1 EEG monitoring system and method of monitoring an EEG The present invention relates to
monitoring The invention specifically relates to an EEG monitoring system adapted to be carried con- 5
tinuously by a person to be monitored. The invention furthermore relates to a method of monitoring an
EEG. EEEHHEEEmmonly used abbreviation for Electro EncephalSEFAH2WHIERTE generally
speaking a method of electrically monitoring brain activity of a person. Systems for monitoring EEGs
have been 10 known for many years. However with the general technological development, EEG
monitoring systems, which may be carried or worn cohtinuously by a person to be monitored, have
been devised. WO-A-2006/066577 discloses a system for continued wearing of a person

suffering from diabBFsMPRERT PR SYSEEANEVERIE MERARMBIBI2@MFS ler to warn against

hypoglycaemic attacks. Low blood sugar levels have severe influences on the brain activity, and too

low blood sugar levels mayread, sEHP‘?E\?@%%”PéﬁtQQdc&\FRQﬁ@BF‘g e ?Xi&%’%i‘oﬂiij@-s

ed
WO-A-2006/066577 is a fully implanted subcutaneous system. The |m§lante electrodes are via
electrical leads corffé&BY T8/ FRdRIRN- ERFingCaEnta T apslise GAgeise:ity IR TR VFANss

characteristic far afinogusreriyhygppgigcacmibattaskitard STt gna emaiorint ichthertarnret a vibration of

the subcutaneous m@it@riggn%%%%eomn\él&@r QR/EEES77 it is furthermore suggested that the
ne )

implant may wirelessly communicate with an external unit, which may contain the more power
demanding 25 parts of the EREtOHIG LT RO TYobtsHh 2RIy BAREPSRlFEE RfEEPRARIplanted
subcutaneous partsrainis wilicalse gkmwralyasoetstiogvarnieghd @fdetetartteictraontamment

hypolycaemio attagl {he Ao PN A0RY0RY Tupoks Akl feendies andapitudes o

the brainwaves, which change prior to a hygi‘%glycaemjc attack as explained 30 in WO-A-2006/066577,
which is incorpBratéiPHETdRT By FBTeMSRES, HRNGSRIWATR iR nftPhisRA8e AAiRALAG¥RI M patterns

with higher amplituclesiang BRERegueneesyitdsraggestediayuse chaskitiess sueh asBayesian
classifiers, neura[ Qﬁf\ﬁ%ﬁg% %g%%jﬁﬁg@g%@%é(vgé@g gg;pgg;}lggd(jqes not disclose any
y’ -A-

details on how. Fina 066577 suggests the build-in of dynamic adaptation of the signal
processing algorithms, so a¥ %64V BEER7 LRt BT tBVATE Th VBRI ARA MBAIRSYStem. Also in
this respect the doeupaenibis Siléatad dtdranyistayes] acheewirgesuchudyraikieladaptationi-

15 tored in order to warn against hypoglycaemic attacks. Low blood sugar
levels have severe influences on the brain activity, and too low blood
sugar ievels may lead to unconsciousness and even death. The system
disclosed WO-A-2006/066577 is a fully implanted subcutaneous systemn,
The implanted electrodes are via electrical leads connected to a monitor-

20 ing device capable of detecting the brainwaves characteristic for an im-
minent hypogiycaemic 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 iong 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 intc a phase with waveform patterns with higher ampli-
tudes and lower frequencies. It is suggested to use classifiers such as
Bayeslan classifiers, neural networks, or logistic regression, but WO-A-
2006/066577 does not disciose any details on how. Finally, WO-A-



Based on this prior art it is the object of the present invention, to provide an improved system. In this it
is inter alia a further object to present a system and@a method for providing the dynamic adaptation
referred to above. According to a first aspect of the present invention these objects are achieved
by an EEG monitafiR§/ 878, StiaSisteis géﬁﬂil*i%iﬁ@ Srearoderdr HEds ofingsasienat one EEG

signal from thefl persesscaTying-thersES raonBaringisysieny signal precessingmeang-adapted to
receive, process %ggcgpgln zetf’%lg3 Isea%e ap [gcofns%ilc!isartelea}:s;tqcp% ECI)ECG %ig%}arl, V\!/here_ig said signal
processing means comp 1565 A feature extractor for ex‘cflpd'étlng a featur eét&lei‘%rﬂ S4id EEG signal, a

classifier adapteddfor wionMoriHgesaig fektuey veetergdepidentifying an event and outputting an event
signal to an event integratpysadapted;tojntediate: thegretis-signals ovsLtime.iin order to produce an

event level signal,tdata logging means adapted to log data relating to said at least one EEG signal and
to log at least one TedtlH& 5&6?8)‘2??&60%5& FoM ﬁotgéﬁé SigRat 4 8 HEmIry Ft<Stiting said data
relating to said EEG3ighalsystemismdigciosdddsan EEGIMgnitaritg systeat agedrsing to the opening
paragraph, said system:-gappiising electrodes for measuring at least one EEG signal from the person
carrying the EEG monitoring system, signal processing means adapted to receive and process at least
a part of said at least one\k&fsignala dnelyzingtmé dns forsanalyzingidhetekCobjgoaladatehioggingy

means adapted to log data relating to said at least one EEG signal, and a memory for.storing said data
relating to said EE@%@%&POHR@R@&%ﬁ eda e’leor%roges Qar mé/ aquga 90116

