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WD 2006/ 008745 PCT/ 1L2005/ 000778 APPARATUS AND METHOD
FOR BREATH NG PATTERN DETERM NATI ON USI NG A

NON- CONTACT M CROPHONE CROSS- REFERENCES TO RELATED
WOBLISERYFONS Thi s application clains the bendTH2Yr0Qgs
Provi si onal Patent Application 5 60/590,508, filed
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invention relates generally to nedical devices, and
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chronic obstructive pul nonary di sease (COPD). These
irregularities are Ko ORTHERNVENTON

di sease-related nortality and norbidity. Typi cal
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breathing) at a rate of about ‘one nodul ati on per

m nute, repeat BACKGROUNPOBAER ENVIENZIONandom

anpl i tudes and periods. A reduction in breathing
pat t erfiysical egercime iofipn iimdileatresiifyingi anprudi-phasa thidrhythmic activity,
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F L DM e —
SoB8itkasdS relatéitloal P B D@ drbidity CaWhihl, imékil Sdied iR lude Cheyne-Stokes
incorporated herejn hy reference, describe nethods

hod
Aieptiag (ERETonh episesies 10 icRTab iapRssyalisrmating atithyhsperpaee). gusplitude-

YRSRMdd GreA R YperiBaicSor¥akibSDt @Sraffl oftabySEone MbHRBh $BE Sinute,
descri be the generatl on of "a stimulus, which is
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Ly o ? - el i .
v a—
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psychosomatic diseases.

US Patents 5,076,281, 5,800,337, and 6,090,037 to Gavish, which are incorporated
herein by reference, describe methods and devices for modifying biorhythmic activity by
measuring one or more variables of a user. The patents describe the generation of a
stimulus, which is provided to the user, so as to change the biothythmic activity of a user
in a way that relates in a predetermined way to the monitored biorhythmic activity. The

'037 additionally describes a respiration sensor.
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US Patent 5,423,328 to Gavish, which is incorporated
herein by reference, describes a stress-detecting

device for nmonitoring respiration, and, in particul ar,
VWOARSHETS f or det ecting and nonitoring ci r c RATEL- KT8 78

chang n th or _.ahdonmen of, a user sul ti

fr om ‘ﬁzp‘h 4%5%%% t@a@%‘ﬁf 6 l]g%lh 1%3%309%5) Et%é[/%g #)y q:eference
8ciescrﬂié@!i Stitesh-SetbfHRdBAbaFR Gndh@ b refpiratief, @b e @articular, a method
descri bes techni ques for facllltatlng1% rOV|n%ghea

dbr deteatiag and mapeagciseumfrreRtial gdhages, in tag Shber fagomen of a user

%ﬁﬁ&{%eﬁ@ngfegﬁ{n phyS| ol ogi cal variable, which i s
Icative of a voluntary action of the user;

seconqys Pﬁéﬁrﬁ 6@4RRYE GdvRh 'E? QS UfifclRis Sdi’?lﬁated herem by reference,
phy3|dfog| cal variable, whi iIs not entirely_ under

t drecribies taghniquests fon Reifitagima tnfnexovwg hepigh Qfsféldsefea‘ﬁ@“dmg a first sensor,
C |

LA BTSSR 0 DRSPS St i
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outp | t
o B SR s G Sk B2 iy BB, apte torceive
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of the user, aa a]ée[siecond ch racteristic, | Lye

oterein § Fefpience; Aesgrley APRATPYE N8 "H’f“gtarﬁ?n% aP‘E@(ﬁj" §&hotale"a sensor
Publlat ¢afidaate VWOLRM AR 2L By GRVIEBs oﬂ\khecdpgh@tus, the sensor signal

|ncorporated herein b reference, descri appar

hroingch gt shareseisyic isficalivey of fy voludiay asfion.8 2258  second
ﬂﬁf&"&éﬁgﬁcoﬁﬁwaﬁ@eof %@ﬁ’é’fﬁ—r@%@(&ﬁbfe%f‘ hRavReSt or ed

reitn an tnitial formof a nmulti-phase biorhythmc
acti vigar %Bl‘ic%ﬁﬁh ang Ghoinds Gt GARshO fvichd 8Sint 8ol Merein by
of the multi-phase biorhythmc activity pattern,
\m&rmcm deseribas oapphratingr Hicluging df memerypfeasearing, at #% of computer
r [ t -

e e
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a central [OCESSI N unlt r a SO b
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erein rererence,
biorhythmic ZCUVlty includes an input for the respiration signal, a central processing unit,

_.

memory, a sound synthesizing chip, and output to earphones.

US Patent 5,734,090 to Koppel et.al., which is incorporated herein. by reference,

describes a method and Vapparatus for verifying an expiratory breath flow (e.g., for
2
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descri bes a nmethod and apparatus for verifying an
expiratory breath flow (e.g., for 2 WD 2006/ 008745
PCT/ 1 L2005/ 000778 detern1n|ng a degree of alcohol in
WRA0PB2tSh) . utilizing the sonic characteri FETEE087008778

ét %g%%%%l(;az E%BT%;S‘ %fglzrql é% g%ﬁ%? Cu%‘l%g gﬁatﬁtgngc characteristics of a

isfadsPiesdlredh hed efstedoy. reference, describes a voice
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%@hﬁmt;mé spBin? dbrésSiohiCiio \elab@imd $ighdl6 QL@ dfcathali@dreichsor for

reference, describes technlques for detecting air
ﬂaawuﬁapg ¢ BeRbieeth capigntipieelestronic setfect . i ncl udi n g a
transducer for convertlng el ectri cal S|gnals i nt

ul t r aSSRREHAv 84 Hhte Hole avhicdyis dncorpesied lerein By reference, describes
UhRihdsN e T fieechhd TafS ALY Jat VY BB o WRE Cndsd & NP WhihjedN ﬁlclud:mg a

nose ‘of the subject and receivin return waves, and
drapssioeasrion epnaering gleciobd cignalsantosilignsenns werey epd ae fyrsa, “means

R AT o ot MR v
bstumefaes aoda deedorio beayzeadechimmlig gtiats qoe@med by lﬂmﬁansducer from

QEL% to&nggﬁ&#g&&g at least two tubular air

ssion 11 nes having 15 ends which are connected
to m t h t ft
o SRS o4 S, AR MR B e
af auskiicrespigtiod Ssteciordndudiag sidedsytwoltebularairdenserissiaf lines having

fl caused by res tion. A holdin | enent .
phich & Consit 15 PP Bgrie Aemgtsy Heloseng (B, 0P wRgS of g lines
&eﬂi}ﬁeﬁﬁ@% at\%]ﬂﬂﬁufd lﬁ&ﬁf | td, aié@hencé H&Hﬁkt&dﬁl enals, 410 fcfé&ted by the incidence
nmnj t ore a oW | el enent or .exa
b pileP eised BY Feuizatiohs 'S Lﬂﬁ lehept secues F%W%gstr%ﬂ%‘m the
ARRM BYfose DIQ FHEHORRRE Qes%h@tﬂﬁnflﬁctﬁheis Q@ BB eedrRdretiNar® a flow-
bridge circuit wwth two voltage supplying |eads and

éﬂecrt@asft erpeid &¥ grampleetgned ks aifaca igisie direqts the airflow to the
gggﬁﬁgsb efheaic §>5H&Jeeaaﬁaﬂs ar® QBRiekdel i ¥ bh@gé@iééé‘%n\!tn%?{‘m voltage

acoustic disturbances. US Patent 5, 797,852 _
Keprdkes sadsand et ladst onewigush load. his enggementds érsprehed ap guppressing
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on app aratus or use by a patient 25 breathing

i ougl bl N80 SOk RGB! QUL ARAL herein by

flow into ang?ouf e patient” an
cefermhden geseriintis Isleep spnen dereetiiy ﬂaﬂfce rdt:teﬁ:;ompﬁdtlls f@ vSebyepatient

d
Gleefe, OO D P08 B il SRR i B L BES e g of e
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US Patent 6,150,941 to Geiger et al., which is incorporated herein by reference,
describes a stand-off, non-invasive acoustic detector for monitoring physical activity

and/or breathing activity of children and infants.

US Patent 6,261,238 to Gavriely, which is incorporated herein by reference,
describes a method for analyzing breatht sounds produced by a respiratory systein, the

3
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US Patent 6,261,238 to Gavriely, which is incorporated
herein by reference, describes a nmethod for anal yzin

WP @96/A08¢5unds produced by a respiratory syst"gﬁﬂL’c"gﬁéﬁo"%s
WD .2006/ 008745 PCT/ |. L2005/, 000778 th cQnpri sing: )
RN, PPt RSO PO At BYIeRs hre BT Feampy system
satﬁdtﬁgﬂy bidéxﬁiﬁ%iﬂg h\&;@nﬁl éﬂ?ﬁg} tatseby aSjr@ﬂﬁhqufaS_olﬁai gigen type if it
cause a breath soun a given type jf it ets.
Fiee{eras b orfip FIRIASHRERIECRIIRT BEoPE S9nd G EER FPSoflopfming
418 i BEtToM PE: teRBEkeBOREAIA¥ REnalSRdets 4 REdtd dikgtch@bctbrstic of
atentatively identified signal neets a second
éhqbtf%ﬁﬂil%ti"-‘@ﬁa%{ﬁ’élg@icngﬁm’c of 5 the breath sound of the
given _type. The follow ng patents, all of which are

i ncor pBF Mleangpaisns, Bl of dhishaate icorpgiateddereiy by rfgpregy may be
UbiRatent 4,195,626 to Schwei zer US Patent 5,678,571

to Brown 10 US Patent 5,596,994 to Bro US Pat ent

4, 8831R%PhtdnP4 (¥ sR8L setwdker US Patent 4,798,538 to
Yagi US Patent 5,827,179 to Lichter et al. US Patent

6, 0011/RGhHd.P5 PEVE11q0 Bovde Patent 5,921,890 to Ml ey
US Patent 5,027,686 to |shi kawa US Patent 6,212, 135

t o SciusaiRaf 5,55 fatehlo 4, 711, 585 to Fresquez et al.
The following articles, all of which are incorporated

her ei ys4tehed 8EENERe KiBYelREal. 20 of interest: Cooke et
al ., "Controlled breathing protocols probe human

aut ONPRIGatenfANSH gag&db@r rhythms, " American Jour nal
of Physi ol ogy 274: H709H718 (1998) Pitzalis et al.,

" Ef f egls pafent £827, 1AL YohlREL1 0N the relationship
between RR interval and systolic blood pressure

f I uct ugtr.ens6,08 0dsa6 BePsy- dependent phenomenon, * 25
Car di ovascul ar Research 38:332-339 (1998) Bernardi et

at, " Bkfratdh 90210803t Mig rate on oxygen saturation and
exerci se ‘

" US Patent 5,027,686 to Ishikawa

Uus Patent_6,212,135 to Schreiber
US Patent 4,711,585 to Fresquez et al.

The following articles, all of which are incorporated herein by reference, may be

of interest:

Cooke et al., "Controlled breathing protocols probe human antonomic
cardiovascular rhythms," American Journal of Physiology 274:H709-H718 (1998)

Piizalis et al., "Effect of respiratory rate on the relationship between RR interval
and systolic blood pressure fluctuations: a frequency-dependent phenomenon,”
Cardiovascular Research 38:332-339 (1998)

Bernardi et al., "Effect of breathing rate on oxygen saturation and exercise
performance in chronic heart failure,” The Lancet 351:1308-1311 (1998)
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“performance in chronic heart failure,” The Lancet

351:1308- 1311 (1998) 4 WO 2006/ 008745
PCT/ 1 L2005/ 000778 Mortara et al., "Abnormal awak
WR3WEPE 6y patterns are commn in chronic Hggpymmmmnm

fa|I and Yo ARE EVE val uati on onom ¢ .1 one
rebGePEs B AR hy @R Ry SRR 4 et hear
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B?na t¥=opg¥‘ﬂ@a‘i"o¢6€ 6@3??@3%7 {y after nyocardial

i nfar on," ancet 351:478- 4 1998
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usi ng the nicropH%ﬁ&ﬁ4gk&éggSggfgvﬁﬁsggs@o subset of

one of nore raneters.o resp iration by th

app! yn§Eh %Fqifgi’? of &L ° HRE ’f‘t FEPO Fo 1% ﬁ}"ﬁ ' profiid for
SRR S l2Ssek Bf PhuiftetsOofe biewBirg HEGANSE £ Uss @bingl stddard non-

or nore estimted p net ers of th res ation that
Sonach GRicRHRICal The aleRed Py PHSSHge T8 Oﬁﬁowe measute a first

BHHEQIERAL 8r mbREpRLEA8S oB KBS ARtIR by BRNABERET zﬁ)ply%:lg an algorithm to
typically not directly measurable usin

fecliraipnibice obparamelers o omgs logleEue 1 srcend %16% of ee grBe@stimated
180 dB¥cthNGreasyrabl th

%&?1?1%% So%fa %ﬁ?sgﬁa?ﬁst |aﬁﬁ%§ﬁg%§§%%dbacc r oSErilSdﬂangi gsen.lg ] ¢

Boerogiome.  Thp ptdond sitseisof patametdryyisriypipatlyi ot digesttly aupagyrable using
et t a tar

5 by bAE RGRACouBH afbeifiby Gl 1 SCLALARE, B/ by, cqunot be

déteqﬁa:t adpehe mcro‘p’lytpwcaid!cy d1sttingu1ﬁhadsfromdtas1@romﬁ noise. For some
paraneters includes a ation

o R B S alfien B raE GRS EPL TR of b preameters

Chuabto a phiet®malomanfuastinnes ﬂie\th’stlzéﬁﬁ‘tphﬁ)netersZO. and t he

second subset of paranmeters includes inspiration tine.

Act i vEymalliyl el fifdt tstiset iof phgamem Wllﬂ&ﬁauf@de}dp)tatlon time (i.e.,

e SR TR 5 PR, B R ),

laF® e s8d0n@ RubseBE patdiheidts ¢RNAESIkYiration Iﬁﬁie lrgctivel leilﬁfahbly time is
measur ed u3|ng a standard non-contact mcr %hone
H

tepicslly impaped by detaelig loWHisIPFOY SPYRds; gepsrd eec%atory airflow.
G4k Shetidd Qﬁbﬂ?&ﬁ‘éﬁ&&nﬁﬁi@ﬁ JAGhdpRbt AR GHET GJH{&H 2RIy cannot be

condi ti ons. I'n sone enbodi nénts of the pr esent
idiroaiyt mewured Wﬁtgh@ cptandarg rmepicauigolf @#cronhﬁw oAFilpagt in part because

?ﬁﬁ%‘ QF]:FISW% 89 glg AR GE t'e@f@d ek RGnAl Eél%ﬁn(ﬂ{mﬁs conditions.

y vari bac groun st gnal noi se

mst hog, %aﬂpféréo%&n&a'tg ‘BE%é e BRC iR & Sicanal is_provided for

det ection paraneters |ng a usef through
pxbpnoaing biorinfthrivic signglt @tm@omﬁhwmgﬁnpﬁﬁ@@ntld}ymanable background

gng.lul{oksgg 'Ithg method comprises calibrating one or more signal detection parameters

QO

by guiding a user through a plurality of biorhythmic activity phases, and measuring the
biothythmic signal during the plurality of phases. The signal detection parameters
typically inclnde a signal-to-noise ratio and/or filtering characteristics. The signal
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signal detection paraneters 30 typically include a

signal -to-noise ratio and/or filtering
WOANWSEEES stics. The signal 5 WO 2006/ 0087 RET/IL2005000778

PCT/ 1 L2005/ Q00778 ection ranet.ers e use Iy .
AP, PRI GOt o LER B eOT g TH AT Fyplrhytimic
Ssigagial s. In sone enbodi ments, the biorhythmc activity
includes respiration, which is - detected using a

st and®f dorh® RuboAinRats, e biofythatc athidtyuieludess ragpiratod, tvhich is
inhale for a 5 certain period.,of tipe, exhal r.

Peias meipe o e TorromeER TP dPF yseiri B B rfale for o
RERAL Pefi] ofife! &:hR PR kI RAaiRpelibdf tiheLartl, 9pfdnally, to hold his
detection paraneters are tyglcajly caljbrated b

a) .
daagy dvnt rrgriaingeralod cofarimet ef PG Fised gFotng IP?&%’R?@?%&(‘]‘H)"YPWHY
r“:gfilitgte@l S(a?~I REenRRRdS chhalakitoBr t&NdadkBRund noise plus the

backgr ound 0|se(£ us the sounds of exhal ation,

and
(sbymds 1o i inheplation.sandsthg harkesovad noise milut the sounds pf ieghalgtion. and (b)
b al; d [ . / j: » i SLi .
e
achanctedstics of thesowidstdiexbaatiods Syth sigr#labanapionstigs ef the sounds of

t ypi.cal | sed . to termne on f |

it P el T G Mo B e Hrnd W8Pl A Bbaraters.
ok harde bpplisstihs, thiscaethothstisehinddnfuntdehwitl ieebnifiues for breathing
br eat hi attern di fication, such as thos
R RSB igHOR (M O PRSS AT ol M AP Benped gty and patent
a:gpﬂidaﬁaﬁ biciidak to@ividnmdGavisavi 8h and Gavi sh et al.
15 These techniques for inproving respiration signa
det ectfheR qabiqaed Nor Bghreving Netiifion sigpedCidéteaiiodi gaslle the
detection paraneéers for, each user und?r %f cific "
cstraninais obrsperdlc sapaly delsrtione PERTCIE )Y of °§ Yegk (dler pfgecific
USRditibi® MfSRE. RASELHwRetbROy ISR vary fréif inddrtb AkerHaSall &1 Mg user's

habits (such as whether the user inspires and expires

findivido dragtiing habits (spelnas Hhethen the pser AR FEPIresHio Y Kig prose or

%ﬁ% Iﬁbﬁh,! Al Swikbiiek e 105 Bbded hd MU S HRpfrat dnOMY - exBRation).
ese techniques enabl e dynam c determ nation of _

SThgsratechieques tenale shnamie tdstesmingtiom gl sigadl| dptectiere pprgmeters during

nahiﬁﬁpn¥$éggﬁggbéﬁm£or some applications, an

al'gorirthmis i1 nplenmented for evaluating one or nore

par a of _a - expj Ve j t i

bt 20t rapf RS Dt BRHCHORC or QNS or more

paramede 0§ aneon-¢upirhiotie pertidu rofittho wigoal swbstantipllly t apgénugfisly.  For

the non-expiratory 25.portion. .J [ ese

S P 8B ROEL 2Bl o B BRI e Ao

Rovtiono! Ol eal erGisydaherm) Kliesd avinietdns ras tdefremined responsively to a

typical |y adhere. ne such trai fl th .
o Gei: At RauREy VOt REEE SEHEY EROR geeP Sprsain

- GRS Rte \MOHY'€ natural tendency to keep ventilation generally constant while

minimizing energy expended. A practical example of this constraint is that following a
relatively deep breath (which transiently increases ventilation), a subsequent breath is
typically delayed.

In some embodiments of the present invention, the techniques described herein are

implemented using the standard non-contact microphone of a conventional consumer
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mi'ni'm zing energy expended. A practical exanple of

this constraint is that followng a relatively deep

breath (which transiently increases ventilation),
VO, BOEBHF AT breath is 30 typically delayed. PFﬁﬂb@WﬂmW”s

odi,nment s of he pre i ny, ntlo the tech
agb 'E?ql“ﬁege%‘é?r Sich &5 & teje H‘E‘Pr@mﬁ iy glp phiges ﬁesgqagﬁ%eﬁ assistant
AY, Ot Rehb1E 3G AP BRRE piyerd vV L Didr QR hafr® YA puréhased for
2006/ 008745 PCT/ 1L.2005/ 000778 _el ectroni cs devi ce,
othenpygosss-t Erassiiver teléehiqnm faF exagipley s seT Ty Sperkelirectly into the
%}1 %l?clne %:fc%lépﬁa%?f mto(tﬁp&dy &Tth@ﬁl{ohélmr ealt@hﬂh@é}ﬂ' tﬁéh@e?may speak

a user nm have al read ) pUTC ased
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‘hﬁgro 0‘?1% e%@ﬁ% fﬁﬁ%drﬁfor?t@& %ltlrj &E bo!ﬂ' Sf 1&19 RORGmer electronics

i'nco pora bo
dbﬂeer, maw}awhhg/attmhmi todl bcrﬂmpf @wecavks@er nleqrcamcseicvec fag.. by wire
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a%ﬁ%?f? a %% % ore nﬂ us chei's
ithae G mﬂﬁl&ﬂ&ﬁl suchtaoietlha ahd)zﬂym(lf cehtnﬂ leaatistier is abesded bnilesievice

devi ce, %@ s at.t ched %o the body of the
O frBRYe 51) W%’l‘ff%‘g B , by wire or
I I t he t. h
her ci 1 gt BB oL i S e TR Roped i o

luﬁpl&hh@ﬁtgdi gﬂ@g/ E aeré-caﬁ@m @fiiciophdheGRA iy AkeghaaBintcon niciRbl desice in

accesse y evice 10 over nvent i,ona ]
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BE§S®NFod dX4RBlel BB mddt@l dRERMAURTPHSSE brichBRh g HRIsR bR a &1b8, such

i npl enent ed using a non-contact m crophone that is

iaf e Eathaeteny ivheo a nmedi cal device in fluid

conmuni cation (e.g., via air or another gas) wth

respi Fer aoaw apellwaileeﬁ, Hiertreatiing maglher tukg gF emporegis of a ventilator
%ﬂli@s ;@Qgﬁe ko fﬂe\r S of BY SRR Tﬁ@teemﬁ%&ehmcaged herein

tub a

such S a tracheotony tu
s@neseéptplde@at proper, ptrﬁmnbwamﬂﬁhn oreniileter. gypicallyebadetecting active

]‘5[91%81? I%)tysthé) sz@ %{e nM:tjiv%t aﬁgﬁat) gﬁ@aﬂﬁ&e&%f’édhw ﬁetectmg low-

ssure“to t ungs of e su
dﬁeqmmmbedmde nmiwatwaroé eugmioxwoaldbvvecathgrﬂ;pe tby detectmg sounds of

h L, |
S50 . KPPk 3 g S i,
IbScahsephe Eduln&s difdﬁ&iﬂilﬁgl aﬂey)ﬂﬂﬁ hfetddrty vatvast@néirietine i the subject's

sounds i dlcatlve |rat$ {flo ratherfgﬁan
BYVEEt ectIE s o‘ﬁW qB?“" Sh?(’t‘?-é“a 8 r‘? SRR piElew are not
SONSMIR aPfectbd BRéddh REnsBidions. X PorineGpplicatiadse theitédiniques described
expi ration, because the sounds of eat hi ng are often,

aﬁae@cetre'eﬁ%@lxﬁa%cwgc’f EsmupRetibarding uyring Wealng fpmgentilation.
ai rways. However, |ow frequency sounds indicativ

expi r &t & ?n‘a‘?dr“?lF‘Ev?fatP% PrFeTRt T the tegriqucs é‘&s%‘ﬁ ﬁg{]@ﬁm are
GASF h&l—édﬂfh%t thofiifring QFBred ity Eiftnk A8Sof 4 Bfg HAHHEIHY WRSsubject.

describ
For some apphcahons such non-contact monitoring of breathing is combined with

techniques for modifying breathing activity of the subject, such as those described in the

above-mentioned patent and patent application publications to Gavish and Gavish et al.

