1 A hearing aid adapted for issuing a notification and a method for issuing
a notification. The present invention relates to a hearing aid adapted
for issuing a notification and a method for issuing such a notification.
It is everyone's experience how useful a reminder to a specific event can
be, e.g. that a pill has to be taken, or that a phone call to make an
appointment with the hairdresser or the dentist has to be made. In
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remind the user of a specific event, e.g. that at pill has to be taken at a
specific time in order to keep correct dosage. While precise timing of
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said compensation factor value, when said predetermined notification time
has been reached and issuing the notification.



By storing a compensation factor value indicating a relative difference
between said first time base and a second external time base, the internal
timekeeping of the hearing aid, and hence the determination of when a
notification is to occur, becomes largely independent of any internal
deviation of the internal time base from any nominal value. Instead relying
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means for keeping an absolute time reference based on said first time
base, and wherein said digital storage means for storing data
corresponding to at least one time limit at which a notification is to occur
are adapted to store a time value with respect to said absolute time
reference. Keeping an absolute time reference may be advantageous if

track is to be kept of several notifications, as multiple counters are then
nnt neaded Accordina to a fiirther nreferred embodiment of the firet



According to still a further embodiment of the first aspect of the invention,
said hearing aid further comprises means for issuing a notifi- 10 cation
comprising audible words. Giving a notification including audible words
increases intelligibility, and allows people who suffer from mental
impairment such as dementia to better understand the notification.
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method for issuing, at at teast one predetermined notification time, a notification

to a hearing aid user wearing a hearing aid, said method comprising: storing, in
said hearing aid, data indicating the predetermined notification time when said
notification is to occur, providing in said hearing aid a first time base for the
determination of when the predetermined notification time has been reached,
providing a second, external time base, establishing a compensation factor value
indicating a relative difference between said first time base and said second time
base, wherein said compensation factor value is stored in said hearing aid,
determining, based on said data indicating the predetermined notification time,
said first time base and said compensation factor value, when said
predetermined notification time has been reached and issuing the notification.

According to a preferred embodiment of the first aspect of the invention,
said digital storage means for storing data corresponding to at least one time
limit at which a notification is to occur are adapted to store data indicating a
duration from the time when said data is stored until the notification is to occur.
By simply staring the duration from the time when said data is stored until the
notification is to occur the timekeeping may be realised in a very simple manner.
In fact all, which is needed is to store a time value and set or reset an
appropriate counter.

According to another preferred embodiment of the first aspect of the
invention, said hearing aild comprises means for keeping an absolute time
reference hased on said first time base, and wherein said digital storage means
for storing data corresponding to at least one time limit at which a notification is
to occur are adapted to store a time value with respect to said absolute time
reference. Keeping an absolute time reference may be advantageous if track is
to be kept of several notifications, as multiple counters are then not needed.

According to a further preferred embodiment of the first aspect of the
invention, said hearing aid comprises receiving means for receiving at least one
of saild data indicating the predetermined notification time and said
compensation factor value from a remote device. This allows for frequent update
of said stored compensation factor value, &.g.



30 cation with a remote device 2 via a wireless connection 3. The wireless
connection 3 is preferably a low-power radio connection with a range of
maximum 1-2 metres. The remote device 2 may be connected to other

W%ez\é%?%émre exemplified as a computer 7. In the illustrated,exaRpig-theo73

remote device 2 has wireless Local Area Network (WLAN) connectivity, 5
S0 as to be connected to the computer 7 via their respective connections

