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“~ (57) Abstract: An earlevel electronic device comprising a heusing adapted for wearing behind the ear, in the ear, or in the ear canal,
encloses a music synthesizer for generation of an electrical signal representing music and an output transducer (3) for conversion
of the electrical signal into sound. In the device, sound generators (16a-16e) are controlied by pseudo-random number generators
generating sequences of self-similar numbers whereby music is synthesized that is surprisingly relaxing and comfortable to listen to.
Turther, a music sequence generated by such a number generator is extremely long so that a person listening to the music does not
have a perception of being listening to repeated music sequences.
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generating sequences of self-simlar nunbers whereby HuAPE 3W5synt hesi zed
that is surprisingly relaxing and confortable to listen to. Further, a

- musi ¢ sequence generated by such a nunber generator is extrenely |long so
that a person listening to the nu3|c does not have a perceptlon of bei ng
i stening to repeated S ¢ i f

PCT/ ERO S s S - MUSI C
The present |nvent|on relates to an eIectronlc deV|ce for mearlng behi nd
the e&wpro-lemyr dolaumdzeber abb@viaipm refettbvee "6k canal , encl osing a nusi c synt hesi zer

f or gevedioetor Gres o Abapriagdng erpaing gl bedig nal representlng musi ¢ and an out put

t r ansHBEEF o TERIEIET Git“of the el ectrical signal into sound. The
invention further relates to a binaural hearing aid systemand to a nethod
of synthesizing nmusic. In this context, nmusic is understood as a sequence
of sounds, such as tones, chords, etc, preferably generated in pleasant
patterns. In the present context, the termnusic denotes a sequence of
sounds that has-a duration allowing a listener to listen confortably to the
nmusi c for 10 extended periods of time. Preferably, nusic is a sequence of
sounds with a duration that is |onger than 5 seconds, preferably |onger
than 10 seconds, nore preferred | onger than 20 seconds, even nore
preferred | onger than 30 seconds, still nore preferred | onger than one

m nute, and nost preferred substantially |onger than one mnute. The

el ectronic device may relieve l'iving beings of stress and anxiety, and in
particular living 15 beings may be relieved of stress, anxiety and upsets
caused by tinnitus when listening to nusic synthesized by the device.
Tinnitus occurs in a subjective and an objective formA person that has a
sensation of head noises, such as buzzing, ringing, whistling, hissing,
etc, is said to suffer fromtinnitus. Wien the person has the sensation

wi t hout an external cause, the tinnitus is subjective. Wen the head 20

noi ses can be heard or neasured by an exam ner, the tinnitus is objective.
The head noises may be heard intermttently or the noises may vary over
time in another way. It is well-known that a person suffering fromtinnitus
may perceive a relief fromtinnitus by




listening to an externally generated sound An externalll §r@eii¥fat ed sound
may mask tinnitus. In general, the termmsking refers to the 25 influence
on tinnitus during presence of another sound. However, the influence nmay
conti nugodfgss term nation of the masking sound. Thed aski gy be
conplete, nmeaning that tinnitus is not heard during presence of the
maski ng sound or, the masking nay be partial, nmeaning that tinnitus is
~heard with reduced | oudness during Eresence of the maski ng sound. Maski ng
devi-ces gen&fBRURiy HEMRINE SSYSEEE 8D HEBIOB CFFr BWTHEHGFE e ¥ Ggnal s are wel | - known
in the art. Noise 30 generators, e.g. pseudo-random noi se generators
providing stationary noise with a certain bandw dth have been enpl oyed.
However, typically, randomnoise is not confortable to listen 11 April 2005
WO 02/ 41296 PCT/ EPOL/ 13053 2 to, and a positive masking effect requires

that the THipfeeent SvelitfngelRbs@REAMotrbri debisd B wdanglaRA hb G, il ok g [ tsel f.
d.sounds have been found to inhihit_ tinnitus so that the

Ext er nal | ener,at )
tinnitus %@g’ﬁfﬁ“&lﬁé psipe & RS RBIReRzer oRgnepton pf agycleptacal ggnal FeRipeing educed
| oudness fupderand @l ouiptithjalidiideOfdy cot¥eirsn of BE el s@ial Ofto Subd endimdaitlht | ng sound.

Typically, the tipnitus .is heard again secon or. mnutes after term nation

of the iﬁ%ﬁ%?FP%@ggéﬁﬁHﬂbﬁ?m§3%5?&?@?“?ﬁ@wggﬂ%aﬂm?#ﬁg?WWﬁbited for hours

or days. Pure tones or noise with a narrow bandw dth have been shown to

i nhi bit  tin e confeat, HEFic & uBRTstopd 2s Bequettic stiowsie suchas Waes) dherdd, e, | nhi bi ting

Linni €US éet P kIR BSaslY pEDEN ik NELoY SHEE Bl ML LGS AC7 055 @ narrow
nd the fr nrtus

frequency 1 nterval aro 3 equency of the tirn : e repetition
peri od nepaseee ofjsgungathat bpsaginprdionalening a Yisterprdo ig@Qemfortatiy o thgmmbiafer t uat i on, a

perSOﬂiSeﬁ%ﬁ&@?ﬁo&%f&%&@cﬂ?&bﬁ,_ﬁnﬁ@ﬂa%&&’eﬁ]&%@sdﬂﬂﬁ%ﬂ%%&ﬂﬂ gxposure to
sound. This effect maybe used in a therapy. Typically, other therapeutic

met hods dPigefhadg seconds, nerirashly Jangentian 10 seconds roreaeferred longerdisn 20 By habi t uat i on,
the tinniskdsSdsPRtCia@t preferrédIorEBaRaa0 sssnds, ilPhord bl AN LANSQH: DY tinnitus is
el i m nated or reducegﬁggéﬁjcaj , _Nnojse signals are used for 15
habi t uat i BRS #H{E 4] opgsf LA ogy Givdies i s adj usted so that the
tinnitus is still heard. This is inportant for habituation to be obtained.
Thus, a Chepkabsc daiskinmgeliave livtg teeidgoaieikss ddd wexieey, andiih particular Wiggadvant age of
utihi 5at hQeQley BOLAG UL Sreit) GA ufiRts WAL By Rlnield PHen BRLRGE 12021 S

synthesized by the device.

Tinnitus occurs in a subjective and an objective form. A person that has a sensation of head
noises, such as buzzing, ringing, whistling, hissing, etc, is said to suffer from tinnitus. When the
person has the sensation without an external cause, the tinnitus is subjective. When the head

20  noises can be heard or measured by an examiner, the tinnitus is objective. The head noises may

be heard intermittently or the noises may vary over time in another way.

Tt is well-known that a person suffering from tinnitus may perceive a relief from tinnitus by
listening to an externally generated sound.

An externally generated sound may mask tinnitus. In general, the term masking refers to the
25  influence on tinnitus during presence of another sound. However, the influence may continne
after termination of the masking sound. The masking may be complete, meaning that tinnitus is
not heard during presence of the masking sound or, the masking may be partial, meaning that
© tinnitus is heard with reduced loudness during presence of the masking sound. Masking devices
generating sounds based on electronic noise signals are weli-known in the art. Noise
30  generators, e.g. psendo-random noise generators providing stationary noise with a certain
bandwidth have been employed. However, typically, random noise is not comfortable to listen




that the correspondi ng sounds typically cause sonme nulkApgE2G0§ the |i stener
and may mask signals of interest to the listener. 20 Finally, it is known
that listening to sounds in general may relieve nuisance caused by
t|nn|tU@oomkh§;en|ng to nusic may for exanple have qxﬁﬁﬁJ p@ effect on a
person's perception of tinnitus. Further, nusic may also affect enotions
caused by tinnitus, such as stress, 2by haV|ng a general relaxing effect
wher eby t he positive ef fect of Iistening is increased. This treatnent is
known as desensibilisation. DE-Al-44 27 216 di scloses a device generating
nusi ¢ of ta aapemisitivemakihggittyeqiies ot heidd isayord Plessdot 10 Mstbrts thadthe ent, e. g.
classic,i%"“mﬂﬁﬂnedltatlon musi c. The nusi c sequence nmay be stored
magnetically on"a tape or be stored in digitized formin a sem conductor
menory. It is suggested that the nusic signals may be transmtted to a
hearing dixtriglly goneretbibsounds haypberh frgiddp inhipis tirgtus @ChaTthatuinitusds waheagiccur  t oget her
w th anot ni t us
Et%iple*flﬁ@{lm&&) b PR }eauc\éﬂ%o\(l%&?er eqﬂ%?cﬁpt eiﬁlfﬂh&z é%i gﬁ:ﬁm?mox?]étn

