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APPARATUS AND METHOD FOR BREATHI NG PATTERN

DETERM NATI ON USI NG A NON- CONTACT M CROPHONE
WEROGSRIEFERENCES TO RELATED APPLI CATI ONS Thi SPCT/IL2005/000778

application clains the benefit of US Provisiona

Pat Jil catl on 60/ 590 508 filed July 23, 2004,

A il g R, -'dﬁ:HmNGlhﬁETERE@@ETERldnmATK]ﬂ
=Y B erence.
VN N1 Ot frerto—r el at es

general ly to nedi cal deV|ces and specifically to
devi ces tﬁRDS&RMREN@ESrTOMLATEDAM(DAQ‘IONS
activity of a user. BACKGROUNDOF THE | NVENTI ON

PhysiThd #ppREfione cRiitheNthe NBEHHR S of S f #ioVkichal Patent Application
mul ti - Ehase bi or hgt hm c activity, such as breathing.

6@&5@9;59 ndilgthtubr 23, @084 whichr isegssigneilt foethe mssigneandfethe present
S B AT RS 1D Conors S o

chronic obstructive pul nonary di sease (COPD). These
irregularities are KIENMD ORTHE ENVENTIO¢ase-rel at ed
nortality and norbidity. Typical irregularities

i ncl uthe $&mp Qnﬁlﬁbﬁsreﬁfe@aéehbﬁﬂﬁ (tb SaLdiEANdeviRk S e Sp&ifically to
central apnea alternating with hyperpnea),

dgyiges fiﬁ@@éﬁmmaad@anmd@%ubmrh@hmmthy@fbm hing) at a

rate of about one nodul ation per mnute, repeated

A Loduction | n SACREROURIOE AIEINVIERTIGN) Por' o0

s i DySEl et dtRe #%&”Eé‘vtoh'wﬁ.rﬁﬁ%@eﬂg Aol BBe feRute activity,
sacltas/reatiigi fBr@ﬁthﬁigtlﬁﬁEfnsH‘Psplﬂyﬁh@%lﬂﬁnﬁést!iﬁta}&ﬁhﬁ&?%f ka}diovascular

bIood su pIy to organs, is also ni cally significant
disgasegyr Hic aongestayedhens Sileo (EHF) atids palswmaryUdiseases, including

WS%@C&%GC%@%%OPgJS' cggei%sg’ @OP@; F@F%%gqgglé arlﬁ%ss%rp ¥<ngh markers

foredibeds raadd dexiatinsaddomorbidity yTyigedd lu%éiﬂérhfﬂs Gnadedd @hdyMe-Stokes
by neasuring one or myre vari abl es of user. The

bathang §rea@§%rrt| grasodpe of cariral tapeR @he@a@ng mﬂubypemne@h amplitude-
n%l o?{% @ngdlgslﬁ?athlﬁg) §5a Fraﬁe SPaARGS Llu (?1 modﬁllgttwéasper minute,

In a way

répeated pr@d,ealﬁrbreatblﬂg\ag%anﬂmtahﬁlnﬂmdes tand pﬁh(ﬁﬂso rAyddostich in breathing
actl\ut The !.037 additiona escribes a
irrsglagy Suficies ADSmmspNerTensindaealia A e gnpsima; of cardiovascular

r¥ﬁ€x€§‘ wisich B&RF B 396@&1%%8 %ﬁuﬁ@ﬁlee{neﬁfé Spt de ﬁﬁ&hﬁ?esﬂl?cmatlons

stress-det ect | ng de nmoni tori ng rati
imnblood nsygmpiyt i touloagansa lsrealha»dclﬁncallj’etSEgmﬁmt aind cardlovascular and
itori ng, .circunferential changes in the chest or

PR BHETA B et ey
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 biorhythmic 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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resulting from breathing. US Patent 6,662,032 to
Gavish et al., which is incorporated herein by

WO edoeneste®, describes techniques for facilitatPemIL2005/000778
i nproving health of a user, including a first sensor,
adapflisl Ratentren 42,328 t6i Gavislphwhichl sginsaipovated diskan by reference,
which i s _indjcal.ive af vol unt.ary actjon of .the user;
dﬁscggps%ﬁ atrgsg-rdggqc‘fun% 38\69% g)r%oq}g)ggg %@pga (étb &Hﬂf in part1cu?ar, a method
OISt Qine HrdahoMdrimbdifounMrefitial | chaisdks i8Mhd ERdsY ol BB@men of a user
the direct voluntary control of the user; and
resulting from breathipg.ed to recei ve respective first and
second sensor signals fromthe first and second
sensar$ Paentl6)663,082 30 Grvisheat @l.pwhich igemmrpareted rhecain pytreference,
si gnal which directs the .user .to ify a par ter af
EHOTGS RGS e RO e RBHE BN o fh Totbaing  fst sensor,
aﬁgﬁkd '&?ﬁlbé’s%r@% Bkt Pyt 61681k al RurfaBl $ichwl irfdicatiSe of a voluntary action
I ncorporated herein by reference, describes apparatus o
afrtind wedi;regseeorsbsemsor, adagigst todn¢asungersseendephysipkogienl variable, which is

signal . i ndi cative of .bi orhyt hm ctivity of user ., aof .
rioh iyt B ol Noueah Wt St et 8o receive
1EHRER FrbtShAL sebdidl G@isby Qighhlsa vl WA diryt asd i RBof sensors, and
t he user, and a second characteristic, indicative of a

roeponsive -thekiey dd geaeiatibiee Qitputhdgnp ewhiclhdlireptshhiecuser ga modify a
VWD 04/ 0 ) gav , Which is incorporated herein
W?%?reoﬁﬁ%&lﬁ%e crclhég's apparatus including a nmenory

f [ t .of { j ' . 1 he, .

adapt 9 Pt Apdicarign EROIREPEPAOR! [4fRHGRRyishniyh Fintorporated
HEih by RBRARCH] REOER Hpparafis iNdidinp alseRion, Afagte@No generate a sensor

i ndi cation of a desired formof the nulti-phase

shérot figdiative efcbiottiytlynisaadtisits ofvh asesi of theranpetatist the sensor signal

durati f t hases_i.n the S| . [

(R B0 RhoBl R ab b B SRSl RE s i gt o scond
MRS REisiid) ifdieativeiof b dkndfRtrBlated Varidble bEihe wdtr. | east one

phase of the nulti-phase biorhythmc activity pattern

cor r gsEpNslblikRidh WOPELHIA26PRAsRVRE, whieH td iRdASRated herein by
bi orhythm c activity of the subject. Intercure, '1nc.

tefeverice) elescrilesy appabys, ingSAlingd masgnory sfogestpringirk et of computer

RESPeRATETM a device .that, utiliz sonme of .t .
naaiP B dle BRTLR BRIt WS T e amciai o pga mutd-phase
A6y Rati6 NdctieRp | faGietn @Ad RMDINdRAtibPORS. 2 TBkifedd ©thr 8f ftR¢ multi-phase
modi fying biorhythmc activity includes an input for .
hibhythsaipiactivito patisrgnwherein & galie af dgradiess of dyjo uiages in the desired

nor a und_syvnt |.Zd: ' . ‘ee 1
B3t U B DEALEAOE bl PHLRAL B il o, and
whéret, atiléast BEOPIRRE af €k Mealteplnsd piotlftmenativitd pattérlemesponds to
a nmethod and apparatus far verifying an expiratory
brespackive Phage o€ 2 gnultiphasedtiethithmin gotiiy <l thesugiech| cohol
in the breath), utilizing the sonic characteristics of
a st attaewte.z ddcbr@arth Lgs, aNewr degesse USA and Lod, Israel) markets

RESPeRATEIM, a device that utilizes some of the techniques described in the above-

referenced patents and patent application publications. This device for modifying
biorhythmic activity 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 ‘apparatus for verifying an expiratory breath flow (e.g., for
2
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US Patent 6,726,636 to Der Ghazarian et al., which is
i ncorporated herein by reference, describes a voice
WO e@oeQos783 on br eat hal yzer conpri sing a m cr ophPCEIE2005/000778
transduci ng spoken expression into electronic signals
deterninity eategeteyofealcatwd sorthe dreathamtitiziog ribe sogicvaharacteristics of a
%}lgath ggnt@nt into electronic signals. US Patent
sendydizgd preaff 495IGI%En i s i ncorporated herein by
reference, descrihes technjques for detecting air flow
at t S Raterh 63%9»633518 Tﬁ@r hagasieact aly vdiehy ilfhglcsrporateg herein by
AUGELHBQT 2aCORYE ebdlhiehi Thrddifd)zed | @RhRideNbOmi f
réuthé?gs’ogn r1V\é/agvceels and v?(gzgguver sa, lprf‘g}gzﬁs fg@r%} ggctfnﬁ%.()phone of
tiahsduaingr soden dexpaassiont i redectiosicneighdls aand adwsceathdlyzdnesensor for
subj ect and recejving return waves nd a detector to
traRsUeS aegl‘ée&l?rp%thpogi]%ﬁ %%el’é‘i}fﬂ?écr?@&‘?soy the transducer
fromthe return ultrasound waves. US Patent. 5, 195, 52