R sétond ggﬁlé’&so fhe present Mvention trese o%;ects
are achieved by aFmethggdgr flafs thoptostng wsinthg dortalle HxGimaagusingsystemalsaidosethyd

comprising measuring at least pne EEG signal from the person carrying the EEG.monijtoring sy. ,
receiving, processi %B%Rtaﬁ@ztf?@egf”l‘é%g‘frg Bart %*dsgz%?éﬁe%%?e %%“gEE& sﬂgﬁg‘ﬁg‘irﬁ\%ﬁ% gf’gena]%tbeg]
p_rocelssir_lg me?ns[sigﬁ&ﬂi sigaaipracesaing @@mm?ﬁmhenemaqﬁ%smw@‘mwwmm foo mcﬁaluzduf%G
signal using .a featuge extractor, monitori eatyre vectors, identifying an event.using. ssifier
and outputting an &VERPLigHEI"tS rﬁﬁ@v&%@%&@%ﬁ Cgﬁ%’f %3%281?%%%?{ Ig{?@ﬁsollélﬁﬁlsoifir%égmgr%tion
over time using sai@cgmnfdﬂiﬁgﬁaﬁ@ﬁn@ggiregaimtmdelaﬁi@gﬁ@ga&ﬂ axatvl@as&igﬂﬂ E(Eﬁlségagi usingaaodata
logging means, at least ff%ne feature vector extracted from said EEG 5%2% al bem%g%% edina (%altgvel

logaing means, artf&RHh P SHFHALS RiafigD SHPErECidHarin S MethdR P §0i8ED

s870i8c0sed’ s a
method for EEG mesitorifgaUsingra: posiabledbiéd moagadtng Sysiemo sald méthodocoBphsingal and

measuring at least one EEG signal from the person carrying the EE ynitaring system, receivi
processing and antglxr)’?%@t_a Cf’eggscfrﬁ: SHBF g Fe%rsatcg#efg%sé‘? n%@iﬁ%gsig%ﬁél%%gggg%%gf
means, logging daiprelating husaidaineastadeEEBGigighal using a logging means, and storing said
data relating to said EEG signal a memory. By logging data it becomes possible to carry out

extensive evaluation of tHe Wafiscieterisaiofig BARIEIMEIFSR arsdias s rBrpRsdRtERFREd
events and better undetstending, of the relatinmbetwesp.aiindividuats hiaim wawss anchinmipehbn

events, such as hypoglycaemic or epileptic seizures, as well as the possibility of making individual
adjustments.  Uaigineién e Exrasisr b RS ey SHARBrEusHisNMF4At BHEisal BristitDrittoa-

tion of an EEG sigpaldobg roRsidsred in.aln syaldation preeessynere.comtenhelibesignal isdo fe
classified. EEG signal, data jogging 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 objects are achieved
by a method for EEG monitoring using a portable EEG measuring systerm, said method
comprising measuring at least one EBEG signal from the person carrying the ERG
monitoring system, receiving, processing and analyzing at least a part of said at least one
EEG signal using a2 signal processing means, said signal processing comprising the
extraction of a feature vector from said EEG signal using a feature extractor, monitoring
saxd feature vectors, 1dentifying an event using a classifier and outputting an event signal
to an event integrator and producing an event level signal by integration over time using
said event integrator, logging data relating to said at least one EEG signal using & data

logging means, at least one feature vector extracted from said EEG signal being logged in

a data logging means, and storing said data relating to said EEG signal in 2 memory.



According to a further preferred embodiment of said first aspect of the invention, said analysing means
comprises an event classifier for detecting predetarmined events based on said at least one signal.
Using an event classifier is an efficient way of distinguishing between the important events and -
immaterial events. According to yet a further embodiment of said first aspect of the invention,
said logging means is adapted to log information about a number of events, such as their time of
occurrence. Lodgiugdisdiosabér ofesibrdsiondrBovemoi mivedficiers ovagrabpyolidmg waksisiter a decision
such as an-alay AeRending A INE A WA e dnporant evPuis.Mareaverd! sulisfantially
reduces the information to be st red, & comparéd to e.g. the fully sampled EEG signal. Logging
only the featyine vectBESntais arsubsiattial saeniRInPstorsge spadenyhich dsaingrsttarman a small

device to _be wor [ dir ki [ aid first
aspect o??ﬁgylénfa}g%%%,% Eﬁé% nal &%rg : &?n 5‘?;{ e ﬁr%ﬁ%'fs? io%%%%?r%&o%%ga I%ast one

t

e data logging means is adapted to log the wa .
EEG sigrall Kidepingnh &R itdformation ofthengaveformaotitiegighaiiis friefediableevithenid storage
considerations. are, of | importance. According to an especially preferred embodiment of said
first aspe%ci%%}sf ng%é“r%t%g%&means are provided for detecting an abnormal brain condition based on
the detected pre&etennpaieg éwents, drdamtiatingsarv@arm baxsgdon saietketection of the abnormal
brain copgitiogion of AeCOsding, o AfufthsIRrefeed-embodiment of saicfirssaspect of the invention,