maski n evi ce maski ng ti1nnitus req e tinnitus

occur & i ribeduhibitineseRpds Preigelyribstimigsde Hoprd aennosacondror piates #igr temnigafigiai r ed. Thus,

this deV'&&eﬁihﬁ;ﬁmﬁduﬁwlﬁ&o%ﬁmhés%euﬁﬁﬁ%r:ﬂhbﬂ@dféﬁﬁm{s'artﬁy@ﬁ&é&)&ésfof equency band
around the, frequency_of the tinnitus. | 2005 One enbodi nent of the

i nvent i oﬁ°ﬁ?Wﬁ@§°‘§h%ﬁ’ﬂ%@@§°ﬂF@%ﬁ@P’é §?°§27s76%|ﬁﬁd‘§ql‘§?i‘al that is
enot i onalddfwmwzmﬂim@nﬁmﬂ@ﬁmdp@ém@sbﬂa&uﬁmﬁm u%ﬂfé%’n‘é%}ossuf fering from
tinnitus %lsten SﬁL && #g $é$s sou,&he nal f.o t ended peri ods
of tine %?? e A S e 2 R R8P FH gwdlstracted by
t he synt hdsiddcwsairidad 100 ef er abl y, the apparatus shoul d be useful for
desensi bilisation or for habituation. Another enbodi nent of the invention
provi des S, gﬁﬁﬁﬂé I tuation
treatnen?ﬁg?gﬂgﬁ%?%us ES&E%B g mﬁgﬁh%ﬂgﬁim%%.xvﬂﬁ? an appar at us
adapt ed ﬂw@@hﬂﬁ@%ﬁw@mh@e@w %@Y,mwrmmcmﬁmdsmqahe ear canal as
i's well -mﬁmmﬁe&mLftﬁbfpaﬂaeﬁrsymma&g&cnﬁxﬁmgﬁ&oépﬂﬁ;yﬁﬁedtsbe out put of
E

the output transducer may l'ead to the eardrumin a way t wel | - known

in the arfiatBisance sFpeddy Spias is diveetrd or wiset Tnieelly. goisasiganls ivesd foon provi des an
appar gt Usataseiol! The RhdrBaRehabidid GigisSy4usRd ddthat the tinnitus is still heard. This

is important for habituation to be obtained. Thus, a complete masking is not allowed.

However, it is a disadvantage of utilisation of noise signals, such as white or pink noise signals,
that the corresponding sounds typically cause some muisance to the listener and may mask
signais of interest to the listener.

20  Finally, it is known that listening to sounds in general may relisve nuisance caused by tinnitus.
Listening to music may for example have a positive effect on a person’s perception of tinnitus.
Further, nmsic may also affect ernotions cansed by tinnitus, such as stress, by having a general
relaxing effect whereby the positive effect of listening is increased. This treatment is known as
desensibilisation. DE-A1-44 27 216 discloses a device generating nmsic of a specific category

25  selected by the tinnitus patient, e.g. classic, pop or meditation music. The nmsic sequence may

be stored magnetically on a tape or be stored in digitized form in a semiconductor memory. & is
suggested that the nmsic signals may be transmitted to a hearing aid by wireless transmission

means.

Tinnitus may occur together with another hearing impairment. WO-A-94/09606 discloses a
30  timnitus masking device for masking tinnitus where the frequency of the tinnitus occurs in a
narrow frequency band in which the hearing is impaired. Thus, this device also stimulates the

sensory nerves in a narrow frequency band around the frequency of the tinnitus.




sound signal useful for desensibilisation or for habitluApiilci08r eat nent of
tinnitus, which synthetic sound signal does not mask any signals of
interest, e.g. comunication signals and other signals that the person

- needs or desires to hear. These objects are achi eved according to the
“invention in the aspects expl ai ned Bel ow. According to one aspect of the
present invention, there is provided an electronic device for wearing
behi nd t I9se @ahodimen of theineation pevidésan biperaesaior wammsiby ofeeepd sigialtgpt & nusi ¢

synt hesi éﬁfﬁouati?feu@%d&on—&i%&tﬂ&% st Epé.r'ﬂjﬁ Ldfglih%gi'oﬁz tﬂﬁiﬁlygﬁ)f ffsgRdom number )
generator for generating a_pseudo-random nunber, nmeans for cal cul ating

. P . NNt . .
par anmet efoEesEbIR tortsseudssighal fon extegdsd@pripdeef tims ik ficrvavASOF elisiard s sound
gener at owitHoot getief distat ediy the sntheStzedoshb@ads. PretdblyStheiphraachandibengefilo t he
cal cul at E}gd%e%EiQiHEIi&ro for BpicfA8@r 1 Y aid, the hearing aid having an input
transducer ftfor transtormng an acoustic input signal into a second
electric signal, a digital signal processing neans for conpensating a
heari gg AhdiRRAdniboEbnt bmegm?roapﬂoﬁmes@ﬁ apparhthy dsdaale&ra%ﬂsibnisﬁblg@a&r bafrg_d on thﬁ
second e] ectr.i ign an n_. output .transducer: an conbi ni ng the
Frret ol moionieRhilR omBl R Hnf U Bl or b RARE NSl anplIE R MrleBfer (TP 10
whi ch f ovaring kehisd the pag, of ingheedar, prsin the par einakad ispRelltkhevngy the et ofibeating ducer into
sound. Th&. HeMi &RicHBHE obiP@QF ROSAFEHIRRABS nhPlead & kHd e @uik 2 WAYSRCisSY Nt hesi zer
of f manuallhé{1 or. auto ticaldly. The device may further conprise nmeans for
det ect i ni 2 dERiPReA S ISHEE 2% uch as  speech, nusic, etc, and for turning
the nmusic synthesizer off automatically upon detection of the desired

signal . AdoufPitodit@R 3 BRindddBondRMAde EanBYar BB ubdhf B PQEALRD siitftedc @ hearing aid,

such as a djgital hearjng ajd.that conprises an jnput transducer, the
out put t?”&?f{sfgﬁi‘élé’rs‘?fulaf°’dj:eﬁg?‘ﬁ*‘sa‘§?“d’ﬁ%ﬂf%?J’r‘ntg%f’é”é EPavg° saHECt he nusi ¢

synt hesi getheticosungd eipel dves rogmésk enyssigpalt ofomerest, Siggevaimuniepiveggnlsanly nusic to be
reproduc&ﬁerggﬁs% m@%&%ﬁee{s%ﬂlﬂy QL Preferably, the nusic synthesizer is
i ncorporated I n the 1gital signa processing nmeans, i.e. the digital
signal processing neans is adapted to performthe functions of the nusic
synt hesi Z@fe.objkds #Pchibved BHO&ErdMY o the ik drtiBBin e hépkfOkpidindd B ow 4

According to one aspect of the present invention, there is provided an electronic device for
wearing behind the ear, in the ear, or in the ear canal, comprising a music synthesizer, the music
synthesizer including a pseudo-random number generator for generating a pseudo-random
number, means for calculating parameters of a tone from the generated random number, and a
sound generator for generating a first electrical signal according to the calculated parameters; a

. hearing aid, the hearing aid having an input transducer for transforming an acoustic input signal
into a second electric signal, a digital signal processing means for compensating a hearing
impairment by generation of a third electric signal based on the second electric signal, and an
output transducer; means for combining the first electric signal and the third signal into a fourth

electric signal, which fourth electric signal is converted by the output transducer into sound.

