WO 2009/068028PCT/DK2007/000524 1 HEARING AID AND A METHOD OF MANAGING A
LOGGING DEVICE This application relates to hearing aids. More specifically, it relates to digital

hearing aids;epRpyisiRgsmeans for logging parameters relating to the sounergidrgsnmagniand 5 the
performance of the hearing aid during use. Modein, digital hearing aids comprise sophisticated and

complex signal processing units for processing and amplifying sound according to a prescription aimed

at alleviating a heai S %?ﬁ ripg.i ired indivj 0 fine- e 10 prescription
settings, it is ben%%cmag%ﬁer S a%é%%%%t%%%%ﬁ%gﬁgfé\%éﬁmg listening
environmentsm’ 1g/v ich a.particylar heari igl i d 19,function. Thisinformation may preferably
be stored in the e{gﬁﬁgﬂ g%,l%é:%é at oggin gsgs/i?eﬁfﬁ%%%l‘?n_g agr}lfon-vo%tg%ilg5 z{%]rage evé;lce is thus
included in théiffeermRyaiRE MR Faeny, RRTANStEs Toksls R EBFiFPesETOY oparanIater values are

sampled gt log,d pesRmMRIGIeyAISARE SnbBnandmage of the daily use of the hearing aid, and the
listening environments the user encounters during its use, is built up in the hearing aid log. In this

application, the term "log sample”, unless otherwise noted, is referred to as the 20 measuring and
registration of\jedemmetimitvhhrosgelédiadipire repbitedtad thd lveamivy aignkdgrosesiaglength of time

suffcent o detie B ealsqmeJavbabAdsseaion Lie R ayellna saydenionment .. 2 tme

interval in the order of minutes. The log sample period, also referred to as the a sound environment
sample, is sutsdgiriiag 2 Aegerenar foe isanassmneitse ded v sypahr R RrBrsEwsIBge representing
the 25 sagnd pressutiedevahisdaterisadinthe ippuAdconiekitrmbine-abdhesathinput A/D

converters used for sound gperate aLalate of £ 9,18 98 K1z, The.nd.of hegrng.aigs discussed in
this appllcatloﬁ are preferably @ﬁaﬁ earing aids, whefeha Igital’ sign proces%or performs the

conditioning afvdctiom(Fsatidoroksoumnty wedeeabisdre Thiskindhothherninghies! asuatipsplits the signal

up into a plurality, of seRarale 38 resneecY.RaRdsHaINg AworasRanding.aluality ff band-pass filters
Each frequency band may then be am{glified Independently, and compression, noise reduction etc.

may be perfor &%Wé&yﬁhffeid&éﬁ%&? ARERTIHNAIS Ht DB EBS B LA BIRRD B TBI SIS 408

15  sample intervals, and slowly an image of the daily use of the hearing aid, and the
listening environments the user encounters during its use, is built up in the hearing aid

log.

In this application, the term “log sampie”, unless otherwise noted, is referred to as the
20  measuring and registration of parameter values selected o be recorded in the hearing
aid log, over a length of time sufficient to derive at least some form of classification
of the prevailing sound environment, e.g. a time interval in the order of minutes. The
log sample period, also referred to as the a sound environment sample, 15 substantially
larger than the input sample period, by which the analog voltage representing the
25  sound pressure level is determined in the input A/D converter. State-of-the-art input
A/D converters used for sound operate at at rate of e.g. 16-96 kHz. The kind of
hearing aids discussed in this application are preferably digital hearing aids, where a
digital signal processor performs the conditioning and amplification of sounds to the
user. This kind of hearing aids usually splits the signal up into a plurality of separate
30 frequency bands using a corresponding plurality of band-pass filters. Each frequency
band may then be amplified independently, and compression, noise reduction eic. may

be performed on each frequency band.



2 A hearing aid logging device is described in WO-A1-2007045276. This device essentially logs two
kinds of events, the time a user utilizes a specific program in the hearing aid, called usage logging,

and a statis%é %ﬁgé@%ﬁ)arameters characterizing the sound environmegklc@q&gﬂpj(%) ram logging.
5 The histogram logging works by accruing counts,of events in respective histogram bins, and,

whenever a bin is full, increasing the logging interval by a selected factor and reducing the counts in all
the histogram bins by the inverse factor, i.e. effectively rebasing the counters and keeping track of the -

rebasing. ThisWa§PPRGinl st da0eydhiersdhng i YRstogfali Yt eRlisgdstiextended logging

period. Loggingsstatalayginshodendsuifisvants|imieshion daiouthasactqiizing thadistaning environment,

data regardlnghthe usaelgscgﬁgc{atlon ?f the hea ing, chnan(gfes in v?lum set}tln%%, changes

id,.i.e.
between differeen&fnﬁ1 gramsin ‘fﬁaeg%eogﬁlnn&al : anc:glt c]isa?[%?i regar f’r%rfﬁgr?n ema egpel%tion of the
hearing aid. THeslsggihgrrrayadab celkel donelsiaatioasind. different event types, like, the user switching
to a particyglar program in a certain listening situation, into account The hearing aid logging device
comprises a histogram representing all the possible 20 parameter combinations of sound

environments A8ESTENIAE P BREE I Y POETEPUBECH S37Hh P REHIBIMETKIEBEing represented
by a specific biiris) dhe, histagranm. bihe Sollindcemiramnenizispampted b spetifiedrtetals, and the
closest corresponding bin is incremen recording an qccurrence of that particular sound
environment in tdg?ﬁégcéﬁ%éhgﬁfﬁlggs . lﬁfﬁﬂg gbs%%ﬁg %‘#@l I%‘S g*rgfg?iiﬁﬁ?ﬁyﬁ{ﬁgg%é@ﬁ%?’ng situations,
where the heafftgstig hasrexaraardiecong faskned e rabrsings tHes|ogging ldesiee witde hearing aid

and interyigwshaihearnoichHefkie: leprasahrutih e Hsars 18XPaEIsAGS1Of using the hearing aid with
the current settings in particular listening situations during the 30 logging period. When comparing the
log data with listening situations recalled by the user, the hearing aid user's memory may fail him or
her regarding padsirdaddisteningnsitdationsofreh ditoiledationiae. ghlisteninne thnthistbatgay have been

09ged severabieeiihadoaAld A ety ie dSRE LR NAY dSneragaqe confusion for
the fitter, and may be leading to the fifter altering the settings of the hearing ai
volume settings, changes between different programs in the hearing aid, and data

15  regarding the internal operation of the hearing aid. The logging may also take
combinations of different event types, like, the user swiiching to a particular program

in a certain listening situation, mto account.

The hearing aid logging device comprises a histogram representing all the possible
20  parameter combinations of sound environments according to a predetermincd
definition, each parameter combination being represented by a specific bin in the
histogram. The sound environment is sampled at specific intervals, and the closest
corresponding bin is incremented, recording an occurrence of that particular sound
environment in the hearing aid log.
25
The contents of the log are primarily used in fitting sitnations, where the hearing aid
fitter extracts the data from a memory of the logging device of the hearing aid and
interviews the hearing aid user to learn about the user’s experience of using the
hearing aid with the current seftings in particular listening situations during the
30 logging period. When comparing the log data with listening sifuations recalled by the
user, the hearing aid user’s memory may fail him or her regarding particular listening
situations of short duration, e.g. listening events that may have been logged several
weeks ago, and thus long forgotten by the user. This may generate some confusion for

the fitter, and may be leading to the fitter altering the settings of the hearing aid



WO 2009/068028PCT/D1C2007/000524 3 unnecessarily. As a result, the hearing aid might be poorly
optimized, the adjustments be a waste of time to the fitter, and thus a cause of discomfort to the user.

Instead of record{i}r& tge %ound itself in the hearing aid, a feat that would demand a 5 nearly unlimited
amount of m@%%rﬂﬂ e hearing aid in order to stpre the sound, only a f&ﬁﬂ?&é@ﬂ?&“&%ﬁhe sound is

stored. Two main criteria determine the properties to be stored, namely measureability and the level of
inherent information relevant to settings in the heari_ng aid. 10 Experience has shown that a record

comprising thri@PperarHiblets afiskes B Bricggaie pagahbenastivepimefdnr esbseeRtand level of

detail, a first paearsetes sepresemingithe:neigalevalef dheiseuiten J386Q8d parameter representing
the modulation level of the sound, and a third parameter describing the slope of the noise spectrum in

the sound. 15 The noise level is defined as the background noise level and is measured by averaging
a 10 % percenbigead véloperdive tihesodntel entsampliapeidod. fdh ehaoiseuldvédgavés valuable

informatiog to e Signabprackase B iR-hear naAld iesardRa s RreseatAvaIagavel of the noise

in the signal, and the noise level may also provide a finer 20with information regarding the noise level
the user is exg8rericify RIAPRIHSSPbthsesSHBRtiRY BRICFhETAoRAIALIGHIEdls TR l%S the amount

the useful signabisehangingstnedjs:determinstrpineasidring RWR0 SHiprieantig.eaveigpe level and

subtracting the 25 measugted 10 gﬁ) %ercentilg envelope level from the 90 % percentile envelope level
retevant {0 setines m tne hearing aid, . . . . .
averaged over the sound evént sample p%rlod. The modulation level is mainly used by the hearing aid

signal processor to determine the presence of speech in the signal, and it may also provide useful

informatiqp to thediitersegatding ths: RatugLEhesoMnehraviFeNReRIS exRe g asd.fy the user of the
hearing aid. 30 The slope of the noise spectrum maxgbe calculated by averaging the 10 % percentile -

envelope levePBBRTEREN 4R RASEY BRRO™Y #98 HtrhfhA e sh 89 BRAEE SREFHREEMining the slope
of the resultingiinsdtsaiveshgitieventide frequeneyants:r Fhisestapsei sheanegulatbohselfef each input

sample and the, (esilt vEraged Ve NSO ibing the slope of the noise spectrum in the
sound.
15
The noise level is defined as the background noise level and is measured by averaging
a 10 % percentile envelope over the sound event sample period. The noise leve] gives
valuable information to the signal processor in the hearing aid regarding the present
average level of the noise in the signal, and the noise level may also provide a fitter
20 with information regarding the noise level the user is experiencing during use of the

hearing aid.

