EEG nonitoring system and nethod of nonitoring an EEG The present invention
relates to nonitoring The invention spe cifically relates to an EEG

noni t or i NgoYBY®mMsadapt ed to be carried continuously byPaTmeesvsbe
nmoni tored. The invention furthernore re lates to a nethod of nonitoring an
EEG EEG is the comonly used abbreviation for EJectro E/icephal o- G am
which is generally speaking a nethod of electrically nonitoring brain
activity of a person. Systens for moni t ot ng EEGs have been known for many
years. However_with the general technol ogical devel oprrent EEG noni toring
systens, whi crFEr?h?‘%‘étOE'QgrﬁyéFf”E)ran%“P‘ﬁth@SrPftmﬂWB‘Ué'T%/a%F EG person to be

noni t ored, have been devi sed. WO A- 2006/ 066577 di scl oses a system for
continued wearing of_a person sufferin eg from di abet es,_ where bl ood sugar

level s are nonit or ed 1% PERESF IRYELRNNrelgas ot MRPBENY JAENNYEREMERS. Low

bl ood sugar | e¥@lafiy HaMees &Y BhEEQ M HERFRY SRtdhadpléd1t6kidbHidd cahd too
| ow bl ood sugar levels may | ead to unconsci ousness and even death. The

syst em di sc¥ oSBHOUBYADY GDBEOE5 7 bEsManttarady inepinyenEan SUBRERABDIS- system

The i npl ant ed |g{e8abr-LHRENG 6f Mo itBlREhi g, | eads connected to a nonitoring
device capable of detecting the brainwaves characteristic for an immn nent

hypogl ycaeni ¢ at t ackEE@ng the sammeorlywsedi aRPreviativs fosEiedro Engephaleat i on of
the subcut aneq;}%n{mwmcgr fsn@erﬂjé?ﬁlly%peéﬂng\% %&QQQ/&G@IEZ%C'&]FW irfohitdider nor e

suggested that the i nplant my wreless comuni cate w th an external
unit, which néyadoredyify tdiea nﬁﬁréo'bo@ﬁtﬂﬂ@ﬁsfﬁdlfﬁgnﬁﬁﬁ*@% BfGs havel ees oni cs,
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parts This wi | Ow an acousti c war ni ng In order to detect an
i mi nent hypogw@@@mﬁﬁ%m%t@rlrtméysym%rwrajﬁhvmwbzmn@eesworrb@m- at the
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i ncor porated herein W@ Ae?@AEA6E57T Idisclasah m/wéergcfbhgonhmttﬁdawmfmow th
wavef orm pat t % t?uf?% rfroW|ébettH§ie§/h@F@j AL EUSSCRNERCLRS mdri- TS

suggested to us c assifrers such a
15 tored in order to warn agalnst hypoglycaemic attacks. Low blood sugar

levels have severe influences on the brain activity, and too low blood
sugar levels may lead to unconsciousness and even death. The system
disclosed WO-A-2006/066577 is a fully implanted subcutaneous system.
The implanted electrodes are via electrical leads connected to a monitor-
20 ing device capable of detecting the brainwaves characteristic for an im-
minent hypoglycaemic attack, and issuing a warning in the form of a vi-
bration of the subcutaneous monitoring device. In WO-A-2006/066577 it
is furthermore suggested that the implant may wirelessly communicate
with an external unit, which may contain the more power demanding
25 parts of the electronics, so as to obtain a long battery service life of the
implanted subcutaneous parts. This will also allow an acoustic warning.
In order to detect an imminent hypoglycaemic attack, the system of
WO-A-2006/066577 looks at the frequencies and amplitudes of the
brainwaves, which change prior to a hypoglycaemic attack as explained
30 in WO-A-2006/066577, which is incorporated herein by reference, the
brainwave going into a phase with waveform patterns with higher ampli-
tudes and lower frequencies. It is suggested to use classifiers such as
Bayesian classifiers, neural networks, or logistic regression, but WO-A-
2006/066577 does not disclose any details on how. Finally, WO-A-



Bayesi an classifiers, neural networks, or logistic regression, but WO A-
2006/ 066577 does not di sclose any details on how Finally, W A2006/ 066577
suggest s wheotwi4bbsi n of dynam c adaptati on of the sighaCTpCo®s)hrg

al gorithns, so as to continuously adapt these to the individ ual carrying
the system Also in this respect the docunent is silent about any way of
achi eving such dynam c adaptation. Based_on this prior art it is the object
of the present invention, to provide an ?nproved system | nthis it is
inter alia a further object to present a system and a net thIFfor_ provi di ng

the dynani c adXoAPPRw T U9eestedne PUlBul P Reranidi agPtarion 1 FRg sigefbct  of

the present imprerddsy blaerienmb) 8668 tar@nditlbeyghdyt edeEls FRNINGAKiENY
system according to the opening paragraph, said system conpri si n%
el ectrodes forudhsag¥ionigeatysf¥hsflserB tRBEespefitdhe HosHineRE ipdlesbRPekY r yi ng

t he EEG noni t gfiyngay ¥Eheeviih30eh dyharfSsiataiBANs adapted to receive and
process at least a part of said at |east one EEG si %nal, anal yzi ng neans

for anal yzithg the EERRSSAgeinthispatod arbifgsrigembied Hdastrigsent Inygntiaha

relating to sabghralideensimecbErs&@NH thiddisainFmIYa F@inst Objebdtsai d
data relating to said EEG signal. According to a second aspect of the

present i nventAr8seitifesystempancatgethod fae Rrexidngpnie dyramoadariptieree-

moni tori ng usifBgead th¥bbabl € EEG neasuring system said nethod conprising
measuring at |east one EEG signal fromthe person carrying the EEG
nmonitoring system rRedrdinggo phiseassedPfaha papsanyinvantion theag obieckart of
said at | t Ltﬁlﬁ[@ i YA iS4 | ing data
rel ating 1?%? saaﬁgeaat ee?llstg Vgénne EEG%@&%&P{QZJEY%EHg%giérggwggg‘g?ﬁa drrﬁe%glﬂﬂ\sd,1 and
storing sai d d@radreehasaidriystam samprer@ elegitafdeafareneasuringyatl legsfi onge dat a it
becomes possi nsi i : y o urn
allowing a be'?étEg;r E@Hﬁf@@.}"‘s%{%&eﬁé’?‘ errﬁgg:fglﬁl-%d g{rbeng%tr@p;s%gédﬁésgﬁtag and
bett er under strEngessindomeahe adebtad nrdseivieneiath paoresadit Veailial patmfsaid waves
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15 data logging means adapted to log data relating to said at least one EEG
signal, and a memory for storing said data relating to said EEG signal.