) 8 .
to HHS PalRmich30%4 hisoRplorubich IniparpAraiss heasia tiyeisrerice, describes
0 r C . .
SARLDES, SBRERLL RafSPRATA, R of b Sicting o
tensthicehfor lvoavertiog nleetriceldsigual srinto atresende ivevesrdrel. viGt vema, means

to..the other ends,of the |lines are openin at i ch .
(o iR L SHg R HeseTiouaal T 1T GhBRGRosE ob o wiitb receiving
rétlfh WREsORRCLIQEcté fof dnalizE BIEeBR alNola®SRINVEd OBy thé transducer from

hol di ng el enent secures'the openings relative to the

tiongtiim altrasowsl waves. pati ent whose respiratory function

Is to be nonitored, and a flowdirecting elenment, for

examiJS Patentn® 8193, 5 28etcaHblcehich skincoipomtddshdréia byi refdrenve, describes
to the openi ngs. The .m crophone el ements are connected )
A Aeare FepEaaR Yefpatondneindingt &%V@etu@&ﬁrpqwﬁf&n}%%lmes having
R vitlchl £8bnRRRdSb IRkophSAL elehfthfs, ACIANRELHR rchérselnd% of the lines

descri bed as suppressing sensitivity to nechani ca
agcopeings atlivhichrthbubense, a8 hentearougic7dghaBs aret eated by the incidence

ar akasogl u, et al.. .. whi is_incorporated herein by . .
of PR lsct B reipipinionl) £ ol ik, BERERP IR SRS e relative 1o the
AR Gk 18 3P Bq{aﬁéhltswh@s”e Mﬁréi&ryafuﬁéﬁdrﬁﬁttpmeeﬂabhit&ﬁd, and a flow-
t hrough the nose and/ or nouth and producing an air

diteoting wlemeatdfop uaxaniple ermadniike of fachempsks i drectsathg airflow to the

creati ng,audi bl £ sounds.. US Patent .6, 150,941.t . Gej,0er

opp RS, T8 HikSp Bork ot BMBs A% GOHERsd o BPTIARE Sk SR Yo voltage
sipSiginhests ans beleskt 0hé sigh@iNead) VESs Y@t isHest@ibRE b Euppressing
for nmonitoring physical activity and/or breathing

sglsitivifyt tp negchamipal apd acqstic distuhauges.Us Patent 6, 261, 238
to Gavriely, which is incorporated herein by

r ef erléh Rafent 5 T¥1,88s ta astlnsdgliiost alnalhichny imcemorated herein by
TR A M -
tr&silihg 3hehyh SeShdEantRR nddutl @hy prélRidinsf a0 418 flwsingidahd out of the

as berng caused by a breath sound of a given type if
Ipmgs of the patient and creating audible sounds.

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 breathr sounds produced: by a respiratory systemn, the

3
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nmeets a first criteria characteristic of the breath
sound of the given type; and confirm ng said

w0 deavid7ucation if a tentatively identified siPeEIL2005000778
neets a second criteria characteristic of the breath

nethoid cofptibiegyimeasuting dredth esoinds ouddrged disertbs reggitatayy  system;

SRR RTL R ef e BEE ot TP o ¥y @ftn oee ir it

el /B finf briteRiaRingiatetiStidaf eHatbroath R6wRDYF the gBred t4se; and confirming
Patent 4,883,067 to Knispel et al. US Patent 4, 98, 538

said idenifica®rrdadentatvetpdentifed ggnal apgetra scond critea characteristic of
tal? ﬁgm%p t65to \/toUSPatent 5,921,890 to

}I\ﬁ fséﬁ‘ e ?g]‘é”é , 686 to |Ishi kawa US Pat ent

6, 21 t 0. Schrei be ent. 4, 71

Lk ORI N R, R Rpu—

oRiflereficor porat ed herein by reference, rray be of
Interest: Cooke et al., "Controlled breathing

pr ot 5%"[? ﬁ% pom ¢ cardi ovascul ar
Wbéte%é“ ¢an onsur nal of Physi ol ogy 274: H709- H718

(199 "Ef fect of respiratory rate on
t he ﬁ} %I ongg7Q8 ?\A%gwnRR interval and systolic

bl oo essu tions: a frequency-dependent
phen%ﬁ%tﬁ tg?%ﬁt%?ﬁ 8u| ar Research 38:332-339 (1998)
Ber n reathing rate on oxygen
sat uﬁéﬁd# Ta‘ﬁggge gPtf*gf mance in chronic heart
failure," The Lancet 351 1308-1311 (1998) Mbrtara et
al ., US\Beferirh79%8de ¥agipi ratory patterns are conmon
in chronic heart failure and may prevent eval uation of
aut ondnPatenton&2hi7/teddchtersctel. heart rate variability,"
Crcul ation 96: 246-252 (1997) La Rovere et al.,

" Bar AfePhtent &@01Is043 toiReViend heart-rate variability in
prediction of total cardiac nortality after myocardi al

I nf angs pant'5,971€89P0Qdley 351 : 478- 484 (1998) SUMVARY OF
THE | NVENTI ON

US Patent 5,027,686 to Ishikawa
US 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 autonomic

cardiovascular rhythms," American Journal of Physiology 274:H709-H718 (1998)

Pitzalis 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)



10

15

20

25

30

In sonme enbodi nents of the present invention, a nethod

is provided for determning a set of paraneters of a
whe@abbsmy pattern of a user using a standard PCT/IL2005/000778

noncont act m crophone. The nethod conprises using the

m cr Mohtareeettad, i 1 awsker respizatiers gatters greecammen irechronic heart
araneters of respirati.on by the user, and applyin n
i AR Y oPrety Pl oS b Bo R tomf & AR eart rae

varfabdRy I (Brodlaties 984510391 999f) one or nore esti mated
paraneters of the respiration that are not generally

di r et} iR6vERAS Yl ABB&oHFleR Gehdlivif) SICRAANGe VRRbRRE & 'Prediction of
subset of paraneters is typically not directl

toted @sudizxirhertal gy afer mgocardialapfastieon edwdsacedin diyg 8-484 (1998)
associated with the second subset, if any, cannot be

detected by the mg R s V=S i shed from

backgr oundynoi se@mogmmg?gﬁhe al gorithm

is applied by.setting the second subset of esiimted .

par aBbLERE SRS o R OHENY GGV ERIOn habsibee gf fgded for
dbtbrndihinged saf ofPBAARRIRS 8F a DYdMIGAL Iditerh N6 4 k&t us?iigbi @fandard non-

of parameters includes active expiration time (i.e.,
cehiaditizrophonac t Thee meshoidr conppisps asidgithe anisraphopetd orpasure a first

i.e., time between.successive breaths and t.he }
s{Bspfprs (Bt GETTA AL Er Dt I Rt i B HRIBe ap flgorithm to
tHRCfirsl SubBXRIfTAtdrdters i Brdes td Hativedd setofi® asisEEst di% or more estimated

detecting | owfrequency sounds generated by expiratory

patametessy. ol THhe raspisaiipre tkah| @s 19te gensrdbiniditaetivo mmessurable using the

oSBT, 505 sV SRED SATBHEL AP SRt uin

tHeeASdrophivneabdcaliC soimds iasshplatal oAt thier Jebomd sebstQdf @uy,eéannot be
to be detected under normal background noise

defviesl thyobhe. miGToRksME @idkRsClinERRNSHSH frorR pckgiomnd moise. For some
SBEUSILAS e AR SR DR Lok PRQULLE it prametrs
eqpel end pdroynenalogidal fmbtiakefi theifickt setgiphraneiteae. The

nmet hod conprises calibrating one or nore signal

det ecr?pmuﬁaﬂla_rrﬁise rs8bRRy Jupetliig@e SRIded REOWYBxFiration time (i.e.,
plurality of bi or_hrét hm c acti vi t)éc{ghas,es, and
(o)

drsatien of AfiverrEPBRignth wnd hresthingprgioddues Hipethsbvesn shegepgiye breaths),

h ' t. i icall Ve . .
ofl SROGESE A ot BB ER ORI GREARE VRIS AR Blphkiion time is
tyiculigChedsutddi ys defEbings lognakgleney sowmls prenaneidelys exggigatory airflow.
sed for filtering background, nojse from detected
T@P dpethed enables ghen %t?nmﬁg ERBBRGR HMS, W 51 generally cannot be
. . v by iancd ' . . . .
A A e B o 8 PRI Re AR hirport beoause
insparatorsaidfilive éckod quieh tralbeedetaptedamnder el parkignaind hotsk wenditions.
exhale for a certain period of tinme, and, optionally,
t 0 hoh Gsoies elfbodinieriOrofatheepicsém m@entivh, 0f rhéth®d idhprovided for
.signal detection paraneters are typically calibrated

improving bjethyibmmigisiggakdeieriion am the preseReaset paterdially pariable background