The modulation level is defined as the amount the useful signal is changing and is
determined by measuring a 90 % percentile envelope level and subtracting the
25  measured 10 % percentile envelope level from the 90 % percentile envelope level
averaged over the sound event sample period. The modulation level is mainly used by
the hearing aid signal processbr to determine the presence of speech in the signal, and
it may also provide useful information to the fitter regarding the nature of the sound
environments experienced by the user of the hearing aid.
30
The slope of the noise spectrum may be caiculated by averaging the 10 % percentiie
envelope level from each frequency band of the plurality of frequency bands and
determinming the slope of the resulting linear average over the frequency axis. This

slope is computed once for each input sample and the resuit averaged over the sound



WO 2009/068028PCTifik2007/000524 4 event sample period. The slope of the noise spectrum allows
the hearing aid signal processor to classify the nature of the noise in order to optimize the operation of

noise reducgélyg ﬂ)l(%%é%%s in the hearing aid for performing maximum noi§%f%i%%wg minimum

audible artefacts, and the fitter may derive useful ijpformation from Sknowledg IS noise spectrum
slope in order to determine if certain types of noise are present in the experienced sound

environments. During use, the three parameters are continually measured, and the average levels of
the measurenfdfis Sraritdiatpth A5uine AL e tmipeiamt éﬂ?ﬁé@e@ﬁ?&%ﬁ@ﬂﬂ@aho contents are

analyzed to clpssifysthersampte desupdwixhiyramofgopRssie raimthe pyranmeaitscdsrd a respective
bin record in thed h?.aringﬁ}aim‘j?h_lltl)lgi irhg:r rg]a%nteatltiH nd the buffer rexsxer;[hin this Wa(%btandwgﬁer time, a
histogram repFeeslt"'—,\crfﬁﬁéil & requréné‘les of e |?fre?5nﬁnﬁl6%f%?elsm% Cervironments 1S built up in the
hearing aid loggingutevioditls Frfatiseaphrbmdiess areycdiivetetstiyl veltoragpresemting the

averaged sound GRVINIEN AHENG & RIGASIBERING AP RIIgd Dkl sV BRIeY sepsrsenting the

sound environment is stored as a record for the purpose of subsequent analysis. The plurality of
possible sound@&RHEH iRehtS TR S WYL ARV EPSBiASre prearranged as 20 a number of initially
empty bins in allocated memory, the collection of bins forming a histogram. The log may contain one

occurrence of{%)lge gartlc%grtﬁlrstenlngn%%%nt and J[‘;Ltg?ﬁp occurrepce %eanoﬂ%%r, more frequently

) us ee.aalr C?ﬁ sze ured, an Ver elT
occurring even € hearing aid log, over 25 the course of several weeks, has logged forty-two

occurrences oftthedagtesresrsharbsomdlyntrabusito chtabersspmdforefiaanptoneied the beiligiter in respect of
the latter gvent euld Havedsached Qi apdsthe.Ralance hetweendhe diffatant ayants in the log

might become upset, as too much weight would be placed on théa single event i arg{lia&oen to the more

frequently occEFHRGBERISEI HESRSEBRARY THER adhbhsarrpaid log, incremented,

buffer reset, in this way, and, over time, a histogram representing the frequencies of
the different, possible sound environments is built up in the hearing aid logging
device.
15
The three parameters are collected in a vector representing the averaged sound
environment during a predetermined period of time. The vector representing the
sound enviromment is stored as a record for the purpose of subsequent analysis. The
plurality of possible sound environments detectable by the system are prearranged as
200 a number of initially empty bins in allocated memory, the collection of bins forming a

histogram.

The log may contain one occurrence of one particular listening event, and fifteen
occurrences of another, more frequently occurring event. If the hearing aid log, over
25  the course of several weeks, has logged forty-two occurrences of the latter event, but
only has allocated room for fifteen counts, the counter in respect of the latter event
would have reached a limit and the balance between the different events in the log
might become upset, as too much weight would be placed on the single event in
relation to the more frequently occurring event. In the following, this is denoted the

30 log overflow problem.

According to the prior art the log overflow problem is solved by decimating the
histogram whenever one bin in the histogram reaches the maximum number of counts

possible, e.g. fifieen occurrences of a particular sound event. This is done by dividing



30log overflow problem. According to the prior art the log overflow problem is solved by decimating the
histogram whenever one bin in the histogram reaches the maximum number of counts possible, e.g.
fifteen occurrences of a particular sound event. THis is done by dividing 5 the contents of all the bins
in the histogram by two and halving the sampling rate in order for subsequent samples to normalize
the loggingthatantmseven]itthe Wiy af thamagingeanheating aid log tag tideasmiine umgasired
implications. The.first implication is that particular % ir ents logged many times during the
initial part o(flieéef%%?égs}eo 3?%&%%%%? at Sﬂ%l‘?ﬁ%% glgért@@(?fqthe logging period, are kept in the
histogram placing substantial weight on those sound environments that may really have lost interest.
The secondjmplicatigq.is that a strict time limit,is_impo t ri id Jag, e cause the
lowest possi Ol‘épesvaerrﬂ&el?at‘ga’% r%ilc aenél %Iﬁ r%u}({:%ags}%vzg e@%gf%%? o%%sgc%%%eutghgeg%d%id data
becomes inarphsitiglysiribios firaté raplicativeliatiatpretiosayerahd coasions ofth lagaad 6egikg as
described in conjynctionawithihe st ipplcation, Aunesiod of meneging.iheaion airldog n a way
that emphasizes hew data in favar of historic d%é?an permits the logging of sound environments
during indeflritéopenigdpafdinerdskipisioebirddsio gsahupladoeabsibjgt o erabodiidats of the
nvention to.gexie.aERInA. A eARANE A Iogang Aale- (e Ahatalanaginalinaand na
manner better correlated to the earlﬁ/g aid user's experience. Non-volatile'memory blocks are limited
in terms of tecntimbédiroft W itepprerhtiotsederminedid tligadithtidreobjeetted ntssdnpsiicof the
invention to.devise,a hearing gid canable,of nanding A dsjailed Jpaging.avsan pendagperiod of
service and o1 & oring the data in a non-volatile memory. 5a According to a first aspect of the
invention, therersprovicesizzhe armvgaidecandprisinkphts idpat tsesgrlerdensprovotinipess input signal,
a hearing ajgl pHAGERSRLIARIPSESINLIAS Pk SIANALIAAUAG,AN output signal, an output
transducer re %oﬁswe 0 sal output] signal, and a logging device having an analyzer, a timer, and a
memory, the memory having a set of histogram counters in respect of a predefined set of sound
environmenis, wherein.th 4 ' ignal ifies,t ent among
the predefin’Lé S?Q?%i ggl%ﬁ%%%\%ogr\%é%%sﬂvﬁv%ﬁeé i?\ﬂt e ti%%iﬁggﬁgé?@ g&%u@%?&ye@%ggsiﬁcaﬁon of
the sound ev&histahiereitetheante pranyi e deieg ghe ciissifisdtiony aprnisere emms Heslinter in respect
of the sound eno\ﬂgoor}r&?nnt,i\évﬁlet-lre&%{;gdmemory has an overflow detector for monitoring the histogram
counters and for respon(?ing to the detection of an overflow event by rebasing all counters through
dividing the contents by a predetelmined factor, and wherein the memory has means for analyzing the
histogram cQUNIRIS.for ARIGLIMIAIG B widkuahaisseqtamialie: AN R INSE degisianaedic for
controlling t eilmer, Which timer decision ogic responds to signals from the analyzing means in
deciding the:timbeleseftingzgihe Hetarifiy aid atvbrding esioheéiibsdimé ot naeifEomprises an
input transducer.for produci i i ing aid processor for processing the input signal
to produce 58%65?%%(%?&#%%%%%%%%3@nsive to said output signal, and a logging
device having an analyzer, a timer, and a memory, the memory having a set of histogram counters in

respect of apredefined et of Sound enviORMENIS, WheIein he-analizer rasRs s Ut signal

and classifies the sound event among the predefined set of sound environments, wherein the timer
triggers the pertpittedt thascraBsificatidnest tecsthodinsysn Whe rareiiommiendsrjsfet diveidithe

aid capable of handling a detailed logging over an extended period of service and of

storing the data in a non-volatile memory.



