EEG noni toring apparatus and net hod for presenting nessages therein The
present invention relates to a portable EEG nonitoring ap paratus, in
parti cul avolzato/mets7excl usi vel y a portabl e EEG noni t ori ngCamianerisi4adapt ed
to be carried continuously by a person being nonitored. The invention
furthernore relates to a nmethod of presenting nessages in such a portable
EEG nonitoring device. EEGis the commonly used abbreviation for Electro
E/ i cephal o- Gram which is generally speéki ng a nethod of electrically
nmonitoring brain activity of a person. Systenms for nonitoring EEGs have
been known forEEthHXPWQQPQ.a%@géﬁnﬂjmﬁt@ﬁ@béﬁ%ﬁeﬁpnﬂé‘&?ﬁ?@p‘é fRelfindevel
opnent, EEG nonitoring systens, which nmay be carried or worn con tinuously
by a person to be nonitored, have been devised. One such systemis known
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details on how.
tinuously by a person to be monitored, have been devised.

One such system is known from the document WO-A-

15 2006/066577, where blood sugar levels are monitored in a person suffer-

ing from diabetes in order to warn against 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

20 system. The implanted electrodes are via electrical leads connected to a

monitoring device capable of detecting the brainwaves characteristic for

an imminent hypoglycaemic attack, and issuing a warning in the form of

a vibration of the subcutaneous monitoring device. In WO-A-

2006/066577 it is furthermore suggested that the implant may wire-

25 lessly communicate with an external unit, which may contain the more

power demanding parts of the electronics, so as to obtain a long battery

service life of the implanted subcutaneous parts. It is stated that this will

also allow an acoustic warning, but WO-A-2006/066577 does not dis-
close any details on how.

30 Based on this prior art it is the overall object of the present in-

vention, to provide an improved system vis-a-vis the prior art system, in

particular regarding the acoustic warning of the person carrying the ap-

paratus.



Based on this prior art it is the overall object of the present in vention,
to provide an inproved systemvis-a-vis the prior art system in particular
regar di ngwohelozaesgt i ¢ warni ng of the person carryi ng tRETAK2009/050147
paratus. According to a first aspect of the invention this object is
achieved by a portable EEG nonitoring apparatus, said apparatus com
prising: EEG pick-up neans adapted for asuring at |east one EEG sig nal
fromthe person carrying the apparatus, si gnal processing nmeans for

anal ysing said at |east EEG sj gnal and adapted to identify or pre dict
predet erm ned bi ol og?%‘&lrg'PHcF%le?\t#é'%F nPY&cH E%n'”l‘.fﬁg%ln oW'%a‘%lﬂe%Fnéﬁ ysis, a

deci si on neanscAdaRHas) b%di&ébl@%E‘ﬁhﬁibnht@hﬂ@f@é;ﬂa@étu'ss shid é@a@é@@efﬂnﬁ‘»d to
sai d person, a nmessage sel ection nmeans for selecting a voice nessa
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second aspect of the invention there is provid a net presenti ng

voi ce messayedOf ANAYpBOtA at @E@t RDRIREST ?'H@ma?ﬂfla?%%@d ta ddentife R dde-

conpri sing nNeager bF&jeaérduﬂaatb.@rb%.éEGnémaH@é .rirs%ra [Ps AL T298d CoH rekidng the
apparatus using an EEG pi ck-up means, analysing said at | east one EEG

si gnal using &NSiY§ifala 6?@§'Q§smﬁ3n$réﬁﬁ%te§ld9p‘i‘ q Wheadnfarmation isrediet

predet er m ned HLodiRel Rl saiBCHEI8HE S al Hwe%@ég%-_ Relefbn hacssk opr saiedtiAgal ysi s,
deci ding, using a decision neans, when information is to be presented to
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nmessage to the person using an acoustic transducer. Using a Vvoice nessage
rather than, &80 sinple warning tone, has many advantages. A major

advant age, hovever, A&dr8idh 3 y@é&@ﬁm%’f tRYGEVERIR TROKENpMRINEANY 1S

far nore pervasive in getting th
a method for presenting voice messages in a portable EEG monitoring

apparatus, said method comprising measuring at least one EEG signal

15 from the person carrying the apparatus using an EEG pick-up means,

analysing said at least one EEG signal using a signal processing means

adapted to identify or predict predetermined biological incidents in said

person based on said analysis, deciding, using a decision means, when

information is to be presented to said person, selecting, using a message

20 selection means, a voice message providing said person with informa-

tion, and presenting the selected voice message to the person using an
acoustic transducer.

Using a voice message rather than, e.g. a simple warning tone,

has many advantages. A major advantage, however, is that a voice mes-

25 sage, such as a spoken warning is far more pervasive in getting the at-

tention of the person addressed, and far easier for the person to respond

correctly to. Bearing in mind that the purpose of the EEG monitoring is

in first instance to warn the person about threatening biological incidents

such as imminent hypoglycaemic seizure, it is very likely that the warn-

30 ing issued by the apparatus is issued at a time where the person is al-

ready no longer at his full mental capacity or even on the verge of un-

consciousness. An voice message is in this situation not only far more

efficient in alerting the person, but may moreover actually contain direct

instructions regarding the corrective actions to be performed, in order to



tention of the person addressed, and far easier for the person to respond
correctly to. Bearing in mnd that the purpose of the EEG nonitoring is in
first inswanew/uelskarn t he person about threateni ng bi olPegiDdRboYMseiddent s
such as i mm nent hypogl ycaem c seizure, it is very likely that the warning
i ssued by the apparatus is issued at a tinme where the person is a | ready
no | onger at his full nental capacity or_even on the verge of un

consci ousness. An voice nmessage is in thPs situation not only far nore

efficient in alerting the person, but y nopreover actual l ontai n direct
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partially nmentally incapacitated, | not onl y get an alarmat a tine
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According to FeRe8iPABRAMRAPOSIHTRIde MlesédtR fdidtel taSRRCAiIoRGicaNfhcidewent i on,
sai d voice nessages are stored in the apparatus. Storing the voice nessages

