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WO 20071045276 PCT/EP2005/055348 HEARING AID COMPRISING A
DATA LOGGER AND METHOD OF OPERATING THE HEARING AID 5
V@&%&gﬁgquD OF THE INVENTION 1. Field of the invention 10 The
PCT/EP 0@5/0%5348

presen hvention relates to hearing aids and to methods of operating
hearing aids. The invention, more particularly relates to logging in a
hearing aid of data pertaining to the acoustical environment. 15 2.
Description of the related art A publication Cummings, K. L., & Hecox, K.

E. (1987). Ambulatory testing of digital hearing aid algorithms. RESNA '87

. groceedln s of the 10th Annual Conf ere ce on 20 Rehabilitation

ehnology Juna 1023487 SaR 1658 Eaffomia; 3855400 Siggetie™™e P

portable umt for serving as a prototype hearing aid for testing signal
processing algorithms. For providing an acoustic description of the
listening environment, maximal and minimal sound pressure levels are

recorded each of a ﬁﬁﬁﬁ%%‘ﬁ]@ﬁ&%é@?@ﬂé@?ﬂmmm value

assumed to represent the background noise 25 level and the maximal
value assumed to represent the speech level. The data may be
represented in histogram form. The processor reads switch toggling. The
1. etdofdesigredttorpermit retrospectively correlating the statistics of the
patient's decisions and the environmental acoustics. 30 A publication

"Description of MemoryMate /HA fitting. Data logging." 13th Danavox )
Treypiprssit veRtiepeicidss a9ty aiksiand @H@gﬁﬁﬁi%@fmﬁrﬁmm@a”ﬂg

aid OFHRMNERARR0 HRAB Z7H RGIEHREAASHORD Shing in a hearing aid of data

pertaining to the acoustical environment.

2. Description of the related art

A publication Cummings, K. L., & Hecox, K. E. (1987). Ambulatory testing of digital
hearing aid aigorithms. RESNA '87 proceedings of the 10th Annual Conference on
Rehabilitation Technology June 18-23 1987 San Jose California, 388-400, suggests
a portable unit for serving as a prototype hearing aid for testing signal processing
algorithms. For providing an acoustic description of the listening envirenment,
maximal and minimal sound pressure levels are recorded each of a number of
sampling epochs, the minimal value assumed to represent the background noise
level and the maximal value assumed fo represent the speech level The data may
be represented in histogram form. The processor reads switch toggling. The unit is
designed to permit retrospectively correlating the statistics of the patient's decisions

and the envircnmental acoustics.

A publication "Description of MemoryMate /HA fitting. Data logging.” 13th Danavox
Symposium October 1988, 392-393, explains a hearing aid with multiple program
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memories and with data logging for keeping track of how many times the

wearer has selected a specific memory and the total time each memory

was used. EP-B-335542 describes an auditory prosthesis having data

WE GG Bapabilities. The 5 memory may permit recording of PCT/EP2005/055348

environmentally selected events, suc?1 as selection of settings,

parameters, or algorithms, where such selection is based on an

automatic computation in response to the current sound environment of

the wearer. In a preferred embodiment, the method of determining the
meaadsFasaninoiake laaee o e edirfing TRy iR dIREg iRty carer
h&f faeersien abbymaRRIENIAR $680NAR dAuKatiemefusasiieath

setting is then stored in units of two minutes. In a modified embodiment,

the datalogging may be implemented in a remote control unit. The
EReBuing Bt tescahdatanfacdijpey mitisigesendanvindatate depagndriepatilitestd he
R RO e FradshARdSaf SHONGHRAAMNANCRCOIANG I Stgheh s

ata of a heati

! ing prosthesis "in combination with"values of algorithm
sqlapliaTe Rl rsedinDBiATREIGIRIF pRIGESSIE MBI BiNH BT SRieCHPthis based on

aP'estbesite Tomprutisionalidaiansaysompriserthe digital émubaigeat of the
itself or the digital input signal may be r<?corde£gin,{a dat%-relggcv% ufosgrpo.r cach
TN e i T P

es an tempora
of eaduies dfdbe2Ritigitalntmutisigial aTe sapuesignaf thaordaydowprigautes

(Jatistical meapiies SUSP A% IQPGIRIM QYRIAOR SRRAradPEak@Nhits of two

minimum spec ra_, average Or peak mstantanequs |nput sou_nd pressure
mievites, dmglimedifiesrienhedinantishe ditaleging gigiabmhinpiggirited in a
rdRiR Sigialidaia may haalifgrnesiately FeeededibhaiNpig¥endingattalogging

_device, e.g. a data RAM. The intermediate data may subsequently be 25
IndpoRR AT PP RIERENT G ta space at a substantially more infrequent rate.

in event- driven data logging, the input signal data and the values of the

eAr| thesis. variable . r dafterasleyddtnesi
Erigggérgé?/éegn?t.S,Ecﬁne";?ik)l%gﬂ#s?g]é%réﬁ% rln dﬁ%%dg m%aa\?é‘r_iqus types o e‘sm
imannebicalidataiid alistegphaigaighm parameters of a digital signal processing

algorithm executed in the prosthesis. The input signal data may comprise the digital
input signal itself or the digital input signal may be recorded in a data-reduced form.
The input signal data may comprise spectral features and temporal features of the
digital input signal. The input signal data may comprise statistical measures, such
as long-term average spectra, peak and minimum spectra, average or peak
instantaneous input sound pressure levels, amplitude distributions statistics etc., of
the digital input signal. input signal data may be intermediately recorded in a volatile
storage device, e.g. a data RAM. The intermediate data may subsequently be
stored in the persistent data space at a substantially more infrequent rate. in event-
driven data logging, the input signal data and the values of the hearing prosthesis
variable may be recorded before and after a relevant trigger-event. A flexible
Histogram module can map various types of numerical data to a histogram and

store a set of histogram data.

US-B-6862359 suggests obtaining real life sound recordings by passing a signal
through an input signal path of a target hearing prosthesis.
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store a set of histogram data. 30 US-B-6862359 suggests obtaining real

life sound recordings by passing a signal through an input signal path of a
target hearing prosthesis. WO 2007/045276 PCT/EP2005/055348 -3
WRARIM73%456 suggests collecting statistical data charactel&iH2005/055348
physical or psychological properties gf environments in which use of a
hearing aid is desired. Data to collect'could include levels and spectral
distributions of sound across time. 5 The hearing aid may act as a data
collector. US-A-20040190739 relates to a method for recording

information in a hearing device or in a recording unit. Acoustic signals

WoRK-be/sag8eled Bydie nigrenheneBiatslicabgatanaaadidng physical or
amplitude percentile, or general sgatial or ctral Iey I ig distribution

P R ) R ORB Gk S SR IS bR et &, g e’ desired.
Ddiattﬁ)uﬁtimctmmﬂ iyhedadpistin ant digiiticiahs intaytibesstd e nbhacusey time.
8% 108457 6390z oping apualy. EP-B-0732036 explains a

, W

processing circuit for a hearing al ich circuit contains 15 a control
circuit for continuous determination of a percentile value of the input signal

uggiin%@cgm@mf 3 ﬁﬂ‘@t’?@?%a’éldi_rﬁémbl@tiﬁﬂ Q%}H@ﬁcﬂ?@ﬁﬁgﬂim&f@{lﬁ”%ldfaring
istribution of the input signal. Logging in a hearing aid of dat tt

deig AR R FRARSARR L %\?&%%‘{‘?0%92%?&%%%&%{%?%%‘@ 4 a?n'?ﬁ%%’ one.
Stirieticabzndy eapatithepioteitade capasitjierut malmbhqﬁmctra! level
dl%%%%l{? (,Jf %%@%ﬁcb %ﬁ%“ggtgﬁ @'%@E?rﬁlﬁr%'giﬂg%@ qﬂ%dm?éﬁ%g%\aﬁﬁd type

Sseparaté 1rom the hearlng ald, may easy the constraints but on y comes

disfjiintetheperbiypeasibetpegetisiiRHiopuB AL fgHOBRviFbRrHERE 8f thie fitter
cHVEIREINE R RG Aty

EP-B-0732036 explains a processing circuit for a hearing aid, which circuit contains
a control circuit for continuous determination of a percentile value of the input signal
from a continuous analysis and evaluation of the frequency or ampii?dde distribution
of the input signal.

Logging in a hearing aid of data about the acoustical environment is subject to
severe constraints pertaining to size, memory capacity, processor capacity and

power consumption.