In an embodiment of the present invention, the techniques described herein and/or

in the above-mentioned patent and patent application publications to Gavish and Gavish et
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""25"herein are used for non-contact nonitoring of

breat hi ng during weaning fromventilation. 1In an

enbodi mrent of the present invention, the techni ques
e 3WPsEd her e| n are used for non-contact ﬁ@ﬁi‘%@??’?ﬁ'&m

2 uied B ks § S sl iy st ARy suikpmes caused by
dBoiderd Ib[’@t}@xig, buchat Ristghdi sﬁalhﬂﬂ’ﬁtleaitﬁﬁg \I\F{bl’rsomte applithlits Sinsomnia

for nodi hr eat in tIVI of the ect. uch.
e i B iren HBHE sl SRrb ama B gring hicatking, in
@&ﬁblﬁ@ﬁcﬁ%ﬂ@t@@}hﬂl@@& R lincmﬁ?iﬂ Gadpirgiish-teRic@idrhyth@itchetivity of the
Gavish et_al. In an enbodi nent of the present

peshegsiibed Mo thebRTR-HEoned Patentyad w&néﬁppl%%qnowbhmons to

gAY eavBdhpned patent and patent application
publications to Gavish and Gavish et 7 WO 2006/ 008745

PCT/ 11,200 h008A48 RlhApiRsddd febifon! iR reAhifg BloBRbring techniques
suffering frominsomia. Insomia is sonetines caused

dyscribkids dewgtr exe prodafoni deectisg pﬁee@@medah@a@m |sgop as sleep-
RsGRERL aﬂﬁ‘fsr as%?:? edd él%%thagfrf - rﬁsigo éﬁdeétﬁ dﬁ%&ee(ngS)

using tec dues descri etectin

ypicalty | b@a@beévmﬂn girflow  dvoingi ehialation wist monieradi quds some
f dif I a n-rel 1Qr hyt
s g e
pmﬂfmlhg ’o‘inebtknﬂg enativityp pf itliea sutgert,psiehi sathosn SleicnbecGav ithh above-

Aot st B PR SRR e S i G B CERSE b

descri bed herein are used for detecting
sl eepThtirs s derefate predded] g accsrihceawith Iaﬂmmbodimt o€ rtledpresent

R A T TR

air If I @amngju lnbmgmﬁaehh aliabphone, detdrting tiofl@d sounds ?Bgﬁ&espﬁatlon and
applications, K such pon-contact nonitoring o reat hi ng
FUVER g s uds MO 28RN ques for  nodi fyi ng breat hi ng

act i VidaWr0f thé QighblbioesetormfdéCd) fidsh sbhoB Sned@smbiddpRarhdters of the
t he above- nentioned patent and patent application
F§BIatBt 9¥ns to Gavi sh and Gavish et al. There is

ther e, o Gn PIOMbAHRE 1d fhe TS gétd%&%mmeisno 2B RIDRAHIREL of one or
of the present 15 invention, a nethod for anat%m ng
n@swatlmatedrpawfn@rmfﬁp@te@pmhhe thab et eneralig idirectlyyngasgable in
ﬂ11 &E‘ scontact m crophone, detecting airflow sounds of

t espiration, and converting the sounds into a

si gnafy . and.¥%lAd the signal to determne a first set

of one or nore paraneters of the respiration; and 20

ap pl ythe dirs netail garmintthminaudeh en fdtivs exgrtionfimp andarbieathing period
g deri ve. a second set of one or nore estinmted

8 ?ﬁ% bf the respiration that are not generally

di r ecthk gecond s bEframdters includes an inspiration time of the respiration,

analyzing the signal- includes analyzing the signal to determine the active
expiration time and the breathing period, and
applying the algorithm includes applying the algorithm to derive the inspiration

time.
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“thesignal. In an enbodinment: the first set of

paraneters includes an active expiration tine and a

breat hi ng period 25 of the respiration, the second
V00600831 anet er s i ncl udes an inspiration t PRETFIYNRY S

respitation anal yzi ng. i 2N . | 4z
o STt TRt oS of AoRlRE it (6L PRERIARR, o B presen
afventidaga hietat formgalpeng eshiratomlofeppbjech themipghod [ipdidingam

i ncl udes .applying the algorithm.: ri : .

i nspi 3%?‘%“8& mé@‘”??%&s g% &B ?%%%%8%8%1?5&8{1%%§ the sounds nto 2
Beddl] L2005/ 000778 There is further provided, in
accordance with an enbaodi npnt. of. t he present
invengqlélﬁgﬂ‘&%%"ttﬁ@&}gbf%lﬂ“’& 1% JRGEHOR SR 5t i on of a

subj egdatyztmperhaatdaddirhig! e igndied dedpiatidnnphasds| thddefining one or
sounds of the respiration, and converting the sounds
meropaamaelery ahe filtey epPRRIYRY tokke WeWFs i ¥Aough a plurality

of regﬂéﬁ@t beRBaBOAS BSise HOA! Wi dihal RSIng 8N Blterdbdvinpyihk Nidfined
gui ded respiration phases, and defining one or nore
pavagtsers of a filter responsively to the anal ysis;

and filtering background noise fromthe signal usin

the f i aeembrsinen, guding theivsadnclpdss griding e Uy thrgugyspiratory
e I: L] e user includes guiding the user
taﬁ?g%élﬁ%ﬁ%%@%gtg%?%&ggnd expiratory respiration

phases. There is also provided, in accordance wth _ an
enbodThesatis oflsq meovyideds errqtaccqﬂ?qavpéﬁt\fﬂé&fh,anaeIPr'%Ctdl*ﬂai‘cP‘fffH{r1 the present

Wiy c?iﬁ)td &ﬁgﬁlﬁ@c&éﬁfrﬁ.ll}%c@ﬁﬁﬁ nRig Eas@hﬁfﬂ?ﬁhh@hﬁivi of
aq%‘%fl{}%fg%%) Lai%%bhj ct”, the 'net hodgi ncl gdi ng: 15 v
aetjettj thgmetheod govdudiigndi cati ve of the nulti-phase

bi orhythm ¢ acti i t.y:.. i . §i e
et er T Ring skl hlitave 8L KN B Biof AL odifiny:
filt eahdhgriipabkgipnd modatomse ohie onmbleeasingiead ofidilisy t he

filter, having the paraneters.. at |.e ' ‘
r espoRdFRg li?g]t%o'flﬁiémfsia ?‘E@reté%mglilaté H%{ng ﬁ%e tgrr]%@n r%e S ametefs’

sti MubpRaétnigWart tekiogsivelp o fer fiitdradesitpml chemgining a lsgaslys input
g%ﬁg%; %Ie)grfati\%ftotc o gg ot e:l:?s¥ toxrl]emas%ec%%% !th\élb'i(}éhﬁ{xm{cha%ﬁ%%béf%é subject;

and

providing the stimulus input to the subject.

For some applications, filtering the background noise includes frequency filtering
the signal. Alternatively or additionally, filtering the background noise includes
performing non-frequency spectral analysis on the signal in order to classify the signal

according to one or more variables.

In an embodiment, the background noise is indicative of secondary biothythmic
activity different from the multi-phase biothythmic activity, and filtering the background
noise from the signal includes filtering the secondary biorhythmic activity-related
background noise from the signal.

In an embodiment, the multi-phase biorhythmic activity includes respiration of the
subject, and detecting the signal includes detecting the signal indicative-of the respiration.
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“providing the stinulus input to the subject. For sone

applications, filtering the background noi se incl udes
frequency filtering the signal. Alternatively or
VEQIN0ePBAE |y, filtering the background noi s@CTEEREETTS
erform ng non-frequency spectr anal ysis on the
gvrgme AeHigns the bekgRlng Poisspeliles g, :hgar%’%ataf@&fs? §Pmgonent of
R ﬁ@gl’oindngﬁ&m\gamealg&c?ﬁmﬂdnn@& g0t Bgital ihdMgles filtering the
background noise 1s indicative of secondary
beasibpaptreinied corapanent fropn HepBilent from the nul ti - phase

biorhythmc activity, and filtering the Qa kground
noi s e%f sopmbeimanty APringn e aekeryrd (iisenge P‘EFE @é’g’a’i‘f&% Spectral
?lkaﬁ’fsm bR gﬁhg s%fa.l \r?bt rbciel.ﬁs%aé el qud@f i‘%&&ﬁﬁﬂ M@drS Sorkd’ @Pplications,

€ sign odi nent , e mul ti-phase
pérfiorhrigtthe spected] iavalysjs inpludagdieguanes Biterang;tamiresfuenay spectrum.
subj ect, and detecting the signal includes detecting
t he sFgnsime applicatiang.afiksfringthe %e@k,grquatiiw.e ingjuqge removing non-

SRS T S RO TP T gy

aoisp omdurtes af hedrfheat-releigd adompansdit fof| the rsigngl, tand removing the non-

ackgrou noi.se fromthe .signal. i i ' .
PRGSO ar G R B ATl R il B e sigml
dgaehbsighaient, filtering the background noi se includes
perform ng spectral 5 analysis on the signal to
pr odu a.fr.eguency .spectr E - '
er T of fitnd: ESPE HEAiPET o i Tiehd oA SABLGRA Of fre presen
fikvlehitdn, Aenethiod fdrraaafueing yesgpeion ofmsubfeot, twomethod including:

applications, filtering.the background noise. includes .

r emov PSS AJRD-CPPREHBREEEPRS. ARt By ARC ipd ol airlow
E&inds 6/'MBe aBpitdtiead i ons, the non-frequency-rel ated

noi se includes a heartbggt-tela ed copponent of the

si gnafRalyFing (e FR, fip! fheetsTBtine et o Q6 AR Ot g pagmeters of the
@gﬁﬁghkp&ﬁudes renmovi ng the heartbeat-rel ated
conmponent of the signal fromthe signal. There is

f ur t hepplyiree deeritbmrio thedBrigaid eapmelin demrarierdsett one or
tN8e RLSSG A pard Y ED b @B resPirioh LA afeHot 3BRLNE d8ctly measurable in
respiration of a subject, the nethod including: "using
dbevaw-s@malt act ni cr ophone, generating a raw signa

i ndicative of airflow 15 sounds of the reigiration;

anal y i anembedimenty applying|the: abgogishre inpludes settingihe sesend sgt of one or
Qne:. QL. f 1@t ion:
b %tm%?erdﬁ) t geg%f?%cﬁfrarﬁoga qh&%@wﬁﬁ%ﬁﬁﬂh&tﬁﬂ of @irst set of one or

yi'ng a Irst set of paraneters
tmaorel pireveted. second set of one or

In an embodiment, the first set of parameters includes a measure of breathing
amplitude of the respiration, and analyzing the raw signal includes integrating the airflow
sounds for a breath of the respiration to determine the measure of breathing amplitude.
For some - applications, the first set of parameters includes a measure of breathing
amplitude of the respiration, the second set of parameters is selected from the list
consisting of: a measure of ventilation of the subject, and a measure of breathing
irregularity of the subject,l and applying the algorithm includes applying the algorithm to

the measure of breathing amplitude to derive the selected second set of parameters.
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“'nore estinated paranmeters of the respiration that are

not generally directly neasurable in 20 the raw

signal. In an enbodi ment, applying the algorit
WACKEAEIISset ting the second set of one or r?&rTQLZ““S/O“W"S

estimat ed paraneters e hen nmenol i

et FORShghe ERBCHERS thsihad gl PabAmRat ik G o fhg first and
IsBeonbl sefde dinamBikrs tﬁ fderivd a;_tssléasﬁﬁfa adfitipad ?mﬁlemgieiml pac@Seter of
a neasur e reat hi n a Itu [ the .
ke SPbigdt; 5 ctegnfaor%ﬁg? 3% ﬁansmngg r%w%gqa%% amplifpdy i geometrical

| RAY RF Lo BLRISHhE@M cIRRIREST O the RN @R il Alivd Spursed Tips
respiration to determ_ ne the neasure of breathing

agathing @é;haracpt@pstlg Sfthe é)ﬁ@{ﬂp%gamﬂ@a;gve of plaed brgathing, a @haractensuc
RGBS H\%eéf;%ssﬂ%ae‘iééﬁ&éa&l Qf e&gh&f&se subfRt, b cHilfeteristic

the res Iration, t he second paraneters 'S
o [besattin Yoith effort.caridi as@hara@tﬂmstaes@ﬂ lprgatbmg during whigh dhepfungs of the

I ect and a neasure of breathing
fﬁggértruggéﬁ ﬁ{n J}]?l(fﬁ%g subJ ect, and applying the

al gori S .
negsurh’é%”ﬁﬁiﬁé’dé%?*ﬁi LRI BB 0 BRI 1o porn bpeating
sieaq:hdalstgtof rapirgiimn givedee dstﬁnﬂzﬁed/@ I%Ofm/ W&E%nswely to the second

L2005/ 00Q778 For p ca the
T o1 e P oRadin e Bier Bl B breathing
Sﬁﬂmﬁd hesting lﬁsforrpﬂ’ aﬂ’mhé gtilgedt by @e:ﬁingehatubheeaﬁi peofoem the breathing
adﬁji&glo al eat hi n rel ated paranmeter of the subject
wHp RIT?E ’F ®%onsi sting of: breathing

anplitude, a onetri erty. of airflqw of th

Sub) it S, SHEATIEL 68" porbieaB HicRphSin e, pydoprontact
ﬁ:hi&ﬁa@ﬂoﬂelqwa conddbrRA bldbtithics AlcGibataable of péfimafy dth@st one function
br eat hi ng i ndi cative of relaxed breat

el dges ¥ fasqlitede aplygingereppiction phe SH‘dFC&aftfﬁ%\E@ﬂ?met&ég% fayesignal

ehAgdek GsfngCAL Inoffcohti SicRIphbite %Ulgh%@tbmaﬁve embodunent the non-
characteristic of breathing with effort, and

eraipgicmisraphpRe isomiqgraiest Hith g Wedieah glevise dm Tk cplaﬁlgelc@fon with
tr%gura@dﬁbﬂeﬁfétd 8670% Bhe %ulf)jlre]l,gt?%ﬂépésl ﬁ%atﬂg ?avhél Bnat cludes usmg the

I ment e nmet ho e su
peegratedmbn-eertdvi ngcronl@ne nFer qmamplal fhe yznedfca]r daype rn@m lmiude a drug

second For
gmegkamgnﬂmmeduigjﬂnﬁert o perform t he breat hing includes
treating i nsomia of the subject by guiding the

subj edd anoeqﬂmdﬁmnm srhiyzingetit hiawgs1griah ibdtedep| deriadnigt 3n efpiratory
|rat| In _an, e € non-.cont t
rrEPRnd MR R P Rt i, P 1 FRRE Bly sound
@igﬁwﬁarateemﬁ@ihe it 8&t off arbmetea Patdoteabpliatibny the Agtal includes
| east . 6ne funct.,i [

at do n t f | it anal yzi
@8%?5?4“&% 15H-tRe ip atmgp SU Ee ot SXPp n ﬂgs been
HeBRH.

In an embodiment, the first set of parameters includes an active expiration time

Qrﬁ%?e?s aﬁjc? %ﬁé&tﬂ% th%t r%gnal' ﬂwﬂﬁést ugﬁg D@Q Sﬁo¥1e40¥ta5to mtlé}gphone

and a breathing period of the subject, and analyzing the expiratory airflow sound signal
includes analyzing the expiratory airflow sound signal to determine the active expiration
time and the breathing period. For some applications, the second set of parameters

includes an amplitude of a nen~expiratory portion of the respiration, and applying the
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includes using the non-contact mcrophone. In an
al ternative enbodi nent, the non- contact m crophone is

integrated into a nedi cal device in fluid
WML E i on with respl ration-rel ated air fACAATHP>AAETS

MG s ORGP Al Mkt S A RCR smeCb B S eictory

tpbetiomedidgeaktspilenerce may incl ude a drug |nhaI er and
generating the raw signal includes using the

non- c namehbadiaephefeond st meﬁeieris Bichldbm ifl§pigtion time of the

inhaler. In odi ment, . anal raw si gnal
sPaptiaad qpPvien GeatiewRhm HEBRSS SBPYRE QR SRMRL Gndgive the
finpiatidifihaw signal, and anal yzing the expiratory

airflow sound 25 signal to determne the first set of

par ampi e Smb&BineS0 BFpLARP te GRlorigHS to Hé}ﬁfeﬂﬁ heslratioe tithid @8ciudes

generating a real-tinme indication for the subject, that

idetereines Witk Retifasise hatesn tiedaeian peripst adttagiactivg expiration
RO IHBRL thahRE elilal & o BRL ARbHAASBRBLEEHE ckfifdkibg ﬁﬁle 8Irésponswely
active expiration tine and a breathing period of
duiBjpesitive deiermnriion.zfeciige throinsnipsiien tisre\eqpd! o P 599059 @mﬁ’ﬂon of the
1 p
e, oA R At P e ol bine cqua
Mdmm@awﬁﬂlngctpewmmﬁ@mesone appl i cations, the
second set of paranmeters includes an anplitude of a
non- eXpi st apliosion,ofetephiningeinchides dmﬂn@ﬁng ahether the difference
/ Q 17
3PAiskh B oo a0 A e R Ay gt o
tabibveanpirationdencof t he non-expiratory portion of t he
respiration. In an enbodi nent, the second set of
par amBbesmsnd applicadess, aasttﬂams-:plbamivblgrto thermsitifve titermination includes

SHEhE Py i AT Bog s b F @0 Sl SR 20T o frnce

QGdO8H Wilith phapR|iyinitg] 0% &f @legdiffbriefidn URor @6k Wpplichitons, the second

SFtPigh GiLeten ct RDEHOR po iy GAPRPIT b P BEM IO PRSAL g and

Q%hg ¥dpbiksively THPthk Spositife ideferrhit@ibromcRliddettin® Be fihgpFhtion time
function of the active expiration tine, responsively

eguad to dhs %eio%l Teetiondf g fddisrensepad thy phﬁ@mqaglﬁglpatqoeﬁant For
tsbiAB afSlid@fionts Oseamg SGPRRIVeHNG ttﬁé)ﬁbsﬁfve bhemdithidh b SR O E&ermining

and responsi vel Yy to a neg ative determ nati on, setti ng
theephenerpenolngicshconptagt aélfa%t lin parbregponpively if afAeest ans PamElsEOf the

%‘E%t Sgt%fgﬁgbg,ggge?&g&&gﬁet For some applications,

ermning I nc erm ni ng whet her the
diffe [
1S5RS DERARGD, LIS 0 RSO pap e
setting the inspiration time equal to a value within plus or minus 20% of the active

expiration time, such as within plus or minus 10% of the active expiration time, For some
applications, the third function includes a function of the active expiration time and a
phenomenological constant, and setiing responsively to the negative determination
includes setting the inspiration time equal to the third ﬁmcﬁon of the active inspiration
time and the phenomenological constant. For some applications, setting responsively to
the negative determination includes determining the phenomenological constant at least in

part responsively to at least one parameter of the first set of one or more parameters.
12
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setting responsively to the positive determ nation
includes setting the inspiration tinme equal to a
WRIERTHhi n pl us or minus 20% of the diffefEk2005/000778
such as within plys or mnus, 10% of the difference. , ]
For sbfe S%?JlaPElé&aF%tﬁs ,aPHTW@g dhe @&?ﬂﬂﬁﬂb ﬁ%t‘ﬁﬂﬁe i c [ggfEation time
indReded QBHiRd thd GsPicdtfoBEBRAC @qaNdo & RRAGMAENG|dMir&RE between the
constant, and setting responsively to the pgsitive

tresething periadornd fhel wrdee SBIAtORG IR RSP ARPEFRlPRIscBige the
%%gﬂétioﬁlﬁjélﬁ%ﬁg%‘s%%n WRGHIpAHiH tithd 8quidl dof B8R GAMANSuS HEminus

nome ogi cal conStant. For sone applications,
20 ofiihe difSpenss, sneh s whmhréuiagfsmuﬁéoagﬂﬁﬂimdﬂﬁqrmﬁ For some
L Cﬂc# B, BELEEIEN G ack NS RIBGR %Fkohiﬁglleﬁ@ anﬁofgﬁeﬁ&he&tlogical
"east T n part responsively to at Teast one paraneter
@bnstdne andl bettihg thetinspiratvmaingy inplodes seting thest ivspirati¢iolime eqnel to the

l.icat.ions,.setti responsively to th i -
St b 4 Serefics mioes PRRERpHDRKal (ol NRH I Boplications
tskttiBg €6 Wdpirhi@bnainvaintiadasidefetinpipube pifenomensdogR@Poonbtattagleast in
active exPi ratjon time, §uc? a%évgi t hi.n é" us or m nus
PERFSPORHEAR £} 595t QAGHAARSI QT e ISt SE S QG ppdDiore parameters.
applications, the third function incluydes_.a function. .
of t hEOTa 8PP @pplicarions, aBRlyipg fhe riffim Hﬂ e 55 igafjon time
GRSl RdttingPdRe irsEirdtion infe@PAING b \f@dcyioh of thb acthe@apiratien time. For
determ_nation |ncludes setting thg [ nsigi ration tine
seua pPRlisatons. sefingdhe mseiratigh tigre inprdes seitihe tejasmiation Hne equal
392 LI viiith 108 oPRERNS TBNAr A £8ihe MGk ime,FAEL SOFMESs or minus

applications, setting responsively to the negative .
de¥erfithanetivorpimton iiee KrssemarpRliggiqumehe function includes a function
R %%ﬁ@é@%&cﬁi tirﬁ@?t?dt aaél{en&heﬂo?@g%al bdhstaR@Edd setting the inspiration
responsively to at [east one paraneter Qf the first =~
sipte infludesesetiingribe nspizationdines equall o he 2oven O graBtive expiration
PCT/ | 05000778 E a ' j . [ 3 .
AR PRG ERlobof B TPBE LA bifSaicA RN hd Airation
sigtet incigddshietermnrigr tht penotendogicpl abnstant at leamh it pohregfonsively to
di fference bet n the eat hin eriod and the

Fhlerd ECERErT G Ik et EgRe SR ABBHeBEy Fons. set ti ng

the inspiration.ti in e ettin i nspi.ration .. ‘
e B BPaArn Be it eSOk B8 LRG0k ime
trb @etlinfifecinemaitude W Breaingidiibgnihp inspirafonninreus 10% of

the difference. For sone applications, the function

I ncl uties anbodiiednt, @Brivihg thoexpltdidre nizflow signal idludes:
phenonenol ogj cal .copstant, and.setting the

i nspi Hgit}zﬂi‘g ¢ TR S9her 9ds er%tﬁflla}g‘ltéﬁc‘ ‘inspiration tine
equal pb@orfuitfr spbate hiaBRis@h thd\@igiil fsfoaslad g dadch fdifency spectrum;
phenoinenol ogi cal constant. For sone applications;

g8dting the inspiration tine includes deternining the

pheno ﬁﬁ@ﬁﬂgloﬂfe C@équ&ﬁ? shattumplo bigABhiel FoghéheRB dutside of a range .of

responsively to at [east one paraneter of the first

Sequaties psodatedpith cxmratong eigloyv sounds.