in the apparatus obvA¢RosdingHe aduafesredcambprimpeningf the firtrasgedt ekthe or t he

need of a syntheddifory Uaff vREGhAIRiges AFE QtsleRnttPedadparituer sRif{fLtRed
enbodi ment of the first aspect of the invention, the voice nessages are
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si ze reduction, or the storage of a l'arger variety of voice nessages.
Accordi ng to anot herAesghdaorem fothempreafenred mept of Kee finstvasMerbn, sai d
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of said person. Editing the voi ce nessages all t-1n adaptation of the
messages to a fepetirpge andaieplry inode aparaeispdhisoredutes he paed femstorncr eases

the intelligiBidd &340 b HEHPHAR SRS AHN overall size reduction, or the stor-

15 age of a larger variety of voice messages.

According to another embodiment of the first aspect of the in-
vention, said voice messages have been edited in accordance with the
hearing capabilities of said person. Editing the voice messages allow
built-in adaptation of the messages to a specific hearing loss of the per-

20 son. This, in turn, increases the intelligibility of the voice message.

According to yet another embodiment of the first aspect of the
invention, the apparatus comprises means for adjusting the presented
voice message to the current ambient acoustic noise level when present-
ing the message. This further enhances intelligibility of the message.

25 According to a further embodiment of the first aspect of the in-
vention, the apparatus comprises means for allowing the person carrying
the apparatus to store messages therein in accordance with the persons
own choice. This allows the carrying the apparatus to choose straight
forward easy to understand messages.

30 According to yet a further embodiment of the first aspect of the
invention, the apparatus is adapted to present the voice message in the
ear of the person. Presenting the message directly in the ear of the user
is advantageous in that it reduces external disturbances such as ambient
noise. Moreover, it is advantageous in that it allows the EEG monitoring



According to yet another enbodi nent of the first aspect of the invention,

t he apparatus conprises neans for adjusting the presented voice nessage to
t he curr enD 2ambi4ersy acousti c noi se | evel when present | RETINL00ES8HEJGe. Thi s
further enhances intelligibility of the nessage. According to a further
enbodi ment of the first aspect of the in vention, the apparatus conprises
means for allow ng the person carrying the apparatus to store nessages
therein in accordance with the persons o choice. This allows the carrying
t he apparatus to choose _strai ght forwar easx t 0o under stand rress?ges.
According to P2 éatPﬁrt?ﬁ\éWIh%ﬁg%PHﬁ?\fh% undie ?"itt'%st‘)fa%ﬁéélf'”%?'q fe'9"Avent i on,
t he appar at us pla‘.,}t aﬂgm@gdngg.cpresent the voice nessage in the ear of the

person. Presenting the nessage directly in the ear of the user
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noni tori ngﬁﬁpparatus to further conprise the functionalities of a hearing
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§
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actual |y hear q(ntokmzedg@s%gggb@r\g,thﬁndpggseeﬂs\%mn{eepeat t he message until it
has been ac know edged, possibly with increased vol une. Accordi ngpto yet

anot her enbodi nment o'?\CqOﬁ@'nﬂlﬁOsYeta@'pﬁBFr gmbodenemnl ehthefirstiaspeghphit us is
further adgpt gdydiR; ecﬁﬁné pP4PAGR @%?%‘?Sacfa%‘:&t kO PrErchRoi {::Ilég'ﬁﬁjéésgg?s‘)f the

apparatus. This al erson carré the apparatus 1nt handl't ng and
use t hereof, ée@tln@h@ntﬁﬂ aandling pet @@Pat?ﬁgsl hisheid dae. PEROD FRAYIS of t he
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t he sane advantages as the
apparatus in the ear.
Embodiments of the method according to the second aspect of
15 the invention generally provide the same advantages as the embodi-
ments according to the first aspect.

The invention will now be described in greater detail based on
non-limiting exemplary embodiments and the drawing, on which:

Fig. 1 depicts a head of a person with an EEG monitoring appa-

20 ratus according to the invention,

Fig. 2 depicts a block diagram of the EEG monitoring apparatus
according to Fig. 1,

Fig. 3 illustrates the storage and retrieval of messages in the
EEG monitoring apparatus of Fig. 2,

25 Fig. 4 depicts a state diagram of the user interface of the EEG
monitoring apparatus according to Fig. 2.

Fig. 1 schematically shows a head 1 of a person carrying an EEG
monitoring apparatus 2 according to the invention. The EEG monitoring
apparatus 2 comprises an implant unit 3 for measuring EEG’s. The im-

30 plant unit 3 is located subcutaneously behind the ear 4 of a person. The
implant unit 3 comprises an electronics part 5 and EEG pick-up means 6
such as probe with at least two electrodes (not shown) for picking up
electrical EEG signals from the brain of the person. The electronics part 5

of the implant unit 3 comprises the necessary electronics for sampling



ments according to the first aspect. The invention will now be described in
greater detail based on non-limting exenplary enbodi nents and the draw ng,
on whi ch:wBi2gro/m9epi cts a head of a person wi th an EEGPEDMK2009/05¢147
apparatus according to the invention, Fig. 2 depicts a block diagram of the
EEG noni toring apparatus according to Fig. 1, Fig. 3 illustrates the
storage and retrieval of nessages in the_EEG nonitoring apparatus of Fig.

