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Abstract: An ear |evel electronic device conprising a housing adapted for
wearing behind the ear, in the ear, or in the ear canal, encloses a nusic

synt hesyg@shsyr generation of an electrical signal ﬁqﬁﬁﬁgﬁﬂ%&mg nusi ¢ and
an out put transducer (3) for conversion of the electrical signal into

sound. In the device, sound generators (1l6a-16e) are controlled by
pseudo-random nunber generators generating sequences of self-simlar

" nunbers wher EFAURNS HEARIYC SYATHE YT, BEFHORAY PETERFBEFS MRy rel axi ng and
confortable to listen to. Further, a nusic sequence generated by such a
nunber generator is extrenely long so that a person listening to the nusic
does not have a perception of being listening to repeated nusic sequences.

The present invention relates to an electronic device for wearing behind the ear, in the ear, or in
the ear canal, enclosing a mmsic synthesizer for generation of an electrical signal representing
5  mmsicandan output transducer for conversion of the electrical signal into sound. The invention

farther relates to a binaural hearing aid system and to a method of synthesizing nmsic.

In this context, music is understood as a sequence of sounds, such as tones, chords, etc,
preferably generated in pleasant patterns. In the present context, the term nousic denotes a
sequence of sounds that bas a duration allowing a listener to listen comfortably to the nmsic for
10  extended periods of time. Preferably, nmusic is a sequence of sounds with a duration that is
longer than 5 seconds, preferably longer than 10 seconds, more preferred longer than 20
seconds, even more preferred longer than 30 seconds, still more preferred longer than one

minute, and most preferred substantially longer than one minute.

The electronic device may relieve living beings of stress and anxiety, and in particular living
15  beings may be relieved of stress, anxiety and upsets caused by ticnitus when listening to music
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
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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.
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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.
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adapted for wearing behind the ear, or in the ear, or in the ear canal as
is well-known in the art of hearing aids. In this device, the output of
the output transducer may lead to the eardrumin a way that is well-known
in the art of hearing aids. Another enbodi ment of the invention provides an
apparatus useful for generating a synthetic sound signal useful for
desensi bilisation or for habituation treatnment of tinnitus, which
synthetic sound signal does not nmask any signals of interest, e.g.
comuni cation signals and other signals that the person needs or desires
to hear. These objects are achieved according to the invention in the
aspects expl ained bel ow. According to one aspect of the present invention,
there is provided an el ectronic device for wearing behind the ear, in the
ear, or in the ear canal, conprising a nusic synthesizer, the nusic
synt hesi zer including a pseudo-random nunber generator for generating a
pseudo-random nunber, neans for cal culating paraneters of a tone fromthe
generated random nunber, and a sound generator for generating a first
el ectrical signal according to the calcul ated paraneters; a hearing aid,
t he hearing aird having an input transducer for transform ng an acoustic
input signal into a second electric signal, a digital signal processing
means for conpensating a hearing inpairnment by generation of a third
el ectric signal based on the second electric signal, and an




out put transducer; means for conbining the first el ectlrdprilsd0§hal and the
third signal into a fourth electric signal, which fourth electric signal
is converted by the output transducer into sound. The device may
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preferably, the synthesizer conprises a set” of sound generators. The sound

generators may be controlled digitally. Each sound generator may be adapted
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fade-in, fade-out and tone duration, of the sound generators may be controlled digitally by a L

controller included in the nusic synthesizer.

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.
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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.
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heari ng i bgpansedizndognitivs covaglefitionsn thobrain bansedtby Gst¢ning g différent ingi¢ inus on bot h ears

of apatigﬁ%i j . . Eﬁ&ﬁ rding to a
preferred e %é%ﬁeﬁg{ﬁ&tﬁ e%%%é’éé\%%%ﬁ og&gﬁ%ljsl e tmc():@t e ﬁeari ng aids
W t hi n t héisphepdin timpingelgtion tpicach oferhyrmataral vigt leist atinemn thapsssedt t he wearer may

have di ff&fnﬁﬁ'@,ape?s%ﬁ‘fsisﬁcﬂwﬁi&%ﬁf%{&ﬁtsnm@i@%&&%ﬁf&ﬂeﬁedéﬁEﬁ?égﬁ&iyd&&ari ng aid
conpensations anong his or her ears, as well as situations where a patient

suf fers t19%Hften e the fams raese Br cxpmpler thedsrn t@ss aysnte 1y boRlpXl Fad egree. It is

an i npor t 3 a SRR HPEQmR: if (iR teiviaithetwoRhe The @ GspledtegBndyat the device is
capabl e of Sﬁ]?t hesi zing different nusic in dlffereogt ears of a user. A

‘user wi t h2dstRF PY e Yo Datbs Userag gerfqri 4% ORHTERSHCHIR €8 B9 bi naur al. . devi ce
accor di ngai&pmcemﬁ&mmaﬁﬂr@mm@ﬁl kﬁmhh@it%v&&l?ﬁipﬁﬁﬁgﬁﬁﬁﬂﬂrﬁ,%b&edﬁ&@ﬁa \Qllnen H]e
music i s generated at. a very | ow.] evel, of J.0 ss., Thi esi rabl.e .ef f ect
el | v s et S SR B A P T S PR R B ai e caused by
| i st eni ngAk@nativdly, e eié displsénment i determined by a random difference in start-up times of

20  cach of the ronsic synthesizers. L i

n
n

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.




different ears. The first and second el ectronic devi cdsApwh208foduce t he
sane nusic sequence displaced intinme in relation to each other by an
interval of at |least two tones. In the present context, a person is said
tolisten to different nusic in each ear when each ear regularly does not
listen to the same tones. For exanphe, the same nusic sequence nay be

pl ayed ipn each ear W a specifi Iacerrent n tinme between the two
ears. The” g ?j'ieglﬁtf:é’(?‘é‘ar?%ﬁf’“ Y EP"*’%HTJLJ%E éBPSP“‘eTS"B?S“fFfélgﬁ?E‘F“‘%‘B‘St hat the user
may per f whadoawt loptanetmbeehedfivieny.Ghctes devipgcan th dplverg enadistzesadhwe t hat

provi desyoRtd Jfy BnpRe. it &PRIRET! id, %rﬁa?ufoﬂ@ex@éaﬁ'éf@rmkeie@s reducing the
perceived tinnitus effect to.a mninumwth a mninmumof induced

di st ur baffEEvgiration dheempte devieg iscarrigdpy tstsgr and frasrpifs usig foHheA OB RENt | s