4, 6 to the WLAN 5. Other communicatign means such as Bluetooth could
also be implemented and used for the communication between the remote
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acceptablieniting exemplary embodiments, as presented in the appended
drawings. In the drawings,
20 Fig. 1 schematically illustrates a hearing aid according to the in-
vention,
Fig. 2 is a biock diagram schematically illustrating the notifica-
tion circuitry of the hearing aid,
Fig. 3 schematically illustrates a method according to the inven-
25 tion, and
Fig. 4 schematically illustrates a remote device for the use with
the method and hearing aid of the invention.
In fig. 1 a hearing aid 1 according tc the invention is schemati-
cally illustrated. The hearing aid 1 is adapted for bi-directional communi-
30 cation with & remote device 2 via a wireless connection 3. The wireless
connection 3 is preferably a low-power radio connection with a range of
maximum 1-2 metres, The remote device 2 may be connected tc other
devices, here exemplified as a computer 7. In the illustrated example the
remote device 2 has wireless Local Area Network {(WELAN) connectivity,



However, when it comes to the timing of notifications, such a deviation is
not necessarily acceptable, in particular if notification is to be 30 made
over a longer time span, such as several days. Here it should be noted

wibabikne:gpans over several days are only possible if the hegppgRiddSos0073
not switched off entirely overnight. It has however turned out that under

certain circumstances powering down the hearing aid 1 to main- tain only
minimal functions impose only a similar %rain on the battery of 6 the
hearing aid 1, as compared to e.g. switching off the hearing aid 1 opening
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aid 1 may typically have a relatively low clock frequency, of e.g. 2 MHz,

15  to keep power consumption down. In fig. 2 the time base is schemati-

cally illustrated as a clock 18 providing clocking signals for both a digital

signal processor 16 and memory 17. Though not iliustrated, the skilled

person will know that decimated or otherwise reduced frequencies may

be used for the memory 17. Moreover, because the available space

20 within the hearing aids of the BTE, ITE and CIC types mentioned above

is insufficient to accommodate a crystal osciltator, other means for gen-

erating the clock frequency are typically used. Oscillators, typically used,

may be reiaxation oscillators, which are less precise than crystal oscilla~

tors, and may be subject to drift or variations. For the normal operation

25 of the hearing aid, i.e. the signal processing, filtering, other processing

etc. this lack of precision is not of importance, and up to five percent de-
viation from a nominal vaile may be acceptable.

However, when it comes to the timing of notifications, such a

deviation is not necessarily acceptable, in particular if notification is to be

30 made over a longer time span, such as several days. Here it should be

noted that time spans over several days are only possible if the hearing

aid is not switched off entirely overnight. It has however turned out that

under certain circumstances powering down the hearing aid 1 to main-

tain only minimal functions impose only a similar drain on the battery of



20The compensation factor value may be derived by the digital processing
means in the hearing aid 1 using the input/output buffer 8 il- lustrated in
fig. 2. The input/output buffer 8 receives a stream of data from the remote

winihegsMia @ antenna 9 and a transceiver 10. Since the datagtfearbis /050073
received as a transmission from the remote device 2, the 25 data stream

will be based on the external time base of the remote device 2, and will
consequently be read into the input/outpyt buffer 8 at a rate reflecting this
time base. On the other hand it will be read out of the in- put/output buffer

8 at atiateseflegtiag the é&%dﬂigm’r@htimea@sgv@f&hlm@%afti)k‘:lﬁgeai%lé,wi@ ai(é 1
input/ t huffer control unit 11 is provided, pref- 30 erably implemente
inpthe |g¥i?{lg %%éfgé%s?gﬁlg?%pgdj@?ﬁﬁgnr%té’qivﬁ Which the content is read
out of the inpUf/CPICHERET Bregcho/prativan: Bitfer ewrsfsweakearwilakes

consegueritlydetect antkeesisackf des aliatbe deviaieniy e5def i the

agjU%J&etr%d%é%%@ﬁ%%diﬁ Qi%de]%gagﬁng aid 1. This second {ime base is
according to the preferred embodiment produced in a remote unit 2, by
means of a crystal oscillator, providing a remote device clock 19, see fig.
4. With the two time bases, i.e. first time base generated internally in
the hearing aid 1 by the clock 18, and the second external time base

10 produced externally in the remote unit 2 by the remote device clock 19 it
becomes possibie to establish the deviation between the time bases and
take this into account when using the first, less precise time base for the
notification in the hearing aid 1. This established deviation, may then be
stored as a compensation factor value. The compensation factor value

15 may be stored in the hearing aid 1, e.g. temporarily, before it is trans-
mitted to the remote device 2 via the wireless connection 3. In the re-
mote device 2 the compensation factor value may be stored in a more
permanent manner as a memory forming part of the digital remote de-
vice circuitry 20.