. sRAGKESQY ML ﬂleﬁﬁ)dpéoﬂﬁ)rfsgsecalibrating one or more signal detection parameters

by guiding a user through a plurality of biorhythmic activity phases, and measuring the
biorhythmic signal during the plurality of phases. The signal detection parameters

typically include a signal-to-noise ratio and/or filtering characteristics. The signal
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sounds of inhalation, and the background noi se plus
t he sounds of exhal ation, and (b) using these signal
W@ h@omed7e¥ i stics to determ ne net background nPCHH,2005/000778
and/ or signal characteristics of the sounds of
detebtidraparemeteSuate wedfat fitbrangabackgiamd gwissf frorheletastaddisiorhythmic
of exhalation are typically used to determ ne one or
SigBlS: of the signal detection parameters. For some ,
applications, this net ho%, Is used ipn.copjunction,w.th .
t echt dams embodimenisnithiy bisaxiemic AgHiDi Higlydsh repiratorswhich is
cri = n t S :
O R RO Cte RO g fnbale for o
ceitaif|peridt e airhe chxhbigues of crtaimperdd ofjtimes pind, atptionally, to hold his

signal] detection enable the _determnnation of specific .

bﬁagh ZPr detER dﬁ’nﬁar rs ﬁ'&r sigoglp ‘ﬁ%‘&‘muﬂﬂ .eters are typically

cal&s ep:rtgym@éans*étéﬁﬁﬂﬁlg0£igﬁmecha§é€eﬁsﬁ@r BITRAS rbaqﬁgymfaghdglge plus the
u

vary{ user to usSer based on the user's indivi

shuretst ¢fi inbalatidr, tand(tha dfackerouwbnpies plusethe seundsnepéxhatation, and (b)
and expires fromthe nos r. fromthe ut h, .and .
WGRE Hisre el SBrrepieRelis T deterplte it ReFREieipe gtps andlor signal
cAAYd e fids aifi tRO beunth &FexhSlaticn. dB8sh siBakll dhafdiRaiRlics of the sounds of
det erm nation of signal detection paraneters during

egfbalptjor) e dynieallyoissd te determainerene o1 mpes olstgsignal detection parameters.

plicati . I ithmis :i eqd. . .

OB At PE0R 8 TR it Lot o beating
pafédni 106didtatidie sedtgaathosel Besceibéd Al thy abovd-nirutiomddypaténdg and patent
exanpl e, such paraneters may .include a duration or an
apnbtatiop peblfatiopstofgaishand Gadshetgbr ti on. In an

enbodi ment, these paranmeters are determ ned )

r es pditepe eteghmiques ploy s imoproyingalrespination apignalt olejgsiion enable the

L. I typi.gal |. , i .
FRsuBEER, S B el RS DS SRR ke under specit
Q688itoha bl 98k, ISHEH PdrhineReSbiRAly Wyl forfliuseiMoziged beRkdrd@ythe user's
expended. A practical exanple of this constraint is
indiziduplobregthingdrahity Guglh py whetherdhe ussr dzgpires o epires from the nose or

r i i e i i )T . .
PRI FPLLY SRR St SO A RO SRR gp expiraion)
THese pécharjubs ienatda tdyammict Beerndadtivnqof sighasdetedtiod peesraétars during
are i nplenented using the standard non-cont act

Iz dife WorasysmVEORBEYENt | onal consuner el ect r oni cs
devi ce, such as a_ tel ephone, cellular tel ephone, .
per sdfmal sotieganpdicationsi 81 glgoriflmpay }m@lpms@ﬁetiafgt evalyajinggne or more
audi | ayer. whieh ; a I .

PAPAGERL S By BRY (RERpd) SOAGGRN SHRGRSusty. ror

SABPR, SucH pRramisREs AAY ifdiedka dinfadoh loy ah ibplitlide of the non-expiratory

m crophone incorporated into the body of the phone,

pevtiony| t &R nan jspehogimente theser PaAYelsse ke | drtemupeds rewppopsively to a

%ﬂggf’o?w ol £ YRy Hlt()% f)&?l@b %%ca‘ﬂ% ddberePNOR: such constraint
neral, a m crophone nmay be used Ichi1s

teflecs pibe abedy's miaturdlheerdenyy db tdep eeamdatier geherally ocinstant 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

6



10

15

20

25

30

device, or which is attached to the body of the
consuner electronics device (e.g., by wire or
woweelesssd y) . Typically, the techni ques descriP&IL2005/000778
herein are inplenented in software that is installed
elentrenich davideyv suwd, asamadfetaphbne, acatlabr rtalephaeatpeesonalh digitak assistant

ssed by.the.device qver a, conventional w reless or
B Rectinavits el S WRGEAPHERL TBT "THo B EaHEY pufchased for
oiﬂﬁi’ ?ﬂﬁp’o@é’é Fol§ cERaRNepBond e xR, Hféﬁ%blnmﬁ% ggeaik élirectly into the

npl emented usi ng a non-contact m crophone t
micopheret indorpotatedanteetlic batly aétheqdhone, dr) aliegnatively, the user may speak

.comunj catjon (e, qg. La aj r or another i th

gef Pxetoh e andie whidh Blies dhionBeaE) (B Heaiond. I general o
nﬁé@?ﬁbrﬁé mby 8e TR Which deitic6orddd e iHel tody df Bicedinbimiér electronics
mask or a tube, such as_a _tracheotony tube. For sone

dayipt.i o avhioln &, attapkedbiocthe bpdyy ofvds lcopyunay steckpaics device (e.g., by wire
cQ nent s Qf . aqventi ly i Si 1] .
of STBSASE Sy Bk ML PRBER RSBt in s
tiite semistated fiesueh A devive Uarltbrtin adehied tloqatiop eat eddcedssadBE éhe device
of the ventilator, typically hy detecting active
O¥SIA FeRVERHPIE] WiRISS: QI iEed netietk. ve expiration is
typically nmeasured by detecting | owfrequency sounds )
i ndi dasome embodigsintsaafdhe prepent imigntipmithestechiigwespigscribed herein are

B hlA G RUE ARl Rl e () if T URLRE 0 medical device in
FRAD bRbiuBRatibe (ags 9id 418 of anster @f) MibakkiingioaelaRitemow of the

af fected by various constrictions in the subject's
subiediayior expmplgethe medical devige may coBpHg 2 brrgftang magk of a tube, such

agﬁgk%g&g#x Ajp.f I ow are not generally affected by such
constric |%ns.) For sonme applications, the techniques

descrd bed herein,are used for non-contact nonitorin .

of - brSRehenaPauRGS RS Rieal e BRI &b & Siibnihiy # a ventilator
tRATRPFlERIsitRE phddSure 6 SRNMunkWRME s@tject! Mhe t@hitjudy @&scribed herein
descri bed heréin are used for non-contact nonitoring . )
apd uprdeda Weteet BnapEh getieanasee Hf dhe gentilatare fypisally ey detecting active

subj.ect. FE appl:| ' . - t .

TR by RE 5GSBS RubB0, RUPPEN HOBNRR.py ot tow-
fFeuem®didupiil® gndicpint hhexpaitdry idinflosd, rhfher shidj BE idetestingd sounds of
as those described in the above-nentioned patent and

beentiing. Bpsuchambisat saBdscel bspbing s Rotaretzly vgHh expiration,
b%Ealﬁla the! dufl &’%%8%%13@% Ofert zs}?ecﬁhr %%iohg Y& @lons il e subject's

techni ques descr| herein an gr int

adbaye- nEhiveoae dopafrantenan domatse intdiaapipt | efatkmiratory airflow are not
publ j catlions to Gavish and Gavish etal. are used to .
aengail_y é&%‘iﬁﬁf Besu &PP%FP%‘{PSf)rCﬁ?ﬁ %Oﬁlf(ﬂ?ﬁ_llgaﬂopﬁ frtfichpidges described
R TR S D SR LRLST O ihe SUG R o Rhilation
is tr e i- [ - | ' . .

dot edl el GEIMR e, BRREAGR e RehBldles Btscribed herein are
used fortrembuvintasemohiiorimmof brghthihgr dginignat iofa-dreg athatér by the subject.
bi or hyt hm ¢ acti vi t% of the subject, described in the . .
Egp ovpsasranplicaHers: pRich nionastash rapritosing) ofc prgafing 1s combined with

tgaﬁﬁkdlﬁgtﬁi)ro[ﬂ%i'fﬁng 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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Gavi sh and Gavish et al. In an enbodi nent of the

present invention, the breathing nonitoring techni ques
waele®enidiexl herein are used for detecting PCT/IL2005/000778

sl eep-di sordered breathing, such as sl eepdi sordered
alp pesaiasiatl rig trestsoaibiace quifigring Lomdpsapriea ispmeisdidenmetifiantaused by