According to a second aspect of the present invention these ob-
jects are achieved by a method for EEG monitoring using a portable EEG
measuring system, said method comprising measuring at least one EEG

20 signal from the person carrying the EEG monitoring system, receiving,
processing and analyzing at least a part of said at least one EEG signal
using a signal processing means, logging data relating to said at least
one EEG signal using a data logging means, and storing said data relat-
ing to said EEG signal a memory.

25 By logging data it becomes possible to carry out extensive
evaluation of the data, in turn allowing a better analysis, better detection
of predetermined events and better understanding of the relation be-
tween an individual’s brain waves and imminent events, such as hypo-
glycaemic or epileptic seizures, as well as the possibility of making indi-

30 vidual adjustments.

According to a preferred embodiment of said first aspect of the
invention, said signal processing means comprises a feature extractor
for extracting a feature vector from said EEG signal. Using a feature ex-

tractor allows a substantial reduction in the original amount of informa-



According to a preferred enbodi nent of said first aspect of the invention,
sai d signal processing neans conprises a feature extractor for extracting a
f eat ure weotoro/fpm sai d EEG signal. Using a feature exPCTax2009/@&hi49ws a
substantial reduction in the original amunt of information of an EEG
signal to be considered in an eval uation process where content of the
signal is to be classified. According to_a further preferred enbodi nent of
said first aspect of the invention, said-“anal ysing neans conprises an event
classifier for det ctln predeternlned events based on said at |east one

signal . Using B0 8U&RtERY 203 iterbg sonsidered; i0i IheVakFLIBR RIPSEINYHFShi ng

between the i raopesrtaiftthey $isiachd aEBdigEd.al events. According to yet a
further enbodi ment of said first aspect of the invention, said |ogging

means i s adapted to '?“%f@r?“ﬁfJ&Pr%lerH??ra‘H@fﬁrr%F RTAPRE MRt @heaid §'r5ts%ﬁ9ﬁ'c'és t hei r

time of occurrgnge.inl@HHn)Safl BHANEIHgOheENE BbMPIRES ANESvent skt ifet ent way
of providing basis for a deci si on such as an al arm dependi ng on the

occur rence df d8iectingoBradgHrMENeh eyentgohased st said aetdﬁéfttaﬁﬂq geNgl- Usiitces t he

i nformation tQanbévé{toc'flgﬁnﬂé?fslsCe@?frﬁﬁfd?éil'ntt\,@ayfeogd|stt|ff‘1§ufs‘lﬂ“ﬂgybélﬁ‘/\?@@neﬁweEFﬁqi si gnal .
According to another preferred enbodi nent of said first aspect of the

i nvention, the%ERM avenks #Yf MemALeial exaalsted to | og at | east one feature
vector, extracted frQmosding (55@t% @Pfer chasiM@nOBF Yot Salddt 8 URet of

entails a substantial savings in storage space, which is inportant in a
smal | device tiBveiBiaNersRihdRIGIATt Meararis adanieditaglado Infermation boupraf er r ed

erbodi menty @f Skt 1ifere RRAtostheklint BYBREIAcel 1608iAb % haMELAG: Means

i s adapted to the waveform o | east one nal . Keepi ng the
ful | informat i9ygnts moreovgiveporatiigent Way of greviding %@ff@rameélms@cmt or age

consi der a 0N3B! ARAUIROSH AC BecPERKMNACMARFEREENR! horpr ef er Ted

enbodi nent of said first ‘asp he 1 nvention ans are provided for
det ecting an ayeortalbdipatiailycasdices dhe bafosmiatinn tthebelstased eas peepetrest nmi ned

events, and |%t b.aﬁheiﬁﬁﬂy%n%'l@cfﬁt@%ml.on said detection of the abnornal

brain condl tion
15 According to another preferred embodiment of said first aspect

of the invention, the data logging means is adapted to log at least one
feature vector, extracted from said EEG signal. Logging only the feature
vector entails a substantial savings in storage space, which is important
in a small device to be worn behind the ear.

20 According to yet another preferred embodiment of said first as-
pect of the invention, the data logging means is adapted to log the
waveform of the at least one EEG signal. Keeping the full information of
the waveform of the signal is preferable where storage considerations
are of less importance.

25 According to an especially preferred embodiment of said first
aspect of the invention, means are provided for detecting an abnormal
brain condition based on the detected predetermined events, and initiat-
ing an alarm based on said detection of the abnormal brain condition.

According to a further preferred embodiment of said first aspect

30 of the invention, the data logged by said data logging means is stored in
said memory, upon detection of said abnormal brain condition. This al-
lows the saving of information pertaining to the period leading up to the
alarm to be stored for further analysis.

Embodiments of the method according to the second aspect of



According to a further preferred enbodi nent of said first aspect of the

i nvention, the data | ogged by said data | ogging neans is stored in said
menory, Wvoroteiers8si on of said abnormal brain conditi onPCTHiK0@/150146Ws t he
saving of information pertaining to the period |eading up to the alarmto
be stored for further analysis. Enbodinments of the nethod according to the
second aspect ofthe invention generally provide the sane advantages as the
enbodi nments according to the first aspect. The invention will now be
describe in greater detail based on non-limti réggexerrpl ary enbodi nents, and

wi th ref er encdNfd"VARUIQ AFNRERIYoR WA KNFiSFMeL SHUBNEYSS LhEf HPUWiper son

wi th an EEG noReh@rddkerdysgtemaneatidpad. to the invention, Fig. 2 depicts a
bl ock diagram of the EEG nonjtoring systemof Fig. 1, Fi 3 depicts a

bl ock di agram an embbtf ME¥RNtGN WHE%HX)’pB%I%%'Pﬁ an rﬁfﬁ?‘ie(ﬁragé&ﬁﬂi kesed 9bggi ng

bl ocks of Fi g.no#-lifitthg 4x&@BIF SerhBé AR E a®y GiEh F&répdn@VEY thd dRagONpPar ed
to plasma gl ucose level in the blood of a patient, Fig. 5 depicts a

hi st ogr am over"@y8RAtVhighel versus time of day for a number of days, Fig. 6

depiots a ciroul ar bebf elachiks BRGHY SHESEHitiPal EREUNBNIEGHILPsteANd Fi 0.