20 The compensation factor value may be derived by the digital
processing means in the hearing aid 1 using the input/output buffer 8 ii-
lustrated in fig. 2. The input/output buffer 8 receives a stream of data
from the remote unit 2 via an antenna S and a transceiver 10. Since the
data stream is received as a fransmission from the remote device 2, the

25 data stream will be based on the external time base of the remote device
Z, and will consequentiy be read into the input/output buffer 8 at a rate
reflecting this time base. On the other hand it will be read out of the in-
put/output buffer 8 at a rate reflecting the first intarnal time base of the
hearing aid 1. An input/output buffer control unit 11 is provided, pref-

30 erably implemented in the digital processor 16, to adiust the rate with
which the content is read out of the input/output buffer 8, e.g. to pre-
vent buffer overflow, and will consequently detect and keep track of inter
alia the deviation in order t¢ adjust the reading rate. Based on the de-
tected deviation, the input/output buffer control unit 11 may store a cor-



tected deviation, the input/output buffer control unit 11 may store a cor- 7
responding compensation factor value in compensation factor memory 12.
From the compensation factor value memory 12, the compensation factor

wialuesmeaydae read out and transmitted to the remote device gevigh8o7/0s0073
input/output buffer 8, the transceiver 10 and the antenna 9. The 5

compensation factor memory 12 and the input/output buffer 8 may
provided in a separate memory device 17 such as a RAM chip, or it may
be integrated as part of the digital processor 16. At the remote unit 2, the
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and the remate, device transceiver. 22, for the use in the digital remote 10,
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an event may be entered, and the corresponding time to elapse may

be calfdldti B R Gigit i procasser iRy arksT e digitarréiabee remote
deviceseikeuit:2@-pahe remote device 2. Having determined the time to

the notificatio ompensa-_tion factor.value from the hearing aid 1 .
may be re.trie\l?éJ }_ %%6{3 BL’OFlb %’s%% %y? Et’ﬁi;ec[fr%ug . oa}ﬁo%ﬁi%%{)ttlﬂbnr? a%%gr}%?h‘é” @
in boRAGTale tHe DS E6ipEhaktiérderdaskiastrieved in box 101, a

result in the famohdatebpiese nhagenduratiome mbtrifieati@taBe issued
expr first ti s calcul in,box 102, £.g..as a

numggﬁ?ac%ggﬁ%“cﬁig gﬁ?ﬁia?igs(é%?ﬁe@ga%?g i rrsées%gﬁd {ﬁéﬁ}% %hngedgosi%a 5¢
fithe RETRE M IEElFGHON is to be issued, e.g. keying in a specific number of

hours, minutes and seconds until the desired notification in the remote
device, say five 5 minutes as a reminder of a pot of tea brewing. In the
alternative, calendar information such as day, houtr, minute and second
for an event may be entered, and the corresponding time to elapse may
20 be caiculated by a digital processor forming part of the digital remote
device circuitry 20 of the remote device 2.
Having determined the time to the notification, the compensa-
tion factor value from the hearing aid 1 may be retrieved in box 101.
Based on the time to notification determined in box 100 and the
25 compensation factor vaiue retrieved in box 101, a result in the form of
data representing a duration until notification, as expressed on the first
time base, is calculated in box 102, e.g. as a number of clock cycles of
the first time base corresponding to the desired time to the notification.
In box 103, the data representing the caiculated result is trans-
30 mitted to the hearing aid 1 fram the remote device 2.
In box 104, the data representing the calculated result, and
thus indicating the predetermined notification time when said notification
is ta occur, is stored, preferably by setting a start value for a counter 13
to be decremented, see fig. 2.