6 classification and increments a counter in respect of the sound environment, wherein the memory
has an overflow detector for monitoring the histogram counters and for responding to the detection of
an overflow event by rebasing all counters throughedividing the contents by a predetermined factor,
and wherein the memory has a timer decision logic for controlling the timer, which timer decision logic

responds toAsceidimirig adisst Hpetbeifithe iteniear Senig PRy idedisiRGeRE e WENMISHEnber of
events presgntii e NRAING i {of BANNONEN AP tRIERCNIRORHECM IHoIRRRPnewhereas the

relative magnitude between different logged events is much more informative, a suitable way to
implement thiecksrovdetige ivret apiphpthte ppredpte ofiexgyoRentFignitaday OB g tatsRIsTanagement of

the hearing, glddnq0TAaAG Ge G YeRiondNA-sesandAsRASE RIHIPS-A TeMad ey managing

data logging In a hearing aid, the method incorporating the steps of acquiring parameter data at a
selected ratenErrangittean aneenying ing AclPe d RS I LATSHSET A RTRAM Cdte disdsiiBeg in the

hearing aidfesfing AN AGEUABER CliieaOtRg dath xcards.aspreaRIanmIed axiym number

limit, and, in that case, reducing the number of all the data occurrences proportionally by a

predeteimindassifitotharralyrihgvant wiReegrin RIatsToed std i smg I WgHISRE hTS6EEm profile,
determining;a. new.iap acquislionsampledata Rasrd ammthg determinedistogrmaemidil and altering

the determined data acquisition sampling rate accordingly. Further features and advantages appear
from the depenuenitrersives theeclaveRtdiowilindoRCHEaE ASHMCTURTSFRIStONith Y&#8fence to the

drawings, Wit fihhis @ircbsmatic.abadsanng aid withp loasing dpvise AcaRIGRg (ihe invention,
fig. 2 is an example of a histogram with log data from the hearing aid shown in fig. 1, 6a fig. 3 is an
example of hirsdgismgraniifithdog fata iesagndingtér Ahe LRS! Heabin vaiietg, arfti§y4 is flowchart

of an algorithm for.patforming tha-methodphile dyepien g, L.sprws ahlack sehematig of a hearing

aid 1 with a logging device 4 according to the invention. The hearing aid 1 comprises an input

microphonevdhezciitdrepmergratiotygiftel dvicad yame S drepmcssgsers don dstmagaia modulator
21, an outpyt Stage, 22 @ﬂ%ﬁ@%?%%ﬁl@%&%ﬁ&%i%ﬂ@@ iepging-dgMeant aamprises an

input/output interface block 5, a 10 % percentile block 6, a 90 % percentile block 7, a
which timer decision logic responds to signals from the analyzing means in deciding

the timer setting.

The hearing aid according to one embodiment of the mvention comprises an input
transducer for producing an input signal, a hearing aid processor for processing the
input signal to produce an output signal, an output transducer responsive to said
output signal, and a logging device having an analyzer, a timer, and a memory, the
memory having a set of histogram counters in respect of a predefined set of sound
environments, wherein the analyzer processes the input signal and classifies the sound
event among the predefined set of sound environments, wherein the timer triggers the

output of the classification of the sound event, wherein the memory receives the



WO 2009/068028PCT/DIC2007/000524 7 noise spectrum slope indicator block 8, an intermediate
summation block 9, a log data preparation block 10, a timer block 11, and a log storage block 12. The
log storage block 12 comprises a volatile memory ®lock 13, and a non-volatile memory block 14. The
non-volatile memory block 14 is capable of storing at least one histogram 15. The 5 non-volatile
memory blogkssifitpimanolipotovmiectedun ¢hiningpedf antha syt elstkmmertnvoepin of the

analyzer blogk A1 EORECIEAIGHNS N0l A SABIE KAle,CANLALAIAGk, 16, GOyt ef the sample

rate control s connected to a control input of the timer block™11. 10During the fitting of the
hearing aid rEsphedogginglue digecti nayfbm avtiréied viethdinpehrsiutgutlinterfaices Shmeghstic signals
are picked Up by, fhe nearing.aid micionbone 2 AnA.SeRvERRIa IRalrirah signals, The.putput signal
from the mi%%%%%?eh% (l% s%?}t in?é%j\%%%ranc es. One %r%nch IS fe1§ to the filte bankas fo? further
processing dendiandtige Bransmisoidd gotketiogyinghddvidea: The venpliesigrrsbhots teedilter 15

bank 3 is fegggsgggaég@%% H%%igg%ri@g ﬁﬁ;&'é%ﬁ%? or 20. The hearing aid processor 20 performs the

sound processing-according to a prescription for afleviating a hearing deficiency, and the output from
the hearing aid processor 20 is fed into the sigma-delta modulator 21 and the output stage 22 for

driving the aapUSlie AURMLTABSHER' A0 BrbeRodinadeviert fReppubgiaabisspit into three

branches for analysis A first branch comprising the 10 % percentile block 6 determines thie overall
noise level afwtre timsoraingssighab Assédondbration.cohepeisinbethd Q0 9spercaniiddivet7 is used in

conjunctionaty e fpigmediate RUMMATARLAING &AM Ihe 10 dhRSIGENISRIck Zp il determine

the modulation o o signal by taking the difference between the 90 % percentile and the 10 %
percentile. Anbivtedganetocmmpribingiineiplsisé exmuennnbiinte drdiegiee BIcbR BwasseEnd determine

the slope ofomWéggég%tgg%égg whether the noise is dominated by high or low frequencies.

30Taken together, the parameter set comprising the noise level parameter, the modulation level
parameter, and the noise spectrum slope parameter denoted a, is considered to represent an

adequate chajagierization,of e SHNG,EQVIRAMRRLALARANER INARALKINGHE Rcuall iqring the
sound itself. After analysis, the parameter
hearing aid, the method incorporating the steps of acquiring parameter data at a
selected rate, arranging and storing the acquired data in a histogram in allocated
memory in the hearing aid, testing if any occurrence of the stored data exceeds a
predetermined maximum number limit, and, in that case, reducing the number of all
the data occurrences proportionally by a predetermined factor, analyzing the
histogram data for determining the width of a histogram profile, determiming a new

data acquisition sample rate based on the determined histogram width and altering the

determined data acquisition sampling rate accordingly.
Further features and advantages appear from the dependent claims.

The invention will now ‘be described in further detail with reference to the drawings,

where
fig. 1 1s a schematic of a hearing aid with a logging device according to the invention,

fig. 2 is an example of a histogram with log data from the hearing aid shown in fig. 1,



WO 2009/068028PCT/111(2007/000524 8 set is presented to the log data preparation block 10, which
performs normalization, quantizing and sorting of the three parameters in the set into one of a plurality
of possible sound environments, represented by @&multi-dimensional vector, ready for storage in the
histogram 15. The timer block 11 is used to determine the log sampling 5period, i.e. how frequently the
data preparfigoh isleclet:0npltputththis degmmineth somdateivifigneficta tikbdggsadragdblock 12. The
log data precc()):fll@gi02[11l lock 10 presents the determined sound environment to the volatile memory block
13 of the log storage block 12. The volatile memory block 13 10 stores the determined sound
environment to be logged temporarily, and is also capable of storing the complete histogram 15 of all
the logged sou Vir ents t it i thr E input/output interface 5,
in order tha?P'g %ﬁ?&%@f ??gqgégégﬁﬁgé%gtaﬁ%\% o?ggﬁ%&iﬂgﬁg ﬁe\i@?& ?ﬁe volatile- memory
block 13 contains a predetermined number of logged sound environment events, the volatile 15

memory blogls WS, 15,390ENIS e, WPIOGIAM 4240 ReAA- IR mEmancBlogls 4, As the

i
service life ofthe non-voT}atl e memory block 14 isTimited in term e number of writé operations

possible, thibappsich.id pediesrertinidriieptoppisiony theudsefabsboned lifeldfahbasdnipenents of the

hearing aidoggin vice 4, - for 1 lysis, of the
histogram 1]’3 g’f?/(%%ggadrbﬁw%r? t Hé%%?o ri%%%e%?rév%g glr%p 15%22 %ﬁé%éﬂeﬁ\ggﬁ%ﬁr%% ort'l to control
the sample stige cBhtrokbiockeBstDependirgrosdimsicahtdrite bigtio hidtomarh aBnpnesaralyzer 17
provides the, sample, 2if eaaual plack 16w lnformaUan e g s RimmisamPle rate for
logging the sound environment data. en a logging is first initiated” 25 via the input/oltput interface
5, the rate of the impulses used to trigger the log data preparation block 10 by the timer block 11, i.e.
the sample rate, is set to the highest rate. The analyzer 17 may later decide to reduce the sample rate,
for instance initiated by a bin overflow event of the histogram 15. 30Considering a case where the
histogram 15 may register up to sixteen occurrences of a particular sound environment, the logging
may run at a sample rate of e.g. 1/16th Hz, or, in other words, recording parameters of the sound
environment in the log once every sixteen seconds. If the same environment is logged every sixteen
seconds, the corresponding bin will be filled up after just sixteen log events, and the histogram will
WO 2009/068028PCT/DIC2007/000524