7 is a scatter plot illustrating a sinple classifier. Fig. 1 schematically

shows a head PCEPrdiNGHE} B¥hinygptYMng an EEG nonitoring system 2 according to

the invention. The BEG BTMULiQE BIoeN HiddFam SPIR EE€SBRItbIRY dPdtebf 3 for
measuring EEG s. The inplant unit 3 is 1ocated subcutaneously behind the

ear 4 of a patfignt,. The implant unit 3 conprises an electronics part 5 and
R L o A A
el ectroni cs paeensa gfonites angh gtanegdqing bIgks Ofrpid- 2es t he necessary
el ectronics for meanggfof R liR@grated event level over time compared to
plasma glucose level in the blood of a patient,
Fig. 5 depicts a histogram over event level versus time of day
15 for a number of days,
Fig. 6 depicts a circular buffer for storing successive feature
vectors, and
Fig. 7 is a scatter plot illustrating a simple classifier.
Fig. 1 schematically shows a head 1 of a person carrying an EEG
20 monitoring system 2 according to the invention. The EEG monitoring
system 2 comprises an implant unit 3 for measuring EEG’s. The implant
unit 3 is located subcutaneously behind the ear 4 of a patient. The im-
plant unit 3 comprises an electronics part 5 and a probe means 6 with at
least two electrodes 12 (not visible in Fig. 1) for picking up electrical EEG
25 signals from the brain of the patient. The electronics part 5 of the im-
plant unit 3 comprises the necessary electronics for means for sampling
the EEG signals measured by the electrodes and transmitting them wire-
lessly to an external unit 7 forming part of the EEG monitoring system 2.
Preferably, the energy supply to the implant unit 3 is received induc-
30 tively from the external unit 7, so that the implant unit 3 has a long ser-
vice life not constrained by battery power, is advantageous as the re-
placement of a battery would necessitate a surgical procedure for re-
placement of the whole implant unit 3.
As can be seen the external unit 7 may resemble a Behind-The-



the EEG signals neasured by the electrodes and transmtting themwrel essly
to an external unit 7 formng part of the EEG nonitoring system 2.

Pr ef er ablwo 20tve14e158r gy supply to the inplant unit 3 is PetaKzee/(SnAECti vely
fromthe external unit 7, so that the inplant unit 3 has a |ong ser vice
life not constrained by battery power, is advantageous as the re pl acenent
of a battery would necessitate a surgical procedure for re placenent of the
whol e inplant unit 3. As can be seen theexternal unit 7 may resenble a
E3ehi nd- TheE_ar hearing aid_(BTE hearing aid conpri si ng%_a housi ng part 8,

whi ch in nor ngd@r j¥&@ring qi é%é h@é‘ﬁf‘ﬂd"'% CORIPTIFing at SPr RYh B ¥R Ry t he

EEG noni t or i Nthovit @I¥eZis FBEedbeRMdPhHRE? 4 diithe FerBdi daeslindi@h&igkG t he
housing part 8 is connected t_o the earplug 9 in the ear canal of the

person via an MATERTHRESYEENE ohn@ld |a(5‘nei@"u‘?l'tﬂ stikg . ®The Ng2tinG Q¢ H?‘F‘al sound

tube | eadi ng thqusiy gakR légcd?fne@fédeﬂoeﬁferéé?rﬁlugc@wtlh@égi B&ndl o7 the RReei ver |
n The E ar type earplug (RITE earp his allows the external unit 7t o
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son carrying ttDBe'i;Eéél H@@bta%réé}%lu'i_)/&t 8Mefectrifdl ¢drdileadiRg told\Re&GeMRNI tOr i Ng
system 2 may optionally in clude peri pheral device 11, which as will be

expl ai ned | at ehen&y BRR ﬁ@ﬁpﬁ& é@HEt eRAIadfipalierple pykesnaheniyy Eonsuni ng

el ectroni ¢ st Qi RIBFIREERGES! sIHAL &5 aldHKB P WAFAWGS, %tE'tHe eér hhﬁ th@?‘%?ﬂal
details of the EGG ITDI’II'[OI‘II’Ig system 2 are schénatically shown. Starting

wi th the inpl &N qaniingthe EEgripenisaring sxstemedt rodes 12 for measuring the
electricalyprain wa /§§ indRAtABNEhY - Eg@frfcﬁnt@hﬁ gP& stk thap &ﬁ%n%l]\?‘?ﬁf Odﬁs

12, but for ease of description an ustration only two are s
el ectrodes ar «€ludma mm@@rql devige bhatvbighfasowill bagxpRinethigiter yangcantre

2 Gigital dat o et CO MBS oty ARt SR e,

bei ng a good cpape Hiddabet ween the wi sh of keeping the energy consunpti on
hot ot car e mubc b A0 Bt £ SRERRFLA SRS bt 8B REAR A A,
0 a channel5 system 2 are schematically shown. Starting with the implant unit 3 it
comprises two electrodes 12 for measuring the electrical brain waves.
Evidently, there may be more than two electrodes 12, but for ease of
description and illustration only two are shown. The electrodes are con-
nected to an analog front-end 13, amplifying the electrical signals from
20 the electrodes 12 before they are sampled to form a digital data signal. A
typical sampling rate would be 256 Hz. 256 Hz being a good compromise
between the wish of keeping the energy consumption of the implant unit
3 low, and the frequencies actually measurable with an implant located
subcutaneously outside the scull. The sampled data is fed to a channel
25 encoder 14, which in turn provides an input to a wireless data transmit-
ter 15. As can be seen the wireless data transmitter 15 is preferably in-
corporated in the energy receiver, with which the energy supply is re-
ceived from the external unit 7. Preferably the energy supply is received
inductively using an implant unit coil 16, and the data transmission pro-
30 vided by varying the load on the implant unit coil 16. This load variation
may readily be detected by the sensing the load on a corresponding
combined energy transmitter and data receiver 17 feeding an external
unit coil 18.