For some applications, filtering the frequency spectrum includes setting the range

to be between a first frequency and a second frequency, the first frequency between 30
and 50 Hz, and the second frequency between 100 and 200 Hz.

For some applications, filtering the frequency spectrum includes:
13
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“For“some applications, applying the algorithmto

derive the inspiration tine includes setting the
inspiration tinme equal to a function of the active
EQAKCANE7EN tine. For sone applications, setRGIAH200H0778

inspiration time includes setting the inspiration tjine
equal gvigipedhe arRst i PPﬁf%HbPrﬁétLJ&E therRleca Do YR mmspiratory
%?&Eﬁ@aﬁ%ﬁeﬁﬁaiﬁgﬂpﬁés@} such as plus or minus 15 10%

of t '

e active expiration time. For some applicatjons,,. .
the f usitg thermonrrenizeiewiczophomt ERRFFALINGTa TaMecalpiafigp signal indicative

L f | LR RBMrARioR BEAYRORLABkGAbnAGRSt ant, and
%g@%h@ﬁg§éﬂr§%l rata;ﬁgrj time incl udeis] setting the |
i nspi degitizong thi mew eglibratiomsighad 16 garerate s dgital gelibaetion senal, and
expiration . ti t ohen 0} Q0 Shakn inspirati
RO hsiit SRR’ B8 SARTSATRAIANEAL «f PRSI inspiation
i freghetde spodietur and mi egpittie plweesyepaiog: cal constant at
| east i.n part_responsively to. 20Q,at |I. ne :
par aw@'t‘k&’iag%‘?g R énSBF%}é(in S?%‘%&ugf ﬁ%%g[h%%}’prlrrl%ﬁéﬁ SHEFI fo, obtain & net
HRdqueRyepedRidhi cati ons, the nethod includes anal yzi ng
the derived inspjration tine, to de

m ne._an .
anpl | CHIEBIEGR AR FREoRS Py % RSOThIBPAEY o F1ahging fho met
FreqRPHRO dhIRIh; arfder | Vi ng the expiratory airflow signal
ing1 udes: digitizing the r si gnal é%%%nerate a )
di gi té?ﬁ@g@ﬁaqngezsbw‘??ﬁﬁh%s S8R IEHEIYSY s on the
digital signal to produce a frequengy s trum. .and,
filtefongpmamerhcaighse Asginupas fhelfﬁ%ttaag é?@‘ﬁf‘%%‘i“@ml@s includes:

frequensh e snd dtst | Hieudicy SubRAgR 4l ared WAGYEN Er®Sportion of the net
associated wth expi ra?ory airflow sounds. For so

ne
appitivonhavings fréquenayripssghaniibe firskieruasy is frse thay miirst percentage of

i&g#%@gﬁ}%@ﬁ&%%g@i 30 to be between a first

frequency and a s quency, the first frequency
bet we ettt theasacbrS0rddpencyrsdch thet eaemunder egeeqngdyportion of the net

bet ween, 100 a 200 [ i ' ,

FPYER ABenE Tt nit BTscPRRY B Rkh G Jogs ghan 2 scoond
200&nRQ8IMhe 10GT Aleh ARRSHHRABTSHEctrugui di ng t he subj ect to
performbreathing in a plurality of alternating

| NSpi NMAataarsmbodimkngxferivitgothy expisaiouy adiifon pivad evgnali§omgthe raw
t he pon-cont.act m.crophone enerat i Law. . .

csignap inglydes, LlFrne, e; Ry Sl et a%i Petpnci@lonside of a range of
t fAQuERSRI dsdtfciatsd Witk bRgratdre airBopisvatdsoFoplsame epplsations, filtering
digitizing the raw caljbrati % sib nal t%I% erate a cond
othgirew s12ad)) ipglpdasi Ssﬁmgitbmn,ge b %@F%F ?@B%“é’{’ Faf & s
af&u¥idyS the Firdt TRqAiidl hddwee@Bo BRSO B2, Sridahekecbad ReqQRtiGEbetween
an inspiration frequency spectrum and an expiration

f ¥ ey Hepect r um
In an embodiment, analyzing the raw signal includes sefting a detection threshold,

=~
—

and deriving the expiratory airflow sound signal includes interpreting portions of the raw
signal having a signal strength greater than the detection threshold as the expiratory
airflow sound signal. For some applications, seiting the detection threshold includes
setting the detection threshold at a level sufficient to reduce erratic peaks in the raw signal
that are not associated with functional breathing. For some applications, setting the
detection threshold includes:
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“subtracting the inspiration spectrumfromthe

expiration spectrumto obtain a net frequency
spectrum 10 determining a first frequency and a
weeHoF#equency by anal yzing the net freqUdd}2005/000778

spectrum and setting the range tqQ be hetween. th

F1 st ditringofontt Pt e BB SO tEnal TR e Al glues at

Q&ip@c&% AT AN i%l_rllﬁ”lef i ShurRRds SRRV S QI eRige] kipell vdes: period

setting the irst frequency such that an area under a

fof#ime: portion of the net 15 spectrum having a

fr equ%&foﬂnﬁ?g;thé Lt 8ovb IV{!IP s ihto @At é&nh§viﬁge§$lmtah@rbffbins;
g

first percen e o0 a total area under the ne . )
spect devignatinglorseif therhing Hising e govatest ruathgr AP it A5 mavdmnum bin;
an ar Redtliflo 8 AEBAN G BRkIORIRor i Endihum BRECE T UM

havi ng™a PF‘equency gr eater an the second frequency

i s | esatihdawidh stxoeie baptepehipadevoitertabbetyea thefwedpins; and
under the pet ectru Q_ln an,enbod] V] .
t he eiﬁg?%ﬁ’gr‘ﬁég??nf {“Beg?zh‘élgﬁﬁa"%%“’gel al® ﬁ%mt go?g{v\e/ ilium bin
Sing Aal widthodrddamisk bhddkri ng the raw signal to elimnate
frequenci es outside of a range of frequencies

associFat egmei fplieativins,atating ahe fdeoviiso timddold-archalonmsetiing the

appl i,cations, filterin the raw,signal ingludes

el FRRBOH A Doinh OB Polb A 4% RGP BfCy Pyt of 8
BosfaRRad thE KeGHBMEY nolsbBarkli r st frequency between 30
and 50 Hz, and the second frequency between 25 100

_emdI 23@ af%mbbéfinRt, Q]gﬂ)ﬁh@ihﬂ_@ ﬁlﬂclucﬁﬁl abm%ﬂggsletebaésogw@ tgeabing by
I ncludes setting a detection thresno an eriv
ranalyaRg At l51sh Py RATFRIIERFesiGR drogy &W&{}Sﬁ sk pfgicneters, and the second

| f QF REGhhRY pRRbdetcd)S RE bhe £p%ﬁ’cati‘éhg nak JhAyidigrdared breathing
signal strength greater than the detection threshold

dgclndrs tusathing aespiiatedwith arpes o dictsclipgfthe shepp-diggidered breathing
%ﬁh&e%a&ét&ﬁxﬁ% él?eg%éﬂeg.g_ flie Gt E@jkﬁfbng,hfh%%féjéof&fédd&%athing

setting ection threshold at” a |eve .
sin¢lfidesi heerthing assedated withrsatden ipfak deaith syndeomea(¥l3F)y Arg detecting

e R AR LN S HEBLTOS,  Chr csnaia

P etection threshold
i ncludes: 14 WO 2006/ 008745 PCT/ L2005/ 000778
di gi t iTheeregis tstilé fyrthar piogidad, in acepesdnseaithandmpogiment pigthg [present

ST g ot SR Pl EERERh of s, B btk IdB?
per i ocieneftinpiarsiznalt indinative ofinindpw fremiud itk wepifationy val ues
into %u P 'iggttgggu Jch o\f,ie&gnnablgelttﬁlirnglirilcliglupaﬁitjp&qgépiraﬁon phases;

analyzing the signal during the guided respiration phases, and defining one or
more parameters of a filter responsively to the analysis; and

filtering background noise from the signal using the filter having the defined

parameters.

In an embodiment, generating the signal includes generating the signal using a

non-contact microphone.
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B desi gnating one of the bins having a greatest nunber

of points as a maxi mum bin; selecting two of the bins
on opposite sides of the nmaxi mumbin; setting a width
Vﬁ?”&“ﬂ@%@e band equal to a flow interval bef 095¢pae778

bj and . settinhg the detection threshold .
s o5 poli 47 JPRigatigns. IR P BF TROTO PTG sk R PRl genalto-
h&18: hi8tAad QeI R Qs 6r BRRhardikidre inchidsRdeipilyithed grah o-noise
setting the detection threshold includes setting the
#Pection threshol d equal to t he flom1value of the

W, dt b SHeddBs CE e 15 Fieiest BBOH HOREE ThheHfat fogertomn
breehigdes dehealid T ShReRdis0 réi'@fr@tgrybfeﬁﬁﬁéﬁbﬂ Qphaéés For some

analyzing at |east one_ parameter selected from
applisttionat swiding dhen pribiest sncludey epidingside sRbject 1t I@ﬁ?mbﬂvreathmg in

g%%ﬁa@rgﬁéggﬂgg Talat S AQling MBI ARRIh&RLT ONS, the

reathing in Iudes br eat hi ng
assocpAled etk 8F fubakdifbters of the filter includ
sl eep |so?g%ﬁ ea?ﬁﬁ% “hel udes det eeé%?nge hc1~1I1 s
apneadetéﬁmnnmﬁ Henala@@tap’@aﬁtl%r@ backgrowldepised Pk m@ﬂmoﬁounds of

B ol ACORSR A AR ARG ot i g0

sl eepdelhmn@maeﬁadkgﬂmdmmge nestohsivg tadbe eigeal nlyaractﬁelstlcs and
S| DS. hre|sst|IIfurt er
accor % Rt éﬁ%%d?%ﬁ%{e%f gf{ ﬁ% gﬁgf rés onsively to the net

bavkeuhdeisea et hod for anal yzing respi rat| on of a
subject, the nethod including: generating a signal
i ndi CBéri sogheOdppHiatibhghe ok ds noke pdiramﬁiﬁspdfrthé ifibtey; include a first
ui di ng the subject to rtor br eat. in a
QHERFY 3¢ asFc ?ﬁﬂ?eé‘ﬂ’ Slgn ﬁ“éllh%f’ ng the signal
during thefigitbidedhd SRALr dt g@&amwa&&gtal anyslald @fid plefiemone
or 25 nore paraneters of a fjilter responswelﬁ/ to the

anal ysgegiral arelysis Ph &b Aty 3t BLURRGANS; LenpRIGHPR fHequency
si gnalpebaioN gnd dixbirdtiod re@tcp Shebit@ndef i ned

parameters. In an” embodi nent, generating the signal
i ncl udes ceheacting thy inspiraiongypasirums from: the CRRTGLeH FRCREYM to

m cr oa;}%]gg et]@egn%cg %@&Q&Sﬁﬁs PCT/ 1L2005/ 000775 for

sone applicati e one or nore pararret ers of the
filter i noletedmindngsthgrfirkt angl seponds Bequangies by aehlyary e mgt

the ope or e 2 ters includes defining the
si gna e?ugncﬁospéc ai 0. 1n an enbodi nent, guiding the

subj efikeringaheiblekgrguidincig ihéledes whimaeting dieqwm‘:iesr gutside of a range

of frequencies defined by the first and second frequencies.

For some applications, determining the first and second frequencies includes:

setting the first frequency such that an area under a first portion of the net
spectrum having a frequency less than the first frequency is less than a first percentage of
a total area under the net spectrum; and

setting the second frequency such that an area under a second portion of the net
spectrum having a frequency greater than the second frequency is less than a second

percentage of the total area under the net spectrum.

16



10

15

20

25

30

"5 breathing in a plurality of inspiratory and"

expiratory respiration phases. For sone applications,
gui di ng the subject includes guiding the subject to
WerdePesr4ir eat hing in  inspiratory, expirat offFI/TRips000778
br eat h- hol di ng--respirati on phases.

Fqr so .
appl i g‘hqrp oh g@t Tyelpgr mrqygdqdhgl aqu@}ce rﬂ?ﬁ’em’p al'rl’lng(ﬁjélpg}t é)f 6}|1e present
ti_ﬁ\%n{iéﬂ, b 81et A GRS 7ing F8Ei#iSh BF Ngibfdcy iRl method including:

characteristics of "background noise plus airflow .
soundsetefnining ah adterk SXIGHOR Hine 265t 2 PREDHE SRR NeF HoIFTe

PlUS BLLLLR SOUMLP (Clinehal Glrkalh 1 r@iiThDipBiod'8d the ative
backgroun Noi 56 responsively to the signal o
@Rpiraion emiess greaer thardor ededl itnd Hrgt funetionrnd therachysyepiration time;
paraneters. of the fi. LESRoRS t.HendREhtion time of th
backgfegﬁ?{ﬁwﬁ itgg.po !81?’% g%?re apglp’?éggltﬁ%l%lﬁtst?att hgnsgne 0(rJlr eorte
rsabject odqmaled asscond fitniboif oflthedifferandeuatad a fir st

15

frequency and a second frequency, anal.yzi ' o
ol Bsonsiey i Pragtr aERIRERY, o DR R0 ok WerBfiftime s
BN a thdaduREbA of tht Bdive spsietioatimanal ysis on the
digital signal to produce an inspiration frequency
spect rga @nRshbdane xRicialningthé aeige exyisatioptnt andthe breathing period
subtracting the inspiration spectrumfromthe

Wdest i on spectrumto 20 obtain a net frequency
spect pbiBatABE Al kighdTinHidabvd SreairflowsburRll of the eabidation;
frequenci es by anal yzing the net, freguenc ﬁpectrum
and f enalEHnGge ravesigend (QFGIYAAn RETEtoTY QR end Stgril from the raw
ekd . 9@t i ng frequencies outside of a range of
frequenci es defined by the first and second . L.
f r equenalymrg thesxpisgtory isslogpisrnd signd e detsepiap ﬁ%‘%i“i‘i‘@’e £rgration

ftiulrles%ndgkqﬁﬁggggmydequenci es includes: setting the

frrs requency such that an area under a first

porti S &-Lgmﬁg MiBddAer B SMEMer B8 Hifference
t han ?ﬁregénl[lér Eﬁlﬁ%&o&&eﬁ%y IS Elgg than a 1Fiﬁérjst ° e
petwen tlxgeealing pericdtaall therastivaisrpéntiarhame isterenins dhan pinequal to the
anﬁ . settti n t he second frequency such that an area

ATHES REEEGRE portion of the net 30 spectrum havi ng

a frequency greater t Yied Snclud
han 40C B APPRUPRs foal Mo ERERIE ld SRR Hclna R ancludes
netting piRCinspinaiod 6mdBq0 06 AGARE 4GthRCHILS bPOOES 0% afghe difference,

There is. yet further ovi de in_acgor i f:
e e et Ll B e 7 DALRBN b "o second
aRadtital iRgudRSPifERtibwof aie diffsttdpeand at fienomedobgical constant, and

i nc| udi ng: s . T
setting resp%nsively to the positive determination includes setting the inspiration time

equal to the second function of the difference and the phenomenological constant. For
some applications, setting responsively to the positive determination includes determining
the phenomenological constant at least in part responsively to at least one parameter of the
respiration.

For some applications, setting responsively to the negative determination includes
setfing the inspiration time equal to a value within plus or minus 20% of the active
expiration time, such as within plus or minus 10% of the active expiration time. For some

applications, the third function includes a function of the active expiration time and a
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determning an active expiration tinme and a breathing

period of the subject; determ ning whether a
di f ference between the breat hi ng period and the active
VED REP08ASI on time s greater than or equal ®ETAE2¢508¢778

function of the activ iration.t r esponsi Y -
PBenemsaelpgira) econstagh ot r%‘ierfrsr?ﬁiymﬁ‘b the, JEBRNE deenbination
liAtHRies @éthﬁ’%‘th%' Mufiod e eqwmt@qie thizd Geietidn bHtha asmcmbuatmn
function the di fference; and responsi.vel

egalvee HsremRaleEita, FOSUS| RER SO PAUIpRe eting sponsively to
SRR R rhinMfor fclu&S l&@!errﬁiﬂm% the pheforhéHofdeicalNcodbtakti€least in

actl e explration tine. an errbodlrrent

d:etteersmnsrvnlgf to a@em@mw@r@qﬁrroéthewpw% and t he

breat hing period includes: generating a raw signal

i ndi cafdy e Oérscr’ﬂ EEJ&M SR URGsrasfce tWigh ASBHBEMER; of the present
anal yzing th w signal to deri ve an expi ratory

anvennwmawd f@q agalyring respiratiea of afubiest, &rra:peth%qrad!t@ng
anal Yl iith:hD v Abhd ok &1 oPbv 30U 0BG RRbirdtRn;

det er F’ve expliration time and

br eat Hcmmgmdatwonﬂmshsldl’w applications, det er m ni ng

i ncl udes det Lot fer. e

t he breat h‘?lﬁlgjz3 ri % a‘ﬁ‘% [eo gc%}a\qgée];leCﬁ ﬁ?ggru%ln t ﬁ?‘g
gr eat esluéshatnregecigupdints dn ttivee, and biriferingxibie it gaiues ofethe
20 For, s | icatian ettlng responsively to the
posrtd@etolrfé?’gf‘%eﬁﬁp?rboﬁ % B udes setting the

I nspi rati ofarsforingdihal bulflered @l walves firkto . histograor hawingis
20% of the difference, such as within plus or m nus
10% oMy i ¥8%r ence. For sone appl i cations, the
second fupgidn@ihd S RS bids hiied b erearkt fuAetlbf pefence
and a phenorrenol ogi cal constant, and setting
resporﬁ@l‘XV@W o the positive det erm nation includes
setting th haginfiRemRd
function o%é ﬂﬁgyﬂf%%ée%%é?ﬁgi&h gﬂﬂgﬁenol ogi cal
constant. fting awidh ahp Flﬂlé%lbaﬂérﬁﬂualé‘éﬁtﬂoﬁgmiﬁ‘é‘é% gﬁ?’ eebihy

to th%w@?ﬁlktahife determ nati on includes determ ning

t he pfienonenol ogi cal constant at least in part

r esponsi vebsjtirtgothatdeleetiornt thoasholg aespresivaly &f atfloay value of the
resprratron For Ld C tting

r espof&r ety eqﬁg%a({%%’en%s e;%%?dmm?fgu on incl udes

30 setdktivige hinexpmy raaﬂnwrsoundrmgmj dedm the mwysignab by interpreting

within plus or us. 20% of . t he act j t-on

Ui oh i T2 SIRPEAYng A Rl R S TP geshotd s
%@b}fpﬁﬁio%ﬂﬂo%ouﬁ@ﬁ%ﬁa@ appl i cations, the thi rd
function includes a nction of the active expiration

time Faf @meldpplications, setting the detection threshold includes setting the

detection threshold equal to the flow value of the maximum bin plus a product of a

constant and the width of the noise band.

