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HEARI NG Al D COVPRI SI NG A DATA LOGGER AND METHOD OF

OPERATI NG THE HEARI NG Al D BACKGROUND OF THE | NVENTI ON
wd2drekst7of the invention The present inventi OPCT/EPBI®ESS348

to hearing aids and to nethods of operating hearing

aids. The invention, nore particularly relates to

l ogging in a hearing aid of data pertaining to the

acoustical environnent 2. Description of the rel ated

art A publication Cunmngs, KL., & Hecox, K E (

1987) Anbul atory testing of digital hearing aid

HEARI&E gami thmIREENA bDAA poemepedimyETodD DheoFERBNINMGNMHAIHEARING AID

Conf erence on Rehabilitation Technol ogy June 19-23
1987 San Jose California, 389-400, suggests a portable
unit for serving as a prototype hearing aid for
testing signal processing algorithnms. For providing an
acousti c descr BAOGKBROUNDOR THEeNVEgNERMN r onnent ,
maxi mal and m ni mal sound pressure |l evels are recorded
each of a nunber of sanpling epochs, the m ninmal val ue
assuned to represent the background noise | evel and
t he maxi mal val ue assunmed to represent the speech

1. Fledd of thEnBvelatian may be represented in histogram form
The processor reads switch toggling The unit is
designed to permt retrospectively correlating the

TheStrabést in0entdn tdlatepabitraliing dlés bstaosmethdds e operating hearing
envi ronnental acoustics A publication " Descrig%i_ on

aidsieitsy JIMENEON HIOFe tRArtieH |2t EEIPESqIon Peginga i ADarRI K a of data
peng}@’%ﬁ{ w@nﬁbﬂ%g% hR8nmang- 393, explains a hearing

programenories and with data
| oggi ng for keeping track of how many tines the wearer
has sel ected a specific menory and the total tine each
menory was used. EP-B-335542 describes an auditory

2 D%%Bﬁﬁﬁlﬁ?&ﬁh@@léia‘?@d data | oggi ng capabilities. The

menory may permt recording of environnentally

sel ected events, such as
A publication Cummings, K. L., & Hecox, K. E. (1987). Ambulatory testing of digital
hearing aid algorithms. RESNA '87 proceedings of the 10th Annual Conference on
Rehabilitation Technology June 19-23 1987 San Jose California, 389-400, suggests
a portable unit for serving as a prototype hearing aid for testing signal processing
algorithms. For providing an acoustic description of the listening environment,
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 to 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 environmental 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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sel ection of settings, paraneters, or algorithmns,
where such selection is based on an automatic
W@ owpoiRré on in response to the current sound PCT/EP2005/055348
envi ronnent of the wearer. In a preferred enbodi nent,
the nethod of determ ning tBe values for each of the
data logs entails counting tinme in |arge segnents, of
the order of two minutes ( 128 seconds). Duration of
use of each setting is then stored in units of two
memerirst @ad with dateoleppinediosmesaingetiack PhBoWamanydiney thryvearer
[ e i I [
nas 3BECRRLS SREVAC clady SRR FRILE ot ety aSalsehd
information to a progranmer. EP-A- 1367857 shows

EP- B o g escilbes anBL RN oS eR e MR e Iafaip eRApiities. The
merﬁﬁggwégr;fenr% Felb@idalofSEAG nrﬁéﬁ’t‘éu\?%élgctéhgéwhﬁm such as

e prosthesi s. ein signal data nmay
selectmrpronf settlnlge pIa:gxm:eztlars rmpuatlgcsntgml \Mhtes@lsﬂcrmse{qqgon is based on

o S SRR R BT DA v
weafrégwbeﬁreﬁ?ﬁéot &ﬁB%%erfteﬂieUtﬁw@ﬁwd@f oft fgtethdiiricithd waluks for each

The input signal data may conprise statistical
of theedatarlegs estads cagnmramt;,mfaen ﬁargeée@g@%aftth% order4f tyiggminutes

(12&{;n nﬁglnj{i)%: LUPQO eﬁvﬁée? é)%c}fesgﬁl NRL AU ARENNS INBHEs of two

IStI‘ uti1 ons

m|n§ﬁe§t iIgtd Gsodtied ,enﬁﬁodnh\endl thiet dhtaloyying $mag,nzble mhpipmented in a
i gnal data may be inter medi at el y recor ded
remotﬁ @@ntrcé ugttoT%@éearéw ail has gn iInfetiageP ingrgending datalogging

infol ét% } dfhd ey subsequently be stored in the
e

rS| a space at a substantially nore
|nfrequent rate. In eventdriven data |ogging, the

Py TAVTRBY, 9oy PHBING s o0t e HoF o BD AL hfeaing progthesis

n cHEIRIEDR ki SSeut By bl SR M gronesi
algaitms@ceteal indhe prosthesiegFlagringait gignal 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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US- B- 6862359 suggests obtaining real life sound

recordi ngs by passing a signal through an input signa
w@ado/oef27@ t ar get hearing prosthesis. WO A-0 1/ BABBB2005/055348

suggests col lecting statistical data characterising

physi cal or psychol ogi cal pBoperties of environments

in which use of a hearing aid is desired. Data to

collect could include |evels and spectra

di stributions of sound across tine. The hearing aid

may act as a data collector. US-A-200401 90739 rel ates

df I .
ok o eFER o Gesac P T ARSI . RafactERing Tonysical or
psyélﬁﬁ@gﬁldéldpl’@)bet’t@ of @rﬂv@r@hmts Bt ahicht usalof daamesarlmysald ig.desired.
the anplitude percentile, or

Data jye colieat aositbinchidst Iev%ﬁn@lrﬁpe&&raﬁgtsltf Bk R sBhnd aceess time.
Theg'xve%{nng @ érféé'tbg!s a {5€Cd||@[aﬁ)l’Va| sound type

sound ype adjustnent distribution, may
be stored. The user or the fltter can trigger Ioggi ng

| | P- B- 0732036 .
Us-Rof 08 a8e7 PRy elates ah e el it Bl daE i haliehtlf & hearing
devf?ﬂelr&l*lhta rfe‘%rd%ﬁgtu' ﬂuﬂﬁéuﬁﬁtsﬁgﬁﬂlﬁﬁéﬂﬁe @éc@d@@@&hélmerophone
ue of the | ut sig froma conti nuous anal

Statistitabdatay asieog. tb\fe amplltﬂﬁg@@&ﬁml&;ror&gnge,rqllﬁp@tlal ory spectral level

dlstgl!r)it‘l:%{:, bql;cglugp %%aﬁﬁ%sqg \z%rg%\iladéds?%é b r\ntl%rvhﬁa"sbﬂﬂd type

nvi ronmnment

dista R soliRd SE*EEGUSPRStIdtnbsticre Mt e stpred. Bhie eser or the fitter
menory capaclty, lorocessor capacity and power
candog@@fﬁpgglol mﬁ'@@)’ng of data about the acousti cal
envi ronnent in a dedicated device, separate fromthe
hearing aid, may easy the constraints but only cones

EP-R007 3E036 @ﬁal@m@d procebsingtirgeit farrghedring alldeV\MU@tC}uﬂ contains
envi ronnent at the Igvel of the _hearin