det er m niach days, @ g riameineleseléatfhedeain & @ireless, ptefirdblylperd, batfise. Afrema2e@iach of t he

musi ¢ YRS filied i olbfaRbi SR BhOlioR oFBAHERG SRl ARG nurbers s
provi ded by at [east one o OW Nng rre sel ection from

t abul at e} #hdom nunbers, synt hesi zed by a pseudo random nunber generator,
25 synthesized by a self-simlar nunber generator, or synthesized by neans
of nat ur Atcordap chouviRar @pES of (B tied Savbitibn, feteSEprdided B medodlsintiesign t 0 have a
fractal r. t hese net hods
are easi ‘ﬁl}l}%l lﬁg%egﬁn raga dg%b‘é LJnﬁmﬁQgel%,?&té&ng %ﬁ&&fn%aﬁlaf% %Jngmg&r%re‘?r%ht e unit for

gener at i Efﬁudaﬁﬂld?qa BYERS SSEFTBIAN GFCUAag Parastor RS 2 REa o e gineraied raAdam 30 r equi r ed.
11 Apr | | nugB@Semploying aeauhmmeratar fﬁlegm&rﬂmg PRhd ahbhBicdeniaemeycubedpr ef erred,

e.g. ersons sufferin a not her hearing
def i C| e arame tlf_ll'OVI in; eaVSlg(I}% aéa %r 01’ CO ensé%m amn%(fficl%l‘lic%e c}/csougm S t he Si ze Of

a conpl e@e!oywanalt“htéih@amﬁl f%emnewgtmlt@,he?amid@rﬁaynqyncl ude neans for wireless
comuni cation. The renote device is carried by the user and transmts nusic

to eit hevarfam@aaﬁmmbqﬁ&n aeaﬁpsuude fre@.len&yosp@ctl’d\ﬂ cbﬁé@$§ie@afdah&nan&5nea W rel ess,
preferabé ear d with a

D oo ol RP &R of § R P Rion e SR b o B e b it b aach
ear . Accmraicny napbadvistrerd fagpwwberofectrting ip Aiffsem sequengesof psowlorandrer e i s

provi dedn&bé?%&dﬂ&ﬂesolfunﬁé&rﬂ ﬂ}ﬁ&i t?elv%h thEH &sch\eeé&né’h%&ers hﬁgb@deﬁnﬁﬁ‘éﬁ' Ce,
- conpri si t he steps of é’? %ﬂgg[ﬁg random nunb cpseudo random
nunber ‘?’Ié‘f B in & sevenfe YRhess Rygferably ‘bﬁ’f@“""ﬂ‘ Bﬁ‘ii‘et“ﬁee gener at ed

random 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,




nunber; enploying a sound generator for generating a klohprilsd0§hal accordi ng
to the calculated paraneters; providing a signal adapter for conpensating
a hearing deficiency; and conbining the tone signal with the signal for
conpensat.in he hearing deficiency. Various paranete as anplitude,
frequen‘%,‘m ctral content, fade-in, fade-out and tP@Poﬂﬁﬁgﬂon, etc, of
a generated tone nmay be determ ned bhsed on the generated nunmber. Different
paranmeters nmay be determ ned from nunbers occurring in different sequences
of pseudorandom nunber sequences. Further, a period between the start of
succeedi NPigt0NEeSa MFYchix€ofde bigdritinnBelcontrslip axound ghefator,n a sequence of
pseudo-random nunbers, preferably a different sequence of pseudo-random
nunbers. I pseudo-r andom n r may be a sequence of self-
simlar n%; 'eﬁersls,asgcﬁm{aﬂg%e% aélhogg?%f]dger%%%t%g%%nunber s, preferably a sequence of
self-simlar nunbers. Still other objects of the invention will becone
appar ent Fig 7t hebwvsgiry sieuleisequenaeolspumds fromthe inesic syghasigwiandyiiesrafesthept i on
wherein the inyentipP.hdds b€ explained in greater detail. By way of
exanple, there’1s shown and descri bed a preferred enbodi nent of this

i nvention. As W .realized, the inventjon is capabl e of_ other

) |1 be
di f f er &nt Figrdsbershsphematicdipgramyod a heatjogaid wihap glegteonis fgyice aoeprdige 03 o difi cati on
i n vari oUgyenfdly TRHBarkg BiQ GérSprisds|a midrbghonst1 folegraiition Bsoldddmitdre | nvent i on.

Accordingly, the draw ngs and descriptions .w he regarded illustrative
o et ur St SR oy Brigaing HeooRBe by g Eet BEREGTE0e Shont ¢
di agr am oéf adirgtioiabtigpes e.2 ldedipoirngiucte mkC@mpie aioch fing, ohomiaropliongt enbodi nent  of
the invention Fig. i sc J i . : iiment of the
nvent | onV it sl gl B IE 1 oBOLAM T RoRERURHIALIPT D

Fi g. 40| sdigitef digpal prdvesser 20da aadv/Tabagwartet T i appepristp thenBiconiveter magbec, 11 Apri |
2005 WO glélgg El L . Bakdne ff an al gorithm

O%ﬁ%&ea%?aﬁ n ny&ghg%' If%mlﬁ%;zelgaufé :g'ﬁ?rg%g schermt | cjg

for controlling a sound generator, . . ] iagram of a
sound gerrddifienyip tingityg teidipital Figedh pragessar % prpepssey thptigmalfargomsim ddthesounds from t he

nusi ¢ sy NhesiidSfirnRmdnd frbttiatty, dleSrntlellfd nSSP R idlo@cedia iR IBAL I S5 Fig. 1 shows
a schematic diagramof ‘a hearing aid with an el ectraonic device according to

the i nvebpfarohsarinpimpayasnticpapeaatonss Hsttheal freguency rassob hie syresred r ecept i on of
sound 1% 1 Oistc iy be heard by the user of the hearing aid. '