In the external unit 7 the data received from the energy trans-



encoder 14, which in turn provides an input t o a wireless data t ransmt
ter 15. As can be seen the wireless data transmtter 15 is preferably in
cor por at enloi2n10ftag1sener gy recei ver, with which the ener gpCTmKRg9/(58148€
ceived fromthe external unit 7 . Preferably the energy supply is received
i nductively using an inplant unit coil 16, and the data transm ssion

provi ded by varying the load on the inplant unit coil 16. This | oad
variation nmay readily be detected by the6sensing the load on a
correspondi ng conbi ned ﬁgﬁ%%é transmtter and data receiver 17 feeding an

external unit BEEr angl d Wepyy df REPVIGRT t0 P ERRINEAUSCP &t X dECP R Om t he

energy trans msttﬁ&hngrtﬂectag.ealro%@@lsmbl from sndfrovt drd 10inanhehaipit wiseoder
19, recon structing the d H?ﬁtg data signal fromthe front end 13 in the

i npl ant unit P oPrﬁthSW"QJI F%QQQSVéE@HSQ'G'G@t%a G 50 adwPRaIvcge®id to a

hypogl ycaem a mpmitér050 2fhe Egﬁo@y@&hl}é%@ﬁk@r z@@nh%e%gnét%ém@thereof
functionality thereof wll be described in greater detail bel ow

hyper gl ycaehi &'iltdisi 4e5criped e oreaies dgRilRAIQUL TR GHBE I -aeREa deenitas 7€9per ating

controller 21,gaf0b&hah BubplithsigRalttothe @dVi@lgh&a880oRt e 1f Whu&%ﬂﬁr ating
an audio signal, such as a warning or an alarmto the speaker 23

ment i oned aboJEM RenispleepUdia apapraer 227aF eperading qTEaéﬁ'Pp?'@@alo.FU@‘t may be

i n communi cat ifang Wi n‘t| BR%H M%rr%afookﬁ@ spé&é‘ SPURE rh&ifonebNsh ARy Hiee
operating con troller also controls a da gging unit 24, which nmay be

USed {0 Stor e SPRRKFTRE MoTy P 2aparbiel AORETE| FREPIVBN®R  TO8Y SR CABTBRNEEPROM As
men tioned; @by, Yvﬂfwoé %&éu@é‘ %‘v?é’a%%u%??%@‘ "rﬁé‘?deb&eao il gsRl device

11 havi ng a data- rea ca recel vi ng readi ng the
data and st oritielarta $mcant§9h5t%1§a*ea tmgwgstl@lﬁa?@e vettich rﬁ@aseb@eusﬁrddomta@ dat a
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flash menory. The peripheral device nee e a de i cated storage deV| ce,
but may be a amnted|ahmﬁpofqmaﬁ@nomheralsqjh@fcn”a@rsmlttedé@ at pyiphery. devigeenot e

Four basi ¢ parts e 3L a8 PELAKSRE Be PR ine LB B “C et °
i nt egr at or130 datel aad sadramgritunia siBtigbladateestorage Bﬁeh@“&tt&rm@gd@shmtaﬂd

logger, of larger capacity than available in the external unit 7, e.g. a

flash memory. The peripheral device need not be a dedicated storage

device, but may be a unit incorporating other functionalities too, e.g. a

remote control unit.

20 Fig. 3 illustrate the hypoglycaemia monitor 20 broken down to
four basic parts, namely a feature extractor 28, a classifier 29, an event
integrator 30 and an alarm unit 31, as well as the data-logger 24 and
the non-volatile memory 25. Furthermore, a real time clock 32 for keep-
ing track of occurrence of events is shown. The input signal to the hypo-

25 glycaemia monitor 20 from the channel decoder 14 is essentially just a
continuous bit-stream. In order to derive useful information, this bit-
stream is first fed to a feature extractor 28 for extracting desired fea-
tures. The feature extractor images the input signal in a feature vector
FV in order to reduce the dimensions, the input signal having a higher

30 dimension that the resulting feature vector FV.

As will be described understood from the below description such
a dimension can be performed in many ways, that is to say the actual
parameters forming the feature vector can be selected in many different
ways. Parameters for a feature vector could be averaged FFT coeffi-



t he non-vol atile nenory 25. Furthernore, a real tine clock 32 for keep ing
track of occurrence of events is shown. The input signal to the

hypogl ycawoizaivmanis8or 20 from t he channel decoder 14 i sPeTDHWIMISIAS] ust a
continuous bit-stream In order to derive useful information, this
bitstreamis first fed to a feature extractor 28 for extracting desired fea
tures. The feature extractor inmages the Lnput signal in a feature vector FV
in order to reduce the dinensions, the iﬁput signal having a hi gher

di mension that the resulting feature vector be descri bed

under st ood f r GHftRePPEFLIFELETHG Oh Cgl]t?ﬁ' Barbqﬁfr@ﬁstf“ér?”égﬁug% dﬁé?'?‘ér med in

many ways, thalon i fré&qidityiHandacs dabeRRNANR! ficdidrJeiebilenbeatdnide, vect or
can be selected in many di fferent ways. Paraneters for a feature vector

coul d be aver &§& h‘F‘F'S%eT% whethes @ ByRRrbandsarErdningreasing ionideslinbands,
or the anplitydg dist ribu tion in frequency bands, e.g. percentiles,
medi an, skewness. Also trends, could be used, i.e. whether a given band

feature is 2 ncreasi ngn®MmayeRl JAng s, orie suRgivige thsi i stises inte blasksubdi vi de

the bit-stream yntorrBRHEng 8o TheCRIE eEPNMPINY Farel IB 3«;5%6& S 'bé‘g rate.
These bl ocks rra?/ be rf ed tomganO F‘?’ wth a su?{}gﬂb © 5 5 %? 256

| e nunber o .
or 128. This VprftoaneFid withouspitablg sxtpher ff paiptsi ¢g- 2Re Oérﬂe?r%ﬁ'hdﬁ @'ﬂ'h but| on

of the EEG si g/.aala% QMﬁfutE\/e%ﬂfrrl%ﬂE@P% e @H@Pﬁ/ dRErib RIS e Eeadsﬁ%bet ween
0 Hz and 256 .e. over 128 bands each wt wi dth of 2 Hz or 256 bands

each with a wrwﬂswow qcpﬁresa@mnﬁunﬁgmﬁﬁ of feeaven pangs betwren @Hzand FFT.
For each bi(pc?g%rg e&/emizﬁh@ar{:c@ each'w.uh:F @9{‘615 Qtl—ﬁzsoroﬁ‘% BYhPuEMeCt OF  Of

t he correspon i mensions, 1. or 256 di nensional vector.
O course the thn puw'dm of HeHFFdeReGINg O th@@uag?@d Qfmnta afhpdFTofor
successi ve bl f The
Feature veo 1optI g Fdp R o B T et R AEpL

di mensi ons. Oftbewgyraspoadingenimger lof dimenbipnkobki ri@BaQr Qﬁé @mengipnal

di stribution 3%%}’(@361‘%88%“%% Rl @tggfrthf el Q’bQ%ngagb d%?”r‘m&%@r‘ the

frequency bands wn as clinica ands I'nica are normal ly
defi ned asl®- 4f successive blocks.