In box 103, the data representing the calculated result is trans- 30 mitted
to the hearing aid 1 from the remote device 2. In box 104, the data
representing the calculated result, and thus indicating the predetermined

wiobiieatiasptime when said notification is to occur, is stored, prefgraily-R¥oo73
setting a start value for a counter 13 to be decremented, see fig. 2. 8

After having set the counter 13 in box 104, the counter is automatically
decremented in box 105 until zero is reaghed. When zero has been
reached, the notification is issued by the notification means 14, see fig. 2
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orderthe steone-anshkeendeaekdbsavaral fiadificationsteanedaenritydnttecouid

hearlgg Q'Qu%aﬁﬁ?%&%w e@r %%WSHG%%%W’EQE g?gég}écy %1 ® fa}JF|¥hSé£%Hower

to implement in t CEna signal processor 1 ou h
&érreﬁﬂg WRBRGFEPHICCAf UIRRE AL RESUIRING & 8RR BTERR ?eﬁfégéhﬂﬂa gtor-
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Correg%ﬁalﬁélt@tﬁéqmr% BntPERSPONding number of clock cycles have

passed.

20 Establishing such a counter 13 in the hearing aid 1, or rather a
suitable number of such counters 13, in order to store and keep track of
several notifications concurrently in the hearing aid 1, is presently pre-
ferred as such counters 13 are fairly simpie to implement in the digital
signal processor 16.

25 Even though it is currently preferred to caiculate a result in the
form of data representing a duration until notification, as expressed on
the first time base, it should be noted that it is also possible use the ex-
ternal time base. In that case the compensation factor vaiue is stored in
the hearing aid, and a data result corresponding to the duration until the

30 notification, expressed on the basis of the external time base, is trans-
mitted to and stored in the hearing aid 1 as basis for the counter 13 to
be decremented. However, as this necessitates the use of processing
power in the hearing aid 1 to subsequently compensate for the devia-
tion, rather than simply decrementing a counter, this is less preferred.



30 natification, expressed on the basis of the external time base, is
transmitted to and stored in the hearing aid 1 as basis for the counter 13
to be decremented. However, as this necessitates the use of processing

wrowes/iB1tire hearing aid 1 to subsequently compensate for theg@gyiaiionse73
rather than simply decrementing a counter, this is less preferred. 9

As a further, but also less preferred embodiment the hearing aid 1

includes itself an absolute time referencg, such as a calendar, keeping
track of the current time, e.g. in terms of year, month, day, hour, minute

and second, w@iragft.hraqeenmmmimy@méa@@@mm&iﬁs&ﬂma&armg aid
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Howenerasince dbisiresliie srey enriresteroureesd riba headng:aid it isime

f t her preferred .
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message, such as a eep may a SO OI‘ gener
Yreatlythiertrstaac tﬁéfﬁéﬁmé%i’c‘% m%m@w‘&% ke pBeargeam™-
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in which case on%y tmforma’mon lndscattng which message is associated

with the notification needs to be transmitted.

20 When the notification means 14 is to issue a notification a mes-
sage may be retrieved from the message storage means 15 and playved
back to the user. In order to alert the user, a precursor to the message,
such as a beep may also be played back or generated.

As already mentioned, the remote device may have wireless Lo-

25 cal Area Network (WLAN) connectivity, so as to be connectable to the
computer 7 if a WLAN 5 is available. The connection to the computer 7
may be used fore several different purposes. The computer 7 may run a
calendar software, in which the user may store calendar events with as-
sociated notifications. These can then be transmitted to the hearing aid 1