Logging of data about the acoustical environment in a dedicated device, separate
from the hearing aid, may easy the constraints but only comes against the penalty
of not getting the true acoustic environment at the levei of the hearing aid
microphone, therefore being of less value with a view to providing data for

permitting optimising the hearing aid settings.

The logging data will normally be available to a fitter who will transfer the logging
data from the hearing aid during a fitting session. Normally, the fitter must initially
program the hearing aid according to general fitting rules. The user will then start

using the hearing aid, and he or she will in most cases later revert for a foliow-up
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microphone, therefore being of less value with a view to providing data for
permitting optimising the hearing aid settings. The logging data will
normally be available to a fitter who will transfer the logging 3o data from
the hearing aid during a fitting session..Normally, the fitter must initially
program the hearing aid according to general fitting rules. The user will
then start using the hearing aid, and he or she will in most cases later

sessieMehera hellensHe «4msessioss Whernsithe exsbesrR drgusstiedndalior fine-
experlence and any desires for fine- tuning. The fitter can then advise and

tuningy;l 8edLtah SRIpHIRE. 3¢ iR AR RS 25 ARPIRE TR S BARRG S about
the ifigreacesAkbandabeutdeiagaistisenyionmastaveulsidemimaigtent would

advanta for understanding and, investigating options for improving the 5
be RPN S S LRRAIRG Sy RSB R RS BARp Ao the
prog?émrﬂxtﬁgaﬁsm@teabfmmﬁa@m@gamoma‘mm@@gdartttsahﬁaesugqi@an

aggregate sufficient data for an early follow-up visit to the fitter, if
necessary. This requires a high sampling rate in the logging. On the other

TherBaigathiteriesa igsitslifnintpwdngmidalsorangdimedogeingse-¢4aggi8eegate
for the entlge service I|f fthe hearin %ﬁj deS|r that IS not C?ngatlb e
sufiGiRRt £Aigh %%ﬁfblﬁ?d’*}’a 8 tﬂ"\’h‘éﬁo‘ﬁﬁ‘ﬁbﬁ) éﬁﬁ{er requires a
high iBxrpied hegringtbidsoggivgll @ ithproves tmlmlqtue@fw dagging ebdptaviding

oo e e et S M B 8 e .
desiretinds sbopsigiutibkeaitnos 2yaidataking teomentionsggiaguirements

and drawbacks of the prior art into account. In accordance with a first
aspect of the present invention, there is provided a hearing aid having an
Thuénm:@a@samddoph@wmmgcanawmwdalaa hediring isgh norame ssohfdgues for

| roc dts?g% uttS| al to produce at least o pe output signal, an
Slofel it Sut &?u png o he' a2dlIShc Ehdironmen

SUMMARY OF THE INVENTION

Example embodiments can provide hearing aids and methods of operating hearing

aids taking the mentioned reguirements and drawbacks of the prior art into account.

tn accordance with a first aspect of the present invention, there is provided a hearing
aid having an input transducer for providing an input signal, a hearing aid processor for
processing said input signal to produce at least one output signal, an output transducer
responsive to said output signal, and a data logger receiving said input signal for logging of
input signal data, wherein said data iogger comprises means for automatically selecting a
rate of logging wherein the rate of logging typically starts at a relatively faster rate and
subseguently decreases over time, means for storing the selected rate of logging, and 2
characierisation unit for characterising and logging at least one of the following parameters

of the sound environment: af least one slope of the sound spectrum of said input signal
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25 responsive to said output signal, and a data logger receiving said input
signal for logging of input signal data, wherein said data logger comprises
means for automatically selecting a rate of logging wherein the rate of
logging typically starts at a relatively 4aster rate and subsequently
decreases over time, means for storing the selected rate of logging, and a
characterisation unit for characterising and logging at least one of the

data felIaw&&eamne&ws@@@@ﬁamadamva eusdthaldeass anrpls®®hoise of
the sound sp ctrum of said input signal -4a- data; a modulation of said

SR GH2- and a sound pressure level of the noise of said input
S|gnal data. In accordance with a second aspect of the present invention,

I e R R b B e i s
aid sgstenpabsigneihcash dein dvaidhproogsa0s ferphodessth esaiod s feiginglao input

transﬁ[%u‘?@r%cﬁﬂﬁngraﬁ %HQP§ ighnal, A8 QP YA BRIAUEES FESPYSLEHD saud input

said output s% nal, and a aalo ger recelvmg said portion of said input
signaj; Eha*’%?%gfé 6%1‘%%8%“8@&&’6%&"\/&%% féﬁﬂd%ﬁ%ﬁfé’ﬁ@?'%ﬁr?p?@@so“’w
sngnan%mséoﬁautm@gekcaél@ese@cuagi prafernil G4y ging: wibeseifothegsite aff input

ssgnAPQQJQ%{Q %”g ?dadg%af%a@ﬁg ;é@ﬁt L i%pg %Wgﬁﬁﬂg%tgectlnﬁ a rate of

decreases over time, me for st rlng t e se ecte rate o
loggipgargbrRifFatiba UA ﬁf&fcmeﬁertzm@aahd%&g i af |SaStinaly dﬁﬂ’ﬁ@ rate and

subs@l@ﬁt%&@?@ﬁé@tﬁb&e@ﬂh@ aaeadsewmmgrth@eaeaeanetelep%@bm@ and a

ectr of said jnput sgngl data amod lation L

chara&en g rcharacg 1Zin tlea onec de gql f;éaa meters
signa an a soundpressure Ie en0|se of sai inpu

of th@laaurandrfmr@drfmfmetb?eatsmat@@er Oﬁvtﬁer@wméwadremo@gmgiumut signal

data SHAHEELIMANY %@sﬁ‘{y@t Q%%réﬂga%éd%n@r@ é’éﬁhﬁﬁ%ﬂe‘é@lﬂé‘@/é}e&rﬂtﬁ@ @R of said
are ada&ted to cg;)erate in time synchronlzatlon In accordance with a third

Input B it S PTLiS IAVETRIOH, PSR {ovitiBa 8 i 9 £'2g99ing is shared

amompesdtingoahkeaningidd aumphisiay: seideivimgssningpaitsigreabaaotsatdvidprgate in
time %*@ggrﬁzﬁ%@on of said input signal for further processing; processing at
least said portion of said

in accordance with a third aspect of the present inveniion, there is provided a method of
operating a hearing aid comprising. receiving an input signal and providing at least a
portion of said input signal for further processing; processing at least said portion of said
input signal fo produce at least one output signal and outputiing said output signal;
automatically selecfing a rate of logging wherein the rate of iogging typically starts at a
relatively faster rate and subseguently decreases over time, storing the selected rate of
fogging, and characterizing and legging at ieast one of the following parameters at least
one slope of the sound spectrum of said input signal, a modulation of said input signal, and

a sound pressure level of the noise of said input signal.

In accordance with a fourth aspect of the present invention, there is provided a computer
program comprising executable program code which, when executed on a computer,
executes a method of operating a hearing aid comprising: receiving an input signal and
providing at least a portion of said input signal for further processing; processing at least

said portion of said input signal to produce at least one output signal and outputiing said



10

input signal to produce at least one output signal and outputting said
output signal; automatically selecting a rate of logging wherein the rate of
logging typically starts at a relatively faster rate and subsequently
decreases over time, storing the selegied rate of 25 logging, and
characterizing and logging at least one of the following parameters at least
one slope of the sound spectrum of said input signal, a modulation of said

outpwmngn@@raatomtcmmmmg%w&Ief/&iggtﬁ@aztﬂ@@qhéaﬁtérmhg@ﬁ@hyp;ea|sy

starts 3 gcrce) qwe ef\é\g hrara}c%arltn% asu%%g( chrt'hg eg%rs eanstelg \éegflg) sEf\orm tge selected
prowde mpu program comprising executable prd ram @
rate YHRSYINgh&NeRBaleigon s eompueing ekdeasesremethedadPoperangmeters at