- 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




envi ronnment and generation of a corresponding el ectrohi 8pgi W&l . The i nput
transducer nay be of a directional type, e.g. the input transducer nay
conprise nore than one m crophone, wherein several input signals are
conbi negqioth@e@ SiNgle signal. The el ectronic signal, dﬁmE ﬁgoio a 10 di gi tal
signal processor 2 via an A/D converter 7. If appropria

converter nmay be preceded by a pre lifier (not shown). If the user
suffers froma hearing inpairnment in addition to tinnitus, the digital
signal processor 2 processes the signal for correction of the hearing

i mpair rreni;ustamdntmuéfaeraabhwaﬂuthetcsw hpmiagtvetiom rsioend generatrr gapelieed | n t he

si gnal g Ig Em 1 §R0P, i the fall
frequency %Lan &&ﬁ%ﬁgéégnt e@ﬁge %’ wsf%ﬂﬁr&%tﬁg&ﬁear y the user of the
hearing aid. The hearing aid further conprises a nusi nt hesi zer 10, and

the di gi t&1shevyadie dikscanoler ﬁzom%rrﬁrsweésenaram%aﬂtrﬁgmalw%r $leelesor 5 and a

contr ol uaultt15@orfs@écu&mtaﬁﬁielsbdm génBx@rof il e &vrﬁs&ealgzneramsh@a—1den the present
enbodi ment, the nusic synt esizer 10 is |ntengrate in the digital signal

pr oces or Praferably, thecoutppby: Trhgomppriscs megns o adigstmgnh of TASIC JudnesSifneRATENE ¢ he musi ¢
synt hesi zgysetfifly; dﬁ&yer@ehephttdaefﬂﬁmu@maleg:nadspdaﬁtmlgﬁit gtdaﬁmheﬁﬁl ng aid at a

point eit er bef or.e after. the di roc sor, 2, at the
respect i vESTRIHCALPe g]trﬁeégutﬁn‘é?”ieé"v&@t&%m—c%ﬁ? T@fs %3&‘1“1&;‘??56\% in nore
detail i rseEctgbal&;cebdmeeaﬂcmdﬁessmﬂmmm&emﬂmnmsm tiee astedl mofic sound generat ors

16a- 16e f perat] Si z gner.at is shown in
further dlg 'fdg%? i cﬂgrpol@gé)am%mcéﬂaye i accgrg?nﬁ% Iého%l?tﬂmﬁ% r%’g%(go S co?prr ses a
danpedo osthé heprigtgaid. Ammm the souaklevel i8 ddjusted, ducihg vBitimrprévgdugntohaspal se. Vari ous
par amet er;gpf, @ﬁﬁamﬁ A BhAl 10 a1 bl EhillAGaL Ne wavef orm of the
si gnal gener at e so generato are a ] usted by the controller

6. The paraneters determ ne fre enc%/j:h maxi mum anpl i tude, duration,
ri se-ti nmeltePEpyts ofilhpgound geperatord 63165 are adhic gethes by t‘ﬁ@s §ridetapedidet gnal . These

par anet er &gnBng di@ﬁlbﬁ@ﬁt%ﬂoﬁtﬂnhﬁtﬂm&r%‘ecﬁémﬁmaﬁs&ﬁﬂﬁ:ﬁﬁ&f@lﬂah@dﬂ@ﬁh ashown in Fig.
7. In this wa the i@%ﬁ enerator Xsrrrulateaknown 11 April 2005
\/\002/412"9‘6‘1’ *Emt/ls J@“‘rﬂreﬂf%%ms ErcHEgS BT HHB. a flute, etc.

Thus, 1podmB@inp wdidsi on, a sound generator generates a signal representing a
specific tone with a specific |oudness, sonorous figure and duration. As

shown in ,ic Ome\ner%hﬁcg%o]tfr ol Im S& gn%tr 2?1%%10 so ngmgounr ator cont rol unit

14 and a sefect or S el generator from
t he set oa‘nﬂ@lepmdlwﬁleaﬂlof&esrﬁ@rgiﬁmoréP@mﬂm,aﬂmhyshaUMccmmoI unit 14
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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.



by setting an average anplitude of the output of eachilr&ppe0bve signa
generator. This adjustnent can be either automatic or user controlled or a
conbi nati on thereof, e.g. the user can select a bal ance between | oudness
of rnusic _and _environnental sounds, the actual nusic bei ng
controﬂwgﬂyﬁﬁ%%natically in accordance with the cur#%hﬁ&ﬁgﬁgaof operation
of 10 the hearing aid. Aternativel ¥ the sound level is adjusted, during a
fitting procedure, to have a |evel conpliant with the hearing threshold

| evel (HTL) and the tinnitus | evel. The outputs of the sound generators
16a-16e apgiomdiglearidu®gebiis otnsiROdel a8 cldséial Infsic, aaz mndy/ bideraserconbi ned si gna

output on 0 uf, line 13 for .injection into t i h.of the hearing
aid at asﬁl“’"g%gﬁ' E%WGBF%BC%BGWSN_LT&TVBefloﬁl?ﬁgrg%#g%&n%%@g{ CA™s adders,
m xers, atnsplidyeedetsingied| The Set etimimentsgs defindidy ndither afartve sduhdgengytori4 control s

t he proces f nt hesi zin LG J (o -vation and
e bl DR B e i

arnorfi c €ow om, i mai n

const ant éﬁ@%&s?ﬂ%ﬂe{eﬂnﬁéa@aecﬁgﬁgmx% é&&ﬁlpgfoetéa&ona% Slafysif Gl i ng to the
specific tone to be generated, s ch as requency, duration, anplitude, 20
etc, for sclablasttegdyes of suTiel Foroaernia & pes ofprmmeters & RinfetrizgParpipi ng r andom

nunbers tQuadHas pifametb S5 hapAEBRBIAL SarardolbSof arf AR @fitak b hstr 6 fur ther
conprises a set of pseudo-random nunber generators for, generation of

r andom nuREHe&I syl 2 s glnrageigi o life e FuibGT of Oesugseaces of shangeyig specific
pseudgy r GREQNR TR lonHBRE fsaddaded GRRETE Bl ASerd foltiiRedonf Mimbeles @pwdinat i on of a

respective _specific parapeter. A pluyral.it ound, generators may be

gr ouped t%ﬁ@%ﬁewe’ﬁﬁfﬂéﬁnﬁeﬁémﬁg‘%ﬁ% °\Rﬁ{°ﬂ§]fﬁ’8m§gjﬂﬂc’§'5'r£e?”ous figure,

t her eby shgstugit, ilpdespajamaés ofeiebionictistromeatscaptod kwttefizersptlayicpgitaedhior ds, such
as a piang, uitar., etc. A chard to be synthesized m et erm ned by
mappi ng o&’ f“ﬁé‘%g&.l%ﬁ?ed(ﬁ" S8 SEhEE ft(‘:’th?)vse’éag -FANAOM AU ceegot%}gtﬁﬁeé‘ra%tor. In one
enbodi nertbnes fThis bust featmresotlid bnobtaines bya fesnagying df éwimmpping thaconpltbnebe percei ved to
be ge%er%gqmby three instrunments. However, further variability of the
synt hési Zed isi ¢ maybe provided by 30 varying the nunber of instrunents,
i.e. the nunber of sound generators, that is currently active synthesizing
nusi c. THaogis vy itiispessitino sthgsizg paisic havine animper vefasrhiaese ke Wers peci fi ¢ gr oup
of sound ,,GeREBLOLB.SRY be determ ned by mapping of the output of a

speci fi ¢ ‘pseudo-random nunber generator. 11 April 2005 WO 02/41296

PCT/ EPO1/ 13083 . 10 Optiaqgnally, various c tegu%lrnjbes of nusi Cy such as

cl assi calA%rdipgly the gumbergf sonud geoprators gyt exfeedd e mmber of mstraments 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.