the data logged by said data fogglng means is stored in said memory, upon detection of said abnormal

brain coRiR6RISRISENBIE YRR /Mg Mo HRAR LT B ERRNg Yot B dPRsading up to the alarm to
_be sto_ree‘wfeerﬁuanhenam'a_ﬂysis. Emibodementsrof ﬂmﬁ@hmdmmercﬁngwtaihwse_eond aspect of 4 the
invention, generally AroYids the same adianiagss aslhieephpgiEenis areqiging Lo the first aspect.
The invention will now be describe in greater detail based on non-limiting’exemplary embodiments,
and yvith‘?élfé?b?l‘&%’f&”fﬁ@tarawﬁ ings on which Fig. 1 depicts a head of a person with an EEG
monitoning YSIBMLACE SR ARG AANRR 18 . ARRISAIBE iR AR ALIG R gponitonng

" informa-



Fig. 1, 10Fig. 3 depicts a block diagram an embodiment of the hypogly- caemia monitor and data
logging blocks of Fig. 2, Fig. 4 depicts integrated 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 Figtignih ¥t ks ﬁléﬂﬁiu@rﬁﬁn@oﬁ%ﬂ%ﬁ!@ EladsifRRIER AN sBIRAREt¢4IFf Shows a head 1
of a person carrypig:an &Eﬁ:‘e%%mﬂ)mt@cﬁmg spstgne@. according to the invention. The EEG monitoring

system 2 comprises an i glagt untlt 3f i easurl%grgggébgg |ép‘lglgpggraltf§§§éggg£§d

subcutaneously behind he Ear a a he implant unit com rises an electronics part 5 and a
probe means 6 @itthatirastion éfé@t?@@ésgm MGV BETRSRE :P)“f§f"%f&ﬁﬁ@56'ﬁeélé%‘irlcal EEG 25

signals from the du@inink tbﬁe@@ﬂ@mmweeelﬁ@mw@cpant Saaf thedmplankuniy draveprises the
necessary electronics for means for sam e EE a he.glectrodes and
transmitting therﬁ'\/\ﬁ?'eelggg%sto ' an exférna 'ﬁ}nl?g\?arym%rﬁ élr?%% 5}?‘ ééll':g(% n%%%n%ﬁ%lg system 2.
Preferably, the MgVWSﬁt@“méﬂmmﬁﬁ?Uﬁm% recelved induc- 30 tively from the external unit 7,

so that the implant unit 3\pas-aseng %@EVéCﬁJHfﬁdﬂ@rﬁ@Bmfﬁ@ﬁ@%byéB@ﬁﬁﬁy peveer,dstadvantageous as

the replacement. ofabatte |d necessitate a surgical proc dure or replace nt f the whole
implant unit 3. AC¥EHBE" sg%\% tE@%’nt%rnaei Uit 7 ma%/ (r%ese ﬂrmda Elﬁe- se0te

number of events, such as their time of occurrence. Logging & number of
events moreover is an efficient way of providing basis for a decision such
as an alarm depending on the occurrence of the important events, More-
over it substantially reduces the information to be stored, as comparad

to e.g. the fully sampled EEG signal.

Logging only the feature vector entails a substantial savings in storage space,

which is import'ant in a small device to be worn behind the ear.

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 preferabie where storage considerations
are of iess importance.

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
of the invention, the data iogged by said data iogging 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



5 Ear hearing aid (BTE hearing aid), comprising a housing part 8, which in normal use is placed
behind an ear 4 of the person carrying the EEG monitoring system 2, and an earplug 9. Like a BTE

hearing aid, tbe housinpgT gart 8 is connected to the earplug 9 in the ear canal of the per- 5 son via an
intermediatet8AREEHST40. This could be a traditional sound tube Ieadinaqgfgﬁ:’@%ﬁﬁ?é‘t’%r an

electrical cord leading to a Receiver In The Ear type earplug (RITE earplug). This allows the external
unit 7 to give off messages, such as alarms or warnings, into the ear 4 of the person carrying the EEG
monitoring system 2. 10As indicated, the EEG monitdting system 2 may optionally in- clude a
peripheral device 11, which as will be explained later may comprise additional and possibly more

energy consuming BRJFSAIt S gE PU e AaE S ANFUPRRT 3B Hetails of the
EGG monitoring 15vsystean@atiesthéntaficalbsshown. Starting with the implant unit 3 it comprises two

electrodes 12 for measuring he glegiinal Araiowaresadsdenty. dheseemayis mangthan two

electrodes 12, but for ease of description and illustration only two are shown. The electrodes are
connected to an ari$Bg FRERE G BP AR ARG IME Bl c el Igh AR SFERT2 e ©IEE M des 12 before
they are sampléd tofisrom avéligital data signal. A typical sampling rate would be 256 Hz. 256 Hz being

a good compromise betwegp, thequish.obkeening ihsLasay 6PaSHRRLABAEARJEplaghunit 3 low,