This itself merely constitutes a change of basis. The feature vec-
tor FV is really only achieved by further reducing the dimensions. One
way of achieving this is by looking at the energy distribution between
specific broader frequency bands, in particular the frequency bands

20 known as clinical bands. The clinical bands are normally defined as 0-4
Hz (Delta), 4-7 Hz (Theta), 8-12 Hz (Alpha), 12-30 Hz (Beta) and 30-
100+ Hz (Gamma). However, for convenience slight deviations could be
used in the feature vector, e.qg. 0-4 Hz, 4-8 Hz, 8-16 Hz, 16-32 Hz and
32-256 Hz, the interval limits corresponding to multiples of 2. This would

25 then yield a five dimensional feature vector FV, each dimension repre-
senting a momentary energy distribution in the different clinical bands of
the EEG signal.

Successive feature vectors are stored at predetermined inter-
vals, e.g. every 10 seconds, in a circular memory or buffer 33 of suitable

30 length in the data logger 24, as illustrated in Fig. 6. The circular buffer
33 illustrated comprises N feature vector samples FV, where n indicates
the time index for the sample. FV(n) is thus the feature vector FV sam-
ple at the current time, FV(n-1) is the previous feature vector sample,

etc. For every update of the time index, e.g. every 10 seconds, as men-



Hz (Delta), 4-7 Hz (Theta), 8-12 Hz (Al pha), 12-30 Hz (Beta) and 30- 100+
Hz (Ganma). However, for conveni ence slight deviations could be used in the
f eat ure weotoro/14e15§. 0-4 Hz, 4-8 Hz, 8-16 Hz, 16-32 Hz ROWIBLBIBGOHS, t he
interval limts corresponding to nmultiples of 2. This would then yield a
five dimensional feature vector FV, each dinmension repre senting a
nonmentary energy distribution in the different clinical bands of the EEG
signal. Successive feature vectors are sPored at predeterm ned inter vals,
e.g. every 10 seconds, in Ci I‘C%ﬂ ar nory or buffer 33 of suitable Iength

in the data | JUyEA aﬂ?"eaéh‘? plagst eé’[t‘ér@ YeFtei gamale R@-Nirde it aremiitet 33

illustrated cops tisegaty ergﬁ hlé@ f(y&gp@(,e&gngb M (yhere n indicates the
time index for the sanple. is thus the eature vector FV sam ple at

the current time, FV-UFﬁ ICbaSF'§'ef proaitesu he &eatlre veeerv i Vsiahpredetefc. For
every update Ghine&dttdiRs I.duiﬂmlab%@s s@H@roY hﬂg?ow@@a% 2§. BEdkies: above,

the ol dest feature vector sanple Is overwitten with the data

of an new featthfeCRAEBY FHSERNEPB W{’Vﬁﬁn t'h‘?eddﬂ"é@sli’qriqur e fgasitier ahe

feature vectongol¥t ti9E RML USRI ofhBEhPEY P tRSsd ERTIEd I THaRk §oRpattieans Of
hypogl ycaem a, e.g. by |ooking at the energy distribution between the

clinical bands}mo”?"rﬁbtocff'&%%'lWW@Q'W‘F&?W%@R"&W@% BIsPE@IDf the energy in

these clinical bandspf UraRithd o @ﬁcﬂf%oa\@sg.@ersvsqnaétrmqu) Vr?é‘@éﬂt?erodlot i nent
hypogl ycaem a. An exanpl e such a classifier s 1llustrated th

scatter plot of Fgg7, For@épﬁﬁ@pﬁrﬁ@l ﬁgtwoodﬁn@'vﬁbo%ﬁlr@@ﬁ'ftﬁfalmme%@lnfiler
D mensi on 4, Ril&ttéc?%lﬂgggﬁeeﬁﬂg?%% a%&gHé ErRfgy hﬁéﬁgeﬂ’r@(a Ifankhghdrhet a

band and di nension 2 e ordi nate Coul e the energy in the
Al pha band. Thibmélhal@ﬁlz Dlﬂtteﬁmlpnﬂ%@%é@ale couldre meeerggrgvnn sbe Miphde Al pha

and the Thetadé%dﬁ@edés%vﬁec‘ro%%pﬁ&ogﬂgea &Qh% gﬂ%}@ Bﬁﬁrpl#] QU ps 34,

and Class 2 if the energy in e Al pha ban are
hi gh, correspdhdiTigta @anﬁ@rmIgmcqftﬂsmné@gdiwmee@amaolmW@dmuan@mﬁéJ assi

fier s der| neg ol fld undth doiffndtoTBaf 336 he Shel sobdsradapt e

to di stinguish ween two C our ed squares 34
and |ight Yol dugkdcariesploadingsto e light coloured C|rcles 35. The optimum classi-

fier is defined by the fully drawn line 36.

The classifier is thus adapted to distinguish between two classes
indicated by dark coloured squares 34 and light coloured circles 35. Ob-
servations above this line 36 are classified as belonging to Class 2,

20 whereas observations below the line 36 are classified as belonging to
Class 1, e.g. hypoglycaemia.

As can be seen from the illustrated example, no two dimen-
sional classifier which fulle separates the two classes exist. As indicated
in the lower right-hand corner of Fig. 7, there are 5000 observations

25 truly belonging to Class 1 and 1000 truly belonging to class 2. 4812 of
the 5000 observations belonging to Class 1 are correctly classified and
the remaining 188 incorrectly classified. Conversely, 34 observations be-
longing to Class 2 are incorrectly identified as Class 1 observations.

Logging the feature vector FV, and storing it when an alarm is

30 triggered based on the events classified, will allow subsequent analysis
of the data, which in turn would allow the angle and level of the line 36
to be modified, i.e. the classifier to be trained, in order to reduce the fu-
ture number of false positives or negatives. A reduction in false positives
and false negatives will, in turn, lead to a higher number of correct



servations above this line 36 are classified as belonging to O ass 2,

wher eas observations below the line 36 are classified as belonging to O ass
1, e.g. wopaglywaessi a. As can be seen fromthe ill ustraPet/paeassisei48no two
di men sional classifier which fulle separates the two classes exist. As
indicated in the | ower right-hand corner of Fig. 7, there are 5000
observations truly belonging to Cass 1 ﬁnd 1000 truly belonging to class
2. 4812 of the 5000 observations belongifAg to Class 1 are correctly
classified and the remaini r];%ﬁ188 i ncorrect |l \F/)Fcl assified. Conversely

