WO 2007/042026 PCT/11K2005/000660 A method for the use in a
battery alarm of a hearing aid, a circuit for monitoring an electric cell, and
wh 2h%,fa/ri‘p 2%id with such circuit. 5 The present invention relates to a

method' o7 the use in a battery alarm of a hearing aid, cir- @&WW"M“Q
implementing the method and a hearing aid with such circuitry. Modern
digital hearing aids place rather criti- 10 cal demands on their supply
voltage because under a certain voltage they do not operate, thus giving
rise to distortion of the reproduced signal. It is commonly known to
provide the electric power supply for a hearing aid by means of a single
15 ehecm%@@%h Tf_@xelegiac &8k, which n@ﬁrﬂﬂa&paﬂaﬁl\l’whir&h@é&m@@
space,of the hearing_.aid housing,.is usually a primary cell such as a
oo T S S okt o.Pada
can hedsniger prodideisutfisientiveliagei20 for the electronics of the
hearing aid. For the user it is of general interest to have a warning about
the worn-out cell in good time before the hearing aid stops working, in

orgler to replagg, the cellata convenientine. 6.0, befpre Igaving pahame

for work, the theatre, or other excursions, where it might be inconvenient

to brimdfandSeplhBe PG THE AFH Y ofdgeroft & pitarg €I, Sich
as aczihcayr delbnoringllyerariesi averdime riadepk ek @0=ericescfiag aid

numpgr.of f&E&Q{Sci%i‘%}@? construction
Modern digital hearing aids place rather criti-
10 cal demands on their supply voltage because under a
certain voltage.they do not operate, thus giving rise
to distortion of the reproduced signal.
It is commonly known to provide the electric
power supply for a hearing aid by means of a single
15 electric cell. The éleétfic céll; which-normaily has
to fit within the limited space of the hearing aid
housing, is usually a primary cell such as a zinc-air
cell. The primary cell has to be replaced when it is
worn out and can no longer provide sufficient veoltage
20 for the electromnics of the hearing aid.
For the user it is of general interest to have
a wafning about the worm-out cell in good time before
the hearing aid stops working, in order to replace
the cell at a convenient time, e.g. before leaving
25 home for work, the theatre, or other excursions,
where it might be inconvenient to bring and replace
the cell.
The output wvoltage from a primarv cell, such as
a zinc-alr cell normally varies over time, in depend-
30 ence of a number of factors, such as the constructlon
of the cell and the load applied. Generally, however,

after an initial rapid drop the output voltage re-



of the cell and the load applied. Generally, however, after an initial rapid
drop the output voltage re WO 2007/042026 PCT/DK2005/000660 2

mai jvely constant decreasing only slowly over an ext %1 '
“@n%“?%’%%%t&end of the lifetime of the cell, it decreases rapi(ﬁé{) ?él(ﬁ%&gm

discharge characteristics for identical cells, i.e. same type, 5 make and
construction, are only subject to minor dif- ferences, whereas the same
cell type, e.g. zinc-air, from different manufacturers will differ also in con-
struction and have larger differences bgtween their discharge
characteristics. This makes the prediction 10 of time until the cell is worn
out hartes. Itisl ecanmanly knawadatsetoffarsalany immle- diately if theer

cell g@t@&%ﬂaé’&'%%&dﬁﬁ%m”eadcthﬁ»f@%%a@%- This thresboldie

~value Is set based.on knowledge about typical discharge character- 15 -
istic®ft h&Siho\iéver; bebh fOlFTHRATESHINGPER ShY alarmi &im By IsEseEe

on acraltegerireshald snvbbie s iad evuniberlof peablemsi Adfirstgaroblenyis: ,

that if for sgme regsan. g 20emnarary drap inthe cell voltage suddenly.

occurs, 1t may lead to the alarm being set off at a very early stage, giving
the J$8ieLffi8e infYESERH dihthe FeRIMAG ime @il tie Rearfigaidwill
actuf athy stoprfisctinningsprapedy 12 nevitich tehigerarnadeap ibrtheon-

cell yQliage: Goulde;calised by 1he beanng ad lempraly s theix
discharge characteristics. This makes the prediction

10 of time until the cell is worn out harder.

It is commonly known to set off an alarm imme-
diately if the cell voltage £falls below a predeter-
mined threshold wvalue. This threshold wvalue 1is set
based on knowledge about typical discharge character-

15 istics. ‘ :

"It has, ho&aver,'been found that setting off an
alarm simply based on a voltage threshold involves a
number of problems. _

a first problem is that if, for some reason, a

20 temporary drop in the cell voltage suddenly occurs,
it may lead to the alarm being set off at a wvery
early stage, giving the user a false impression of
the remaining time wuntil the hearing aid will actu-
ally stop functioning properily.

25 One such temporary drop in the cell wvoltags
could be caused by the hearing aid temporarily draw-
ing a large current from the cell, e.g. during repro-
duction of a loud sound. Thus, even if, at normal
load conditiong, the remaining lifetime of the cell

30 expected from a given discharge characteristic is
sufficiently long not to justify the replacement of
the battery at this time, the alarm will be set off.

In the following description such a temporary drop in



ing a large current from the cell, e.g. during repro- duction of a loud sound.
Thus, even if, at normal load conditions, the remaining lifetime of the cell
30 expected from a given discharge characteristic is sufficiently long not
to justify the replacement of the battery at this time, the alarm will be set
off. In the following description suchza temporary drop in 3 the supply
_ voltage below a predetermined threshold value, e.g. due to a tem orarjlx
A crdadeticutiant Beig'traii - fronk e 8eff Wit be refetretito as’a Va1 e
e . Prowmseut. A second:prabtem:is that the-beovertouts wikknormadlynhappeawn
- more and more frequently as the cell wears out and_the cell voltage as a
. x%ﬁo% aegrr’g“a{s’esf‘i%%nﬁl%ré:égeedr ]ﬁ?e%/\ij%é%c?/,swﬁh%wrﬁgﬁ the afarm will
conse€guentlybe setobffecould eaksiy bebemenoisance forithe usermally
na EXBMRIR eTbodinents May, prcome fhese and OBt ProlIgms. ouc ang
According to a first aspect of the invention, there is provided a method for
thaettitigloff a'attety @lari®, in 2partictils® in ftesifhtfaid, saidcmetiver=ased
- being, gharagterized;py the steps afi aQ) entering a wawpupphasenef aset
_predetermined duration, during which no alarm is given off, a2) checking
oL e Sfate Of AFfstdlalnTRYS by GG offan &arm™ ¥&fdTirst alarm flag
is setmGik rsuspending-therpossibility=0f giving:aftan alarmefor aand other
gﬁdeemt_eqrmined first time period, d) returning to step a2). In a second
aspect of the invention, there is provided a hearing aid comprising, a first
timer fiming @ first detectingiinterval sadetector fohdetectimgdrops. there