and the frequencies actually measurable with an implant located subcutaneously outside the scull. The
sampled data is fe@IPEUHAFMENDEERRBARr 14, which in turn provides an input to a wireless data
transmitter 15. As can be sEign theéepittesddata diagramittdrths EEgretemiblyincoysteated in the energy
receiver, with Whic}ﬁig]q’energy supply is received from the external unit 7. Preferably the energy
supply is received inductively using an implant unit coil 16, and the data transmissioréé)]ro- 30 vided by

varying the loddl on the impT&ht BrffERGHS18. B 1859 AR b RIS PRy B & e ARBEYSy the sensing
the load on a corresponiingadmbireddeneigydiagsmoitkesr dridad@a receiver 17 feeding an external unit

coil 18. In the external unit ¢ she,daia receivad; fomy RS SRV % Gime compared to
plasma glucase leve! 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
vactors, and
Fig. 7 is a scatter plot iliustrating 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
systermn 2 comprises an implant unit 3 for measuring EEG’s. The implant
unit 3 is Jocated 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 signais 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 advantageocus 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 resembie & Behind-The-



mitter and data receiver 17 is provided to a channel decoder 19, reconstructing the digital data signal
from the front end 13 in the implant unit 3, and providing the reconstructed digital data signal to a
hypoglycae%gm[}lli{%lgg. The hypoglycaemia monitor 20 and the functi%nali%ﬁt%hereof 5 will be
described in greater detail below. The hyperglycaemia monitor 20 delivers SH B?fl’ﬂssl(&ﬁgl to the
device operating controller 21, which in turn controls an audio generator 22 for generating an audio
signal, such as a warning or an alarm to the speaker 23. As mentioned above the speaker 23 may be
a part of a RITE earplug or it may be in communica- 19 tion with a passive earplug via a sound tube.

The device operatipg copiroller als tr ata logging unit 24, which may be used to store
information in a noﬁ-vola%e rﬁgr%o%?z%r}]ggﬁq%% éﬁ'ég%ﬁgﬁ\'/ﬁ’.gfs ?ﬁg?\’{ilgn%a a%bwg”ﬁ}dﬂnation may
also be transmitted & APpeHphdFaP@sit&ahARea dataidhgims ieaderagicapislEbtreceiving and
reading the 15 datavamikstoringysior Syitahie slatasinage 2vikere teemeefiash datareoger, of larger
capacity than availghle.in er | ..a flash memory. The peripheral device need not be a
dedicated storage device,gttr)bl(jat&n%f/%geé%&ﬁeﬁg%r%a’grgt%ﬁ%l L(E)?hrgerl utﬁgtf%%aﬁ#e%?fgf ee.é).eé_remote

control unit. 20Rig. SNtk REMAsERs Caaretiaonior Pusheskishgowtragitsurabasiongarts, namely

a feature extractor 2fhealetassifies 29, ampugniriniegatoridd anehanRIME: bt Vell as the
data-logger 24 andghe volatil 5, Furthermore, a real time clock 32 for keeping track of
occurrence of events |S%%%W§@T%r%ﬁﬂr$ u@?@%a atBH '[Hg%h?/}p%és Eﬁoaﬁcéﬁeen’%t%%ﬁ?tgpﬁg f8m the
channel decoder 191 CSESMRIRP s 4 CoRSMRSIRSIAE YREAIMI I Ik dheosas dvef ibefokinformation,

this bit-stream is firstriechtoym feaieEEexiraotes A foy@utracting desired features. The feature extractor
images the ingyt signal in aAgeﬂliH[&ye%ct% \é order.to reduce the djmensions, the input signal
having a higher 30 dimension that the Fesu%:tinga?eg?aPéE%féﬁ FES™ CH i vﬁﬁtbbenaiécﬁﬁbed

understood from tHe4SE FAPEEBERHRIOFRYIRE 1 diviiFizian wilh i p@iforsbtrismmany ways, that is to
say the actual pargmmistetstfonioiag dhe featiby/ veciar easrhe seleciohtn Mmambdiffereriyays.
Parameters for a fe %Hgf%?%t(?{a(?ou'd be averaged FFT coeffi- 7 cients, power measurement for
clinical bands, or the amplitude distribution in frequency bands, e.g. percentiles, median, skewness.
Also trends, could be used THETWREPNEIE Biver Bmitestalcrialeeadindedediiagn8One way of
doing this, is toSsulsgiistiele theabit-streanainioipledksin. 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 impiant 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

trit coil 18.

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



e.g. corresponding to the 256 Hz sampling rate. These blocks may be fed to an FFT with a suitable
number of points e.g. 256 or 128. This will yield an output vector reflecting the energy distribution of

the EEG siggals,piefsa4serresponding number of frequency bands betwe 10 256 Hz, i.e.
over 128 bands ef?glch4with a width of 2 Hz or 256 bands each with a Widthgt?%lﬁ%%gfggoelﬁ%ing on the

number of points of the FFT. For each block processed by the FFT, the FFT generates one output
vector of the corresponding number of dimensions, i.e. 128 or 256 dimensional vector. Of course the
output of the FFT could be averaged over a number I5 of successive blocks. This itself merely

constitutes a change.of basis. \r r E\(/l really only achieved b ther reducing the
dimensions. One Wa;/ (%f :?(ﬁﬁec{/gl% {ﬁ%ﬁise%;?gégkf)na é??ﬁee%!ér?e{%‘én |§qr§t)e§ﬁgﬁ¥b£e%vg%%ogpecific broader