2 conteal SERGRET U Eph SBETRGHER of AOE SRR YHHEOng gyt sional
frorﬁ%acﬁngﬁ‘\hghggng%% érﬂf ePROAJH bNBeTRiguEhEY BY ahhﬂltude distribution

ard
of the input S|gnai

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 level 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 follow-up
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The logging data will normally be available to a

fitter who will transfer the | ogging data fromthe
whearisg7ai d during a fitting session. Nornal | BCT/EP®05/055348

fitter nust initially programthe hearing aid

according to general fitting tules. The user will then

start using the hearing aid, and he or she wll in

nost cases later revert for a followup- A - session,

where he or she can discuss the initial experience an .
SesgiRy. Wesre e of éb%ﬁﬂé‘ﬂﬁ%ﬁﬁ&“em@ ﬁ%P?'é‘?”Q?a@fP ARy dsge s tor fine-

tunllﬂﬁ?TﬁgJﬂHéF é*rﬁtl%ﬂpﬁoq,‘%éf Qﬁ(ﬁ adjus QQ%BBQ)p‘Plfatéj‘?i W%}fh&ea% about

rinsic aviour o earl ald and a
the &rtansit ibehawviour ohthertiearingl ald e daabrajt dne adeesiicagevifooment would

be ¢ %?ér? SV B iR E Ay SigaTRg opligh R uing the
Progﬂr co tal‘s W ésnfOF ‘ﬂ%cﬁﬁ@@n‘?%éﬂ-ﬂncﬂ_&%’ if thé heBrihglaed. est

lecting a ot of "data in order that the user
can aggregate sufficient data for an early followup

el g 2elfst #1401 b Berind el BERRIY ekt el T eF el oorooate

suffidi&fteddts fér Qﬁséarr@ fbﬂ’cﬁwmbo\%s@w%@hﬁ@r ||fOtﬁ1©cdslsaB/ ThIS requlres a
| o e. | ogging for the entire service

high ﬁgmmd;g@ iralg Iiauthe QORGP the gthar Hang; tf@éﬁ;&?a?udaséfevm groviding
alsg éoﬁ%?qgﬁéhgvg @atlcg%g#lﬂ%tf&etﬂ gggt'érggsﬁrg Egzlffel: tﬁp‘??l‘(’\)(% I g%rlﬁg aid, a

desireahat igues cbmipatiblegiittga dhﬁg tdasraplieg tae in the bgginge
acoustic environnent. SUMVARY OF THE INVENTION It is
therefore an object of the present invention to

Thd%r grYérgq I%eﬁéé %r%ﬁ?ov%@%éﬁﬁw@oﬂﬁs et WaesithpbvegaetRtiques for

|ng t1oned requirenments and drawbacks
Ioggxhgtdﬁelalnpmﬂalam torihe aacestioenvinaoowndi ng to a first
aspect of the present invention, there is provided a
hearing aid that has at |east one input transducer for
providing an input signal, at Ieast one si gnal

processi ng channel receivin | east ar\f)orti on of
sai d i nput si gnaSUNMAERY THE INVENTIO

It is therefore an object of the present invention to provide hearing aids and
methods of operating hearing aids taking the mentioned requirements and

drawbacks of the prior art into account.

According to a first aspect of the present invention, there is provided a hearing aid
that has at least one input transducer for providing an input signal, at least one
signal processing channel receiving at least a portion of said input signal, a hearing
aid processor for processing said portion of said input signal to produce at least one
output signal, an output transducer responsive to said output signal, and a data
logger receiving said portion of said input signal for logging of input signal data,
wherein 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.
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ai d processor for processing said portion of said

i nput signal to produce at |east one output signal, an
WO@iop0ss2t6 ansducer responsive to said out put SPQIBEP2005/055348

and a data | ogger receiving said portion of said input

signal for |ogging of inputb5signal data, wherein said

data | ogger conprises a characterisation unit for

characterising and | oggi ng paraneters of the input

signal data, and a nenory unit for storing said

Themrpuiged clada Teeggsrenabiesy tdighararsgigeranshigg earameters of the input
. ar t i . i
sorBETAG TG SEBGERATEUEES Blede h0BMer2 0B togoer
chaﬁd@&er@@:séaddolge two fh)a_sm:ptaa'?h?eas astdtiktdxgh;softfaatwas that characterise
araneters: stati st t h ' . .
the BaHAc GUNEPTERGT: GRIFAHES (towan aoM Fog B g dihier fs using
the ngr%ﬁgﬁréé%é E\Zai PR in'tRe %_%gﬂ?%%Tbe(s@i ddietabgRNogHiAgE

aval | I'nt earing al o call ed usage
| oggi ng). According to a further aspect of the present

i nvention, there i ovi ded .a_ net.hod,, of '
nechiisd R Bt bt o e S SRR e RO dety Pretnon o
opePRinGod heaRRY % actSatigND 1Bk MBE&MEheERiINMING Setibd comprises
staliistics of features characterising the sound
loggimy iof craremetersdcemerisingrestatisiics rofi teatigen charpeteriging the sound

enBRagR A g8 B BPisel Dadlced P VB Ao o By Y b in sai
heafl8ylafe according to claim29 and a conputer program

and a conputer program product as recited in clains 34
and 35. Further specific variations of the invention

The3hGeritfeh gg o@ﬁwﬁa{%efuh%; Qfﬁﬁ(ﬁ%ﬁﬁﬁﬁ@@& aCh e IRy _i@dé‘%_fclel according

aspeécts’an ntages o present invention wi
to ckan@eant mecappatee prograonandae doohpuiel prpgdamaprioddct as recited in
_descr%{g{ii n taken in conjunction with the acconpanyi ng
claigis 34 #¥ESRhi ch illustrate, by way of exanple, the
principles of the invention.

Further specific variations of the invention are defined by the further dependent

claims.

Other aspects and advantages of the present invention will become more apparent
from the following detailed description taken in conjunction with the accompanying

drawings which illustrate, 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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BRI EF DESCRI PTI ON OF THE DRAW NGS The invention w ||
be readily understood by the foll ow ng detail ed
W@ e®enigaré on i n conjunction with the acconmpanyP@LEP2005/055348
drawi ngs, wherein |ike reference nuneral s designate
i ke structural elenents, amd in which: Fig. 1is a
schemati ¢ bl ock di agram of a hearing aid according to
a first enbodi nent of the present invention.Fig 2 is a
schemati ¢ bl ock diagram of a hearing aid according to
a second enbodi nent of the present invention Fig 3 is
S ' 0c f f '
Fi9 Zodt i iR BBk aTEdRNT of % RRed 2R, AFRHRG, §% second
emiddimént of therpresertdanadrtied. schemati ¢ bl ock di agr am of
the percentile detector depicted in Fig 3 according to
an enbodi nent of the present invention Fig 5 depicts
Fig.@(aqyae%lﬁ’émgﬁ@%wﬁtdl% an%QHnéj ﬂbe" Qrﬁ%rﬂﬁwtgpél@fédc%‘ﬁdmg to an
for Tour hearing ald uSers tak by percen
emtextiment of thequeserthevdntiequency range of the input
si gnal DETAI LED DESCRI PTION OF THE I NVENTION Fig 1
shows a hearing aid 100 with at | east one i nput
Fig.t4 ang d4GRbrel QetdlicdNs SHeamatte Hicuk tRRUAMSbUME pertenti@asdetector
one signal processing channel 20 that receives at
depicted in glgparaqccrdlm ta A erhegimenigefdhe psesrsdinvegtiand
processor 30 that processes the portion of the input
signal to produce at |east one output signal 40, an
Fig 08It pddpittaBsampRss 20 Wpotthetical rsammdnenvmommenhqa)r@fuleauﬁor four
signal, and a data | ogger 60 that recelve§ t he
heagngt aid List%@ttaksﬁrgha|p%wtnl%§§t'mﬁé°faaq\'§rdFe f?&“ﬁ&ﬁi’i%ﬂge of the
mpﬁ#&éﬂﬁ i nput signal The data | ogger conprises a
characterisation unit 70 that characterises and | ogs
paraneters of the input signal data, and further
conprises a nenory unit 80 that