is provided a method for setting off a battery alarm, in

or

particular in a hearing aid, said method being
characterized by the steps of: al) entering a warm-up phase

of a predetermined duraticn, during which no alarm is given

Hh

£~

off, a2} checking the state of a first alarm fiag, b»l}
giving off an alarm if said first alarm flag is set, cl)
suspending Lthe possibility of glving off an alarm for =
predetermined first time perlod, d) feturning Lo step az).
In a second aspect of the invention, there is
provided z hearing aid comprising, a first timer timing a
first detecting interval, a detector for detecting drops
below a predetermined thresholid wvalus in a supply voltage
for said hearing aid, a £first counter for counting the

number of detections within said detecting interval, and



below a predetermined threshold value in a supply voltage for said
hearing aid, a first counter for counting the number of detections within
said detecting interval, and 3a means for setting an alarm flag if said
number of times reaches a predetermined value within said first detecting
interval, and means for giving off am; .alarm in dependence of said alarm
flag, while suspending alarms during a warm- up phase. In example
me @fthoditents BEtetipotary UréiFTh the 81l voltag'chn'bedétected, ant"e®
retakensinty ageeunrtforthe «evakiation ofwhether an afarmishouldibe set ing
._off or not. Thus, because each get,ection is_not by itfelf the. criterion on
10 ikicH the atdim 5568t off Ghnétessary setting™dff 6f the alarm dustoan <
o f uperiticabtemporansdrop-inithe cell svoltagercansbe: preventedi iy a warm-
. pggiacuéar uncritical temporary drop below the predetermined voltage
threshold will not give off an alarm. Such an uncritical drop could be
causethbyeteriperatuieleiafges 6f the ceftrHened f theliset goés frofe -
voliam.temperatyre inside-to.cold tgmpera detures,outdogrs the celldn.the.
hearing aid will cool off, and the cell voltage drop. If, however, the user
evEakeda Shoft trip bitdddrs, 87y. fetéRg ﬁ%éwéaﬁ Sita 86ld WinterYay %+
Thhut otheruisestays-indeors, the temperary +voltagedrep of the: celbwilkbe on
ung?,tifgal. f}ljso disclosed is a ci[cuit_,j%r anithingthevsupglx voltage ofa_
O h&hting aid,"Said cit€hit ESmprising afirst“timer timing 4 first deteéting =~ ©~
thintervalya détectardforn uncritical temporary drop in the cell

veltage can be prevented.

In particular uncritical temporary drop below the
predetermined voltage threshold will not give off an alarm.
Such an uncritical drop could be caused by tCemperature
changes of the cell. Hence, 1f the user goes from room

temperature inside te cold tempera-



detecting drops in said supply voltage below a predetermined 'threshold
value, a firs. counter for counting the number of detections within said
detecting interval, and means for setting an alarm flag if said number of
times reaches a predetermined value within said first detection interval.
In example embodiments, there is provided a hearing aid incorporating
such circuitry. Also disclosed is a method for setting off an alarm, in1 e
EU iR E Hearity did <aid hethSd Coiprisifg the' steps of &)t °5 5
an€heckingtheistate of afirstialapm flag,, bl). giving off anralarmsif saidficsts =
“alarm flag is set, cl) suspending the paossihility of giving off an alarm for a. .
Sh%?édeté?rgr#neﬁ first tinie’ peri%dfgd) réttﬁ%nciﬁgj Iﬁ%( steigL éﬁfg?ﬁ&s the alarm ~ =~
wimaybedset off based ontthevlags settand subseguently thesettingrofbrary
vo [y be suspended for a giver fime periad in.otder not to disturb the
wearer unnecessarily. J According to a preferred embodiment of said
methéd,s thelsesoribalarmlay S Set Hiwithin Saltfirst Predeterminetrr -y
volime,period, said pumber of timesdeachesia- second predetermined values«
~higher than said first .predetermined;value, Having two J.eve_s of alarm _
tiflags detat diffetent LoRbiGIRS: aflowah bEtER BValuatich of wh&thet am ©F
de alarm shouldde-get off ok not. Accardingdpaifurther prefesred veiow  a
gmbodiment, he number of dmes the supply voliage falls below ., 1 1 ;
PEBrSdetéimined value within'a Sécond predetérmined time “pefiod, e
thiollowingeaftep Saidi first préedetermined timesaid detecting interval,
and means for setting an alarm flag 1f said number of times
reaches a predetermined wvalue within sald Zfirst detection
interval.
in exampls embodiments, there is provided a hearing
aid incorporating such circuitry.
Blso disclosed is a method for setting off an alarm,
in particular in & hearing aid, said method comprising the

steps of: al) checking the state of a first alarm flag, D

Bt

)
giving off an alarm 1if said f£irst alarm flag is set, cl]
suspending the possibility of giving coff an alarm for a
predetermined first tTime period, d) returning to step al).
Thus the alarm may be set off based on the Ilags set
and subsequently the seitting off may be suspended for a
given time period in order not to disturb the wearer

unnecessarily.