The device may incorporate means for turning the music synthesizer off manually or
automatically. The device may further comprise means for detecting a desired signal, such as
speech, music, etc, and for turning the music synthesizer off automatically upon detection of

the desired signal.




In a preferred enbodi ment of the invention the digitadl Ap@05pr ocessi ng
nmeans is further adapted to provide conpensation for hearing inpairnent.
This allows the hearing aid to be wused by persons suffering fromtinnitas
and fromhearing inpairnent. In such an enbodi nent of the invention, the
synt hesi zed nusic is preferably int3soduced in the signal path before
hearing i npairnment conpensation so that the full frequency range of the
synt hesi zed nusic may be heard by the user of the hearing aid. The nusic
synt hesi maybe ada t.0 ner at. esize sic.at the output
£ ansduo e R PR o VARG A PP REFE A REPRhsk ¢ e

tinni t usaciorbirapdupay, thq ougput taltlsduqr la digésdl sigmal prgessipgtnisens pad themysic sti | | percei ve

to hear &ﬁﬁeﬁﬂem; éehb‘iatﬁ@ﬂ'l@gle@%:az@-sxﬁﬁﬁféﬁ@%ndn@\ﬁ?he to%Qreya@ucm@tﬁe synt hesi zer mi%/
conprise a soun r.an fera he s i.zer conprises a se
o "D oundo TR EPRbe P’ s e Bl bR SRA I i g1t al | y. - Each
sound gepresestingmenmyi.chibe digiptigd! rocgogwrat B adapted logpetferoniedusiign af

represenfyl BesAsyh@ige0Of @ specific loudness and frequency and with a
specific spectral content, thus, representing a tone: wth a specific
sonorous figure. Further, fade-in and fade-out time constants of a
generated tone 15 maybe control |l ed. The adjustabl e paraneters, such as

| oudness, frequency, spectral content,. fade-in, fade-out and tone
duration, of the sound generators naybe controlled digitally by a
controller included in the nmusic synthesizer. The controller may conprise
one or nore pseudo-random nunber generators for generation of sequences of
pseudo-random nunbers. One or nore paranmeters of a sound generator my be
20 determ ned based on the value of a nunber generated by one of the one or
nore pseudo- random nunber generators. Different nunber generators may
generate different sequences of pseudo-random nunbers controlling
different parameters of a sel ected sound generator. In a pseudo-random
nunber sequence, the next nunber can not be determ ned fromthe previous
nunber or a short sequence of the previous nunbers if the initial
conditions of the 25 nunber sequence are not known. The controller may
farther conprise a tenporal generator conprising a pseudo-random generator
for determ nation of time periods between start of generation of successive
tones. At |east one of the pseudo-random nunber generators nmay be adapted
to generate a sequence of self-simlar nunbers, or a sequence of fractal
nunbers, preferably a sequence of self-simlar




30 nunbers. 11 April 2005 5 It is an inportant advantdghp@f200he i nvention
that synthesizing nmusic with pseudo-random nunber generators elimnates a
need for a | arge nmenory capable of storing a selection of recorded nusic
suffi Ci\%BtuE/)/uLsar ge for the user not to be upset vvitt},(’rﬁ%ﬁ}sﬁ listening to
the sane™ music. For exanple, carrying a separate device wth |arger
capacity and thus a broader sel ectibn of nusic, would in general be

consi dered cunbersone and inconpatible with the daily use. It has further
been shown that nusic synthesized utilising a pseudo-random nunber

gener at or n agesfeaedémtodinsetlof the inmintia thadighabsigal pencestingmtans is fumhdrer s, etc, is
Sur pr i S1 gl e di6 L8 h0G 00 iof AT AELARDE ). TOHSH: hOyealiilliifts @ MuSiC
sequence genera ed %y UCH @ nunper Qenerator rs ex rémalyﬁ’ong so that a
per son | i wtdhyipagorns suffeling fuanstimitg oabiromobeargrippdient| | st eni ng to repeat ed

musi ¢ sequences. Further it has been noted that, typically, a person with

tinni tus hicsheRiAaRndoP e inTifibe o eg;aanﬁgipﬁyeﬁ&s iffro@RB0h @€ masking of
the tinnitus but rather a confortable distraction fromthe tinnitus

wher eby talpath defare heeiapipaiapsbioracneion i fhas fie fllfomeneaange #dic  desired
matters. shigizedisiyidly BERdari v the MhkD bGheAMeafz@iaNg t 0 an enbodi nent the
invention, it is achieved that the synthesized nusic is perceived to be
~virtual l'y_non-repetitive, i, e. . a listener_dpes not recogni ze a repeated
sequence.%W‘ﬁﬁwﬁ{w&ﬁﬁaﬁp%mﬁ%’% ?Wﬁfi‘?’”@m%{} Tdfitially covers the
audi bl e impelader with a lobdnekd esanplitidateekihag idopa abtsnack thé thinidwsesmpletdly, ib.st a furt her
advant age,_ el ectronic device ordin t I ntion may be
conpri sed le‘lgﬁgtg Q@%F!’%bm‘?i{)s gh 574 ﬁm;heﬁ@gerl ngsgq%ﬂé%%ﬁﬁeg&géﬂﬁ%usi ng to be worn
behind the ear, in the ear, or in the ear canal, without a need for a

r enot & urifhe nogle systhenizagyoaypaniprise afpynd ssateaor and prafirsblys thegynthssizerhearing aid or

the hef'iridaﬂxgﬁsieﬁasw&@oﬁégé_i\&%}sﬂﬁmsc%ﬁ&ééﬁ&&t&@nﬁf’be%@ﬂioﬁ@cfdiﬁéﬂ&@ﬁ of the present
invention, there is provided a binaural hearing aid systemconprising a

pair of hearing aids, each hearing aid having. a music synthesizer for

&

gener at i oFfcibTous geparalqr may Be.qdapied e 2<praff % cloc PGPS eHEEt B ¥ Ae nusi c
synt hesi z@écificéiktibgi 44g froqupi® daHiOrith a3 FediBie spetiHD ConteSHORE Apredentfn@ b t@€Ner ati ng a
pseudo-r a#l?h%@pe@#fgggnrofous g?i;r:]e.s FlIrr%r, f%&e?u(l: yl!d%de-%gt time constants of a generated toﬁe :
15  may be controlled. The adjustable parameters, such as loudness, frequency, spectral content, . .
fade-in, fade-out and tone duration, of the sound generators may be controlled digitally by a ;
controller included in the music synthesizer. o | |

The controller may comprise one or more psendo-random munther generators for geperation of

sequences of pseudo-random mumbers. One or more parameters of a sound generator may be
20  determined based on the value of a nurrber generated by one of the one or more pseudo-

randorn pumber generators. Different murdber generators may generate different sequences of

pseudo-random numbers coantrolling different parameters of a selected sound generator.

In a pseudo-random number sequence, the next mumber can not be determined from the
previous number or a short sequence of the previous numbers if the initial conditions of the

25  number sequence are not known.

The controller may further comprise a temporal generator comprising a pseudo-random

generator for determination of time periods between start of generation of successive tones.

At Jeast one of the pseudo-random number generators may be adapted fo generate a sequence
of self-similar mumbers, or a sequence of fractal nunibers, preferably a sequence of self-similar
30  numbers.




paraneters of a tone fromthe generated random nunberll Apdl 20050und
generator for generating a first electric signal according to the
cal cul ated paraneters; an input transducer for transform ng an acoustic
input signal into a second electrical signal; a digital signal processing
means for conpensating a hearing deficiency by generation of a third

el ectric signal based on the second electric signal; nmeans for conbining
“the first 1§dﬂdmﬁdﬂhﬁtddﬁﬁt@&fofihé;msénlé]ﬁhai s;inrhwzuag hRlrif peh@chddos  Signal ; and an

out put transducer [ nvert.i urth e ric n into sound.
This sys e%l eneﬁ%t%r o ?esatn?ledf grl‘raﬁ%erll%eaoryca ]FOFS%h ’r“?%ﬁlgol n;%al rments as wel |
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It is a further advantage that the electronic device according to the invention may be comprised
in a hearing aid or in a hearing aid type of housing to be worn behind the ear, in the ear, or in
the ear canal, without a need for a remote unit for storage and transmission of music to the

hearing aid or the hearing aid type of housing,

According to another aspect of the present invention, there is provided a binaural hearing aid
system comprising a pair of hearing aids, each hearing aid having a music synthesizer for

* generation of a first electrical signal representing music, the music synthesizer including a pseudo-
random number generator for generating a pseudo-random number, means for claculating
parameters of a tone from the generated random number, and a sound generator for generating a
first electric signal according to the calculated parameters; an input transducer for transforming an
acoustic input signal into a second electrical signal; a digital signal processing means for
compensating a hearing deficiency by generation of a third electric signal based on the second
electric signal; means for combining the first and third electric signals into a fourth electric

signal; and an output transducer for converting the fourth electric signal into sound.