30 via the WLAN 5 and the remote device 2. The computer 7 may also take
over the calculating functions, which would otherwise be carried out by
the remote unit 2. The computer 7 then calculates the result in the form
of data representing the duration until notification, as expressed on the
first time base, cf. box 102 of fig 3. and transmits the result to the hear-



calendar software, in which the user may store calendar events with as-
sociated notifications. These can then be transmitted to the hearing aid 1
30 via the WLAN 5 and the remote device 2. The computer 7 may also
wiakeoemerdhe calculating functions, which would otherwise be€Eatried@ukoos
by the remote unit 2. The computer 7 then calculates the result in the form
of data representing the duration until notification, as expressed on the
first time base, cf. box 102 of fig 3. and {ransmits the result to the hear-
10 ing aid 1 for storage in the counter 13. If a calendar function is
implamgatediifdhessapannife? cAneREMPBULET 7 fARMAISOIPEUSAII0mple-
?V”CWE%H%% t.*%etﬂ'% <PRIMDGR. Rf theyremote UpIt 2,with a precise date and
time reference such as internet tire, i.e. time information ownloadeéqs
from THECIMEIHEE MBfeSVEN Bt Uter T inayibe WYEl fopiedsrdinge and
storinger trerasemiting approphiate: sessagesdotthe: heasingaish léoknicaded
stor ' , allowing t be presented audibly to..
e by e e S B P S ol i,
howeV€f "8 afz e that THESH aP@RSINR BXEnTRES WISk Heréd A ehednputaid7 hdor

is usetutiyshie: coatexishtRerpeasent, iavewiion thkle be presented audibly to
the user by the hearing aid 1 upon notification. The skilled person wili,
however, realize that these are only examples of where the computer 7
10 is useful in the context of the present invention.
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PATENT CLAIMS 1. A hearing aid adapted for issuing, at at least

one predetermined notification time, a notification to a hearing aid user

wearing the hearing aid, said hearing aid comprising 5digital circuitry

including a digital processor, means for generating a first time base

for the digital circuitry of the hearing aid, digital storage means for

storing data corresponding to at leastygne time limit at which a notification

is to occur, 10means forestablishing a compensation factor value

indicating a relative différehcE Hatween Sald fitsttifle Base and a second

exterrial fimedase produiceddd &oreiswtindevice digital steragedmeansdat noti-
._storin id ) ' t : ns_ for. detarminj . :
e e e e e e, sai
hegiing i &A@ SaiBccompensation factor value, when said predetermined

notificatior time ihas/neen deasched ang issitagsthe notification. 2. A

hearing aid according to claim 1. wherein said digital_ storage means for

s et et e e G e o R
hedsig@ eddoccur are adapted to store data indicating a duration from the time

when $3id-dai@ s glorechuatishenAtticatien i3 1R066HkHINg to & Rast one time

hearing aid accorg mg to any one of claims 1 or 2, wherein said hearing

limif 3 uhishse O MELRE IR RedpftiGUn absolute time reference based on
said first dimefbass pandniviiereincsajd: digital rsttrage weansifalisioraga relative

diFAPLR GO ARIESR UIINGHLR ARlEast QNS Ime Juni A Whigh 3ABICBYOR R oduced

to occur are
in & remote device,

digital storage means for storing said compensation factor value, and

means for determining, based on said data indicating the predetermined
notification time, said first time base and said compensation factor value, when
said predetermined notification time has been reached and issuing the notifica-
tion.

2. A hearing aid according to claim 1, wherein said digital storage means
for storing data corresponding to at least one time limit at which a notification is
to occur are adapted to store data indicating a duration from the time when said
data is stored until the notification is to occur.

3. A hearing aid accbrdimg to any one of claims 1 or 2, wherein said
hearing aid comprises means for keeping an absolute time reference based on
said first time base, and wherein said digital storage means for storing data cor-
responding to at least one time limit at which a notification is to occur are
adapted to store a time value with respect to said absolute time reference.

4. A hearing aid according to any one of the preceding claims, further
comprising recelving means for receiving at least one of said data indicating the
predetermined notification time and sald compensation factor value from a re-
mote device,

5. A hearing aid according to claim 4, wherein said receiving means is-
adapted for wireless reception.

6. A hearing aid according to any one of the preceding claims,
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adapted to store a time value with respect to said absolute time reference.
4. A hearing aid according to any one of the preceding claims, further
comprising receiving means for receiving at least one of said data
indicating the predetermined notification time and said compensation
factor value from a re- 30 mote device. 5. A hearing aid according to
claim 4, wherein said receiving mean%?s adapted for wireless reception.