period, is counted, and a third alarm flag is set if within said
predetermined second time period, said number of times reaches said
first predetermined value. Thus if the first alarm condition persists, a
further alarm flag may be set and taken into account for the decision of
whether an alarm should be set off ®r not. According to a preferred
embodiment of the method, the second a arm flag is set.i within said first |
pred&tarmindtPtinié petiod, $aid nUriber Of fifes &' reaches & second !
theredeterminedabiuerhighenthanisaid.sfirst priedetermined vakue; or iffirst
o= ihin. g second fime petiad, following after.said frst predetermined tme,
peno%, the number of times thé supply voltage falls belowa -
se predeterminattrrashiolddalug¥esdches saihfirst predétermiféd Yalug. i rst
prddis effectively combines hoth pf the, second.and third glarmyflaginta.ong, -
_thus giving one less flag to take into account when taking the decision of
at whethéf afatarm Shoufd b Set offlortiGt. ABcorting t6 yeEdduHAer o0 ©F
wh embodiment of the method, an alarm ds setoff if@ predetermined one of
said first to_third flags is set. This glﬁl’gﬁwsv{;t usertos Iective{lydqllow tWhiC‘?qe
alarmSSHOUTd B8 givén off. ThUS it the USerfeels That foF his nasds the =
nufirgtalarmfis dispeasable-and weuld just be@ldisturbance;] ihis alashcmay a
be suppressed. According to.a pteferred embodiment of the m@tl;@% an. ..
pr‘é%‘rr“ngfémsfe?% fif any (;%ne 55]( s%g firstto tﬁi%%érm Qlé\gs is %ét.‘lT IS isrt{ﬁem“
resimplest Way of performimgithe evalbatiort of whethe¥ aicalanm should berne
pe§§591ff' %%C%gmttgcﬂnoépﬁr %feéﬂi%e@W%@ta%f Uﬂg set if within
said predetermined second time period, said number of times
reaches saild first predetermined value. Thus 1f the first
alarm condition persists, a further alarm flag may ke set

and taken into account for the decision of whether an alarm

should be ser off or not.

h

According to a preferred embodiment of the method,

the second alarm flag is set 1f within said first

predetermined time period, saild number of times



method, an alarm is set off if said second alarm flag is set. This is a
slightly more complex way of performing the evaluation of whether an
alarm should be set off. -.his evaluation, however, yields a more precise
result. According to net a further preferred embodiment of the method,
said method further comprises the step of suspending new alarms for a
predetermined time after an alarm has been set 7_off. By selecting this
r e HppFSpiate TinTe Appropiiatéyiond < urifie CssanF Rfarms HistufBing the *5°
praiset eanhe-avoided, eyendhe alarm.aandition persists: Rieferably, period
. _according to_a further preferred embodiment said predetermined time .
0 (epRhaE of witeh e of e Slarh 1355 CaULl The ATATR (6 B ST bff ="

nuifiws, dependirigien thetalarm levetla shortet ondongef delay maye ber &
oriNirQduced efore the alafm may be sef.off agaip, Alarms are thus likely.. ..

~ to occur more and more frequently, until the user decides to change or
preschargeithecellzdsithe Easeé nalise: Actotding t6'a‘preferfed-h of the
s empodimentofithe circuity, said.gircuit:further.comprising &secondne 1ess
counter for counting the number of consecutive detecting intervals, in -
£13hich the firstealarm ffag f&°§ét This 4liGWs thé Seltthg oftwolevefls'or  °*
whalarefleas,a firsr when: frequent browrsrouts are detected, and a second

i the frequ%gt brovT\:/n-outs+ occur fg{g ép;olé)n Sgipmeéix%d' égcqﬁr‘ggn t{ca)%_k1 od
anothe? préfarred embodiment ofthe  Gircuit. the Gircuit further comprises

anmeansifor setting off anidlam cHaviegameans forsetting off the afarmgt o
third flags is set. This allows & user to selectively allow
which &alarms should be given off. Thus, 1f the user feels
that for his needs the first alarm 1s dispensable and would
tust be a disturbance, this alarm may be suppressed.
According to a preferred embodiment of the method, an

alarm is set off 1f any one of said first to third alarm
flags is set. This 1s the simplest way of performing the
evaluation of whether an alarm should be set off.

According to another preferred embodiment of the
method, an alarm i1s set off if said second alarm flag is
set. This 1s a slightlyv more complex way of performing the
evaluation of whether an alarm should ke set off. This
evaluation, however, vields & more preclise result,

hccording to vet a further preferred embodiment of
the method, said methoed further comprises the step of
suspending new alarms for a predetermined time after an

alarm has been set



allows the selective setting off of the alarm, dependent on previous
conditions, such as earlier brown-out periods, or other criteria indicating
that the cell is getting worn out. According to yet another preferred
embodiment, said circuit further comprises means for suspending new
alarms for a predetermined time after an alarm has been set off. This will
. allow the user to be undisturbed for a prolonged period after the alarm
L has béeri et off- Hhis featurd 8 cobi preterabi bé provided n-=+¥ ~°n9-
ungenpectionwith shevmeans: for-setting ioff the alarnurAceerding taiac, even

; 1I,p;%‘grrg erylbog%en[t,{ Cs)%id]orﬁgeghﬁosdC S1)‘urther comprises the steps of a0)
"cﬁecking%ﬁe state of & second alarm flag prior to the step al) and if said

secornid- afamiflag is se; B2)giving off aw alarm, c2jsuspendingethig erred
enPOSSIDLLY . giving off an alarm,for apredeterpined, secong time period . ¢

shorter than said first predetermined time period, and d) returning to step
thgoy Fhidallbwsdhe dardtish beffeeh pos8iblealaifis tdBe rédiced Hrus:
geihe.cause Jor the-alanm is conrsidered-important engugh 4o increase dhernsy
_alarm level, by setting the second flag. Preferably, the method achieves
D& hig by HAVITTY a “futheT step ofsétlily A’secohd prédétermidd ime 370
arpertod: sharierthan said dicstipredeiermined timeperiadcprieriol gtepn2)d 1
According to yet.another embodiment of said method, said method further _

i i i = h RO L= s o)
thgorﬁlﬁﬁges%ﬁe s?ég’pss of?) cﬁ%é%ﬁa the state of said second alarm flag

caagamagporeexpiry of the second predetermined time period, and d)

reu””ﬂ&%%&@?@g to a preferred smbodiment of tThe circuilt,
sazid circult further comprising a second counter zIor
counting the number of consecutive detecting intervals, in
which the first alarm flag is set. This allcws the setting
of two levels of alarm flags, a first when Ifreguent brown-
outs are detected, and a second if the freguent brown-cuts
occur for a prolonged period.