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 least a
portion of the input signal, a hearing aid processor 30 that processes the portion of
the input signal 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 illustrated 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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stores these paraneters As illustrated in Fig 1, the
data | ogger 60 receives the input signal fromthe

Wa e@nseizecer or mcrophone before the input si grel/EPBSs/055348
been subject to any significant shaping by, e g, the
hearing aid processor 30Fi g72 shows a hearing aid 200
according to a second enbodi ment of the present
invention in which the input signal of the input

~ transducer 10 is received by a filter bank 15 which

Fig.s2 phews eshearing ajsu20@ ageendironto @ sgC?ﬂfi@fTﬂbCé&@@ﬁtcg?Fthe present

. bands_Thi. t ' : - ,
B8, 5 5 B9 Bl BB R g o) fecBmet na e
banRed WhBhaicphapdtes @s aipBRigml weld.g.ad 5tfresyudacy banggeThisoneans
is processed in 15 different frequency bands .The
thatolbiepritpel gntresfiltstithak inrtbm olRvIRE19R7) RIPEETRIAE £bagpe! for the
. i . ; . .
eSS S0 RLIERSE i sBoUgER boR gtacus 30 rcantren
freofYenoy Biangs.ttheaouteabsighatsrautputtfeord dheheage aidsprogessor are then

hear i i d 200 i ses a.ti Y g :
furtlg%é{)llwg‘{gesg%gw ﬁgm%ﬁé?c{ﬁe%ﬁw@agLg‘égqtﬂéut:é@%ﬁﬁéroﬂggnfﬁm output
transgl @¢d by an event, such as the pressing of a

utton (not shown) by the hearing aid user, reaching a
particular state in the processing in the hearing aid,

or .a particular.state j ' ' .
oo SRR S Rald ReEP 4 o pER TR comprises o
timéhér tﬁgg@rr Ynitmh so8Ratoibgying reabe nigned. d ogyirg iey raésmbe diiggered

as part of a fitting session via an jnte a%e lfl‘ni t. 110
by @wgwentyusngh & the N B AP YIAGIPASEOWE) E}vt Hg hearing aid user,

Lndustry..st . i ; :
LR e b T e
in 180 aebudirasriviignaieht200 conprises a volatile nenmory, e g

a RAM 85 and a non-vol atile mermory, e g an EEPROM 90

The | ogging rate should be set appropriately to

X 1.S i .
Accgqiglﬁgg?obin%%ﬁghb%@mﬁéhﬂ ¥he Rt kY sagemBricrgdenivBO 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, €.g. a RAM 85 and a non-volatile
memory, e.g. an EEPROM 90. The logging rate should be set appropriately to
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 sampling 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. triggered
whenever one count has reached 255. Obviously, there must be a capacity for

keeping a record of the gear-shiftings.
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bet ween early gathering of sufficient data and

avoi ding breaking the limts on EEPROM witings
waemandizng t o en enbodi nent, a frequently sanpPCTBPID5/055348

the data logger 60 is provided, e g every second, in

the early phases and then |-@&wering the rate in

subsequent stages, e g to once every 4 mnutes This

would fit well with normal usage of the hearing aid,

where the user can be expected to conme back frequently

in the early phases for fine-tuning of the hearing

aid, and then later on only with |Ionger intervals A so

call ed gear shifting could be automatic, i e triggered
EMBODIRMENTO T ICIZING BIdR\URAC MEMREDY Cobvi ously, there

nmust be a capacity for keeping a record of the

gear - shi fti ngseEMBODI MENTS UTI LI ZI NG Bl NAURAL MEMORY
LoghBfYeBdiree Qb S B RE R b TR R BPRAR oo (Rl ecord. in
partidulsofondogying 0bsoemd enviAenrhéetss Asrite sound @nvimbment ahéhe two

carg 8L serinaugsiedtal the semanaF corlc Tihe SaiB A palhadial fit the
usethﬁf}trsi ﬁﬁiri@ésggic%?folrg@éth EFEF hebBxSIREQiih eflel Way Ratv@e load of

_ ggi ng was shared armng the hearing .
logging swag. sharedhctmbrartheghedrind sigly rRy9a eagbchearing aid logging a

X T

a cafiplites SwhidRWAUN @aaIyes therAGt e6daTy Aczoading thadiemmidiment, the
the anal ysis software could be inplenented as part of
anafysés softwanecaidd baamelensmed pararagdha itting "Rat i on
with a tinme synchronisation anong the hearing aids
will permt the recording of data about the spati al .
Binémhd)gﬁﬁmj ihcgumeiih atidke with @i trge tsynalnroeidatidn reemeng the heéwging aids
_case_the user has heari,ng ai,ds, a hearing ai .
wil GETiLdG SRATFESLOk dRI8 @bob I reanatay safad S ioNBRbE Afgording to
an BRIGAERhERS iPkhd t&%sé?H@%s@PWaéO(WESEﬂéar'irﬁPEaﬁ:%‘?%t ﬁéiarhﬁg bl device

I'nput sitghal data of the 1 nput transducers of bot
contyrarisndheseal stwion Feaniobr aitlss mrandods sthei laragetais of the sound

eanc’rtogrrr{ew rggretsgﬁte%al%ea tﬁeointpt&? s%%%?%ta 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.



10

15

20

25

30

units of both hearing aids. EMBODI MENTS UTI LI ZI NG
H STOGRAM LOGAE NG Hi st ogram | oggi ng conpri ses the
wo oggios27e©f three paraneters, which charact eri BE/EP®05/055348
sound environnment: 1) The sl ope of the sound spectrum
2) The nodul ation 3) The se@¥nd pressure | evel of the
noi se Ad 1 - Enbodinents utilising the slope of the
sound spgc})r um The sl ope of the sound spectrumis
esti mate y taking a particular percentile in each of
Ther $lepe b dire FOUNBARISITUTHS S EPRIeTsbl IR 8PHYICHF Esggentie in

each ®f #ie ﬁeéuénc%fb ds! 'T“ﬁetsﬂ?pterﬁg obBAIAEY Eg%cléééltr@%l}a{?ﬁ§ fit 8f &line to

VEry coarse I mensi onal’ paranet éri sati on
the sound speetrimyrthisTisea pierp asersef 1tohraee$|opel paranoeterisation of the

characteri whet her di
soungv%pﬁ%anaeﬁgﬁ %ﬁﬁ%@ﬁﬂ% %'35398 o gﬁ %ﬂfgn\éfggthef the sound is
r t
donﬁ@%ﬁ%@nﬁn}oﬁ/v Kgggcﬁﬁbﬁ%m(g%gﬁﬁgwggﬁﬁg%‘ fi éeHBy components. The
slops |empfmedrl&tm$ubméc&(band]a 10% 50% 90% or 99%

percentile provided by respective percentile
estimators 65-1 , 65-2, 65-3, ..., 65-n of data | ogger

