extent Be surnised from the rate at vhich the sbhnormslity
is changing. As s rule, single KEG has 1ittle wplus in
dsteraining eticlogy, dut ocessionally cerisin speocial
petterns muggest a vasoulsr lesion,hepstioc insufficiency, or
subseute enocephalitis,

VWhen foosl or alov sotivity is found in a motor
or sensery sres, it is olinisslly evident weskness or a
sensory defect, A large part ¢f the drein is 'sflent’,
hsvever, it produces no olinicsl aigns or sympioms, if its
funetion is depresssd. One of the chief ndvmumi of the
EEC is that it shows disorder in these silent areas [9].

A degree of asymnetry betwesn the left and right hal
of the drain, eventhough doth show normal patterns, is fairly
relishle eleotroencephslographio sign of laterslised injury,



If » structural lesion is present, it is usually on the
side of the reduced voliage.

The EEG msy be normsl, even though the brain ls
seriously injured. It reveals disorder aotivity in asl~
funotioning nsurons that, though injured, are still alive,.
Iective or dead nsurons are not ssasy to identify in EEG,
Parely destruotive injuries to the brain often produce
surprisingly little slectrosncephslogrephic sbuormslity.

Extrens disorders of nsuronal funotion smay coour
in the depth of Brain ¢.8. in cerebellum or hind brain, the
eport will be normsl EEG. In thewe cames vwaking LEG is
ordinsrily normsl, tut certsin slesp patterns, perticularly
14 per second spindles are ususlly reduced on the injured
side presumadly becsuse theyeriginate in thalamis and are
‘poorly cemduoted to the ocortex through the injured internsi
capesules,

Epilepsy 3 From en slectrvencephalographic point ¢f visw,
the epilepsy is an irritative raaction 10 injury or %o a
develepmental defect, 2he olinicsl evident ssisure is the
. external msnifeststion of an excsssive or deficisnt release
of nexrvous energy vithin the drain., If recordings are
made on spileptios in the waking state only, not more then
354 show seisure Qischarges (9]. If pstisnts of epileptic
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seizures are elsotroencephalogrephically obsexrved while ssleep,

80 £ have saimure discharges, There are two basic iypes of
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spilepey; grand mal and ﬁil.tnl (r1g.327). In grand mel
epilepsy, there are large discharges lasiing from s few

seconds to seversl mimites and usually spresding the wvhele

CNS, ineluding the spinal eord. In petitmsl epilepey, the
seisure usually lests for 1~20 ses. A typicsl spike amd

dome pettern recerded during absence typs petitmal epilepsy

is shown in (Fig.32p), FPeyochomoter epilepay is charsoterised
slectrosnsephalographionlly by focal spike dischargss in the
snterior temporsl sres. Uenersliised tonio-clonic oconvulsions,in
sranimal sesures oocur in some cases [5],

Fatients with folloving sysptoms: sttacks of
dizsiness, pain, emotional stebility, and vegetstive distur-
Ssnees ususlly have 14 or 6 per seocond yositive spikes during
light slsep,

Brasin injury 1 Buppression of the normsl frequenciss, wide
spresd nmmu: slov wvaves,and sutburst of high voltege

2 %0 3 par seoond vaves are seeh in the ascute stage. In
chronie post-trsumetic state gensralised low voltsge 2-7 per
second vaves,sometines seen in ons or both teamporal regions,
are the rule snd disturbence is on the whole proportional to
the severity of the injury and persistence of aymptoms [9,14].

Hepatio fallure: In severe csses delts wvaves which may W
triphssic will be present in EEG. In milder case, there is
8 aloving of the dominant frequency. The EKEG can be used
88 s sensitive indicster of the respouss to trestamt and

diagnosis.
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Lipidosiss It is the ccllection of fats in tissues,
Irreguler, gexwralized spike and vave discharges are the
charsoteriatics of this disesse [I14].

Subscute inclusion body encephalitis s It is reduction in
intelligence level. The charscteristic EEG chonges have
been dessribed taking the form of complex generslised slow-
vave somplexes reourring repetitively and often in time

with ayoclonic Jerks and sepsrated by intervals of eleotirioal
silence in the recoxd.

Syncopes A brief and transitory loss of consoiousness; due
10 impeairment of the ceredrel circuletion Wecsuss of whiech
slov vaves of high voltage develop in EEG. Concurrently
with the loss of consciousness, and this is followed by
conphﬁ flattening of EEG reesoxd, while clonie or tonic
convulsions oscur,

Brain Tumers:s At last, the most iaportant sres of KEO is
the locsiisation of tumors in brain. BRBrain tumors can
affect the EEG in two ways. If the tumor displasces the
cortex end if it is large snough, the eleotrical sotivity
will e adsent in thst pert of the hemisphers., An
extinguished or damped EEG, or a foous of large delta waves
over "o eertain part of the cortex can thus be s sign of
s tumor. It csn also prevoke an spilepiic atiack. A tumor
involving 6he bessl ganglis may yield 6 percent theta
rhytha [9, 16].
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On a msoroscopic scale, after » careful studies
of the EEG pattern and dysfunction of brsin chemistiry ss
wvelil, the facotors much sought sftier dy a mstheamstioisn to
help the physiologist in the anslysis of hrain's coded
langusge are as followss ths amplitude of the utmi.
frequency, rhythaicity. and repstitivensss of certasin
charsoteristic pettern, trsnsient sotivity as spike,
asymsetry in two hemisphares eto, |
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METHODS OF ANALYBIS

he slectiroencephalogran was considered es the
'window to the brain' but in reslity it is move anslegous
10 fleeting shadows cast upon 8 translugent scresn where
the ppeed and sise of the shadow msy not bs commensursie
vith the sctusl motion snd dimensions of the objeot, When
ve spesk of enslysis of EEG, Ve do mot mesn snslysis in
the ssme sense as s chemical anolysis vhere the possible
components are kunownj ve require & qualitative or quanti—
tative asseasment cf thems Wt we mesn scmething which 1s
perhape better thought of ss eimply s quantitative
dessription.