least MRRTNLRIG GRIENIHAGERERINVNG @eﬂdﬂﬂﬁﬂt%@%l ang peyiging-atdeashd input
ort| n of safg input si naI’foéPrther roces B%%Processmg at least said
Slgn% Hi87 5PE8 p?ﬁ?ﬁt”é‘? RETIB! BrE A &t Rgy! 8\9&% signal and
outputting said - 4b output signal; automatically selecting a rate of Iogging
wherein the rat of lo II rts at a relatively faster rate.and
Ao Y EEST AnS I MR T R S SR B R TR rovioing
an mmrﬂ siacictdrizag) and kiggaipeatdeasirgnehafrthe! ficd oaining Eremsters attion of
least,one s Pg f the sound spectrum of said input si naI a
saic B o e e DR S b TR BB et
signzsh@uaitd&lsoaﬁﬁdt&%dmeaduéauhgmtm loaspatt Iﬁfassdneenpaﬁponsrve to said
erf LpLoviding, an |np at least one si cessing.
outpuﬁ qrecgllvmg a% eaEs por ioh Of %@%’ﬁ%m s'?gonna%? é?zg‘r)mgp I gfgnai for
iogglp@@ésspufm@nad:e@mgr@mdemﬁmd aigaibgymit dhsigisalsta mioaiamatsation

leas t g t resppnsive t sald u

oic E1LHSESHTL R0 AR IORUETL SRR ST, e

memogyumyjtdbirgotisigsaldl arrawisesm said data logger comprises a
characterisation unit for characterising and logging parameters of the

input signal data, and a memory unit for storing said parameters. -5-
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The provided data logger enables to characterise and log parameters of

the input signals. According to an embodiment of the present invention,

the data logger characterises and logs two basic parameters: statistics of

features that characterise the soungl environment (so called histogram

logging) and the time the user is using 5 the different programs available

in the hearing aid (so called usage logging). Also disclosed is a method of
The gpeyiirfh dohedragedierappFisthghosumteree P nnsars esnspeging the input
signsHEUsic lRatEeaLArIANELN (Be SounsQUiONMERN S URE dogger

user is using different programs available in said hearing aid. 10 Other
charagissiagsaAbhiRa NGRS RAEXAMSIE ehidbdlicreafSoalpRedn®d Ahgracterise

the s%‘ll%r %‘?NF‘B%'%%J?@BV&Q%Q%Q{SS@%%‘?&%}%ﬁ%‘ ﬂﬂecﬁﬁi%%%oﬂs‘@mh using

the accompanying drawings which'illustrate by way of example,
the d@ﬁﬁ@ﬁfé@@ﬁﬁ@ﬁrﬁ)@iw 1'5@%('@3[%@ P‘TF@NIGQF“% 1099'”9)

DRAWINGS The invention will be readily understood by the following
detailed description in conjunction with the accompanying drawings,
Also\HERAFAite Fefdraneth Atnfér AR eraliagsignBRANINS sRIELIGRINBISKENtPaging of

paraﬁ@é&%%@%%é&ﬁ%&%m% RgRmAERGeRENGAKN environment

according to a first embodiment of the present invention. WO
and Y5otiTR Soesp STYRIPE CHBAGES PAGOIE MR E Yalak S epRdfi O BRIEND aid.
diagram of a hearing aid according to a second embodiment of the

present |nvent|on 5 Fig. 3 is a schematic block diagram of a part of a
Other eapics 4P GhEoRIREAT IS PRAEMMNR BN Pecome more

apparent from the foliowung detailed description taken in conjunction with the
accompanying drawings which iliustrate, by way of example, the principles of the

invention,

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be readily understood by the following detailed description in
conjunction with the accompanying drawings, wherein like reference numerals

designate like structural elements, and in which:

Fig. 1 is a schematic block diagram of a hearing aid according to a first

embodiment of the present invention.
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Fig. 4 is a more detailed schematic block diagram of the percentile

detector depicted in Fig. 3 according to an embodiment of the present
invention. 10 Fig. 5 depicts examples of hypothetical sound environment
profties/éesfwur hearing aid users taken by percentile estimatorspyarsiras4s
frequency range of the input signal. 15 DETAILED DESCRIPTION OF
THE INVENTION Fig. 1 shows a heaﬁ’ﬂg aid 100 with at least one input
transducer 10 which provides an input signal, at least one signal
processing channel 20 that receives at least a 20 portion of the input
signal, a hearing aid processor 30 that processes the portion of the input

Ffégﬁa' 1Q Rjodyce alle BW%&%JIQH{[ o0k d0, 38 UPYLEARREET 2 econd

hich is responsive to the output signal, and a data logger 60 that
erapediesthof SrrtiaseMhevRiBidsignal and logs the data of the portion of
the input signal. The data logger comprises a characterisation unit 70 that

characterises and lo Z}E5§§rameters of the input ii}%nal da% and fgrthe{ N
Fbriprided SHIEHBR WrEAG RUESTed FRLS DA Aalah SR aagiringgto 2
emfagirethefdatadegget BOaemives the input signal from the transducer

or microphone before the input signal has been subject to any significant

30 shaping by, e.g., the hearing aid processor 30. WO 2007/045276
FRC#/EFG0S055 Srsaledrrerespiin dlptedingram sHohscqsirryits getector

(S8F8d preRpdinestafiferiesemolINRHIN iRaNitisdeeninmsiosignal of

the input transducer 10 is received by a filter bank 15 which separates the
input signal in, e.g., 15 frequency bands. This means that the output of
Fiae Jilteddpints iretaerisbowdn ghgigpibepoatessimg chavinehfwntherofiles for four

hearing aid users taken by percentile estimators over the frequency range of the

input signatl.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows a hearing aid 100 with at least one input transducer 10 which provides
an input signal, at least one signal processing channel 20 that receives at east a
portion of the input signal, a hearing aid processor 30 that processes the portion of
the input signa! to produce at least one output signal 40, an output transducer 50
which is responsive to the output signal, and a data logger 60 that receives the
portion of the input signal and logs the data of the portion of the input signal. The
data logger comprises a characterisation unit 70 that characterises and logs
parameters of the input signal data, and further comprises a memory unit 80 that

stores these parameters.

As iliustrated in Fig. 1, the data logger 60 receives the input signal from the
transducer or microphone before the input signal has been subject to any significant

shaping by, e.g., the hearing aid processor 30.
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5 hearing aid processor 30 as well as the data logger 60 is processed in

15 different frequency bands. The output signals output from the hearing

aid processor are then further processed in summation circuit 35, an

WpBrasmpKfier 45 and the output transducer 50. 10 AccordifigyEa2895/055348

embodiment, the data logger 60 of hearing aid 200 comprises a timer or

trigger unit 75 so that logging may be‘timed. Logging may also be

triggered by an event, such as the pressing of a button (not shown) by the

hearing aid user, reaching a particular state in the processing in the
Fipearingaida dreapaytivdl 208tarsdriihe Rcausioataropedenent ®f the present

inCSeULinaiRianatRshemRasimentibe ke gendtdt e RBansy ) 80fiter

of the hearing aid will be réad out as part of a fitting session via an., .
bapte iR M FHISERB BIFS NFHERh ST ParfPindS EMERCYG ik iHUELH5A"S
thatamndasdiN® Atridritisterdaren 20 ARsionding sipasni embedsingntivirtthel for the
resent invention, the memory unit 8Q.of heari | 0 r :
e R 80 Shs e St
frEepERO Me0s THeelogtint sigreshodkubéerstihp heping &l torasespphgethen

fUDRIP YRS GG Y A RERBO MrLi5298, Adradesoff shpitidbesdaiilthe output
between early gathering of sufficient data and avoiding breaking the limits
trgsg8eeEBEROM writings. According to en embodiment, a frequently

sampling of the data logger 60 is provided, e.g. every second, in the early

hases, and then lowering the ratg i b .
RO TR e TR TSR oA et SRR 09 80 s o
tinvirere tiggersenit @a be hadeggingoroayeenord fleefEngyaRsa gy triggered

S r fing-tuni - ' ' ! i
DT AT 8o s et ahiing S b o, e o

rapRBING\RPBHIE WAL AR TR RERLESENB B DG G A &It &t BT
inGARaI, 9 Kegrbheharrecord of the gear-shiftings.

According to another embodiment, the data logged in the memory unit 80 of the
hearing aid will be read out as part of a fitting session via an interface unit 110 by

relying on a programming interface, e.g. the industry standard NOAH-Link interface.