sel ectabl e. For each selectable nusic category a set bfApnk%(dinents to be
used for synthesizing nusic is predeterm ned. The set of instrunents is
defined by nunber of active sound generators and respective sets of

par amt\gb%zfﬁiﬁ%é ning instrunent types. Further, an allqﬂ{,ép%mgﬂgsor mappi ng 5
of pseudo-random nunber values to respective paraneter valiues is determ ned
by the controller 6, 14. These predkternmi ned sel ections may for exanple be
based on a statistical analysis of the selectable categories of nusic. For
exanpl e, a set of parameters for synthesizing Baroque nusic includes

par anet er g wiick 40, B8 6REhHNekH 2 WRirkEmRR ARty SelekinAdcotlSodaidsGugti t ar are not

included in such a set of parameters. Al so, the nupmber of occurrences of
changes if°% '4'f§midﬁ=te ‘F%‘mffe et F5 VR psAneRanple, bWV B by using e. g.
every f oudetifed haxa@doshnmsiet@izoticd naptd madk avalldbl 16 thy hdanUbbkelsitme of the Set  of
paraneters .fqor synthesjzin cal |l ed..el ectronj.c i e.g. New Age

nusi c, i n%flffgggs%%?%%%érég%ﬁggf:%efp%qﬁgcminﬁeéﬂ%? sfl,'sgrg‘acc“hsq’ﬁes synt hesi zers,
el ectri c dpterhiagddy theedntrplleafd4t he synt hesi zed musi ¢ sequence has to have a

| arge number of occurrences of extended tones. This |ast feature could be

obtai ned e HRARLOGhRL: kA, BPRLB Hstfith:, SRR FexlBlfiodkoaduration. I

this way it 1s p e to synthesize nmusic having an | nproved resenbl ance
to the usttesmingdr ef erred nusic category. Accordingly the nunber of sound
.generators nust exceed the nunber of instruments to be played. The

i 11 ustr at@sing AR RinBEnd phastefsibiRd SOUOEHBRN Of BhsR chiegtifl it Auge | nstrunents.

- However, 20 this.is an jllI ustbative ex?’g%lm? onilag/, and éhg ctual nunber of
sound ger‘l’é?gaar“bf“@ﬂm@‘émﬁ‘ﬁété’?se ptionglly,a sojodpstrurent may e afihsed % HIOEk A8 nent , t he
nunbero ofprévivmily des@ibid. Maivelm ofthe solleihediiinn B dositiailddi acblbak.45 bis ép@ice vari ability

may be added.to the synthesized sic by. varying the nunher of active
i nstrumen §a,nd°n?’.m5‘.%mé r‘%mg%h 053&%%‘%%%@@@?%%“%“%50‘8@8%#& ators, wherein
t he nunbetates bf witaiionceithearsh punibotist BSsolwnsromént Blswibdedoon oy eff raadvaiiner
SO AR IUTRE o ISHREEL Bl oF Ble FEARG or hOGLOSLANTERNE MY D
t group tha rve

divided into an instrunmen ] remal ns ac r1ng synthesi zi ng,
and a solmwmbeys ikt lowive. enstesporduizsn 1bfarsofihe bynfhesizedmbsio Likedisdh e fite yet anot her

randoya n Edeent i | i : hd o coul d be mapped
to di ﬁ‘ e;bg‘ﬁgsfsf%%@ge; S, o?tlst kee [ nwﬁﬁglﬁ%ége%wdﬁﬁggget o?gllﬁ_él%t.r unents that is
avai | abl aupert fn e geigption grip gt dleck 472difb sici tone soportiphgarts pydsearibesiin f or  generati on

of synt hgglzeflulUabe witsSrefalRM, 8, J70r e detail in Fig. 4. In Fig. 4, the
processi ng performed by the controller 6, 14, shown in Fig. 3, for

controlling the sound gener ators is jillustrated, 11 April 2005
Alfough a solo ins 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.




WO 02/ 41296 PCT/ EP01113083 11 At bl ock 40, the user hafpsEld®st a desired
musi ¢ category by selecting a corresponding nmusic program 1-4. Four

different prograns 4la ... 41d are shown as an exanpl e, however any
desire of nusic categories nmaybe nade avai l e user. Upon
sel ect ?‘gﬁ%g;?ﬁ% e desired nusic program4la ... 41d?p¢1ﬁgt°§b3§’ espondi ng

nunber and types of instrunents arel!® determined by the controller 6, 14.
Furthernore, paraneters such as tenpo, use of solo instrunent, and use of
extended tones are determ ned. Having determ ned the paraneters based on
t he sel ediidiitionfthamplinde dhedyeatiyn ard fequensysf the geperatet @Mds alddGitelldynt hesi zi ng

starts. t | ona solo Jdnstrunent .may be utilised I 43 as 10
previ ous @chsegéc# %%?ﬁmﬂ)éeﬁv\?gﬁygﬁqu%%mtoﬁéw cStg " %Oﬂ?lﬁﬁgﬁsg’isga@%t rol | ed at

bl ock 45 Hyyth pepopsér cadorpfumbans demapped ver ssaligevebe atndotha thephramdter46.  The range
of rando y i 1oR.  either on or off
so t hat '[Q r%ﬂg%g%&lﬂn@alppﬁgng%{h%ﬁ%%ﬁ? %ﬁgﬁﬁﬁe’ﬁesggééd@h%% g)? . In order to
obt ai rF a dhigeptasisficrof e meframentelc. g talflgtetating adfighoahmctristisryaloé tharvecsliddr r espondi ng
random  nPRGES . inSrdbERltrel Ry oy ge%,%gﬁgﬁ%gggﬂgg%oﬁt Hm ‘:i’t]rcﬁnﬁf the