AccBRiin& a6 inPeneenimd iR, &l sI6PETEatuRs & Based be &nees,r 508pB0% or
I nput signal data and outputs its respective

99% pegeattile orevided byniaspeetive parestieepsiynatosh Oenl 168, 65-3,
65—@%&%‘1’%%(29%&%(?0@3%{ :E)?rée%n%e%@t{rﬂét%‘? bB&vaL QRE 5 tExé@trum of mput

a perce e es or which could use

sigritt elitsliang d@tpats rerheshovting pm‘rcedme ;spes’eumrtn fonthenthanactegisation
di scl osed in WO 98/ 27787 A. bl
units 6 &oraltirbsr IPYOGIRSIh P AR RING @Bﬁ §|°8 ﬁchrﬁalesgfuﬂooercentlle

est@%"f&%ﬂh@ﬂ CEB LB&s aeeham %[%rgn &S bblinstrAtes pfe%e'ﬁ't thvention

oun rom one or re I nput transducers
is dacksadah Ye@D8/27/18v filter bank 15. The out put of each
filter is then
A block diagram schematically showing the analysis of incoming sound according to
another embodiment is illustrated in Fig. 3. The sound from one or more input
transducers 10 are analysed in the filter bank 15. The output of each filter is then
further analysed in percentile detectors 165 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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further analysed in percentile detectors 165 using

non-paranmetric statistics in order to determ ne the
wale@voidaad i on function of the levels in that peCT/ER2DE055348

frequency region. The results are sanpled by

characterisation unit 70 (htd®-shown in Fig. 3) and

stored in the nenory 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 IeveI di stribution function. For

Exag?pﬁ art Bﬁtlhebé?q : I el ﬂlrﬂre;ntt ?ofﬁgg\f‘@ %%g’Q%EHHE‘%?& users A,

B, ®%ar lrtekert lbl)np?eedsrtme éeﬁmmdae babed loaveh, 85%t HOBuTEMand 99%
of the band pass filtered sjgnal, an r.equl
pergentigyunapasht &r tha éreﬁusﬂeytlww @;5% mcfgdng’hf 'g- Fo.A sound
y n
o PAHHT S LY ) M09 LA, RRIGANGh e 8, WhraBicea ime
wingowgnerosen. tthihe wmdtomctealngth iz tahge several difterent lattemagosltuatlons

map SoRIRR &0 dos el fr e BEalibef HARE] 4beoBragiadh tnat the
maxiRaf |H6‘b\?§ac§hrgﬁor¢56dr@b&qd§¥@'fﬁeeé1tﬁé perRet Betialin which the

sound environnment profiles for four hearing aid users
heading =i} has baed iDusakitis tosside tehmititee dyrativatdrike inggadeg in order

to gr%gég%%g%béhsgﬂgogrrse(;/(iratg&n%?g@lg?t oﬁ:% J:(ﬁ"l’[ll tglAtgaFJ] t@é E)l%‘ﬁle The
selﬁrbhr&nﬂﬁénlbﬁgfn@fdurﬁtltﬂh lclani kﬁtewetabtrrYed @yStthaaL&j(dﬂegist the fitting
depend on t ed ti me wi ndow chosen. |f the W n

progrenyt 197 i kY | 1Rg usehee & @Y fMenBRt Of i ety &N t?ét%r?s ‘Special

tripute to the profile. It should be further
pro@%@rﬁﬁt nurﬁ:gnsl deration that the maxi mal w ndow

duration corresponds to the entire period of tine in

whi ch t he hearl ng
Accoiiing i @n #iEbagiaRnt tdteo&at?ﬁggeé]%&ﬁpﬁ@%?r?ai%%r%t % dbSe based
on %ﬁf?e‘f@h‘t{) pgprfe‘?'rtﬁesaﬁs |ﬂ§?t été@telﬂ' Pg. S2.t BalduPatingOthe 10% percentile
ntribute to the pro he “sel ection of the
spelotrggr Bgtrahtsanﬁoornatlarm ohetheeba;rh@rcmvi bgisehepestitinn| Gacyiating the

slopae S@ﬁ% ténn&etpé@‘? CS”@'B %)Iegprumu%%rractg |9forrp1)étr5'r‘??)'?rsth%f average
sound pressure spectrum. Calculating the slope based on the 90% or 99%

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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programm ng unit. According to an enbodi ment, the data

| ogger provides calculating the slope based on
waledo7esamd percentiles as illustrated in Fig. BCT/EP2005/055348

Cal cul ating the 10% percentile spectrum extracts

i nformati on on the backgrouht-noi se spectrum

Cal cul ating the sl ope based on the 50% percentile

spectrum extracts infornmation on the average sound

pressure spectrum Calcul ating the sl ope_base
Slogointenvazo r@‘éﬁ'@érﬂfl theees plassesirf exPeigwt <l M@P%‘? rhﬁ%W&ﬁ” -1.5

dB/tLSé}bd[ el cﬂ@”c‘jaé‘ pg a?\@u390\?‘é)ubc5e§18/l')“éﬁb°rﬁﬁé‘gnfe?¥)als sfould be

ercentil'e spectrumis
adapteddicf thersntial et Ibalnkchad dlod s va;IUes:hasmeen fobed appropnate for
spectrum can be base?I on an ﬁrﬂg di.rectio
‘0

an gpREXiMas 16hocaveeFiten pgnk ﬁed@tgmql%&ave %een empmcally

chogé‘r‘?‘.r acteristic. If the percentile spectrumis based on
an ‘omi -directional characteristic all sound sources
are contributing equally to the percentile spectrum

e perc ntil ectrumis based on a fixed

Ad %g%ngadlp@é%%ésmq gHESaEBPn will primarily extract

TheI HAuRIdnoR @R §W6Qﬁn§trdi’m&%|@d~§|0ldrﬁ@ﬁﬁ Iﬂlhﬁrt aaasform of the
| ocated in front of the hearing-aid-user.

sngr‘ral,sao@rlarﬁstlmwgbyaéa}mgjuth@ difergnparin &) at?etw.%ad@ n'@Wt eg.

ccoad 55245 0bo RUET BBy B Bl o o o (0.

accBfdYd Stoomnofentdudeent, aaﬁsm,)urﬂatgl)begww perbebtigB/ percgntile. The
between - 1 5 dB/band and -

PRI SR AN HRORWEEA 3 S0 B RE éé%ﬁ{]yé‘a”t'%g FBEcpue sound
env rbhﬁ\%rnt ?ho?é’l'pdemﬁﬁ]eﬁ?é WS sfﬂﬁ’nb pegrule@URthg room or driving a

propria an appr oxi mat e 1/ 3 octave filter
car b@mhhéhblghweyt arey aixarmpiy e)rbmmremp)\entSc dhaty ham)slew Apduilation.