[ 34
observations BRT¥HGNAGD fEpadamns EnougtyPEEG: F'V‘F?'%Ieamt‘i"?i%ﬂ‘e&@‘)@lahss 1

observations. dRggienavill Mt bradutfi@enerr Prattibal POEbsESNih Bige cbntehedr ek al arm
is triggered based on the events classified, will allow subsequent anal ysis

of the data, VHEEENLIAVETIAN ROII8 ORIV BwwarMe 28501 @2M-iel evel of the line 36

to be nodified, i.e. whleedsl assinpifly treqbendy af P8E, HE &Y BT slitabi€dyee the f
u ture nunber of false positives or negatives. A reduction in false
posi tives ahd SPAIRIBINEGaEFGeignals themaelyvasnthis &gguenc infaynighaufast of

correctal ar ms tfBGatEfHthl RhRf Achtdhecd ROBIMBRItORAS iRl &erdtd Y&kt gBNSI ONal
classifier wll not be sufficient for practical purposes in the context of

the present i rHERMeMS iBrfHeisianshinpttiesn sEe elagsifighthlisanphis. typirat e 881y

sanpl i ng frequeneynPis eR8siHeatiBty aPRngel IftBhaiId, U g SR h&tdsdBRdEFS & gnal s
t hensel ves, this frequency is tar higher than the rate with which events

need to be noniQ BMEd PermibEERer to detect de vel opnents in the signal
pattern. The classifjred,hhysapuh ds tdde&al! Yhé)'&|ea>ési|ﬁ%Ffi&’é glre"sf_)an event

classification at |onger i nte_rva#]s, €.g. once per secon to 10 tinmes
per minute. | fansuerheyenasigeainsioyteldt tocthedsvanténtepeaiser S0elhe ¢uant fites an

t and ' ' t it d t
event an a”3§‘#:é‘{rﬁre3;dr g{aggra;cﬁseagve%nt é?%rﬁ]QF o%?'@u?nét,i’]hg&ﬁé% 8 pAtHucEng, even

inte grator ent signals over , I'n order to produce
an event | evelevengirvel siphel.iTiecigiearpbon prefeeatip hys lkadecay thgcfayicign femct i on,

eri ods with oy e prantiorafiodl ks haP10 3 MoR P IR 1 BERLE ot ed
t hat i nt egtqat iwith ianhighi fsequamicegxaf éventd Inethis despsicd ddshnudddleynoteddhadi ng
first and integration in this context is to be understood broadly, including first and
second order recursive integration, e.g. an AR-filter, and including leaky
integrations and other integrations with a decaying function.
The event level signal is detected by the alarm unit 31, which
20 via the device operating controller 21 triggers the audio generator 22 or
gives off a warning or an alarm in the speaker 23 upon predetermined
criteria. A simple but preferred criterion is an event level threshold,
which when exceeded triggers the alarm or warning.
Fig. 4 shows an example of an event level signal over time for a
25 test person and compared to actual measured values for the plasma glu-
cose level in the blood of the test person over the same time period. An
event level threshold of 0.6 is indicated. As mentioned above, a simple
two dimensional classifier will hardly suffice for the purposes of this in-
vention, and the example is based on a more complex classifier using 29
30 dimensions.
Apart from logging the feature vector in a circular buffer 33, it is
also possible to log the actually sampled EEG signal, preferably also in a
circular buffer. Also the time of occurrence of events could be logged us-

ing the real time clock 32.



second order recursive integration, e.g. an AR-filter, and including | eaky
integrations and other integrations with a decaying function. The event

| evel sigweal2oicgi4des8ected by the alarmunit 31, which vi CThEK2devis0HS8
operating controller 2 1 triggers the audio generator 22 or gives off a
warning or an alarmin the speaker 23 upon predetermned criteria. A sinple
but preferred criterion is an event |evel threshold, which when exceeded
triggers the alarmor warning. Fig. 4 s an exanpl e of an event |evel
signal over tine for_a test person and conpared to actual neasured val ues

for the plasma glu c%%'é”reéVEPCW As PMBWJV%%“'&fSGE%eﬁ 88¢ CPUERIUNSYEEESt he same
time period. A RYEBEVISY¢h iddHIRANAads Afit)identigal patk&dkad . difisramepelroned

above, a sinple two dinensional classifier will hardly suffice for the
purposes of t HO8S; hOgeingi BYormgiPn rededaliepting |%’el5'&%&de?ﬁ'1y AMPERESCHifpI ex

classifier US'MSl%ﬂlt@b%ﬂ@h@l% e dnckrama Ibggﬂh%%éﬁéeaﬁdiﬁtwé ¥E€WPr in a
circular buffer 33, is also possible to e actually sanpl ed EEG

signal , pref er"éﬂﬂtys'tédagénﬁ A p@fﬁoé‘u‘FEHFY'Bﬂuﬁlf'%lEE ANSHItPHRI tsi/?ﬁ@”bfs i rence

of events couldt Deeit@RIANBsINBypoRyERRMicldeiRiIrE lPGHh SFlcplicZeiRse, S4ICh as
hypogl ycaem c seizures and epileptic seizures, do not develop in i denti cal

ways with i dert§ltas fosdatesting the widiidyal mettssns. Sons . In [ty Y HGWisTPO Nt i on and

det ecti ng eVG%@uaWa%l%Héﬁdn”@F&&@ﬁtﬁrh@ LS ehdtlaidihgDritRE BRMIeRIoLYPEr | ence
and | earning nore about when and In what situations the person carrying the

EEG noni tori ngugty@@rérﬁfutbe@darm greshold, §‘é‘ihz|§ﬁ@'n9§9(fﬁwé§faism?lﬁﬂ@lsycaem c
sei zure ory@n epileppiey ?@éefm%”r?verﬁt‘i%n"ﬁgl*ef@?e EW?wgﬁﬁf%%bﬂSn 5 {tgFé’d dual

patterns. This, in turn, Vi dua tation of orithns,
e.g. the trai rﬁtﬁg“tébletmntﬂ iaggnei ene sgeh éelltpblgtnﬁemhmdim@mom @nerwrnem eshol d,

bot h | eadi ng ta%b‘él%\“ﬁmroF g' ®Srrith ﬁé“in%J dPTRIEeh ain”lé%ﬁ&%st s Gh aI | ows

information t e stored at su porntsin t surta
poi nt in time debalfbrbdhart aignal ome.gr the weatnithgingtesripegjog atp. ta H”lQ;uch an

event the rawﬁﬂ-’ﬁmﬁg@oﬁilﬁtﬁefsft r?dt fhetr%ﬁog' Watile! Rlenford- éhﬁ LWRyLr 30 m nut es

| eading up to t rning cou be sto Tt he nonvof ati e merfory 25.
However, ak5 storage space may be sparse it might be feasible to subject the sampled

data from the EEG signal to a loss-less data compression before storage.
An alternative, saving even more storage space, could be to store only
the entire circular feature vector buffer 33 comprising the feature vector
samples FV(n-N+1) to FV(n), as illustrated in Fig. 6. In both cases in-

20 formation giving a picture of the events leading up to the incident is
saved for later scrutiny.