9 thus generate an overflow event after 256 seconds, equal to four minutes and sixteen seconds. After
issuing the overflow event, the histogram will be rebased and the sample rate will be reduced,
preferably to half the initial sample rate, and logging will thus proceed at a rate of 1132th Hz, or once
every thirty-tW8 %@’C"@ﬁﬁ‘gslogging new 5instances 91‘ sound environment eXeRFRNAHEWERAsed
histogram. The input/output block 5 is used to initiate or stop the logging procedure, and is also used
for readout of the stored data from the histogram 15 of the hearing aid logging device 4. During normal
use, after initigHzReGRERHRaHMY Bididwgyierk Svivauetinedid® snputicatpbibiitdck bisdaactive, the

hearing aid lofa@grgﬁm%@cw%anggggﬁm A WIS iRl gaLintervals

whenever the earin2 aid 1 is turned on and in use Fls is a graphic visualization of a hearing aid log
histogram accOlfihd 15T yakifireerunsdiarpidvivdaporialnd cermprsblothrte parameters of
varying resolufibe as:-shbmies incthershiadktable abligie 3f ibenparasaetess Krpr@sent shenthree different

data type%thahgﬂ%lgﬁ%g%{'é\é}eogayfrﬁro%hleﬁiQgsug I§i9l_lr'¥ell {JE gg%%?ﬂig@ﬁaid, two iffearg t values of the

noise slope a, three ditferent values of the noise le %I, ahd three differant VAIfR B #ddulation. 20 As
each combinafititot pdvamvéter afdhsesabreigissk theliogrinagad taceotmufof 25831®le 18 different

parameter corebiationzktie qteuwtghe Piwhishyeayibedagaadda.a Histearapuas shewn in fig. 2.
Here the bins on th(?.absci§5% have %ic n labeled in the format x,y,z, where x signifies noise slope, y
I £ b, e!f,nl

signifies noise Tével, BRY 2y &dulation. The histogram reflects how often the different
possible combinations of parameters have occurred within a given time frame. In this example, the

resolution of igiifyeg m@g&t@g&%@g@q,%ggafgggﬂgcas‘ﬁé@g B9 BRI AR D suaization.

Actual recorded parameters may have a much higher resolution, e.g. 256 different values per
parameter. 30U HANEHRTE S PEATHRE DeHRls BedickehrdoheReadm bmisreRlPRNt instances
may vary greallydiomnoegepansneiericanination ot eimd a0 mbinaliondsd. 3 is

split into two branches. One branch is fed to the filter bank 3 for further processing,
and another branch is fed to the logging device 4. The output signal from the filter

15 bank 3 is fed to the input of the hearing aid processor 20. The hearing aid processor
20 performs the sound processing according to a prescription for alleviating a hearing
deficiency, and the output from the hearing aid processor 20 is fed into the sigma-
delta modulator 21 and the output stage 22 for driving the acoustic output transducer
23.

20
In the logging device 4, the input signal is split into three branches for analysis. A first
branch comprising the 10 % percentile block 6 determines the overall noise level of
the incoming signal. A second branch comprising the 90 % percentile block 7 is used
in conjunction with the intermediate summation point 9 and the 10 % percentile block

25 6 to determine the modulation of the audio signal by taking the difference between the
90 % percentile and the 10 % percentile. A third branch comprising the noise
spectrum slope indicator block 8 is used to determine the slope of the noise spectrum,

1.e. whether the noise is dominated by high or low frequencies.

30 Taken together, the parameter set comprising the noise level parameter, the
modulation level parameter, and the noise spectrum siope parameter denoted o, is
considered to represent an adequate characterization of the sound environment at a

given instant without actually storing the sound itself. After analysis, the parameter



and 1,3,2, for instance, have no occurrences in the histogram, and the combination WO
2009/068028PCTIDIC2007/000524 10 1,2,1 has ten occurrences logged within the given time frame.
The histogram thus records the occurrences of each of the possible parameter combinations, and logs
the results atOrAGR?%he storage space allocated for the hearing aid 18§ TR EREATRHe is capable
of storing up to sixteen occurrences of each possible parameter 5combination. In an actual histogram,
the number of occurrences for each possible parameter combination may be increased arbitrarily.
When a log ovésifiswwresrsirdoechiedor alatnis dpasiprahiobin 1ie, aeel owifigtheowhdlativstogram is
rebased by dividinadhe armbanef seerrdsstigrpshingach althe hins by adP semmpyfactor, e.g. two

or four, and the new number of records in each of the bins in the histogram are stored in the
histogram. Nu%gﬁ"’nﬁuﬂ BBy BRI Rear Iﬁf]énfﬂﬁ?ﬁi’élﬂ’?f%\ﬁ?ﬁt%u@%ﬁé fbasing will map
the single countinghébie Ritegrantd A Nhkmisesr diaerolin thedcoriespanding big iadbBygebased
histograms 15 Jg.this; examnle ination 2,13 t t likely to cause the next log
overflow, gs th}#sg} ilgat!hiég'most frgg%%g%{/’g r%%f&&%@?é%nbﬁ%gf %G{taﬂgsﬁ%t(%%%? %?ﬁ%]{ (\1/tvo more
occurrences of WHPHARHEIAicpagairragsesibination are recorded, the counter will overflow, and
rebasing and subsequent sample rate reduction will take place. 20 One concern about this way of

logging sound ﬁ\ev{ron ents is that 'gthg ﬁ?n}QIe ragﬁﬁi% repeated| re({iuced to below a certain point,
e log |

the recorded SOt ERUFORTRSALS Ay GEAWIER 48 TBRE SR e SHANER HtCthat they may

appear arbitrafilaii¢ecressultiiogkldg dishodearsialess tdatie factihavtigchanaeteblofkHé sound
environmgnt 2gghangesfasiekhamiham|aimeans Blag Jecerding: i Saund sovitgaments having a

duration shorter_than the logging period may_thus slip past detection and subsequent logging even
though they h&V& 8BRS RTEEIRAIC I R USer it i ﬁé&ﬁ“ fi§oHR environments to make it

available to a readout through the input/output interface 3, in order that the contents of

the log can be retrieved for examination. Whenever the volatile: memory block 13
contamns a predetermined number of logged sound environment events, the volatile

15 memory block writes its contents in the histogram 15 to the non-volatile memory
block 14. As the service life of the non-volatiie memory block 14 is limited in terms

of the number of write operations possibie, this approach is preferred in order to

prolong the useful service life of the components of the hearing aid logging device 4.

20 The analyzer 17 performs an analysis of the contents of the histogram 15 every time a
bin in the mstogram overflows and uses the derived information to control the sample
rate control block 16. Depending on the contents of the histogram 15, the analyzer 17
provides the sample rate control block 16 with information regarding the optimum
sample rate for logging the sound environment data, When a logging is first initiated
25  via the input/output interface 5, the rate of the impulses used to trigger the log data
preparation block 10 by the timer block 11, 1.e. the sample rate, is set to the highest
rate. The analyzer 17 may later decide to reduce the sample rate, for instance initiated

by a bin overflow event of the histogram 15.

30 Considering a case where the histogram 15 may register up to sixteen occurrences of a
particular sound environment, the logging may run at a sample rate of e.g. 1/16™ Hz,
or, in other words, recording parameters of the sound environment in the log once
every sixieen seconds. If the same environment is logged every sixteen seconds, the

corresponding bin will be filled up after just sixteen log events, and the histogram will



~Another concern is that older data in the histogram keep having the same weight 30 although they
may have been recorded several weeks ago. If a log is in poor correlation with the user's memory -
which has a natural tendency to fade with time - it may be difficult to interpret the data from the
histogram in"6%A¢EARIES1 way when the log is exyacted from the hearind&it"eéMaR) Bthe fitter.
WO 2009/068028PCT/D1C2007/000524 11 When sufficient data are recorded in the hearing aid log -
typically after a couple of hours - a second mode of logging is initiated. A log overflow in this second
logging mode St BeRirESan PEBHKIAG BIthdtrrediints wiedio ganltieHeusampiees arsl ishikept at a fixed

value. This hag.thedeffasithalithe mpavanse of.aldemdaladsradusediRvanadingRihglog overflows,
thus making new data recmlr ed (|i1%}§ he rin? aid Iog comparative\y more prevalent. A visualization of
Brd

the solution to IS GEVENSH A REEOTHIR R 18 TUBHTRIP IS B fif 99828 ihhere a
histogram simtlalstpr@hea&hiat@gaaﬂnﬁwlf@“?}lta\ce hac akdhethibyinitiabs@inis bEgagmbin (shown in

dotted lineg) r%ﬁgg stggp&lgg‘grgglly&st; {shown éﬂeﬁ%ﬁé%@o‘%%ﬂ&wing a bin overflow. The histogram

rebasing comprises halving all the bin values, although other rebasing schemes, such as dividing of
the bin values by a factor three or four, may also be used. All even bin values are halved directly, and

all uneven bin mugs:asepoLmndad dRWRtodhaingawsiavenr wWkag prstéber, halvadidbThe
proportions of the, hins relativ each other are thus maintained after,a histogram rebasing. If the
histogram rebé‘%‘fﬁg%%ﬁg\ﬁe{% 3? & rgﬁf\j%rafba 5?0 tlﬁet‘searhsﬁ(f%r %RQS tﬁgéé ehﬁ aélfn%%q crilié)ﬁ%n&is in
concordance Wittica $tepuirngheormethesd. efithiamvidizang. tife howegeridifeszging device 4, the
10 input/output block 5 is inactive, the hearing aid logging device 4 carrying on logging
sound environment events at regular intervals whenever the hearing aid 1 is turned on

and in use.