- Enmbod
Vi RS RS P B R RGBS 3 ons anc
ofﬂé@ Epﬁwnrﬁérﬂnﬁxgﬁﬂﬁl@ ot BRvikdiRahts A high @stiLmtibrdarbyspeech in
I ng t ference (in dB) between a low (e g
qulet 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 invention, 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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according to an enbodi nent, approximately 10%
percentile) and a high (e g, according to an
weedodiszent , approxi mately 90% percentile) perPEnEP1085/055348
The purpose of the nodulation is to characterise the
dynam cal range in the sountenvironment Stationary
environnents like sitting in a quiet |iving room or
driving a car on the highway are exanple on
environments that have | ow nodul ati on Medi um
Therssyndapressuredevgimidhe noise isstimated asfa lvs(eg. caedkarding to an
. [ ti ; ' enyi.tan 0
e B TR s PR o Rotesffieay oheaPRMarELABIR, Cine sound
presvite ofithd soive isexprdssdd inehbamitgdBpg The nodul ation is
expressed in the unit [dB] Natural fluent speech has
beer[; found to exhibit a nodul ation of approximately 28
p rar e ISt k8, thih
PO g B i ARG OUBR (e found, pressure
level ®f tied moisedfaundaaaetsrredotor one af $ew, classks, @ndafey agiyvgiven time
time sanple anal ysis, a respgctive one ng. four
samAlR ARE S SwA I FoRREH R e ST Y cBrater WAL B fcapienteg by one.
i npl enented in the RAM 85 or in the EEPROM 90 In a
hi stogram | oggi ng according to a particul ar enbodi ment
In afhistegranelngging racsatding, tot RePRRCHIAapEbedinpgRt of the present

. hi.stogram are_chosen | rical . i

nvedih: eBledidis & fRCsBiPan 8 he Bl skl G Aoy "

SoubatpressurdfdBiss 2l Fiir caisdedb@yeb2owd®0 AB; Detween 30 and 40
Enbodi nents utilising the sound pressure |evel of the

dB; hefvwearhd0 sodmf @B ealkqies>( dBel of the noise is

estimated as a low (e.g. , according to an enbodi nent,
10% percentile) percentile of the broadband signal.
TheThistogpamdiogyars stoeedin tiemonyi 3@ resords pa stadisticalnsurhmary of the

vegisarhi g e Y SO PR RSk B o o
diméﬁ%ﬁgﬁalit lﬁiﬁ{éo%fr%f@ A Rist5§raf isf @afinee By RS obsddafion iteivals, ie.
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 60 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 level detector it receives the portion of the input signal

provided by the input transducer 10 as input signal.
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sanpl e anal ysis, a respective one anong four counters

wi Il be increnmented by one. In a histogram | oggi ng
W@ewaendizng to a particul ar enbodi ment of the pPEBEP1005/055348

invention, the intervals of the histogramare chosen

enpirically as follows: Southd-pressure of noise |evel:

Four cl asses, e.g. below 30 dB; between 30 and 40 dB;

bet ween 40 and 50 dB; above 50 dB. The hi st ogram

| oggi ng stored in nenory 90 records a_statistical
Accalgitiag 29t eTREd¥IR e Techistnasam 9k s Uik Updnrine volatile memory

f : ' :

(RS SRehe 63 U565 AR IS EERIEOM) 99 yin a slover

updbteeratdslarordéi torredote theamemary eeqevemgnts s &BRR Obhthese may be
assigned to an interval and t f t ,

ProYEd BT OrTRERERNG Samiien KON eamises adie BERRQMrisgisters.

Theg o?aﬂﬂ{n%_ﬁ“rhép@ﬂg?HW Hclbdl §@intRakon La'h@ t'FlUBQ?]'CIQ\@ér number of

ervations I's categorised to that specific _
bitsi for eeack histbgramehior ys requirece e rthef BEPRMMsP0greeprding to this

det. 1 ned by th nb f | K i :
ermRE T AR el FoBIAE PN 4 8RR ROy e nere
proi@ed bRlidversd (&pifiential) heBie®y.t he nenory requirenents,

the data | ogger 60 has, e.g., a coarse quantisation of

the 3 paraneters resulting in a total of 48 histogram
i | IS . | e, ) . .
el 17 Aol ot FBron b BN 9l B isegrom o5
logate@icloveg tinhe \Whpaeteraneasf tagthistogrant cothterslat mehmyg&6 reach
60 may operate partI%_as shovw in Fig.. 1 and partl .a}s .
the JR8WMUT \al¥E, ©.9.14P *rsiqaﬁat@oﬁ-tt%eogfét?asw%‘sg ging interval is
S - d larel d i ;
o B e B R AT Sy e TRy e @pirBubonding to
multiblradias byn0H)sThisaesolts irhe disamit dugjegraop dhaitalways raflects the
dul ati on detector or noise sound.pressyre |l
configcppB ectheia Sl RATHErEBSHVANSaN e pifigmrefiect the
sant¥ AcdRtErby Bhe Wwidretther ansslifetyddini@srangBuwf the counters in the
signal . According to an enbodi nent, the histogram 95 is
histbgidral impxplnitethdnvartat fd eomfinver e IRpiopras, logging aien reading the

hist%{ﬁ}xﬁﬁgluteg AIE ERPRER. hiif oTRIME Y AIEEFR Mt A%eVhrbthtdn 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 simple 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:

Accumulate-mode
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update rate. In order to reduce the nenory
requi renents in EEPROM there may be provided a
wo egani2héni ¢ mappi ng fromthe RAM regi sters t oPCTEP2005/055348
EEPROVt regi sters. The logarithm c mappi ng may i ncl ude
a quantisation and thus a | dé#er nunber of bits for
each histogrambin is required in the EEPROM 90.
According to this enbodi ment, when the histogram
values are | oaded from EEPROM to RAM there is provij de
Theahistegrars dog@iRgoise stard) birappfisgens®icolhts Hgstperadﬁomemg will
t p r m
acofRe g histdfert B reaZeE B (OGN RAor it is
stogpest pothendispendeer s in nenory 85 reach the maxi num
val ue, e.g. 255 in case of 8-bit counters, the |ogging
interval is doubled, and all the histogram counters
h d by one (corresponding to
Eve"f"u'iﬁn{?ér?ﬁtogt%l t)érgegy 0.5). This results in a dynamc
Thehl-issttogpamnmt;gtngalsmmedew @cusemﬂ\enl@dnﬁvmte(ﬂrmlbugon on the
tinme r count s ob ervat i i,n the stogra ,
remol BRYO NI BaRLST 7 s RaRancurs, diE ePat L BB bui
up BN histdgen Obvd e pReUEtERSinkd fiMe pefbag(6imdes.). After the
exploited. “I'n order to continue the histogram | ogging
preggteamnineddime getio@ ithyil weadrfane wemeety om EEPROM and i n
order to nmake the right interpretation of the
hi stogram the logging interval is stored in nmenory
Eveﬂltaﬂgemkﬁd'det Beclrmelzegr am counters. The hi st ogram
elngﬁs%l ng is intended for logging in a predet
Th AGHAT i1 9801parip dH992d VPl dSHreRHRsEdt BVt WE%ELMO” on the
[ [ X
reml%‘ggf:ah rol> O? \?ﬂ?tbbﬁg B@L i féﬁ;{laé%?éslhaéﬂ tp'rrné‘c?et]bﬂﬁmt@ﬁ fiffldMeriod,
andntisteaftafit WHRROMeri nemgseveld‘henever t he maxi mum | oggi ng
i nterval has been reached, the Hi stogram Logging wil |l
be di sabl ed. The hi stogram | oggi ng may, in one

Evew‘@ggé,qrﬁmde’ Qparg%bat ed in four different

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.