According  to another preferred embodiment of the
clrcuit, the circuit further comprises means Ifor setting
off an alarm. Having means for setting o¢ff the alarm,
allows the selective setting off of the alarm, dependent on
previous cenditicns, such as earlier brown-ocut periods, or
other criteria indicating that the cell 1s getting worn
out.

hccording to vet another preferred embediment, said
circuit further comprises means for suspending nsew alarms
for a predetermined time after an alarm has been set off,
This will allow the user fo be undisturped for a prolonged

period after the alarm has been set off. This feature



a0) if said second flag is not set, or g) if said second alarm flag is set h)
incrementing a counter representing the number of alarms given off in
step b2), and i) if said counter exceeds a predetermined number reducing
said second predetermined time period to a shorter duration, and j)
returning to step b2). This allows a third alarm; level with even shorter
duration to be established based on the two 9 first and second flags, but
SOWitholtFaihg 1o eheck & tHird" Sxternal fISg e exafpié émbodimefite" S
fowilknewibey described ine greater detail based on non-limiting exemplary
embogiments, -and with reference fo Ine aceampanying drawings on ..,
which fig. T Shows a Schematic %Ilagram of Circuitry for ekecuting the
fumethod accprding to thesinvdntion, figs.224 to2¢showa flow chate of a
sellistrating the method according {g,the fourth aspect.of the invention, and,
fig 3. shows a schematic diagram of a hearing aid incorporating the
al pienfieA SFigeisEEblock diagiam sthefdatically Shoviihg Eifcuitfy farending
chimplsmenting;the methed of the igyention. Thergirguitry includes.a pOWered
source. In the following example the power source_ is assumed to be a

S©pfinfarycdif 1, Buf thé” skifled prson Would riderstartd that 't eoitst =
cias wellr bea secandary celk abattery of celts:l orin prirciple any: kind afhe
ower source subject to voltage drops. Itis also in the following assumed
G rRERR 1o IR SmEntodh o it hearng Ad. Bix Svdenty £ =
fomay e usedranywherecthere iscatheediforra batteryiafaral; to increase

the alarm level, by setfing the second flag.

Preferably, the method achieves this by having a

further step of setting a second predetermined time period

short

(b
[

r than sald first predeternined time period, prior to

foR
[N

step J o

According to yet another esmbodiment of sald method,
said method further comprises the steps ¢f f) checking the
state of sald second alarm flag agaln upon explry of the
second wpredetermined Time perilod, and d) returning to step
al) if saild second flag 1s not set, or g) 1if said sescond
alarm flag 1is set h) Incrementing a counter representing
the number of alarms given off in step p2), and 1) 1f said
counter exceeds a predetermined number reducing said second
predetermined time period to a shorter duration, and 3]
returning to step b2).

This allows a third alarm level with esven shorter

duration to be esstablished based on the two



The voltage of the cell is measured using an analogue/digital converter 2,
converting the momentary voltage into a corresponding digital value for
the use in the digital circuitry of a hearing aid. The value of the
momentary cell voltage is fed to a brownout module 3, which will be
described in further detail below. For the use in further optional modules
_. 5,6, 7the di%ital value corresponding to the momentary cel Xo!ta%e may_.
FLpatavltagEd i AR av WP 20671042026 PCT/DK2005/000660° 10 etaging”
exmeaansi4.fThese further modules 5, 6, 7 do not as such form part of the
present invention, and will._nat be, described. further. It shoul, oted, .
thoughe At Uk Thay D& sy heber of Suth fuiher mocies £ a0y 1
gr fchading moaelatiadls Fhe eircuitry-furthe domprisesmeans 8o T0MEN TS,
anfPr.gnabling each of the, madules. Thus, if under given clrcumstapcesy,
some of the criteria on which alarm flags may be provided by the
moduleé<Care hot Gt iteredt, the'YeBpéétive Tod EF ules 3,%! B Fmay be ©F
e xdisapled; The.-brownout medule3 repeatedly.coumts the: sumber of
brownouts within a predetermined time pe- riod. The time period is. "
preferabf{in thé infetvat From approximatély 30°8éconds to- approximately™®
meé4Hmin Hxutesiihat the end, abar-any time=during thetimeénperiad,cthe and
number of brownouts is found to exceed a . first value, e.g. 30, then, :
Sl g YoloRNIAi. 1@ set oot 4 Faror bet T the- o o e
1ntimerpeariod; the Humbercfirownouts is found to

Fig. 1 1s & Dblock diagram schematically showing
clreuitry for implementing the method of the invention. The
circuitry includes z power source. In the following example
the power source is assumed to be a primary cell 1, but the

skilled person would understand that it could Jjust as well

be a secondary cell, a battery of cells 1, or in principle
any kind of powsr source subject to voltage drops. It is
alse In  the following assumed that tne method is

implemented in a digital hearing ald, but evidently it may
be used anywhere there 1s a need for a battery alarm.

The voltage of the c¢cell is measured using an
analogue/digital converter 2, converting the momentary
voltage into a corresponding digital value for the use in
the digital circuiltry of & hearing aid.