Fig 2 1s a graphic visualization of a hearing aid log histogram according to the
15 example discussed previously. The log comprises three parameters of varying
resolution as shown i the small table of fig. 2. The parameters represent the three
different data types that may be derived from the input signal of the hearing aid, two
different values of the noise slope a, three different values of the noise level, and
three different values of modulation,
20
As each combination of parameter values is unique, the log has to account for 2%3*3
= 18 different parameter combinations, the occurrence of which may be logged in a
histogram as shown in fig. 2. Here the bins on the abscissa have been labeled in the
format x,y,z, where x signifies noise slope, y signifies noise level, and z signifies
25 modulation. The histogram reflects how often the different possible combinations of
parameters have occurred within a given time frame. In this example, the resolutions
of the three parameters have been greatly decreased in order to simplify visualization.
Actual recorded parameters may have a much higher resolution, e.g. 256 different
values per parameter.
30
As may be learned from fig. 2, the occurrences of the sound environment instances
may vary greatly from one parameter combination to another. The combination 1,2,3

and 1,3,2, for instance, have no occurrences in the histogram, and the combination



20 sample rate is maintained at its former value after the histogram has been rebased, the proportions
of the bins relative to each other are still maintained, but the relative weight of data collected before
rebasing will be reduced, as compared to data collected after rebasing. After successive rebasing
operations, W& p#Bhiendldhs of the bins relative to each other reflect the reeemtixstorpinsasmore
progressive manner 25 dependent on the paramé?er combinations detected by the system.
Successive rebasing events will further reduce the weight of the oldest data, in order that their weight
will decay withlti#riehaFhteninfonmeation todgedgattherabefpmithanelfased Histagragus, tatdirst, identical to
the 30 informatiop;@ ailableRetars tedtehasing. Jsund:aflerors ntipduced by, he rebasing are

disregarded. The relative magnitude of the records In in in the |s?3§ram ISTessentially the
same, the par&TiidiereoriRSib starape meraalioratedder Bsrmerdresitingdnts emenphe number of

occurrences ofsthexsifier pRrasieerufVe 20094068028R4EDI20A{ 00024 12.5ambinations have
the same gelation%]rilrilgﬁtgntl]dg param t%r combination 2, ? %5 before the rebasjng. In certain cases, a
rde e

large variation in the recorded. s%:t%% ERVIFo R Ht S IR e A oS B R TR A0 data. For
instance, if theP@igercisx sememetenaEn\pdifferestdsabind:épvironments during a logging period, many of
the bins in the log may be filled at almost the same rate. However, if the user only experiences a few
different sound,environments_during the same logging period, only one or two bins may be filled, and

the other bins BB &¥RGKFTI YhEvAPSREss, ’af*‘id’lnﬁfhé%ﬁg’fﬂgﬁbé‘f &rrFEitEBEnte Pohelsvironments will
have occurredhisanghthissrebioatey Byding therindbatlbhaveralapsedin befpef aeind Byebins will
overflow. i the.seeansl aase, iR wibaverion Mueh.saonsk toan n ihe first gase assuming the
sampling rate being the same’in both cases. In order to get a picture of fiie Variation i the sound

environments BRpEFEHREY A5G thHEed snutber tipigreh &NiseRsgnet didsibie tpBroaemmaerording to the

invention is to faligearoeseniep AsaRCHIO WA KB S 1B oRY BeHsitecardatiR the1qg This weighing
of recorded events ma be Eﬁarried put b1¥ alﬁ?r%we.hi%g ram management in a way that is
€

explained in more detail in the following. 90 RV As AraRet A Bination bin in the histogram is

full, and the histogram thus is pending a rebasing as described earlier, two additional operations are

performegs The, fiks! oReIAORIS.i86ARJNG, Nistagrald dor RINS thekaremorehan thige-quarters full

In a digital system, this may be done very easily by testing the most significant bit and subsequently
the next-most %‘.’Sﬂﬂ‘é{aﬁ% 10 o BN SSUnTSY TS adehopD HabSIibiRS AtEogs AT articular bin is
more than threeequartersduttcanrd tietideptiticoftheabimisinciaatadihersesandeaperation is to store

this informatiogb§§tg}a@§pg/ g;ﬂ%tha%gifsetg [am it@glfbthus requiri llocating stor, room for the
identities of the bins that a‘;e more than t??rgg-%}Uar%e?gunﬁft%vﬂﬁegﬁ%% ce)?rlﬁ%%gnwé%%au “which bins are
more than thré’é@ﬁuarters full, hereinafter

20
One concern about this way of logging sound eavironments is that if the sample rate is
repeatedly reduced to below a certain point, the recorded sound environments may be
logged with so long intervals between them that they may appear arbitrarily in the
resulting log histogram due to the fact that the character of the sound environment
25 changes faster than the log is capable of recording it. Sound environments having a
duration shorter than the logging period may thus slip past detection and subsequent

logging even though they have some importance to the user of the hearing aid.

Another concern 18 that older data in the histogram keep having the same weight

30 although they may have been recorded several weeks ago. If a log is in poor
correlation with the user’s memory — which has a natural tendency to fade with time —~
it may be difficult to interpret the data from the histogram in a meaningful way when
the log is extracted from the hearing aid memory by the fitter. ‘



denoted the background information, is stored, a statistical profile analysis of the histogram may be
carried out based on that information. This analysis yields information about how fast the sound
environment changes, and is used for determining the sample rate for collecting sound environment
data. WO 2000ABEHZEBCT/DIC2007/000524 13 A narrow profile meansRE&DEIBF0Fe sound
environment types are predominant in the histogré}n, and the sound environment is relatively
homogenous over time. Memory write events may then be saved by decreasing the sample rate. A
wide profile 5 ritdansufiaidhiedsuard reenviteh melnt ieatdgtaicliobeteypganonEp¥ LR Mmore precise
impression of &, 30URGLESHIARESA D EXRETENSRAINAY (s berobAned by leisasing the sample
rate. After adjusting the sample rate based on this analysis, the histogram may eifecimated as

described earlBPIEGUA FRitiRRY LiEPAtER Aidedrerberidiorinferthasentiomiehe kirtegram and the

stored backgrdined infosnTaticmyvhesfroalyzing anradow framdhe.nsaring aiddagy The histogram may
provide inform tiorl1 abg‘tljt e so%ggsenviéonment, uch as thge evel and cha,racf(e,r 01; the background
noise Ieveﬁ)an(?l the Presence of speech sigralls 235ertERISHe o th ob&tER%igi%alfhe stored
background infefnratonaayopr evdetenbinformation about the variance of the different sound
environments experienced by the user during the entire logging period. The sound environments
experienced by the hearing aid user are usually logged during a period spanning from a few weeks to

several month& dEBANERIS 6h A SR Biedae@tshon rrPRieitesridigarais thewstind
environments. iAshtogginGonlydaies pisogrmthiienthe e ingeiekis imed Rivethal aperational time
informatiqp s ieRAIJEH A AL.ANeHNS: SOHUYRLETHAL D DParng.ald Jhis, alidme ounter s Used
in conjunction with the logging data in order to establish a picture of the sound environments
experienced byPifelHearitg e sebanindione idgdiistpprarotbagng comprises halving all

the bin values, although other rebasing schemes, such as dividing of the bin values by

a factor three or four, may also be used. All even bin values are halved directly, and

all uneven bin values are rounded down to the nearest even value, and then halved.

15 The proportions of the bins relative to each other are thus maintained afier a

histogram rebasing.

If the histogram rebasing is followed by a halving of the sample rate, this step of the
method is in concordance with a step in the method of the prior art. If, however, the
20 sampie rate is maintained at its former value after the histogram has been rebased, the
proportions of the bins relative to eack other are still maintained, but the relative
weight of data collected before rebasing will be reduced, as compared to data
collected after rebasing. After successive rebasing operations, the proportions of the
bins relative to each other reflect the recent history in a more progressive manner
25 dependent on the parameter combinations detected by the system. Successive rebasing
events will further reduce the weight of the oldest data, in order that their weight will

decay with time.