2, Fig. 4 depicts a state diagram of t he®user interface of the EEG

nmoni toring apparatus according tqo Fig. 2. Fig. 1 schematically shows a head
1 of a person B8 E Agnan BECSUERIBoMereaptisTUBeETT Bl #dS e

i nvention. TherdEGaRBmittiag thendPRad&dsWs t@ poaRiersasumn 71 fphang pafd bf 3 for
measuring EEG s. The inplant unit 3 is | ocated subcutaneously behind the
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EEG pi ck-up neans 6 and transmtting themwrelessly t o an external unit 7
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form ng part JlecesdtateE@ syrfi¢alrRrRgedygaloat eplazement (f ihgbyvolet ferlanter gy
supply t o thgig®plant unit 3 is received inductively fromthe external
unit 7, so that the inplant unit 3 has a long service |life, not constrained
by battery ca pacityAs Gad &8 Se§nat69£t¥tt%f@ébuﬁ'tg7l Rey rgse@plee Sebitd-dhet he

bat tery wopd d meqRssing i (BTEWe%Hﬁa'aicﬂ))r,%?r%fs‘ﬁqg[ hdleMASSTRN wifén fhe whol e
inmplant unit 3. As can be seen the external unit 7 nmay resenble a
E3ehi nd- The- Boamahagei isgrlarer Peirmdhaarsaigt &if dhe reyapR icrvinad the :Hithg part
8, which in monitoring apparatus 2. Like a BTE hearing aid, the housing part 8 is
connected to an earplug 9 in the ear canal of the person via an interme-
diate connection 10. This could be a traditional sound tube leading to an
15 earplug, or an electrical cord leading to a Receiver In The Ear type ear-
plug (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 apparatus 2.
As indicated, the EEG monitoring apparatus 2 may optionally in-
20 clude a peripheral device 11, which as will be explained later may com-
prise additional and possibly more energy consuming electronic storage
space for data.
Turning now to Fig. 2, the internal details of the external unit 7
of the EGG monitoring apparatus 2 are schematically shown. The exter-
25 nal unit 7 comprises a health state monitor 12, comprising means for
analysing an EEG signal received wirelessly from the implant unit 3, and
for detecting anomalies in said EEG signal, in order to warn the person
carrying the EEG monitoring apparatus 2 against health threatening con-
ditions, such as e.g. hypoglycaemia or epileptic seizures. How this analy-
30 sis is performed is not relevant for the present invention and will not be
dealt with any further.
If a health threatening condition is detected the health state
monitor 12 sends an appropriate signal to a device operating controller
13. The device operating controller 13 is also adapted for receiving other



normal use is placed behind an ear 4 of the person carrying the EEG

noni toring apparatus 2 . Like a BTE hearing aid, the housing part 8 is
connect edw0 2010a1398ar pl ug 9 in the ear canal of the pers®@QTK0EGDSIHIT er e
di ate connection 10. This could be a traditional sound tube leading t o an
earplug, or an electrical cord leading t o a Receiver | n The E ar type ear
plug (RITE earplug). This allows the extgrnal unit 7 t o give off nessages,
such as alarns or warnings, into the ear 4 of the person carrying the EEG

nonitoring apparatus 2 . As indicated, EEG nonitorin aratus 2 may
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controller 13 se cts an appropriate nes
implemented in an In-The-Ear earplug (ITE earplug) or any other type of

earplug known e.g. from hearing aids. The message signal or data relat-
15 ing thereto may pre stored in a non-volatile memory, such as an
EEPROM 21.

Preferably, the EEG monitoring apparatus 2 also comprises
means for monitoring ambient sound pressure level. In the illustrated
embodiment, such means comprise a monitor microphone 22 delivering

20 asignal to an input converter 23 such as an ADC. The input converter 23
delivers a signal to a sound pressure level monitor 24. The sound pres-
sure level monitor 24 detects the ambient sound pressure level, and de-
livers a corresponding signal to the audio generator, 18, allowing the
audio generator to adapt the volume settings for the signal to the output

25 converter 19 in accordance with the ambient sound pressure level. Thus,
it is ensured that the message signhal delivered by the loudspeaker 20
has a volume level allowing it to be easily heard by the person carrying
the EEG monitoring apparatus 2. At the same time it is ensured that the
message is not presented with an excessive loudness in quiet surround-

30 ings, which could be both disturbing and uncomfortable for the person
carrying the EEG monitoring apparatus 2. Evidently, the sound pressure
level monitor need not be operative at all times. It is sufficient to sample
the current sound pressure level for just a short time before presenting

the message. Thus, power is saved.



sage and settings for the nessage and sends a corresponding signal to an
audi o generator 18, which generates a nessage signal for an output

convert erw@2010¢4¢t57as a DAC generati ng an out put si gnal PCOMK00%050 AL
transducer, such as a | oudspeaker 20. As indicated above the | oudspeaker
could be placed in the housing 8 of the external device or it could be

pl aced in the earplug 9, but it should bg noted that the present invention
is not limted to the use in BTE type dev¥vices, it could also be inplenented

in an In-The-E ar earplug (I TE earplu or any other type of earplug known
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pressure | eveltheafth-98iakile’ iemaryC 2hr By RABSKNGF A 88Rroll Rdidi@naUsifess |
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qui et surroundi n%‘%, ~which could be bo di'sturbi ng and unconfortable for
t he person carthgibagistthere®tG noni t ori ng apparatus 2. Evidently, the sound

pressure level monit@e diefdy N QR ét‘?&risvgué'ﬁ & lthk ! §RSitapld .sit<§ra§l%'f ficient

to sanple the current sound pressure |eve or just a short tine Before
presenting power consumption etc., the data defining the desired message and

stored in the non-volatile memory may differ.

15 One way of storing the messages would be uncompressed digi-
tal audio, where the entire data stream necessary for the audio genera-
tor 18 to generate the signal to the output converter 19 is stored. In that
case the audio generator 18 could generate a pulse code modulated sig-
nal for the output converter 19, which turns the pulse code modulated

20 signal into an analog signal. However, because the dynamic range of
speech is quite wide, the pulse code modulated signal could be a
weighted signal such as an A-law or MU-law weighted signal, where the
dynamic range is compressed before storage. The audio generator 18
would in that case also perform a corresponding expansion of the mes-

25 sage signal.