The wvalue of the momentary cell voltage is fed to a
browncut module 3, which will be described in ZIfuzrther
detzil below. For the use in further optional modules 5>, 6,
7 the digital wvalus corresponding to the mcmentary cell

voltage may be averaged in an av-



20 exceed a second value higher than said first value, e.g. 40, then an
alarm flag OrangeAlarm is set, if not the flag is not set. Additionally, or
alterna- tively the alarm flag OrangeAlarm may be set, if the number of
WEOLHLELIRE periods where the alarm flag 25 YellowAlarm V\})a%Té%IﬁmﬂS/ 000660
exceeds a predetermined value. Also, according to another embodiment,
a further alarm flag could be set if the number of consecutive periods
where the alarm flag YellowAlarm was set, ex- ceeds a predetermined
value. 30 The alarm flags are preferablydjsed in a state machine 12,
deciding, when and how often an alarm should be set off. The alarm is
prefetakly ammacoissdicalarhesmprisinthariveddBeanda trmnsduder bt

WO %.95074%%02&@&%%80%%/09%%%Qés'ég'&gé- %ﬁ&%%ﬂ%%”aéiéh%n

operation of a state machine 12 im enting the method for setting off -

alarnf&bad GiF 8xteafiidgs EFsuspenthitRy: <hbReqisreaarhEfion
predetesmninetdirae periode inepordentwt tedistrblihewseher modules

ungecessarily, The state; machine12,is intializeg oy éi@%‘.ﬁ& 100 infig.2a.

The reset 100 would typically be the insertion of a new cell in the hearin
aid orFPRPSHARRAIMFERDf the Reartfy atf ¢ at TR PEIT 165/t 8fthehe
day. Afternfese! timmstate iachimde1? eivtats aivanmapsphase, whiele of

beginsyith th (esetting, 101.obihe nar-ug-tioierdg et Thealle 8t

the warm_up_timer is repeatedly incremented in 102 until the value of
warm=ip_firet bxeeédsa Préddtémiiegrest . the respective mod-
10 ules 3, 5, 6, 7 may be disabled.

The brownout module 3 repeatedly counts the
number of brownouts within a predetermined time pe-
riod. The time period is preferably in the interval
from approximately 30 seconds to approximately 4 min-

15 utes. Tf, at the end of or any time during the time
period, the number of brownouts is found to exceed a
first wvalue, e.g. 30, then an alarm flag Yellowlhlarm
is set, if not the flag is not set. If, at the end of
the time period, the number of brownouts is found to

20 exceed a second value higher than said first value,
e.g. 40, then an alarm £flag OrangeAlarm is set, if
not the flag is not set. Additionally, or alterna-
tively the alarm flag Orangeidlarm may be set, if the
number o©f consecutive pericds where the alarm flag

25 YellowAlarm was set, exceeds a predetermined value.
Also, according to another embodiment, a Ifurther
alarm £lag could be set if the number of consecutive
periods where the alarm flag Yellowhlarm was set, ex-
ceeds a predetermined value.

30 The alarm flags are preferably used in a state
machine 12, deciding, when and how often an alarm
should be set off. The alarm 1s preferably an acous-

tic alarm comprising a driver 13 and a transducer 14.



15 value WARM UP TIME in 104. Each repetition involves a pause 104 of
a predetermined duration, and conse- quently the warm-up phase has
also ap determined duration. The warm-up phase ensures that no

re ]
Wgﬁ'?%llsfz&%\(’/en off during the initial phase after the hearing 36 HRAY /000660

been switched on or the cell replaced, e.g. due to the fact that cell voltage
is temporarily lower than under normal operation conditions, because the
cell is cold. After the initial warm-up phase the state ma- 25 chine 12
enters its normal operating mode, in w ifh it monitors the flags, see figs.
2b and 2c. The nor- mal operating mode generally consists of two parts,

in the followirgy eeferred toras exdernalimmedesand inhiernabaedeidn thef a
exterpal mod ich.is depi in.fig. 2b rnally I e
Yellogv%\afgr_ér)n §%\§/Q§rl§ng%%§§§qa%§ Eﬁ[]l(t):r%tiogre(’i %}ﬁ ﬁé?r#éﬁna?%n%g%tefng
picte@F fih LR furthePaag Red ARkRIich T4 256t by Bl st&leSRaRAHRI
12 itselfpiscatserraoni WWen200744 2026 REEMK20A5/@A0E60pi2 itoded. in
After i nitgluai-up gas of fig: 6a.Ihe, slaleduaching 2 enters the
external mode in fig. 2b. In the external mode the alarm state is first reset

5 to idle 105. Fi&o BHeE6utBFIFiREr isTedét tdDeFd 210G Sthdbtafe Teset
machine 12 thefieherks wihetherdbewexi ternakalagn figgs ase set. e thihie

embadinept fhgfe are oniylhie o Jage OraideAlaun Ag Yelgwalarmne
both of which may assume the logical states O or 1, _
switching on cof the hearing aid, e.g. at the begin-
10 ning of the day. After reset the state machine 12 en-
ters a warm-up phase, which begins with the resetting
101 of the warm up timer to =zerc. The wvalue of the
warm up_ timer 1s repeatedly incremented in 102 until
the wvalue of warm up timer exceeds a predetermined
15 value WARM UP_TIME ‘in 104. Each repetition involves a
pause 104 of a predetermined duration, and conse-
quently the warm-up phase has alsc a predetermined
duration. The warm-up phase ensures that no alarm is
given off during the initial phase after the hearing
20 aid has been switched on or the cell replaced, e.g.
due to the fact that cell wvoltage is temporarily
lower than under normal operation conditions, because
the cell is cold.
After the initial warm-up phase the state ma-
25 chine 12 enters itg normal operating mode, in which
it monitors the flags, see figs. 2b and 2c¢. The nor-
mal operating mode generally consists of two parts,
in the following referred to as external mode and in-
ternal mode. In the external mode, which is depicted
30 in fig. 2b, the externmally set flags YellowAlarm and
Orangellarm are monitored. In the internal mode de-
picted in fig. 2¢ a further flag RedAlarm, which is

set by the state machine 12 itself, is also moni-



10 where 1 indicates that the flag is set. These flags are set externally
with respect to the state machine 12 by other circuitry of the hearing aid

nd 318 %y checked by the state machine 12. First the hi
W%ondlfron rangeAlarm is 15 checked in. 107. If the Orange ! Té\}r)a[r? H-]s/(moa(ﬂ

set, the state machine 12 enters a yellow alarm condition, de- scrlbed in
detail later in connection with fig. 2c. If OrangeAlarm is not set, then the
lower alarm condition YellowAlarm is checked in 108. 20 If YellowAlarm is
not set there is no alarm condition and; the state machine 12 repeats the
loop by returning to 105 setting the alarm state to Idle. If YellowAlarm is
set threrrdte. state machine 12 sets the alarm state to Yellow Alarm in 109,