6. A hearing aid according to any one of the preceding claims, 12 further

FUrE B Y B A8 8P R & Hffé{‘HStﬁ‘ié‘é’ﬁEW%ﬁﬁ‘fbﬁ%fﬂa"éﬁjaﬁof’é-‘%llas‘{" ords.
7. A methodchtghissiimgisatiatd eastone predete pminedanotifieatioottiinetian time,

a %C%Wii%igﬁ EB q 'Px%%?!%%?g%ﬁ?&v‘(ﬁ@éwgaé‘ﬂ%ﬁ%gt'gmﬁaﬂEH’%'%‘BQod compris-

comprising: 5storing earing aid, data indicating the

indredetermined notifica- tion time when said notification is to occur,
providingringaid hearing aitha tingt tiaesbasedan tberdeterairationiabd notifica-

tiow@.en th%gredgit %mgggaﬂgtifi.cagion témre has been reached, providing a
seé@ﬁd‘fvexpefna time base,ribc’es[fa%lsLhing a compensation factor value
indicafingvidrefntivesdifferencig aid a first time base for the determination of

when the predetermined notification time has been reached,

providing a second, external time base,

establishing a compensation factor value indicating a relative difference
between said first time base and said second time base, wherein said compensa-
tion factor value is stored in said hearing aid,

determining, based on said data indicating the predetermined notifica-
tion time, said first time base and said compensation factor value, when said
predetermined notification time has been reached and issuing the notification.

8. A method according to claim 7, wherein said data indicating the pre-
determined notification time indicates a duration from the time when said data is
stored until the notification is to occur.

9. A method according to claim 7, wherein said data indicating the pre-
determined notification time indicates a duration from the time when said data is
stored until the notification is to occur, and wherein said data indicating the pre-
determined notification time is compensated with the compensation factor value
before it is stored in the hearing aid.

10. A method according to claim 7, wherein said data indicating the pre-
determined notification time indicates a time value with respect to an absoiute
time reference based on said first time base.

11. A method according to any one of claims 7 to 10, wherein at least
one of said data indicating the predetermined notification time and said compen-

sation factor value are transmitted to said hearing aid from a remote device,



between said first time base and said second time base, wherein said

compensation factor value is stored in said hearing aid,

determining, based on said data indicating the predetermined notification

time, said first time base and said compensation factor value, when said

15 predetermined notification time has been reached and issuing the

notification. 8. A method accordjng to claim 7, wherein said data

indicating the predetermined notification time indicates a duration from the

time when said data is stored until the notification is to occur. 9.A

methotlzaceending tocledmiihanerainrsait, dataiodicatingthe preide base is
gegg‘tgggg:'ng Q%tlflcj%tl Hmﬁ indicates a duration from the time when said

ata is stored unil t%e notification is to occur, and wherein said data
indicafifig ﬁn@ﬁ’f@@lét@@ﬁﬂf@ﬂ%@ﬁffdaﬁ“ﬁrﬁlrﬁé iscampepisasediviigitaission is
5 wilcogapensation factor value before it is stored in the hearing aid.

10. A et%od ijd Ialm 7, wherein s %da a indicatin the\ﬁge -25
deter ﬂ‘%l% LY AN Mﬁ%gpég erein said
noabsaiute ﬂnaeme@renc@b%e@@sswd first time base. 11. A method

according to any one of claims 7 to 10, wherein at least one of said data
indicating the predetermined notification time and said compensation
factor value are transmitted to said hearing aid from a remote device. 30

13 12. A method according to claim ii, wherein said second time
base is generated in said remote device. 13. A method according
to claim 11 or 12, wherein said ansm ssion is 5Swireless. 14. A

method according to any one of the claims 7 to 13, wherein said
notification comprises audible words.