According to an embodiment of the present invention, the memory unit 80 of
hearing aid 200 comprises a volatile memory, e.g. a RAM 85 and a non-volatile
memory, e.g. an EEPROM 90. The logging rate should be set appropriately {o
economise memory capacity and EEPROM usage. A trade-off should be found
between early gathering of sufficient data and avoiding breaking the limits on
EEPROM writings. According to en embodiment, a frequently sampiing of the data
logger 60 is provided, e.g. every second, in the early phases, and then lowering the
rate in subsequent stages, e.g. to once every 4 minutes. This would fit well with
normal usage of the hearing aid, where the user can be expected to come back
frequently in the early phases for fine-tuning of the hearing aid, and then later on
only with longer intervals. A so called gear shifting could be automatic, i.e. friggered
whenever one count has reached 255. Obviously, there must be a capacity for

keeping a record of the gear-shiftings.
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WO 2007/045276 PCT/EP2005/055348 -8 EMBODIMENTS UTILIZING
BINAURAL MEMORY 5 Logging requires substantial memory capacity in
order to keep a detailed record, in particular for logging of sound
snyirenmems. As the sound environment at the two ears of ghhe/uBawR55348
substantially the same, this could in the case of a binaural fit (the user
has hearings aids for both ears) be exptoited in the way that the load of
logging was shared among the hearing aids, e.g. each hearing aid logging
a 10 specific category of input signal data, which data would later be
transferred to, e.g., a computer, which would analyse them in concert.
According to an embodiment, the analysis software could be
implemented as part of the fitting software. Binaural logging in

EdRBiH b TGitH E A Sy dhoSatitiEbiRbNg the hearing aids 15 will
permit the recording of data about the spatial sound environment.
According to an embodiment, in the case the user has two h ari[\lg aids,

LRGeS RS R BB HTE YRR RAG B G il iR 1B GRS record, in
pRafeunetersiofiheyselmslirengirdnmeninepresénieshbedleenputrsighat the two

data of the input fransd f hoth _hearing aids | s .
R TR B o R s 3 e Barary 30 Ol e P (e
usRishENBRIYERTS T IbeNGEl SEOBRIARY DTGB 5! Mk ibgrdpad of

lc%%@giﬁgm?égnﬁ‘ihﬁ%% tRenlAAPInGE Of ABERR) PREAM LGS e WEHC R IHGCART198gging a

e sound environment: 1) The slope of the sound spectrum 22‘ The
SRRSIARPOSTTRE S ol Saife YRVED SR YRYEL 2y R Yfansferred to, e.g.,
sEmbedinemsictiiring theaslepehehihe sonndispectiuting to an embodiment, the

analysis software could be implemented as part of the fitling software.

Binaural logging in combination with a time synchronisation among the hearing aids
will permit the recording of data about the spatial sound environment. According to
an embodiment, in the case the user has two hearing aids, a hearing aid device
comprises these two hearing aids and logs the parameters of the sound
environment represented be the input signal data of the input transducers of both
hearing aids in synchronism and distributes the storing of the data to the memory

units of both hearing aids.

EMBODIMENTS UTILIZING HISTOGRAM LOGGING

Histogram logging comprises the logging of three parameters, which characterise
the sound environment:

1} The slope of the sound spectrum

2) The modulation

3) The sound pressure level of the noise

Ad 1 — Embodiments utilising the slope of the sound spectrum.
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WO 2007/045276 PCT/EP2005/055348 -9 The slope of the sound

spectrum is estimated by taking a particular percentile in each of the

frequency bands. The slope is obtained by a least squares fit of a line to

WHe28oUHd23pectrum: this is a very coarse 1-dimensional par@igieHeaisT3s

of the sound spectrum. The purpose, of the slope is to characterise

whether the sound is 5 dominated b’y%dw-frequency components or by

high frequency components. The slope is expressed in the unit [dB/band].

According to an embodiment, the slope-feature is based on a 10%, 50%,
Thpsiope gbdbsertbtiRPBrSHNel IBpteshed thie ipEite milesitriieryGmtie in

e éf B FequedyBuRdef dalARaees BRikRENINEAIBRHIR QSABAIOf a line to
receives the sPecj[r m of input sg_tnal datf ﬁ?nd ou.tgut its res ec.t|v$ ¢
I RURGI SREFEMRmITS e NERARASRIOH TR0 8t RARBP I the

sdordetpetinenthEhel qpep dee extahp opkapar cdmtibe tessienatortnedni thecouldd is

R B e e niCiR e
sigperiscmrniessetiial taecertilsiBtoardlother embodiment is illustrated in Fig.

. 3. The sound from one or more input transducers 10 are analysed in the
filter bank 15. Th tput of h filter i [
ilter ban e output of each filter is then further anal;(/ifgo%rl%8%b 90% or

ARGl FEPNRUEENING SRSATaHSIR BeRrdicdiA
Sehetesriastithepdisfidbdtion fasmticive tbedatEsastihatqartSulardBejuehcy ...,
egion., Th t ch isation.unit '
o e R T e G
sighe bdaig pagsTiterdel Bigrrapasdivepestaiiile spasttimatoref gurasitiisation
utletesior amarersaskishdesrtbr thtnievrt diRpBUieNefanshionofaRrcentile

particular frequency band it is shown how a number of diffﬁrent ) )
estimator which could’be used according to an embodiment of the present invention

is disclosed in WO 98/27787.

A block diagram schematically showing the analysis of incoming sound according to
another embodiment is iflustrated in Fig. 3. The sound from one or more input
transducers 10 are anaiysed in the filter bank 15. The output of each filter is then
further analysed in percentile detectors 185 using non-parametric statistics in order
to determine the distribution function of the levels in that particular frequency
region. The results are sampled by characterisation unit 70 (not shown in Fig. 3)

and stored in the memory unit 80.

In Fig. 4, it is shown for one of the band pass filtered signals how percentile
estimators of percentile detector 165 are used to describe the level distribution
function. For a particular frequency band it is shown how a number of different
percentile estimators 65-1, 65-2, .., 65-n are utilized to describe the level
distribution of the band pass filtered signal, and at regular or irregular intervals store
these data in a memory 80. By using only a high and a low percentile the dynamic
range or modulation (see also below) of the input signal in this particular band can
be estimated, and by using the estimated values in respect of a certain percentile

across different bands the slope of the spectrum can be estimated.
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percentile estimators 65-1, 65-2, ..., 65-n are utilized to describe the level
distribution of the band pass filtered signal, and at regular or irregular
intervals store these data in a memory 80. By using only a high and a low
payeentiesthe dynamic 3o range or modulation (see also belpoayEf1ius/055348
input signal in this particular band can be estimated, and by using the
estimated values in respect of a certalf percentile across different bands
the slope of the spectrum can be estimated. WO 2007/045276
PCT/EP2005/055348 - 10 Examples of hypothetical sound environment
profiles for four hearing aid users A, B, C, and D taken by percentile
stimators.ba 1 1%, 25%, 50% 759 9 e |
R S A G AR e e e

Bwill.inedilsakes surnerexidin asiisatPenipecb9getf tinia “virldibw ehoded.o9%
ol s ingovelenothr isHengsayata) differant distealgesiationsy ey A sound

contribute to the profile, It should be further taken in con ideratp] nlthattélet.
ASAAAF i RIBHI P17 CEARBG B SR T R0 St ESBSHOA B e PR

wine ohe ahingeaidihtis: beieddn Usegih issposgilbever findifferecluliatémingf sitgations
logging.in.order 10 to preve re th | i ituati ;

PR YA IS0 Al o Huiohtnon v
rertienaindddeyiskiratiar legiEas e dRtity troBrirg, BRI tigky B g/high the

WS Al A4EMOIR FPINEC P SBa6Ial 1P RYT ARG N oflih Aegeiiddt trder

an embodiment, the data logger. provides calculating the, slope, based .on
t?jif?é?éﬁf‘béf@éﬁtii@@%§ﬂﬁjs"??g‘? % B .aﬂ%a*f&u?gf?ﬁfggkﬁ 1 e Qe T

% percen
sepestbanvetteariggntp toediam orathbd ackemoined rpidbspedinipgist, the fitting
p(r:%?gr@ ting t r? ﬁ,llgplejskgsequqné e RA%pperrentile SRECUMHRIBES special
Information on the average sound pressure spectrum. Calculating the
pstgerbaegl writthe 90% or 99% 20 percentile spectrum extracts
information on the most dominating sound sources.

According to an embodiment, the data logger provides calculating the siope based
on different percentiles as iliustrated in Fig. 2. Calculating the 10% percentile
spectrum extracts information on the background noise spectrum. Calculating the
slope based on the 50% percentile spectrum exiracts informaticn on the average
sound pressure spectrum. Caiculating the slope based on the 90% or S9%

percentile spectrum extracts information on the most dominating sound sources.