she purposs of this ssotion is t0 demcribe

sethematicsl desis of several B thods to present—the

retionsle for using the paramsters derived from these
sethods of snslysis as s besis for comparing their sffect~
sveness in signalling @ chenge in the stste based on the |
subject's EEC. Thw oriticsl sssumption in the aethods of
snslysis is that instantenscus velue of exact form of EEG
signal is not ef direot interest tut rether thet inforsation
sbout the process lies in certain average properties of

the sigmal.
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The pioneer eleoiroencephalogrephers, in
stterpiing to quantify the EEG, sppromched it firat as a
single voltage-4ine curve - the most striking feature deing
- its frequenoy, Peul Hoefer et. sl (1949) sug eoted s method
for sutomstic anslysis of EEG tyesting the signal thyough
8 battery of tuned filters, 5o e muxber of automatic
frequency snalyser ceme into deing. Reddl, J.L. (1963)
gove one method, oconsidering the unit sotivity as the
inverse relationship of frequency and voltsge of EEG [20].

In 1951, Kysheu, C.E.7. suggested a very
fascinating method of snolysing the EEC signal using the
principles of optios [17]. He recorded the date on a
photogrophic plate and used thot as the transmission
diffraction grating. Shaw, J.C. (1955) trested the soslp
potentisle es & result of eleotric field genersted by o
mpber of dipoles inoide the head [23]. He suggested that

it wvas from that gredient distritution the quantitstive
deterninstion of eource depth might be made. Ae o yesult of
a1l these sarly explorstions it decame cleor ihst any
analyaie of EEG needs to do of its statistionl properties,

The assumpiion underlying the methematioal
sodel and the procedure spplied in different methods of
anslysis are as follows (227,

Assumptionsi
(1) The EEG %s coneidered as s short term statiousry process
1.0, a vory smsll time (10 sec) epoch of analysis, the basio
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esusing fsotors for the precess are inveriant. It does
pot mesn thet contiguous 10 s80. spoohs will net fiuotuate,
A2 the proesss s ststionary for s mush m'r period, ut
rather thst the nature of thess fluctuations from 10 seo
epoch to next 10 sec apooh will f£ll within atatistically
predictadle limits.

(11) The changes in atste and in the factors underlying
the process will persist fer psriods of time much grester
than the epoch of analysis, so thet sany ssaples of te
derived parameters vill be availadls,

V.l [istoxren Method

The Aissdventage of sutomatio anslysis is the
incspability 1o Aistinguish betwesn srtefects snd original
EKEG and also the transisnt charsoteristics of the analyser.

In meking up of histograss, emplitudes and —

peried of vaves are messured sscording o sssumsd specifios-
tions (Fig.5! ). And the nuaber of waves or the sum of
their smplitwies of every 0.5 o/s from 0.5 to 8,0 o/s

(b and © waves), every 1.0 o/s fxom 8,0 %o 20.0 o/a

(a vave), snd every 5.0 o/s from 20,0 %0 30.0 o/8 (8 wave)
is plotted (87,

In » randon signsl 1ike REG, the eriteris for
making the histograms sffesis the information content of
the sigmsl.



(1) n 1S AMPLITUDE AND t IS PERIOD

(1Y AS hq>10 PV AND ho < 10 PV THIS IS A SINGLE
WAVE WITH AN AMPLITUDE OF h3(h3|5 A SLOW WAVE)

() hq,hp,hy >1OMYV h, hg < 30pV
hy ,ha,h3z AND h. ARE CHOSEN
(hg,h5 AND hg ARE SLOW WAVES)

FIG.5-1
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Y.2 Jourjer Anslysis Wethod

In the frequency snslysis By Fourier's series
expansion, the chetumcyhahmphu vave is considered
a8 & periodic vm snd written ss follows[i, 11]s |

¥e) = 5-& . n?; (A, Com awt ¢ B, Sl pwt)  ,.e(Ve242)

where |
A * & f £(4) Com pwt &tjfor n = 0,1,2, s+«

WY g’ £(4) Sinnuwt A%  for n = 0,1,2, oo

The repetitive waveform has nov besn broken
into s series of component sinusoids vhose frequsnoies arxe
mltiples of « together with sonstant 4,.