synt hesi zed nmusic, Likew se, t duty ] C e solo Instrunment is
det er m n&dpyplbyihap petrumes) Again; is pevibletiadipglihs nagpalility phivsddions lysithser s to t he
activati Q@usigie ﬁe(ﬁtmc? bosekerdtiba (or thé Rad-Biltfof tHe MABorGIRRIMEA ahdAd bgkar ts as
described in further detail belowwth reference to Fig. 5. A though a
sol 0 i nstPAARBHES (985 M9PHEFcase the variability of the synthesized nusic it
may not be desired to activate the solo instrunment, since it may draw t he
user sioat tiet block RdhetamelitdeF the Bfe is b behyppig e emtionginiet @Rdrdtelint 0 ot her
desired nmt S. i ndi.cat at bl ock. 4 sic is synthesized by an
instr urreﬁoc%?%tﬁﬁ r@%ﬁ%an?%%g?tﬁgmc%ﬁs"fuprﬂsmg %ﬁ?ﬁ“ﬁl Frés yﬁe?aﬁ‘éesi zing. Thus, no
swi t chi ngmpkadefactor. This dagter 1s adpltipliddorithtthei asergge emplingit: premistsiyumihytls. Tone
generati g IS o r.illustrated in the flow chart
shown in Fi g?iergf ﬁ%&%%ﬁ%ﬁf‘@%&%@é‘t&ﬁ%@% " random nunbers 54 are used to
control tone start tine. For this 25 purpose, the random nunbers 54 are

mapped t dn te blaksd thedmme Geavensy i sptby apppinedhe randgm nuber gongatedinglockiid 1/ 16 not es.
Furt hgr, t&m&%@cﬁﬁ&&. BROMortid Wil ed With HESiLAD: Gedreny PRbbRly &g sum of tone
durations w thin e&qhbar of the synthesized nmusic tqQ match thé nunber of
beats i n 1§ cpufollerfeld i prier tq grmergte the freguensy ofthpdons,fhe appripe sl iRe sol o

i ns L rune %gnerah@sn df%nf]bQﬁ fﬁlia dsBed toned6hld) Bdr idstA@nepi eglambéiiﬂgth&oﬁi, thgtnﬁﬂﬁng\/ a ][ i aL ions by
ei ther adjusting.the freque eneration (or t r -out) of the
random 3 gﬂﬁ%“%écaﬁfﬂ?éﬁ“%g?%%k%ﬁ%y Wﬁ“lYef‘fél"ﬁﬂﬂég"% i‘?ﬂgg“"l“m“wg

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.




11 April 2005 WO 02/41296 PCT/EP01/ 13053 12 In addit1loApritH¥5anpl it ude,
“tone duration and frequency of the generated tones are controlled at

bl ocks 52, 53 and 51, respectively, by sequences of respective random
nunber Swod m@% and 57. For this purpose the randomm{% e mapped to a
scal i ng vaF such that the paranmeter, e.g. frequency, 1S napped to a
range around a sel ected val ue, the é%lected val ue being a 5 characteristic
~of the instrument (e.g. a flute having a higher characteristic value than a
cello). For exanple instrunment frequency may denote the frequency of the

| owest t oheR¢pasitfromaiep Biao gapératy eckt nymbbd) idratively bsingrientm of Whiand N2iata | S possi bl e
to adjust the probability of variations by either adjusting the frequency
of generation I?{ir the read-out) of the random nunbers and/or by re- napping
- the tone mapping. 10 In the block 52 the anplitude of the tone is set by
“mappi ng tQfer Eagie ARG BAY begesddr githarparameters pigeror8®! spunds egeditharinge anpl i t ude
factor orﬁeqéansﬁomﬂaﬁbmatsﬁaemme&qmewmafm ﬁaﬁh&ﬂﬁreﬁs@hﬁ%ﬂé g%mls' tude
factor. This factor is nultipliéd with the average anplitude previously set
by thé cHHesBMAMISCcs, 14 in order to deternine the anplitude of the tone.

In the block 51 the tone frequency is set by mappi ng the random nunber
genﬁr a';] edtiks preﬁfrmkgéi?:atci&lﬂﬁm’&rﬁlﬁﬂﬂ#ﬁ@l@%&fm&ﬂar n'ri]iﬂb@s ﬁ@ﬂkﬂ is nultiplied
witht elnsrunent re r ev.i ous et the controller 6, 14 in

or der togé’éaﬁé é?ean?ﬁgaﬁ g%(? W@ﬁ‘“’i"ﬁ'@“i{‘fﬁﬁﬂg"f Y PRIDSE e Pl ts in
generati @mmﬁg:teqmw,mfo ﬂhw UeHior d, 1ﬂmr1e1,semlee wifeteby thasstpenesn 1.4, synt hesi zi ng
chords, t)h h IS C red i.n bl ock 42 may

i nvol ve t32é GZE?IB Qeﬁ%@ I{JLPEQHC% egaenci e e oeer 566?)% ?Ller‘:ll‘aoto t ones of

gi venloc hdiEsssque2® lsmtienmab@ [theD@gingl beguenom Lﬂi@meea seibneedhoag s tfgmatbyieddry sound

gener at orfeurﬁln,aﬁarr%?ydﬂaﬁvaﬁ@ﬁs c%ﬁme@ﬂ &Lgc!n%ahﬁmt&a&@ agor by

transni ssi on an inpul se e gener e sequence , 0, ...}
as shown f?aﬁlfﬂfge]f Wﬂmmwewwdﬂmfmﬁawse@mmﬂ&ms may be

det er i n%ﬁﬁ@éﬂfh@&ﬂﬁ&ﬁ&%q&ﬁc@@ﬁsﬁ@gﬁgﬁé& thaPSELEGRF RPN gRer gener at or
whereby the device is sinplifie obably at the expense of 25

“vari abi | i %@%%ﬁfﬁ@@%@%@xacﬂy%&ﬂéﬁé@%@ﬂ S%"@Fﬁl s | ar nunbers

m':ly b g@maﬁhaﬂermwm&@nmﬁéakﬁwwgr@kaﬂﬁrcmybﬁiﬁlaron@ffeﬁaiseaés & higary integer
f. bits, Add a second binary integer N2

Ni W|th pr ed, iL“ﬁ‘ged nunber n
to NI, °]B’é‘f”hg‘lhﬁ’l‘ patusg onjnmsie ?LmteﬁﬁéFgR <a. 3) Count the nunber of bits
havi ng thepy‘aWeomxﬁmtypimmﬁmmirwﬁacﬁmmnunber is the final result.