According to another embodiment, the percentile spectrum is based on different
spatial characteristics, i.e. the spectrum can be based on an omni-directional, a
fixed directional characteristic, or an adaptive characteristic. If the percentile
spectrum is based on an omni-directional characteristic all sound sources are
contributing equally to the percentile spectrum; whereas if the percentile spectrum
is based on a fixed cardiod-response, the spectrum will primarily extract information

on sounds from sound sources that are located in front of the hearing-aid-user.

In a histogram logging according to a particular embodiment of the present

invention, the intervals of the histogram are chosen as follows:
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According to another embodiment, the percentile spectrum is based on
different spatial characteristics, i.e. the spectrum can be based on an
omni-directional, a fixed directional characteristic, or an adaptive
WRadtestic. If the percentile 25 spectrum is based on an PCT/EP2005/053348
omni-directional characteristic all sound sources are contributing equally
to the percentile spectrum; whereas it the percentile spectrum is based

on a fixed cardiod-response, the spectrum will primarily extract information
on sounds from sound sources that are located in front of the

Sinparinipaiisusepvidom ef histsyrandegging dsdondindtd A prntchriveen -1.5

JEBhRAimeENt esthppssenkiveRtion. theinigialwiofihe HEAHRMARRIA be
chosen as follows; WO 2007/045276 PCT/EP2005/055348 -11 Slope

aqaRiRshlS: PPovRliGH Biehhes it a0sk hesg VBUIGH N3SsPERTL R uiREs ate for

an 1p peBipaneands-GbtalB/biiing, Backabivese0 ibtdBdaricavEnbdateryalsirically

sré%%ld be adapted to the actual filter bank, and these values has been

CI"‘%und appropriate for an approximately 1/3 octave filter bank. These
intervals have been empirically 5 chosen. Ad 2 - Embodiments utilising

adne MadulatioRnIGReUHALRIS ARk RRProximation to the well-known

Hilbert-transform of the Signal, and is estimated by taking the difference
Thn BisPBlEeSeis a@fbmerexzmﬁ@%éeraﬁﬁgW&%hmao‘aﬂ%@wamm of the
sighprosimateystiftiaecertlahanta bighrée, @caBiibgtieean a low (e.g.

embodiment, approximately 90% percentile) percentile.. The _puyrpo f
A" %%n;}%t?c;h %Er}%oc Naractef iR X('amdayﬁF mqléﬁ)g} rgﬁbgg(?l‘ﬁlt eas%alljr%d Ao (e..
a@iFogmentaStatiretimenyiranpends kikehsiti Al ircargentieling icssiior The

pGIHMDG 8GR SRLHRRIIURY AR SRS O SR FRRMENte:HiR RRVRAO¥bund

modulation. 15 Medium modulation is typical for most kind of music, .
eRGERMEIEPRBIAIRNANS RORENBRE BkGiRdHRT R EIAR HHEEGfoom o driving 2
cANYROMBERISHWIED high mesubadiopnakenspeseiits that have low modulation.

Medium modulation is typical for most kind of music, cocktail party situations and
office enviranment. Examples of environments with high modulation are speech in
quiet and impulsive sounds like hammering. The modulation is expressed in the unit
[dB]. Natural fluent speech has been found to exhibit a modulation of approximately
28 dB.

For providing current histogram analysis, the modulation determined by the
characterisation unit 70 is referred to one of four classes, and for any given time
sample analysis, a respective one among four counters will be incremented by one.
The counters are implemented in the RAM 85 or in the EEPROM 90. In a histogram
logging according to a particular embodiment of the present inventicn, the intervals
of the histogram are chosen empirically as follows:

Modulation: Four classes, e.g. below 5 dB; between 5 dB and 10 dB, between 10
dB and 20 dB; and Above 20 dB.

Ad 3 — Embodiments utilising the sound pressure level of the noise.
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quiet and impulsive sounds like hammering. The modulation is expressed
in the unit [dB]. Natural fluent speech has been found to exhibit a
modulation of approximately 28 dB. 20 For providing current histogram
atysimsthesmodulation determined by the characterisatioregmit?ibés/oss34s
referred to one of four classes, and for any given time sample analysis, a
respective one among four counters WAl be incremented by one. The
counters are implemented in the RAM 85 or in the EEPROM 90. In a
histogram 25 logging according to a particular embodiment of the present
Thweaotiod, e snterials! of the fugtedrastiareteticeen Empkigall\zasdialiogvi: an

Modulation: I classes,e.d. below ; het a daB;
BT, SIS Shial 7 B R R e soune
PR ahhe OGiRE peeduips Jeddn dreneididd. WO 2007/045276

PCT/EP2005/055348 -12 The sound pressure level of the noise is

estimated as a low (ei% , according to an embodiment, 10% percentile
F e RIS B 1 THE BHoABEAHA i G %'ﬁeggoﬁﬁddmégagsfoff e 1oaa pressure
e refsiprdriniseefounit] dBlef fres praviding uretddistogradnfanalysigilsn time
SHIRIRAAIET N6 30URA BIRSSHISATAE! QbINENOER UIRISHEIREEE) Bne.
one of four & asses, and for any giveh time sample analysis, a respective
one among four counters will be incremented by one. In a histogram
1Hog0RgBsEaAIRg ihg PaKtisiiag embadimamiupi thenmssarmént Ginvratiprssent
_the intervals of the histogram are chosen empirically as follows; Sound
YRR e B AR AR TR SRR 5 BeRs 6 LR el 4D and
S4QndBirbetureast 40iantkb0 dRakinesS6) diy. Peohisiogidnbddggarg30 and 40

JBOLER/OMINERL 2] 5 0LB5R stRatical summary of the

The histogram logging stored in memory 80 records a statistical summary of the

three features; thus the joint frequency of the features are logged in a 3-
dimensional histogram 95. A histogram is defined by the observation intervals, i.e.
every observation is assigned to an interval and the counter for that interval is
incremented with one. Thus each bin in the histogram is a counter that reflects the
number of observations that is categorised to that specific interval. The memory
requirement for a histogram is determined by the number of intervals multiplied with
the number of bits assigned to each bin (interval counter). In order to reduce the
memory requirements, the data logger 80 has, e.g., a coarse quantisation of the 3
parameters resulting in a total of 48 histogram bins (3 levels of the slope, 4 levels of

the modulation, and 4 levels of the sound pressure level).

According the a particular embodiment, the data logger 60 may operate partly as
shown in Fig. 1 and partly as shown in Fig. 2. In a situation the data logger operates
as a slope detector, it receives the output of the filter bank 15 as band split input
signal whereas in a situation the data logger operates as a modulation detector or
noise sound pressure leve! detector it receives the portion of the input signal

provided by the input transducer 10 as input signal.
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15 three features; thus the joint frequency of the features are logged in a

3- dimensional histogram 95. A histogram is defined by the observation
intervals, i.e. every observation is assigned to an interval and the counter
Wt WY IHIEal is incremented with one. Thus each bin in tREHRREAITFFHS
a counter that reflects the number of, gbservations that is categorised to
that specific interval. The memory 20 fequirement for a histogram is
determined by the number of intervals multiplied with the number of bits
assigned to each bin (interval counter). In order to reduce the memory

Asegidlirgnients aabedinfggthiectviagrany 9% isduiteé epantsatenasieHaemory
(Rravprastessd esitingrenadai’l ah4S Misteomembins L3 laveimpbtheigiopsiower

4 | Is of th latj d4l Is of th d, I ). 25
TRy SRR T e T e Og B Hay el ey be
ppaitigcas ishenthmicHitarbiagdrpartipafishdunapistéig 1 the &sRikilibhrdyesters.
Tﬁéﬁ%&%ﬁ@%58%%&ﬁtg%Qy%'r‘?_cg&%‘%eéeSi‘iﬁ’énﬂsrzaefﬁﬁi\’gﬁdt_ffﬁu%%pt&n@f%rﬂ%@? of

bank 15 as band splitinput signal whereas in a situation the data logger

bilspdrareads BiFtammIn detsasired 30 ribdsdtnaréssureterdng to this

erdlBtRRAE It IReRIVastAR lgrtia Vel iBe HrpubsiprpapavitieRIdM theRiRRthere is
transducer 10 as I@%l#? §i%?@éwo 2007/045276 PCT/EP2005/055348 -

prfgl%\%%gmm\ée{gea 5 m?ﬂ?éqgistogram 95 is build up in the

volatile memory (RAM) 85, and then written to the non-volatile memory

Aé%ﬁiﬁ%@a%%%ﬁ@%%ﬁeﬁ{?%% Stér’ciﬁ_{(?é?gtleq\fﬁ RN s is

requirements in EEPROM there may be provi a logarithmic mapping
logrRNIRE RN tirdgisténens veieoreE PRV IRgRIRTS CounkeS dgapaly 85 reach

B S e Rigging il is
ea IStogram-pin IS required in e . cordin (0] IS .
SRSt RGN e S ESERTL SPHRISTS i BRDRUIER RS LRGP Rding fo

miRANidchise isy 0.5). This results in a dynamic histogram that always reflects the
complete logging time, where all counts (observations) in the histogram reflect the
same time interval, and where the complete dynamic range of the counters in the
histogram is exploited. In order to continue the histogram logging after reading the
histogram values from EEPROM, and in order to make the right interpretation of the
histogram, the logging interval is stored in memory along with the histogram

counters.