If 2(4) is not a periedic signsl, and the
o
sufficient condition 5 |24} 4% < oo 1s fulfilled,
-0
r aer es into the dexr in 1 2~» coam [ (
()
,(‘) - h !‘n ,(“) .M dw ooo('0202)
vhere Y (w) is the Fourier Transform of F(t)
@ —iwt
Fw) = _{m ”>R) e at

In the case of & stadionary signsl F(t), the
()
condition S | F(s)| 48 <00 is fulfilled for ihe funetion

"(‘) - ’(‘)q B(i) ...(7.2-5)
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with B(%) = € (% » %)~ ¢ (+2)

a truncstion function (box eer funotieon), with €(x) s the
step funotion. And the Yeurier Transfora of Fu(i) is
glven as

Py(e) o 3'; * 2() o=t oy ers (Ve2.4)
The Fouriexr transforx is the powsr speetra of
the signal whioh gives the frequency distriduiion of the
pover of the signsl. The mein Leature of the Fourier power
speotrs is that it 1s insensitive to phase shifys of inpat
i.0. sssuning the siznal is periodic, cutaide the ssmpled
interval, the tims origin msy d chosen srbitrerily withoug
affsoting the Yourisr power speotrus. So the Fourier snalysis
of EEOC »ignal is also not of much iutsrest these days ss it
treats the wave a» periocdic and doss mot give the resl time

The suto-correlstion funotion for random dets
desorides the dependence of the valuss of the dats st one time
on the values at other time. The suto~corrsiation funotion
is defined mothematically s follows [2]3

?
Pey () = 2tm b5 x4 x(beT) At joLTXKE
—
ere (Ve3.1)
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As & Tule of thumd, ihe meximum 7 should nod
be grester than 104 of 7. 7The one atriking property of
suto-gorrelation function is that if the time function
contains no pericdic component sud only random componsnt,
then suto~correlaticn function tends to sero,snd the rate
st vhich 4t tends 10 sexe is a msasure of the randomness
of the dstar 2],

The estimated suto—vorralation function for
disorete date st the displavenent th is defined as [1].

 Ner
R! - ﬂn (rh) = #nﬁl xno "l’!‘ ( = 0,1,25 vee W)
| ere (V,3.2)

vhere
h = sanpling interval (M « %/h)

r = lag nunbey

2 = paxisun lsg mnber

the auto-corvelation funotion can be viewed ss
®» mesaurs of the frequancy content of the sample function,
The frequency. contexnt is given by Yourier Transform of
suto—oorrelation funvtion or power specirsl density (FSD)
as follews)

By (£) = 2,{: By, () exp (=InfY) At

. 4 I:Dm“ (T) Cow (252%) 6% eco (Va3.3)
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The estisated FSD Lfunction for disoxrete dats
is given by

8 - a;[n .2 x R,. Cos (&). (=2)%. !l.]

ke O 1y 29 eoe W “es ('c3&4’

The valuss of FSD sre than smoothed socoriing
t0 the Hanning method ss follewss { 2]

Sy = 0.5 Sy ¢ 0.9 8

Bk - 0.25 ﬂh__l - 905 Sk b 0025 Sk‘l 4
(k - 1. 2; ,' sowy = “'1)

3‘ = 0,5 B."‘l * Otsa.

The cross—~cerrelation gives the relstion between
tvo siznal 1.¢. tvo shannels in osse of BEG, as s (2]

Ryy(T) =24 } £ox(8)e (1) 80 eeslVa3.5)

It is » sessure of the degree of interdspendence
between the signsle from two or more aignsls. The Fourier
trsnsform of the cross—tor:elation gives the orossc-correlogram,
the P8D in freguency domsin. <This is used to analyse the
EEG traeings which rsveal wvaves of aprarently ihe same
frequency in different locations of head oftex having an
apparent ahift of phese. If the two EEG's are ldentical in
frequancy and phass btut not fruly periediec in charsoter
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they give gaussion type of oross~correlation curve around
sere lag time. The desay t¢ sexo correlstion is due to
the REC sstivity dDeing, slihough Wriefly periodic, not
contimsualy so and hence the sero aprrosching of the
curve [ 3, 4].

Weiner introdused & coherenocs funotion similer
10 corrslstien for paire ef funotion possessing generslised
harsonic decompositions. Its a messure of the corrslation
betveen tvo signals st frequency « and is defined asy

2
P (@)
ﬂa(w) 'W ase (Ve5.6)

¥here P zepresents the spectrsl density of
the corresponding signels, It is & msasure of hov well &
particalar spsoiral component in one signal (x) oan be
estimated by # linesr funotien of spectal component in
anotheyr signsl (y).

The sdvantsge of correlation anslysis ever filter
techniquss is that 1% san detect the periodic signsl
ixmespectiive of its frequanscy componsnts. The methods of 8D
snd fresqusncy correlation plote sre very difficult to use
in the manitoring of leng data 2uns (e.g., EEG), since they
sake umsusl demsnds on the perceptivensss, skilil, and
sxperisnce of the evsluator in sssooisting the subtle changes
in the funotion shape with change in state. And alao the
extent to wvhich the bdesic sssumptions of these mathods are
met is esntroveraisl [22].
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Y.4 Convelved Speolrs
¥hen ths two signal precesses are multiplied
10 produce s single resultant, it is useful for interpretive
parposes to note the Telationship of the resultant apeotrum
10 the apsotra of separste fesotors [2], ¢.g. the EEKG ean
be written as3
8(1) = 8; (%). 5, (V)

The Yourier transform is given By
&9) « Lo 5GY) exp (=19t) a8
oD
w I 8;(8). 55(t) exp (~ut) at

The Fourier transfors of 8§;(t) and 8,(%) sve denoted by
;1(“) and gz(u) Tespeotively. Substituting the inverse
Fourier transfors of é ths expresaion for g(w) -