10

15

20

25

30

nodes: Accunul at e- nodeThe hi stogram |l ogging is started
by a di spenser. The histogram | ogging will accunul ate
wo b@7hirreogram until it reaches its maxi num | OBQI/RB2005/055348
interval, or it is stopped by the dispenser. Event
driven node, reset The Hi stéfram Logging is trigged by
a user-evoked event (press button on the
renote-control ). \Wenever a new event occurs, the
hi stogramw || reset and build up a new hi stogram over
Data pred@cerdached anmEERROBY ipneoessery. uaitt 0.t Ascording to the

G105 B SEP ROl I 1,8, B rmoer o

wntéQgGIe@g(el §. 5000060 viite-aycies) t&\wichdadyest. (I'lheedsta logger may
button on the renote-control). The histogram w |
thergiigrif adarted tanseribigcapasity sRatingh !rp)@rql%do eamr% thatdt will be

fun@c[otn% Pg«%r me_ljﬁeﬁ\ﬁlet fRE h%aﬂﬁg’ iy CRtge r@fsmmgfﬁ(fge ved by

e hi ogram I ng | trigge
Iogarstbmmevmm:ﬂng:vg@aar ¢ piftrgs ob tihe samplinghmte or real time analysis to
¢ gmte cont rqplg Waenever a new event occurs, the
ex rﬁP figate {¥5i'@98et ween start and stop.
TranS|t| on fromstop to start the histogram | oggi ng
will sinply continue to accunul ate the histogram
According ite |aOrerﬁb©dmlzﬁnarthetu$a§th@Qth@ anidsthedristrgi@n logging may be

enaBlefbey abeRBe B AERY bR R Blec htiq b Boeaure

Accefdifg tb Qiither 6@BBHINGRS, theggsaye 1dR)ing mMayt be arsled Suring the
usi ng each of the di fferent prograns avail able in the

whqi@afa -ipeadfdhe heasing %@ﬁ@h@r@ﬁtthetwog@é@é@g%%V\Hbaeféamatlca“y
tlm% 8t éﬁgéb@et&’}mﬁe@% Sh&HYqg Prograns, 1.e. It uses

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
occur 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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In anot her enbodi nent, the bin counts are mapped into
| ogarithm c bin counts, in order to expand the
W@ ounbiage r ange, agai nst the cost of | owering PEEEP2005/055348
resol ution.Data are recorded in an EEPROM i n nmenory
unit 80. According to the mdBufacturers
specifications, the EEPROMis rated to last for a
finite nunmber of wite-cycles (e.g. 500 000
wite-cycles) to each address. The data | ogger may
therefore be adapted to use this capacity sparingly in

CR@r @rovf@se#}?qurrtget%é@(m h'dt tl dérr?ﬁc%rﬁ%bgﬁog?%%o%%r mtogghkely form

of omémc@vraﬂn@y id @@emplde mermppibagk cpeaption len@rmbrrbb'eng code
rate or real tine analysis t? extract

opeé@tﬁdewgﬁwm wwl@*r ngt Broyifte aﬂ&c’iﬂdéﬁ febyginess. Thus the CRC

T e .

procegure |ntegrated W|th a fitting procedure

cor di to anot her enb t h I

To BT dabeingss ARG TSk SOURBIEN 1 OMTEtEr PERSTEaRR o of the
daté'aﬁje s&d ﬁo‘&%tl? P HRBFAN hosiehBamtd éccﬁiﬂﬁlﬂ%b iaRdrhodiment

tinme-out afte predeterm ned t’i ne-period e usage
of th@@g&emt |Im@e1t|01al The mesn@yanaioag eraent tak@,s eaigsefargver Mtt'ﬂg data

d
to § Meranrorel bERaRE AR et B bR R bl pre vaiia
Thi¥Wprogidey ca Qelléolé%utemﬁﬁ?dexﬁdhﬁlm Malgegwrmg)fkﬂ!@pEEPROM—
track of how many wite-cycles there has been to eac

barﬁEﬁR@VﬁfﬁeM@'ﬁ%@@d@"eg@ dfﬁ’@ |§99W@C@P@’? Py do lippted 'i“iemqu Space
pa §ﬁﬁf?ee§§§g nga&zggdor A raffEeSRECH Y ﬁgf@%‘é%rbdﬁgagﬁf €8Sse BB cannot

nmpl-et age logging 1s disable I ment's
be tdstbiesi inGagercf\datatcoleptiemoand fmrthgmmlata fheremea suitable error-

handlng: b1 8 PEITES STPatAeU ) BEet LAt ais e dyipBefy  dedoing data
belﬂn_élgpﬂél%?e%sl f% |ﬁ{;§)'oh'aﬂg IH&tReCBitddtRnE ! ahd Qm'bBGmE&RBOMese data

e care managed to avoid the risk of a data
might b8 ,panhofdhe magge logging data.

All appropriate combinations of features described above are to be considered as
belonging to the invention, even if they have not been explicitly 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 also 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 to the present

invention. According to another embodiment, a computer program product like a
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the non-volatile nenory all 1EEPROW banks that are
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addi ti onal robustness. Thus the CRC only provide a
val i dity-check, but no way to reconstruct the
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according to an enbodi nent of t resent inventiqp. .
devigte taRiingl v rRIRSGRHRMt Ui KER %&@?oﬁﬂefﬁéﬁeﬂ Wi ?PY]gO(%B%rt guitable

Y DRkt bt I fridh §inge4ynefNt described
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be restored in case of data corruption, and for these

embledimentse theresf, dit shiovlsbbe eppaserieiithese skiled ir B @rtethat the

oL B3 B T 5 A28 A o
suclﬁnﬂri.ﬁﬁ’p@gl {“(Bhé elsI hawe nd@qiﬁct:aﬁo@bhbwﬁmir{).ahe séc%nelfﬂeafgﬂmgqaresent
oggi ng dat a. appropri ate combj nati ons of _featuyres
InvaIEB0 MHEdRBIAHE WBOHoISRABRSITE o] SREIBPERRSi AGC fige Present
invédﬁgag'riﬁ%@gé% %WFHgv?ﬂggé]%g hey i dighs been explicitly

I nat1 on.
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Heari ng aids, nethods and devices according to
enbodi nents of the present invention nay be

wo ophesent ed i n any suitable digital signal prPCEEBIONE055348

system The hearing aids, nmethods and devices may be
used by, e.g., the audiologil8t- in a fitting session.
Met hods according to the present invention may al so be
i npl enented in a computer program contai ni ng
execut abl e program code executing nethods according to
enbodi nents described herein. If a
client-serverenvironnent pgAfed. an enbodi nent of the
present invention conprises a renote server conputer
whi ch enbodi es a system according to the present

i nvention and hosts the conputer program executing

nmet hods according to the present invention. According

WhheiseRimeyd jsibodi nent, a conputer program product |ike

aconputer readabl e storage nedium for exanple, a
floppy disk, a nenory stick, a CO-ROM a DVD, a flash