The information to be gathered from the rebased histogram is, at first, identical to the
30 information available before the rebasing, if round-off errors introduced by the
rebasing are disregarded. The relative magnitude of the records in each bin in the
histogram is essentially the same, the parameter combination 2,1.3 stili has the most

common occurrence, and the number of occurrences of the other parameter



The logging procedure in the hearing aid runs concurrently with the actual audio processing performed
by the hearing aid. In the preferred embodiment, the hearing aid log records the noise level, the
modulation level, and the slope of the noise spectrum together with information about how the hearing
aid is operat®® ¥Y/H2E programs 30 are preferr%d, what level the volurBE¥BEAH/8%88 0 etc., but
other parameters may be recorded as well. Examples are: the occurrence of a sound exceeding an
upper comfort level for more than two seconds, activity and performance of a feedback cancellation
system, a teleCOMBGRH BT RGN shpr o OribERisameibechmitodtioy@ 1.3 as before .
2009/068028 P&eliBisi#f07/000524 14 storage space available in the memory present in the hearing
aid, some form of data reduction may be performed prior to storing data in the hearing aid log. The
sample rate at which the hearing aid log performs the logging is preferably 5 adjustable. Experience
has shown a skinipieinrateser, relwee Mavintoand fifteenadinlitesrtd bisatiséactanrwkentbalancing the

desired evel chielall ot ejogaeadaia agalngl consderalons eaauling peman, segnomy. The

sample rate may be set initially by the hearing aid fitter initiating a logging, but may also be adjusted
automatically 59 FEREHFFYTHIY HlosseERefo mmpataiing i dhnie analysidlbtdae data of the 10
histogram andathedackgimsndnfaswatianiifie rekasing eperatieesis panding.inthghistogram and the

background infgrmation indicates a large spread in the histogram data, ma ifferent sound
environments g%gygﬁlggﬂtﬁte%%% @ﬁgas{%grz%% l?gt%errﬁ)éyot%? s ge%re i Vﬁ%a?’r:%?gglg 28 ensure that a
15particular sdihatesiionkrelsfis e th batofiesit esary & cffiavautiss bdaliffsertheosodind environment

is likely taghapgerwiinasamplineasried. dhondheiehber Band: 34eRasingAresalion is pending in
the histogram a %gfépeeone of the bins will overflow. In the second case, a bin will overflow much

sooner than in the first case assuming the sampling rate being the same in both cases.

In order to get a picture of the variation in the sound environments experienced by the
15 user during the logging period, the approach according to the invention is to place
more lmportance towards more recent events recorded in the log. This weighing of
recorded events may be carried out by ;aliering the histogram management in a way

that is explained in more detaii in the following,

20 Whenever a parameter combination bin in the histogram is full, and the histogram
thus is pending a rebasing as described earlier, two additional operations are
performed. The first operation is to scan the histogram for bins that are more than
three-quarters full. In a digital system, this may be done very easily by testing the
most significant bit and subsequently the next-most significant bit of the bin count of

25 each bin. If both bits are set, that particular bin is more than three-quarters full, and
the identity of the bin is indicated. The second operation is to store this information
separately from the histogram itself, thus reguiring allocating storage room for the

identities of the bins that are more than three-quarters full.

30  When information about which bing are more than three-quarters full, hereinafier
depoted the background information, is stored, a statistical profile analysis of the
histogram may be carried out based on that information. This analysis yields
mformation about how fast the sound environment changes, and is used for

determining the sample rate for collecting sound environment data.



background information indicates a small spread in the histogram data, only a few 20 different sound
environments are encountered. The sample rate may then beneficially be decreased in order to
conserve memory because the sound environment is unlikely to change within a sampling period. The
hearing aid 8§ #1¥45#8¢%des the hearing aid fitter, with quantitative inform&tbH*28/7dy&iting the
qualitative working conditions of the hearing aid as recorded during a specific period. This information
may be used together with an interview with the hearing aid user in order to clarify possible problems
regarding adjustments of the hearing aid prescription. By knowing the predominant sound

environments @hﬁ%l@?r@iﬂéﬁ%%ﬁa&w}%%%&%%@r%% %x&%@&:ﬂf@mm@g the hearing
|

aid, the 30hearing, aid fitter may devise a better fitting of the hearing aid. If, for instance, a hearing aid
user complainS80USPEitfbuftids tih Qe I UK JRHEY 8 rRamaetasth P ¥8nEfeNSs, but has
difficulties destfilnngy thatpavtios lms gifuatienawihen docwheredhendiféi estiiesvade yrofiie hearing aid

fiter may then, W0 3A9AOLAFARGTIRIAA0TI0090%4.05 exltact and analyze e sgring aid log in
order to determine the sound environments the user has experienced while wearing and using the
hearing aid, arfieRRy TESHETGH thy SRSt IRETRRBERY BIBCHRITglmen gy bhBEEDRYthe information

derived from thechearipehaidigge-and tRadealing.aichitansiowmn: BXRLTQNEEs minageneral example, a
hearing aid user ma comp{%ig about avén ifficultjes understanding speech in certain types of
t'des

noise, but he orst cnallr%ag e&‘r‘i%ée & ﬁafégfieFa the noise, nor remember the exact situations in

which the difficulties are experienced, perhaps due to a lack of a suitable audiological vocabulary or a
failing 10yMeMQRYearing aid fitter may gather useful information from the histogram and the stored

background information when analyzing a readout from the hearing aid log. The
histogram may provide information about the sound environment, such as the level
and character of the background noise level and the presence of speech signals a5 a
percentage of the overall signal. The stored background information may provide
15 information about the variance of the different sound environments experienced by

the user during the entire logging period.

The sound environments expenienced by the hearing aid user are usually logged
during a peried spanning from a few weeks to several months depending on an initial
20 expectation from the fitter regarding the sound environments. As logging only takes
place while the hearing aid is turned on, the operational time information is recorded
by an on-time counter present in the hearing aid. This on-time counter is used in
conjunction with the logging data in order to establish a picture of the sound

environments experienced by the heanng aid user during the logging period.

The logging procedure in the hearing aid runs concurrently with the actual audio
processing performed by the hearing aid. In the preferred embodiment, the hearing aid
log records the noise level, the modulation level, and the slope of the noise spectrum
together with information about how the hearing aid is operated, e.g. what programs
30 are preferred, what level the volume control is set to etc., but other parameters may be
recorded as well. Examples are: the occurrence of a sound exceeding an upper
comfort level for more than two seconds, activity and performance of a feedback

cancellation system, a telecoil, or a direct audio input, and so on. Due to the limited



The hearing aid fitter then initiates a logging of the sound environments by activating the hearing aid
log using a dedicated command in the hearing aid fitting software, and the hearing aid user will revert
to his normal everyday activities. When the hearing aid 15 user returns after a couple of weeks the
hearing aid I8PrHIEHEE%® reveal that situations wi h) a fair amount of high FEHBEA AHIEX or hiss are
predominant. The fitter would then take advantage of the knowledge about the exact nature of the
experienced sound environments stored in the log, and might e.g. adjust the hearing aid fitting in order
to make speecticdininate owadrtteinighendmegyencies oytadjvsting 20, thenfréguentyarsponse, the

compressor selligand s ashisinhle: ReAMBLerRd g Neaipg,aifin order (o alleviate the

hearing aid user's difficulty understanding speech in the particular Soundenvironments that particular
hearing aid user is experiencing. 25The appearance of a particular histogram readout at an arbitrary

time is dependéint ediniie aamplevtate. kheameans fog C&ﬁ&ﬁﬁﬂ@&&%g@ﬂgp@ PRIy involve a more
elaborate, gtatisﬁgc&éﬁgaéxsis. of thﬁ:‘acq?tents of thlg hit%tgigkr)am than !iUSt ?Cfg ntin§ the contents of the
i \ i

individual Bins. The reason that CORtrolling fhe SAMBIE FAte 18 IMpOHARE s SXBIEREF Cmore detail in

the following. 38 FebsRetnyked bdancnmdrietrsasdaldvtiofidifferbnf Soundzenvisonments during a

logging peinchﬂ%d&&ﬁ%@Qe@L’?&ﬁ%%ﬂﬁ@j adaihey wite siatitical prafile. as magyyofshe bins appear
to be equally ﬁ“}eolé Such a ctglse may be identified by applying appropriate statistical analysis to the
histogram. In tHIS SRE8LFE BEHCALIANES migeste RRICHIDBYLCEstEise FHAREStHY/BY0524 16 the
sample rate totgaireanogeashmplesef thevsgdunerfenvikgninenipitusingyaisivnitas leggingtreriod. In this
way, a mege dg@ggqlgghlqgequagﬁ%%g%n%éga%guenvironments the user actually experiences will

emerge from the resulting histogram. 5If, however, a hearing aid user only experiences a few different
sound environments during a logging period, the resulting histogram has a rather narrow statistical

profile, as onlyiaafewdhing sredibhiwhppuss hit0gfmMRRASING GRS URYGREHRARS May also be
identified by aqlpd}gagsaéqgro riate sta&l%tl_ﬁgtloan%lyr?ls to the ﬁgégglram. I(? this case, it is beneficial to

Ioe Spread in a. {d, man t 50
decrease the sample rate 16 Gan fewer Sampiag of tha dol sound environments are

encountered. The sample rate may then beneficially be increased to ensure that a
15 particular sound environment is logged before it changes character because the sound

environment is likely to change within a sampling period.

If, on the other hand, a rebasing operation is pending in the histogram and the
background information indicates a small spread in the histogram data, only a few
20 different sound environments are encountered. The sample rate may then beneficially
be decreased in order to conserve memory because the sound environment is unlikely

to change within a sampling period.

The hearing aid log thus provides the hearing aid fitter with quantitative information
25 regarding the qualitative working conditions of the hearing aid as recorded during a
specific period. This information may be used together with an interview with the
heaning aid user in order to clarify possible problems regarding adjustments of the
hearing aid prescription. By knowing the predominant sound environments a hearing
aid user has experienced during a period of wearing and using the hearing aid, the

30 hearing aid fitter may devise a better fitting of the hearing aid.