frequency bands, itpartieaIAreridaG datfcy'er#dsrd KinfiRrdseainichiblimiEnriaatcinital bands are

normally defined a3 Oafdzr{Delia), e/ el (Ehetak SdlgthizdAlpbiahal 2039 r’?%@@t@e;mg 30- 180:#2
G . Howev el i iati lgl.be d in the feature vector, e.g. 0-4 Hz,
46 Ho, 016 1y, 1050 K 20t o 0e G A K20 SR BB RIS 5 T
would 25 then yield'Hl fRfe HiRtERsbimPreatar ot diatoy - oHh iRfsabieRE rajsraxemitiig2® momentary

energy distributiondaitherslifierertpaiinizalhaods ofdhads psigne. Gueesrsive faakies wectors are
stored at predeterrpined.i \ ver. s s.in a . circular memory or buffer 33 of suitable
30 length in the datrfgaJ Io%é@?%%ga‘i ﬁﬁfg?rg%ee%é?r%t%igé%?@%g%?%??é?%ﬁ ear!fléf?} iﬁé?raagté%' %%mprises N
feature vector samPted REWRErEh HARIGTES e irnerrRIS 187 tHis Sasipie Nty @haeatie the feature
vector FV sam- plespétiherchibrembtiteea pd(ndf) d /e prevnidsdeatuseweetnr samplenietc. For every

update of the {igne {pdes,ifh % GYELN, L SEG0N% 3SWEY tube. The device operating con-
troller also controls a data logging unit 24, which may be used to store
information in a non-volatile memory 25 such as an EEPROM. As men-
tioned above information may also be transmitted to a peripheral device
11 having a data-logging reader 26 capable of receiving and reading the

15 data and storing it in a suitable data storage 27, here termed flash data-
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.q. 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-



8 tioned above, the oldest feature vector sample FV(n-N+1) is overwritten with the data of an new
feature vector sample FV(n). The classifier 29 monitors the feature vectors FV for predetermined

patterns iderjfiahle,as signs of hypoglycaemia, e.g.iby looking at 5 the e%}@ﬂ%@%ﬁﬁ%g@%‘ between the

clinical bands. The classifier may look at the RMS value of the energy in these clinical bands for
patterns known to signal hypoglycaemia or imminent hypoglycaemia, An example of such a
classifier is illustrated by the scatter plot of Fig. 7, corresponding to a two dimensional classifier. -
Dimension 1, 10 plotted along the abscissa could be the energy in the Theta band and dimension 2

plotted alang the ofdinple capkd e —neamy 4 BABNS.RA0. The dagsifisiodtauls Class 1 T the

energy in both the Alpha and the Theta band are low corresponding to coloured squares 34,
and Class 2 if the &5y frPRYER thE AFRahAmRESFRMHEST Mad Bantk are1ass hiyRO GERRESponding to the
light coloured circles®8. Behesegtimenwolaissifier ghvdefiredi iy she-£uldyi deevegiigenBGeclin- The
classifier is thus aqﬂB:[ed to distinguish between two classes indicated by dark coloured squares 34
and light coloured circles 35. Observations above this line 36 are classified as belonging to Class 2, 20

whereas observations belo®/Yh&'inPBBURE Hiis sy AP EMBdng B elsam ity biRgksglycaemia.
As can be seen froegtheadthesiratetihgxamiple, ZB6tWe dimgnsignakelassifier wbiks fiuly separates the

two classes exist. ARgIGAIREIARe IOURHANIRRA OS] ALFIG, Todhese pig SA00 ghservations 25
' ) 'o% the 5000 T

truly belonging to Class 1 and 1000 truly belonging to class 2. 481 observations

belonging to Class"1S$tPBoPHERHY KREteriEl'gHiNh & siRfhaYg digs tinrertiyh @ dSficl-Conversely,
34 observations belersgivgrta Ctassspargingoourebtly idéritfiechag £:lags dcohservationanbogging the

feature vectory3l, a5 storing iLWIEH8NAIAELS h with a width of 2 Hz or 256 bands each
with a width of 1 Hz, depending on the number of points of the FFT. For
each block processed by the FFT, the FFT generates one output vector of
the corresponding number of dimensions, i.e. 128 or 256 dimensional
vector. Of course the output of the FFT could be averaged over a number
15  of successive blocks.