There is yet additionally provided, in accordance with an embodiment of the
present invention, a method including:

using a non-contact microphone integrated into a ventilator, generating a signal
indicative of airflow sounds of respiration. of a subject;.and . .

analyzing the signal to detect active expiration of the subject.
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WD 2006/ 008745 PCT/1L2005/ 000778 phenonenol ogi cal

constant, and setting responsively to the negative

determination includes setting the inspiration tinme
VEQRMFOBHSt he third function of the active i RSHUFALYBHS

time and the phenonengl ogical . constant. .For so "
app! | B PORS EERITT g I GO IR BB GgaTs Gpiaton o
deleRhik DALhANN RakikeRss ﬁﬁét%ﬁ?@irdjﬁﬂyh e

phenonenol ogi cal constant at [east in 5 part

respoRgi ¥ghy aﬁpﬁcﬁfon_&,%ﬁtyz@@ ehd A Bhickided indljing a low-frequency
respiration. There is also provlded, in accordance

wirhonent @fithotgnnb ierdetet thp actiye &8BYKUOD nyenti on, a met hod

for analyzing respiration of a_subject, the msttgod. 1 duri

i ncl uliPnipme apehieations. gepczting fressigiahmelvden geaprpiing e signal during
| L thesieesPi ration; defining a
egtaé'!c[:l?p%%gt %gﬁg]inddggtf/: 10 digitizing the raw signal

to generate a digital signal having flow, value t

r espedtirgds il dditippally; pravideds dn BEFFERFH 5D ?mﬁw?meﬂt of the

ﬁﬁl{s ?m%{lﬁ&ﬂgnhegogiiﬁ@ﬁdjﬁé:gnal over a period of tineg,
rans

ormng the buffered flow values into a histogram,
havi ngsiag apbucentict yigpphsng éntegrgediisdq yArgiphylesrengplingfesignal
hj j t PpQai.ngs as a maxi num
bl?%?augg?%%%}oﬂvg&tﬁg v\fgS Oo? éSP ﬁ%{fggi%ﬁgg%b &g’éﬁ %si te sides of
t he mandlyaimg the signal sedetéchaptiae wkpdtatiomd! the sibjese band
equal to a flow interval between the two bins, and 20
set ti figr tshope dappbcationn thermeshel ichudep grisiingethy subiest fio ggeform

al ue of the ..maxi num.bin, an - W f '
st i MGG o, RS B oz Bl b btrelithiifery to the
fdemsmetl baiveanpigitignal by interpreting portions of the
raw si gnal having a signal strength greater than the
det ectFopBothd bpsiieatichs amalyzing the gignaltinelydeaiantlygng ¢ dowdrequency
signal . 25 Far so applications,,.setting the
6@%@8?‘?“6?&“?1 Flggﬂi Bqn%t‘?cﬁﬁ]ie AHLS TEREH Ry the detecti on
threshold equal to the flow val ue of the maxi mum bin
pl us ahpreoduet additianallg qnstidedt immdcordrecarivithhano fmbdriiment of the
noi se .band. There ..s t additionally provided, in
ei%s&?tdﬁmo%at“i‘f?ﬂ%f’ﬁhﬂﬂ%‘gﬂg'nent of the present
| Nnventsiigftingd siEjtheafiriglfioel igsm:B4 usi ng a non- cont act

m cr ophone i nt egr at ed iﬂto a ventil ator,. gener atfi ng. a d
Si gna|usmg a non-cofitact microphone, generating a signal indicative of airtlow sounds

of respiration of the subject; .

analyzing the signal to detect active expiration of the subject; and

treating the insomnia by guiding the subject to perform breathing in a plurality of
respiration phases determined at least in Vpart responsively to the detecied active

expiration.

There is still additionally provided, in accordance with an embodiment of the
present invention, apparatus for analyzing respiration of a subject, including:

a non-contact microphone, adapted to generate a raw signal representing airflow
sounds of the respiration; and

a control unit, adapted to:
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“i'ndicative of airflow soundsof respiration ofa.

subj ect;. and anal yzing the signal to detect active

expi ration of the subject. 18 WD 2006/ 008745

WARNG028/8%5/ 000778 For sone applications, thelGEEALF000778

i ncl udes anal yzing the active expiration to determ ne
whet hepalypethgapw; igeabio Jetenminga fushish §t Br% ey, Papgeters of the
SRERrARRahgat i ons, anal yzing the signal includes

anal yzing a | owfrequency conponent of the signal to

det ectappl%eanaaigqnﬂ@n e 151 firk sebal pasarmelers dg Agrive a second set of one or
aPBle kRl ?ﬁra&@fgﬁrcﬂ'% shifafor tHAN@L nbibehtdBP directly measurable in
generati ng e signal during weaning of the subject
fhomweigall ati on. There is still additionally

provi ded, in accordance with an enbodi rent of the

Pr esenfpeld Yseﬁ%t' a‘a@itiﬁﬁalﬂefnlf}{?ﬂe&,niﬁl AdedrBshice Usit) 8n @mbodiment of the
non- cont act crophone integrated into a drug inhaler,
gemsnbiniergion, appayaak for kgalyaiel reenitatien ¢ffa swbieet, Beludivginds

of respilalli 0 | X LG t | QRak

to detag%:ntrlgg ht%ig%/’eédét 6‘? tﬂgtglg %Jrnat%? nét%ﬁ%nzé L%‘Jgskeg%qlg %glro a}lsoms s of the
apgpiratiat;i ons, the nethod includes guiding the subject

to perfo(rgfn br eat hi ng inaplurality of respiration
phas e PRI BIRER ™™, east in part responsively to the

det ecteshnachinvicadas@idt@t i on. 15 For sone applications,

anal yzj ng .t he signal includes analyzin ' . .

[ ow- T rEHAAHSHPY SHOHEND BH0E HELIFhin P gy draling ing plurality

agticifrati@pliaat i on. There is yet additionally
provided, 1n accordance with qa:n enbodi nent of (#gg
eaone Oor more

pr eserfalyaR it signl dupngeihn gEdpd et Phaser-od
SpRhRGErs B84 fiRE :BGohdi R oRROMRIySs, 280 USiNg a

non-contact m crophone, generating a signal indicative

of ai riltepvbasksapiens nejse dogpithamsized wng pee &ilfpy beying the defined
&bRg the signal to detect active expiration of

the subject; and treating the insomia by guiding the

subject to performbpreathing in a plurality of

respi reierois phasmevided eimnpsrariapge Fathsen jembpdiment of the present

r | 2 - .- s

RBAA, Ml ol ARAIPRE FERLTE iy SnRERN BiltRlmio acivit

wofidsubjsctethoopparsng indfidingle  present i nventi on, _

IaﬁglaLzalt %631_5&'9 radfﬂ?ead ¥ &8kt raegigﬁeﬁ 400 fof dnhe ﬂﬁﬂtﬁﬁﬂase biorhythmic

activity;

a contfol unit, adapted to:
analyze the signal to determine one or more parameters of a filter,
filter background noise from the signal using the filter having the
parameters, and
at least in part responsively to the filtered signal, determine a
stimulus input which is operative to change at least one aspect of the
biorhythmic activity of the subject; and
a stimulator, adapted to provide the stimulus input fo the subject.
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anon-contact mcrophone, adapted to generate a raw

signal representing airflow sounds of the
respiration; and 30 a control unit, adapted to: 19 WO
WOeHIO0BIU5 PCT/ 1L2005/ 000775 anal yze t he rEAA&H0GHYO778

to determpe_a_ first.set.of one or re ranet er f
the IR Falibe PRYHed GeoRmanegBith f T epdoRRRt o B present
SBber@on PASpARRIsCoP ahAySRE rdpirdtiohesOnQuied:, Bk PPerafE including a

nore estinated paraneters of the respiration that are
nesmirglaiéy ¢daptpd@-r ect |y neasurable in 5 the raw

si gnal et FARE 8n h&ivlé QkpiRHidh i@ BA b YreRbRYIpIRSE of the subject,

accordance wth an enbodi nent of the “present

i nventdetsrming pyshatlar s diffrenga diotiden fhe dsesiting ipscdand, the active
subi et i neluding: . .

ooy b e o B Sl PRI Ponc PO B e GRS in,

r espi rregpongivelyl @ apostitepdetergpénsdipmteastimata ikt an inspietiapl time of the
unit, .ada d to: i ve erator to guide

t egﬂﬁf%‘%ﬁ %taosecboél rd %I%c\rfﬁogtrogglf ﬁilﬁr?ge%fg% gIgdt]pl urality of

respi rredpoidivednasasgathraleieraintiive, edtigragl thatulnd ingpitatien time is equal

gui ded, Lespi rati on _phases nd define one or nore 15
ptgraafﬁ’é‘l é’f‘% od’foq.éhechp{?ee‘?xp?r@@ Svely to the anal ysis,

and filter background noise fromthe signal using the

fi |t erTHegvis gl tiehed efaviied, inpatadeke méth aileredingenabSthe present

psrovided, in accordance w.th an. enpodi gent of t.he .
CInSHE. Sopridn R AP eT Pt URich P s iluding

nat ur al kerisdC aduptddng gaukiate- P Ravd @ighal Ot fiydtivei of disfloiv sduyids of the
20 of ,a subject, the apparatus including: a sensor,
g8l det ect a signal indicative of the

mul ti-hass Riosdayklrg:c  activity; a control wunit,
adapted to: analyze the signal to determ ne one or

more plfianeddectiopthreshpidityer 25 filter background
e [ ;ggdigg%@ ERA v SbAE tb NRndrhik tLBipRAVAR hheng flow
values at respective points in time, and buffering the flow values of the
digital signal over a period of time,
transforming the buffered flow values into a histogram having a
plurality of bins,
designating one of the bins having a greatest number of points as a
maximumn bin, |
selecting two of the bins on opposite sides of the maximum bin,
setting a width of a noise band equal to a flow interval between the
two bins, and
setting the detection threshold responsively to a flow value of the
maximum bin and the width of the noise band, and
derive an expiratory airflow sound signal from the raw signal by inferpreting
portions of the raw signal baving a signal strength greater than the detection threshold as

the expiratory airflow sound signal.
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“at~T'east in part responsively to the'filtered signal,”

determne a stinulus input which is operative to
change at | east one aspect of the biorhythmc
WORPUp0P8740f t he subj ect; and 30 a stinul at orECTAHZIH Y778

to proyide the stjmulus, input tq the. subject.. 20

5006/ 08 45 R ne DB M5B P AeoreT B S feGp et of e present

Qﬁ%ﬁ&?@ppérﬁufﬁﬁ@iedﬁfmdﬂ%ﬂakbr?ﬂe @iﬁﬁlﬁhsmﬁmidnﬁgf t he y

present 1'nvention, apparatus, for analyzing respiration

of a SuUMPSORack micTahERs AdgRied e bg ditagatd l%fsﬁg? aFmﬁﬁP% jand to

aRkied stoflal iflBERNELNErRRY @ﬁhas\/&r@sgi@aﬂoatomau@éd@g%and a

breat hi ng period of the subject, 5 determ ne whether a

di f f eretpaBolhwitwesdaptehéo prabyrenihn gigad ioolptesh activgeexgitiopeof the

%B-ie§tati on tine is greater than or equal to a first

function of the active expiration tine, responsively

to a positive deternm nation, estimate that an .

i nspi Maeteos yet additienally eraviggdedp aeeordagom withoury cathedimgnt of the

Bk @Rnfln Bl AFLRNGR ¢ BUPEREARpHA: boLne:

time iasnopepgatact migrapbors, addpted tbhedniegnted fintp e divg jiphaler, and to

expiration t.i e . Ther.ex | ' (g o] e )V in

AR e ey OEREST b Aol or Bt e

i nventai enfrolamggradtmted topndyral the isipgalr osiptechbéton expiration of the

supj ect, the apparatus including: a sensor, adapted to
fate a raw signal indicative of airflow sounds of

the respirati.on; .and. a co Ql .unit tQ: .
o i nd B8 B RTEBHO FLBe R Bty Maogibhe iR B Ehelfe aetaled
sdegipptiof 6f @Etvainadng RerdbiPiakal togétgnalithika/dragings, wwhich:

val ues at respective points in tine, and buffering the

fl | f el ' i od of

o Vel ko N R TIRES. 0.

ot t nd it e wPigFRCbgasg bk Paprtii HE8! bRRR Bariem
rEdifitiion kystens eprdied it g ubsspinaicodrimcbiniih anrenthppinsint of the present

si des of the maxi mum bin, 25 setting a width of a
nBY<Y8%™and equal to a flow interval between the

Fig. 2 is a schematic block diagram of the system of Fig. 1, in accordance with an

embodiment of the present invention;

Fig. 3 is a flow chart illustrating a method for determining a breathing pattern

from a raw analog signal, in accordance with an embodiment of the present invention;

Figs. 4A and 4B are schematic illustrations of signals analyzed at a threshold

calculation step of the method of Fig. 3, in accordance with an embodiment of the present
invention;

Fig. 5 is a schematic illustration of a recording of microphone-detected airflow,
recorded using the techniques described herein, and a corresponding recording of chest
circumference, recorded using techniques known in the art, in accordance with an

embodiment of the present invention;
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two "bi ns, and setting the detection threshold
responsively to a flow value of the nmaxinmum bin and

the width of the noise band, and derive an ex i rator
VD 24068%W¥ound signal fromthe raw si gnal by T/IL2005/000778

|nterpret|ng 30 portlons e Si

si gnalfis O BRYE A0 GramlEy "‘E"Fi% h‘? eac‘ﬁ% ?I}ﬁ%gﬁi%%fic?xmanon
Afime hfiea BRIt wiivel Xgiﬁétﬁﬁlltﬁﬂe , S ah.exgekindBtally-obtained data
2006/ 008745 PCT/1L2005/000778_ There i s addi t onal LX
dﬂ@\xberechfferm Gereubade shor i BE S GesoEAee Wit diment of

?{g tin'?}é!lﬁfb ion, apparatus for use with a
ven ato e apparatus including: a non-contact

m cr o@tf?niels @g% %ﬂoﬁlﬁ BpeliteRE! | ?ésﬁl@s BisBrellNE accordance with an
venti | generat e a signal indicative of
mm%ﬁm@néeﬁﬁhﬁsre@ﬁﬂtmsmﬂﬂatl on of a subject; and 5 a
control unit, adapted to analyze the si gnal to detect

act i v&imxis atlownchatt illpsraiing pjraethod fon eaptivelyydstermining filtering

Zlgngg]%léﬂc%g%lax?o%a%\éé A6l an LR REEAT SARE Predbdt v@Ron; and

present 1 nventio appar at us for
use wi %b ls%ﬁengﬁelllﬂ&%'b% HP Sé\%ﬁh \:mhlaryaspectra, in
non- cont ac mcrop one apted to be integrated i'nto
t dveordangg withtzalesmbodisnent of the prepegldneantion a si gnal
i ndi cative of a| rfl ow sounds of respiration of a

subj ect; andpp 6P EHAVESERIPTIRINBIFEVBOIMENES { he
si gnal to det ect active exp| ration of the subject.

The presant i DYERkE Qtop lug’c‘f‘aﬁﬂﬂ B?aﬁrﬂ&rhﬁfhoﬂ@-@%ﬁ bRBfhing pattern

fromth%qfollovvln ge t al description of
emvbdiflcation tsgsterh dlﬁe?@ilhedt fakaemer 8Beintrseordinct witheangguhiidiagsyt of the

%resgn% WS%%C{S B sl%e %S;E]% -Ef:sqe}l rHé O-Bhﬁl D?).A\A!l(!l\lgssp%él&r 231 which

pretori USLTALIToR O
nnyﬁjbﬂmma etaimsce corfysomarith bHg sqanrtatda hendsatod tdlapbatel dYystem 10 further

st em %P?t“ﬂg %r g@@htlg C? r dac%: o1 Eg afd! speaker 24 via a

s&h@rmwuelebgmck di agr am of the system of F| g. 1, in
accordance wth an 20 enbodi nent of the present

I nventri@n2 ki 4 .sckniafic aalédkomg&a&r bfisbrd:temtlr(atihn@cadance with an
nethod termnln a breat atte
Sy FLATPge: 2fyn A

(@]

gt @ﬁgne ProSHt RSB IR HE AR CQRE
p(!d?’ﬁ@rf& 30NY €PU 99 jand k&isgad é&»ﬁﬂl@ﬂﬁer@ﬂ R @flﬁﬁ@i:zbﬁ% is typically

illustrations of si gnal s, anal yzed .at a th& ol d
adapted to generate tones, music, and/or synthesized or recorde messages.

" For some applications, control unit 26 comprises a standard consumer electronics
device, programmed in software to carry out the functions described herein. For example,
control unit 26 may comprise a standard or pocket computer, a personal digital assistant
(PDA), a "smaﬁ" phone, a telephone, or a cellular phone. Alternatively, at least a portion
of the functions of control unit 26 are executed on a remote system that is accessed by a
Jocal device over a conventional wireless or wired network. Further alternatively, control
unit 26 comprises a custom control unit produced to carry out the techniques described

herein.

In general, a non-contact standard- microphone.in a headset designed for a human

user can detect the sound of effortless breathing from two sources: (a) sound waves,
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cal cul ation step of the nmethod of Fig. 3, in =
accordance with an enbodi nent of the present 25

invention; Fig. 5is a schematic illustration of
WeawsEsiy of ni crophone-detected airfl ow r&?@F@@ﬂ“"“m

u3|n the. t ni ques des n,
pBinF %‘W@%@rr@?g?g ]g? bé)ﬁ ép u g_*zr chﬁncSﬁe the body and
r;ﬁ‘@ﬁb@ﬁc@dﬂ it HeNGivire@h&it qsieh ak Bpssth,i mdt(be lowet-frefquency sound waves,

accordance with an enbod t he rese

| Wieh ratlse, Tomienees 6T 0R P BerERI T S0 08 BoG T R migrophone
AP 8 "HRH AdohefiRies %h@érlﬁﬂd)b@bﬁ@ﬁﬁlsa Standard microphones are

m cr ophone-detected expiration tine and a

biepignediap @pﬁpﬁ»ﬁ@gecacwh\gab 1~°e‘)’@fﬁngd%‘iddﬁ the ﬁapét SOPICE &3} Smeech is specific
%Rﬁ hiéﬁ@&%g n%xc‘éﬁ}t é‘anSI!)e' ERoctddUinythhé:t &f ﬁ:{%tvmlmty of the

1ovvn I'n in accordance wt
etmbto divdreny b@fgen@m@d phese mspirfﬁwe ritflien exmratipy., Spupds O%the second

tal
Ccor @qg%u@lﬂ¥ ﬁélgs%feﬁgﬁgo inﬁ%ﬁ?ﬁ&t%ﬁoﬁﬁé H:ﬁjﬁguieﬁ (see, for example,

nce W pr esent
| UY @atenteh§8 793 to &?libcs whidhl is\imcotparat:edl Herains by aafermren Such sound is

nmet hod. f or adat i vel erm. |

i of due” SRS tRatc, ARLENG P PGBl e enpipciop onty, and
Pae S canibe dakétedonlp ﬁ&hﬁngﬁoph% mpﬁc@iﬂn dlieepaticdfahaditfiow.
illustrations of several exenplary spectra, in 10

accor danaeisvd fbwathagribadiatignt nefthddhier deteseining a breathmg pattern

vention. DETAI LED DESCRI PTI
918 S GO G189 b PPRFaPed TGP AR PGP0t the pristt idventon.
MA@HRRR OPE -dadstigids b eal hﬁdﬁﬂ)gpﬁgﬁeﬁ!rgbneﬁwdl by Qﬁictdpﬁone 22, at an
system 10 appl ied to a_user n a_ccorg.rence
capidicRHoRt Sigp 10Re an %%@%ﬁ?ﬂ%@ﬁ%ﬁb Geitizesy ed signal, at a
CAPRLARA Step 102.C CORRARRI12S vRfteks heSRERK Slonalat WAFRIStdP104. The

typicall are standard conponents of  a standard
rebeeciaftbe byt ds dptaisriaed rsynonging tothe gequitepenty ghilieidsiestiop process.