The histogram logging is intended for logging in a predetermined maximum time
period. A simpie method to limit the overall logging time period is by limiting the
maximum logging interval. Thereby there is a limit for the number of EEPROM-
writings. Whenever the maximum logging interval has been reached, the Histogram

Logging will be disabled.

The histogram logging may, in one embodiment, be operated in four different

modes:

Accumutate-modea
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provided an inverse (exponential) mapping. 10 According to another

embodiment, the update time-interval of the histogram 95 is logarithmic

over time. Whenever one of the histogram counters in memory 85 reach

e mepdniem value, e.g. 255 in case of 8-bit counters, the |aggireyintensalss

is doubled, and all the histogram counters are right-shifted by one

(corresponding to multiplication by O.B‘i.'This results in a dynamic

histogram that always reflects the 15 complete logging time, where all

counts (observations) in the histogram reflect the same time interval, and
Tivhehéstbgraomioiggéndy marstariechgay obthéispemsters Thehoidistegratmgging  will
LXIUIE ImeRRBIcAn iR RDislg RS dodainarRSadrRUIRRIS, or it i

histogram values from EEPROM, and in order to make the right
strrRPAdTA R FPBSESRIstogram, the logging interval is stored in memory

along with the histogram 20 counters. The histogram logging is intended

or I%) ing in a predetermined maximum time period. A simple method to

1t t&%’ % &?%oé@?ﬁg time period is by limiting the maximum logging
Tinte WiatoFteencbygbise is &ifgutfoytiae imemberksfcEBRROMreSswWritiiags on the

ré/%?é‘-%\é‘?&mhg agRayE lRgeinginteralips Rremigaghad vwieEisiogamuild

Logging will be disabled. The histogram logging may, in one embodiment,

UBe DpeiteHIHOBBIIRERENE rAEWIEEEINRE UtRaRRRSHdAR Cpec.). After the
pPOQAOABRI B R TAERZPRDShaHfor-d hdheiistogram logging is started

by a dispenser. The histogram logging will accumulate the histogram until
it reaches its maximum logging interval, or it is stopped by the dispenser.
Event driven mode, accumulate

The Histogram logging is trigged by a user-evoked event (press button on the
remote-control). The histogram will accumulate in an predetermined time period,

and there after it will wait for a new eveni.

Event driven mode, start/stop

The histogram logging is trigged by a user-evoked event (press button on the
remote-control}, Whenever a new event occurs, the histogram will toggle between
start and stop. Transition from stop to start the histogram logging will simply
continue to accumulate the histogram. Transition from start to stop the histogram

will simply stop the histogram logging, and let it wait for a new event.
EMBODIMENTS UTILIZING USAGE LOGGING

The usage logging comprises logging the time the user is using each of the different
programs available in the hearing aid. In one embodiment, the usage logging can

log the time for 5 different programs, i.e. it uses five bin counters.

in another embodiment, the bin counts are mapped into logarithmic bin counts, in

order to expand the counting range, against the cost of lowering the resolution.
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5 Event driven mode, reset The Histogram Logging is trigged by a
user-evoked event (press button on the remote-control). Whenever a new
event occurs, the histogram will reset and build up a new histogram over
W preémianed time period (60 sec.). After the predetermiPEHRRH®S5/055348
period it will wait for a new event. 10 Event driven mode, accumulate The
Histogram logging is trigged by a usérévoked event (press button on the
remote-control). The histogram will accumulate in an predetermined time
period, and there after it will wait for a new event. 15 Event driven mode,
Detartawpratedbstograanlogghrig@dtriggetdpanusenicvdkedieverditpress the

mBHURRARHEE JEMISHERSLRI. MEITBNATA AW QUSRLORGUE IR number of

histogram will togé’;q]ﬁ between start and stop. Transition from stop to start

W BiSleY 9 10gdih R IMGIR Y s L dRtRRR P HEERRRuIERE tHBtRILeEgRInTaY
thérefosdion Besps@ntasiapishehisiogsaanivgil sinphestorthaRiTegramil be

logging, and let it wait for a new event. EMBODIMENTS UTILIZING, .
R AR BT R EBEGAT (o omrei e i ciptee b
logsathmgsingrpant, gahe shifingnof gregsampbingikatiée ¢n thel Hidraeingnaigsis to
e;g&@%m@é@gg&%@ &g@ggee_logging can log the time for 5 different

programs, i.e. it uses five bincounters. 30 In another embodiment, the bin
counts are mapped into logarithmic bin counts, in order to expand the

Aeesrainptoangenagainebcticoskagiowghing thedresohlseyrd¥Qogging may be
eriza% géog'rS :ggbﬁ)egéiﬂ%%ﬁl%&?a%o ? %4|§ro_cle:5dure integrated with a fitting procedure.
According to another embodiment, the usage logging may be enabled during the
whole life-time of the hearing aid, whereas the histogram logging will automatically

time-out after a predetermined time-period.

The usage logging interval, in one embodiment, is constant, but may be adjusted
according to desired time-resolution. In order to assure that the maximum number
of EEPROM write-cycle is not exceeded, the usage logging keeps track of how
many write-cycles there has been to each EEPROM-memory address. If a
predetermined upper limit has been reached for one specific memory address, the

complete usage logging is disabled.

Embodiments utilising non-volatile memory management

In one embodiment (not shown), the data logger 60 is adapted to store results in
non-volatile memory (EEPROM) 95. The process of writing data on the fly to the
EEPROM must be carefully managed to avoid the risk of a data loss, which may
ocecur for a number of reasons. The most likely form of data-corruption is corruption

of a complete memory-bank (the EEPROM are organised in 48-bit banks).

To obtain a reliable and robust management of the non-volatile memory all
EEPROM-banks that are writeable for the data logging-block are equipped with
CRC's ({C)yclic {R}edundancy {C}ode). The CRC provides a validity-check for data

in each memory-bank.
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Data are recorded in an EEPROM in memory unit 80. According to the
manufacturers specifications, the EEPROM is rated to last for a finite
number of write-cycles (e.g. 500 000 write-cycles) to each address. The
datadoggerrmay therefore be adapted to use this capacity Sperinpigofins5348
order to ensure that it will be 5 functional over the lifetime of the hearing
aid. In general, this may be achieved‘lﬁ/‘ logarithmic mapping, gear

shifting of the sampling rate or real time analysis to extract condensed
data for storage. According to an embodiment, the usage logging and the
histogram logging may be 1o enabled or disabled individually by a

O%Eﬁseg}‘or%&@%eﬁ%tﬁge"%’é iSRS BY %%ﬁ?r%&g&dﬁfiﬂf%ﬂ%otﬁ@%%’é likely form
embodiment, the usage logging may be enabled during the whole
ofifdatreoBtEiiohdaArrPEIBlSIthERTAS RB IS tEBFAMPIRIY AR -correcting code

u@&aﬁ@wvﬁiwv@mﬁm%mﬁast%pi@aaatim%n@metréeéérhmsgm@ CRC
ogging interval, in one embodiment, is constant, may be adjuste
BTN & VRIS T BOGTRERY 17 B 0 LR oAt R S amur
number of EEPROM write-cycle is not exceeded, the usage logging

TR baLARY, TNTUSEUISS eIediis RRETHO 8 Noanic part of he

-memory address. redetermined upper limit has been
detachied ediedmsefitnie fitrjeat esennbanis asepdng d@zﬁbﬂ@&&ﬁfﬁ‘em
JstRisalisshiEbagiments wilising Reamugkilenmarea yaRAPESERitng data

one embodiment (not shown), the data |lo g;er 60 s dagted to sétﬁze id
t?e@dﬁ?‘???%ﬁ‘ﬁ%l&'ﬂﬁ'é%eﬁ%&‘f@éﬁﬁ&% SSIUPHR"D B R R PRk

Torsthediydies the r@mRE RROMamosy bexpansfully mesraggetetd @b ditktHeRROM-
of a data lgss, which.m ug for ) r RS-k he nestlikRIY:
bf%?ms (ﬁ’ %a?afl?c"grrh?&%%%rggéuéﬁ%n%gygﬁggk%{(éy?n@emc;ry-bank (theR) space

rRRRR DM egaibgdrizal RREBISIEHATRS)CTolotsRirP AU IRMeARRPrEBEsFannot
pRgRagRRentekhemenavelrilisinemeny /i BedeRRRAM-asks shabiskeerror-

writeable for the data logging-block are equjpped wit _ ,
handling. in a preferred egr%bcgdiment, thesg cfg% are tne histogram logging data

being considered less important. In other situations and embodiments, these data

might be part of the usage togging data.