AR S R s E RS ikt et o8l hEq PO el Rbdtions, insomnia

isoRedtéd akingnsc B desuiibe@ Hedsih f@ﬂét%&[ﬂgnzﬁldoﬁuohft@ﬁQ bR@thing, in
Is conmbined with techniques for nodifying breathing

cqébm@tu@lywml te¢haiangs jf@crnodléucmreépmtmsréla@@s@pm&mm @ctivity of the
sﬁlﬁ%{t %E%nl 't%g opéaﬁ% %ﬁ 65]]%1 &%ﬁt §1t1ca?%n publications to

|ca Ions to
Cﬁhﬁheﬁ@(ﬁwmh@vmded, in accordance wi th an enbodi nent
of the present invention, a nethod for anal yzing

r espig ahie@ibodimeéht HhhE 9feseﬁthﬁvéfﬁfohoﬂle| Btk r}ﬁomt&inggtechmques
a non-contact m crophone, detecting airflow sounds of

d@sﬁpelbcdeslpﬁrmt frgnysedn dorc d@ﬁ@@tmg ﬁlyepwesos@m&rﬁ:aﬁhlng,a such as sleep-

dete ne
oBp AR PRV DE AT B ) bR tF SEAH 3 el si0s),
TepichlVy, N Greth-BY-Beath haiflody t B@ridd r&thakéibn Ofs RAGEIREERT S For some
to derive a second set of one or nore estimated
applicatipnse syctoron-penta gperitering Pl tigathing ds embiysdavigh fephniques for

I
HALISFL SRS, U BOSRLAL )8, SRsETBOHENI 0 sove

es an active
nexfionat padant hndrpatenrtdlpphcmueatphbh@t]pﬁs too@avda$h drieGavish et al.
respiration, the second set of paraneters includes an
i nspi.ration_ ti of t. respiration, .analyzjng the
R IR R DA R A PN R e presnt
iRehidE aS¥Ehb6@Edr ARalyFilB réPRatidifolty s%@fe'&’c Rk MEhbLE @hcl
appl ying the algorithmincludes applying the algor |t

to desinge mdmcqma;p inriertophenet, idetectite aietlow sbundshafrthe rGSplratlon, and
OV|dq% ccordancg wi th an enbodi nent of the
5‘? SN Fﬁ thod for analyzing respiration

of aapMbiif %tthe kia@almRY BB laUishGet BEbAS bk MBordI fakdrdMers of the
sounds of the respiration, and converting the sounds

rgspiration; ghgnal ; gui ding the user through a plurallty of

res pl éﬂ&ln%pl rai?osfﬁﬁm tﬁﬁ%l fﬁ%{ &9 8% Iéaer e%?s ooc% ve :fl%econg set of one or

gui de I Oh phases, I ning
more estimated parameters of the respiratlon that are not generally directly measurable in

the signal.

In an embodiment:

the first set of parameters includes an active expiration time and a breathing period
of the respiration,

the second set of parameters includes an inspiration time of the respiration,

analyzing the signalt 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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nore paraneters of a filter responsively to the

anal ysis; and filtering background noise fromthe
wee@nabs7usi ng the filter having the defined paPerBEi2e038000778

In an enbodi ment, guiding the user anludeso%uidin

the Ubere ishfusthgh prenged: dn ogopordances wthy an (ﬁng}a iment ogf the present

.respirati ases,. .There. i [ LA o
R AR BR SEvang B ke R BleR i ebRincluding

i Nnvedtte@ihg airflBvhesinflorof ndadirtspimagomatnd abiwertinge threr sovgnds into a
mul ti-phase biorhythmc activity of a subject, the

sigtlhod i ncl udi ng: detecting a signal indicative of the

mul ti_- pha LQr ] L VO L | Wil t he signal

o aGiaR fe R b pial Kt Kb AR M, Ler O

filt analpginp ahk gignahduring e fwided rénpirsfigmphasgs,i angl défening one or
filter havin e paraneters: at |east in part
M PHAICIRE ?ffgft éﬂ?‘}fgsﬂopflf’ &l deitheigAlyFiS: ek er i ni ng a

sti mﬂlﬂéﬁn% NRAkkoHhE Bolss fRRAETHRE | Ydhal QsBaihgefiltd RRaft the defined
one aspectl of %ﬂe bi orhythm c activity of the subject;
paracheparovi di ng the stimulus input to the subject. For

some applications, filtering the background noise

i ncl udes dntedimanyghitlingahé nger tildudssguading Alet wsen tirpughl ipspiratory
or additionally, fjltering the background noise
apﬁ@?‘ﬂé"é%ryﬁéﬁpﬁ‘@%ﬁ?ﬁgasﬁ%n- frequency spectral analysis on

the signal in order to classify the signal according

L0 OP@eR (D& YRGViAR, EF- attordicE Rl 47 Rinbolifk€ent of the present

background noise is indicative of secondary . ) .
ibvemtibyt hmiethod doil mdifying hataradiptoctwrsime mhatirphipge bipthythanic activity of
qka)ﬁig,lgr h%/ hm c aétiliép;{i %@ and filtering the background

iegt theghrtbR lbcﬁ “includes filtering the secondary
bi or hietdafthe a 3fzhbMinbi¢ati@) @tﬁ@mﬂﬁﬁ*ﬁh’s@ bighytbinieadtivhy t he

signal. hi an enbodi ment, the nulti-phase biaqr %t hm c
act | vanglyzinggheisigralte defermaing one of meTecpasamstersof a figr:

det ect,ing the signal .j S j | : .
it Gl e Ao or %1 15h bt B AR Bl Rle parameters:

t he hagkgk enpertneissivelyl todibs filtchahsighdadeterhiairgda stimulus input
conponent of the signal, and filtering the hack r,our},d .
wick és onesativerie changeat lqasianggseedt P? ther lﬂ%lﬁ%%lc activity of the subject;
Qﬁartbeat-related conmponent fromthe signal. In an

enbodi nent, filtering the background noi se incl udes

per f oprovidingsthe stithalus dnpaik josthe sabjedthe si gnal to produce

a frequency spectrum For sone applications,

per f OF4¥ daehe! dpplicaasb, filterpahy dhckgramldutése iheladeseheyuency filtering

filtering the frequency_ spectrum. . ..
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 biorhythmic
activity different from the multi-phase biorhythmic 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 signat includes detécting the signal indicative-of the respiration.
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For some applications, filtering the background noise
i ncl udes renovi ng nonfrequency- rel ated noise fromthe

WG e@nabg74For some applications, the PCT/IL2005/000778
non-frequency-rel ated noi se includes a

Foresond epplicatidat ele barkgommdtnoide intledes ghatrtbeanrctlated component of

renovin nonf r equency- rel ated noi.se . ncl ud .
GG g™ ftrias: sk eorad dmeo it B, Sispal HELies, flfering the
hdr @R BB DRfHoned RIS theSsigdal t her provided, in

accordance w th an enbodi nent of the present

| nvegy | 0 | ld BciuRBs RbrfBrmin
o O3 AL Bt i o
amilpsiophote, sgaakentatprodu@ pafiegiegonalspectdinzat iFee spine applications,

ai.rfl ow sounds_of the. r I fation; .anal yzi the raw
DeRIFRINE the SBeral ApalesIsine{HREs fréGuency il figueney spebtrum.
paraneters of the respiration; and applyi.ng.an )
al goF Pt Reme GppHeationsstiligdng de paskgravngd r20ise inflidey dergoving non-
: i t ) g
ﬁ?@%g@?’g?%% %E)ﬁgiﬁ%g? thenrggégtﬁl. ey sgﬁe;‘a‘ﬁaﬁé’eftﬁﬂ'ﬁ, thé ﬁOQHFglE%‘gy related

gener a Irectl’y measu
nbide tihdlud@wa Shegnhkat-rblatedn cenpoehthefit the apgdali agd tremoving the non-
algorithmincludes setting.th econd set. of one or .
frﬁaveélc&gamtn@&edaflaﬁa EROVIGP T PTG EABPORTE &F the signel
UGk pf the first set of one or nore paraneters.