Clgd?te& %‘ﬁ' & 1@(@65113@% ;;f:‘:rfoﬁn Qﬁéléﬂél%ﬂaﬁ@s o &%rs&mﬁ MereddeBRGvery t

Speake 4 via a e or wrelessly. IS a
saabxmdatand ifbdata kred;magleém ofanpting ante £0then ﬂnegxyéf@r wtanlddypically be

%@‘g ?Jﬂ’o??éﬁggﬁgﬁ?g%%m?{ggesent laﬂvz/ng og.o Cont r ol

conver er 3 '
CSomer At e B R i P HO LIRSS St ey n
tthe bsﬂ‘ered;@teg £ gamtﬁgrﬂ (ﬁy-n'lt feewmid{nthas evezy 0. deednds)aControl unit 26
msss For cat.i ons 0 '

RS et 3R e BP0 R Mhie. B¢ Pl Ol Fpstorm o)
pcspegmgmﬁdxm A aagd mﬁﬁeqﬂeﬁcleﬁbétWE@uh rhibnfdn rfekjienog (fnin) and a

d}%esuglrnluglegeq%glrmeyl For The anr{gm?um and maximum frequencies are typically

determined based on characteristics of microphone 22 and the specific application. In

general, the maximum frequency is set such that the spectral power at frequencies higher
than the maximum frequency is dominated by sounds not associated with the airflow of
expiration. The minimum frequency is generally set such that the spectral power at
frequencies lower than the minimum frequency is dominated by environmental airflows,
e.g., wind. Typically, at filtering step 106, control umit 26 eliminates frequencies that are
less than a frequency fl and greater than a. frequency £2, where fl. is. greater than

minimum frequency finin, and f2 is less than maximum frequency fmax. For some
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conputer, a personal digital assistant 25 (PDA), a

"smart" phone, a tel ephone, or a cellular phone
WO tpMETBvel y, at |east a portion of the f BREAL2IO0PS

cont rol unit 26 are execut ed are Sy
Raplicabensseouirplunl 29 el i PTG LR G Teobniques
WedcBb&BBerQhbetivh ﬁ?ﬁh%ﬂ%ﬂéﬁéé‘to Tl 8,198y, and 9B [AdlﬁehMﬁJIe%;, f1 and 2 are
control unit 26 conprises a custom Cogggﬁlﬂ eﬁ b b
preowlreted (nowkieh e3se dhgt it Giorngtia ptAdERIES)- d Beld 15 between about
BB LEH Rhoush R aﬂ@%%&we@n AYar cohaGhous begndar d

m crophone, I'n a:headset designed. for a human user

can dgtec f ehRfod vl @8t icBaids tRHEWE of th

sour Cg%%sﬁg %dl&o mé’\%lesﬁz 2 WO 2006/ S08s o (ATPOWEL of the

m@@@/m@ﬂm smeqthescthr Isigngl usinger MoNEEAYERES SHgation, at a

%Qon% ?rglg czﬁgytl tgﬁré jtgd T'h@?ésgﬁné %?n RAY. ear}ﬁl;nv-spectralg signal is
|ronmant suc s speech, and Pf)

Imhmnvé peihe emryplmw-dctem @gnrafomlﬂhw eftientrol unit (a) buffers this

t ur bu e
blh “gi?o% dﬁp pn%nal 5 I%‘lrl% % P‘:&W aﬂa £nh dé@%ﬁ%é%}f&ﬁ%ﬂngetesﬂon
lst%@arldf,vhoﬂﬂbfvﬂﬁmﬁré damsbed&tmuﬂha]ow m crophones are 5

designed to detect speech, which is categorized in the
first Asouifeatepd)?2, Spraomiti2s wffesittid tempare! digralsidetected during the

ecific anatony, typically can he detect
WP braegrErm it snidRe P e SRS S bR Soue ha
day e disheticRty affidad/ fof ﬂ@eshbldalefmatﬁnu nBorodxatpte, N may be
second source (b |s usu@@%ﬂ&gn& red bo b nohsl Fi
tspigeted Fowpldee lﬁﬁs five deter? & PR &5 580 PLaW I Fie:
4,887,693 to Plice, which is incorporated herein by
reference). Such sound is 10 unrelated to the user's

speci fAiG BRMoMYalcdlRionSsa 116, 0aBE Bitg bobdtD baﬁal itqi i 12) control
only, and_generally can_ be det ect ed on|

th
B 5 Riaton g THESENE EERaB PRV Gy giing the
Eet er ed ldQé%ﬁé?laﬁ&ein'bélH\%I b@thi ReréhcdBb Mads fHX and 4B. For some

ning a breathing pattern froma raw analo %1
sipghictions, theadesontivaribeeshald Hs gpt eqngbdr tinereater fida) the threshold

pdr’? e uE%}ﬂg‘Bﬁ {%Ehmcgéggils%)hb&f heéxflin ﬁéf@k 'v&{hei%fe'i‘eﬂc@% Flgs 4A and

al '0g sign gener y m cropho 2, at an
aiBpland (iDat secomdstydfred@l] deterthivedDt giop é&tag degoiber b?r@lnlzeégw At

SRR R g T4 AP L CRAGRScion o

hatbirgiorystiard hddow Byeanalyizing th)é Imdllephbué ﬂﬁectédsaicfbivemﬁhnwect to
responslvetothe equi reents _of the, ctian .

o CgBion el HiRasotp) o e IOy gy pigpal srength
SRER RN (B @LEDS thassheld e exiadot) ende hinlet baviey:esignal strength less
seconds, and if data are san‘gl .ed at a sanpling rate f,

tthahthe Aelesion fhapshald Sa barkesyPd B9 be 20 | ar ge enough
to hold at l|east t*f data, point, éafll gg SttreP it 76
106, COREIBY ARRICEINS HPPEHPTT FIGPHS § t Pogjtrol unt

aNALMRY § r&fltime indication for user 20, indicating that expiration has been detected.
For some applications, this indication helps user 20 optimize the positioning of

D

microphone 22. Alternatively or additionally, if no respiration signal has been detected
over a certain period of time, control unit 26 notifies user 20 that microphone 22 should
be repositioned.

25

control unit 26 may comprise a standard or pocket
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“the buffered data, e.g., every 0.05 - 1 second (such

as every 0.1 seconds). Control unit 26 typically
perfornms the spectral analysis using a discrete
WOAc8Y874Y ansf orm (DFT), operating within 3@%@&5’@977’3

frequ nC|es bef ween a m nij fre uen finin
25, et AP AFTEREGUGH T iR P dhiet e g petom

fhREHEBRE s@th Aldeschipe Keadihbelowd aﬁta ﬁ'él’eﬂ&ﬁ& rba‘s@ds @) and 7. In order to
characteristics of m.crophone ﬁ% and ecific

AfTme thesm PRRReEeH? AFraphde Bree uber of recent

St @fa phifs %@ﬁ%&és@'an@ﬁié@éar@btof&d%ﬂb&ﬁ& ke 110, g example, if it
than the naxi rrumfrequency is dom nated by sounds not

as:, dobpdtcdipvabrchthinselat PPERERETe oy readisopnd i the most recent five
RSB QORGP GYasl s%c%ﬁirféﬁ%hlaﬁd Sidre Sithed Bafo i—IQethen the buffer

spect raI power at requenci es | ower than t
rshoildrippicdaliy qerdsio it feast 4dhbeinise dD#9 prasedsing ﬁanlﬁmS as are known in

T I : fil
%%ﬂl{ Pe %1%119& %gtbﬁﬁr%lat esyf r gf:{uelnclt :;l ?%aft :Pe
! essv\;[iu :ﬁpéd’ng%eﬁk%%f %lsec%pﬁarg Elﬁ@sthgfd dt lﬂﬂ h&td cfafcﬁlg{f&{]&é/p 116,

rea m ni mim r equen
fdesnrmad he]:dmﬁ.libve,sreﬂle;ss ott dlmminateskérratimptales dlsd nm;uot heaassocxiawd with

2006/ 008745 L1 L20Q5/ 0007
z’fﬁ%%loﬁait bregfing A5RIHEE qe}%‘m eter %Qnelgor prample, fhe secondary
FtSIPIR B! b/ escdplo iaibmsf;mmtlt ek muestmmmmedbe@nals that are

herej nhelow with r erenc

St OB G uebr Gh ARG Tl Tl retthingloer T exfling, due to a
Cget Aepdsturd, hiraBy *‘f&cﬁgtmﬁdﬁpbﬂ 4R) lungky @iot @k Ipgst dfl a ifSnctional

bet ween about 30 and about 50 Hz, and f2 is between

a90leand about 200 Hz. 5 At a spectrum

integration step 108 control t 26 i Iegrates t he
power At anprTIaep oL A cP2Y ?iﬁr@a@q utlizg ot 108 dnqr gecondary

ShighRldsUBY: NG alefRME NGodielyafifeshAlE lﬂés@&ﬁsﬁ% ’coabms?l or more values
movi ng average cal cul ation step 110. The resultin

taesm@tem wih the Previoyh léﬂgeqthSaﬂE)g »SPAG R Spegndary, er%smlrlgfé bgyn times
E?Irﬂ:lfﬂ {ﬂQQ é}%gfqg%ﬁ%[% é 55@6&%’&@ @itﬁ Eﬂe%‘ﬁé&th-gr %) comparmg the
ro er s ep

lcbﬁesmmijng lp)lraainatwﬁ)e dhet hn@nﬂy-matdeétbmﬂmw dite am@r t}ae Secondary

T, 45 @7 b cBhlino l 8RR HHboriR bhaing WL AR, indicative of

Wiotvial Amctierfal brathidgelfﬁmrpmﬁ'reapordugnm@ldes glotred pdssr thagecondary
e S BSR4 BB b RIS e

chit hitdrl ﬂbtleﬁﬂndttﬁ)nsstéfpf 1161 (fortexiuaple thirigidfph @ercentage e g ., 20%, of the

determ nation._ For exa

TR ERIE e KPR IS s ‘P{F%@ﬂ% B aid/og seris of
shommy).herei nbelow in Fig. 15 4A. At a threshol d

cal cu?ati on step 116, using data stored at buffer step

112, GRALERE is #W had® L Bis WA LRBAB, WEikE alel sORenidic @Bikabtlons of

at selected tinme intervals, typi cal | y_usj ng the
signals analyzed at threshold calculation step 116 &*‘1g 3), in accordance with an

embodiment of the present invention. Fig. 4A shows a trace 160 of the digitized
microphone signal stored at buffer step 112 over a 20-second period, Trace 160 is
transformed into a histogram 170, shown in Fig. 4B. Typically, this transformation is
performed by setting the bin width of histogram 170 equal to the smallest value that

26
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t'echni'ques described hereinbelow with reference to
Figs. 4A and 4B. For sone applications, the det ection
threshold is set equal to the greater of (a) t

WO RrMWeRWIH 20 det er mi ned usi ng the techni queé’c%ls?@?ﬁf‘lﬂ@ds
her ei nbel ow with referen 4A and., 4B, an

(TBYlts ins BCIGRH QRS binpar g At Ee B???gﬂédma’tbefs?felf?’%ig €. %fsabout 20
%ﬁcﬁélﬁt@d PRAGIPDEE e WAlith ©X@1 E@hOmhy Rinkifdn@th or near-minimum
detection step 114, control unit 26 detects the onset

anenberefdha bl%}?ﬂ’%”? at Jeagh the drehp Lo armberef PRI | ow by

anal yzi ng the m crophone-detected airflow with respec

to tHecerdingde p&irst methed Hy1setting Hie bty idiky cogfql pmit 26 sets an initia,
tﬁb&lﬁiﬁ?%a? 'bgl Qi oMo %ty?mﬁllﬁ Rakrhs boRrd it gém%rtﬁ@h&ﬁber of

tectlonthres as expiration, and
aoirfts owedehvesulting bingifipll dher inghavel @gr them 2rpoinge the control unit

glgctbr Iin%‘,:ﬂt bhe n%?*? R’:h%ll?&'l(?%cfgngﬁ 38he FRMhod 9 5 back to the

1 ons, etection st .
J;irézimrsomunmig anep t ORGhe gthmétaaﬂ,eﬁ agy péﬂie -Hinsieesiah dHagtat pants, the

bl Al dhC R A0t DR SR DB s BP BT maxioumn bin

helzps user 20 optim ze the positioning of 30
m crophone 22. Alternatively or additionally, if no
respi rAabordingddb @atond asetiodebr shetfirgcthe din widih centwd nbinké applies a

e Ty Syt 28 D911 B o) s o
20041, Qe8I RGHb £ ORI I Se Bin h@vﬁ@htﬂbhmata range between 0 and

det er m nati on step 118, control 6 det

o clier g (g e larhrriopiciece Jah 7604 Vides the flow

hcﬁ'ﬁaefaﬁt%éeinw Ldha! 86641986851 Q) RodSo to‘SF/szandqmﬁzm #Dto F. The
or der determ ne these paraneters, it _is desirable

tesntrehuaitacisets thedlomninterval ennipaning fs dereesmupberegfpoints, and compares
ty
SHERAMRIB: PP Bale BOOLEEA Y, 169 9ugh, 7y06ftin o
healeeted ﬂeartlmewgl id areater 8n s equahitol 1y gheghethod retumpscig thpsdivision step
Zalag)ggl b 3 %%% tS& 9\\5/\6 uétlélyrgl alS E{vﬁgh Iﬂ? %& 'ﬂé&/ %ﬂﬁrg?:(l? r ﬂﬁ the other
Phshd eif theaimm]nleﬂoﬁ pq:nmts: al thy se:lemchﬂm antervalas lesg B@n mothategntrol unit
(Dat a, processi ng technj ques as no t rt
PRI 80 B RE e R RP oAb 1T gl Hav BN pois
GWMQMTE Bteater #Rm OfF cquab®QaD ﬁﬂ&rmrztrbirmmmi‘hatesﬂhng fibwlimterval as

B et o PR 210 oF P PO e Rt Lo i Ogisogram 170

A RGHRL Sehit hlinbdr eNsdihie Vahs hieathibagiAaccording to
predéterm ned rul es. For exanple, the secondary

t hr esh@h8mfRYbiRe1 VSER 4 Fowd@athé f(yaey atf B; [FeAKSalus B typlcally
certain recorded signals that are assqciated wth f

wepiespopds totiag gicrrge dewt ofdhe Rapkgiowidaneissioh e siggpl: (fypically, control
Sxlithé Q&eé#éjﬁvé Bind 176 NAAGES I A BRI Sdest dremBYMOBIE| 7Y having
alr out of his lungs (not as part of a functional
numbers of points closest to M/2, and sets a width W of a noise band 180 equal to the
flow interval between bins 176 and 178. (Instead of using M/2, as described, for some
applications a value of Mk is used, where k is typically between 1.5 and 4.) The control
unit typically sets a detection threshold 182 equal to (a) B plus (b) the product of W and a

constant, for example, equal to B plus an infeger multiple of W, e.g., B -+ 2W. Typically,
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15 breathi ng-cycle). As appropriate. control unit 26
may define and utilize one or nobre secondary
threshol ds by: (a) defining secondary threshol ds
WR296P8749e to one or nore val ues associ at edCHEIERFRYS
previous 1-5 breaths (e.g., setting a condary L
PPRER] NBH 26 defomengs festian THaRe)an B4 RUNERILY Soupgesly. resiling in
LB S QLR LREsassoci ated with the breaths), (U
conparing the 20 correspondi ng paraneters for the

Cur r eRbfelnbEEHodetlad ©atHI N GHTALR 2 WeHebhatih A105RARAGE A ecording

threshol ds, and (c) accepti n(% the currently-recorded .
BS@af mingpheas-detetehairfingy. irprarded upips thertechaiguipfiescribed herein, and

T UW3GELBN@h Percﬁﬁhg 9 dgfch&éﬂ ir SRONEDE REhAIEBABY RS known
do not pas% the Secondary thresholds. For sone )

apthe aytincreqrdansatwitl an minbodigenieafetheriprrsent dneation d aiprophone-
t.h old wal u a rn. eI [T ' t

EFF kBt 0 S RS DB BEALT AIRng' 89 Yl porad
2nutpadouslgde iite sameraege Ncowhempddtdctedeccoading @50 wos EHerediusing

t.he breathi pat n a_ser,l fe.. Breath .
e o i e ot 2o RN, Sigincfihg B 30 described
&ﬁf&ﬁﬂfﬁ&:egﬂtﬂ lfelﬁﬁ.éﬂcattb @i 30f Chest gfoahseraralry@aingps2 gas recorded
t hresho cal cul ati,on step 116 (Fig. .3),. i.n accordance,
P08 2t SRR R0 TROgE S5 e g Berabgy Cipationed
$OPGeds 542598160 8o0L03¢ 16iGaish.2 Bdcadlh §icE belpBB 8ensors produce

signal stored at buffer step 112 over a 20-second )
@eg%abba@cur%%asmm@ oft pragiing mbatss, ey ArCHmEFEgF dpfording 252

LdQes éd“?\e&l&dg fgﬂ BetertBnind YR £RLlaYy of gﬁc“ro%{oﬁﬁ%s@!i Rdatt®} phase

is performe y setting the bin width i st ogram
TF@reigaiions ngng the techeinpesslesopibpdieereinat 26 WO

2006/ 008745 PCT/1L2005/000778 results in at |east one .
bi n h&héshgirenmfbrenes regording @8 slearlnshewe allathagss jof permp! breathing:
e T
telreuthfierescehmeverdin 23Ratst antlyeed: hyings di-thax antdesis ¢f dgrdveninspiration

Ac di f.0 . [ i .
S5 Tt Pbhie Dl Ty TR 8 Tex 5L Ty B B T gttt e
Ui, df dndt reahihg wmpktude A, thpexzalpley asl desdiited dorie abovermentioned US

ount nunber of points in each resulting bin. If
Z)Iafeniigéogﬁﬁs have fewer than n points, the control

unit _increnents the transjtional -hi.n, wi dt t ypi.cal | .
by 1, afitioetosae TOBRE! fdRe 23 ach iy s e eipfrtion
GRLNAL et . ADTedshen etthefiohafduspirbticinymefis hivessaiynfor certain
has_ at |east n points, the control unit desjgnates .
rRRlicgfienshanglyiing Resalimga pritern UQRy O ARty qspipation- and
@ﬁ_}?ﬂkﬂdﬂ%@ﬁ@d ohflink Zonef)CAs0 BEkLIMELA! Tord exE@GM) din MBE hidlvd-Riferenced
se

ting the bin wdth, control_ unit 26 applies a
patents and patent application publications to Gavish and Gavish et al.).

Reference is made to Fig. 6, which shows an exemplary correlation between
microphone-detected expiration time Ty and belt-determined active expiration time Tay,
~using the data shown in Fig. 5, in accordance with an embodiment of the present
invention. The correlation between T and Ty, as determined using linear regression, is r
= (.98 with slope 0.97 % 0.05 (expected 1) and an intercept of nearly zero (expected 0).

The accuracy in time is 0.22 seconds, where 0.14 seconds is the statistical error in
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SUCCessi ve-appr oxi mat i on-procedure to the data of =
trace 160. The control unit creates an initial,

transitional histogram having a single bin havi n g a
WO Wo/aBTE r ange between 0 and F, where F i FCTAE2005/000778

maxi oum, f | .ow,val
IBFE{?PH%%F e AT ulllg% = ana]ngpgmﬁ }%@ ¢ ,t\%%ﬂl.tlﬁa? Ic?ﬂ"éiétfon was found
b &ivEd Sicrdphbnd-Hae0dd dnd bE!k—ﬂetanndne(dZt)redthmgmeﬁioﬂs (dgtamot shown).

The control unit_sele v

Toiee 1EPgBRCHE B o PGPS Lot CORELs Ao GbRAbE Bdnose
e BtaSeltiydenBnsoe! ected flow i nterval to n. If t he
nunber "of points in the selected flowinterval is

gr eat @dfebh@Ns Qfai® ei4dé td Bigns. han emtiddient ef therpsesew inteption, a
di vision ste above, at whjch t sel. ect ed

mathed igproyidedyfoy peisppting pgpigwgnf i SRE A L (%ef;]ected active
g{;ﬁ&%{ i %n{éa’ﬁf' and fbréahﬁn éftzﬂr TofinRObddeeni ﬁc&d@.ﬁvﬁ ereattipd This

OW I nterva | ess t an n, the control .unit

tngthiod o |1ypieiyonssdsor RETTIBR o0} BERE UIFVPORUR, PR kP dRgribed
gerei%'{agovgv\ﬁthtre%rg@e Qi ng MripOLiticw sighblefefleddd $n recording 250

t han or equal n. The control unit _uses tg';ﬁ
gmrdllyl n@msp@m . tot dlrey amxeasienvawée bivrithniigierieh fsig) s plo ghey fhest-

70. The cont e gEive of
‘I‘Wmfﬁrgecfe rﬁc%r €° g7 ea{m%égﬁgﬁgé 3¢ %ec%ﬁ%oﬁﬁllr{{a g)q %/Iﬂzggs%ngm num
Ring vblhthe a2 Endidarekdriy whdst circhitderbizes. a fl ow val ue (y-axi s)
of B. Flow value B typically corresponds to the
aver agke fihowtei bive bbckgdotmtl effirdes obreathingsicgrally can be

plcall cont.r ol nit 26 selects two bins 176 and
%W%%B%%‘?etoét@?aaetge Of maxi num bin 172 havi ng

b f | dt
e S g Lol 49 B0 SR
bet wegtheRillg St #héCamd dinde/d3. thé bégiirtdgofothe swtisenedt Pspiation

described, for sone_ 30 ap l.on val u of M kK is
used, Tighd&ositis Mﬂ@ﬁmﬁl&l%‘@“ﬁ%‘f %%ﬁ 9‘% ef Fhe
control unit typically sets a detection threshold 182

equal to (F’ai)ﬁB ml)& (b) t he produg( of Wand a
constant, for exanmp equal

to. B plu n
mul ti Epresqzﬁe quh%atl@ns, 1S §¢)to 'f‘)fﬂ?cé’gfll‘)?/ ! %’ example,
2006/ %‘}ﬁﬁfa’? YRGY tb ROREARPOTT 8 Traadk bolstainbdtwad about 0.8

deter es detectlon t hreshol d

cont i mrbd@luyl 2y sl ps peesabogi0. égé‘ﬁf‘%\?@ ﬁ& gkte%ﬁtwely,
Procegs, tFers%p&ethé Sul QU TREE atPthE vilue, Swherdih @l Vafueds
schemat¥c rlITustration of a recording. 250 of

ni cr ophsities dratcasived Fat someppplisations dad it5 fybe el to T
t echnigue SCL S GRHRERPP NElR8m
recor&r% &Jﬂ‘é HIB %b/ltrf%irugluaﬁf er enéusaorr ecor ded USTI ng‘3
t ec h n |amlﬁzat1dﬁspmf nsnset lea ghenonienolagied fiaatier ofili-h Tarpr of
nt_of the ent bed
det ect0 r F@E‘Eﬁ“&?ﬁﬂ%@@ 5 13{ ]cgzkhl%&% h%?rué e?gi i descrtbe

r ecor Ghefeh, 25 Fovesdnd epplicktidns, S bmail ctrarmmelstqnsiiantSt k€ the
? ?ﬁe@g%'ﬁﬂ o oﬁhfurpc orclj cﬁ:?err%%ecrl gﬁggsg innlgartzrgg)o%ely to at

least one parameter of the respiration.

e 2 second pattern 262, in which the end of active expiration Tgy is followed

by a phase Tp with no chest movement, which is foltowed by the

29



10

15

20

25

frequenci es f1 and 2 of “30 Hz and 150 Hz, =~
respectively, at filtering step 106, described 10

her ei nabove with reference to Fig. 3. Chest
Wonewspisrence recording 252 was recorded usHGGEN05/000778

belt-type sensor simlar to the belt type, sensor
descr ItEEETRE GiHAe B MEPBHE Tios AR @fﬂgaf@ﬂaisnﬁa*zs

and Gt%zgallg%zmﬁﬁetfﬁsﬁ e fABBGRIESBmEEh bel t-type
sensors produce highly accurate neasurenents of
breat hi ng ghases, chest circunference rggording 252
serves as a control for determ ning the accuracy of

i Cr ohe R&nd asRdaktis at )i RGePRaSRinctbA m&rﬂﬂ ERp) Ty

usi ng the techni ques deéscri bed her ei

ci r curayr ehset tp deopiodngg ofokr andem ponptashbrigecs) abophBdemd
of norggl: 107 SAlH UsHiwech B6@4 351280 G 1 9% PRIy, Tins

i ncl udi i'ng active expiration and a post-expiratory

pause magHesset tochy sumdEF emwd dhe eduss thrgmzsezval@ ia pesijvect

4o 0 T P i L 1B LB B T

Tin, ton mma‘stZO\‘Ve seo!qoasnathlmphm ormnifB 1T%x ,Foasembappiitdtiongy

anpl i tude. for exa rib )
v e R o REiSRcTagtaL REBALEEF: bFof Afer respration
m cr opbiauae pﬁemeﬁ:fsadearsmed) usih@ gcBhfues Itlesmbmﬂheyem hBor some
active i.ration hase of br t hi n