This system is useful for the compensation of a hearing impairments as well as for the

treatment of tinnitus on both ears of a patient.




Alternatively, the tinme displacenent is determ ned byllaAp@iddm di fference
in start-up times of 20 each of the nusic synthesizers. It is preferred
that a sequence of random nunbers is provided by at | east one of the

fol | owiyg o /Bhn0ds: sel ection fromtabul ated randomgpunhers,.. synthesi zed
by a pseugo random nunber generator, 25 synthesized by a seﬁ3 simlar
‘nunber generator, or synthesized by ﬁeans of natural random events, such as
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devi ceSi sdesmer i ed by the user and transmits nusic to either one or both
‘ears, e. g. to a wireless earphone or a wireless, preferably open, earplug.
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hearing detficiency, Inin nal st gnal for
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a generated tone nay be determ ned based on the generated nunber. Di ffer ent
not listen to the same topes. For example, the same music sequence niay be played in each ear

15  with a specific displacement in time between the two ears. The time displacement may be
adjustable by the user so that the user may perform an optinmm selection of a time L

displacement value that provides optirmm cognitive competition in the brain, i.e. reducing the
 perceived tinnitus effect to a minimum with a minimum of induced disturbance of the user.! 7]
Alternatively, the time displacement is determined by a random difference in start-up times of

20  cach of the ronsic synthesizers. T

It is preferred that a sequence of random numbers is provided by at least one of the following

methods:

selection from tabulated random nunibers,

synthesized by a pseudo random mairber generator,
25  synthesized by a self-similar purber generator, or

synthesized by means of natural random events, such as 1/f-noise which is well-known to have
a fractal character. '

Cirenitry operating according to one of these methods are easily incorporated in a hearing aid,
and thus a remote unit for generation and transmission of tmsic to the hearing aid is not

30  required.




paranmeters may be determnmined from nunbers occurring ild Apiilf290&nt sequences
of pseudorandom nunber sequences. Further, a period between the start of
succeedi ng tones may be determned froma nunber in a sequence of
pseudo-random nunbers, preferably a different sequence of pseudo-random
nunbers. The pseudo random nunber sequence may be a sequence of self-
simlar pumpers, S nce of fractal nunbers, preferably a sequence of
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in natur®®% not as restrictive. In the drawings: Fig. 1 is a schematic

di agram of a portable electronic device according to a first enbodi nent of

t he | nvenécbhing td-_zinghcrﬁspbts oBhsghemaivetiod itRariggrovded a nededsfdyntizkigiad ment of t he
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Sound gerl’iera I'OVI 11]) 1ser Oor CO nssm ﬁearr}P (%ﬁclen Uen omgf gounds from t he

nmusi c sy%fanem er r‘%ci‘ rates the enerag[or ANET ers-"85 Fi g. 1 shows

a scherra'#l?@nftﬁigayr“atmﬂ@@gaﬂlFveaqmm@atmgdlﬂ'\hpmgénﬁcetcectronl c device according to

the invention. The hearing aid conprises a mcrophone 1 for reception of

sound fr@momﬁramezavlsﬁ&mﬂaﬁmit@acﬁeg@mr@sdn@lreoﬁém Fade M, ERSPARSH g el ectronic

f: ggglduc eulga% y gotéat%n?rgtgg %?éay[%éﬁewgc? {gﬁse% og;slij?g%%lra%gamllmbe}/ FB)lﬁfsren’t the input
parameters may be determined from numbers occurring in different sequences of pseudorandom

number sequences. Further, a period between the start of succeeding tones may be determined
from a number in a sequence of pseudo-random numbers, preferably a different sequence of
pseudo-random numbers. The pseudo-random number sequence may be a sequence of self-
similar numbers, or a sequence of fractal numbers, preferably a sequence of self-similar

numbers,

Still other objects of the invention will become apparent to those skilled in the art from the
following description wherein the invention will be explained in greater detail. By way of
example, there is shown and described a preferred embodiment of this invention. As will be
realized, the inveﬁtion is capable of other different embodimehts, and its several details are

capable of modification in various, obvious aspects all without departing from the invention.

Accordingly, the drawings and descriptions will be regarded as illustrative in nature and not as

restrictive. In the drawings:

Fig. 1 is a schematic diagram of a portable electronic device according to a first embodiment of

the invention,

Fig. 2 is a schematic diagram of a second embodiment of the invention,

Fig. 3 is a schematic diagram of a set of sound generators,

Fig. 4 is a flow chart of an algorithm for synthesizing music,




wherei n several input signals are conbined into a sindl&pslizggal . The
electronic signal is fed to a 10 digital signal processor 2 via an AAD
converter 7. |f appropriate, the A/D converter nay be preceded by a
preanpl i fi not shown). If the user suffers from ear | i mpairment in
addi ti OWOO§4IIZ§ Sni tus, the digital signal processor ©f Stggsés t he signal
for correction of the hearing inpaifnent and preferably, the synthesized
music is introduced in the signal path before hearing inpairnment
conpensation so that the fall frequency range of the synthesized 15 nusic
maybe hearg Dy it Howibet ofh alpdiithoPacdin6llig adoundenetagr i Nng ai d furt her
conprises a nusic synthesizer 10, and the digital signal processor 2

conpri sesga he r control unit 6 for controlling

t he nusi CF§y6hnt heésglﬁlg%’fﬁhc%%r O%ﬁ?%nd%rn%ggﬁ enbodi ment, the nusic synthesizer
10 is integrated in the digital signal processor 2. 20 As shown in Figs. |
and 2, thBedut sbawsgivemsisirplsheqnenes efiseings fnopmtheveasicagpthesigor spd ilvshieiesths he mai n

Si gnal path of theheakhdg ai d at a point either before or after the
digital signal "processor 2, at the respective summing nodes 11 or 12 via a
connection 13. As shown in nore detai|l in Fi t he el ectroni c device
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are adjust d e rolle e, guency,

maxi mum arr%ﬁ’l}s)é‘éﬂrﬁ g&tsp arem%nlbscdlfrmSmél?&%g?&fee%cgﬁ% s%gfc t%gl content of
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generate Soundggnerator 16 may
si mul at ed%r@k%g% ?}3 %@ mﬂ&%%wn)\/\% cq?%%%@%% EPOL/ 13053 9 i nstrunent,
such as ecadgitienfe tingitg, edizital sigral progesser 2 praesrosthe sigpaliforsarrecionbthad gener at or

gener at eSyogring g Aent LBPHESENY, magyramﬁﬁa%u&bmu@mﬁemmas@nﬁ i fic |oudness,
sonorous figure and duration. shown in Fig , the controller 6
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sel ectis onmexfc 1 bh Blafll Ly MeREE: BERSHAMRRidl rom the set of sound generators
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- The hearing aid further comprises a nusic synthesizer 10, and the digital signal processor 2
comprises a hearing aid processor 5 and a control unit 6 for controlling the music synthesizer
10. In the present eymbodiment, the nmsic synthesizer 10 is integrated in the digital signal

processor 2.

20 As shown in Figs. 1 and 2, the output signal of the nmsic synthesizer 10 may enter the main
signal path of the hearing aid at a point either before or after the digital signal processor 2, at

the respective surming nodes 11 or 12 via a connection 13.