If, for instance, a hearing aid user complains about difficulties understanding speech
under certain listening conditions, but has difficulties describing the particular

situations when and where the difficulties occur, the hearing aid fitter may then



10 environment during a similar logging period. In this way, a less detailed picture of the types of
sound environments the user actually experiences will emerge from the resulting histogram. A
flowchart of an algorithm describing the method of managing data acquisition and 15 storage
according toVHse2fR&A%BA is shown in fig. 4. The purpose of the algorithmA€ @ Heavnbins the
instances when a histogram bin is full, rebase thelﬁistogram and adjust the data acquisition rate, here
denoted the sample rate, accordingly. The algorithm may be seen as divided into two parts. The first
part, incorporatmigithendéhatep3htOtadfPili3g 104rdaneh Haknidke sieasanaf dhardataasquisition of
sound environ : art, incarporating the steps,106, 107, 108, 109, 110, 111,
112, and 113, Eﬁfﬁé?ié%%%ﬁ%%%é%rﬁ%%ﬁ%ﬁ@s@r&blfé ?a{t%g juslr:1 aﬁ?@nﬁﬁég%?gurﬁ%in rebasing.
These tasks wift Uk aivatin addtiivpramnditayfotsdier hesthanatyoritinestfam itkstep 101, where

variables are sehang siarrgadsnlieaaiedionithe hislagkaeiaihe input is checked for a new sound
environment sample in step 102. If no new sample is present, a wait loop is entered by branching off

into step 103. Whenever a new sound environment sample is ready, the sample is recorded in the
histogram by Braacttimgabféintpkiep 164inAftdd nesconding dhrepgampbein isteipngl fiaul86stest is

performed in SigRukAR EhOTEELIR ISISIING NS YRIRGTAM hInJIRIS Ihs. Famplp.yigs stored in step

104 is full. If that is not the case, the logging continues, and the algorithm loops back to step 102 in
order to wait fSPHFRS'ReXt LERpiRs: DWcFPewSR sanosPCIeiRTGD HhgbsheldifRdr! tsiever, the

histogram bin wiperiedie, ganhpie Wasstorad st stepibd wasofuficiheRlgatihna:biamehes out into the
second pajt Ofnti?% I _orithm via step 106, where a statistical analysis of the histogram is carried out.
Among the results of the analysis are a histogram profile analysis, i.e. an examination of the histogram
in order to 5determine if one of three conditions are present. The first condition checked is the

so-called "narrpyy-peaiie 2fAER:ceckadiR:SieR1AE. A MaNQWALRfils i Adisiogram;ipdicates that only
a few bins havt ergga%]negdaltg olrg using a dedicated command in the hearing aid fitting software, and
the hearing aid user will revert to his normal everyday activities. When the hearing aid
15 user retumns after a couple of weeks the hearing aid log might e.g. reveal that
situations with a fair amount of high-frequency noise or hiss are predominant. The
fitter would then take advantage of the knowledge about the exact nature of the
experienced sound environments stored in the log, and might e.g. adjust the hearing
aid fitting in order to make speech dominate over the higher frequencies by adjusting
20 the frequency response, the compressor settings, and other adjustable pararneters in
the heanng aid, in order to alieviate the hearing aid user’s difficulty understanding
speech m the particular sound environments that particular hearing aid user is

experiencing.

25 The appearance of a particular histogram readout at an arbitrary time is dependent on
the sample rate. Other means for controlling the sample rate may involve a more
elaborate, statistical analysis of the contents of the histogram than just counting the
contents of the individual bins. The reason that controlling the sampie rate is
important is explained in more detail in the following.

30
If a hearing aid user experiences a lot of different sound environments during a
logging period, the resulting histogram has a rather wide statistical profile, as many of
the bins appear to be equally filled. Such a case may be identified by applying

appropriate statistical analysis to the histogram. In this case, it is beneficial to increase



largest value when a bin in the histogram is full. This indicates that only a few sound 10 environments
prevail in the log. In other words, the sound environments experienced are relatively constant over
time. In this case, the sample rate may advantageously be decreased, since many of the sound
environmentVeyameteddtded in the histogram will be essentially the samectaikaeoasposzdprofile is
absent, the algorithm jumps readily into step 110.1f a narrow profile is present, the algorithm branches
out into step 108 in order to check whether the current sample rate is the lowest possible sample rate.

If this is not theheasepleeralgasithm biaechgsRYINIASIBRMOS WBSHRIN8.SRARISHAlg is decreased,
and the algoritpm loops bagk E]r légh step 113, where all bins are rebased as described 20

 al
previously, and 0 st8p 102 1 o el’wf%ng.it%ﬁhge}?é})%f} SRIFBIE. ¥ rBweRss e tble rate is the
lowest possiblensamplentatbs ther algarithentotpsdoad tmeugg lirste hd &3y Mehistalichins are rebased as
described previously, and into step 102 in order to wait for the next sample. 25The second condition
checked is the_so-called "wide-profile" case, checked in step 110. A wide profile in a histogram

indicates that MaREHTE AdtvareaaieticIoel o RAaTPTar o™ differom srpadoiRviromeeristogram is full.
This indicates dhehadobgfiskfferent seusshenyironmanishayebeenrrgisiamddn passtleg, in other
words, the soypds, xp_%‘iglggnesd réai\{l% %ﬁ%ﬁ&ed a Ipsiioovaer time. .In this ca%%c;}jhae sample rate may

T er ol regasing. oCCcurs. aSC Imna .
30advantageously be mcreasea, since many dlafftérer‘ﬁr SOUnd envirohment evénts aré Yecorded in the

histogram. W@&te9fs8eteBBCPritarawTo0as 22 Bt enibisipiofie saissent frows the analyzed

histogram, thealgerihsalmmhesiautdomsisnpld Grnd lonps-Rackpauat siershkid. where all bins
are reba %d as described earlier, and into step%g%épi%?rl er to wait for the next sample. 5If a wide
1

profile isshreseeﬁlf'fufﬂnéméifbtodr'ffﬁnrﬁ haRHLEsED TBYaRIES BRALRARIFETY 98 current sample
rate is the highgstspoissitvied senviplerates ththisds notdlie caseicthesatgdrithrrderdnoheseout to step 112,
where the samplgifiate,isiiReigased, and the algorithm loops back through step 113 and into step 102

in order to wait for the next sample.

A flowchart of an aigorithm describing the method of managing data acquisition and
15 storage according to the invention is shown in fig. 4. The purpose of the algorithm is
to account for the instances when a histogram bin is full, rebase the histogram and

adjust the data acquisition rate, here denoted the sample rate, accordingly.

The algorithm may be seen as divided into two parts. The first part, incorporating the
20 steps 101, 102, 103, 104, and 105, takes care of the data acquisition of sound
environment events, and the second part, incorporating the steps 106, 107, 108, 109,
110, 111, 112, and 113, handles the histogram analysis, sample rate adjustment and

histogram bin rebasing. These tasks will be explained in more detail in the following.

25  The algorithm starts in step 101, where variables are set and storage is allocated for
the histogram. The input is checked for a2 new sound environment sample in step 102.
If no new sample is present, a wait loop is entered by branching off into step 103.
Whenever a new sound environment sample is ready, the sample is recorded in the
histogram by branching off into step 104. After recording the sample in step 104, a
30  test 1s performed in step 105 in order to determine if the histogram bin where the
sample was stored in step 104 1s full. If that 1s not the case, the logging continues, and

the algorithm loops back to step 102 in order to wait for the next sampie.



10 If, however, the sample rate already is at its minimum value; the algorithm loops back through step
113 and into step 102 in order to wait for the next sample. This is, in fact, the third condition, i.e. the
histogram profile is undetermined, and the sample rate is thus left unchanged. 15 Whenever a readout
from the heatRg¥RIMGE performed by the hearing aid fitter, the relative®ScéBk&NZR8% the possible
parameter combinations in the hearing aid log remain true to the sound environments actually
experienced by the hearing aid user during the logging period, even though one or more of the
parameter corffbiatioes the hstverondunretianche timpstivansthedog cap Hetuallyfaibndain. The hearing

aid log thus prﬂ%}iﬁﬁ&.ﬁh& hearing.aidhftigs with,a B%gff%'etggo%ﬁhnﬁ'at%@q6@6\%?&%“&“9 programs
available to the hearing aid user. Printed: 18-01-2010CLMSPAMD 29.JUN.2009 14:46WIDEX/HIMPP
+45 4435 5608A0sHpsagaysisfohe BIeRD . Forivd pesTIBIIENHY 50015 24 thogreb P09’ 19 CLAIMS

1.A hearing aisre@myxisirgrapriihetiransducer for-pratkicing antirphkrigRal, i@ hearng aid processor
for proces§ingdt8he inF tf%igy%trﬁ)ré)rod%e an output signal, an output transducer responsive to said

. te(:jrmz fl:J 1 € conalflons are I‘P i:sent. . .
output Slgnal, and a logging device havinga's analyzer, a timer, and a memory, the memory havmg a

set of histogram counters in respect of a predefined set of sound environments, wherein the analyzer

processes theRpyisignaiape clrssifies the spundeventamengithenredelined setef sound

environments, wherein the timer tri%ﬁrs the qutput of the classification of the sound evenat, wherein
the memory redeive SR8 RIS BbH LR dPdifrirR A" CalintdF h RS pat: BRHREYLBEhd environment,
wherein the mergentyvhias aheoebilow thetistogriat imanitdhngitiednstbgranycofatasuand for

responding (o iEASIREHon AT PHRTIANE VAR WeRPaRng.al epuiish I g dividing the contents

by a predetermined factor, and wherein the memory has means for analyzing Istogram counters
for determiningFEHE AR SPE RIS OYFTBriTilE BRI HAENCaIe ARYGIE TSHEsARdHiPR) the tinier,
which timer deRisieRc0giedsesnondsie sgnalsfiamibe analyzineraeeanmimdacidingdne timer setting.

be essentially the same.