and ef- 25 fegtstpat ap alarmy is;giveq oftin 410, Then igA 1d;the cuntene
. Timer'is incremented by one: If the counter Timer aﬁas n treach da ‘

pred &t - mileFoaiie &@Aﬁﬁﬁﬁlﬁ%ﬁﬁﬁi@ Sincre- mgnteofta
repeadtediyh ]@itwnh@pmln&hdu@ﬁﬂ@%ﬁz,mnubﬂﬁmr%amt

thg predetgrained yalue i, 143.Oply gftenthe fimpe: d@@yzprgéiéeécbyﬁeeo
incre- mentin g of Timer and assomated\}gl&;ses the statehman chin _
returni€ fo 105°TIRIE Mot TRETHSh Wil WeF 30670758 e theT & e ex

PCT/2#¢2605/G0G860 13ahe states vthe flaystie eheokeetl tneirio akame
can hegiven; Jhe gkilled,personwill rpalisedhatthis preferved Waynokrm,

suspending new alarms for a prede termlne erjod fter an alarmh
beelcr)\b:% lb?f?sf which may assume ¢ %Qicaﬁ states oaf" 1,

10 where 1 indicates that the flag is set. These flags
are set externally with respect to the state machine
12 by other circuitry of the hearing aid and are only
checked by the state machine 12.

First the higher alarm condition Orangellarm is

15 checked -in. 107. If the OrangeAlarm flag is set, the
' state machine 12 enters a yellow alarm condition, de-
scribed in detail later in connection with fig. 2c¢.

If OrangelAlarm is not set, then the lower alarm
condition YellowRlarm is checked in 108, '

20 If VYellowAlarm is not set there 1s no alarm
condition and the state machine 12 repeats the loop
by returning to 105 setting the alarm state to Idle.

If YellowhRlarm igs set then the state machine 12
sets the alarm state to Yellow Alarm in 109, and ef-

25 fects that an alarm is given off in 110.

Then in 111 the counter Timer is ilncremented by
one. If the counter Timer has not reached a predeter-
mined value ALARM INTERVAL in 113, Timer is incre-
mented repeatedly, in 111 with a pause introduced in

30 112, until Timer reaches the predetermined value in
113. Only after the time delay provided by the incre-
menting of Timer and associlated pauses, the state ma-

chine 12 returns to 105. Thus, not until then will



5not the only possibility. As an alternative to the waiting loop disclosed, a
separate timed disable flag could be used to temporarily disable the

larm, {% with an appropriate choice of the duration of the pauses_and
“@a%@g l%?ARM-INTERVAL the state 10 machine 12 susple)ﬁgsn g 000660

possibility of giving off an alarm sufficiently long not to disturb the user.

For this Yellow Alarm condition two hours before the next possible alarm
would be considered appropriate. Since, however, it may depend on the
actual user's 15 "preference it may readily be changed by assigning an-
other value to ALARM INTERVAL. Returning now to the case, where the
flag ©mangeAlasm issettbert thegskée inct@tdadhisaadenthesstateniscan

set tg,grapge Alert iy, 114,,Alse . 114 20 the variable. DiviigSeL oy o
and the variable Or-.ange_Alarm_Number is set to one. Thenin115itis .-
- effecRicPiHaT BRI is Yot SHEPRE%CITal TIBHIrE 'GFHE afdim Set BFFFIS"
115 maywifferdrope thaddf s butthey nayalse be irdistingaishalle fors

the Zn.usefyafterthe algundias beep sehaff the stafe 92:6M0g 125 che
entersa loop 116, 117, 118 corresponding essentially to the_loop 111,

113, 34 EhR8pt- MR it LotRRE Tinfer ISR R remBRfe it it &g uate s
or 30@exceedsALARN BT ERWALYEN, 1ive. dindftbecatimt. Bdrxrsequently

the delay untikthe. state maghing, 1.2 will; be abla,io; sef off-an Alargy,agaifyn
e.g. by returning via 119 to 105, Is only half as Ion% after an orange WO
2007/0742658 PEXTER2065/b0066Y° ©°f ALARM_INIERVAL the state

10 machine 12 suspends the posgibility of giving off an
alarm sufficiently long not to disturb the user. For
this Yellow Alarm condition two hours before the next
possible alarm would be considered appropriate.
Since, however, it may depend on the actual user’'s

" 15 preference it may .readily be changed by assigning an-

- other value to ALARM INTERVAL.

Returning now to the case, where the flag
Orangelhlarm ig set when checked in 107. In this case
the state is set to Orange Alert in 114. Also, in 114

20 the variable Div is set to two, and the variable Or-
ange Alarm Number is set to one. Then in 115 it is
effected that an alarm is set off. The actual nature
of the azlarm set off in 115 may differ from that of
110, but they may also be indistinguishable for the

25 user.

After the alarm has been set off the state ma-
chine 12 enters a loop 116, 117, 118 corresponding
essentially to the loop 1131, 113, 121 except that the
counter Timer is only incremented until it equals or

30 exceeds ALARM INTERVAL/Div, i.e. half the count. Con-
seguently the delay until the state machine 12 will
be able to set coff an alarm again, e.g. by returning

via 119 to 105, is only half as long after an orange



14 alarm as after a yellow alarm. However, it should be noted that after
the alarm has been set off in 115, the state machine does not

“%e%%glﬁg{l% return to 105. Rather, before return 5 ing to 105PM§D ?55&% 566
in , W f

ether or not the flag OrangeAlarm is still set. If OrangeAlarm is
not set anymore the state machine 12 returns to the state Idle in 105. If
OrangeAlarm is still set then in 120 Timer is reset to zero and the variable
Counter 10 Alarm-Number is incremented by one. Then in 121 it is
checked whether the incre- mented valyg of Orange-Alarm-Number
equals or exeeds a predetermined value MAX_ORANGE_ALARM. If not,
the atdraris set eff againsinyBldb EQrange-Alarm-Number equals or

exeeds the predetermined:valug MAX;ORANGE-ALARM, , then in 122 the,

state Red Alert is.set and the variable Div is set to four, before the alarm .
is set BHEHAML BB sIRStd BEotBd Lthat with®i¥ 'set fo "HF foutetiéees
delaynusttil treecstate midchine=12will be able.toketbifan daforagaipisirn-

only-a quartey as, long.after atad lain as aftesa ygllwsalarm, Thoygh t, .