ﬁ{On an S%ﬁ%odi ment, the first set of paraneters includes

a nmeasure of breathing anplitude of the respiration,

and dheteyisi figtheh rovded i ignadcoidan¢auadth amtesgfrogimeny ofhthe present
.airf.l ow saqun for. a breath.of the.respiratijon.t .
S N g T B e L T

appl isiagi DASn-chbitact’ hiGbpieat, géne@ﬁfr@n@trﬁwssigﬁ&'iﬁ&ﬁeai\% of airflow
measur e of breathing anplitude of the respiration, the
sewslsof thegesparatipnry aneters is selected fromthe |ist

consi_st : f t4d '

cub; aopsATe e B TR SRR isEhie bR ok of M pypmeters of the
réparasoyjaget , and applyi ng the al gorithmincludes

applying the algorithmto the neasure of breathing

anpl i2ppkyngtas deqrithe torke Yut et véparsmelsryiodsrivep second set of one or
TSABHALS phRAATS: AL R oA, LR lRSpmac
tharasnggeals to derive at | east one additi onal

breat hi ng-rel ated paraneter of the subject selected

f r omih B ehibs it Sipplyinothe blgotitieaidtiuigs 8&tihg thedecond set of one or
geonetrical property of airflow of the subject

t , a

maorg ealdmated peramesss equal ig 2 pheppmenglogical {raction pfjthg dist set of one or
rh&g%a#é%ﬁee‘?érg" ng, a characteristic of the breathing

rndircatl

ve ‘of relaxed breathing, a characteristic of

|t Eﬁgglr'lgq%t ?rhﬂgcgh%}q % ifése[ Cs%g Pg%%%i[rﬁ?/eg?r? lcixalla%uiie% § S5 ire Ut 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,v 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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of breathing wwth effort, and a characteristic of
breat hi ng during which the [ungs of the subject
waeaengi4m functi onal change. hi an enbodi nent PCT/2005/000778
met hod i ncl udes gui di ng the subject to perform
br eaffloi sgme applicptionsalthet methbd iedpdeas analyring ra dest one of the first and

determned at | east .in rt responsij.vel ta .the .second

SEOPA LS, 0 PAFEGITS 10 BEYVS e SPF ALditp B Srealingelaio patameter of
' isPrcdatibh £:Nn ' i

IR R ORI 9P SRBMAD B WARES o gomorid

ppwettyronairflewtnfdhe mibjiecti & cgax@ctpm icaifithe aisflow andipativei fipursed lips

hases. hi ap .epbogdj,ment ., .the non-contact . crophon .
AR At RO A e B PR Blen R PRE P Eraracteriic
o€ LiRCrefRingSndieativef pagad elagic e&dif O lihgigoBthe katsjedt, ®Bigaracteristic

function that does not facilitate analyzing

of brgsihing vath effort ad suehasacteristip of haepdlring idagng rréhighythe lungs of the
s&ﬂ)'g&ﬁnd.&fégla%ﬁ&&io@ n%g]e non- contact m crophone, hi
an &l te odi nent ,

roative e t he noncontact m crophone

is integrated.into.a i cal vice.in. flujd .
commint e of siSReE e ey i iriaitns sHbietjogpertoppa breathing
is HRil@elity GMdsIRNeh Phhfd delRemirRYW 26 1GBRIn paiClespeRivesl dGhe second
the integrated non-contact m crophone. For exanple, )
sethel pasametars. dBer seansrapplicatensd guiding thg suhieat & perfgren the breathing
. r | . X . .
A St b5 APl M85 5L AR, grtorm the reating
in teallemlityluf respiretitiophayent , anal yzing the raw si gnal
i ncl udes deriving an expiratory .airflow sound signal
fromgh henr Qbedigiat,, A dnemabntadtNenitRPhEXP! mdkudEy a non-contact
airflow sound signal to determne the first set of )
npgrophencepisa censrmenehectaqmits devideorapable RE perdongng ahlchsides function
rating .a real -ti.nme_indicati far. the subject that .

o RS b e i B i res PR 3 e b4 g b signal
isdradi vedY thd Ren-boritadt ﬁlaircéﬂ{one.armra& elltsroafioé afvdhent, the non-
active expiration tinme and a breathing period of the )
cenfigfleBYCroplnpesis anjegrated infe &igadicatl deyicaiinflwd, epsyrunication with

. . . . L '
Sy A0 08 e Bibel 064 IR HORY pBY S RlIpERMEusin he
ilegatadi og-doatacoshicrépiions 0 Fer agdgihple ahe aglical Hevises@ndnclude a drug
.set of paraneters _includes aﬁn' ampl i tude %f a .
iphsHere a9 r gaSFAiNg ofhe; BV oRenah dngludes using othe Heppeontact microphone
. j I4m i ncl udes applying the algorithm :
lﬁggggégﬁgtgﬁﬁgllugﬁﬁpl}aﬁ%me of the non-expiratory portion

of t esphraton. | P eGon et .

of paf e EorbaieRF sl Al HREHN TRl HHGASCHORE % expiratory
atrflojwe Sdundadighal F0ny ithe rivw esiglaly cimidt Aifalyizivgy thdeskpiamiry iatflow sound

the algorithmtq derive the inspiration tinge. .
signal to determine the first set of parameters. For some applications, the method includes

generating a real-time indication for the subject that indicates whether expiration has been

detected.

In an embodiment, the first set of parameters includes an active expiration time
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 ném—expiratory portion of the respiration, and applying the
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In an enbodi nent, applying the algorithmto derive the
inspiration tinme includes determ ning whether a

walpdobeessete bet ween the breathing period and tPEI/H2D05MB0778
expiration tinme is greater than or equal to a first

akeggrithm dnclodest applyang theealgorhmatoi deniveithe amplgide g ithehgn-expiratory
t{% adg itiv.etdeterm' nation, setting the inspiration

PRI AR R s econd function of the difference, and
resp nSi\iégﬁl}?% 10 a negatiye determnatjo setting the

| s pith & FEPOinEL AR SHO0R S Of RFeEIefi L GRS 8 InsRgation time of the
s@ibdtY Sn@X bbb Ofe t 4108 ithFC in G QAR % §3thk OflSorithm to derive the
déterm ni ng 1 ncl udes det erm ni ng ether the

inbpirboretime. bet ween the breat hing period and the active
expiration tinme is greater than or equal to the active

expi lath@mbodiment,Faplydngreheaglpbrithai toodedive 3Bé frispigation time includes
responsively to the positive determ nation_ingcludes L
deieprining W_E‘E%%% g ea%ncsﬁbemﬁé fga bitaltins gead g thetastine expiration
tideUi gPLatdP RS 0129%{9&%0 3 ARt FufdiBh O GR ative téxgﬁnaéd’&nttﬂh@, responsively

plus or mnus 10%of the difference. For s
t@plositiat idetesminatien, settimgdhé inspiratoon fimelequesoa devorst funotion of the

of. the difference, and a phenonenol i cal .constant, .and
@bt SRR G 2o GO DT R depisAion time equal
1o RikIBSCcE&T éﬂtﬁ&a&tﬂ% ekﬁﬁﬁidn&hh@.n time equal to the

second function of the difference and the

phen%@@fn@%gﬁﬁ&a’cfb Qsde@é}'lﬂmﬁg inclR8Es ARENINAL Wltther the difference
setting responsively to the pPositive deternfnation
betvelen dles betethargpeniod gnd liee @hisn erpindiongimals greatst tham oaequal to the
| east Ln.palt responsively to at |east one paraneter

a tl“’etfﬁ‘é’EF‘F&%{Imget of one or nore paranmeters. For sone
applications, setting responsively to the negative =

det eRF AP GAPHGIEPIG SSIBE 1eSPABSTYHE to Hisprasiiive sletarmipation includes
s@tﬂﬂglthet thsfi é{ﬁJnulﬁnWe&JHI Ro B! eo&dtfﬂnmﬁs 6Pl é()la/oe of the difference,
actrve expiration tine, such as wWthin plus of ‘m nus
stéiPaoivithireplas or wanesx pd%adfi the diffevenceFdfor sone applications, the second

applicatjqns, fhe.thi f tion includes a funcgtion
figictioRgnslugley & ﬁmnafof e 3&?%_6% mfg’ﬁ%?f’éﬁ%ﬂlf‘%@?aé lonstant, and
sEBRS trafonsiPBY B | Joditive SRR HNRIoN iftl@luﬁ&esé?ﬁg%“ﬂ%e?/ﬁnlgpiration time

determnation I ncludes setting the inspirati
egeplab tho sedoad tihmetidnfafirtbe idoffieredicet dnel the tphemomersybogicd icomstant. For

ti me and .t he phenonenologi cal constant. For .sone ..
SO P LD SGE (PR GO Gner PBT9 Vs BeIPRETHUAJoF s determining
{IEEHIRMBIBAS 1o Sidall doRbtHSIaS 1ASH iR (At HedpdndiP&ly to at least one parameter of the
h};_henomenol ogical . constant at |east in part

gsporigingelr ynareparemeigtsst one parameter of the first

set of one or nore paraneters. For sone applications,

appl Jongombepplicgtions, kettihg ratponsieely trethe megativatdetenmiriation includes
i ncl udes sett.ing. the inspiration ti.me _equal .to 0 .
seAie i AR atoR et FRiRLab o FHBE VLT Tt FRIRG 306 gfythe active
cRpigatiAGirAE, suMEa¥hih Plis rhinlB 109 1ROIEVE BRYitARL IS  For some
setting the inspiration tinme includes setting the
applégaitions, itbe thirdrunstjomlindledes a &ington wif tthé actpleusxparation time and a

pﬁ‘eﬁ‘olﬁslenological constant, and setting responsively to the negative determination

includes setting the inspiration time equal to the third function 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.
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20% of the difference, such as within plus or m nus
10% of the difference. For sonme applications, the

w0 eovedsows | ncl udes a function of the differenceCHIR0E/000778
phenonenol ogi cal constant, and setting the inspiration
t i me Foncdonwe spplitatiomsy applyinghélp mbporitnn ttondersguthle inspiration time
the function of the dif.ference and.th

. e .