An alternative could be compressed audio as is known from
speech or audio codecs, where the compressed data signal is stored as
data in the memory. Examples of such speech and audio codecs are;
MPEG-1 (mp3), described in the standard ISO/IEC-11172 part 3, DPCM

30 (Differential Pulse Code Modulation), ADPCM (Adaptive Differential Pulse
Code Modulation), described in the standard ITU G.726, subband-
ADPCM as described in the standard ITU G.722, or speech codecs as de-
scribed in standards ITU G.729 or ITU G.728.

Also, instead of compressed audio based on a real speech sig-



t he nessage. Thus, power is saved.Fig. 3 illustrates various nessages
stored in the non-volatile nmenory 21. Only five nessages are illustrated,
i.e. nesswiges1i491sto # 4 and the | ast nessage #N, conpr PSTMIK20490050H7

war ni ngs, such as "System OK", "Hypogl ycaem a Warni ng", "Low Battery",
"Press button to acknow edge" and "System Fail ure". These nessages are
retrieved fromthe non-volatile nenory 2_1 by neans of a control |ogic and
address generator 25 in the device opera?ing controller 13, addressing a
desired nessage, or rather the data defining it, in the non-volatile nenory
and causi ng t%@"c@fqtagtb%ﬁa?‘?f@ ?%Q%Z’Ge“%f&t Y RGN 1GN B 9qTRIRE

generator 18, fdth Gynidodingasticeprisktdtionsg8@h 49 phbferfbé pHbtis@ Rt er 19
on the basis thereof. Dependi n%aon consi derations such as the avail abl e

storage, power%dRBIRFENTBIPNePE Pasichiuilting birdsneing tAsscisignald Indbahge and

stored in the Qaga-tHesakimBolLaRS ¥tonBY iflithé &on-(d\8tivaxerior§tOr i 1 tHe
nmessages woul d be unconpressed digi tal audio, where the entire data stream

necessary for AU FEAFG IR FBFRIEE 21 8YRIGCgBRRr WhEN REtEPYRR WAYCIHE out put
converter 19 igkfi®bReed bnthendimbas estife sputieai ARNRIIREMicaHy sOUhekgener at e

a pul se code nodul ated sig nal for the output converter 19, which turns the
pul se code npdi ArRPREIGHAM Hhift Y BRCIHFRIENEItipTRTI0 WRKRie(®rsigTRie faskd t he

dynam c range £f s&peanl ors SHthpied Wheesh SiPﬁalF?l“ se code nodul ated si gnal
coul d be a weighted signal such as an A-Taw or MJ | aw wei ghted si gnal,

where the dynamic ralig@dfiéiogokptes Sb9vBeMEEOUs: diraBessitied £a1BNFener at or
18 woul d i1y t REErdRS eh@IEE PSSR apParaBSP ARsl %&o%@r%@?i‘s@r‘mf@fané her message

signal. An alternative could be comnpressed audio as is known from speech or
audi o codecs, dfMErinthaoREPELEsSedndat A ghalmpls saupdedikesPurat B@nies, t he

menory. Exanpl#s g8 UgRiRPeesiRepndr aHdiiRe AL Hd8 Bsembling musical in-
struments. Such sounds may be generated by an audio generator 18
comprising one or more tone generators and/or filters, e.g. impulse re-

15 sponse filters or simple filters.

Fig. 4 shows a state diagram of the user interface of the EEG
monitoring apparatus according to the invention. The diagram is simpli-
fied to illustrate only the most essential messages, but as will be under-
stood from Fig. 3 there can be many more messages, adding of course

20 to the complexity of the interface.
In Fig. 4 the following texts are used:

Message Mnemonic Message

SysOK “System OK”

LowBat "Low battery”
HealthStateWarn “Hypoglycaemia warning”
KeyToAck “Press key to acknowledge




MPEG | (mp3),
(Differential

described in the standard |1 SO | EC- 11172 part 3, DPCM
Pul se Code Modul ation), ADPCM (Adaptive Differenti al

Pul se

Code Moduvetznmmin9isdescri bed in the standard | TL) G 726, psubbieae/05ABPCM as

described in

standards | TU G 729 or

on a real spe
can be genera
or other sym

the standard ITL) G 722,
| TU G 728. Al so,
ech signal, synthetic speec
ted fromsynbol -linguistic
bol

:

epresent ati ons,

or speech codecs as de scribed in
i nstead of conpressed audi o based
coul d be used. Synthetic speech
such as phonenes
representation of basic building blocks of a speech

signal. In that case these synbols are stored in the non-volatile nmenory
21, and the audhfedenerator conpribfmeér B¥AHBESI Zzer, whi ch synthesi Zes
wavef orm si gnals based on the synbpls Such synt hF\QI zing will typically be
based on a mePdi ng fromthe syrrbol TiEr deerrrseliBa Wackreidrased 8iesnals based
on segnents of a sanpled speech si ks In addition to the above netfhods,

or possibly al caonbination thereof |the FEG nonitoring apparatus may lal so
conprise means'% or generating non- SHEEEHORERREAYE N NRFAINGS famplealtsounds | i ke
pure tones, or "pling", "boing", " bétSﬁEmoﬂftoF he |i ke or sounds resenbling
musical in stpunents. Such sounds y be generated by an audi o generfator 18
conprising ond3r nore tone generatB)a’tseramﬂarmm tihidrt ers, e. 9. i mpul se
response filters—or—st ||pi e—ftt+ters—F o4 strows—a—state——h agtraim of—t he
user interface of the EEG nonitoring apparatus according to the invention.
The di agram i sljsaemmterfa@IImput | uleesd::éptiohy t he nost essential neslsages,
but as wll b st-ood—+om +Hhere—can—be—raRy—Hore—essages,

addi ng of couﬁ?@r?‘r@sf'ﬁ@' conpl exi ty ?ertkﬁ & A'fiterface. InFig. 4 the

fol |l owi ng texthg\,\fgae used: The state @Vagaam\,oi.gl?mgrorﬁ b@ttdrymﬁ@h.hﬁ descri bed.
However, for aha = e tgo appa a¥a ho in
Fig. 4 is al sd"er?ét(ﬁ‘é:'t tﬁst‘-:he foI | owi gaélsfé?mpﬁ . Stﬁee%é't%fer to Fi gs. 1

and 2 for tho

10

15

20

se

The state diagram of Fig. 4 will now be described. However, for
full explanation, reference to apparatus parts not shown in Fig. 4 is also
made in the following description. Please refer to Figs. 1 and 2 for those
reference numerals not found in Fig. 4.