As shown in more detail in Fig. 3, the electronic device comprises a set of sound generators
16a-16e for generation of synthesized mmsic. A. sound generator is shown in further detail in

25  Fig. 6. Bach of the sound generators comprises a damped oscillator 161 that is excited or
activated by an impulse. Various parameters of the sound generator 16 that determine the
waveform of the signal generated by the sound generator 16 are adjusted by the controller 6.
The parameters determine frequency, maximum amplitude, duration, rise-times, fall-time, and
spectral content of the generated signal. These parameters are indicated in the plot of a

30  generated signal shown in Fig. 7. In this way, the sound generator 16 may sinmnlate a known




5 Preferably, the control unit 14 conprises neans forlh8pak3d¥ént of nusic
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generation of rarrdom nunbers. For each sound generator to be activated, a
speci fi¢ ¢ eleadhg-aidantimertivdnile sougdleel & kdrstegslvengd figngproveduzeto hiver

det er m nat.J : Pﬁ‘egﬁﬂ.g oy . plurality of sound
gener at o?ﬂsﬁeir)r%fpg %ﬁéﬁ‘ﬁpe t%ﬁﬂ@?@?%ﬁg% esl Z|Sr11%'é'25 tones with the sane
sonorous figure, thereby sinulating an instrument that is capable of

pl ayi ng cHisPeeuts fiheriound senedfom§a-165 aggafided fogethayr by adderg hisrlde o gropide sy nt hesi zed
may be dedofbibdi@aalRiputioRBibR Undlf friGecbt it the@fend paiR S HbFinpS@MAO- r andom

nunber generator. |I.n _gne enbodi nent of the invention, nusjc is synthesized
that wil IMBBPI?PQF*EB?IB‘JS’ &Yﬂé“%?gﬁﬁt%ﬂlﬁﬁﬁefshﬁ“’é@&Phﬁﬁ‘ﬂﬁéints. However ,
furthes vembiahptuilsy of the synthesized nusic naybe provided by 30 varying

t he nunber of instrunents, i.e. the nunber of sound generators, that is

oun et Sl s NIAIRR S B B e B BECL L S0u
mappi ng ofnd thepargurtgoudt eoch ofifhe e shicmtqns Barelosters meth s lavminie contagener at or .
 relating to the sonorous figure of a tone remﬁin constant from tone to tone, The values of the
parameters relating to the specific tone to be generated, such as frequency, duration, amplitude,
20  eftc, for each of the sound generators are determined by mapping random nnmbers to values of
these parameters. Thus, the controller 6 further comprises a set of psendo-random number
generators for generation of random numbers. For each sound generator to be activated, a
specific pseudo-random number generator generates a pumber for determination of a respective
specific parameter. A plurality of sound generators may be grouped together for synthesizing
25  tones with the same sonorous figure, thereby simmlating an instroment that is capable of
playing chords, such as a piano, a guitar, etc. A chord to be synthesized may be determined by

mapping of the output of a specific psendo-random number generator.

In one embodiment of the invention, nmsic is synthesized that will be perceived to be generated
by three instruments. However, further variability of the synthesized nmsic may be provided by
30  varying the oumber of instruments, i.e. the mimber of sound generators, that is currently active
synthesizing music. Thus, activation of a specific sound generator or a specific group of sound
generators may be determined by mapping of the output of a specific pseudo-random mumiber

generator.




11 April 2005 WO 02/41296 PCT/ EP01/ 13083 10 Opti onal Iy, Apalrd006s cat egori es
of nusic, such as classical nusic, jazz nusic, etc, are user selectable.
For each sel ectable nusic category a set of instruments to be used for

synt heS| 2| n music is predeterm ned. The set of in i s defined by
nunber ‘0 %12? ve sound generators and respective s?cé‘}kgﬁp%gsﬁarreters

defini ng i nstrument types. Further, ! n al gorithm for nappi ng 5 of
pseudo-random nunber val ues to respectlve paranmeter values is determ ned by
the controller 6, 14. These predeterm ned sel ections nmay for exanple be
based on @ytishally,ivatidus ctegoritabiifsia, ﬁ&hatslﬂassmﬂaiuﬁe,tjabhﬁsi@atagméres of nusic. For
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musi ¢, 1 ki, Baf Rk Lﬁ%ag%a 'ﬁbégséaromaasﬁcﬂwgas GSYNt hesi zers,

electrlc QU|tars [ C, heSi zed nusic sequence has to have a
I arge nurﬁsleﬁab@fca@mqf@ﬁﬁefowam & prtlefcparamefpra or SYPWP%ZWE%@W%M ure coul d be

obt ai ned lﬂiélc?nciu@esrﬁﬁﬂaté}go&fha{pmommemansetb?;of&%c&gl #:0RenckS duration. In
this way 1t is possible to synthesize nusic aV|n? an |nproved resenbl ance

to the u%@edlﬁﬁ@ﬁéﬁﬁéﬂ%‘?‘@ 2dspy byEpmber AeecBEACS G PRI HBfber of sound
gener @ OlifieiShetvase@RCktdrb R x@udmeiusm‘g elg vtk GBRfaGddnOma®er tPdody®d. The

illustrated e nent five un ener at and. t hree instrunents.
However , Ytﬂ‘tﬁgﬁf"%’mﬁﬁs?ﬁ"?]ﬁi‘ﬂ‘}e’ﬁﬁ T 58 cﬂﬁﬁilmrgﬂﬁn?ﬂ%eﬁé{] al nunber of
sound genqeaiuﬁie Sncmgslperagﬁ&abmeptmn& m}tmrh@t:t sublrnsayqﬂreaiam; dedicenitrogli ment, the
nunber of trum nt. \(/iOI ces are has o%avca'far i in of?lc e]lFurfte}l;hn{ vari abl lity
may be acf’('ffe tﬂb STRETEY ATRE BT 1) FAVing the nhunb §F% acti ve

instr urrertbnas 'nuslastfesammuldgemwsremgp@qf@psnapﬁmsfbun@ttglémr ators, wherein
the n % active instrunments 25 is controlled by yet another

pseudo- ranc?om nunber generator. For exanple, the instrunents nay be

divided into an instrunment group that remains_ active during synthesizing,
and a sollpthis way it is possible to synthesize mmsic having an improved resemblance to the users

<

preferred music category.

Accordingly the number of sonnd generators rmist exceed the number of instraments to be
played. The illustrated embodiment has five sound generators and three instruments. However,
20  this is an illustrative example only, and the actual anmber of sound generators may be greater,

e.g ten

In a preferted embodiment, the numiber of instrument voices are determined initially. Further
variability may be added to the synthesized nmsic by varying the number of active instruments,
i.e. sound generators and groups of sound generators, wherein the mumber of active instruments

25  is controlled by yet another pseudo-random number generator. For example, the instruments
may be divided into an instrument group that remains active during synthesizing, and a solo
group, the activation of which is controlled by the yet another randomn number generator.
Alternatively, the random number could be mapped to different sub-sets of the instruments of
the set of instruments that is available in the rousic program in question.