RANFS s BIgo HiCc ISPl Hme . e9el 1 gningiip ©of 4 fidfygence between the

be&itih etiBg ddas Rl AdtiveNexipirdBon Mihd!defordgingd Bhplidatlohd) Getting the
phenonenol ogi cal constant at |east in part o )

inspiptiors timel igclidesssettingdke inspicativartine equal &f a vélee Miithit plus or minus

0 or nore paraneters. For s a i Lions,
205 0§ taeo i EmsR o PR DR BUF; oroims {56 SR Bt AR, For some
abPldatigRS 1B tlindlien titdudddsdfilndtio® bf thaBifReiAaE ah® adphenomenological
unction of the active expiration time. For some
capgitnitcand ssiting thetingpirgtiehBme dsgndestsedingtthermspisationdiéne equal to the
ettin he,.i Lrat] ' . L0 u i 5 hi A
R 4PSoBER B IR SEMTsh Ot ol o
sainp tuSingpirationtEnd fudes ddie@ndaing \tee ghepofn@hologichll d¥Bstant at least in
For sone applications, the function includes a
PREFFeSPOBT Vel 19 Aldleast opg paraspler ak the Airstisgieofong ogmore parameters.
phenonenol ogi cal constant, and setting the inspiration
t i me Fonclomte gpplidatipnyy applying$h rebgorighm t tonderéiguitle ingpiration time

.the functi of the act] | Lat . ' nd the. ..
il el Blsp fonfias oo P B8 gEECachlS eififasion time. For
soRietdppBcdtidas,i el b inpirkiicretinedheldés @atngrthe Mspiafidittime equal
phenonenol ogi cal constant at |least in part. .
tp aspbieswitkinypleponminus 2006 ehthepatisprexriration ting spely ag plus or minus
(57 Oor. .l r.a . .
{28 obbe RS Gl BRETEE Rirke ppBlea T8 MAEA s o function
dfitheeadtive @gprsitiongma andaphéedonttdobigidal eadseinigaind weiting thdidspiration
inspiration tine. .In an enbodi nent, deriving f?% . L
tage imchidss peting rthe, frspirgien ﬁmﬁcqqaalg@. h&i%ﬂ@w% theastive gxpiration
/ o diai . _ . _ e
EhORR WpRERELABERl (bl PP he a6, Sting the inspiation
time tnebrley dsteeminingrthe ghendmérobogical) cohwarft rag dgasthimypart responsively to
spectrumto elimnate frequenci es outside of a range
2B foap B BRI LB IoL b Gl R 07 TR PTG S 111 0w

sounds. For sone applications, filtering the frequency . K .
specthionspms@ppliesions ths msthod dncludrgenalyzing the fetied 1aspiration time

A R B U

frequency hetween 100. a 200 . FQr sone, . .

o AT epR et dRid b Snlaldhy altAOw SRR inghpdes:

| ncl ugisizingithlé Ay §ifieal S/fdneRite 4 dightal Jighal) breathing in a
plurality of alternating inspiratory and expiratory

r es pinesormingsnaeteal analysinen theeligithh signnk tagrodrce pdiasarey spectrum;

2Qﬁnerati ng a raw calibration signal indicative

.

filtering the frequency spectrum to eliminate frequencies outside of a range . of

frequencies associated with expiratory airflow 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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of airflow sounds of the respiration during the
respiration phases; digitizing the raw calibration
WG e@nab87s® generate a digital calibration signetT/120e5/000778
perform ng spectral analysis on the digital
cal i buidirigothe Subjjeat tat pernorod beething ims piluralifyorf fltesmptiogdyspiratory
ag(ﬁect,r um and, an expiration frequency spectrum

BIHEHQTY FGPERRPD PRASTF at i on spectrum from the

expi Lghh e AREESAHE hRréitoAé, beRefihg far @AUGINBYation signal indicative
spectru determning a first frequéency and a second

of aiefiore soynds pf theakspiiatign thang e réspirgiiemplasepect rum and
setti,ng.t.he range to be between the first. . .
oL 200 D ELIEED Ged L3 R s,
prffBﬁﬁin? RfectRE ANAly ik RAUSRCAigi%al i dalibraties sigRl té Peodude an inspiration

irst fTrequency Such that an area under a first
fisquericy spestruthandrast exppaden fipAueacy sgclum; equency | ess

than the first fr ncy.. a Ny .
per c&HY %Lm% ?heal g%%na%)ggélﬂlﬁ gi:o?n H}e&r? Zﬁa{ﬂ%% éé?c;crl‘jlrlnl fo_gbfain a net
freghdich@pddnengecond frequency such that an area under a

second portion of the net spectrum having a frequency
gr eatdsterminge h&rg eBeaneney dgdehspoeny [fisguency by gnalyzing the net

e of the total area under the net
RGN RN LR

an enbodi nent, deriving the expiratory
ai r f Isesting thenedngs @riel betwem thdfirst and sscgndifrequentiesies o
filtering the raw signal to elimnate frequencies

out sife séthe applRadensOletbimsiaiigntd Bt asdaebad equinties includes:
expiratory airfl ow sounds._ For sone applications,

filt seiting thafistifreareneal suchcihaioan asea updy 2 HEst aagient @f the net

be b [ f
e N i .
Sotbdada inéadenast spedt@ennd 00 and 200 Hz. hi an

enbodi nent, anal yzing the rﬁ\gﬁsi gnal i n¢l udes scgtti.ng
a detsetingdhe seroad Hinddencynch dhat \aiigea Wades anterandhpgrtiont of the net

s?h&t{‘lhr?\ﬂﬁﬁgnrgfr%h@&ﬁk gér@aﬁéfjﬁﬁﬁ th& sBERECEERRNBP I 1639%hR a second

e raw si avi a signal strength gredter than
fehenthgt of theaotal dree sl theawst seetrerpi rat ory airfl ow
sound signal. For sonme applications, setting the

det eqhi 4N einbbdiaieat, ddrividgu dRsSegiitatdrn uitfloey dedrgictipoal from the raw
threshold at. a | evel sufficient, to reduce erratic

sienak dnqlydes Heltoring e gaw sighatto glinipgie Braisasiat entsigerof a range of
DR BBl o R0, SR PRSP e, cin

the gl sigmal geheteatsettiagdheirarme toitgniadtwhen b fgstf frequeneyt awb a second

Bias” S b HaRbes beBreph D 5 BE A 6 %eddtd ooy between
100 and 200 Hz.

In an embodiment, analyzing the raw signal includes setting 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, setting 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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of time; transformng the buffered flow values into a

hi st ogram having a plurality of bins; designating one
w@booblas7d ns havi ng a greatest nunber of poi nt BCHBE.2805/000778

maxi mum bi n; selecting two of the bins on opposite

si dedigitfizihd etheraawnsignddi to, gemdrateng digivl dsignadfhayingpiflow values at

band. equal to.a fl iat.erval ~between e I bi ns. .
reSREF U B Aoy HrBe AR AT RE i SR OF e 8@&8@%‘%& Figglovgr a period
of i val ue of the maxinumbin and the width of the

noi se band. For some applications, setting the ) )

det etansforming dstoiffirédidow dekiesinta & higtagran Hatiag 8 pbaality of bins;

bl s Ba g e of s it e ik et Rl PRy Blfimunm bin
Noi S gelB@HE twolbf &k BIADES bpFRIdite sidBeonBt Regirhme bitdes

detecti ng sl eep-di sordered breathing by apalyzing at |

| eassetting 2 padthmiraoissdrad equpl 1o dpwiRer e pefvegrthe o bins; and
par aifg:eh Ihe @é}gctfogethf‘egﬁ&ﬁ%e%%hsi%lye@ tal 3 §lue of the maximum bin
par aneters. For sone applications; tThe
afdl eepriditseftdenside bargiat hi ng i ncl udes br eat hi ng

associ ated with apnea, and detecting the

sl eerodli s @pplcalibRAt Bithlg | he! dstediodetifdhony ihéldes setting the
apnea. For other applications, the sleep-disordered

dpteetaarh itrgshokt kaiepd S0 Bhe floh vglua sefoldie anedmpn hins plyg e product of a

infant death.: . , d detecti th
Céﬁsé%g-aa@%r g?[}é(gﬂéggg?é%ﬁg%s? ncﬁzdesedgfel:tn?ng ?he