Starting at the top of Fig. 4 the EEG monitoring apparatus 2
boots in box 100 when switched on. During booting, the EEG monitoring
apparatus performs a number of self-tests, such as testing the function-
ing of the electrodes of the EEG pick-up means 6, and the communica-
tion link between the implant unit 3 and the external device 7. If the
self-test is successful a true flag is set and, in box 101, the device oper-
ating controller 13 sends SysOK to the audio generator 18, which re-
trieves the message "System OK” in the non-volatile memory and pre-
sents it to the person carrying the EEG monitoring apparatus 2 via the
output converter 19 and the speaker 20. The person carrying the EEG
monitoring apparatus 2 thus receives confirmation that the EEG monitor-
ing apparatus 2 is operating and functional. After the "System OK” mes-
sage has been sent, the EEG monitoring apparatus 2 enters its normal
state in box 102. In box 102, the person wearing the EEG monitoring
apparatus can at any time activate the user push button 16 by pressing
the key switch 17, which will lead to a new self-test and message in box
101.



reference nunerals not found in Fig. 4. Starting at the top of Fig. 4 the
EEG nonitoring apparatus 2 boots in box 100 when sw tched on. During

booti ng, WbheotE@®1S0Ni t ori ng apparatus perforns a nunber Pofl/IBEbé%aSes’s, such
as testing the funct ion ing of the electrodes of the EEG pick-up neans 6,
and the communica tion |ink between the inplant unit 3 and the external
device 7. If the self-test is successful,a true flag is set and, in box
101, the device oper ating controller 13%ends SysOK to the audi o gener at or
18, which retrieves {he nessa em OK" in the non vglatlle menpry and

pre sents it to the Iﬁe?tsaﬂycté{%?yﬁhﬁgb?q’i%ryEE@WﬁlltdordieﬁegCt% PYrAtEY2 ia the

out put conver tsehdd hanswiteterpendiri, 2ot eoRAE RVieaspetanBg tdaatriohsr
noni toring apparatus 2 thus receives copfirmation that the EEG nonitor ing

apparatus 2 i stopErRESgPINmELs (iueh G Maqferethe dryicesyRer@HNeONHdSage has

been sent, the FESJERHE! PrdVideBP@NAF US B BHE Alifihg StHIOHERke Tpi&ind) bOX
102. In box 102, the person wearing the EEG nonitori n%ﬁapparat us can at any

time activate Cloﬁérod§%r13p%%wsb|tﬁ"t’%?¥ 16 they 2pFies aenR ot He I&e YWhichi TREACYSS  whi ch

will 1ead 1o ahagHesRlhk 18/ bR MRS $RIBoh IV dMte Hdmbly 8hd aybést 7B3] he
battery nonitor 14 defects |ow battery, it sends the |ow battery signal,

LowBat, to thérasntedt é@éham%@%@afwmq te EBG @mongpeEngrappeyetssta via hi gh

as a flag for ghbedeW %&P@rqtg'é‘rgd w&;s&élée%rzolitttﬁe@@Fr%ctt.me%he\ﬂrﬁl@ﬂ a
timer T3 is not runnin e device operating controller 13 sends LowBat to

t he audio genél'r3a't5ﬁ@‘¢8g Wiﬁéﬁ'm@t F3 el fHiRgsisa s AWipat oeitykown t he
non-vol ati{® TByE Bho%%@nt té‘ti@é”éo %@@au@fe ?@ﬂatrﬁtdrt Bt/oprbgsr BOE&h 6AIHYI NG the

EEG noni t ori ng appar at us via the out put converter and the speaker 20.
At the sane titifeetvaue pfré’B meupgr@rhﬁ@réwngmet RleG tmagitoriyg jeppaftEtis is unni ng,

i .e. has not tthﬂgg) Ont{aé‘l%m%aﬂ M“I%WBaﬁtﬁrf”hﬁeg Qesoaﬂgﬂ erator.

By proper sel ect e tinme value of e perso carryi e EEG
moni t ori ng appghpkitugnigys him. Thus, at intervals correspondlng to T3 the person

carrying the EEG monitoring apparatus is repeatedly reminded to change
15 the battery. When he eventually does so, the EEG monitoring apparatus
2 boots again in box 100.

If at any time the health state monitor 12 detects imminent hy-
poglycaemia, it sends the hypoglycaemia warning signal, HealthStateSig,
to the device operating controller 13, or preferably sets it high as a flag

20 for the operating controller 13 to detect. Provided a timer T2 is not run-
ning, the device operating controller 13 sends HealthStateWarn to the
audio generator 18, which retrieves the message “Hypoglycaemia warn-
ing” in the non-volatile memory and, in box 104, presents it to the per-
son carrying the EEG monitoring apparatus 2 via the output converter 19

25 and the speaker 20. At the same time a timer T1 is started. If the person
carrying the EEG monitoring apparatus 2 activates the user push button
16 by pressing the key switch 17, the device operating controller re-
ceives the input UserKeyPress, which acknowledges that the user has
heard the message presented to him. At the same time the timer T2 is