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




11 April 2005 WO 02/ 41296 PCT/EPO1/13083 13 4) RepeatllfApmh2008p 2) to
generate next nunber, iteratively using the sumof N and N2 as a new N .
Q her random nunbers may be used to dither paraneters of generated sounds,
e.g. didhesing frequency, duration of the tone and fshsge |n order to
further Increase the variability of Ehe 5 synt hesi ze rrusm i
preferred to generate a self-siml ar* nunber sequence. Sel f-si m I ar nunber s
may be generated in various ways. A preferred way is to sumthe bits of

bi nary nunbers in a binary counting sequence, i.e. 0, 1, 10, 11, 100, 101,
110, 111,indiG@0e tetngnatigurd foabgentrhtion Scuevelad & idiicated with feedback pathdinFig, 33, 1 etc, is
generate EP{&IG econd val ue of 10
this seqﬂlérébglédgc% téﬂr?tgiﬁécjs to ﬁt@qg#%giﬁlﬁbe{%%%ﬁ%aetﬁggﬁ%f&é%d\% se, a sequence
that is formed by every fourth value or everg@glth value is identical to

t he ori giffvgher & gonan s@eratynibsomprises adistartiacisquit 1pHigr addiaghagpenicsto Be| f - si i | ar
nunber segqmmasgn@rﬁef&rbmﬁ m%e@&mbﬁﬁm&oﬁisqmma&eﬂo@«ﬁ&qﬂwe& Rendgal i NG

i nvari ance%tg fractal nunber  sequences. is to be noted that self-simlar
nunbers %thigd gpd fifth grdeg 1%%6?%?"“?6%6@%1’”&13?@@ Pltesrasiyely, theedsy| s ar e
exaclt ly Salun?lbarc;fmmﬁua‘saﬁﬂ@nﬁtomeahml lpéﬂson&or_plﬁﬂhcfnoﬂ&éﬁﬂnﬁh” zhaktoﬂi!dﬂb?r s) (V\f?l le
non-|i near fract ar e tat|st|c y Si r ifferent scales (c

Larry Soclgoﬂ’éjﬁmg% © Y éﬁ%&ﬁﬁ?@ﬂ%ﬁﬂm}gﬁﬁﬂﬁ?‘m’@’f‘w ernet at URL
http:// mmvammmmydmommomﬂuéaﬁﬂogdnbmmmﬂefcﬂtaMc drhifcteriddesBCci at i ng t hese

bit suns i [?ﬁ [ re ernm ned sche |.. produce a
synt hesi zecf nmusi ¢ seque E&é)ds H;?rtea&s%uﬂ& ttormatﬁgem am?m%nggrf rgsle?mghe val ues or
val ue atfhefspmdf@ﬂdpsm@wmmmrbeutl@b@uﬂwam&omﬂlmwse for nusical notes.
This is due to the scale invariance of fractal sequences whi ch is

wel | - knowe kdind merﬁszs%a%ag@&a%mgm&h hs' Abfled MR ifput ©- - from the

internet article Kindernmann e MIsic in the Nunbers
avai | abl SARPERF fo genetpling speris SO&{ﬂsumdemd frequency £, the fade-out time Trgeou, and

ht t p: / / Wiv ¢60 BiddoSion 46B8GciSHd 1@ aeEd). de/ - ki nderma/, as of Cctober 25, 2000. The
synt hesi zed nusic which may be produced e.g. by the above nmethod, is far

from si e .25 .nelodic, se nce ch as rbe the |ike, and

act ual | ry@a"eééh‘%‘ﬁpé‘l‘%?ﬁ%e% eq'i?ﬂclyl %P {‘1’%1"’“‘%]@?{?& nmusi ¢ conposed
by a per $Gﬂputddffro§1t@;folﬁ3%ﬂgeqlmtlwm depi cted an enbodi mrent of a sound generat or
16. The sound generator 16 incorporates a second order HR filter for
produci ng an exponentially decaying sine-wave when excited wth a single

i nput inpulse, as it is shown at point 1611 in the Figure. The IIR filter
161

_ .
kl_Tfademfsmp
2
3
z s (ﬂ fsaﬂ?) fsamp 6 fsam
2

k.=

: T'fsanp

20  where T is the time-constant in the exponential decay.

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

2

H(z)= £
@ (A-k) + 2k, + by~ 2+ 2°

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




30 is followed by a nultiplier 162 with a |inear decali Agrik2¥or. The
multiplier 162 causes the signal anplitude of the generated signal to
reach zero within a finite tine period. A signal 11 April 2005 WD 02/ 41296

- PCT/ EP 14 indicating termnation of tone ge I j S provided as
i ndi ca?é/gjo\?\ngﬂﬁﬁfeedback paths in Fi gf 3 thereby ind@éﬁni{gﬁﬁat t he sound
generator 16 is avail able for generdating a new sound. Further the sound
generator 16 conprises a distortion circuit 163 for addi ng harnonics to the
generated signaL Preferably, the distortion functionis a fifth order

pol ynom alikewier @ ekpboential fddb-irbof #re@oitnl gerbaior tlaydrgrofidéd By aomodified coef f i ci ent s,
respectivgl.: 1.al . i y.e t.here | nunber of

t echni que%tlga&% hg% Zhe![llglb %,t{!lueyﬂs%’ﬁﬁéﬁggarﬁ%%ﬁ% (%%fof)?fg' u ’twlcpg'r%l t’)ﬁ'f har noni ¢
distortion, e.g. clipping of the generated signal in conbination with an
adj ust abl '8 Figg{ fese parpuctersiign aeneratipn stiwlop andrterips inillestraed: Figr7 isk pletdfthei s able to
gener at e glnbffRerBdr a AT FR A6 sieRB K ACHRErhtS thi 2 e (AL WhR R haddsh F UTENT S

(voices) so that each sound generator may generate a signal representing 10

the soUndiBrtminieesl Sarpiy i premttude)ieecarated Weldadedn and Sdprgdi ¢

synt hesi zigfie-coldits3 Qb dBRHREBEYIhe k] BocERRACEBRerRbre 3t i EeRH (kagRLENY frequency
speci fic sounds, the desired

It uses four _input, gﬂgr%qm;ter for geperating. spec [

f r equency™i°® Tp fancption iakes the formpl anrqupopeyifal decayltiphied it Taeag fespy) gt

coeffi ci ehd auvilepeamtiins Fhe d@aticarof thh efeis itrRatd @ sREED )y Sheamtliptitass anpl i ng
frequency,..the factor i . an 3 ar 1 ut fromthe foll ow ng
equat i onswm@fgcoﬁg&f&gzhéegkéawﬁgﬁ% 9:213%5%@@@&?83 f"( FERPEC't 13)2 k = 2
3 Z f 1 a.startpcadbe stioder Grah the dwation ef the toms T amishantohe stant tinlkemepdpondsdt | al decay. The