S O 2 b LTSS AR Spne
ahRAy7iaPat WAkt he pRRRIdiA deRBtcA frdin SUPIfRG set dtRirdRétB8Tand the second

i nCluding: generating a signal indicative of al.rf1 ow )
seto ofi dstimfitetl hparametpisr athosrnsonyuiapplingtionse thebjlesptdisagdered breathing

TSI BEGE Bh G otuP b b oRebREl, tbkBRsondered breating

RSS! @dtb@ing Pthe S?_ilea.a NBord efhieniapplicitieng)" thevdleep-disordered breathing

paraneters of a filter responsively to the analn\%l S; .

inghadesi breathing ssnsidiest withaudaens nfant slepthneyndrogea (SIS).apd detecting
he ik ' . def.i r s. In an

it et Hhafibd ok BE BB AR ' e ati ng

t he signal using a non-contact m crophone.for sone

appl idetd rsill futheropeviied ninr cpaaaceetveh anaimtiddenérit|dféhe present

.include a signal -tonoi se rati o, .and,defjni ng_l t he oc{1e ]

igyengighe pathatieranalyzng rerpuation ¢f 5ubjech ke method including:

Si gnaje; h §i8nd13hdiCativRiof AHIEWRB AT ihe @YpithiRg; t he

subj ?g?&?ﬁé?uglgg guildi 1ng 0t he subject to epe?i% orlm -

guiding the subject to perform breathing in a plurality of respiration phases;

ot o

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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breathing in a plurality of inspiratory and expiratory
respirati on phases. For sonme applications, guiding the
W@ awpmeed743 ncl udes gui di ng the subject to perf oPEI/IL2005/000778
breathing in inspiratory, expiratory, and
br eafdr-sooledipplcateapithabnoor mhespmamétors afdhefilter include a signal-to-
applications, .defining the one or nor arapet er.s of .
n?lﬁg 14ti0; fuécf H?ﬁ{e{l% H}gsqneg)éggqrmpﬁ{aﬁbﬂegﬁ étﬁ;illl(fés defining the signal-to-noise
rdtdar acteri stics of background noise plus airflow
sounds of inhalation, and of the background noise plus
ai rf oy i foAhl Qbjcle Rl iRMHifE the subject to perf:
backgroun ngﬁlslée}{t’r g‘?poﬁ:{ithvel yJet o the si‘%lgiylnz:\ll1i1ée © SHHIEGH 1o periotm
behthimg tierd phirglity efhthspiedtoryi agd texpiratosy oespirstien phases. For some

rapeters.of the filter responsively to.t net ..
iR metrfios o swhire: ShrbOSh BAiake o6 AiEh D GFtorgy breathing in
¥l RoRA RIS Sarlfl brb4tB-hbidihEfeshitd oafhases! | I St _
frequency and’a second frequency, analyzing the signal
i ncl F‘?Fs%méjé;gﬂitc Fird9adrthen 9'8?}%: of ﬁﬁo%ﬁh@érﬁét@rs%ﬁ ettt includes:
signal, and ‘pertorning spectral analysis on the
di gi tefermsinippakighal ghapabicrestian of mpkgratmd mofse giue arflow sounds of

. §pect rum and xpiration freguency spectr .

iy i FiRund o SO los SR oot ek hdon

expi GalehRMiPRE bAtkBrduRd MR Ir8spdndlGély td BRURHEY characteristics; and
spectrum and determning the first and second

f r eqdefiging sthiey omn airymiorgy patengiers 6fF dbgiditsy rwprasivaly) to the net
baqg filtecring the background noi se includes
ATSEYRIIONS £ r equenci es outside of a range of

freqguenci es defined by the first and secon )
freqli@hePs, app[a?at@aﬁe%ﬁp%ei ali0Fh Barapetest A Ahen§ltpmipclude a first

ﬁfehﬁéfcygjra@aés&aa%ggﬁ&yeﬂﬁiﬁ&g A LigHRASncIafdst I Ng the

fi'rst equency s hat “"an area-under a first
portion ofdigitisngehe signat tergeherateng digital esigrab,cgnd peforming

than th irst .frequency, is. | than a fi.rst .

por ¢ ahedge apvsis pB i cigtiah ignabho pR@SeSet diBistionfreaprpey
set t ispathbfatPacidihiGsefMcPsfebiridiat an area under a
second portion of "'the net spectrum having a frequency

great er t Isabiractiog eciospirdtionppesioyn ffrom tesexphatipngspectrum to
secon ercentage of the total area under the net

s.pectO @?ﬂ%ﬂ%%e ' gn‘iYeSpe‘gﬂW’f?&a provided, in accordance

W th an erfeRahifeid e fitsheandrLeeaid freqiwpbies By, ardl 0@ net
for analyzing respiration of a subject, the netho

i ncl defigRency gBewm. g an active expiration time and a

ai 17 ¢ eAe bR efhpl 6 R Rk et AL AR ATl B ramge

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.
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expiration tine is greater than or equal to a first
function of the active expiration tine; responsively

W 2008/0a8083 t | ve determ nation, estimating that BEI/IL2005/000778

inspiration tinme of the subject is equal to a second
f uan[ihenR isfyet lﬁﬁ't}[éirfﬁrﬁriéﬂbén aaafmidanes pmiﬁshlwehyboﬂml@ut of the present
ative determ nati.on, estlrmt
inye P 2R od foranplyZiBg SePIrERPILOLA T IFoF WAL Rd ielydine:
act i YeiemuidAdd Qv bXFiratioh ta{e StostaBi pefled 6f tHeRukect;
the active expiration tine and the brea1 hi ng peri od
i ncl defesminirenevhattieng diffezance ibgtvedeni ﬂidﬂtraathmg jsriod and the active

rfl ow sounds of.the re t he
oShiptioh el Hetreus L Seginte sy ot 4 Ak AEpftn time;
f r omedsRendively $b 8 pakitive deterniahtion, Retithitdgerkp z&ﬁin@p]yahon time of the
airfl ow sound signal to determ ne the active
sebipstisiequahto 2 sreoahinctien pf hadifancgeidod. For some
appl i et ' S
the. drPPhtesTy 05 FlRt ARk RN LR U A EH AR time is
eqaduweﬂﬁj@ﬁmamro@fmwame&xgmmme han or equal to the
active expiration tinme. For some applications, setting
r eSPeR &h ERbYdinent R iPRSiAE HR HEVEEPiabh Ghel aﬁalthkds&atmng period
setting the inspiration tine equal to a value within
lmlurksor m nus 20% of the difference, such as within

us ar nu 00
Do i el gl CE BN Sl o ¥ mimsion,
of t healgkihb elientesignd (@ dphenanapiaegy aieflow aosiddignal amh the raw
settlgﬂg responsively to the positive determ nation
signel s setting the inspiration tine equal to the
seco t C t
phonadaARE she Bsftresbidtution RERCEEAR difermine the active expiration
1B dddthe beathdmsparidy to the positive determ nation
i ncl udes determ ni ng the phenonenol ogi cal constant at

| eastFok RoR@I dppliEfRABSdateinining iA¢lulieaddteraiging avlesiidr ahe difference
of the respiration. For sone applications, setting

betvgsoribe brerthingparind andghe Acive GEPERLANTHDE Sneterfer ihlé!@gr equal to the

spiration tine equal to a value within
aﬁfﬁ%é@%a%&&@%m% of the active expi rat| on tine, such

m nus. 10% rati

£\ mo Yo P Bl ot aneropkIF o ¥R Ebilhon inctudes

sbﬁﬁllgttﬁ@ﬁlsguéﬁmﬁﬁm@ q@4l tbhevaded wWitBineMpé bAkiiaws 20%wf @nddifference,
aphenonenol ogi cal constant, and setting responsively

such e withiyakus s ndisns A AYmef: the ifferenagd e1§or§@rrtq aplications, the second

SBRRDL A L IOY B b8 AR i BB Al eonsin, e

sefimgt @E¥onsively &otR mlveC@dtmﬁﬁﬁah@einbhﬂGs sesing ik siration time
etqgal 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
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
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t he negative determ nation includes determning the
phenonenol ogi cal constant at |east in part

wo e®poosivel y to at | east one paraneter of thePCT/IL2005/000778
respiration. There is also provided, in accordance
phﬁmdmmlc@mb dcommﬁant ofnd Isettipg esspensivielerio | ba, n%attﬁ@ rdﬁﬂermmatlon