As indicated in Fig. 2 information from the data logger and/or
the non-volatile memory may be read out to a peripheral device 11. This
peripheral device 11 could be a device for processing the information to

25 learn more or it could be a larger but less energy efficient storage
means, e.g. a flash memory or the like. This peripheral device 11 is not
intended to be carried at all times. Rather, it is envisaged that it could be
placed near the bed of the person carrying the EEG monitoring system
according to the invention, and that data could be transferred thereto

30 overnight when the person is asleep in his bed.

As an alternative to the alarm based storage of data, data could
also be stored at regular intervals, e.g. every 15 minutes based on the
real time clock 32, again depending on the amount of storage space
available in the non-volatile memory 25.



storage space may be sparse it mght be feasible to subject the sanpled
data fromthe EEG signal to a | oss-1ess data conpression before storage. An
al t er nat iwe,200aMP15§ even nore storage space, could be t®CIipx200%03h148t he
entire circular feature vector buffer 33 conprising the feature vector
sanples FV(n-N + 1 ) to FV(n), as illustrated in Fig. 6. In both cases
information giving a picture of the events leading up to the incident is
saved for later scrutiny. As indicated it Fig. 2 information fromthe data
| ogger and/or the non-volatile nenory may be read out to a peri pheral

device 11. This perl%e?%w@évﬂtc'é iD1this (FPesk PRETGEGACE $1e I Ee g t he

i nformation tQaHo@@rtﬁe @éﬁ‘t el tiraadl dirk@t Vet W8fel RyIktdreg atargnay ief f i ci ent
storage nmeans lash nmenory or the |ike. This peripheral device 11

is not int endé@r‘tags b‘negc§r"?TYeé5a'P”&ltFSrt it ReSOMRL PRSEIIG {0 rRORIERA Yigle that it

coul d be pl acegidaént betiefebnt &RriRg $R8 EET MOMGrinded&iée Bo& hot4 ng
system according to the _invention, and that data could be transferred

thereto over nilgh RAIY- (THES gk M be Possiblsely Fatast ywhesler herapraltieenat i ve

to the al arm baged SiAra9e Wiurdri-dd WREA a@@‘é%ﬁe@élﬁpcrﬁl‘?cﬁt&ﬁ@d/héfre fiRgul ar
intervals, e.g. every 15 mnutes based on the real tine clock 32, again

dependi ng on tREESYhBAMYINGf they BEggBosisaided &'\%(Iclea%ﬂ'véd iiMsele dacyrroetining | e

nmemory 25.1n Baf hisHe A, e'g% |h§reerEr% ﬁ'ntél@@@?gﬂigé?r&ft%ké%‘ijs inQugRve
i nformati on about the event |evel I[f the current event |level is stored at

regular in tervals, Bligls wéaﬁtlcm@rrﬁfmﬁeé@t if sudhedpete Geswinblated @Vabni t or
the de Ve'ﬂpn‘?ﬁﬁgé}ftlﬁwl@%eﬂ%égﬂcﬁ% rré(érﬁ’tﬂs?*ﬁ%v@ﬁ@eﬂ%n' toring device over a 24

hour period. Thus OSSI |l e to detect 'whether there are tines
during such a 24 houlflgpérde@tﬁts\/ﬁlt@/l@ dmensnnat histegragt DWrc%\rentéﬁ‘(ﬁ'\Mﬁ!éTe t he

per son oar 1Y NGt e KR QLR LI 00 rlfler orcaid hh e dre RO TRIGRAY, for

his health, e.g. 1ncreas he I'n sugar or t I's |ns his is
in parti cul ar tbf: herghdrafgheidolwnoh oaameahﬁ@raﬁmﬁﬂme@ﬁbcﬂawma Ilomgr'epeu ne

periods such dT%%EH% ﬁcﬁvggvéﬁgre?ielng g}e ‘%%gi ﬁ"1tt<§r\/%lst IS géﬁgéél

hi st ogr am over event or a large n er o day ,
and t he gr@sdaltbempme@ao@dyng column of the histogram. A high intensity thus indi-

cates that at this specific time a specific event level frequently occurs. It
can readily be appreciated that about 16:00 the person carrying the EEG
monitoring device very frequently has a very high event level. Likewise,
the person usually has a low to moderate event level during the night.
20 The histogram based on the logged data thus gives a clear indication
that the person carrying the EEG monitoring device should be extra
aware of hypoglycaemia in the late afternoon, and perhaps ought to take
precautions by changing his daily rhythm of intake of sugar and insulin.
The full data of such a histogram could be stored in the non-
25 volatile memory of the external unit 7. However, it would be preferred to
store the data in the peripheral device, having more storage space, and
possibly connected to a computer for computation and display of the his-
togram.
With the data logging described above, and storage of the
30 logged data, in particular the event based storage, the person carrying
the portable EEG monitoring system will not only be able to obtain an in-
dividually adapted alarm threshold and event classification, but also be
able to obtain guiding information in terms of nutrition, use of insulin,

and eating habits, and trough this learn the reaction patterns of his



t he height of the colums of the histogram For each day in a |onger pe
riod, each respective event |evel of the 96 tine intervals has been added
to the cowoesponrdisag col uimm of the histogram A high i nPemaiK2goYdsosisi nd
cates that at this specific time a specific event |evel frequently occurs.
It can readily be appreciated that about 16:00 the person carrying the EEG
noni toring device very frequently has a very high event |evel. Likew se,
the person usually has a lowto moder at e %event | evel during the night. The
hi st ogram based on the | ogged data thus gives a clear indication that the
per son carryiﬁ@dyhe EEG nonitoring device should be extra aware of

hypogl ycaem a in therhatigyédtdic MaGNmawid HesaRscabeMtaddvel M Péfeauti ons
by changing his daily rhythmof intake of sugar and insulin. The full data
of such a hi st\§edi®d edandemeodierls. itpwenernasvislrgadile appresigteast by e
external unil corsSRURHRG: i the'SH) SeRe: BRHoRfiheRd thait i€ ohBE diaiigedd) the
peri pheral device, having nore sforage space, and possibly connected to a
conputer fd¥r chmvetatd equalhd pdissipleayvidfin tthe dtopet aigttmminwahtiont s det a