St rapPRRR AL e PR St e HafieGlojoRaD fundon is
cer t aigaterAiBd bt RhitGR pafti :Bpotkdidlg td)ﬁtelaidﬂ loRg pRainb@r bf the
nodi fication by generating inspiration- and 25

expi r 465P8AUG| at ed gui di ng tones, as described, for
exanpl e, .in the above-referenced ﬁatents and pat ent

appl | CACIBYFIEDRIVE Q0P Off IRAYFSHMER POy cguragipn fime Toy

RERLELBNER d RurdiRE Srdafr Hiafl theduriMon OR SRR n Fithee § Bdfies up to
correlation between m crophone-detected expiration

t§ fimestgreaterd Ip epntragle tnesepsndenatiers 263l anepharallyihom a singiar duration fo
Ttﬂét of TUSI g@&-t&é‘hgve% d Hatl Q- paﬁem hBo E%ﬁ’e[lﬂ?%%ed when a
af™enbodi ment of present “30 I nvention.
cmelr &l mrfooningemwstion Futh mpluriaaixhpsaheaﬂemg,rm n@dﬁuslimgrolongmg
¥ .
(eRFRep PR e i benBab R 0 W S Bpcior armd Bgpousc
Q)mneuifdne Se@ad patteyn 1262 teﬂnt&s F geti&raZ ﬁatsmbmn@hsw tohmeateh Qe fldw at the

econds i.s t. st a& error in 28 WO 2006/ 008745
éﬁﬂ gjfsﬁlﬁa(e?? ﬁ%’érgﬁ?l ng the time interval under a

10 Hz

bet méﬁ@"ﬁss S R T R T e

br eat hi ng ﬁi{rl cid data not shown). These data
indicate t ﬁe i cr ophone-det.ect ed paraneters are
conparable to thos% thfct ed by a belt-type sensor. 5
Reference is ag Nimide tH Fig. 5. In an enbodi nent of
t he present |[11vent,11 on, 3)

As mentioned above, for some applications, Tinf is set to a function of T — Tr or Ty,

depending on the evaluation of the condition. Alternatively or additionally, the condition
evaluated by the algorithm is: If T - Tr2 a function of Tg.
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method i s provided for estimating inspiration tine
Tinf using mcrophone-detected active expiration time
Tf. and breathing period T (tinme between successive

VP 2WEMEBF4S This nethod is typically used foPCEARIYT/HG778
out pattern determination step 118, descri

her ei Figbdve2wranh seraizeriperinents 551t metﬂge‘gtﬂr fiegitpnce with an

Sh85@nehie bt Gt §Hesé1fﬂ HRGA6AT NPhe? 2Rph OsheRE Qﬁl@i‘dphone—detected Tinf
corresponds to the tinme derivative (wWwth inverted

shlglyted psingy @Ig@wég:t ) reddipeTare@siet Bithie 29 Wior fyaxis)
%\?ﬁﬂ' tﬁ@&%tz? ?rem %ﬁf&%gﬁg &ﬂé'c{eld%ni §at5 BE1G fiffereHOihidesa ib¥e@ iR ffor each

'ung vo as In at ed hest circunference. The
userk nTt@rc@nhlaw odtweanvEidr mdétm,e&smwmg%n%ﬁgelmem Fegression, isr =

%}? é PB 4b & fl'f‘ fe@c?éc?et# ]ﬁrg':rué Srggygéfcegggf Vﬂ%%ré%%g% gexg%céedoﬂf). The

aﬁdutaési ek ﬁ@o 5 Bechads, mhener(}slzt gends & thy statistichleersa e measuring

o5y LT e S8 SRS PSR B3 of e

Bdrh@VihrafiG b ay, 331 Fbeohdy, anfOI8YS6ie am@dlgedﬁéatlﬁﬂ@ period T
TiMis set to a function of T_- éq.t%qient r exa

20
vf (99 ﬁ%’?n% Jbeset @Sl#tﬁearﬁ resRrly ra SR the Turpose of
tbr@zﬁﬁj}ﬁggﬂé %e&rﬁiﬂ% %b&ﬂ%l tdned, U6 MeBSy-unity slope
95 an

bet ween about about ternatively

) br:weemrﬁy geamstars foynd feing glgodthn(3) axd thehelf- tm?esev%ﬂr §aggests that

1?f'el@n<§ei§ e’ Q&Fﬁﬁtdbﬁe toR@3ddni ‘d&ta %att'%ﬁﬂ%at hi’ﬁn etEQ&dﬁ@ﬁt%ypmally

app i cat1ons, M1s set to be equa
dimisg @r bueithing 0t swdificationnproeedire)] s mattmurme ;tqd%ed to an

SRS DR e 1 bl g, i s,

med/pi tyedveaging teatabd of Apgmerers! dueiag muliiplelseailing cycles.
techniques descri bed herein. For sone applications,
one oln aweebatimsitarft the @estrit e’nvqnhem oriditiohd dircagling parameters are

ARG A e SRl SR 15 BB Rl v

SRR i@t EREHNE 2F airflowtliic Brehthaumbet, afd tis thewtime extending from

X rat i on gax i s f@@g\é\%i%ﬁ%%@dp geﬂ%go%g{%ﬂ%g parameters

2&@@{&008745 PCT/ | L2005/ 000778 begi nni ng of the
subsequent inspiration Tin. For this pattern, TiMis

t y pJ C Btehﬂﬁn@%ﬂﬁ?ﬁld%dwﬁﬁh 19 rdphRedte b eNBtefaicMakBow HoMr
' smgle breath, which is given by:

Afi)=3 (i, t) (4)
t

The integrated airflow represents the depth of breathing for the jth breath,
(Alternatively, breathing amplitude is represented by the maximum value
of Y(i,t) over a suitable interval.)

e the geometrical properties of the airflow pattern by means of moments,

which is given by:
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For—some appli‘cations, “Tinf is set to a function of =~

Tf. For exanple, Tinf 5 may be set to the product of
Tf and a constant between about 0.8 and about 1.2,

WO aNoRs7Het ween about 0. 95 and about 1.05, PCTIL2005000778
Alternatively, TiM may be-set to the sumof T f and

t he val ue, ei ntY he vigl ue | j|t|ve or negajive.
For sone a E{c’:(atl oyns TI&nf |s&slgPsto be equal %7(05 Tf
within plus or mnus 20% such as within plus or

m nus,30% For some applications, 10 TiMis set to a
phenomenol ogi cal function of Tf, or of other

respiration- rel ated r tens Jreagured using :
t echni ques descri bed % g@f or so applications,

one or nor@) ¢oi)st ant sWn@%gl cal function
is determned at |east i B(éi‘r't esponsively to at
| east one paraneter of tHe respiration. 15 The
i nventors have observed that in first pattern 260,
active expib ads bpomderg! the mg@eRir al |y has a duration
greater than the duration of inspiration tine, Tin
somet Fereexamples i 0 5 0¢ L.rie 8T 3riha FER COFGHDAYL ﬁe%?tlve% to (a)
t : alttBn,
3‘&?% g[?% ﬁl%% o@ E‘ﬁg{% ? g eﬂ;ﬁﬁmg %'Elbh e %Ih(%edri:?% r Egﬂ'f%y\?e obs gl}dv(é%
tabwnumﬁmcaftthqmﬂoe«mﬁ%o |s usual | y obtai ned when a
user is perfornming an action such as pursed |ips
br eat Fongomé applicaensj ragihing ymph@ﬂ@ngudﬁfgnwdeﬁyph @ﬁudﬁ}ﬁpnbed
BHo AL DG &r@%d&ﬁ& AAFRER: b doifom LGSy Bnplicade. For
Known nmaneuver . econd pat
Zﬁéinple,fthemddstuma‘gmmmr nmfthmr &) atemden of vantilatien Ginauhteof air per

:ﬁﬂ}ag gu{%ﬂs agﬁ%c\u(cg%f}g %e%c%mg g ?Eud Qnﬁﬁgregxfét15§§%r9031 or(b)a
yeatiie of drdathdhgn @r@h@ﬁfy{, tsﬁmﬂ as i'eilatﬂ?e -ﬂu'o?fuancgj& f%rbdﬁ]ﬁng amplitude
ment.l..oned, a

Rohetasprteea Srmion ofis fob Hepd ERPOc oG Sided B the mean

QF thef breatkigp aRgiifge)0 MBredtRing \hadgudiitd ferefally raedycivking Btress and
Al ternatively or additionally, ]tlhe condi t

EQmP Glﬂ:@ﬂs b{oR FeEneARpHFatioRtother characferistigs ?14 the zirflow g dotected,
Qfichlas Kﬁ%ﬂl %t@x@a@i/cg(?ﬁ?déﬁ h@@iﬁé db %Qﬂéé?&@?aﬁgnalé: is@oh a&: | S
u

a grap showi ng experinmental res nmeasured in
accor g@g:&?e 1Lt o BRI hifGn &perafdi $8Rh characterizes
i nventi % ra|g g% ov\S/s m cr ophﬂci)%e détected Tinf
cal cupersadlipsdr igorithm (3) (y-axis) vs. Tin
measured with a belt-type sensor (x-axis),

e 3 fast-rising but gradually decreasing flow followed by a post-expiratory

pause, which characterizes relaxed breathing; or
e an exponential-decay that characterizes passive elastic recoil of the lungs
against airways resistance. .

For some applications, the airflow is analyzed to detect a characteristic of
breathing with effort. For some applications, the airflow is amalyzed fo detect a
characteristic of breathing during which the lungs undergo a functional change, such as

when the subject suffers from asthma, emphysema, or another condition in which small
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wirth the dat a poi nts-randonty sel ected from data of 10
different users (3 breaths for each 5 user). The

correlation between Ti M and Tin, as determ ned usin
WO MO&POST8Sgression, is r = 0.82 with sl ope FCGAL2005/008778

(expected 1) and an_inpte t of a zero (expected
Birwspf e ias AP Ron RHICE QyRe b %b&#a?ﬂz%é% & Snnly clastic
se@nds is the statlstlcal error in nmeasuring the

time interval under a 10 Hz sanpling rate. This error

repr esigng §s albmid cﬂa'i?/ﬂﬁfstrm% a RYRbATE: AdapRvdlyPtbtemikingHiltering
Tin of 2.1 seconds, and %.of the average. breathing

Fequeagiest in (ropmdgicy widh g FPodimsEROF G PEieTh fention.  For some
%@gﬁ%ﬁﬂng ycogﬁ&f i RNIskYhRGRAKRLS dbRFmihd ﬁlt&’ﬂ{gﬁ?éilﬁeﬂéfes f1 and £2,

yi ng breathing patterns by generatln

tedleed MRivinabeue Mjthuslerepios foolléering Stopeldd of eg wﬁﬁ@@%ﬁt@l 10 is
LA, P B, S0y ol SRS v

rifhioin saketcsd dort 2 piedgemiinedaamanb ofiiientonfrolyypiicel yufomatically

br eat hi geRattern LT Cepyr ).
Pl 3B PR g e B 1l o8 b SRl PR atceptinety
asreragi ingirkieh andl etxpxraﬁon'f)ham dislicatats,ditia phaye mndidaiqpd generation step

hi n cl and/ or eragin e va
s Sk S 32 R TS PR OB pRgddfforcfr between
eh0u0 d i sloud$ sdcbpdDe.gs sttt 2 Bacends] a1, ea&dé’kpﬁrhmiﬁﬁhase indicator for
br eat hi ngtefaramsters are derived fro

ReteE ot dopkl) seronds.cii- 2pAE 4isPen 'Haw%f’yr%féplwﬂy generates

-@Mro%ﬁ%ﬁaﬁbéﬂweﬂabouw\&]ﬁraﬁoﬁ 10%intdse magni t ude of

airflo is breath nunber, and t is the tine

ext enﬂés@@nﬁ&eﬁ’ﬂo&ﬁe Eﬁ%e %aﬂﬁ ReurRfsyPh&dieh 31 gettkdids thA® and/or

end of Dbreath i. e additional breat hj ng paraneters
prek nipgeeges ek dshpeigusaimgl ite wirehrapize resthing syhe theringpirafign and

E{]ﬁra’tl&ggﬂf&% ?ﬁi aaéuﬁriel @s@f gt@ﬁ ?@ Ml%%lﬁ)ﬂ@ 9adebcts e ?é%ultiﬁg user-

gi'ven he integrated

génefateiainle qg@:pt ﬂﬁelb304b Pepplifiend8 amplifics ¢he Sligilal and
I TR —

806.t Abk bufifertead waik ytep BOR comwimnit 26 dliffgrs dpedigitab sigodl, addemarks

AR B Al O,
1(%% a)ﬁrltenng gte W%{)&h‘ol\um/t/% periodically performs spectral analysis on

. the buffered data, e.g., every 0.1 seconds. Control unit 26 typically performs the spectral
analysis using a DFT, operating within a range of frequencies between fmin and fmax, as
described hereinabove with reference to filtering step 106 of Fig. 3. Control unit 26
climinates frequencies that are less than fmin and greater than finax. - At a spectrum
integration step 312, control unit 26 integrates the power of separate specirums for the
signals stored during the inspiration phase and the expiration phase, respectively, and
typically smoothes the signals using a moving-average calculation, at a moving average
calculation step 314. The resulting inspiration and expiration spectra are separately

buffered at an inspiration buffer step 316 and an expiration buffer step 318, respectively.
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(YU t) 0 (&) =ti)y tand t - (b)y nis the order of
the nonent. 5 For exanpl e, |f n=20, 1, 2, or 3, the

sum corresponds, respectively, to-(a) integrat
WPEHIMYSS zero by definition, (c) variance Tﬂﬁ@"w“om"s

o LR K00l T S s qrgove

abee@plpiyrn@&uas irchrcagatte sat dednbodinne of &e ratntl ifdatiolONEig. 9A

addi ti onal ranet is deri romthe breathin

3he¥s e B o m 35 and, Py YR Agptrum 352.
maYa §Rétrd ﬁﬂ}tractﬁﬁ %ﬁepraaoqhgv ep fcbhted] ui 26 3ABREs iBépidiién spectrum
per unit tine), such_as a_product of the breathl ng

anB oM BPIARE PRETTR3N fostRma BErSPeRiumot>4( iowa i Fig. OB, which

B asetite® wil! edlifatdg aﬁﬁbﬁ%ﬂ)‘uﬁ&s‘ t Y)on’@dlclhma% rtﬁmaa'{l& ferages net
fluctuations in breathl ng anplitude

Spesiamy $920we1 & 6dleNedorumhe of oides brestesat A mgﬂr@mﬁr:ﬂ qalglation step
\%3b Ues, trgp ik %gdcam(ﬂa'iége[fagﬁﬂé?er Qe b e@frﬁrﬁt 2” Qlcludm fl and 2,

anpl I t reathing Trregularity gener [y i ncr Eases
dlgscirihed Qt:nembovan‘dlﬂl?:ekm th Siberies ste-d06 syniig. 3. The resulting

%Leﬂ fé%t GAIQ ggeﬁlcag tﬁﬁ%@flﬁjﬁ?ﬁ( ?‘%’t Gl Hg‘stc{ﬂﬁe%i h%[:en%ag?vean%{éfé lfeggye&re %o Fig.

i3ation gonae qqipysatxohsgg‘l saset toaatvahmahfh tha;uihdnaxaa; tndeAn&Gpet@m 354 to

PhPE of B 358 .2 PRARLST o o eied it 3B SoBolpsd Paf Bogs set o o
halue gmcaadha k]ieyaxehamde:aﬁt Bgkchita 654 o ﬂh@vigl@t Y2 & 2% (e.g., 10%) of the

ost ex at or whi ch characterizes rel axe
ﬁ‘{j{“ Byt 8@41 eﬁ? RRTOREALS ¥ ?F'%?é{t beqqplar ol pausd to 2.
Qﬂﬁe&ia’t&ﬁel? bﬁe&fditﬁméil!?yc @d}ﬂ‘mﬂ) {mit DeddrivBOstherdBinkedrs 8f NVESrum 354
resi stance. plications, the airflowis

A pip 2yl fopfi ]éeéﬂlé@f ﬁ%ergﬁékﬁépéf’f@&% of breathing with
effort. For sonme applications, the airflow is analyzed
to deReferenge isagainHaadectodiigsti & ot embedimpitf theprepmgit invention,

‘Pﬁl&l‘éﬁh(ﬁl@ 02 iU eratHAdRIIOm AL ASTidaR @imm%mcaau& tb.g,sm air or

when the subject suffers from asthm, enphysens, _
ansheees)couiestivgion-relaipd airflosned user 22 Rapezanpe.0b8madical device

Eﬁ %Qé/a%}gegﬂﬁg AldRY S 16 |sARS & Q%Acp @fﬁgg{nfeg | @8 some

cannot haracterizeld as a sinple
apmimaﬂlgns fheghreghing eask| @wubh aret corhponsits aff i angemdilatet thaidapplies

%ggiti&dﬂgésh%etjo%hed ﬁfn%g m? |ﬂi‘.erll %Of ifhteetgéh%ues described herein are used to

detect proper performance of the ventilator, typically by detecting active expiration by the

user. Active expiration is typically measured by detecting low-frequency sounds
indicative of expiratory airflow, rather than by detecting sounds of breathing. (In such
subject, sounds of breathing often do not correlate with expiration, because the sounds of
breathing are often affected by various constrictions in the subject's airways. However,
low-frequency sounds indicative of expiratory airflow are not generally affected by such
constrictions.) For some applications, the techniques described herein are used for non-

contact monitoring of breathing during weaning from ventilation.

In an embodiment of the present invention, the techniques described herein are
used for non-contact monitoring of breathing during-use: of & drug inbaler by the subject.

Typically, microphone 22, and, optionally, other components of system 10, are integrated
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present invention. For sone 5 applications, control
unit 26 uses this nethod to determ ne filteriqr%ﬂ
WO aHG8MWE%es fI and f2, described herei nabovd&GlilE395/000778

. i | Fi 3 en syste .
i 5o S S M, YA
qyphised With tesheiquesyfor mndifing brenthingedtivty, ofothe wtigert, such as those

i.rf. [ t ed f term.ned a nt. of .
RO B YR S 88 SHELCTTE SRS o v
st Godskrebalnode of operation. In this node of
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se i ndicators neration step - 300. For exanpl e, .
B VERGIR PAPE 48 Drten rophie ey B‘ﬂ’%ﬁw?%tq G Cavish
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seconds, . and each_expi ration phase indicator for .
Gediaahiaunhe. ohias ot aloets, Fog sjue appligiions) insomnia
18 aranRd usingRethakuby BseFbddYn S8 T8t i ing, i
%h ses. blePth é%% IalboutS 5 and about 10%?%@11%%%6&}% breathing, in
SpRiieh Vi jodhe ausiclopRedEy in BpiEatioR-sclatad biagythunic activity of the
SYRENESEARE B4hI8RRE OfBli -
t hgt I nstruct user _.2%;??%9%%0 ,‘?“g%gﬁtﬁ?’fe%? h?%ﬁ%lﬁ?%%h_@s t?
CHdshagd Siavisk pldd and  expiration phases, at a guide
user step 302. M crophone 22 detects the resulting
user It ga pEybadisgniaph the prgsenitinemtion. th bisettimgentrioring tehniques
ibed\ iR dif: | L 0 9 L, ,and. A/D
Eibed i B a0 TP delop@h Ml FhG8 ROfhindy Reh a5 slecp-
dpnpidréd byeathiop assomdatell with slzey apmea ot epdAAnBieadtsy@irome (SIDS).