This itself merely constitutes a change of basis. The feature vec-
tor FV is really only achieved by further reducing the dimensions. QOne
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.g. 0-4 Hz, 4-8 Hz, 8-16 Hz, 16~32 Mz 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 predefermined 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-



30 triggered based on the events classified, will allow subsequent analysis of the data, which in turn
would allow th g] 9{39 level of the line 36 to be modified, i.e. the cI 5#/&%22%993 tlr&med in order to
reduce the future number of false positives or negatives. A reduction in false posmves and false
negatives will, in turn, lead to a higher number of correct 9 alarms and less false alarms. Though
being simple a two dimensional classifier will not be suff|C|ent for practical purposes in the context of
the present invention, and is only to serve as an example Whereas a sampling frequency of 256 Hz

may be suitable for ,sampling, the: %%@s?'ﬁ%ﬁl?e@@&&%\é?@ﬁ/ reauenay ks fay higher than the rate

with which events ne(-%-d tho be monitored in rder to detect develppments in the signal pattern. The

classifier thus Wouladiyplc f/”toan y per orm e CTaSSitatioPAt r intervals, e.g. once per second or

5 to 10 times per minute. 10NestERsE pakeri ¢ tete ttadiapie dassifer ildrtfiesetevent and an event
signal is output to theeenittatagraton@ibihe evestintagainicathiniegrates tbexerest signals over
time, in order togorotq]lécfg%gnpﬁ cﬂ%’ﬁﬂﬂﬁ'%Qﬁrbe@ecﬁ@t%%%%?%Qﬁ%fser?%/ Das @ decaying function, so

that the event integrato %ves rise to a high event leve eriods 15 with a high frequency of

events. In this respe4t?hoG "ﬂ)%‘f?d?@dafﬁgﬁﬁf@@%tl@ﬁqﬁﬁl% CHieb®¥'1d BePBiaBrstood broadly,
including first and secorttorsenatcyrsiveched atioma:rdmRdijtersrand including leaky integrations

and other integrations with :‘%@@W‘Q function, Jheeven Ilqg@rg{g@ag;stgg%@g lgyoghe alarm unit 31,
which 20 via the dev%cg opfereeétlnr% r%on'golleg 21 tr tmgg rs the audio rat(glzz or gives off a warning
r 23 Upoi

or an alarm in the speake Oredetermined critera; A Sind %Ssbut Cpreferred criterion is an event
level threshold}Q\/hléiﬁ’%ﬂqeﬁ%é@%é@%@ﬁe?@%% B &“W&miﬁgt.hleld'.hzﬁtéh‘?mé afi%example of an
event level signal odendisierfar al@btesipersancadid cempaicctdaractuatgnaasueedpralues for the

plasma glucose 'evs!j}rathﬁé@k@%%m@s@&p@%@mqy%ﬁéh&éﬁw% UBIRPEIofAN Syent level

threshold of 0.6 is indicated. As mentioned above, a simple two dimensional classmer will hardly

suffice for the purpd8és PR RS SRG ?E%OBQ% be FEHRK L OR Y FHiore'@Giplx classifier using

29 and Class 2 if the energy in both the Alpha band and the Theta band are
| 15 high, corresponding to the light coloured circies 35. The cptimum classi-
fier is definecd by the fuliy drawn line 36.

The clagsifier is thus adapted to distinguish batwaen two classes
indicated by dark coloured sguares 34 and light cojoured circles 35, Ob-
‘servations above this line 36 are ciassified 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 exampie, no two diman-
sional classifier which fully 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 beionging to class 2. 4812 of
the 5000 observations belonging to Class 1 are correctly classified and
the remaining 188 incorrectly ciassified, 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 angie and level of the line 36
t6 be modified, L.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 & higher number of correct



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 coulddig JpRaash ksing the real time clock 32. 10 Seizures, sygh.as.byRRgNGaemic
seizures and epileptic seizures, do not develop in identical ways with identical patterns in different
persons. Logging information and detecting events greatly improves the possibilities for gaining
experience and learning more about when and in 5 what situations the person carrying the EEG
monitoring system is at risk of a seizure, such as a hypoglycaemic seizure or an epileptic seizure, as

well s for detecting 4o InghicLPRIEINSa Hhs. h4uih s 9r nchdca) aapialign,of algoritms,

e.g. the training of the classifier, or adjustment of the alarm threshold, both leading to fewer false
alarms. 10 The pre2&it IR eHtbA%hBre AW e MGFHSRbRYD BRes b SBct YiRXb RS $Bfts in time.
One such suitable poiaem thventiowcihe iwbely o sdavmeaar anveaemingdds triggered. In such an event the

raw sampled data from the 3.5l igh sl lam-30 minssesieaing e 0 waping could be

stored in the nan-volatile memory 25. However, as 15 storage space may be sparse it might be
feasible to subjict THE'BARHIEE Fra FigrPlh RS GRaliiSaT695985% EafacBiapredsdh before
storage. An alternative;aavivithevbitimeverstoregd spdeepomitdree ttnstodeotdyddteendize circular

feature vector buffefe cpmprisingdhedeatyequreiarsanpiaadNANELLIP £ ¥ A5 iystrated in

Fig. 6. In both cases in- 20 formation %l\_/lng a picture of the events leading up to the incident is saved
for later scrutiny.  PETRLIHERCARST iGN ZiRIFSAIRIS R thie daRL ol et R Pve on-volatile
memory may be re&d banetor paripbigral device 11. This peripheral device 11 could be a device for

processing the dnformation fo 25-legrn nere qF ihedd ped darger but less,aretay eHiciqpt 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 8AVi83JeE A Bb R P B POt h Sy PR 6a 8IS Pt S5 EEERY IRt the EEG
monitoring system gratordifig ntedratiey éntiarveahditimeal datec oinié bie toadsferrqaddecetar80 overnight

when the person is.3algeRyRI g RadThe infoyARBHSRAIMDLIP the a'a%?%%&&%g%&f data, data

could also be stored at regular intervals, e.g. every 15 minutes based on thereal time clock 32, again
depending on the ARFBUAF T RBFAGESRIRE 0NIFBIESIA B5ctAch VBTLfNEMdRYSH B Beriods

15 with a high frequency of events. In this respect it should be noted that
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 2 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 toiog 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.