30 started in box 105. If, in box 102 the timer T2 is still running, i.e. has
not timed out, the user interface does not proceed from box 102 to 104
and the person carrying the EEG monitoring apparatus is thus prevented
from hearing the “Hypoglycaemia warning” messages so frequently that



thus prevented fromhearing the "low battery" nessages so frequently that
it annoys him Thus, at intervals corresponding to T3 the person carrying

t he EEG mwoi2omvidptf7apparatus is repeatedly rem nded to ehamgecedsotaatt ery.
When he eventually does so, the EEG nonitoring apparatus 2 boots again in
box 100. If at any tine the health state nonitor 12 detects inm nent

hypogl ycaem a, it sends the hypogl ycaem a1 war ni ng signal, HealthStateSig,
to the device operating controller 13, or preferably sets it high as a flag
for the operat] ng control |l ?%013 to de&ect. Provided a tinmer T2 is not run
ning, the devilt@NBPET BMnl NEoRIMWT NErdors RN ees thSke: WL B the audi o

generator 18, whiigh pitidremeakeRicARgsage "Hypogl ycaemi a warn ing" in the
non-vol atile nenory and, in box 104, presents it to the ger sQn carrying

the EEG nonitoring appiffEGeDHirdngrie i MontonierirRiRry's #hdo¢hBOs peaker

20. At the sara%khbmdgetﬂﬁé?meﬂsaéé “$ilyBb§I9Eaerhfa WAENIREY TAA tHAEF Wi1ngilt he EEG
noni tori ng appar at us activates the user push button 16 by pressing the

key switch 57,eveRBIANAIBE Ufest thegnteifRGeorilepraceed &iama Soxnkd4 FydPe-

User KeyPr ess, mwhp&h 1aeknpwl gdges dpadtidd'@ongslienas ferkdHedendtBeRage
presented to him At the sane tine the tinmer T2 is started in box 105. If,

in box 102 thendi keyTopcki &0 &he [qudiqu@gnai@ton 18, VHHsh sefuentialy Erifieveéhe user

interface d_OeschE'%eﬁa@@@eﬂyﬁéﬂ%é&%ia]\%’m‘i 14 eHdsd Rey RELRRAoWREEYT Ng t he
EEG nonitoring apparafus 1S thus prevented from hearing the "Hypogl ycaem a

war ni ng" ness@JEsPEsERt ERTarie| etifisen carnttigstie BEGimonEoikbABP#HEWoes not
yet need t{yt akgahkl QRpQF cdierferN@ ahdtife BOSIKer 90, t & {RK& ML Ghaaid on. | f

t he person carryi ng t he EEG nonitoring apparatus 2 does not acknow edge the
message " Hypodineaéiiia reaieniadg There tvion@messagesi Wil heanke aensated @é ivut and
the interface i t® 06, hikh | vilRetARW ce
operating cont\r%)l% %?Bﬁgggﬁn{ﬁs&%gﬂ?h@% \ﬂr n ’andleég%ﬁieEQ?g %ﬁaee% dio
gener at or 18, shiicérrspegigdnto B2 yntileithes\tbe person carrying the EEG monitor-

ing apparatus 2 eventually activates the user push button 16 by pressing

15 the key switch 17, or the signal or flag HealthStateWarn goes low, e.g.
because the person carrying the EEG monitoring device has taken ap-
propriate actions. In the former case, the interface proceeds to box 105,
where the timer T2 is started, and back to box 102 where it remains un-
til T2 times out as described above. In the latter case where Health-

20 StateSig goes low, there is no danger any more and the interface returns
to box 102 where it remains until changes occur. That is to say until the
flags HealthStateSig or LowBat go high again, or until the user activates
the push button 16 by pressing the key switch 17 in order to perform a
self-test.

25 With such a user interface the EEG monitoring apparatus 2 gives
off the alarm or warning to the person wearing the EEG monitoring ap-
paratus 2, and does this repeatedly until the person has heard and re-
sponded to the warning. Since the alarm or warning is related to a life
threatening condition it may be important to repeat the message fre-

30 quently. A typical value for T1 could thus be less than a minute, e.g. 15
seconds. A typical value for T2, where the person carrying the EEG
monitoring apparatus 2 has acknowledged the messages and is expected
to take proper action, should be longer, e.g. several minutes. A typical
value for T2 could be 10 to 15 minutes. T3 for the battery alarm could



t he nessages "Hypogl ycaem a warni ng" and "Press key to acknow edge" and
present themto the person carrying the EEG nonitoring apparatus 2 via the
out put cowmoenter9sd and t he speaker 20. At the sane ti mPCTRK20098014T] i s
restarted. These two nessages will then be repeated at in tervals
corresponding to the value of Tl, which is preferably relatively short
conpared to T2, until either the person carrying the EEG nonitor ing
apparatus 2 eventually activates the user? push button 16 by pressing the

key switch 17, or the sjignal or fl t hSt at eVarn go w, e.g. because
£he porson caidSPEREINGHY TRGTHOHPSIEAY (RIViEeHER Yt ARAR DepiopBapFidile
actions. In the X pouerorGase. the interface proceeds to box 105, where the
timer T2 is started, and back to box 102 where it remains un til T2 tines

out as described abolfeorden tPrRASHEg fhat theRergpR CRMMEY e EEP L0eieyintbes | ow,

there is no dapgaratas) EOASt AR rﬁu@&nb%@rﬁwé%deeﬁwrnaﬁ hﬁaQnHQXt @e where it
remains until changes occur. That is to sa¥5unt| fl ags Heal t hSt at eSi g
15l

or LowBat gd mrgﬁcaglélt?ﬁlnere%ﬁtﬂlwwh fechy SUREY éts'staﬁen%'éaﬁgﬁ@rtton 16 by

pressing the key swifgdlugh/tHNinRedsée bBoREREOHELA datfibé®ohly W fdlatidich a
user interface the EEG nonitorin ap aratus 2 gives off the alarmor

war ni ng to t hdopesEBRlewEAYGtHER td BEHSVNHATMIBE iMMgssagcpatha akilled PeRtPMoes

this repeat edly yabiide {3€ M&NSIBr Bee%n&earéﬂ;ce&dtd furBRONHESS GRS LhBIdR Ni ng.
Since the alarmor warning is related t0 a life threatening condition it

may be i nport dR@lised, repely q%@aﬁegstagepu%au‘éﬁmlﬁ by tepsrteslly waesENT or TI
could thus;de thesgy tﬁ\ﬂfbhalfnt\m&aeor Biulipld BnReC aRdSigrdl ¥R F8hn MRl P&sH or T2,

where t he person carryl ng the EEG m)nltorl ng apparatus 2 has ackhow edged
the messages andtans 1expdoretpMvice pag@tipe ipdtroder ilgndepsmginaopéhe dnger , e. g.