P2 8 T gt SRS sl LA ol 7 ) =

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.




so that fade-in and fade-out time constants are det erhi Apdl )95t he | c3
coefficient. 11 April 2005 WO 02/41296 PCT/EPO /13053 15 Li kew se, an
exponential fade-in of the sound generator may be provided by a nodified
oscillator wherein the anplitude isiégodified by a fade-in gain factor of
e.g. (l-exp(-tlt )). In Fig. 7 these paraneters for generation of voice and
tenpo is.j trated. Fig. 7 is a plot of the signal energy of a part of a
music signal. It is illustrated that a tone (sine-wave with harnonic 5

di stortion, fundanental frequency f and anplitude A) is generated with
fade-in ang deadfcQubilice b Wiz B BSARRY ar, th BNr, bin dRE&HHal) 8hpBYind he k3
coefficient. Furthernore, it is shown (exaggerat ed since the truncation
takes the form of an exponential decay nultiplied with a |linear decay) that
t he envel ope amebidshmibesizéresadumusit pyothedder intiadidgoipeeudsrandamaiabad (t he sl ope D)
by the myntrhby mlegena&a% amﬁmaﬂdan GEAHCF, Hedn fbr bﬂcu‘aﬁﬁ% ﬁ%&anﬁ@f% ofd GheNt . Further,

it is shown t hat N bet ween 't one s _can be shorter than the
dur at i on"gF ¢ ﬁ“éle”f"ﬁ‘?\@ndP’F‘ %.‘H’Bert R ¢ S%%@ﬂ@ft&frf T SERSTAYEE st Srstigal penghy

TNl , TNZ. accordiigne theicnledstieddeamyiers;s control | ed by the bl ock 162, in the form of
a rrultiplication with a factor which is initialized to 1 and subsequent |y

reduced by an l?cgi[ﬂlé%d &ﬁd }Ieang & %&Xngsaﬂ fHBJthransI&@r f ﬁ'ox%fmgég Eeotl b i ous

instruments ma}/ I’mv) by any one of the set sound generators

16a- 16e. M gfgna ’i“toaS%cO ﬁtlecﬁﬁé’é%*’é’érdiﬁ“f‘é‘gﬁ’rl BWFeﬁ%“gdi‘eP’fsef?ré?ﬁ‘PpTVﬁ’égsa of sound
gener at otiegrifgGihpaitinkit @y edubratichDf b il eledtftighal bdstd M the becafd@RctdiBsigdalNl M5 1. An

el ectronén(aa]g&l\{ﬁuggang&gerwearl ng behind the ear, in the ear, or in the ear
canal , conprising a music synthesizer, said music synthe5|zer i ncluding a
pseudo random nurrber generator for generati a pseudo-random nunber,
neans for cal B#rSPT g ‘ﬁﬁlﬁ&}“réifsé?‘%c“?ifs‘gaaltﬂ%th‘F‘?%‘fﬁr’t"ﬁ’é“"’éé‘i‘Peﬂrfa‘F@d r andom
nunber, aedicaighnuwhith GRRE Eladtad sighfllis @aRaEdlyiiRGupuiltaigiceen@chmi.cal si gnal
accor di ng to the cal cul ated paraneters; a hearing aid, said hearing aid
havi ng an i nput transducer for transform ng an acoustic input signal into

a second? dhesbseirons dayiggaggording topilagh {.athersin ghs gombiringoessasiitrganieddhs f or

conpens ajhirdigeedhe ﬁm&édtrféglghdlrﬁéﬂ the VBRI plaY ofHIRIR @ iRl professthg inbdhds dergtb €Ct r i ¢ si gnal
based onhthe second electric signal, and an output transducer; neans for

conbi ni nFRERPLY XPERFUPC signal and the third electric signal into a
fourth

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.




el ectric signal, which fourth electric signal is convkrfpd HPS5t he out put
transducer into sound. 2. The el ectronic device according to claiml1,
wherein the conbining neans is adapted to introduce the first electric
signal into the signal path of the Wigital signal processing neans before
heari ng i npairnent conpensation. 3. The el ectronic device according to
claim1i, LN - 11 . rical .sj. l. i s adapted.f se in

C 1 o ront AE et Qiied el Rl BEREo 2 sl 8 uonk8 JBORRLEG ak QR HOP 1
wher ei n s gepesdiers pRtissestpedideiinpapgialpt ed t o present the synthesized nusic
at the output transducer with a | oudness | evel that does not mask the

tinnitus onpletely. 5. The el ectronj evi ce according tq any of the
precedi ng 1@? gg’ e %f(%‘%ef %?Oﬁmqgﬁ%“ﬁﬁgcitl"émss%?%f” e&r glé pontral @ f‘fﬁ’f’fftgse‘g(a’é *det of sound
gener at opfsoung genfinersebrarises o trine fadkeani memeecor ding to claim5, wherein the
musi ¢ synt hesi zer conprises a controller for controlling the set of sound
generators _and conprising a first pseudo-random nunber generator, and

wher ei n oAb rrPisdavienerdingfo apnef °§@1ﬂ 65 whegrie QR PatskeE ohteset gl cul at ed
from nusaiemns ggenersabmaisdny lebshene hirmsiic 8@l fi@anieladom nunber generator. 7. The
el ectroni c device according to claim®6, wherein the control paraneters of
the set of sound generators conprises a tone frequency control paraneter.
11 Apri | 120lestyong devitgaccaiding torapnefelahs ¢1 18 avhgremdredpngl nagmetbapihs or 7,

wher ein teher s6@d bdnbthtod adndhBE Elofie MAplililtanBle:0f sound generators conprises a
tone fade-in paraneter. 9. The electronic device according to any of clains
6-8, wherein the control paraneters of the set of sound generators

conpr i se2. Fhetelprernicdeldoe atsbrdipa toanedfelims §0 1, firther comprising @ icand@@udoce according to
any of Claﬁtlofﬁ‘-sge@'ra?or, M@ﬁeﬁe‘h& sEJaﬁd s%@sﬁttJf QJnua%mr?gfﬁheggnn{}%aﬁgtgrs cit.i f _SI_ ﬁg nd

gener ators conpri se at east one harnoni ¢ contro par aneter.
el ect r onthgscRivoRdeaeraier aF FiCultd pry nitbers parisd b thosecopfiseidpnddie cont r ol
par anmet efsnbafgeichuor whita differefitdlidh shbgesTe bl Nammeted Pf thes@ftrobparaaiersafpl | t ude

Dar AITet e, ol ool Eenh G L O r IV RS OL ARG, 05 AN Bl catibit] T8 6711,

further conprising a second pseu random gerer a an erein a second
subset otumbeggesiorpar anet ers of the control paraneters of the set of sound
generators are cal cul ated from nunbers generated by the second

pseudo-r n&jl%frq nupmher, enﬁrator vt\In le ifferent first subset of control
par anet ebs TS E a8 ST PGP Rl AMet SFES 67 2 Hiiigr cOBPrsEE » EBRNY SgtFf at or s are
cal cul at edpfisigratiidpirederagien ecrataed algywhelai tifne pgtodyiseueheiart afdem

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.