11 In particular, it is in this respect preferred to save information about the event level. If the
current event d at regular intervals, e.g. every 15 minutes, |t ecomes possible to monitor
1} #m I8

the development o person carrying the EEG monitoring device over & f 9Cﬁ?nmp"*egrlod Thus it

may be possible to detect whether there are times during such a 24 hour period which are especially
critical, and where the person carrying the EEG monlé ring device could himself do something for his
health, e.g. increase the intake of sugar or take his ihdulin. This is in particular of interest if such data

are accumulated over 10 Ioggﬁﬁ;gyesggglgggwy%emgng@&lgreg\é% ¥BREStic seizJrig. 6 depicts a two
dimensional hlstogra \éeJ event Ievg:'l versus tim W‘% dgé/ntnca gnnumg%e%rga s, and the

greyscale indicates e|g Tt c%ptﬁré CSTUAAS P he histogram. POrédenyay me nger period, each

respective event leV&éINsf tHe96 %irBarTENells 3is %@ﬁ'ﬁéd@‘tﬁ&% térﬂ?é'tdfﬁés‘?)‘&‘@dﬁ“i@ column of the
histogram. A high intessityitibsiscindicaites dhpdradritisaspectiaitimenarspaeificvaventievel frequently

occurs. It can readily, g Q@Hﬁ&!@t%tf}@sﬁyﬁ%?%%ﬁ@%@@ﬁ%:Etﬁ—fgﬁ%%éﬁé%'-:r?& mgnitoring device

very frequently has a vergwgen event evel. Likewise, the person usu as a low to moderate event
i

level during the nigt. 26 iSShraRPHRESY léﬂﬁaﬂ{@%’;&&é‘(ﬁed%?a?f‘n%@ GRIESS BE&r Fdication that the
person carrying the ‘B G@siniieisadnddvredndhididl ipatesana. dlireéroftippatpycatomiadin the late

afternoon, and perhaps=nugbptisitakernigeattions oy.dhangngryseally chytwerobingake of sugar and
insulin. The full data}tgfm%léﬁp 2 histogram,cauid laeb'%g{ @@Or}gweg%@lgg‘l lemory of the external
€

unit 7. However it would be Ereferred to store thé data |n eriphera deV|ce aving more storage

space, and possibly connected ?GeéeéﬁrﬁHﬁf&%F’&?fﬁfﬁiﬁﬂ@W%Hﬁ%@ﬁW&ﬂﬁ% pistBGram. With the
data logging descril®duitsine paints Stotage 6hthel8D toggkd datet, im fartiswlard the wwvent based

storage, the personGaH¥Ng or a warning is triggered. In such an event the raw sampied
data from the EEG signal for e.qg. the last 30 minutes leading up to the
warning could be stored in the non-volatile memory 25. However, as
15 - storage space may be sparse it might be feasibie to subject the sampled
data from the EEG sighal 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
sampies 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 fater 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.q. 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
piaced 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 couid
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.



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 insuligy @ngl eating.habits, and trough this learn the reaction patterri)%%q%zm%ﬁ&?&y. The

invention has mainly been described above with reference to a few embodimen owever, as is
readily appreciated by a person skilled in the art, other embodiments than the ones disclosed 5 above
are equally possible within the scope of the invention, as defined by the appended patent claims. 13
PATENT CLAIMS 1. A portable EEG monitoring s%tem, said system comprising eiectrodes for

measuring at least one EEG, siapal ffom fhe RRTs00 caping the LEG fmonitoring system,
about the event level. If the current event level is stored at regular in-
tervals, e.g. every 15 minutes, it becomes possible to monitor the de-
velapment of the person carrying the EEG monitoring device over a 24
5 hour period. Thus it may be possible to detect whether there are times
during such a 24 hour period which are especially critical, and where the
person carrying the EEG monitoring device couid himself do something
for his health, e.g. increase the intake of sugar or take his insulin.
This is in particular of interest if such data are accumulated over
10 longer time periods such as months or even years.

Fig. 6 depicts a two dimensional histogram over event level ver-
sus time of day for a large number of days, and the greyscale indicates
the height of the columns of the histogram. For each day in a longer pe-
riod, each respective event level of the 96 time intervals has been added