may depend on the actual users pref- erences, it is currently preferred to
have A\RR UL AR AL ERMAR TERVAL, X0TresponSinGRE SR8 douintot
of pausss summiing upte twodicersabisaftera yettawnalarm twesheurste

must pasg, heforedhe user may e distrbedagainwithithe alaop. Ygllow,

alarm is more critical and only one hour will have to pass. Finally
Timer 1is reset to =zero and the variable Counter

10 Alarm_ Number 1s incremented by one.

Then in 121 it is checked whether the incre-
mented value of Crange Alarm Number equals or exeeds
a predetermined value MAX ORANGE ALARM. If not,.zhe
alarm is set off again in 115.

15 - Tf Orange Alarm Number eqguals or exeeds the’
predetermined value MAX_ORANGE_ALARM, then in 122 the
state Red Alert is set and the variable Div is set to
four, before the alarm is set off in 115.

Here it should be noted, that with Div set to

20 four, the delay until the state machine 12 will be
able to set off an alarm again 1s only a quarter as
long after a red alarm as after a yellow alarm.

Though it may depend on the actual users pref-
erences, it is currently preferred to have a wvalus

25 for ALARM INTERVAL, corresponding to a Timer count of
pauses summing up to two hours. Thus after a yellow
alarm two hours must pass, before the user may be
disturbed again with the alarm. Yellow alarm is more
critical and only one hour will have to pass. Finally

30 after red alarm the user may be disturbed again after
half an hour. It should be noted though that even arl-
ter an crange or even after a red alarm, the state

machine 12 may return to the state Idle upon and stay



30 after red alarm the user may be disturbed again after half an hour. It
should be noted though that even af- ter an orange or even after a red

“&I%r@ gﬁfgtate machine 12 may return to the state Idle uplc))n ?ﬂ%z%%%)éoo ”
067842026 PCT/DK2005/000660 15 there if no alarm HAGS ard Sare

As can be seen from fig. 3 the battery alarm according to the invention
may be incorporated in a hearing aid. Elements in fig. 3 corresponding to
ele 5 ments in fig. 1 share reference numerals. The hearing aid
comprises a power supply in the form otan elec- tric cell 1 or a battery of
cells. The battery inter alia supplies a signal processor 15. The signal
ProctR8s@ Procasses andnguksignak#osran input trans 10 ducer, e.g. a

microphone 6. 10¢ processed nnul sig- paLis oyt Lo heignal
processor 15 to the™ user via'an output transducer 14. In accordance Wltﬁm

the iIRFSIRIGHBR sEPpIyRfoltiyEshcithe BlettriSceliCRAPBHAGASY by &
the Labaitesy indicaten bhinwdichtheimetiodeaceekdiagdd the to ele-
inyention is ingorpprated. If, according %&Q&”&?&%@QEQ'PGQ@%’&@M
alarmis to be glvengoff, the battery indicator produces an alarm signal,

whichiid preferEb Rl dRERE nSHRal Buthit $BRafFEM JoFtharsiGiac-
processor le-mamadder 4 8nAties, tivelye 816 alarmtsignaldaaybeinter

genergted of prog: essed by the signal processor 1, rther thag fieipg ...
generafLed s Beparate S|gr%1a And°added fo the ouit- putslgng\}ric.1
essor processes an input signal from an input trans-
10 ducer, e.g. a microphone 16. The processed input sig-
nal is output £from the signal processor 15 to the
user via an cutput transducer 14,
In accordance with the invention the supply
voltage from the electric cell 1 is monitored by the
15 battery indicator 17 in which the method according to
- the invention is incorporated. If, accord‘i‘ng to the
method outlined above an alarm is to be given off,
the battery indicator produces an alarm signal, which
is preferably added to the normal output signal from
20 the signal processor 15 in an adder 18. Alterna-
tively, the alarm signal may be generated or proc-
essed by the signal processor 15, rather than being
generated as a separate signal and added to the out-
put signal.
25



2516 PATENT CLAIMS 1. A method for setting off a battery alarm, in
particular in a hearing aid, said method beingcharacterizedbythe
steps of: a0) entering a warm-up phasetof apredetermined duration,
during which no alarm is given off, a2) checking the state of a first alarm
fIagP%TE%&&ﬁ‘%Salarm if said first alarm flag is set, cl) suspending the
possibility of giving off an alarm for a predetermined first time period, d)
returning to stepra22hAdnéthodaccording £6 clain® Lt frthérésim- 10

prising.the steps qfal) checking the; state of a secondsalarmiflag prior to
the step a2) and if said second alarm flag is set, b2) giving off an alarm,
c2) SuSpBniifigithe possibfit§ ot giving Sfan” a7 for a predetermined
second time geriodrstorters thanwsaid predatbrminedfirst tibde Peka aid

d) refurning t9 step ), 3-A method according.to,claim 2 durther com-
prising the step of e) setting the predetermitnedje%osr)ﬁd ti e egod
shorter than 8aid Frédetehmninad fifsttime Deriod, prior o Step b2y °4. A
method accordingotovslaim & furttlersdemx. if said first alarm flag

is set,

cl) suspending the possibility of giving off an
alarm for a predetermined first time period,

d) returning to step a2j.

2. A method according to c¢laim 1, further com-
prising the steps of

al) checking the state of a second alarm flag
prior to the step a2) and if said second alarm flag 1is
set,

b2) giving off an alarm,

c2) suspending the possibility of giving off an
alarm for a predetermined second time period shorter
than said predetermined first time period, and

d) returning toc step al).

3. A method according to claim 2, further com-
prising the step of

e) setting the predetermined second time pericd
shorter than said predetermined first time period, prior
to step b2).