All appropriate combinations of features described above are to be considered as
belonging to the invention, even if they have not been expiicitly described in their

combination.

Hearing aids, methods and devices according to embodiments of the present
invention may be implemented in any suitable digital signal processing system
The hearing aids, methods and devices may be used by, e.g., the audiologist in a
fitting session. Methods according to the present invention may alsc be
implemented in a computer program containing executable program code
executing methods according to embodiments described herein. If a client-server-
environment is used, an embodiment of the present invention comprises a remote
server computer which embodies a system according to the present invention and
hosts the computer program executing methods according fo the present

invention. According to another embodiment, a computer program product like a
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CRC's ({C}yclic (R)edundancy {C}ode). The CRC provides a validity-check

for data in each memory-bank. WO 2007/045276 PCT/EP2005/055348

-16 CRC's provides error-detection but not error-correction. Since the
Wdztdikeheterm of data corruption is a complete memory-baak/EprecgHEsns

an error-correcting code operated bank-wise would not provide any

additional robustness. Thus the CRC15-only provide a validity-check, but

no way to reconstruct the corrupted data. To obtain robustness against

corruption of a complete memory-bank part of the data are stored
coeggutelarsthy abldi Serergemesdanybanlsacptr dinddprardem bo dimranty aftick, a

[ sentdnuentio ry g t care of never . .

o e e chae st HB Eh . i
PIRERTSHOp&HKE @Y SRINPFISS PRI P ECRIIENIdbiNeRERRBRY BXpBHSive

management of the EEPROM- banks that are writeable for the data

logging-hlock, Due to limited memory space part of the logging data or
A 2 AU G TEPTURER AT, HEE TaEa ATt e SBat damermory
ofcasigitttlhtacogrdptios, @nal fontheise detadhe tenib exsoitiadl & ethar A8aring aid
dé\ﬂ@gli‘ Wn,a refer bodi t, th d elis ggin

data g%ng%oﬁs%%r%?ﬁ@ ﬁé@%&né Ir%ot e$§{%5§tité}n_sggn%?wao%g gu'?t%bie
POFHIFSEIMERtS tIFESRPHERE ARFHRG part BRthedisasrordiiindcdate Aflescribed
eABBIGREALe combinations of features described above are to be

considered as 20 belonging to the invention, even if they have not been

explicitly described in their combination. Hearing aids, methods and
Heleivige s emxutrelingatal efiibsidimeantdhof hinpirdeenifintentipreseay bevention in

imple. ' [ igital si cessing.syst T
o R e X ST S O TSR % et e
Pligsg TG REs iRy Me theddiad do reiira) as thnp esskae el eiiiedtrdapaiting from
sk principles. Changes and modifications within the scope of the present
invention may be made without departing from the spirit thereof, and the present

invention includes all such changes and modifications.



implemented in a computer program containing executable program code

executing methods according to embodiments described herein. If a

client-server- environment is used, an embodiment of the present

invention comprises a remote 30 server computer which embodies a

system according to the present investion and hosts the computer

program executing methods according to the present invention.

According to another embodiment, a computer program product like a WO
CLAIMB007/045276 PC /EP2005/055348 -17 computer readable storage

medium, for example, a floppy disk, a memory stick, a CD-ROM, a DVD,

a flash memory, or any other suitable storage medium, is provided for
1. shorrryifigeato ARYiNte Bpri AeIeRn LI tRIPRSseMNAVERIGOAL 5 @ hearing aid
procesASCRIARd gy rtbsnambp digentdirdeing amaadenayasustred ina output
; dmemor of a dgital. hea{inﬁ% de\r/li)ilf]e ora cé%)rgjpter memory and %(ecu#ed 4
ransACPt{ETRONRNG K2R Oide Wi B P Prot S SHTE fiRESY CPERIndIRE FRnal for
logging phimpdtiséynslitaive viretsseridrdateoivgaae ceratisiageeatsiiod automatically
seieciiEF%WQ@EftBéBﬁ@@ﬁ@r‘@ﬁ%@m@@mﬁgﬁgwﬁﬁﬂw&%ﬁf@?gﬁﬁ%ly faster rate

illustrated the principles of the present invention in embodiments thereof,
and sUpERRN AP BarERIEIHIRE: SRARRF IIPHTECHRAMAR SREPPEsElR flVaAgDY. and @
characiaeaydiermorfieddncaaraadengemt dihe) detadiwithstubde pathiaddiowing uehameters
of the @5&?%%!% es and modifications within the scope of the present 15
Invention may be made without departing from the spirit thereof, and the
presErEaphRNRISR IR HES SV ERIFEAD O THE RRdtifiganbHeiais
CLAMMSduidibeariagidid i \wiag aridn uisansducer for providing an input

Swlgnglfa*c’n?ng%%'sn r%lqevel of the noise of said input signal data.

2. The hearing aid according to claim 1, comprising a memory unit for storing said
iogged parameters, wherein said logged parameters include statistics of features

characterising the sound environment stored as histogram logging values, or the time the

hearing aid user is using different programs avaitable in the hearing aid.

3. The hearing aid according to claim 1, comprising:
a filter bank for dividing sald input signal into a plurality of frequency bands; and
wherein said data logger logs said input signal data in at least one of said

frequency bands.

4. The hearing aid according to any one of the preceding claims, comprising:
at least one percentile estimator for providing at least one of a 10%, 50%, 80%,

or 99% percentile for said input signal data or in at least one of said frequency bands.



processor for processing said input signal to produce at least one output
signal, an output transducer responsive to said output signal, and a data
logger receiving said input signal for logging of input signal data, wherein
said data logger comprises means for automatically selecting a rate of
logging wherein the rate of logging ﬂ/%ically starts at a relatively faster rate
and subsequently decreases over time, means for storing the selected
rate of logging, and a characterisation unit for characterising and logging
least one of the following parameters of the sound environment: - at
5. 1G58, SRR AR SPLL e B SHd oot igHaT Gl U . aaptec
to estimmidulatientiofisaigidnpurf dignabdatasperiria Syurrigpresnge past shitiase fit of a
iine of BUSRIOH SRICLIRBHHISIONS Hala oRe Bhedieaunadd asgrrding to claim 1,
comprising a memory unit for storing said logged parameters, wherein
said logged parameters include statistics of features characterising the
8. spndreavitgnaie ndctortidasdistograns lagging vabvesirgr thieitime wherein said
cnaradiSAIRG A Hserds Ao dictent R avalable d) HRRRANRY K dnamic
e hearing aid according to claim 1, comprising: a filter bank tor dividing
range ghidithpURSigiERRISE A plurality of frequency bands; and wherein said
data logger logs said input signal data in at least one of said frequency
7. bands. 4. Ihe bearing aidaccording joany ane ol e preceding GlAMS pied o
comprising®a ?easct onegpercenrt'?le estimator for providing At least one of &
deterniQy/s 0%y re0%s, ran@o0s pedoaritie difesenesnprivsnal lantarst miughepicentie
of saidORBRLRAE igauency bands. 19 5. The hearing aid according to claim 4,
wherein said characterisation unit is adapted to estimate a particular
slope of the sound spectrum by determining a least square fit of a line of
8. dipartivedan pesaid radedriaglcastamye ofsaitl fregueecydiandsaitisTheherein said

charadtSN Y R0 YR 1P A BL R AL RS PRI IRSWISIEIRSAIke of said

input signal data by determining a low percentile of said input signal data.