15  to the corresponding 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



5signal processing means adapted to receive, process and ana- lyze at least a part of said at least one
EEG signal, wherein said signal processing means comprises a feature extractor for extracting a
feature vect%gqmﬁ%ﬂgEG signal, a classifier adapted for monitoring said feature vectors for lden-
10 tifying an event and outputting an event signal to an event integrator aHSE@&%%"?ﬁ‘l%’d?ﬁte the
events signals over time, in order to produce an event level signal, data logging means adapted
to log data relating to said at least one EEG signal and to log at least one feature vector extracted from
said 15 EEG signal, and a memory for storing said ddta relating to said EEG signal. 2. An EEG
monitoring system 8889_rding to claim 1, wherein said analyzing means comprises an event classifier
for detecting important’events based on said at least one signal. 203. An EEG monitoring system
according to any one of the - Bseniipeldiass aieteiners diasciiegingimeanwithadHpted to log

information about aeAUEEEEOESY@AtBodimentd. ABVREE MANIOHRgRYSIRPRERAHING, 1Q any one of
preceding claims, Wg%gin t}_%‘?fd ta Ilgq%_gin%m ifins is ada&Pted to log the waveform 25 of the at least
perscy SKi i

one EEG signal. SERPRCLOIRAS tBathY e s lifAe9Rd 4, wherein
means are providedforeeteetenyalyabossinlal briairconditoopeasédien ithedetegted important events,

and initiating an &qﬁﬁbgaﬁ?gh%%ﬁgq%@?%qg&fg[g?rﬁg_normal brain condition. 306. An EEG

monitoring system according to any one of claims 2-



5, wherein the data logged by said data logging means is stored in said memory, upon detection of
said abnormal brain condition. 7. A method for EEG monitoring using a portable EEG measuring
system, said method comprising 14 measuring at least one EEG 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, said signal proc- 5 essing comprising the extraction
of a feature vector from said EEG signal using a feature extractor, monitoring said feature
vectors, identifying an event using a classifier and outputting an event signal to an event integrator and
producing an event level signal by integration over time using said event in- 10 teg rator, logging
data relating to said at least one EEG signal using, g data logging means, at least one feature vector
extracted from said EEG signal being logged In a data logging means, and storing said data relating to
said EEG signal in a memory. 158 pAangtidvaccording ta dain 2, wherein Important events are

detected based on said at leastARgSERRIMURING AR SEClaaailigiem comprising
elactrodes for rmeasuring at least one EEG slgnal from the per-
son carrying the EEG monitoring system,

3 signal precessing means adapted to receive, process and ana-
tyze at least a part of said at least one EEG signal, wherein said signal
processing means comprises a feature extractor for extracting a feature
vector from said EEG signal,

a classifier adapted for monitoring sald feature vectors for iden-

10 tifying an évent and outpulting an event signal o an event integrator
adapied to integrate the events signals over time, in order to produce an
event lavel signal,

data logging means adapted to log data relating fo said at least
one ZEG signal and to log at least one feature vector extracted from said

15 EEG signal, and

a memeory for storing said data relating to said EEG signal.

2. An EEG monitoring system according to claim 1, wherein said
analyzing means comprises an event classifier for detecting important
events basad on said at isast one signal,

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

4, An EEGE monitoring system according to any one of preceding
ciaims, wherein the data logging means s adapted to jog the waveform

25 of the 2t least one BEG signal.

8. An EEG monitoring system according to any one of claims 2-
4, wherein means are provided for detecting an abnormal brain condition
based on the detected important events, and inftiating an alarm based
on sald detection of the abnormal brain condition.

30 &. An EEG monitoring system according to any one of claims 2~
8, wherein the data Ingged by said data logging means 15 stored in said
mermory, upon detection of said abnormal bralh condition.

7. A method for EEG monitoring using 2 portable EEG measur-
ing system, said method comprising ‘

AMENDED SHEET



9. A method according to any one of claims 7 to 8, wherein information about a number of events Is
logged using a data logging means. 2010. A method according to any one of claims 7 to 9, wherein the
Waveform of the at least one EEG signal is logged in a data logging means. 11. A method
according to any one of claims 8-10, wherein an abnormal brain condition is detected based on the
important events, and 2$ an alarm initiated based on said detection of the abnormal brain condition.
12. A method according to any one of claims 8-11, wherein the data logged by said data logging
means is stored in said memory, upon detection of said abnormal brain condition. 30 AMENDED

SHEET
14

measuring at least one EEG signal from the person carrying the
EEG monitoring system,

receiving, processing and analyzing at least 2 part of said at
least one EEG signsl using 2 slgnal processing means, said signal proc-

5 essing comprising the extraction of a feature vector from said EBG signal
using a feature extroctorn,

monitoring said feature vectors, identifying an event using a
classifier and outputting an event signal to an event Integretor and pro-
ducing an event level signal by integration over time using said event in-

10 ‘tegrator,

iogging data relating to said at least one EEG signal using a data
logging means, at least one feature vector extracted from said EEG sig-
nal being jogged in a data logging means, and

storing said data relating to said EEG signal in 2 memory,

15 8. A method according to claim 7, wharein important events are
detected based on said at least one slgnal, using an svent classifier.

' 9. A method according to any one of claims 7 to 8, whereip in-
forration about & number of events is logged using 2 data logging
means,

20 10. A method according to any one of claims 7 to 9, wharein the
waveform of the at lgast one EEG signal is logged in z date logging
means.

11. A method according o any one of claims 8-10, wherein an
abnormal brain condition is detected based on the important events, and

25  an alarm initiated bazed on sald detection of the abnermal brain condi-
tion.

12, A method according to any one of claims 8-11, wherein the
data logged by said data logging means is stored in said memory, upon
detection of sald abnormal brain condition.

30

/AMENDED SHEET