@) = Lo 10 61(B) exp (18%) 4B 3 By(8) exp(=1ut) a4
Resrrangings

8(0) = L8 (B0 L8 () expl=1(w=3) 1) 44 ) @B

or = Iy & () ap(ep) 4B

1.0, the amplitude spsotrun of xesultant siznal 3(t) ie

obtained by convolving the smplitude specirs of two fsctors

8y(t) snd 8,(t). Convolution implies specirsl apresding,

then wendvidth constrsints sharacteristio of EEG deta constrains
the peried anslytic coding pointe to conform to EEG wsve ahape(22]
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V.5 Rapsctrup Abslysis

The pover speetrum gives ihe oomplete informetion
about the statisticsl properties of sn EEG sasple only under
the sssumption thaot underlying prooess is Gsussian, There
msy b a yhase relationshiy between ﬁuxdﬁnt Iresquency
bands slthough the model of s ststiocnary Gsussisn process
assunss independence betveen different Lrequency bande.
This suggests the obssrvation of higher order spectrs., 8o
the Lirst is the bdispsotrum(7].

Analogous to power spectrua S5(w), vhioh is the
Fourier trsnsform of sutovovarisnos;

By I l‘.’],ﬂh bispectzun B (v,, ¥,) represents
ths spectral sounterpart of second order suto covarience

Ry y = B [Xy Xyogo Xgop) 80 1s entinates by smoothing
the triple product Y(w; ). Y(wy)e X(wy ¢ ﬂz)". Therefore
the bispsstrum may Be considersd as the spectral decomposition
of the third oentirsl soment (vhich deteraines the skewness
of the saplitude distritution). The calculetion of dicoherence

0("1"‘3) - - (“;f’ “gi 72
(8(wy )y 8(w;).B(wom,))
demonsirstes the degree of relstionship detwean ditximt
frequency dands within the same EEG, Ihe esxpected valuss of
bicohersace is sero for s truly randcm signs) sud in case of
s sompletely phsse locked system, this valus is unity, The
devietions Iron the expecied valus depends upon the faotor
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such ss enssmdble im. ihe lexgth of ssch epoch, and
stationarity of the signsl [ 21].

The computstion time needed for the estimation of
bispsotrs is sbout 20 times longer than for powsr speotrs,

V.6 Jeriod Anslysis

In applicsticns, in which the information t¢ be
shatracted froa long term REC recoxdings sppear in the form
of genersliced changes in the complex structure of the signal,
s perametsr is chossx which effectively senitor or trsck
thase shanges. 7The tracking peramsters are derived from the
EEG's sutoapescirum, its suto correlstion funotion, and from
the aversge gero oroseing rates of EEG and iis time derivstives,
The paramsters repressnt sven orderad mcsents of Fower apsstral
density and for complex XEG sigusl, the persmeters are
equivalent statistiosl messure of REG.

T™he deta points in perfiod anslysis ares selected
te correspond to the following evant times [(21].

(1) the time st wvhich the signal pssses jurough it sversge
value {ealled primsry sero orvssing rste).

(11) The time ot which the signal Yesches an extiremsl value
(enlled intermediate sexo-oyossing points).

(111) the time at vhich the signal has en inflexion point
(called mirror xero oressing peinta).
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The following sguation relates the aversgs rate
of serv orossings to the Dower spesiral density (FSD) for »
normally distriduted nesh PIOSNSs

:2““"-’ PL) a2
(%) .

ees (Ve6.1)

[ :3* 2(2) az

where N, = aversge rate of sAT® oressings of the k'O
derivative of the signsl process 85(s)

L) » Fower Speotrsl density (F8D) of the signsl 8(t)
The auto~corrslstion funotion (ACP) and (PSD) funotion are
relsted av follova:
g(t) Jo P(t) exp{i2xtt ) 4f

- 26 P(‘) Cos 2xttd4f ese (70692)

8ince only even moments do not venish, considering
ths even ordered derivatives of f(<7)

o |
3;—;&‘9 = 21 1) (2x0)® B(2) Con 2nf7 ag

setting T » O ad rearranging itlw terss

00 2n
4 tax L — soe (Vebo
o M ar o SRL D) (V.6.3)
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In this way, imstesd of oomputing thes components
of P(£) and then integreting 292 p(£) to derive soments,
we can compate the values of (T ) st (2n + 1) 4inorements
of lag £(0)y BCAT )y essey f(20a7) o snd perform simple
finite 4ifterunee operstions & compute speotrsl momsnts,

¥e have for the avsrage rate st whioch 8(t)
pessces through iis B8rc Mesn valus

% - g - b crs (Vi604)

Fericd snalysis 4oes not soale signsl emplitude.
Is would be completely unsuitshble to represent \he waveshaps
of a signsl of unlimited baxdwidih dy period snslytic methods,
since thare would be no correletion detween the tisms spascing
of events and relstive signal amplitude., Ihe choice for
epoch also is a compromiss for oblsining stable short term
statistios without smoothing the variations of interest
sssoelated with the long term non—steticnary sfiects refleoted

in EEG rescord [22].

™he naed for guantitative ssthod in the desoription
o0f EXG wvave hss prompted many ssthematiciens to define suitable
‘parameters. The first step in EEC suslysis is to divide the
EEG into managesdle lengths. Thess stationsry segaents of
variabdle lengths give;: the dste redustion and sre also descridled
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by the same smell number of psrameters. 2Ihess parsmsters
should gquantify the XEG charsoteristios more perfectily.