| oggi ng described, above, an or f.the logged data, in particular the
event based SJHFﬁbgyg?%ngSSQ%ip@%%%yﬁﬁﬁﬁ?he portabl e EEG nonitoring system
will not only be able to obtain an in dividually adapted alarmthreshold
and event classification, but also be able t o obtain guiding information
in ternms of nutrition, use of insulin, and eating habits, and trough this

| earn the reaction patterns of hisbody. The invention has mainly been
described above with refer ence to a few enbodi nents. However, as is
readily appreciated by a person skilled in the art, other enbodi nents than
t he ones discl osed above are equally possible within the scope of the
invention, as de fined by the appended patent claimrs. PATENTCLAI M
S 1. A portable EEG nonitoring system said system conprising el ectrodes
for neasuring at | east one EEG signal fromthe per son carrying the EEG
nonitoring system signal processing neans adapted to receive, process and
ana



| yze at |l east a part of said at |east one EEG signal, data | oggi ng neans
adapted to log data relating to said at | east one EEG signal, and a nenory
for storiwiQ2envdItata relating to said EEG signal. 2. ARCEBE200MISOBIBI Ng
system according to claim1, wherein said signal processing neans conprises
a feature extractor for extracting a feature vector fromsaid EEG signal .

3. An EEG nonitoring systemaccording to _any one of clains 1 or 2, wherein
sai d anal yzi ng means conpri ses an event I3 assifier for detecti ng i nportant
events based on said at |east one signal. 4. An _EEG nonitoring system
according to any one of the PpIAE‘ Tc@di'ﬁg-rcl GdsAvh&t & n the data | oggi ng

nmeans is adapted to |08 poRfa8le PEG infdhiefHH sy téEITBEH sg}fst@fv{%al'rﬁzrisﬁwg An EEG
nonitoring systemaccording to claim?2, wherein the data | ogging neans is

g9 . .
adapted t o log at |¥asFodrreidraREATWiINGEt HiaskPneret sifral §ieNs dhe PEEG

signal . 6. An JsRGB/IhG BHd PEGSHEHBSRIRF s@RtdinNg to any one of preceding
clains, wherein the data | ogging neans 1s adapted to |og the waveform of

the at | east one EEGIEN@nRIOCETSINAMERTs ABARTEHr iontFCesr dPERSSAH AB2t o any

one of clai s |3e & I¥bes Bhit JRANPatlc@sPhRY EFEid, detecting an abnor mal
brain condition based on the detected inportant” events, and initiating an

al arm based on sai d ¢RiPdeg9ipa BeaRhadanisdirdPd ok relabngite isgid @Bleagh EEG
noni toring sysRMEEsSRhal hdt 0 any one of claims 3- 7, wherein the data

| ogged by said data | ogging neans is stored in said nenory, upon detection
of said abnormal bra® MBI fior gkering said weta rlating teradilh sigPphg using a

portabl e ERG measur jngn BEE! @idhirdAhd sYBPICGRETIG ] AgineasMer iR i | east

one EEG signal fromthe person carrying theEEG nonitoring system
receiving, pr&t@RAinTgcessthameaysi Gaynpliseseadeatarpgxtragtorsfar g¢xatackiedst one

EEG signal usifag fe $e8R7!rdh QGRSEEALiJHBRNS

3. An EEG monitoring system according to any one of claims 1
or 2, wherein said analyzing means comprises an event classifier for de-

15 tecting important events based on said at least one signal.

4. An EEG monitoring system according to any one of the pre-
ceding claims, wherein the data logging means is adapted to log infor-
mation about a number of events.

5. An EEG monitoring system according to claim 2, wherein the

20 data logging means is adapted to log at least one feature vector ex-
tracted from said EEG signal.

6. An EEG monitoring system according to any one of preceding
claims, wherein the data logging means is adapted to log the waveform
of the at least one EEG signal.

25 7. An EEG monitoring system according to any one of claims 3-
6, wherein means are provided for detecting an abnormal brain condition
based on the detected important events, and initiating an alarm based
on said detection of the abnormal brain condition.

8. An EEG monitoring system according to any one of claims 3-

30 7, wherein the data logged by said data logging means is stored in said
memory, upon detection of said abnormal brain condition.

9. A method for EEG monitoring using a portable EEG measur-
ing system, said method comprising

measuring at least one EEG signal from the person carrying the



| ogging data relating to said at | east one EEG signal using a data | oggi ng
means, and storing said data relating to said EEG signal a nenory. 10. A
nmet hod acwordiogots® cl aim 9, wherein said signal proces®CrmKoovsnisses t he
extraction of a feature vector fromsaid EEG signal us ing a feature
extractor. 11. A nethod according to any one of clains 9 or 10, wherein

i nportant events are detected based on said at |east one signal, using an
event classifier. 12. A nmethod accordi ngl4to any one of clainms 9 to 11,
wherein information about a nunber of events is | ogged using a data | ogging
means. 13. A rhBYHCERPAYAE ™Mo clai m 10, wherein at |east one fea ture

vector extracted erﬁEcéﬁﬁirﬂb,ﬁEr@cé&éJﬁk?'aridSah@Igiﬂ@ &t |ehstal %aftp@gisaigl geans.
14. A nethod according to ang one of clainms 9t o 13, wherein the waveform
E%? I

of the at | eadtamie §i9gARYSING A YGRIPrPEESE 42D Dggi ng neans. 15. A

met hod according to |@agin@%t9fre@luab!’f§ shid ddiea¥h8h & ERGAIgRANRIHERS dafAl N
condition is detected based on the inportant events, and an alarminitiated

based on sal d |e@q9iBet & SeP"he abnormal brain condition. 16. A method
according to any onesfinglsaid@athrekringBe=fd PBECEHAbamkbrReed by said data
| ogging means is stored in said menory, ulpon detection of said abno_r mal
brain condition. 10. A method according to claim 9, wherein said signal process

ing comprises the extraction of a feature vector from said EEG signal us-

ing a feature extractor.

10 11. A method according to any one of claims 9 or 10, wherein
important events are detected based on said at least one signal, using an
event classifier.

12. A method according to any one of claims 9 to 11, wherein
information about a number of events is logged using a data logging

15 means.

13. A method according to claim 10, wherein at least one fea-
ture vector extracted from said EEG signal is logged in a data logging
means.

14. A method according to any one of claims 9 to 13, wherein

20 the waveform of the at least one EEG signal is logged in a data logging
means.

15. A method according to any one of claims 11-14, wherein an
abnormal brain condition is detected based on the important events, and
an alarm initiated based on said detection of the abnormal brain condi-

25 tion.

16. A method according to any one of claims 11-15, wherein the
data logged by said data logging means is stored in said memory, upon
detection of said abnormal brain condition.