. W%@ﬁp %@erogplggsfwéé @tﬁu‘? tr%ﬁq%&é‘&eer ngg]F i in. gilnniap{,lgsignal,

provi or stori ng nmputer program acco
dheagt esenigriahpesddseing dermietlrewgitiog at feast reportion of said input
enbodi nent, the program code nay be stored iﬂﬁ; r,rermrg(
gignal, @ hearmg HE ArPRPSAR{AT (EORSSHNE BAIF RABHONBHERI( BRid Signal to
g?&%%%egt [P4st Bﬁe%@éhf‘%@gﬂ ﬁﬁVdLﬁﬁut' %ré@écfuc%"r responsive to said
rocessing unit |i a t hereof or by any other
sulipualisignabr aruk ssdatadpggercmreiMig seidepartiongofasaidtinpiat signal for
@)ccor di n]g to tthe descri bed ﬁnbodi nment s. tHaVIi n& .
S9MG bRld 'BRYL | $1P0RL rSRtBd WRETS i ﬁ@ldfol‘%%aof OggRy comprises  a
SR S8etrisbiye Niriofor BharbRgisiRNbhdt RRGRRS patdmeteesidt B input

apparent to those skilled inthe art that the present
signehdatenanthp roemandunit i stering said jpermetesand det ai |

wi t hout departing from such principles. Changes and
nodi fications within the scope of the present

i nvention may be made w thout departing fromthe

igi rit thereof, and the present invention includes all

ehesnngid aseardingite ceahi bnyheleip seid 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

available in the hearing aid stored as usage logging values.

The hearing aid according to claim 1 or 2, wherein said characterisation unit is
adapted to determine and log the following parameters of the sound
environment:

- at least one slope of the sound spectrum of said input signal data;

- a modulation of said input signal data; or

- asound pressure level of the noise of said input signal data.

. The hearing aid according to claim 3, wherein said hearing aid further

comprises:
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What is clainmed is: 1. A hearing aid having at | east
one i nput transducer for providing an input signal, at

wo e@gh4ane si gnal processi ng channel recei vi ngPEL/EP®AT055348

a portion of said input signal, a hearing aid
processor for processing sail8-portion of said input
signal to produce at |east one output signal, an
out put transducer responsive to said output signal,

and a daja | ogger recejving said portjon of said input

o gnal 5 bfen SR s’ GFOGpeId SnastaPohat B fheREiy stFavency

géﬁdgidwager conprises a characterisation unit for

characterising and | oggi ng paraneters of the input

si gnal wherein said datanoggey legs saitlonpst sighabdsatai i at least one of

gﬁrﬁneters. 2. .The hearing aid according to claiml1,
dIE9He85Y 88 ged paraneters include statistics of

features characterising the sound environnent stored

as hi stogram | oggi ng values, or the tine the hearing

aid user is using different prograns available in the

5. FGEIIOR) SoThLRIPERo 9050 9S00 Bl gl per sa

In s

Beairas bierfustbr oompnsds:i s adapted to determ ne and | og

the follow ng paranmeters of the sound environnent: - o

at | eadt load Yloperentiengstynging f%BEQVHCﬁHQ &t leatone i 10%,
a y o J . N .

IR0t pen: BomBi o Sochil PN ol OARLadl of sai

dremancgdtamds4 . The hearing aid according to claim 3,

wherein said hearing aid further conprises:a filter

bank for dividing said input signal into a plurality

of frequency bands; and wherein said data | ogger | ogs

said input signal data in at |east one of

. The hearing aid according to claim 5, wherein said characterisation unit is

further adapted to estimate one of a particular slope of the sound spectrum by
determining a least square fit of a line of a particular percentile in each of said

frequency bands.

. The hearing aid according to any one of claims 3 to 6, wherein said

characterisation unit is further adapted to log said slope of the sound spectrum

in slope intervals of at least three classes.

. The hearing aid according to any one of claims 3 to 7, wherein said

characterisation unit is adapted to determine said modulation by determining the

dynamic range of said input signal data.

. The hearing aid according to claim 8, 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 signal data.
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sai d frequency bands. 5. The hearing aid according to

any one of said preceding clains, wherein said hearing
wa@e@7humvher conprises: at | east one percenti | BCT/EP2005/055348

estimator for providing at | east one of a 10% 50%

90% or 99% percentile for-28i-d i nput signal data or

in at | east one of said frequency bands. 6. The

hearing aid according to claim5, wherein said

characterisation unit is further adapted to estimte

one of a particular slope of the sound spectrum by

determning a |least square fit of a line of a

particul ar percentile in each of said frequency bands.
10. TheThearr'u@raidg agrordingcdodiany one aoufy amimsof3 dbaiOnswBetein said

risati s.furt

ShneGiRelor Dot S AReaR iR &7 SeRamiBliktod s Biadition intervals of

51 IeBSt folk ela¢aks of at | east three classes. 8 The

hearing aid according to any one of clains 3 to 7,

wherein said characterisation unit is adapted to

determ ne said nodul ati on by determ ning the dynam c

range of said input signal data. 9 . The hearing aid
11.@heohdarmy taidclaacondthg beaay nosai of clt@inact3Ertos8t i wherein said

unit i s adapted to determ ne said dynam c range

ehaPRiprisato ,u;npteiﬁ@{@@t%{%gtﬁrg\m%@ﬁ%aowq],pééhssurg level of the
H@l g4t éélg IHBULSQIQ(#IS! pid bg C?grpﬁrﬁ*c@atl% glﬂ’%rmiéei%g said input

accor t o any one
sgndl@ﬁaracterlsatlon unit is adapted to log said
nmodul ation in nodul ation intervals of at |east four
cl asses. 11.The hearing aid according to any one of
claims 3 to 9, wherein said characterisation unit is

adapted to determ ne said sound pressure |evel of the
12.The hearing aid according to claim 11, wherein said characterisation unit is

adapted to log said sound pressure level in sound pressure intervals of at least

four classes.

13. 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 logged parameters, and wherein said histogram provides a plurality
of bins, each bin is a counter reflecting the number of logs in one of said classes

of one of said parameters.

14. The hearing aid according to any one of the preceding claims, wherein said data

logger further comprises a timer or trigger unit for timing or triggering said

logging.



10

15

20

25

30

noi se of said input signal data by determ ning a | ow
percentile of said input signal data. 12. The hearing
w@e@7aex206 di ng to claim1l, wherein said PCT/EP2005/055348
characterisation unit is adapted to | og said sound
pressure level in sound pregdure intervals of at |east
four classes. 13 .The hearing aid according to any one
of the preceding cl ai ns, wherein said data Iogger Iogs
arameters in a N di mensj onal hi st ogr.am
15?@%psh

qwgnawb@fwoa@mgof@g@'ama%ﬁ@%%r@? Salﬁdt'mﬁéw.'tnlss%qi%oted to
FAERI LA REALLE§R R srl’ufHﬁ | ttbfe?cg gdt @?ateel%?"r‘e?débtlklélgalowermg

ounter reflecting the er o one of
shiddsggingfraterafterfa mldulpahmﬂnml. 14. The hearing aid
according to any one of the preceding clains, wherein
said data | ogger further conprises a tinmer or trigger
unit for timng or triggering said | ogging.15 . The
hearing aid according to claim 14, wherein said tiner
16. Thetheaging gy eeeordingicoanalef elainasifl dratt 15 Wwaeinssaid tiigapr unit is