30  The algorithm for generation of synthesized music is shown in more detail in Fig. 4. In Fig. 4,
the processing performed by the controller 6, 14, shown in Fig. 3, for controlling the sound

generators is illustrated.




group, the activation of which is controlled by the yktApnb28Wér random
nunber generator. Alternatively, the random nunber could be mapped to
different sub-sets of the instrunents of the set of instrunments that is
avail a j e nusic programin question. 30 The ' for generation
of synt gsolh/?lé%prmsic IS shown in nore detail in Fi g%%ﬂoi{@;}g. 4, the
processing performed by the control lé&r 6, 14, shown in Fig. 3, for
controlling the sound generators is illustrated. 11 April 2005 WD 02/ 41296
PCT/ EP01113083 11 At block 40, the user may select a desired nusic
category Rbl&r4E abuRfmey S10dt b @sReNEisRGatBgss 15 sclRkifOL etteshofiingmkie di f f er ent
progranms 4la ... 41d_are shown as ap_ex | e, howe e£ any desired nunber
of nusic WYL FeU PR PTORETS 43?/:114]55?’%1%”(%"‘1%%’ g6 AYsel ecti on of the
desi red nassiied niptiRosfansid dategories mAi be mddb evallleteBpasRd Upen ssshebf thnd t ypes of
instrunents gre.5 determn the controller. 6, 14. Furthernore,

par amet er‘}ses%eagﬁ‘“%%m‘%rgﬂ%%,”'ggdeﬁ‘gfor%e@%‘%? % A fypes Q&Tﬂﬁhﬂ@ﬁe&&ff’ ext ended tones
are det efetrrmied.by Haventgllel8tldr m ned t he paraneters based on the sel ection of
music category, i.e. nusic program nusic synthesizing starts. Optionally,

a sol o ingl# aﬂm%{ il Gk | descri bed.
Activation o mﬁfg SO %P?eaﬁstsr u g‘tgeFIISSOIg(L)ﬂgt ro#g@%s{ﬂeﬂu@gﬁ%n@%dt%?%% a sequence
of randordetstipdr s generated at bl ock 46. The range of random numbers is

.mapped to two states of activation, either on or off so that the solo
| NSt r UMe Naving dSdMntneBEpaRitneRfs badell off BOERBROY of mikst cRkEheY, it.amabt ain a | ow

~switching rate, the rate of generation of the corregpondi andom nunbers
i s kept |RSU2%MYSIC FHPEEOE A ﬁ@“ﬂ“ﬁ’t?@”‘t?é'?s%“‘&ﬂﬂt Wé’eé‘?ﬁ*%@éﬁg‘%‘@ #rusi c.
Li kewits e, prévivaslgdeksyibdd Aaivetion obthe tdieing@inent isRGitollddrtblodksts Ui efqudhdted by proper
sel ection_of .the I n f n nunbers to the.activatjon state. At
b1 ook 47 ot SaPRP RGPl e AP R P Folon SR SRR B 1" Ut Cher det ai
bel ow w tshtes ef eetietieecithe ofbrpff fo.thafdht fviyligdvumers 3 lswitdhesdoran nff rindamsliy | Nncr ease t he
vari-abili f 2 sl L Cel 2S | to activate the
solo i nstﬁrlérr?grrﬁ %@%%ﬁg&%ﬁ;ﬁ%&%gﬁ%&toﬁé&ﬁ% gﬂg% ?Ogr‘rgﬁpf’onsgtr%nﬁ%ﬁe nmusi ¢ 20
t her eby prabehis keptlontaae eamiespnnding to)ihiars ofits syntebiasditnnsig. $ikewise, the duty
15  cycle of the solo instrament is determined by proper selection of the mapping of random
munbers to the activation state. At block 47a, 47b, etc, tone generation starts as described in -

further detail below with reference to Fig. 5.

Although a solo instrument may increase the variability of the synthesized music it may not be
desired to activate the solo instrument, since it may draw the users attention to the music
20  thereby preventing attention fo other desired matters.

As indicated at block 44, nwsic is synthesized by an instrumment group that remains constant
during music synthesizing. Thus, no switching feature is available for this group of instruments.

Tone generation by a sound generator is farther illustrated in the flow chart shown in Fig. 5. At
block 50, a sequence of random numbers 54 are used to control tone start time. For this

25  purpose, the random pumbers 54 are mapped to a selection of tone intervals, e.g. 1/4, 1/8, 3/8
and 1/16 notes. Further, it has been shown that it is desirable to control the sum of tone
durations within each bar of the synthesized music fo match the numiber of beats in a bar. As
with the control of the switching of the solo instrument, if is possible to adjust the probability of
tone variations by either adjusting the frequency of generation (or the read-out) of the random

30  numbers and/or by re-mapping the tone mapping.




As indicated at block 44, nmusic is synthesized by an 1ndpml294t group that
remai ns constant during nmusic synthesizing. Thus, no switching feature is
avai l able for this group of instrunents. Tone generation by a sound
enerat rther illustrated in the flow chart . 5. At

ock gbogals%;eé;uence of random nunbers 54 are used WRI’%S{‘" tone. start
t| me. For this 25 purpose, the randdf nunbers 54 are mapped to a sel ection
of tone intervals, e.g. 1/4,1/8, 3/8 and 1/16 notes. Further, it has been
shown that it is desirable to control the sumof tone durations within
eachbar dflaclditbnﬂyd‘ﬁiﬂjlﬁmﬁezededmbﬁaﬂd@rcdflﬁﬁ@hfﬁth@nﬁum}ﬁﬁesﬁﬁecmmﬁat n a bar. As
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a scal'ing val ue

nunbers are nmapped to e paranmeter, e.g.
frequenc;PIaYP‘%bY pemmey. %ﬁ%ﬁ{j@osétbbwﬂatw@eﬁﬂ@ﬂowmﬂshm@%el ected val ue
being a 5aﬁhageehe@e@§ bffgeﬁcfratﬂ)ﬂ@r%%&-Wmeéﬁd&nnﬁbus%ﬁorlﬂ?}& ng a higher
characteristic_value than a cello). For exanple instrunment frequency may
denot e ttP@PP%ﬁﬁ@hWPB‘thhe | onest tone that can be played by that
instrunment. Again, it is possible to adjust the probability of variations
by ei toherInmaﬁ]oﬂsﬂzlthegmpllttedefof&qmaﬁyctbymg@nlgﬂﬁtran@dmﬁtmﬂneig&ﬁerﬁeﬁﬁl out) of the
random n /.01 p the n In the bl ock 52
t he arrpll% £6St° ‘i’uve mdefgct%re p%)ﬂ:l 5’“‘?"%’“‘ ﬁ%hg%er generated in
bl ock 56 atmhtaderfaittat'ﬁhw@canpmzltmﬂ@Wime@wer@eamﬂlmﬂpbgevquym random number
as ther f.ach or is multiplied with the
aver age gl’rr‘gtt"tlﬁdle“%b?‘gé&%% seggwm%t&tﬁeg%%trol ler 6, 14 in order to

determ ne the aglltude of the tone. In the block 51 the tone frequency is
set by nebbr WGk detomnEemenm fseiby gepriredhcaanrdpm nyphse gengsted indloekS5a frequency

factogs. thi ﬁeqﬁéiﬁj‘rﬁémﬂ wttﬂmmeméheumaﬁ%@ brebioRHEAKY Previously

set by the contral|e 14 in order to fgd:enerate the freguency of the t one.
The mapplﬂﬁ’ ogtpoller 6, @qﬂderto generate the frequency of the tone. The mapping results in

generation of tones of the desired tone scale. For instruments synthesizing chords, the mapping

algorithm, which is configured in block 42, may involve selection from a table of frequencies
corresponding to tones of given chords. -

20  Atblock 38, the controller 15 selects an idle sound generator, transfers the parameters, and
activates the generator by transmission of an impulse to the generator (the sequence {1, 0, ,

...} as shown in Fig. 6).

1t should be noted that some parameters may be determined from the output of one common
pseudo-random number generator whereby the device is simplified, probably at the expense of
25  -variability of the synthesized music.

A sequence of self-similar numbers may be generated by the following algorithms:
1) Select a binary integer N1 with a predetermined number n of bits.
2) Add a sccond binary infeger N2 to N1, N2 being either 2x-1 or 2x+1, where x<n.