‘ e 08, .contral unit,26 buffers the
el B e SRR o SR, BN Ep el dgHiaretha ¢ Bt some
@hﬁcaﬁgm Gudhnliin&?];amjatt genitiag of bkédiﬁ&jﬁhgt ] &oﬁiblﬁﬁ@ bqithﬁgcémiques for

recorded. a filteri st.e , _contro] upit |

REBBi Bisrpe iyt 7C Bpeubipth SUitary SHse Gisscromg in the above-
rhatibeddatetidnd panappli@iieh YullicdticB $O08Esh LA Rh b4l t

26 typically perforns the spectral analysis using a

DFT, Iopednddigentbt the predent aRe@ioa! tebKiRglids BGhESdMRENESE used in
finin. an 5 descri bed. herel nabove with

d.fmax,, as ¢ b
B’PB%W{‘ 6"*%&‘%%5 fpodifyipe Perghaghmic; aglivig; ofoessr @I Typically,
thbiorbg hmi€ hétivit dhedidel hQPHAA Shhel 118 isWuflel §6 3thlABr a certain
fi,nin and %ﬁeater than finax. At a spectrum
PP Rfr iR, GRhals fopa gartin pasied o imgnand, omionaitye iy latidbis bheeth for 2
BB perRid o?GRRr at e spectrums for the signals stored
during the inspiration phase and the expiration phase,

resperhl Y8bdsimaR bt /i %} e ROk I?x?e?t%otdqg Foaa! 8 modifying
usi ng a movi ng-average cal culation, at a KOV ng
ngijealigwecuzing mubiaphase biethythenic 3¢ivityifer subat, tsiefgas respiration of

BYET age t binth | '
TGS, 0 A A B B it
b@xlpghlmplagﬁgbfgﬁéird/einf@zgg/m ggi;ai s g&?hiiuebne or rﬁ&e\ci;@ameters ofa
RelL er enc | made to .
000 BaHclRg ylie t ANGRa dr B ol R ife Sleh Ag e par

resporsivaly to the filtered signal, a stimulus input, such as an audio and/or visual

stimulus input, is determined which is operative to change at least one aspect of the
biorhythmic activity of the subject, a:qd the stimulus input is provided to the subject. For
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exenpl ary ‘spectra; in accordance with an embodi ment of
the present invention. Fig. 9A shows an exenplary
i nspiration spectrum 350, and an exenpl ary e>ép| ration

@Béwmﬁﬁ%& At a spectra subtraction st ed@2H2NEYTs

i PRI Ty PR SACERG i SUBIRYS AT T i actvy

HFeeét URdm Sthe 1BHIEYWhadeN bibkigthn3B, achbitg handi the as@dngt Birhythmic
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nunber of gU| ded breaths. At a paraneter_ca Ctg}ngtt%c?
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mpg‘onmnv Teetral @salysy ergthe sispad ft@n@fl@rresa fegapengy sepepm. For example,
elr deﬁ% %)E&Eml Qb b%%Egr f '@éfédh%ﬁhaaﬁeﬁﬁuwﬁ rhon—ﬁ:equency

me applications,
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morev aﬁf§ of fl isrl%(e.g., 109 of the total
ea under riet spectrum 354, and f2 is set to a value
such Al
of fZE: D%D/a%é)géa%ny %%&C}%&%ﬂ?&%&% %‘JH tgfécf]' to f%ﬁlhggngﬂnﬂ enecy:
sﬂeteﬂ moise 3odn thassigmiriggcdliyt te, elinlinat@y pwmaq@faﬂhe eignalothat is not

o,r2. .15 Alternati.vely or..additionall .con I
Gl o e PR A0 L ARl PG bR e M s
t(&lg.t nidn@tored @bidgOd bhittytpe rSeﬁB@r)aﬁna)‘/ iihdledel m@ee&‘tbeat—r&]@ﬁd afomponent
Fig. 3. Reference is again made
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relatsdl AikeTingh-speh at B idsntifying\sost Regley clppicterigic @xf\gﬁﬁﬁaéfbeats and

L OB RHineRlfAeHE GBnd0 MRy conprise a breathing mask or
a t(l).lbe such as a%?racheotony tube. For sone

appl i gatj tpgﬂﬁmatteh?ecﬂﬁ% MieBG AR Hered afeUPBotRe® in conjunction with
conponen a ventilator that applies positive

mcéslswsedesmheﬂen therapeveomentivapd pgenigped paterts sbplisation publications
%;lglpgﬁ BKE 'e'? are used to detect proper

of rance 0 e ventilator, typi cal ly by detecting
aC“V AR SRS T A5 OfknbSly b
t ypi c%@%%&?eﬁ%y gltlectl ﬁgo OW sﬁ'(lelquency Sotin y‘ een
ﬂSsclmhcﬂ dmem/ ets ahcledapg raatlior {pned ahd/otyoral amprsages.h amhbymuh and

L%W‘gtil g ad%t agdhf 4o ﬁosﬁl&ggg &e%ﬁa]t §1§%ﬁf%&ages ¢.g, text

@Xdaszfgai (e(g?, "ﬂﬁﬂﬂm& "b}klxaleé‘,p undfer dinanbwaﬂatchmgagreptmdaﬂ deatures,

af fec vari ous constri,cti pns [

S by it 8 5 i GBS reh S SRR 4 Beopped vith
@ Pppedpsias é’tltﬁtfﬂ E80eraiot. n@lterﬂﬁﬁeryalsbmdaﬁyfnﬂ&bﬁ& by seueedtes oral
constrictions.) For sonme applications, the techniques
@@%%@@%&P@Vﬁa FrhapdaRest or non- 30 cont act

nmoni toring of breathi ng durj ning from

venti Hayil apprﬁclg Q.‘ﬁﬁ%{&?ﬂﬁé Lﬁl{ﬁg@) aéggrﬁrescnt invention is not

iA%RALd Mat Hal BecnGaRRIGIE ShokBSHE Idb@ﬁb&:ﬂie@élﬁhbaﬁ@ Raf&@the scope
for non-contact nonitoring of breathing during use of

&f @mjgesenhwgm;qon bgch;qe;fé bg@lﬂo@@@nanons and sttbcombinations of the various

features described hereinabove, as well as. variations. and modifications thereof that are
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rypi-cally. microphone 22 ~and; “opt i‘onal I'y:~other = =
conponents of system 10, are integrated 34 WO

2006/ 008745 PCT/1L2005/ 000778 into the drug inhaler
‘ﬁ%?m§@ﬂ%ﬁhpplications such non-cont act nonﬂFHFFHB“%@Tm

br ined,wth techni ques for nodify

Bob 3 hedicncrs GG Brl el g pepns St Bf pgawon Whding the
dﬁﬁ@@m@&gmmﬁuhhe above-nmenti oned patent and patent
application publications to Gavish and Lavish et al.
5 In an enbodi nent of the present invention, the

t echni ques descri bed herein and/or in the
above-nmenti oned patent and patent application
publications to Lavish and Lavish et al. are used to
treat a subject suffering frominsomia. Insomia is
soneti nmes caused by disordered breathing, such as
fast and shal |l ow breat hi ng. For sone applications,
insommia is treated using techniques described herein
for detecting and nonitoring breathing, in 10

conbi nation with techniques for nodifying
respiration-related biorhythmc activity of the

subj ect described in the above-nenti oned patent and
pat ent application publications to Lavish and Lavish
et al. In an enbodi nent of the present invention, the
breat hi ng nmonitoring techni ques described herein are
used for detecting sl eep-disordered breathing, such as
sl eep- 15 di sordered breathing associated with sleep
apnea or sudden infant death syndrone (SIDS)

Typically, breath-by-breath airflow during exhal ati on
is nonitored. For sone applications, such non-contact
nmoni toring of breathing is conbined wth techni ques
for nodifying breathing activity of the subject, such
as those described in the above- nentioned patent and
pat ent application publications to Lavish and Lavi sh
et al. 20 In an enbodi ment of the present invention,

t echni ques descri bed herein are used in conbination
with techniques for nodifying biorhythmc activity of
user 20. Typically, the biorhythm c activity includes
respiration. The user is guided to inhale for a
certain period of tinme, exhale for a certain period
of time, and, optionally, to hold his breath for a
certain period of tinme. 25 In an enbodi nent of the
present invention, a nethod is provided for nodifying
natural l y-occurring nulti-phase biorhythmc activity
of a subject, such as respiration of the subject. The
- met hod conprises detecting a signal indicative of the
mul ti-phase biorhythmc activity, and anal yzing the
signal to determ ne one or nore paraneters of a
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fiTter, Background noise is filtered fromthe signal "
using the filter.. At least in part 30 responsively to
the filtered signal, a stinmulus input, such as an
audi o and/or visual stimulus input, is determ ned
which is operative to change at | east one aspect of
the biorhythmc activity of the subject, and the
stimulus input is provided to the subject. For 35 WD
2006/ 008745 PCT/1L2005/ 000775 sone applications, the
background noise is indicative of secondary

bi orhythm c activity different fromthe nulti-phase
bi 1f thmc activity, and the secondary biorhythmc
activity-rel ated background noise is filtered fromthe
signal. For some applications, the background noise is

f 1.1t erfeehethod donanelysing rrapitasipn oba pybisgh S1FaYeHReq ©BIITESET he

signal, g@“ trﬁ)'hrb% Xt%l\ér gﬁo&qgéttd'o%t kdntadt B s%bﬁ&a}geﬂeﬁttmg

flltere b orn1n spectral analysis on the

sa gwalmgnad mdlceclhsrc of airflow gownds yhat pecgsnaiwed 6 theigienhane by
enc ectrum may be frequency filtered.

F'ﬂ’l(?q eﬁﬁ?‘i"%%ﬁ?. vel y, non-frequency spectral

anal ysanslyzlag pihe fainflowdsmomds e deiegniak 4 dirgr spgrofi gne or more

cla33|2é % Si nal eH@cordlng to one or nore

VERFADER o 18 geSPATHOLLHIE appl i cati ons, the background

noi se dfpﬁlyfﬂg| dnil @Gitlird t¢ theTire saiof-phraegteenoyderive h ateoud set of

noi se fromthe gnal, typjcally to ellnln

oo grera e pefar i AR Epition Gt el sppdtally directy

detRiBbRINthe bR ibWRoIds. Ul us i nput. For exanple, a

breat hing-rel ated signal (e.g., nonitored using a

bel t - thREnSRIEREIrdIB Yo LREA UdRhdeih applying alie algdrithie ¢omprises
conponent which is _noise with res

rBiar 415 GREORd] e BN nORPR ORI RESS e go 2
Qﬁtgﬁé B0l BB OMRORS et dorElo MoRgaathdaram ¢ he

pically using non-frequency- rel ated

't er'l"h@ ctRHCR@inBYo £18@01, Ivinekdigithe madt |setrb€ @kﬁmeters includes
c aracterlstlc of the heartbeats, and vin
( omeectigmiti AR 65 i FEPITERH A HEre o BiA YRR e

P NN Wbdy fdres bAbest the
escr [ b %lsn&)t?r#gi %bgrg%gqﬁeﬁ%t Jltﬂgng%ﬂ(ggt ents and patent

apypifation foaletepuivkitleapeasms of bathing@mplisleand Gavi sh et
al . Al though nmetronone stimuli and/or other
imStraﬂbmuﬁgﬂhavud@eneddm1¥ been described herein as
|nclud|n audi e
o1 T e R bR s STRERAET GrE qrupling
f gTipesresitatibn,as vi sual dlsplay |nages e.g., text

nessa n
dyn am%gtﬁﬁg’gy ﬂ'l%ﬁgﬂ)élfi ﬁ% 05 nglalme N ISfS' t%dr %gmqggflé? consisting of: a
GRéRiredTdehtladon ¢MhS siblect agd 2, measwra df bx;eamhmgulaxﬂgt of the

and speaker 24 are replaced with
subject, and

wherein applying the algorithm comprises applying the algorithm to the

measure of breathing amplitude to derive the selected second set of parameters.

5. The method according to claim 1, comprising analyzing at least one of the

first and second sets of parameters to derive at least one additional breathing-related
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an appropriate output generator. Alternatively, sound
synt hesi zer 34 generates oral guiding nessages only,
rather than tones. It will be appreciated by persons
skilled in the art that the present invention is not
limted to what has been particularly shown and
descri bed herei nabove. Rather, the scope 30 of the
present invention includes both conbinations and
subconbi nati ons of the various features described

her ei nabove, as wel|l as. variations. and

%{%@g Qs Les{%d ﬁoﬁfﬁ\eqfsflcog?@té %@%%ﬁg%ﬁ;ﬁgde a

QfeBhhEtrical pmpsmns)fsdaﬂbmdf ithee mlrtgecara chgamemseladmfnglet ¥idlow

]:algr S%?’Frfg S ' ipg: %Fglg?c 0); @e athﬁlqo%gn%ﬁcatwe of

Q@!tméd lﬁ?ﬂﬁiﬂg,bhrs]dhﬁﬁctgrlﬁﬁrbfﬁwﬁraﬁﬁmgﬁrﬂfce@hmf @a&sbatelaﬂmescml
no contact the su ] ect ra W S
ol dra o g hiog § FHs e oL eRLe g ylor il S e e
{Hh &Hﬁ%’(ﬁlrﬁé widkin'thd RMealr tﬁémajeeﬁmaé@b b Gilictiausd bhaniza g

e alr (0]

w Sounds to determne a first set of one or

a'qa re pgnRRRdSSor§hg td\@aike B RlokipkibiaR guiding tpubletitg perform

gorithmto the first set ‘of parapeters to derive a

deathig inet ploralitorfeespiratian RbagastdeiPBE” FFashimardeBPny ¥Ry
e Rl g%t"’]d%&&fgé’{ﬁ’m f Not generally directly
in“the

measur a alrflow sounds. 2. The nethod

aLcor &pp gnett}fbd%k@dr&fh to MIR! & iviheARPENIAG ﬂk@ﬁbj@ét%f)érfdim the

conprises ting % he second set of one or

ebsd:athmg edmpa$earte€taen$ isquala obthe sybirsh EFegvblieg ﬂ?,eawbject to
£t O oRattNPin/ehd Shuailof MepRiorQhadler @ paranet ers.

ccor |ng to a|n1 wherein the first

}et fThg %&ﬂ&% QLR rdife (& Wpim & Wﬁ le fhe Ot{onm'oﬁi%&hhﬁkgophone
plitude o he respiration, wherein anal yzin
‘Fl%%v

tiftudeaia homvomast misroplomprafse somaun@g elgetroniest deavicg gap

f b t h.of
SOUBT5aL g T R BL B
agkjestdiand) viherel géierating vhe raw rsignbk cémpréses seing dhie non-contact

parangters i ncl udes a neasure of breathing anplitude
FPCIOREespi rat i on,

9. The method according to claim 1, wherein the non-contact microphone is
integrated into a medical device in fluid communication with respiration-related
airflow of the subject, and wherein generating the raw signal comprises using the

integrated non-contact microphone.

10.  The method according to claim 9, wherein the medical device includes a
drug inhaler, and wherein generating the raw signal comprises using the non-contact

microphone integrated into the drug inhaler.

11.  The method according to claim I, wherein analyzing the airflow sounds
comprises deriving an expiratory airflow sound sig,hal from the raw signal, and
analyzing the expiratory airflow sound signal to determine the first set of
parameters. -
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wherein the second set of paraneters is selected from
the list consisting of. a neasure of ventilation of
the subject, and a neasure of breathing irregularity
of the subject, and wherein applying the algorithm
conprises applying the algorithmto the neasure of
breat hing anplitude to derive the sel ected second set
of paraneters. 5. The nmethod according to claim1,
conprising analyzing at | east one of the first and
second sets of paraneters to derive at |east one

addi tiqnal hreathing-rel ated ,.38 . t Rey g
sfﬁuj ect s B¢ e?:?c?rlrd%% & s%l’ccc())%1 ?gi% ?%ﬁ%m%f @ me
bihgRbEG©r S plbjédidat indicatgewheheriegpiration bgsdretly dgécted.
airflow of the subject, a characteristic of the

aji7 f| omhe lthbe akctotéingfto palaisedl,l whereior hatfivstnggt o parameters

characteristic of the breathi I ndi cat-i,ve pf I
RERATh Rgionte SREPIREN UL otk BGA Syfecs, & AHEfhn
| Reiyeel e eQ%ird@@i? SiBweoasd isipnile@@iprisesodnalyding Sho xpitatory
subj'ect’, a characteristic_of breatnhi n?rrvvi th edf{]il%rt athin
aieflox spundagiend jta rdeiermine e SSEYR RPIAHPT HEeindc ey frgathing
l‘r‘%%a' of the subject undergo a functional change. 6.

e nethod according to claim1, conprising guiding

the SuBlembinbd aReFiQY B clBineabhivhgteinnthe sidoud akti $fypadmeters
respiration phases determ ned at_|east in par

t .
rieelpdessinahglitudepoft # sorsevears Eprtign of Ahefrspicaion. and whgein
. | ki | §lrivg tHe@nplitude of
o B e e
i the nomexpinfory partisubf thetespiyatigni di ng t he subject to
performthe breathing in the plurality of respiration
pifas e sTheBmetlibd asnptding]taacleir dBnyhersincihgsprond sghel parpmeters
t.h on-contact -l ncl 1d 3 ;
POPEE B ooy ien i SF Y Sbidehr i R MR IR Moty
nekipgised apglyatg thealgorithmeao Heninet thoinspiration Hes not
facilitate analyzing respiration of the subject, and,
wier ei Thegaetbrdadcoording he clagmw 1) wheatin epplping sherlgasityg tq Arrive
npn: contact. m craphone. 9. The nethod according to
SIRPEHORABISHPIRE" non- cont act i cr ophone i's _
i Nt egraatepdining whetheire diffadncd duiveen the bidathing: period and the active
comruni catiQon with respiration-tel at '
BTN R P FREFL 1AL QB RBILLT Ag TN T 031%% afitfe rphilfon
GeARri ses using the integrated non-contact
m crophone.. 10. The_ method accordin o.claim?9 :
wher eitASPORE Vel i 2RSS WeteEminglen, a%@g%&e PRt e paual to
ML PHEL QR BRI Akl R raw signal conprises using
t'he non-cont act o . e
responsively to a negative determination, setting the inspiration time equal to

a third function of the active expiration time.

17. The method according to claim 16, wherein determining comprises
determining whether the difference between the breathing period and the active

expiration time is greater than or equal to the active expiration time.
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m crophone integrated into the drug inhaler. 11. The

nmet hod according to claim1, wherein analyzing the

ai rflow sounds conprises deriving an expiratory

airflow sound signal fromthe raw signal, and

anal yzing the expiratory airflow sound signal to

determne the first set of paraneters. 39 12. The

met hod according to claim 11, conprising generating a

real -time indication for the subject that indicates

whet her expiration has been detected. 13. The net hod

Fa)lgcor 0%t ogii to %Ei(p Wit Isbfihg $8dpoRfively to the
tamet érs | ncludes” an activé expiration tinme and a

lyosiait/b Hetgrmiention domprisek settughihe duspiration tiskeesaaplo a value within

| yzi, I,.L.at irfl d signal
g@%ﬁ%é@&%%ﬂ%hi%?ﬁ@%Fﬁéyeib{raggﬁiougir?:gaﬁsound

signal,.to termne the [ I; - ' .
oea; Hngretfef EaRing, 15 (Th, 1€ BERLA ALk LlRARRL o 1
b3sitivé asteintindtor compins sathg i ipsairativattiencsequaliolanads vkin
anplitude of on-expiratory portion of the
ri’é‘éspﬂrﬂlﬂf“ilsof?,’{’%éﬂgrfgf% appl yi ng the al gorithm
conpri.ses pl ying. the algarithmtaq,deriyv .
o theenied Brtingrt s, sReldns i lnbflon ncludes o
[sSciioh aif 18 diffbRencd Bl BejHinshantopicl benstaat, cndiwhetdn setting
wherein the second set of paraneters i.ncl Fdes an. e
irerppRsiealy & the prSItE Wﬁ?‘é&?@%ﬁ?ﬁ SGEe &P M5B Y
&g&ﬂ 7 805t RITune GO (BES fRRAbYANAThd pHRn@hgoldgidltdrstant.
rive the inspiration tinme. 16. The nethod accordi ng
59 Cl g fEnodB&hLRIY 8 RiahED, tWiRréh Gefting hesgoasidely i tu ehe
the inspiration time conprises: determni ng) v\qk%.gt her a
dositivs caisanipeioneermprites [HFEERRINEgE HTPBAINAIIPE He G-I &
?&%B{ {na%&'f)ﬁ?ﬁc}nﬁgelgsco Of RALCIne! 23 AR Lirst QetBoffdneSr more
unction of" the active expiration time; responsively
tparagneppasi ti ve determ nation, setting the inspiration

tinme equal to a second function of the difference;

2ad r dbponsthode hecording: thetpami Yo Weardp fefiag grpongigely | fthe
the .inspirati ' - &bl E@Eﬁ' e Wilfn
é%%%%%%géﬁﬁbg |5% |ﬁ§g&?bghgﬁgﬁﬁ%tIg%ngccorg?ﬂgﬂ%o
phsionnilifiys 2Wiesfehnadtiet expiiatipmgmeonpri ses  det er mi ni ng
whet her the difference between the breathing period

and t Mee aodthadeaccording to claim 22, wherein setting responsively to the

negative determination comprises setting the inspiration time equal to a value within

plus or minus 10% of the active expiration time.

24. The method according to claim 16, wherein the third function includes a
function of the active expiration time and a phenomenological constant, and wherein
setting responsively to the negative determination comprises setting the inspiration
time equal to the third function of the active inspiration time and the

phenomenological constant.

25.  The method according to claim 24, wherein setting responsively to the

negative determination comprises determining the phenomenological constant at
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expiration tinme is greater than or equal to the active
expiration tinme. 40 18. The nethod according to claim
16, wherein setting responsively to the positive
determ nation conprises setting the inspiration tine
equal to a value within plus or mnus 20% of the
difference. 19. The nethod according to claim18,
wherein setting responsively to the positive

determ nation conprises setting the inspiration tine
equal to a value within plus or mnus 10% of the

i fference. ' ffdt Aiaflh
a/ﬁaéF & Ra‘f &P %ngic}rgl&gt %f%?}éca?tlo%lr? a&?}%ﬁ%‘%{;}g t%@ If unct | on,ec?fI ot
tdaeanshitdrf.er ence and a phenonenol ogi cal constant, and

wherein setting responsively to the positive -
dist er rifheadtiant accoping seslaise §.iwigraihepntyispihe aigosithng fogerive

equal to.the second function.of. '

e Fometindtre S r e B0 b dihs EEPRCE salflod B2
t Dff&ledePeRten MRS itling pdriddngd thespivesixpizhtionttong. he
positive determ nation conprises determ ning the .
e N O NMRe Ohelb & atcoeding ttandaimt 26, | velaesdin ispttipgrthe inspiration time

responsively to at |.east one_ paraneter,of .th | 0
MDA the g Rirati g A S 40 & ygue Fio Rt bl 0% of
3L fdiense.t 0 claim 16, wherein setting responsively to
the negative determ nation conprises setting the

IRSPI ki Athdd BBoRdiN o tofhiid VR wikrekh tsbiting thé usspiration time
m nus 20% of the active expiratio& tiqg. %3. The 10% of
OB EESAEHIBE dhengsnigtion Hmmeaual QA SplEp KO RIpT,gr meus 107
nESHeRshe! y to the negative determnation conprises
setting the inspiration tine equal to a value within

oUS  aifyc ik 2EOSRIRE 16 BRI Q6] WEerai e Rhdtvn ihtlages afinction
e nethod according to claim 16, whereip the.third

fafindei differoned wadsa dhenarpraplogirabropsiitaglq VST FHPE O
G IRl e Q:Bﬁlgﬁgﬁg :lghl;ﬁ% 'ﬂ?eﬁinsﬁ%%ﬁ e, eq@BI0oWRE FigicHon of the

Setti ng responsive e negative determ nation
cliffgrenceesd getphemgnanopgicakepingtatt on  tine equal to the
third function of the active inspiration tinme and . the
(30e nofia ahethod atcording ttaurslaim2®), heseipesehing the dBTPRRR fiBre

%lgjglig{q‘?%gdet \gr?l?nrine | e Eﬁdxﬂ&ofoﬁﬁgpmm M 1643t IrDBart responsively

er m nat’i’'on conpfises determning the
pb erlosse ond egarcadr of thesfiratset effone 41 mokepasamgterspar t
responsively to at |east one paraneter of the first
g4t offhemetlaw accurding to claim 15, wherein applying the algorithm to derive

the inspiration time comprises setting the inspiration time equal to a function of the

active expiration time.