4. A method according to claim 3, further com-
prising the step of _

f) checking the state of said second alarm flag
again upon expiry of the predetermined second time

pericd, and



prising the step of f) checking the state of said second alarm flag again
upon gxpiry of the predetermined second time period, and 17 d)
returning to step al) if said second alafm flag is not set, or g) if said
second alarm flag is set, increment- ing a counter representing the
number of alarms given off in step b2), and h) if said counter exceeds a
predetermined numberedycing sai¢predeterniined secerd:time pesiod

toa ghorter duﬁ%tlconé%ﬁd i) returning to step b2). 5. A method according to

any na&ofifie pre- ceding @faims wherein the setting of the first alarm

flag comprised thet Stepsiot crfifting theatimbe? bf e a supphy Votage
falls bglowa predetermingd value-within-a dirst prive detefmined-detegtingn

time period, setting the first alarm flag if said number of ti h
| b E Al st arm flag of times reaches a
first §r‘gée ermsfnee(% value'within said first predetermined detecting time

period, and siting-&ff APARINERIIEEEN dERGEBF SaidP fir St A Fiag- "%
Whll%gmdingsga@@agn desing therwaemerprphase. 6sAcmethodt ime
according tg ¢ aim 5, wherein_ a/th cond alarm flag is set if, within said
first %?é: egerm?ne% de ggﬁﬁgr tﬁdﬁ%%gﬁo%?'saidﬁnumber of times reaches
a second predeteratines Vatus highér <) -

o, A method according to any one of the pre-
ceding claims wherein the setting of the first alarm
flag comprises the steps of

counting the number of times a supply voltage
falls below a predetermined value within a first pre-
determined detecting time period,

' setting the first alarm flag if said number of
times reaches a first predetermined value within said
first predetermined detecting time period, and

setting off an alarm in dependence of said
first alarm flag, while suspending said alarm during
the warm-up phase.

6. A method according to claim 5, wherein
a/the second alarm flag is set 1f, within said first
predetermined detecting time period, sald number of
times reaches a second predetermined value higher
than said first predetermined value.

7. A method according to claim 5, wherein the
number of times the supply voltage falls below the
predetermined wvalue within a second predetermined
detecting time period, following after said first
predetermined detecting time period, is counted, and a
third alarm flag is set 1if within said second
predetermined detecting time period, said number of

times reaches said first predetermined



than said first predetermined value. 7. A method according to claim 5,
wherein the number of times the supply voltage falls below the
predetermined value within a secondgredetermined detecting time
period, following after said first predetermined detecting time period, is
counted, and a third alarm flag is set if within said second predetermined
detgéﬁiHﬁ“time period, said number of times reaches said first
predetermiriad 28 nvalned8 SATREhDRACEOrding 18 chim S ShRdieiR ARAE
second alarm flagrs setif withinssaid first prege-rternined tetectingrtime -

period, said number of times_reaches a.second predetermined valug ;.. s
highsr tRansshi ¢ ShEtpredétérmined Value. or i% v%l't in'a second detectin

time:perioefolioving after satd fifst rprteteriined deieding thhé Peridd’
the pumber ?JrQH&Setﬂ@i%&plw@ita@e falis:belaw aspredeterminegecond
threshold value reag:hes saiqgirs predetermi e vgg{ee 9. Amethod s o+
accOfiig to 2Ry ond"of tf%epfe%%d-?ﬁgwél%Vr%%,gwherein Aftersaid
predetertmiredirst diméssencd af alaids RADHE a pretetdtiited ofd
of said first to third, alarmy flagss get. £81 Asmethbdwaceondingito-elaimis &d

e e e T e o s oo
to any:one of claims 9 | .

9. A method according to any one of the preced-
ing claims, wherein after said predetermined first
time period an alarm is set off if a predetermined
one of said first to third alarm flags is set.

10, A method according to claims 1 to 9,
wherein after said predetermined first time period an
alarm is set off if any one of said first to third
alarm flags 1s set.

11. B method according to any one of claims 9
or 10, further comprising the step of suspending new
alarms for a predetermined time after an alarm has
been set off.

12. A method according to claim 11, wherein the
duration of said predetermined time depends on which
one of the alarm flags caused the alarm to be set
cff. .

13. A hearing aid comprising,

a first timer timing a first detecting inter-
val,

a detector for detecting drops below a prede-
termined threshold value in a supply voltage for said
hearing aid,

4 first counter for counting the number of de-



or 10, further comprising the step of suspending new alarms for a
predetermined time after an alarm has been set off. 12. A method
according to claim 11, wherein the diration of said predetermined time
depends on which one of the alarm flags caused the alarm to be set off.
13. A hearing aid comprising, a first timer timi irst d ting inter- val,
a detecioPTor deteliny trops Beldw él&%déé?e%r?n\{ggd t%?sho d value in
a supply voltagedorsaid shearing afd! afiratBodnérfot tobifiting the™ = *
num?ertc_{fl e519r]c Ié%g%‘%@ &/\gthg%@@jg%ﬁemﬂtgjntﬁawﬁandim‘am f(?jrid
setfing an alarm flag if said number of times r. rmipedan
valiié withif 8 AR~ firdt et&ctig érvaafdan%gﬁaﬁfgingéfﬁ g{ﬁﬁﬁ%ﬁn ~
alaem dn-dependence ofisaitbalarin fiag,dvriesis- pedding ‘é%alr Y during
alwaém&%ehgﬁ%%sﬁﬁﬁqrm aid,aceording to.elaim 13, said hearing
aid firther comprising a second .cgunter fg G nting the number g1 d
consecutive HetectingGinter Yafs: in Which t E%stt alarm flag js set, 15. A
hearing sitiaceordirig 1o clincLAoR-StHEF COMGITSRG mgahs for ~°*
sus%%r&q;ggrp&wtq{gr%%@r predetesmined time=after rralarm hesdssen

Set%als, in which the first alarm flag is set.

15. 2 hearing aid according To claim 14, fux-

ther comprising means for suspending new alarms for a

' ' T n set off.
predetermined time after an alarm has bee