15 If a narrow profile is absent, the algorithm jumps readily into step 110. If a narrow
profile is present, the algorithm branches out into step 108 in order to check whether
the current sample rate is the lowest possible sample rate. If this is not the case, the
algorithm branches out into step 109, where the sample rafe is decreased, and the
algorithm loops back through step 113, where all bins are rebased as described

20 previously, and into step 102 in order to wait for the next sample. If, however, the
sample rate is the lowest possible sample rate, the algorithm loops back through step
113, where all bins are rebased as described previously, and into step 102 in order to

wait for the next sampie.

25 The second condition checked is the so-called “wide-profile” case, checked in step
110. A wide profile in a histogram indicates that many bins have reached close to
their largest value when a bin in the histogram is full. This indicates that a lot of
different sound environments have been registered in the log, in other words, the
sounds experienced have changed a lot over time. In this case, the sample rate may

30 advantageously be increased, since many different sound environment events are

recorded in the histogram.



Hearing aid according to claim 1, characterized in that the overflow detector has means for analyzing
the histogram and for setting, in the event of a narrow histogram profile, an increased timer period. 3.
Hearing aid according to claim 1, characterized in that the overflow detector has means for analyzi g
the histograt QAE48P&%eting, in the event of a wide histogram profile, a dRCFsEY TitE beriod. 4.
Hearing aid according to claim 1, characterized in ?hat the memory comprises a volatile memory block
and a non-volatile memory block, the memory being adapted to store data in the volatile memory
block, and to récorddatendfiittendysehe ematho malyeeddistiveras ritsrgl plodiirbtirsires rovolatile memory
block. - Prifigel 1 4102030 GLM SEAMB0 9 - 2009 MATIIEXINER 15,4435 5603
,Potiok-200V0cse 824 NO.090P.8 PCT/ DK 2007/ 524 - 29-06-2009 20 5. The hearing aid
according to of fSCPHEHHSERh PRSIRRS O2Ha At i Ba A YHEE IR RIS ram counts recorded in the

log represent sound enwronments defined by respective sets of characterlstlc parameters. 6. The

hearing a|gl a ar% ei(s)f trhsemﬁ edfn&gﬂrgmhc asrggttgrlz ﬁ1 mgtotr e e ehnskfor analyzing the
histogram counters re orded [ dg coniprises means for determining one among a plurality of

possible histogegtigrifl Tt sararlpsAsrip ravi syt pleidfsABPSostibIE e aPsigaals based cm
the determinedqhisiagraprfafilanches out to step 112, where the sample rate is increased, and

the algorithm loops back through step 113 and into step 102 in order to wait for the

next sample.

10
If, however, the sample rate already is at its minimum value, the algorithm loops back
through step 113 and into step 102 ip order to wait for the next sample. This is, in fact,
the third condition, i.e. the histogram profile is undetermined, and the sample rate is
thus left unchanged.

15

Whenever a readout from the heaning aid log is performed by the hearing aid fitter,
the relative occurrences of the possible parameter combinations in the hearing aid log
remain true to the sound environments actually experienced by the hearing aid user
during the logging period, even though one or more of the parameter combinations
20  have occurred more times than the log can actually contain. The hearing aid log thus
provides the hearing aid fitter with a powerful tool for fine-tuning the listening

programs available to the hearing aid user.



7. A method for managing data logging in a hearing aid, the method incorporating the steps of

FRfEHHingRPRTarpeter data at a selected ratg,i_mmmg and storing the acquwe»ﬁg@}g;@@@ﬁmwn

alloczred memoryis the heamEsE]@3tiRg if<asyseeaurrence of the stored datamxceeds a

predetermined maximum number limit, and, in that case, red Ry D€ 20GHEOCEH SiPthe @06 2009
occurrences proportionally by a predetermined factor, analyzing the histogram data for determinHing

the width of a histogram profile, determining a new data acquisition sample rate based on the

determined histogram width and altering the det

ined data acquisition sampling rate accordingly. 8
The method according to claim 7, characterized in that at least some of the acquired parameter data

represent sound environments. 9. The method according to claim 7, characterized in tint the
predeternéihddMictor is recorded in the logging device. 10. The method according to claim 7,
characterized in that the timer setting is selected from a list of predetermined timer settings.
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gyodyce an owlput signal, an output
trangducer yesponsive to said output s:gnal, a:nd & logging device having an analyzer,
a timer, and a temory, the memory having a set of histogram counters in respect ofa
predefined set of sound enviromments, wherein the analyzer processes the input signal
and oclassifies the sound event among the predefined set of sound environments,
wherein the timer wiggers the output of the classification of the sound event, wherein

" the memory receives the classification and increments a counter in respect of the

sound environment, wherein the memory has an overflow detector for monitoring the
histogram cousters and for responding to the detection of an overflow event by
rebasing all counters through dividing the contents by & predefermined factor, and
wherein the memory has means for analyzing the histogram counters for determining
the width of a histogram profile-and a timer decision logic for controiling the timer,

 which timer decision Iegic responds to signals from the analyziog means in deciding

i

the timer setting.
!

Hearing aid according to claim 1, characterized in that the overflow detector has

means for analyzing the histogram and for setting, in the event of 3 narrow histogram

profile, an increased timer period.

Hearing aid according to claim 1, characterized in thet the overflow detector has
mezans for analyzing the histogram and for sefting, in the event of a wide histogram
profile, 2 decreased timer perind.

Hearing aid according to claim 1, characterized in that the memory comprises a
volatile memory block and a pon-velatile memory block, the memory being adapted
{0 store data in the volatile memory block, and to record intermittently the data from
flie volatile memory block in the non-volatile memory block. '
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11. The method according to claim 7, characterized in that the step of analyzing the histogram data
pragesitha step of decreasing the daga peswisilign sample rate if the profilgsisFgeegrgdas s
%}a@% % |2§E§Et@ methq@moggﬁ#pg{ﬁg‘ﬁ%%ﬁgaaracterized in that thm@ﬁ{)f‘ apagﬂy@?%%? ;
histograin data incorporates the step of increasing the data acqUiSiteNspnlegets Hahe yolig-ig 009
recqgnized as a wide profile. 13. The method according to claim 7, characterized in that the step of
determining the width of a histogram profile incorporates the step of calculating a set of statistical
parameters. 14, The method according to claim 7,28haracterized in that the parameters of the sound
environment comprise at least one slope of the sound spectrum of said input signal data; a |
modulation of said input signal data; and a sound pressure level of the noise of said input signal data.
AMENDED SHEE TTRebeitiag it tree®HEs 6p gimncd boprosding sloimepeipergiztd /4598 96-200a

i- histogram counts recorded in the log represent sound environments defined by

respective sets of characterisiic parameters.

é é. The hearing aid e;ccording to ope of the preceding claims, characterized in that the
means for analyzing the histogram cownters recorded in the log comprises means for ;
determining one among a plurality of possible histograra profiles and means for
producing a plurality of possible control signals based on the determined histogram
ﬁmﬁie. |

7. A method for managing data logeing in a hearing aid, the method incorporating the
steps of acquiring parameter data at a selected rate, arranging and storing the acquired
data in & histogram in allocated memory in the hearing aid, testing if any occurrepce

. of the stored data exceeds a predetermined maximum nurober Hmit, and, in thet case,

‘reducing the number of all the data occurrences proportionally by a predetermined

! fla.ctor, analyzing the histogram data for determining the width of a histfogram profile,

deterpmining a new data acquisition sample rate based on the determined histogram

width and altering the determined data acquisition sampling rate accordingly.

8. The method according to claim 7, characterized in that at least some of the acquired
parameter data represent sound envirotrnents,

9. The method according to claitm 7, characterized in that the predetermined factor is
recorded in the logging device.

10.  The method according to claim 7, characterized in that the timer setting is selscted
from a list of predetermined timer setiings.
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11. The method according to claim 7, characterized in that ﬂ;e step of analyzing the
histogram data incorporates the step of decreasing the data aoquisition sample rate if
the profile is recognized as a narrow profile.

12, The method according to claim. 7, characterized in that the step of analyzing the
histogram data incorporates the step of mersasing the data acquisition sample rate if
~ the profile is recognized as a wide profile.

13.  The method according to claim 7, characterized in thet the step of defermining the
width of a histogram profile incorporates the step of calculating a set of statistical
pararmeters.

14,  The method according to claim 7, characterized in that the parameters of the sound
' environment comprise
- atlenst one slope of the sound spectrum of said input signal data;
- amodulation of said input signal data; and
~ & sound pressure level of the noise of said input signal data,
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