AUabR g ER e, PRy SaliE AT S o E LG tofp by fgwering

beidribggingiratcanis@ialiongatdobinre colinthas reachéder pdrficular value.
wherein said trigger unit is adapted to provide an

automatic gear shifting of the | ogging rate by
| owering said | ogging rate whenever said bin or count
has reached a particular value. 17.The hearing aid
17. a’bed"reﬂiring did agoyrdimpetmanyg baend cl8misol A& 16heherain saiddmemory

HBIT r n&ﬁjrgegt%&%gﬁ.ﬂgzﬁar%p\éﬂfq?{élnuiicg%rqpségldofwlsPogram na%d further

B@H\'pﬁ%@td IS nORIBIY hemt) &b RficH Bhigt PRIGIFaMS igWirite®N with a
a slower update rate. 18.The hearing aid

abmdllpdgta@t@l aim 17, wherein said nenory unit
provi des a

18.The hearing aid according to claim 17, wherein said memory unit provides a
logarithmic mapping for writing said histogram from said volatile to said non-
volatile memory and a exponential mapping for writing said histogram from said

non-volatile to said volatile memory.

19. The hearing aid according to any one of claims 13 to 18, wherein said hearing
aid further comprises a dispenser, said histogram logging is started by said
dispenser, and said data logger is adapted to accumulate said histogram until a

maximum logging interval is reached or the logging is stopped by the dispenser.

20.The hearing aid according to any one of claims 13 to 19, wherein said trigger
unit is adapted to trigger said histogram logging by a user-evoked event,

wherein said trigger unit is adapted to reset the histogram whenever said event
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| ogarithm c mapping for witing said histogramfrom
said volatile to said non volatile nenory and a

we@xpaonen2vé al mapping for witing said histograpeT/ERPI005/055348

21

22.

23.

24.

25.

said non-volatile to said volatile nmenory. 19. The
hearing aid according to ang2one of clains 13 to 18,
wherein said hearing aid further conprises a

di spenser, said histogramlogging is started by said
di spenser, and sajd data | ogger,i apted to .
Selimand safathl-Dos iaatantd Bl & nofidrisgaram over a
bRIRIMAind§ tiRASAIRMY or the logging is stopped by the
di spenser. 20. The hearing aid according to any one of
claims 13 to 19, wherein said trigger unit is adapted
to trigger said histogram| ogging by a user-evoked
event, wherein said trigger unit is adapted to reset

.The Huashgadianacabrity & apqi cheeyEbladas Uistoangl, wheebinlabidl trigger

| ogger is adapted to build up a new hj stogram over a
Bt e edppicdel® trioger saidi bigtogram. fpagingell iangsereyoked event, and

YeTol el n 4.1 (=Y i ;
S35 aod R 13 ol i piloghF IS o piicforminec
fimggierpdby a user-evoked event, and said data | ogger

I's adapted to accunul ate said histogramin a

predeterm ned tine period. 22. The hearing aid

according to any one of clainms 14 to 18, wherein said
trigger unit is adapted to trigger said histogram
Tbegdieagingyaid aeserdiny dk edyevenof clairds tld toddl whesesin said trigger

b B3GR 0 TR R bRl Bty B8R0 s B8P lFRIL PRt and to
8Rok Satididtd ddRfer BERVeiestan didstépunt er for each of

sal d usage | ogging values. 24. The hearing aid

accordi ng any one of the preceding clains, wherein

said nmenory unit provides an EEPROM as a non-volatile
menory for storing said | ogged paraneters, wherein

The thedfih@ aidgording tadaptode dfelairist 2te22 dvherein said data logger

provides a bin counter for each of said usage logging values.

The hearing aid according 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 using logarithmic mapping, gear shifting of the

sampling rate and real time analysis to extract condensed data for storage.

The hearing aid according to claim 24, wherein said data logger is adapted to
provide a validity check for data in each memory bank of said EEPROM when

writing or reading said parameters.
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paraneters to said EEPROM by using logarithmc
mappi ng, gear shifting of the sanpling rate and real

WO pove/0#22d ySi S to extract condensed data for SPOI/BB®NS/055348
25. The hearing aid according to claim 24, wherein
said data | ogger is adapt engo provide a validity
check for data in each nenory bank of said EEPROM when
witing or reading said paraneters.26. The hearing aid

20, TR Ban o e et e b SR U acprc
g dt6ree taidrepBiayndiankedahdsdiyd iFERRENNtZ membl NRMKsNGf said

aid according to any one of clainms 2 to 26, wherein

E&GPR®Mari ng aid further conprises an interface for

i ndi vidual ly enabling or disabling said | ogging of

sai d hi stogram | oggi ng val ues or said usage | ogging

values by a fitting procedure. 28. The hearing aid

according to any one of the preceding clains, wherein ,
27.3he dearing aid apsasdingdh amyians of iR 28 £6, Whareir said kearing aid

| . . . _ .
et SPnRfises B FRE1RE ToR ERIMLEN, PRiP S5saBing seid locaing
of daidevistegrmonpogginggvaties eassait vasdyzalogyingivdsues by a fitting
according to any one of clains 1 to 28 worn by a
BfA¢§FEr&iser, wherein the |oad of |ogging is shared

anong said two hearing aids. 30. The hearing aid

devi ce according to claim 29, wherein said two hearing

aids are adapted to operate in time synchronisation. 3

The hearing aid devjce accordi to claim?29 or 30, . .

2. {pe G Oant adeaglerey Grod 1% Rberdlid kEufue g seid

aeaRERAishfoRr gvit de adBpteaut®l cHapa@ense Ongaiod said parameters
paraneters. 32. A nethod of operating a hearing aid

derending gnitoe srgtiambapactergicnisaidinpyt signal data.

29.A hearing aid device comprising at least two hearing aids according to any one
of claims 1 to 28 worn by a single user, wherein the load of logging is shared

among said two hearing aids.

30.The hearing aid device according to claim 29, wherein said two hearing aids are

adapted to operate in time synchronisation.

31.The hearing aid device according to claim 29 or 30, wherein said data loggers of
said two hearing aids are adapted to provide a binaural logging of said

-parameters.

32.A method of operating a hearing aid according to any one of the preceding

claims, wherein said method comprises logging of parameters comprising



cl aims, wherein said nethod conprises |ogging of
paraneters conprisingstatistics of features

waebarae2es i sing a sound envi ronnent and the ti PET/BPAST055348
is using different prograns available in said hearing
aid. 33. The nethod accordr@g to claim32, wherein
said nethod further conprises the step of readi ng out
said paranmeters as part of a fitting sessi on by usi ng
a progra ng interface of said hearin

e

elohipltee! isPblRPRMNEGARITENG G wﬁwoagﬁ%@ngntheéaae a user is
hod
R S g8 S g B e ogram

product, containing executabl e program code whi ch,

when execut ed on a conputer, executes a nethod
according to claim32 or 33.

5 33.The method according to claim 32, wherein said method further comprises the
step of reading out said parameters as part of a fitting session by using a

programming interface of said hearing aid.

10 34.A computer program comprising executable program code which, when

executed on a computer, executes a method according to claim 32 or 33.

35.A computer program product, containing executable program code which, when

15 executed on a computer, executes a method according to claim 32 or 33.