9. The hearing aid according to any one of the preceding claims, wherein said data
logger logs said parameters in a N-dimensional histogram, wherein N is the number of
fogged parameters, and wherein said histogram provides a plurality of bins, each bin
comprising a counter reflecting the number of logs in one of said classes of one of said

parameters.



characterisation unit is adapted to determine said modulation by
determining the dynamic range of said input signal data. 7. The hearing
aid according to claim 6, wherein said characterisation unit is adapted to
determine said dynamic range by taking the difference between a low and
a high percentile of said input signa@®ata. 8. The hearing aid according to
any one of the preceding claims, wherein said characterisation unit is
adapted to determine said sound pressure level of the noise of said input
ignal data by determining a low percentile of said jnput signal data. 9. .
10, R 28 RCCOHEIRG 1 81 GHE 8 108 HIEBAINE G, Wniinsaid date
logger Saithdatanipgges bgsisaithpasaimdimes imnd detignataitedihistogrann automatic
modifié’&h@ﬁe&@t%'%ﬂb@n@%@%%ﬂ@&%gaﬁ@f RlE"S1@BAN BIEISAAime interval,
histogram provides a plurality of bins, each bin comprising a counter
reflecting the number of logs in one of said classes of one of said
11. pasarpetensy 200 20cIFbiedeadninaie adoarding-did anyonggef thenpresadmgrigger
, Qi herei j furth ri imer.uni id fime
;
o SRR OIS MRS O U o
by lowpsiROSRIBIRSARY Sale YOG F SRICAHRYESH ARR (RAF PR REEHFHIAT VElUPhe
hearing aid according to claim 9, wherein said data logger comprises a
trigger unit, said trigger unit being.adapted to provide an automatic .
2 e SRS G T B VB oI5 S oG L o erisse, o voaile
memogaidcoutiérchas reiddeteorinticanar fwither tenPhedsearineaidiaideomntimyry to
which {28l Al YRR GINRH G MCMIEWENITeRRRRAESS a volatile memory for
building up said histogram, and further comprises a non-volatile memory
to which said histogram is written with a slower update rate. 13. The
13.  hesingaidpechadicydmany eng oficlaim&ibns 12 Wheveiarsaidstrig)gegganiunit is
adapté§ té‘ﬂﬁ%&%ﬂ%&&f%‘c’sé%ﬁﬁ@ém& W‘é '89:-%%%&‘ é{?@ff%i‘?éﬁ%%es\é‘?mrigger unit is

whereinsaid trigger-unit is “adapted to reset the histogram whenever Said
adapteg| niaseting RISPEEE dHIENBYRIetaE fyaptepcurs and said data logger is adapted

to build up a new histogram over a predetermined fime period.



to build up a new histogram over a predetermined time period. 21 14. The
hearing aid according to any one of the preceding claims, wherein said
memory unit provides an EEPROM as a non-volatile memory for storing
said logged parameters, wherein said data logger is adapted to write said
parameters to said EEPROM by ustly logarithmic mapping, lowering the
sampling rate in subsequent stages, and real time analysis to extract
condensed data for storage. 16 The hearing aid according to any one of

14 the ct}jaims 2-14,co Eﬁrésgn%an interffat e for in ividuiallrx enabling or i memor
' diQS Iﬁﬁdiggial ﬁﬁ?ﬁgé S ’Pﬁs?gar%m oé’é?r?g VarLEE Ol s eﬁ%agseaE Y
unit priodrigagprakERRYNM fiirg provethtife. menPhe eeainipaidaiddoatiad raengeters,
whereifN&R IPIEERIING Slims: Wherald said EharqsisdsationdiESRIAPKdusing
_to characterisé and log said parameters depending on the spatial )

logarithyRic; BRARRE. JPLEINHpIPSIGRAIRING. B8 17, W IREIG afiFg Sefd real time
analysieamprising alrleastdw e doingaaids, each of said hearing aids having an

input transducer for providing an input signal, a hearing aid processor for

processing said input signal to produce at least one output signal, an

output transducer responsive to said output signal, and a data logger

15, rﬁ'ﬁ@%%iﬁ@(}d&@@ﬂc}@?ﬂ@f@@i@ﬂ@mﬂe sigmal @f deggin wﬁmﬁﬁmﬁi%pah detaface for
... wherein said dat ger comprises means. for automatically selecting a
oy SR AR G R TIcGs BoiCa S i oSt g usaoe
loggindastoesdie ahtlinulysecstigly decreases over time, means for storing the
selected rate of logging, and a characterization unit for characterizing and
I%%ging at_least one ofrgje following gara e%ers of the _sounTI ) . ”
16, oif¥irdiRERE: &9e2SPUHNYI08e BMhE Eolhd SRR bR SR THUPEETY s2
charactiEatsatiarmoduiatiolamibsanl thpacskigneal daddparshid semmdgecssigretaled on the

spatial ShlIBAGIRACLAAULIRRI Sighal fiatp. and fitted for



use by a single user, wherein the load of logging is shared among said
two hearing aids, and wherein said two hearing aids are adapted to
operate in time synchronization. 18. A method of operating a hearing aid
comprising: receiving an input signal and providing at least a portion of
said input signal for further proce%%lng processing at least said portion of
said input signal to produce at least one output signal and outputting said
output signal; automatically selecting a rate of logging wherein the rate of

. B B s v
aids hahagaartenizit ¢y zredlogying b edisg emergfiuhedolowingppaearetepseasor for
proces'&ﬁgts%ﬂ?ﬁb%l?%a?ﬁéh?o%%%c%p&%&‘ SesaifdPybsiang, Smpoduiatieng:

input signal, and a sound pressure level of the noise of said input
respongiyR4p E@'dﬂ%%%ﬂ%@’a@@é?rauﬁa%*%%ﬁﬁ T%ceé‘(ﬂ?ﬁp?@ﬁwﬁcfﬁg’gt@ps&fd input
signal Eea@bgg:wma:rqbupar@memawtpmﬁlmfsanﬁtmwsleggmdmynpsm aneans for

autom#Yie8) pﬁ@%‘&ﬂw Ler@ %ﬂEgg&;}:‘%@P&ﬂﬂeﬁa‘?{%&@%@ﬁ&%%m ata

comgprising executable pr code whic en executed on a

relatively nfgstiear dRe Bl S RSHRIY LIISEETRSRY AVREANTR) APRDMftiskiging the

selectd@elving RpIMYItAignalacpreviding atieast amosieniohgaithinpding at
least Ongngh rther roceSflnsqmpﬂg)cesswg)g at least satld portion of said input

rodu 1 feast one ouetﬁﬁ%J S|gnaY[and outputtlng said output

sugnat t@@ﬁbm@any selbethnyndrepedriBogingidvinersipighel kataof logging

typ|(@Hy0&§pgﬁ§@5a5@@,%%kysf§§g%5@ée@@d subsequently decreases over
time, storing the selected ra;e of quglng(, [cji
a sound pressure level of the nolSe oFf said input signal data, and fitted for
use by a single user, wherein the load of logging is shared among said two hearing

aids, and wherein said two hearing aids are adapted to operate in time synchronization.

18. A method of operating a hearing aid comprising:

receiving an input signal and providing at least a portion of said input signal
for further processing;

processing at least said portion of said inpui signal to produce at least one
output signal and outputting said output signal;

automatically selecting a rate of iogging wherein the rate of logging typically
starts at a relatively faster rate and subsequently decreases over time,

storing the selected rate of logging, and



characterizing and logging at least one of the following parameters at
least one slope of the sound spectrum of said input signal, a modulation
of said input signal, and a sound pressure level of the noise of said input

signal.
23

characterizing and logging at ieast one of the following parameters
- at least one slope of the sound spectrum of said input signal,
- a modulation of said input signal, and

- a sound pressure level of the noise of said input signal.

19. The method according to claim 18, comprising the step of reading out said
parameters as part of a fitting session by using a programming interface of said hearing aid.

20. A computer program comprising executable program code which, whan executed on
a compuier, executes a method of operating a hearing aid comprising:

receiving an input signal and providing at least a portion of said input signal
for further processing;

processing at least said portion of said input signal to produce at least one
output signal and outputiing said output signal;

automatically selecting a rate of logging wherein the rate of logging typically
starts at a relatively fasier rate and subseguently decreases over time,

storing the selected rate of logging, and

characterizing and logging at ieast one of the following parameters

- at ieast one siope of the sound specirum of said input signal,

- a modulation of said input signal, and '

- a sound pressure level of the noise of said input signal.