Bjoxth{13], derived thass psramsters in time
domain taking the epochs of same length, However, 12 the
epoch lengths ars modified by the segmentation procedure [ 18],
10 have she partiowler Don-etstionsrity in one segment,
the same perameters in thess 1w spochs will be mere dis-
tinguished and more informstive, The author spplied the
ssne approseh towards EEG enslysis i.e. segmenting the ERC
waye for deciding the unegquel spochs for the purposs of
tine domain analysis.

Hence ths probdlem of EEG wave anslysis is
divided into two sections visy (i) segmentstion of the EEG
trace, (i1) and the desoriptien of EEG wave characteristics
by ainisun miaber of paransters in nnh‘ sspmnt, Pirstly,
the mathod is dfscussed at length and then certsin EEG
trases are analysed numerically besed on the pressnt snslysis,

V. 7.1 Segmengetion of XEG Wave
Bodenstein and Prastorius {1977) used an suto~

regressive filter msthod fer boundery detecticn of the
segasnts [19], The present aethed, by Michael and Houchinj
1978, for the ssgmentation of XEC wave is based on suto-
correlation funotion (ACF)[18]. The Beasic ides of segmento~
tion ia a8 followe:



The X0 wave is obsstved, through a moving
windov with respect te a referenes windov., Ths eriteria
for the vwindew is t0 reves]l even the slowest frequency
components 1.0, the length of the windew (WL) is less than
the shortest expected segment dut long encugh slse to
sstisfy the above criteria, The position of the reference
vindev is fixed st the first position of each sosn of the
X0 wave. And the test window is moved in steyps (e.g.

200 m sse in present snslysis) to scan the EEC wave. When
the difference Betwesn the EEC charscisristics ssen shrough
the twe windows is large enocugh, # new segnent line is
drswm, Now s new reference window is pleced at the
beginning of the next segasnt axd the precess is repeated.

Y. 7.1(s) Zayspeser for Non Sistionsritiss

A 4iffevenics meusure betwsen the test snd
refersnoe is assumed as the lLinssr sum of Lirst oxder terms
of smplitude and Zfreguency chanlge on percentage basis,as
the vismel inspsotion of EEC records involves informstion
about amplitude and fresquenscy. The diffsrence eguation is
ss followss

vy = 4R . PRREP e (1.7.2)

Where ADIFY and JDIIT axe differance ia
smplitude and freqQuancy respsotively. Aind also ATHH axd
FEHER,the thresheld values for saplitude axnd frequsney

48
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respectively, ere sssumed Indepsndentdy Mt msds egusl
for Sest results.

Both saplitude and freguenay &ifferences
{ADIYY and FHYY) are oslauleted Irom the auto-correlation
funstions for refersnce and test windowa,

he standard devistion of the sighal aaplitude
equals the square root of the pewer (?) edtained from the
nor-norsalised suto-gorrelation function st sero lag. Ihe
perceniage change in smplitude (ADIFP) is given by the
a¥solute valus of ihe 4iffersnce Betwvesn the sute-vorrsistion
at xero lag divided by their ainisum,

Similsrly, FDIFF is {he 4ifference Between the
two frequsnoies 4Svided by their minisum. Por EKG, 3%
neasures the oversl) frequansy change. IThe two sute~
correlation funetions are normalized and supsrimposed (Fig.52).
To odtain this parasster, the ares lyiug Detween the two
normslised suto-eerrelograms, fer & pertioulsr length of
the curve (AOYL), is divided By the ares cemmon te both
the surves. QOuly the pesitive ssotions of the suto~
oerrelograns are considered. ﬂﬁ dength of the suto-
esrrelegres (ACFL) i» hcm by she alow vave changes
considexiicn and is Saken as the lsngth; at lesst one
fourth of the largest oycls lengih 10 be considered,

¥.7.1(») Estimpting the Boundery Jositjon
tThe peint in tims at vhich any differsnce

asasure esshes threshsld is taken as the reference point,
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It 4s displscoed Lxon the Youndary conosynsd, Xven if
there sre sharpy siep like changes in the wavs, this
displacenent D(t) esn varxy from serc to enw window
length (¥ig.52 ). The suther Bas estimsted the doundary
as the rasiie of tvo nen-normalised anto-surrelation
funotion at the sexre lag ef referencs wvindov and the
test windov giving differsnse measure ss thveshold 1,

As the deteotion of non-ststionarity depends
upon the reference windov yesiticn, 40 & very amell deley
(9.8, 120 » ses in present snalysis) is introduced
between the boundery lins of the segnent snd the pext
referanne windew position.

V7.2

the statistical methods involving the
freaquency sonsiderations are used to define desoriptive
quslities fer the gerersl cherssierization of an saplitude~
tins pattern: of sn BEC wave., The paraneters, charsster~
ising the BEG patterm in texrms of amplitude, tise secsle,
and gomplexity, within esch spoeh in the time domain are
defined as followe [13].

() Aotivity 3 The activity is quantified by seans of the
verisnee of anplitude (or squared standerd devistion) (u.)ag
which hss the pacessary eddiitive property 10 sllov inte~
gxastion of 4ifferent okservstions during the epoch inte

ens repyresentative figure.