3) Count the nupmber of bits having the value 'T’ in the result. This nuniber is the final result.




generation of tones of the desired tone scale. For inktApnEe}i0S§ synt hesi zi ng
~chords, the mapping algorithm which is configured in block 42, may

i nvol ve selection froma table of frequencies corresponding to tones of

gi ven chgrds,620 At block 58, the controller 15 sel ﬁEP%ﬂl:Jogl e sound
generator, transfers the paranmeters,_ and activates e gernierator by
transm ssion of an inpulse to the gé%erator (the sequence {1, 0, 0, ... }
~as shown in Fig. 6). It should be noted that sone paraneters nmay be

determ ned fromthe output of one common pseudo-random nunber generat or
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variability( he synt hesi zed nusic. A sequence of self-simlar nunbers
may be generated by the following algorithns: 1) Select a binary integer

- N with a predeterm ned nunber n of bits. 2) Add a second binary integer N2
‘to NI, NZOthesirgagonemmhers maybepsesito githerparaghiens of sersgatedFpunde gt dithtsisg nunber of bits

havi ng ”ﬁ%ﬁé&umﬁ%oﬁﬁmw&sﬁﬂm iR Blasr O Enclesse IHASalabilRlor hESUl T. 11
Apri | 2005 2/ 41296 PCT/ EPOL/ 13083 13 4) Repeat fromstép 2) to generate

next runFErbesiZedd Ui vely using the sumof N and N2 as a new NI. O her
random nunbers may be used to dither paranmeters of generated sounds, e.g.
di t her i ngtis breRAeEN gtierard W ot sitifir Sfmbelequemn SeRBkhilgafaleré inifEhe i N order to

further increase the variabili aof the 5 synthesized.music. It is

pref er r e FE GEMET AP E" é@feke-ﬂg‘% ok ?DS‘F‘FBFFBEIF% Heh .Brsgb%"‘éyl nilar nunmbers
nmay be gemtingdequnderi.cv@ij UM, WayH1, 140,10 B lel0redvhsnyy the sdpeenstni tihe bits of
110 110 b 3k e gk o f RSPl 8 REQHE M6 na ty Sy eoqrogilly 13 1001 101
genérlé)t e&hisﬂeuueh@isiéf&nﬁ@b@t&emmsmmh&ewiﬁebas@wnigmaeiséorgnecbw val ue of 10
this seqy hor HBPEA # : o e ' @Mzﬁ% a sequence
that is f%?%e%ﬁ br_ very ugkg%cﬁﬁkﬁat?lgﬂgg%%%eﬁg&Zﬁﬁﬁﬁ{a/g:}aﬁq Is”identical to

t he ori gifesie of numpyeg sgqucEcesang B feasireis plpselygelatedta thaseslief sel f-sinmil ar

nunber s eaERRess ratd nidbeSsehRAdes!18s b Be kAR WirlspliRl RlblPat PRpSCaling
invariance of fractal nunmber sequences. It _is to be noted that self-simlar
“nunbers &less of fragigl mumbers since linear fractals are exactly similar on different scales (i.e. self-

15  similar mumbers) while non-linear fractals are statistically similar on different scales (cf. Larry
Solomon "The fractal natare on nmsic” on the internet at URL

http://www.comnmmity. pima.edu/users/larry/fracrms. htm).

Associating these bit sums with tones according to a predetermined scheﬁs will produce a
synthesized music sequence. It is not a requirement that all the values or values at fixed

20  intervals are selected for the use for nmsical notes. This is due to the scale invariance of fractal
sequences which is well-known in the art of generation of synthesized music, e.g. from the
internet article Kindermann, L., "MusiNum - The Music in the Numibers", available from the
Internet at URL http://www forwiss.uni-erlangen.de/~kinderma/, as of October 25, 2000.

The synthesized music which may be produced e.g. by the above method, is far from simple
25  melodic sequences such as doorbells or the like, and actually does give an impression not

unlike that of actual mmsic composed by a person.

- In Fig. 6 there is depicted an embodiment of a sound generator 16. The sound generator 16
incorporates a second order IIR filter for producing an exponentially decaying sine-wave when
excited with a single input impulse, as it is shown at point 1611 in the Figure. The HR filter 161

30  is followed by a rmitiplier 162 with a linear decaying factor. The mnltiplier 162 canses the
signal amplitnde of the generated signal to reach zero within a finite time period. A signal




class of fractal nunbers since linear fractals are exldcApyl HI0fi | ar on
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Further the sound generator 16 conpiises a ortion circuit 163 for
addi ng hZFRBAFE for gderptng spegifip euads e &rigpd paoepcg £.diedtsleyput timecdligius?®8r t | on
funct i on theSwa diktbdtibilcoatiigieds abataom al where k4 and k5 5 are the third and
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20  where T is the time-constant in the exponential decay.

The oscillator block 161 has a second-order z-transform of the form

H(z) = z
@ (A-k) + 2k, + by~ 2+ 2°

so that fade-in and fade-out time constants are determined by the ks coefficient.




different instrunments (voices) so that each sound genkrApul2G0&y generate a
signal representing 10 the sound of any desired instrunent to be utilised
in the nusic synthesizer. The sound generator 16 operates at a fixed

- sanpl i f ncy It uses four input paranmeters fo ratj ng specific
"Jo 05/3%5’66 Tl?mgﬂ\;\iplﬁgf

sounds, the desired frequency f, the fade-out tine and the two
distortion coefficients k4 and k5. G’ven these i nput paraneters and the
sanpling frequency, the factors ki, k2 and k3 are 15 conputed fromthe
foll owi ng equations. -1 ki Tfaeeaaqg f:anp kz-4 sn2(Kf f ) 4 \( fe"v)6C'f
/3) 2 k = BikewdseZanfexmaenfiglfadth offtesent] genemtot ingy Heiprosidetbystnadified n t he

exponenti al. : il 6 second-order z-transform
of the fo%%n%&%ﬁ%%nﬁzl 2&5 idcli%]? Q@eﬁgiggﬁé%ﬁ% %fg’f)%te a Bﬁg@)i n and fade-out
time constants are determned by the | c3 coefficient. 11 April 2005 WO

02/ 41296 & Etheye parzpdas fongsngritien gf wice anfrierapepoiiestattda Figf Tigleplofef & t he sound

gener at or sighRen&gy ol @it ﬂ%ﬂm&ﬁsi@naimquiﬁﬁsﬁﬁed!ﬁﬁﬁk&n&@ﬁg%am%%&o ipe anplitude
is nodified by a fade-in gain factor of e.g. (1-exp(-tlt . In Fig. 7
these bar4ftertien tndagreny Srepaey f ox BPlitpds s st adednand fadepitat ed. Fig. 7
i's a pl ottifcohdtis tahdH @ enBiNeT 1y )head; cdfiRRM PtherRio@UBik Shotvh BRMgeratkd 1S
il lustrated éﬁh%&ﬁa' toagea]%? ne-wave W th harnpni.c. 5 distortion, fundanental
fr equency™® PHSP- PR O Ty of an reensntist deepy uipplisd gt alineas fga S - out
ti me- consthednivelopé amithis tie doketicarofithe exle 19 yruiched ¢i3 slopad)ty @ieamitiplifrubl her nore, it
I's shown v‘h%ﬁq‘gc%gt';&lteﬁgy the k; coefficient. Further, it is shown that the time Ty, between tone

10 starts can be shorter than the duration of the tone T, and that tone start times may be varied

Tai, Tz ... - The linear decay is controlled by the block 162, in the form of a multiplication with

a factor which is initialized to 1 and subsequently reduced by an amount k; for every sample.