- nunmber generator. 13. The el ectroni c device accordi nglt 8pah3008f cl ai ns
6-12, further conprising a tenporal generator conprising a third
pseudo-random generator, and wherein tinme periods between start of tone
generation are determ ned by nunbers generated by the third random
generator. 14. The electronic device according to any of claims 6-13,

wher el n ﬁfp Tnd eflecgl'orgue d%\%ge 2l ]:)rdlsnoy OfQEHI%rSal% hse lnsaﬁ.t l(e: %tnc;[nr gi'J the. Sg OP%unadn | ndependent
set of three pseudo-random generators Thé e eCt Foni ¢ ‘devi ce accor di ng
to any ogfengrhtgls aagopGises 4 seedng prdprdiR @*thpiraesqr%fgn of af Wp@ﬁlab‘s@w@g siiandom gener at or
for cont gapedisipehi SpdL rebI RO arQhpuBiibiiee sound generators. 16. The el ectronic
devi ce according to claim 15, wherein one pseudo-random nunber generator is
adapted to generate a sequence of self-simlar nunbers or fractal nunbers.
17. The #).&h¢dlcoming dekdogiagerdimag eatathe iy wheapeimthyat dehst cdeapund gdherdGr fusieer ei n t he

cont r ol | g, HUk & RekiolEARRN 'hﬁaﬁdec@m@@elcmaqgmgtaw chnefR s@ﬁzﬁmﬁaﬂm&&' on of anidle
sound generator fromthe set of Sound generators for generation of a tone.
11 Apri | r8Rh@ee yihia gfinityfime pariatt r oni ¢ devi ce according to any of clains 5-17,
wherein at | east one of the set of sound generators conprises a second
order 11 5 ildd€lonlALudShELRL AnPla, -SXRONFAL bl Ya SGEAN NG PT Ne  shaped
si gnal upon recep of |npd? T roni ¢ device
accordlngMWG%é¥@ﬁ%@@@“mmﬁﬁﬁﬁm%hWﬁ@maﬁomeggﬁmgh@mghgwb@qénerator further
conprises a nultiplier with a |linear decaying factor causing the generated
signal applitud ach zero.within a finite tine period. 20. The

el ectr on%chaé’\f}‘F@&%a%% BTy FBRLIeiPAT Ygearifppfserarh EHEEREFERS one sound
gener at omudiasyithreiver fog gavprtion efa fast diegtiovgnkloepresintigeutsic fsaid magkdi ng har noni cs to
the genepaf, gs@eﬁﬁaﬂﬁmg bﬁsg.g,q raaacgmﬁnber?gémﬁr th Bk 2 Bﬁacro-rmoﬁmnb%yst em

conprising a pair o al ds, ‘each heari ng having a nmnusic
synt hesi P& ‘T"bﬁaicb‘@f‘\‘é Paé"l“]i‘eéﬁrf # tone frqny thg gcé‘f‘@?,dtrf“id&m §‘i"6’ﬁ’a1mdraé?ﬂ“é senting music,
sai d nusgdacrateiftrighRfatizeer firit Aediritdighd a@oidmg mdﬁcﬁlammme en geiaer at or for

ge”erat'E‘a%sﬁce%?{é%?ﬁ)ﬁﬁ%%g‘o&ﬂm i 5i @"%E%”% ém%releglﬁcs 1a§&; g paraeters of a

tone fromthe generated ran rator for
gener at i PrEce#ing meaps fop papensiting %hfgwlde%mfmgmmﬂ@ of fiir fé‘i‘“élﬁf sgetd par anet ers;

an i nput pasddron s dad&ﬁreieammgnﬁﬁﬂ@ﬁmmm&n@@maﬁ@uﬁ&ﬂhﬁddld&@idtmgrsalsgﬂai into a

~second e} mﬁ]terl G %ﬁgp danou ultig ﬁéer?or%gver?ﬁ%%lrfgo%gﬁéicn ist 1r1]1c)st)or conpensat i ng

a hearing ef nerati on o Signal " based on the
second el ectric S|gnal neans for conbining the first and third electric

signal s jntQ balamh(ﬂ%;.gtm@éygaﬁ 5&&@@9@% zoa\mireﬂi%aéﬂ%@mheuaﬁngg&qser for

converting the fourth el éctric signa nt o sound
adapted for synthesizing a reSpeCthC 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.




22. The binaural hearing aid systemaccording to clai M 2011 %{5rein each one
of the hearing aids is adapted for synthesizing a respective nusic signal
that may be different fromthe nusic signal synthesized by the other
hearing aid within the pair. 23. A nethod of synthesizing nusic in a
hearing aid device, conprising the steps of generating a random nunber
with a pseudo-random nunber generator; calculating paraneters of a tone
from the generated random nunber; errpl @Qying a sound generator for
generating a tone signal according to the cal cul ated paraneters; providing
a signal adapted for conpensating a hearing def|C|ency, and conblning t he
tone signal wit [, nsat i e. he d ficiepcy. 24. -
The met hod acco@(ﬁl ng ‘Q'QH‘](I';}IIZ}ﬁtL91 ?(ig\rf\rhpﬁ Zl?n Q%’ﬁgéag?'?leoa 3° 1 ’ﬁe"? the .
cal cul ated par difefigpdparapgerapri | 2005 19 25. The met hod accor ding to claim
23 or 24, wherein tone fade-in or tone fade-out is one of the calculated
paraneters. 26.Th¢ hehwstivatnsae aynptilaigs Besmyrenhatiosit ftmaidy dhtentwhRheLi N

har noni ¢ frequ%ym&%ggfmpgﬂcgﬂgppm&g%l tude is one of the calcul ated
paraneters.