1726 4 y0

'?""'hrf L3 1§ LA L. WIS T T naﬂr"”rr
b



ol

(b) Nedility s The mobility is defined ss the retio of
the standsrd deviation of the firet derivetive (&.-. slope)
10 the stenderd deviation of the saplitude (-- Yo I8
uo:m-ucn-nuo prﬂnmttndmauu
sonsioved as nean :ummy. Sinoe these gquantitiss are
equally dependent on ths mesn smplitude, the yatio will

e dependent on the curve shape only in such & way thst

1% measures the relative sversge slope. |

(e) Complexity s This parsmster is dimensionless and
estinmated as the ratic detwsen the mobility of the Lirst
derivative of EXG wave snd ths mobility of the EEO wave
i%sels (i.0, ,’ :. )« 1t gives a messure of exocessive
detalls wvith reference tc the ‘softest’ possible curve
shaps i.e. sins wave, this ocorresponding te unity. It
axpressss the rmaber of atandsrd sloyes sctually genersted
during the sverage time rsquired for gensretion of ons

standard saplitude ss given by the modilily.

VY. 7.3 Galeujstiop Procedure
e setusnl procsdure for estimating the

paramsiers for a partioulsr EEG wave ia enimerated in
the followving ateps:

1. Begmentation of KRG wave:

(a) Assume the threahold veluas Zor amplitude snd
frequency (ATHR and FIHR), the window length (WL),
step sise (87), the suto~sor:relation function length
(ACYL), and the delay detwesn tvwe segments (¥B).
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(b) Digitise the wave shaps at fixed interval (H),
and then caloulate the suto~eorrelstion funcvtisns
to have suto—cerrslograns for asssused ACFL Lfrom
refovense ad test window dats points. And siso
caloulste the mormalised wvaluss for she above AOFL,

(c) ADXYF is calcuslted fyom the norrnuormalised suto~
serrelation funetiomsst serc lsg for reference
snd teat windows (Pig.52).

{4) FDII? s oslculated Ifrom normalised sute~correlegramns
Sounded by AOFL (assumed). To calculste the sres
(s 1llustrated in the ¥43.52) Wounded by the two
ourves, the suthor hss used the trapasoidal rule
and for simplisity snd drevity the sute-~corrslograns
are assumed to Be fermed by straight linss Metwesn
two peints and the surves are not s amcothed one
s 1be celoulation needs only the ratio of the

- 4wo aress.

(o) Next, the DIFF valuss are esiculated Lrom the
squation (¥.7.1),

o - 4R - R
If the values fram thw adove squation resches the
threshold vsius 1, then we sove to the next step (f)
for estimating the doundery, othsrwise we repest

the adove steps fer the test windev dsta yoints after
aoving the windew deeided by the stepsise (32) assumed
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(£) The Boundsry is estimated By oalculsting the
persmeter D(t) ap the ratio of the suto~
sorrsleticn function at sero lag for reference
and the test vindow decided by the step (o).

(g) The nsxt refersnoce windov is placed after the
assuned deley (D) end the whole procedure is
repested to decide the other segments.

2+ Gslculetion of Fearsmeters

{a) ™e dnta pointe for ons segment are taken and the
first derivstive at each point is celoulated from
the differentistion formils epriied for tatulsied
vaslues given in the Appesndix A,

(®) Similerly the sesond derivative is cslculated et

esch point of the segment fros the sarlier eslculated
voluss ¢f the firat derivative of the funotion.

(c) Kext i standaxd devistion of all ths valuss for
one ssgmant is osloulated for amplitude (o, ) the
giret dexivative (gg)s and the seccud derivetive
(wgq) of the dats peints. Then ths three paramsters
.. .ouvuy (0,7)s MOBILILY (g4/0,)s and comslextty

( ) axs omloulated,

(4) The same prossdure is Yepested for ether segaents
slee,



V.8 Eesults g Plasussien

The ssthod deserided in the seotion V.7
offers a vay of quantifying the genaral charseteristios
of an EEC trace. The suthor has derived the three pars~
meters (0.5, sstivity, mobility, and conplexity) for ERG
waves in different conutim of sbnormality es slow
veves fosus, atmormal very slow, and sadtiormsl mederstely
slov vave,

%o sharsoterise the grand mal and petit mel
twn? of epilepay, the specific pattern in esch csse for .
one chaxnel ie mly:m by the suthor. A case of
sayanetry in ecoipital ares of two hemispheres is also
snslysed,

the EEG vave patterus for sll cases, showm
in F1g.53(sth, 879 taken from the doek (9, 10). ZIhs anslysis
csn be extendsd to other shannels of the XEG mcrdwu
sy vell, The uannuﬂm of eash vave is depicted by the
arrevs in the figuvre. In all these individusl ssgments,
the three perameters (!.2l %a /G.v Jaa /!4 Od/ﬂ.) delinad
esrlter sye snumarsted and tadulsted in the 2ables (V.1) %o

(V-4). Dats for thess tables are given in Appendix B.

The values of the parameters listed in the
sbove tadles are oslculated mmmally. The dsta points are
alee linited in nuaber as the EEC wave %taken in esch osse
is very smsll. The ssgasntatien prooedure gives the error



delew 204 WL (18], and detection of non-stationsrity
slso depends on ths position of the reference window of
the somn,

e velues fyom the first rov of the ZTables
{V.1), ank (V.2) show thet in & particular segment (II1),
the setivily is inoreassd end the mobility is redussd
apprecisdly ss compared to the mobility in otber segments.
It sesns 8 slow wvave is recorded in thet particular
segment, which oan said to e fooussed. This fsct is
olinically sorroborsted as the pathologica) wave is for
slov wave fosus, which suggests s looslised depressive
resotion to injury such ss ususllyoocurs sround tumor,
infarct, or sboess [ 9].