several m nutgg, 4 ; %Wéca{e g USvit Pl 172isCpesgedrerrif éo%ldlgaiﬂo%% T3 for

the battery alarmco depending o t e criteria selecte attery
al arm be | ongdnery gpoints tand2missagsesovhene @nore data is provided to the person

carrying the EEG monitoring apparatus 2. This is particularly interesting
15 if the EEG data is logged over time. In such cases the user may learn
more about when he typically has many warnings or the like. Also, it
may provide access to the settings of the EEG monitoring apparatus 2,
e.g. allowing the user to change alarm threshold, warning intervals, vol-
ume settings etc. Furthermore, the user may even use the menu to up-
20 load information externally to the peripheral device 11, with larger stor-
age capacity, so as to store information about his daily behaviour in
terms of blood sugar, so as to keep a diary about events and the like, or
event to learn how to modify his behaviour.
The invention has been described above with reference to
25 various specific embodiments. However, as is readily appreciated by
a person skilled in the art, other embodiments than the ones dis-
closed above are equally possible within the scope of the invention,
as defined by the appended patent claims. In particular the skilled per-
son will realise that instead of using a subcutaneous implant, it will also
30 be possible to implement the messages in a fully external EEG monitor-
ing apparatus, e.g. in an earplug or BTE device using external electrodes
in contact with the skin, as well as in an external EEG monitoring appa-
ratus having a wired connection to the implant.



In order to ensure that the person carrying the EEG nonitoring apparatus 2
is not just mssing the nessage by not hearing it, the volunme could be

i ncr easedw®izbty/®ash repetition until it is acknow edgedPCTHagép/ashes7
interface above has been described only in relation to a sinple structure
with a few warni ng nessages, the skilled person wll realise that neans for
provi ding access to further nessages could be realised, e.g. by activating
the push button 16 by repeatedly pressih53the key switch 17 tw ce or

multiple times. The signal sent fromthe push button 16 to the device

oper ati ng. cont 1ol | er EHUBLRAG Bl $Re ERIRFUORL Srciens SO OB  ch 17
is pressed. Thige ssutedn@@i Pe 376G88dtiA tRRNEE@GhBhRoBNE JPpSfR0ST0 MRS € nore
data is provided to the person carr t he EEG nonitoring apparatus 2.

1 ng
This is parti AA&FFySRSRERrOSPTIUGS WKFHe"@E@%aﬁ“&rF% rofednavesd titke. In
such cases thetHsEmd@BYgéL By MEBARE P PEriph@Rl RievickPi calkl d28 MBkie
war ni ngs or_the |ike. so, it may provide access to the settings of the
EEG roni t or? nge¥ppar@tus 2, e.g. allowing the user to change al arm
threshol d, warning i ne&dayak Smay @lsoUb® pP@lilibd e §lidingHtHel M%Hﬁrc%rryﬁﬂtﬁ user
may even use the nenu to upload information externally to the peripheral
devi ce 11, wi tthelEx&Qarontsindadreyieafacey, theognasntind Sresessi WNePMRHEdh about
his daily behay g4 siditst @rAREn@it. bl 0ood sugar, so as to keep a diary about
events and the like, or event'to learn how to nodify his behaviour. The
i nventi on has been described above with reference to various specific
enbodi nentf; However, as is readily appreciated by a person skilled in the
art, other enbodinments than the ones d is closed above are equally possible
wi thin the scope of the invention, as defined by the appended patent
claims. In particular the skilled per son will realise that instead of
using a subcutaneous inplant, it will also be possible to inplenent the
messages in a fully external EEG nonitor



ing apparatus, e.g. in an earplug or BTE device using external electrodes
in contact with the skin, as well as in an external EEG nonitoring appa
ratus hawogow/mMprsed connection to the inplant. The skil lPea/mxenensosl | al so
realise that sufficient electronic stor age space may be provided in the
EEG nonitoring apparatus to store generic speech nessages whi ch nmay be
altered or interchanged with other rressaj%zs by means of a peripheral device
11 such as a nobile tel ephone. Messages y al so be provided for guiding

t he person carrying the EEG nmoni_tori ng]_devi ce through the nmounting process,
when puts it on and starts @aﬁﬁrfg'\i't.P E‘FI@‘I{IM%L Al MS1 A

portabl e EEG nonitoring ppR@laEEs, msaitéHimp Bppaauss, GaEbparhiis: cdrmzipi ck- up
means adapted for neasuring at |east one EEG signal fromthe person
carrying the &Jfratus, a signal processing nmeans for analysing said at

| east one EEG si gnal EpghiaddapineshrisCadpead fdrymebsitieflbtlcaBt 86 EEGMiged
bi ol ogical inci dents in said person based on said analysis, a decision

nmeans adapted 1% @8 fRePRISER PATYIINETS BRPAratYs o be presented to said

person, a nessage se} edrapbroBaRmd Rieah8!BF nBE/sthq 84if Sat"RESEERe MES Vi di Ng
said person with information, and an acoustic transducer adapted for
presenting t heidH edrdeadanipd dondestiyeof Predist peedgsarmiped piolepahiiiit ori ng

devi ce accordifagtd B §didindsbn MR NssaiHafRlsect ed voice nmessage relates to
said biological incident. 3. An apparatus according to any one of clains 1

or 2, wherein said vdidEEISIRFSERFES afapted &p gcide when apiearatios. is4o bmn
appar at us ﬂpcq;rggé]geg Q0 38M Igg}go,q),f t he precedi ng clai ns,

a message selection means for selecting a voice message pro-
viding said person with information, and

an acoustic transducer adapted for presenting the selected voice
message to the person.