The tones of the various instruments may be played by any one of the set of sound generators
16a-16e. Thus, it is nof necessary to provide different types of sound generators for different
15  instruments.




since the truncation takes the formof an exponenti al 1ldapad206al tiplied with
a linear decay) that the envel ope and thus the duration of the tone is
truncated (the slope D) by the multiplier 162 which is controlled by the
ki coefficient. Further, it is shows that the tinme TN between tone 10
starts can be shorter than the duration of the tone TT and that tone start
tines naéhmd varl ed TN, TNZ.... The linear decay is controlled by the

bl ock 16 'R the form of a rrultlpllcatlon with a factor which is
initialized to 1 and subsequently reduced by an anount ki for every sanple.
The t ones. Mfelchific\iVicTbiSwehmizbEIHRIY &r, BYe &AL ofh 2% @4t chM1, Bdprighe Of the set of
sound generators 16a-16e. Thus, it is not necessary to provi de different
types of sound generators for different 15 instruments. 11 April 2005 16
CLAIMS 1. An ehedtsyghisgerdeidinpeic fyothesigaint indingraisivdairandom maber in the ear, or

in the eghecfang gcne@z@ﬁ?ﬁbs%ﬁdagarﬂom&r S ﬁ)@%&l]&@a‘ilng painfdteUBA fnSY Nt hesi zer
pseudo-r andom nunbe generator for generating. a pseudo-random

i ncluding a

nunber , ﬁ%ﬁg gqogrpted capdog W?{gan&awmeé?gor&?r ganera&ﬁ%a fist et gebner at ed
random natodrding tosirdalenlsalpadmegener at or for generating a first el ectrical
signal according to the cal cul ated paraneters; a hearing aid, said hearing

ai d having an, jaRtd LANSEH ggfdhzvq&%lamngwa&awemr@aasﬁﬁ%%aéausubnput si gnal

into a second electrlc Si |, ac nal processing neans for
conpens atPH ! infp@spqoptelseii é‘ig?zﬁlré‘r‘iltg“g?‘g@"éH’é?eéﬁt“igd?Fa’b‘fforémPPﬁ“?"H“?eﬂ ectric signal
based onhehtirg impirdiad bg b@eatidn®f & thijd elkctric sipRd basad @lithp sdcoddleRBigltigAY, ; means f or
conbi nin ectric signal and the third electric signal into a
fourth gﬂdéﬁgﬁéu%&%dugér which fourth electric signal is converted by the
out put transducer into sound. 2. The el ectronic device accor di ng to claim
1, wherein t hBeapoRbioAPIgE the & eleetricipag) prdihe tBird glostric signad Btaafeurth r st el ectric
si gnal i &idcarictsipfal, Sihgph &urtp alkdtric0fignil ecofiegtd BltheSupRalanydiRCRGSoUng NMeans before
hearing i npairment conpensation. 3. The el ectronic device according to
claiml, wherein the first electrical signal is adapted for.use in

treat e n#- Tht elacironisideies acoprdimg ieolaith botberginiths coehpiingemearsdadatiedde t o ¢l ai m 3,

wher ei N idRudddsifest 8¥ciHcRRS BV thd sima gaPERIE KpRalRizRS SOLessing means before

hearing impairment compensation,

3. The electronic device according to claim 1, wherein the first electrical signal is adapted for use

in treatment of tinnitus.

4. The electronic device according to claim 3, wherein the music synthesizer is adapted to present
the synthesized music at the output transducer with a loudness level that does not mask the tinnitus

completely.

5. The electronic device according to any of the preceding claims, wherein the music synthesizer

comprises a set of sound generators,

6. The electronic device according to claim 5, wherein the music synthesizer comprises a
controller for controlling the set of sound generators and comprising a first pseudo-random number
generator, and wherein control parameters of the set of sound generators are calculated from

numbers generated by the first pseudo-random number generator,

7. The electronic device according to claim 6, wherein the contro! parameters of the set of sound

- generators cornprises a tone frequency control parameter.




t he synthesized nmusic at the output transducer with all 8pdh¥$ | evel that
does not mask the tinnitus conpletely. 5. The electronic device according
to any of the preceding clains, wherein the nusic synthesizer conprises a
set of sound generators. 6. The el ettronic device according to claimb5,
wherein the nmusic synthesizer conprises a controller for controlling the
set of s risi Lrst pseudo- nunber

gener at of. T i ary el S AR o2 Wafha bbb B R R et at or s
are cal cbfivad ssEErferviprPRGTDerdadg@eraeted by the first pseudo-random number
generator. 7. The electronic device according to claim®6, wherein the
control aneters of the set of_ soun enerators conprises a tone
frequencga%%ﬂ?c%rfm fraibenseT e © 3y ohglymy 6%0%%;31&915; £ RRrAmT LY ﬁﬁrsﬁtc devi ce
accor di ngf sbund gérgraters@onapriseg a tonhadeedunpardnetecont rol paraneters of the set of
sound generators conprises a tone fade-in paraneter. 9. The electronic
device according to any of clainms 6-8, wherein the control paraneters of
the set Gfhedfgirpicgevieresrying apnifclains §-9awhegcths coptee! psmesscahetebr . 10. The
el ect r onbizowhe génerator eafifriek A Bast ehe Aarod cofkad paiEneer.9, Wherein the contr ol
parameters of the set of sound generators conprise at |east one harnonic
control paraneter. 11. The el ectronic device according to any of clains

6- 10, whék Eharlectraicdpvideresbrdjya ogmptleiaiss §f10hereinghetconsol pyrgmeiers gfdkrer at or s

CONPI i.S et & sbudi Sendhibls bdnipiles PAhSIIRLiRe parhdieterT N€ €l €ctroni ¢ device according
to any of clainms 6-11, further conprising a second pseudo

random generator, and wherein a second subset of control paraneters of the
cont rol parwvttens defice atchigding ®tanyodf chinw Kd | Jarher anpisiig aseodabesddl at ed from
nunbers Qenerateab D &ﬂ%ﬁ&%ﬁ&%uﬁé&%%&&%&%ﬁ% Mﬁ%{mﬂﬁﬂﬁft%w while a
different first subset of control paraneters of ‘the contro par anet ers of
the set W&FfsErrad grasfapts £ Fdculied fram pybers egrated BHbsRsPBEPserdg&Emdt ™t ed by t he
first psrita-geamitswhildadifent fie nbdiedsf@ontrollpdramdthe ofthaGiitfoDfiramedRf Ce accor di ng
to any o i -1 furth rLsing a or al nerator conprising
2ty ot 4 0B g Wt Bl SATRIE Bhhch BITROE S e lBREBLYY o char ¢ o
tone gePHEPEIEEEr e det ermi ned by numbers generated by the third random
gener at or .

13. The electronic device according to any of claims 6-12, further comprising a temporal generator
comprising a third pseudo-random generator, and wherein time periods between start of tone

generation are determined by numbers generated by the third random generator.

14. The electronic device according to any of claims 6-13, wherein one of the set of sound

generators is controlled by an independent set of three pseudo-random generators.

15. The electronic device according to any of claims 6-14, further comprising a fourth pseudo-

random generator for controlling the number of active sound generators.

_16. The electronic device according to claim 15, wherein one pseudo-random number generator is

adapted to generate a sequence of seif-similar numbers or fractal numbers.

17. The electronic device according to any of claims 6-16, wherein the controller further comprises
a selector unit for the selection of an idle sound generator from the set of sound generators for

generation of a tone.
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the set of sound generators is controlled by an i ndependent set of three
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controlling the nunber of active sound generators 16. The electronic
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22. The binaural hearing aid system according to claim 20, wherein each one of the hearing aids is
adapted for synthesizing a respective music signal that may be different from the music signal
synthesized by the other hearing aid within the pair.

23. A method of synthesizing music in a hearing aid device, comprising the steps of generating a
random number with a pseudo-random number generator; calculating parameters of a tone from
the generated random number; employing a sound generator for generating a tone signal according
to the calculated parameters; providing a signal adapted for compensating a hearing deficiency;

and combining the tone signal with the signal for compensating the hearing deficiency.

24. The method according to claim 23, wherein tone frequency is one of the calculated parameters.




adapted for synthesizing a respective nusic signal thbtApal2H8 different
fromthe nmusic signal synthesized by the other hearing aid within the
pair. 23. A nethod of synthesizing music in a hearing aid device,
conprising the steps of generating a random nunber with a pseudo-random
nunber generator; cal culating paraneters of a tone from the generated
random nunber; enpl oying a sound generator for generating a tone signal
according to the calculated par ametera9 providing a signal adapted for
conpensating a hearing deficiency; conbi ning the tone signal with the
signal for corrpensatl ng the hearing def| CI ency. 24. The nethod according to
cl aim 23, wh th cal ¢ ar a ers. 11 -
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met hod according to any of clainms 23-25, wherein harnmonic frequency content
or tone anp 125.t Thel meths? apsvedingfto ddyef cﬂﬁﬂ:mmabaﬂrepaaraﬁﬁb BéqBency content or tone

amplitude is one of the calculated parameters.