32.  The method according to claim 31, wherein setting the inspiration fime
comprises setting the inspiration time equal to a value within plus or minus 20% of

the active expiration time.
33.  The method according to claim 32, wherein setting the inspiration time
comprises setting the inspiration time equal to a value within plus or minus 10% of

the active expiration time.



paraneters. 26. The nmethod according to claim 15,
wherein applying the algorithmto derive the
inspiration tinme conprises setting the inspiration
tinme equal to a function of a difference between the
breat hi ng period and the active expiration tine. 27.
The met hod according to claim 26, wherein setting the
inspiration tinme conprises setting the inspiration
time equal to a value within plus or m nus 20% of the
di fference. 28. The nethod according to claim 27,

wWher ei-f ﬁ'ﬁétﬁdcf]&cérg L SRk 81 '»Qﬁbrélh 'ﬂﬁ: fulk@idR rlﬁé’f%s a functlon
sefting ®t ion tine equal a val ue withi
pdfuke mtwmenpxsaﬁﬂ:@%rmfand unéxemnnmloewebconggnt FHevheEeiR éﬁfmg

cordi t.o claim 26 Is I
tﬁ?] E:[{SP%%%notfm? RUMRYISFS & ﬂiﬂr’b{ggéng o 48 enorr%ngItdogllE cfg&%n of
abfadtiaa bxpifiton vithe ed the @htﬁomgolbgleal comggitr ati on tinme

conprises setting the inspiration tine equal to the
fasnct ithe méthbd accotdifid s etaia ﬁhd,vltdtmn phiting rthe) dspigitivg| time

const.ant, 30, .Th t hod cordi ng, {0

CREPER et PITE T PHOPP REBh P et (a8 I 2k responsively

d6 heksdt Bhdarih@eduTenoirenel ¢fyine at mmmamaterat | east in

part responsively to at |east one paranmeter of the

fHgr st (;{?ﬂet m@itho® lr&c&ﬂmgofoe clai aret c&;ltrﬁmsﬁg aniheingetheoderived

according to claim 15, er.ei a i.n

tipspifatien,dme f%@tqrwgﬁ.apm fpdg Pﬂ'é' 5&% #F@‘@st%% &SP‘%%‘&“HE‘@

|nsp|rat|ont|rre ual ctjo of

ot 20 rethod Arcorgihs R B HCER g SRl fisow
5pdoglp§ggst| ng the inspiration tinme conprises

etting the inspiration tinme equal to 2 val ue within
pI us diglml%@eﬂ)%léiﬁal g FECHRER G ‘%‘gméi’&‘? ation tine. 33,

The ﬂg%ﬁ@ﬁ%ﬁ;@me&@m Bital MReHaLkd piintd BTrdgliency
i nSpI atl on conpri ses setti ng the i nspl rati on

tspertruggead to a value within plus or minus 10%of the
activ i ' 10e s idaeds 866iaE 8F B¥ange
to cl g‘hgmé%,{h%v%eg@?é%kg??]cg%%utr?c%ﬁngn I ncl udesS a function 8
of fielpeenaiet kaseciaxpivith expiratary pallow dOIHlth enonenol ogi cal

constant, and wherein setting the inspiration tine
S8npr iTae Sneﬁslmtdt dcegding ¢o ¢laispB7.avhendin filtapngsilia fleqeacy prectrum

%ﬁ%ﬁ%#g %81] ﬂg&?ﬁ%ﬁg Ib{\é %e&?%@fl Lkt R ghedEs aAPE sLddfd frequency,

ons
the first frequency between 30 and 50 Hz, and the second frequency between 100

and 200 Hz.

39. The method according to claim 37, wherein filtering the frequency spectrum
comprises:

guiding the subject to perform breathing in a plurality of alternating
inspiratory and expiratory respiration phases;

using the nom-contact microphone, generating a raw calibration signal
indicative of airflow sounds that are generated at the microphone by airflow of the

respiration during the respiration phases;



35. The nethod according to claim34, wherein setting
the inspiration tinme conprises determ ning the
phenonenol ogi cal constant at |east in part
responsively to at |east one paraneter of the first
set of one or nore paraneters. 36. The nethod
according to claim 15, conprising analyzing the
derived inspiration tine to determ ne an anplitude of
breathing during the inspiration tine. 37. The nethod
according to claim 11, wherein deriving the expiratory
ai rfl ow..si I 1SS O o Lz r k

fo gentiifhfBR e RR et & LoD WiRal ALRLN Sna,

and | pesfosniog spénerat] pglysid o ithm digitelocadibetior sigaalf foeprgawreyan

spectr.u and filterin he -fr. mto
PPt e P ose g ob B HEQ KRB

f r equediticetngiihs depiadtion spdctrhmekgn firteapiyatmi spicowndo ghidin 2
38, .The nmet hod according to claim37, wherein

e} BEUeRRY PR equency spectrum conprises setting

t he r apBgenihRghefbetymencytarid 4 sdcofid Gggiency by anhlyeigethe et
frequency, the first frequency between 30 and 50 Hz,
£F6QUeNGY SREHBHEAr equency between 100 and 200 Hz. 39.

The nethadmaesgs B Mbetvbes iR fifsthhd s¥ddad Geduehéibd. eri ng
the frequency spectrum conprises: guiding the subject

48, PerhoHuHIH @adoRiiRgtol dlaif T, Whateir detd@hirihd B gt afi¢/second
inspiratory and expiratory respiration phases; using
fisquaensies egARTEEE i cr ophone, generating a raw

cal i bgéﬁﬁémlea"lr&r}?équedcy 40P 80 Hea nddr! ORYELIHES of thBnet
are generated at the microphone by airflow of the
spspimahadng dufrequgnayhlesy skavi that fissh fisaessey s s than a first
digitl z ' lon skgpal to generate a
Bleg“’%tg e(g%lt{) f%%aﬁ}g{rﬁl&g#%g%??éc andh%&erf orm ng spectral
anal y sétSngihe sévend frgqueaty swhitkat an iama wilerregecens porigmidhe
an _inspirat.ion frequenc P '
PreSReETE) hayae tar%%ue Su lﬁr%/aé%ﬁ‘lg % ﬁ[%hrgg %h%spl ug@olﬁ Hes A o
sqeal peroeritigenf theotekpea aideothe agesptstanm.t 0 obtain a net
frequency spectrum determning a first frequency and
a1 secUhd nfetled ueaedinpyo elniah Y ¥, whertinalerieing ther expiretoryairflow

spectr.u
sr?und s1gn%

ﬁ%rxlld the raw signal comprises filtering the raw signal to eliminate
frequencies outside of a range of frequencies associated with expiratory airflow

sounds.

42.  The method according to claim 41, wherein filtering the raw signal
comprises setting the range to be between a first frequency and a second frequency,
the first frequency between 30 and 50 Hz, and the second frequency between 100
and 200 Hz.

43.  The method according to claim 11, wherein analyzing the airflow sounds
comprises setting a detection threshold, and wherein deriving the expiratory airflow
sound signal comprises interpreting portions of the raw signal having a signal

strength greater than the detection threshold as the expiratory airflow sound signal.
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setting the range to be between the first and second
frequencies. 40. The nethod according to claim 39,
wherein determ ning the first and second frequencies
conprises: setting the first frequency such that an
area under a first portion of the net spectrum having
a frequency less than the first frequency is |l ess than
a first percentage of a total area under the net
spectrum and setting the second frequency such that

an area under a second portion of the net spectrum
having.a fr eNcV,. gr e Effe)
ig'l ess™t rﬁ%‘ﬁ{%;accg%%r%ntg%g%%c%%%hg{eeﬂlﬁ&t?%gﬂ? g%ta%\ wgr ea fiold
uadgiristhetingtthsdeationthresidld aTh Eevelsulfiniena troeetiersgratio peaks

clajm 11, rein deriving t expi irfl
Ciouherag: Al oot Amorag s Tur iR B 1|t or' ng
the r signal] to elimnate,., f A j

8 o MSilBe] kieble GLAB o WS RSEnP B Ao
a&diﬁﬁrggg;fslounds. 42.h The met hodI according to claim 41,
wherein filtering the raw signal,, .c ri.ses _settin

Uho T eigiizin Moo HeugiBh b BRI E digiahTIETR. )l Tig s debuss 4t
‘;;rﬁ%%@%ﬁ/oints 1D 8mé, | 4nd huffeeouse A whelws of tiR0digind sipfalver a

' the second frequency between 100 and 200 Hz. 43.
Tresiodwf ABE according to claim 11, wherein anal yzing

the ai&%@%{gﬁ% WG frefcd TRV $fges 38 lai Hidogatl @b eiak aQfurality of

t hresho wherein deriving the expiratory airflow
slisnid signal conprises interpreting portions of the

raw si gnal hayj [ . ta0 3 Madxifum
det ec tcf%%%natuﬁg \é{s“{:%ltge %gg t engea;?‘(%lire?[géta %%%%?Pﬁ%% alg ound
shignal . 44 44. The nethod according to claim43,
wherein settin he. det ect i an : ises
setti ngietihs t}?{g?&%‘??’&ﬁ oﬁ?lpé(lé SIS%‘Q%C?&E@#%\{}&%@&% i ci ent

t o r edysigg @fidthiof a peiakbandiequiliiea flaw istegabbetvérattha v bins;
not. associ ated with functional breathing. 45. The

hod according to claim43, wherein setting the

det ectse@iflg tHehleRShieH thresBelaPEspe@svelydiogi flow ivalge bfithe meanimum
signal to _generate a digital signal having flow val ues
chin apdsihp oEtheBpist 8adn i e, and buffering the flow

val ues _of the digital signal_over. a erjod, of .tipe;
t46ans FBierEEPS reOTnEr e Ay 4 i st g deteksia Bl
haMiphSestseRing "td Adt¥ctidh threshold equal to the flow value of the maximum

bin plus a product of a constant and the width of the noise band.

47.  The method according to claim 1, comprising detecting sleep-disordered
breathing by analyzing at least one parameter selected from: the first set of

parameters, and the second set of estimated parameters.

48.  The method according to claim 47, wherein the sleep-disordered breathing
includes breathing associated with apnea, and wherein detecting the sleep-disordered

breathing comprises detecting the apnea.
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bi ns; designating one of the bins having a greatest
nunber of points as a maxi rum bin; selecting two of
the bins on opposite sides of the maxi mum bin; setting
a wdth of a noise band equal to a flow interval
between the two bins; and setting the detection
threshol d responsively to a flow val ue of the maxi num
bin and the width of the noise band. 46. The net hod
according to claim45, wherein setting the detection
threshold conprises setting the detection threshold
ual f th [ athin
Poaudi® s s RR Wi, A7 GuRE ) SeerURoiBLIE bRatine
4ﬂc1udléh darmmgohsmmmddmtg suddagl &ifant 1deatho pndronan @SIDS) and

et e e R Rl g Mool WP DTS

paraneters and the second set of estimated
Far angtpparatus 48 andldngrespiction of:mltﬁjmg COIOPRSIRG: m 47,

wherein the Iee di.sor e

br eat i 13" °é’§ chirg@o%e C{E&a&ﬁ ga (\g/l\htg% gg C‘;dr%}é%et dapiee, tgo
tobgerate es Raﬁh sigiiall efepsenking &tulflong smmdp rthate sred etnstaigdngt the
the a The, net hod, according to claimA47,
WH@PS‘Hwt & P@@@ B8 br eat hing i ncl udes

breatab&gngggp@ugﬁaﬂmmﬁth sudden i nfant death syndrone
(SIDS), and wherein égtectln% ge sle en: di sordered sfers
br eat Arredimgirlosetoupds te defeHpE A f%Fﬁ@ °BH O ARt

@ﬁmq&$hw;hpgm{esplratlon of a subject, conpr|3|ng a
non-contact m crophone_that does not contact

subj eépply amalgp@amttg thejfangeteh plepaanessis & :beﬁlgp a secong set of one
'oF Bhére eégﬂj'ngl%d Yaf e@é% PURISedpAMontingt GRNESOL@EAY dikkerly

m crophone by "airflow of the'respiration; and a
coasurgile inthe airfodagsuads.-t o anal yze the airfl ow sounds

to determne a first set of one or nore parangters
the T é‘hp apmatwccqﬁmgatp slajm . ahereini thh AIRIES! LR i ﬁl@gf@d fo

3 ettthe sec?@t{ s%ng; cSor b Sl E}{aﬁaz&?ée?s%cﬁ.\%} ttol‘:l{) nlﬁ?ﬁrg?rﬁgorgécal

par amet ers o ra
IfmtctlgmnﬁhaﬁtsysedDfmdrynorﬂea’smﬂabl einthe airflow
sounds.
52.  The apparatus according to claim 50, wherein the first set of parameters

includes a measure of breathing amplitude of the respiration, and wherein the
control unit is adapted to analyze the airflow sounds by integrating the airflow
sounds for a breath of the respiration to determine the measure of the breathing
amplitude.
53.  The apparatus according to claim 50,

wherein the first set of parameters includes a measure of breathing amplitude

of the respiration,
wherein the second set of parameters is selected from the list consisting of: a

measure of ventilation of the subject, and a measure of breathing irregularity of the

subject, and
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51. The apparatus according to claim50, wherein the
control unit is adapted to set the second set of one
or nore estimted paraneters equal to a
phenonenol ogi cal function of the first set of one or
nore paraneters. 52. The apparatus according to claim
50, wherein the first set of paranmeters includes a
nmeasure of breathing anplitude of the respiration, and
wherein the control unit is adapted to analyze the
airflow sounds by integrating the airflow sounds for

a brea t t.rat | t o= e of
of 1 haibrels e a3l iR bl g gt B BRLNR, AR
asreathidg agplindetoaierivele selbrtedeiepondiset df ppremetge  of
parameters includes a neasure of breathing anplitude
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T eatRg AR Sl TR i gD o, HCsupject, =
A@hiavRribtheorsb @gﬂ@\d iﬁcﬁ@e@iﬁé o$ ggrgexf \ligﬁbxagtﬁingrh 8 chiﬁ‘dcteriﬁltie of
appar at us accordi ng to clai m.50, rein.t.he control,.
(ths rbreashing apstieriive ot rghxed) Tecaiing, cn SHArRRIIStF i fvadyine

o psiels stiPFERRELL Mingh QLIUME | vBjedt] ol ERgdctepivgc of
gg%f?ﬁgngﬁpbr eat hisn%- rellat ed gar anet er,s']of t({}ﬁtlh% bj ec

Sutathing vith eEts and 4 dharacienisi of braggunguring
aspd‘gie&t#ggrgog Bk Eliw&xgé.. property of airflow of the
ect, ch

gs of the

su aracteristic of the airflow indicative

s purﬁgdaﬂpgﬁﬁgg%cﬁ%mg?% clﬁahﬁ hey, akh@histii &n @htput Benerator,

bréat hing 'rn rel axed breathing, a | )
ohlzrein therdostrolomifis adeptelte drivy the ouphicRaenefop & gidg,the spljeet

| astd ¢ il .of he. . i ect ed at least in part
dnapod bRaRde Ba PSS, & el Pl detdimined a leastin
abgoasitaly tosthé secofid dpt efparamegerdur i ng whi ch the | ungs of

the subject undergo a functional change. 55. The
afgpar dthe sipparetos deqoglit ta tlainmS80wheareinphe semecrdast Suerppfone

gener.at or wherein the coptrol Lt

ARt et arepeE o ool Yo RLAt: Sapi of

gﬁfff)ﬂﬁiﬁg lar Radt vine Gurictiomthat deealniot faciitate asylyaingt jespiraiprm obihe
e

termned at least in part responsively to the
$HbisHd set of paraneters.. 56. The apparatus according

tSQT. c| a[!hgn agga’rat}ll\sh z?crcglldilngttg %la?lg %b,c '\%Hetr%%tﬂlerrrllocl:lr-c%%ﬁg{]ﬁicrophone is
integrated into a medical device in fluid communication with respiration-related

airflow of the subject.

58.  The apparatus according to claim 57, wherein the medical device comprises

a drug inhaler.

59.  The apparatus according to claim 50, wherein the control unit is adapted to
analyze the airflow sounds by deriving an expiratory airflow sound signal from the
raw signal, and analyzing the expiratory airflow sound signal to determine the first
set of parameters.
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conprises a non-contact m crophone of a consuner

el ectronics device capable of performng at |east one

function that does not facilitate anal yzing

respiration of the subject. 57. The apparatus

according to claimb50, wherein the non-contact

m crophone is integrated into a nedical device in

fluid conmuni cation with respiration-related airflow

of the subject. 58. The apparatus according to claim

57, wherein the nedical device conprises a drug
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first set of paraneters includes an active expiration
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wher ei n e con unit is a
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he apparatus according to claim®61l, wherein the
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Qﬁ&h&’eﬁ ah 3 ﬂmn'tﬁﬁéd&&f subjiRt, BETWhESR thedoatry] mtrm hdldptedfto

e respir t| on. 63. The apparatus according to claim
Gpiniherlgorithmiie dybedhringdration iFsr anet ers i ncl udes an
inspiration tine of the subject, and wherein the

¢dnt r dlhe @npatratusa%@almgefa dam 63y pibgremhibe SPREH UpH i pdgpted to
he appar at us

SEbi e ARG ARP Ul inbifion Bhe pTNC SPPATEL I i <

adapt eldtehmnmapwieshet hélf&re@m bfttwmnttbe biepthipg peried and the active

t Ll s) 1 Tl
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a third function of the active expiration time.

65.  The apparatus according to claim 64, wherein the control unit is adapted to
determine whether the difference between the breathing period and the active

expiration time is greater than or equal to the active expiration time.
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time, responsively to a positive determ nation,
setting the inspiration tine equal to a second
function of the difference, and responsively to a
negati ve determ nation, setting the inspiration tine
equal to a third function of the active expiration
time. 65. The apparatus according to claim®64, wherein
the control unit is adapted to deterni ne whether the
di fference between the breathing period and the active
expiration time is greater than or equal to the active
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function of the active expiration tlmc and a phenomenological constant, and wherein

the control unit is adapted to, responsively to the negative determination, set the
inspiration time equal to the third function of the active inspiration time and the

phenomenological constant.

73. The apparatus according to claim 72, wherein the control unit is adapted to
determine the phenomenological constant at least in part responsively to at least one

parameter of the first set of one or more parameters.
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inspiration tine equal to the third function of the
active inspiration tinme and the phenonenol ogica
constant. 73. The apparatus according to claim?72,
wherein the control unit is adapted to determne the
phenonenol ogi cal constant at |east in part
responsively to at | east one paraneter of the first
set of one or nore paraneters. 49 74. The apparatus
according to claim63, wherein the control unit is
adapted to derive the inspiration time by setting the
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81. The apparatus according to claim 80, wherein the control unit is adapted to
set the inspiration time equal to a value within plus or minus 10% of the active
expiration time.

82.  The apparatus according to claim 79, wherein the function includes a
function of the active expiration time and a phenomenological constant, and wherein
the control unit is adapted to set the inspiration time equal to the function of the

active expiration time and the phenomenological constant.
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the control unit is adapted to set the inspiration
time equal to the function of the active expiration
time and the phenonenol ogi cal constant. 50 0 83. The
apparatus according to claim82, wherein the contro
unit is adapted to determ ne the phenonenol ogi ca
constant at least in part responsively to at |east one
paranmeter of the first set of one or nore paraneters.
84. The apparatus according to claim63, wherein the
control unit is adapted to analyze the derived
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sopabiionphasdgbt racting the inspiration spectrumfrom
the e)\(:v I651[6?11t tlhg rPlon-contact microphone is adapted to generate a raw calibration
signal indicative of airflow sounds that are generated at the microphone by airflow
of the respiration during the respiration phases, and
wherein the control unit is adapted to filter the frequency spectrum by:
digitizing the raw calibration signal to generate a digital
calibration signal, and performing spectral analysis on the digital
calibration signal to produce an inspiration frequency spectrum and
an expiration frequency spectrum,

subtracting the inspiration spectrum from the expiration

spectrum to obtain a net frequency spectrum,
51 °



spectrumto obtain a net frequency spectrum 51
determning a first frequency and a second frequency
by analyzing the net frequency spectrum and setting
the range to be between the first and second
frequencies. 88. The apparatus according to claim87,
wherein the control unit is adapted to determ ne the
first and second frequencies by: setting the first
frequency such that an area under a first portion of
the net spectrum having a frequency |ess than the
first freayaneyuhy J 898 ARt did #lseodfll fEMAGEHP!
total area under the net spectrum and setting’the
secondnilyzingthe gt fsumodncy lspectram, andea under a second
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filter the raw signal by setting the range to be between a first frequency and a second
frequency, the first frequency between 30 and 50 Hz, and the second frequency
between 100 and 200 Hz.

91.  The apparatus according to claim 59, wherein the control unit is adapted to
analyze the airflow sounds by setting a detection threshold, and to derive the
expiratory airflow sound signal by interpreting portions of the raw signal having a
signal strength greater than the detection threshold as the expiratory airflow sound
signal.

92.  The apparatus according to claim 91, wherein the control unit is adapted to
set the detection threshold at a level sufficient to reduce erratic peaks in the raw

signal that are not associated with functional breathing.
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93. The apparatus according to claim91l, wherein the
control unit conprises a nenory, and wherein the
control unit is adapted to set the detection threshold
by: digitizing the raw signal to generate a digital
signal having flow values at respective points in
time, and buffering the flow values of the digital
signal over a period of tinme in the nenory,
transform ng the buffered fl ow values into a histogram
having a plurality of bins, designating one of the
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product of a constant and the width of the noise band.

95.  The apparatus according to claim 50, wherein the control unit is adapted to
detect sleep-disordered breathing by analyzing at least one parameter selected from:

the first set of parameters, and the second set of estimated parameters.

96.  The apparatus according to claim 95, wherein the sleep-disordered breathing
includes breathing associated with apnea, and wherein the control unit is adapted to
detect the apnea.

97. The apparatus according to claim 95, wherein the sleep-disordered breathing
includes breathing associated with sudden infant death syndrome (SIDS), and

wherein the control unit is adapted to detect the SIDS.