15 2. An EEG monitoring device according to claim 1, wherein said
selected voice message relates to said biological incident.

3. An apparatus according to any one of claims 1 or 2, wherein
said voice messages are stored in the apparatus.

4. An apparatus according to any one of the preceding claims,

20 wherein said voice messages are formatted into a format suitable for
storage and replay in the apparatus.

5. An apparatus according to any one of the preceding claims,
wherein said voice messages have been edited in accordance with the
hearing capabilities of said person.

25 6. An apparatus according to any one of the preceding claims,
comprising means for adjusting the presented voice message to the cur-
rent ambient acoustic noise level when presenting the message.

7. An apparatus according to any one of the preceding claims,
comprising means for allowing the person carrying the apparatus to

30 store messages therein in accordance with the persons own choice.

8. An apparatus according to any one of the preceding claims
wherein said apparatus is adapted to present the voice message in the
ear of the person.

9. An apparatus according to any one of the preceding claims,



wherein said voice nessages are formatted into a format suitable for
storage and replay in the apparatus. 5. An apparatus according to any one
of the preoedinvigytsiai ns, wherein said voi ce nessages haPeThgenditded in
accordance with the hearing capabilities of said person. 6. An apparatus
according to any one of the preceding clains, conprising neans for

adj usting the presented voi ce nessage to the cur rent anbi ent acoustic
noi se | evel when presenting the nmessage.~”7. An apparatus according to any
one of the preceding clains, conprising means for allow ng the person
carrying the AMEIFHYHE SR PBCIRRLSRT P B 11 RETSE GPURARS G PR ¢ he
persons own chgirstis t8.achRoRRRlaEahE presipedinigshge.any one of the preceding
claims wherein said apparatus i s adapted to present the voice nessage in

Pl . .
the ear of the persohl- A BRRAZAIHHAPGEUEINC LAY RGEL tARPEFRAIRG Ciafas,

precedi ng cl aiffhehgaghtedttb e rafirndldeSmessaiyds SeftimBanTht Mantiieg BEEHON
carrying the ap paratus to acknow edge the presented nessage. 10. An

appar at us atcoP@efUso any one of the preceding clains, further édapt ed to

present voice nessages, A&haiHoadfor presntlieNdbicdn&dsabbe imRPFsddnis EEEL. A
met hod for presenting voice nessages in a portable EEG nonitoring

appar at us, saiBORERMHEH2RRATEEYSs iSAl: MEERAsLIFITABMIENgl east one EEG signal from

the person carrying ﬁw'&@s@\ﬁ’rﬂfé@iéé%t WPk HE@RBigREGBhT K Per¥BANGMANRINST NY
said at | east one EEG signal using a signal” processing nmeans adapted to

identify or praP@REAtUpLEHE: AT RFGdUCHILUBIBERR Sl i ncidents in said person based
on said angdysis, degifiddg sHR HYeBstdEhé TERNSIERANSsinyREgh HOEBIHRN 1S to
be pre sented to said person,
means adapted to identify or predict predetermined biological incidents
in said person based on said analysis,
deciding, using a decision means, when information is to be pre-
sented to said person,
15 selecting, using a message selection means, a voice message
providing said person with information, and
presenting the selected voice message to the person using an
acoustic transducer.
12. A method according to claim 11, wherein said selected voice
20 message relates to said biological incident.
13. A method according to claim 11 or 12, wherein said voice
messages are stored in the apparatus.
14. A method according to any one of claims 11 to 13, wherein
said voice messages are formatted into a format suitable for storage and
25 replay in the apparatus.
15. A method according to any one of claims 11 to 14, wherein
are edited in accordance with the hearing capabilities of said person.
16. A method according to any one of claims 11 to 15, wherein
the presented voice message is adjusted to the current ambient acoustic
30 noise level when presenting the message.
17. A method according to any one claims 11 to 16, wherein
messages are stored in accordance with the persons own choice.
18. A method according to any one of claims 11 to 17, wherein
the voice message is presented in the ear of the person.



sel ecting, using a nessage sel ection nmeans, a voice nessage providing said
person with information, and presenting the sel ected voice nessage to the
per son uswogom4arsousti ¢ transducer. 12. A net hod accor #ChPpK2009%sai4h 11
wherein said sel ected voice nessage relates to said biological incident.
13. A nmethod according to claim11l or 12, wherein said voi ce nessages are
stored in the apparatus. 14. A nethod according to any one of clains 11 to
13, wherein said voice nessages are formftted into a format suitable for

storage and replay in the apparatus, 15. A nethod according to any one of
Lol me 11 o T, “wherei A s BBg Rt Bting 1 0K AL L HE HbarReT

capabilities aheSréoPeEAYhg e appamtiodh penared flﬁa&l@w@ﬂhéd%@@h@fpréi aims 11
to 15, wherein the presented voice nessage is adjusted to the current
anbi ent acoustSeR§HINEESI% el when presenting the nessage. 17. A method

according to any onexg!RimABthdY dRoffing YHENG dheBEEaBRS 1818 £3,04188keim
accordance with the persons own choice. 18. A nethod accordlnq to any one

8
of clainms 1L t'QIE7MERARILS FFletirg Foithe hadsling ofitheRRPSERUE PTEP R @ar of
t he person. 19.¢eAtdfet hod according to any one of clains 11 to 18, wherein
the person carrying the apparatus is required to acknow edge the pre sented
nmessage. 20. A nethod according to any one of clains 11 to 19, wherein
voi ce nessages relating to the handling of the apparatus are also pre
sent ed.