™he ssoond snd third rowof the Tables (V.1)
t0 (V.3) eonpures the sotivity, modility,snd complexity
in case of diffused alow sotivity of the slectroencephalo~
gram. It is perspipucus that sotivity and mobility in abtnormsl
very alov is leas than the abnorsal mederstely slov ER¢
vave, And the ocomplexity is larger in the £irat esse,

In petit mal spilepey the seisure ususlly
dsets for & very short durstion, This is corrochersied dy
the Laet that sotivity is inoressed ~(III and IV) segments -
Takle (V.1), slongwith very high modility in (IIX) seguent -
Tadle (V.2), in comperisen %o the sotivity and mobility in
other contiguous segments. In ihis osse the vave Decomes
less complex sonforming to the softest ourve,



Mheress in Grsndmel, the sotivity is on the
highey side and the modility is also varying froa low W
highsr values sypresiably. In this wvay all) the abdove
pasthologicel cemditions are eorredorsted by the msthemp-
tieal snslysis.

In Tedle (V.4), the paraneter for left and
right oceipital sres of the Wrsin are ocompered., The
208ivity snd mobility An right oocipital sxea is less
than the lefs cecipital ares in all segmnts exoept ths
segnant IV — Tsdle (V.4). The eomplexity of XEU wave
of right hamisphere is more exoepting the segmsnt IV, It
asans there is a asyaseiry between right and lefs
eocipital sres of the brain, which corroborstes the faeot
thet EEG .vaves were specified Lfer volisge smplitude
asymsiry in the right oooipital area. The analysis
sorTeotly spesify the asymeiry between two haaispheres
vhich msy e helpful in indieating the lateralized brain
injury, svan though both hemispheres shov normal pettern,
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CHAPIER -~ VI

SORCIURIQN

his dissertstion has deen concernsd with
the sxirsstion of elemsnisry festures from KRG records,
and the desired end result is & medicsl disgnosis. It
should e mentionsd at this point of tinme that eleciro-
enoephalogran 40es not speeifly sticlogy. Though the
tracings of repssted msasurements in the sane diological
state need not be the 'm. howsver they contain somsthing
in common which aight de charsoteristio for the stste of
investigation., Se serisl elestrosncephalograns msde at
weelly or monihly intervals are of grest valus 10 spesify
the etiolegy,; Besause the maturs uvf the underlying
patholegical proesss can 10 sone extent de surnissd from
the rets at which the slmormelity is chenging.

Here, enly cuw channel is used for the analysis
parpose., Hewever, in romtins clinical resordiings, signals
are derived from at lesat 8, typicslly 12, frequantly esven 16
leads simltsnsgusly, vhare the slsotrodes are distridbuted
over the soalp of the patiant accerding to a fixed pattern.
We can apply the ssme prooedure ef snalysis on sll channels
in parsllel, A computer prograk ssn de mede and results
csn de obtained by fesding the data directly to the
conputer. The rapidly ineveasisg mvailsbility of lew esost



61

fest meting digital lad~computers squipped with nscesssry

senvertsrs for snalog inpat and output will allow e

- physioian to ocempare the setivity and mobdility in differemt
- perts eof the brain, especislly in contralstersl sites,

snd in particular the fooal distridution of paroxyssel -
astivity is of utaost importanoe for the disgnosis of
tunors and lossl lemicns. The complexity of the REC wave

does nst give amy concretes informetion with respect to
sbnormalitiss of the brain, et yresent, |

A farther soope of this study may be in the
£ield of the geniuses, and the personslity of asn. MPscsuse
& hwslihy drsin prodadly guards its secrets Jealously. 8o
the seervis of the drsin of genil should bs explored
assidiously. BNeverthaless, in the pressnt scircunstsnces,
soat fassts of the brain sxe bDetter desorided dy the
novelist thsn the mstlismstiodan,
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APPENDIX A
Derivetive of febulsted Yajues:
Suppese ‘ﬂ' 21’ tz eus “."’1' ‘u "‘1' see BXW
ths tabulated values ©of the funotion st intexvel of h.

The derivative at esch tadulated points,else the end points,
is eslculsted sscording to the differentiation formuls,

’ -, E T

fhe erzor term in this expression is (- # 2% £). e
~ derivative at the initial point is cslculsted as follows
(equation 5.2.8 of Ref.),

f; o "5‘%“;" fa
While the derivative at the last point is derived by its
sompanion slantsd in opposite direction and is given dy
the equation,

PIRRRE: - e .

The error ters h';iha £ in the above csss.

The secoud order derivative ean also be derived Lrom the
tadulated values for the L£irst derivative in the msxner
snslogous 0 the first derivative.

(ReLs MeCormick, Jobhn H., and Hari G. Sslvedori: "Bumerieal
Netheds in FORTRAN", Prenties Hsll of Indis Fve. 1%4.,1968)
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APFENDIX B
Bsl Datas for Tebles (V.1l), (¥Y.2), snd (V.3)
Time interval detween twe samples (H) = 40 a ses.
X = axis lese = 2.06en
Y-axis 1004Y = lom ... Pig. S3a
Yor Segmantation; |

ATHR = 504 ; PHIR = 40%; ACYL » 160 m see.g
Step Bise (8T) @« 200 » see.y WL = 1.0 seo.}
Delay detwesn twe segments (D) » 120 m seo0,

B1l.1 Slow vave focus (RF)

Sopmapts - .

) ¢ *10, '0'. 0, 0O, =10, =20, -30, "‘10;
-20, O, *10, O, -20, O, 0, "’"5’ 0,
05. 0, "‘20. 0. 0' ""10. "'10. '-10.
10, =10, *1C, =10, “'lsg 'lsq L L1

12 10, =15, =5, 18, ~10, +15, 0, =10,
"15. 0, 0. 9;

11X 0, *40, *30, *30, 50, *70, *50, *20,

«R0,~40, +25, =70, =100, =110, =100,-100,
«30,+30, +70, *80, +95, <20, +10, =20,
=650, =70, =60,~80* 90, ~75, «~40, =10,
+20, *50, 60, +50, +55, 0.
v Oy =20, *15, =20, =5, ¢5, +10, +10, 0,¢10,

+20, +20, *10, +30, «10, O, +30, *30, +%0,
*40, +20, *10, -0, O, 0, O, >°. -10, =20,
=10, «10, “16. Oy 0. 0.-10,-40,- .



Segmente

vX

*20, +30, +20,
—ao:.-?g:

0
+10,
+20,
-20,
*10,

10,
0
+3%0, 0‘6.
+10, O,

*20,

+10,

+40,
20,

*310,
~10.
*40,
=30,

*40
104

«10
10,

0
010:

3:11.2 Atnerms) very sliow (LP)

Segaents
) ¢

9 4

111

vi

-5,
+30
0y

 #}9
-10,  Op

-0
*15:

-20,
10,
0,

Y

0
-10,

0 “&o'

. 05: 10,
O.
15,
+20,
*«10,
0

+30,

*10,
+«10,
+10,
Oy
+20.
-0

’ ’
oag, +40,
0, +10,

~10, 20, -0

”ﬁsg“isp
-10 »
10,

gl
*7y

-5, =15,
“10"‘10.

s *%

-5, ©
20, +10,

3,
*5,
‘lO.
Oy

3
Py
05:

w310y

’
23,

P11.3 Atnersal soderately slow (LP)

Begmexts
) §

*10, =10, =20,
*30, +40, *40,
«10, =20, ‘gg.
0y =20, =20,
:ago *70, O,
. ’10, ‘,o’
30, 40y 0O

"10. ¢ 50 »
*50,=100,
+30, =10,
=30, 20,

:ggo -=20,
’

«-20,
«50, *40,

+350,

0, +20
‘16, 010:
“&0; ‘lﬂ.
‘10*“&0’

0, 0
’505'

+10,
*10,

“10.

*5,
=)0,

*3%50,
+10,
13,

’30; ‘10. ’10'

0
+40,
"IQ.

ola,

.10’
+10,

+15

68



Segnanis
I1X

112

Segmente
b §

1X

111

< - *20,¢
038: a-m:-ﬁ:
L

Bsl.4 Grandme)l (LX)

*70 +50 =60,

20, —60,

%8. ‘56‘-‘0’
-Nig ‘69.“"’?0.
Oy ~20y~32,

4?0'
*33, +80,+60
__50: ’ ’

«§0, +80,+40
28r 230i43:
0,

*90, ~70,-20,

+20, ~10,~30, ~60

70
;gg’.’ +10y=95,

255, 0 e -

O. +60. +95
“60 ~55, 43!

“50! +30" ~70,

+70, 40, 90,

-63, =60, -60,

s =10y =70, ?700

+«20, +40, 420;
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Bs 2

B 2.1

Segnents
1 0, *10, O, O, =10
00 0, O, O, O,
11 0, =10 0, *10
+10, +20, ooy 00 0
111 -20, -10, -10, -13. . ,g.
L) » ¢
+40, +60, 30: oo 23
Iv 70, =80, =350, +60, +65,

¥ 0 0, *15, =5 0
O, +10, O, =20, O,
0. "10. "'10. 0.‘ o’

X - axis l1ses =

Y =~ axis Lno)uv -

«10,
«10,

+70,

4 on
2 oa

’ ’ssligl
+70
~801950,

) L
300

=50,=80,

*3, 0,
0' 0.

0
*10, +40,

9-’40.

* +*40
s

«20,~10,

0,+10
€10, 0.

e !uvst}b

2ims intervsl detwesn two ssaples (i) = 25 m ses,

Yor Begmantstion:

ATHR » 4083 FIZHR = 40%; ACFL
WL = 0.5 seoj S%ep aise (5T) = 125 a sse.}
Delay betveen two segments (D) = 125 = sec.

Iaft Oscipitsl (LO)
Segnents

1 5, €10, =3, =25, =10, *15
010, #15, <15, =5, +5, +10,
o, 40’ "-‘10' ‘s‘ -5' -'15'

» 100 = se0.}

*10, =20,
5, 0,
.5. -5‘

=10
05:



vi

L £ ¢

YiIX

-] ’
pid )
—Go.
05'
10,
.15.

*10,

By 2.2 Right Oooipital (RO)
$ <.

Segmants
X

b9 ¢

11

*5
015:

+10,

2

+20,

w5

”51*131
iy
:%g:ozo,

*15
:ig:olﬁz
15, +5,

.5,
» : 0,

5
s
""‘1Q'

(¢
010:

O
§i§,

L 4

"‘10.

*20,

s

=10
}5:

=104

-10,

4
:%5;

20,
~10,

0,
35

53,

- 5

20
30,

[ ]
&
%10,
10,

5,

+10,

15,

*10,

ng'
2
5o

13,

220
20,

-5,

*20,

010,
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Segments
v

vi

Vil

vII1

*1 »

15
-10,

72
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