T RN R AT T T T S —

tihd AddOie %Hﬁ’(ﬁﬁerﬁfloé&ﬁ coBStRht! @dr%me%%ﬁohéﬁtiﬁﬁs Ssetting responswely to
detection threshold by: digitizing the raw signa

themegativedetenination mslqugeﬁaqletwmnnng tiq phenomealegiasl constant at leastin
t the fl
s}y Rk bl b OEURIRERAE "G, L e

transformng the buffered fl ow values into a histogram

havi rhefe fd Wisdl ipkoviddd, binnaccotemcg nwith g embodiimednheof the present
bi ns havi ng a greatest nunpber o]géhp ints. as Xi. mym
1’6Y‘°1’i1t10’§pé1 1@@ P forianalysinerHRPIBHPR 0 bdhg @eﬁﬁ gg%cl ng:

t he f ual

o a L Batin Phfr SR indioe ol iR s pd . AR

t he definnpiaatetdction tredhdld Bsponsi vely to a flow val ue

of the max|. nun1b| and t.he width of the naqi se nd;
O dor Tordigtin2 e A% it tor sqhetie 5l il Wiing flow
the rawesignadpebityd Béﬁ’fspfne{ﬂn@?aﬂ&rbhﬂ&”ﬁg e ﬂb\% V@Ws of the

signal having a sighal strength greater than the
detechgbﬂsmmabshnapem@ioﬁmnexplratory alrfIOMIsound

si gnal . F ne. a o) set tectipn.
Eheaahol o TaneRlEue" b Eﬁ?@"d‘*@ o Soet "¢ GG Ribing
equal pléQlifytT bidsow val ue of the maxi rrum b| n plus a
product of a constant and the width of the noi se band.
There is \dssigaaiitie pusnef thy binsohavirgia gregtest Bembeineiepaipts igs a
an enbodi menb of the present invention, a nethod

i ncl JHW%I u5|‘ng a non-contact m crophone i nt egrated

into a venklebai®iwo §fthe badsion@ppositedits ofﬂﬁnﬁ@nm\amlmh
ai rflow sounds of jrespiration of.a subject;

anal yzi ng seigg wishh of 8 neisechond savaliie aetlw ﬂl&fﬂrvahb%ween the
t he ' pr sone applications, the nmethod includes
anal yzing the active expiration to determ ne whet her

t he venti |satting ths detsetibn alwesigldpregpendively to a flow value of the

maximum bin and the width of the noise band; and
deriving an expiratory airflow sound signal from the raw signal by interpreting
portions of the raw signal having a signal strength greater than the detection threshold as

the expiratory airflow sound signal.

For some applications, 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.
18
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For sone applications, analyzing the signal includes
anal yzing a | owfrequency conponent of the signal to
wa@lei0e00878he active respiration. For some appl i PEX/IIR065/000778

generating the signal includes generating the signal

dur i Ryr weaRki agplioitidnse tieubjednd focindes emlyding ithn actifeeexpiration to
is still additionally .provi.ded, in gccordance with an
detemineAdsthosha YFé‘tlLﬂ“é§gﬁF1°F1ﬂ%‘éﬁP¥°é’ﬁf Ya met hod

i ncludi ng: using a non-contact m crqophone infegrated

i nt o E9r dpiig appheations, Febeing thegsignal jipgiudes; anglyeg ¢ dovpirequency

| iz Mgl o Rabewe
Bl B el P el SRl L i v at Fom o

t he bj ect. For .some _applications, .t Yol . .

ol QeSS eaPgipRG eoipens BT iPePFhPing sho sogal during

wiading! dftie fbjdcefiBmRhiiRfoRhases determ ned at |east in

part responsively to the detected active expiration.

For some applications, analyzing the signal includes

anal yBherry isa stilbdditienalh eypvidsep ém @fgordanct ity jag embadgment of the
; acti I gration. There is yet

pg%ﬁf]?lg%gﬁpyﬂﬁire}g@%gﬁﬁa@% accordance with an

enbodisingrd naf-cdract prieophond integrdtédinto a dregt inbaler, generating a signal

Jdncluding, selecting a suhject syffering from
lpﬁl}g%}% %%“@W@u@%fgﬁgﬁ’gﬁflé%?%ﬁ%?fg’f?ﬁﬁe, generating a
Si gnaJDSIyeﬂl{gQRé éigﬁ% d@bétTab QY éﬁiﬁ?ﬁ& 6f the 89mktat i on of

the subject; an zing the signal to detect active

expi r@at.i f tfe. subject: L NG 4:he 4 nsonmi
by gu}?Ofiri %{g}n{) r?gf’ fsf%g?g% ﬁlt%omger o?{r%ﬁ@%ée%ﬁﬂhﬁg t}lﬁ %Bjycg to perform
Hetathiak it ¥ phiralite © respiration phzsssadetaaiisrdmt et iatpatteasionsinely to the
art responsively to the detected active expiration.
e gclve eXNiTatigtdi t i onal |y provided, in accordance
w th an enbodi nent of the present invention, apparatus
for dfral spmengpnlisatinnsaanalyrieg the signglaaeludesngalininga law-frequency
non- t i . generate a raw
C&“&’ﬁ%lg& rog%ieegs%r%l ?oﬁ(geq%? F[lﬁa%\?vgé g‘%ﬁ %ﬂ of the respiration;
and a control unit, adapted to:analyze the raw signal
t o deTlereningen additishallyeprosfdednin accondanee peitlarmt emisodident of the

the respiration, and apply an algorithmto the first
RFesenh VRl stho %Clﬁg&gve a second set of one or

selecting a subject suffering from insomnia;

using a non-contact microphone, generating a signal indicative of airflow 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 'part responsively to the detected 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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nore estimted paraneters of the respiration that are
not generally directly neasurable in the raw signal.

wab@rme0§7¢5 yet additionally provided, in accor deeyE.20¥ (00778

an enbodi nent of the present invention, apparatus for
anal yaalpee thesiaiv dgnadrio akteaminely fictt sefl oitdnedommgoreaparameters of the
m cr ophone, adapted to generate a signal representing
r%ﬁpr‘ﬁl‘gqNaggunds of the respiration; an out put
gene%?f)lgrén ﬁg&iﬂnpﬁnﬁlé HrstUd} b padRRicedtd @rivlld ¥ohd18et of one or
out pu enerator to guide the subject to perform
ninre gstimatgd parametsdrsi ofitbietrgspiration dpit peetnadgepdralbedirectly measurable in
anagyze he signal during the guided respiration
529688 define one or nore paraneters of a filter
responsively to the analysis, and filter background
Noi setef® Yiteaddignally Usblided hid hddotdhcd aviihingn tdtbodiment of the
defined paraneters. T%ere_i s also pravided, in
paesewtriuentionyanparaiys Tenardyzigespirationof gsubjest; including:

. y v L .
il ¢ i opRRRCLANE 1 bttt idt "RpiE Aok ARFHE Kbl of the
réppratiai;us i ncluding: a sensor, adapted to detect a

signal indicative of the multi-phase biorhythmc
act i AOPPUS SeRsRtPBIadini t | adapted to: anal yze the

si gnal er ) ne or nore paraneters of a

fil t%r?ogl???%{;ag%g%@bund noi se fromthe signal using

t he fdriveehe batpirhgenctetomptargmdet the spbjactdogterfosadredthing an & plurality
responsively to the filtered signal, determ ne a

ofgs P‘iﬁ%‘lﬁf%ﬁst’ which is operative to change at | east

one aRRSeL R sibhR RkREhHE Bded 36dpiratiby ﬁﬁéseﬁ,%ds&é@iné%é or more
and a stinmulator, adapted to provide the stinmulus
pargmogters of & fidtesiespasivelbertiee dnalysis ater provi ded, in

oy erfi e Sackilolipd by SOLAL Shah il R Biter, baying the defined
o

raih&&k, the apparatus including a control unit,
adapted to: determne an active expiration tinme and a

br eat hi ng period of the subject, . .
There is also provided, in accordance with an embodiment of the present

invention, apparatus for modifying naturally-occurring multi-phase biorhythmic activity
of a subject, the apparatus including:
a sensor, adapted to detect a signal indicative of the multi-phase Biorhythmic
activity;
a control 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 to the subject.
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determ ne whether a difference between the breathing

period and the active expiration tine is greater than
w@eooeqesks to a first function of the active expiT/HI20€¥00778

time, responsively to a positive determ nation,

est i ritteee tid dortkeen pmsid’ed,ahi aecordamee ofith fae @nb@dimenﬁ of the present

.equ to a sec nction of thedffer n

OB FRARRFGITE o anlibe JEPUBIYR of fabviGreL B8 pRfdrees including

Johebl ddiCaddpiRi toat i on tinme is equal to a third function
of the active expiration time. There is still further

pr owd@@gmmeranaamw ekpitpdiontinte and aéﬁ%bum@nnomf thgubject,

prese |nvent| ratu fOf a [espi r,ati .
b 3 ot Vel o BRI piR el Hink B the active

APRMRhe 1@@6&&@611@11 ar &l ®i st ﬁmemrp@ﬁtha ectbie e&pfratidmame
sounds of the respiration; and a control_ unit, adapted

to: desronsivelydetapesibve deieraymasion, Byiimaie dhatian lﬁgmm@n time of the
s%“é’ct%s %Q@ah tégs&% ﬁ'iﬁi{c%oﬁ o?ﬂg'cﬁﬂ%rfﬁéeg% havi ng flow

resp ec rve ;, and buffering the
f | OW r\té}ioﬁ@ﬁel@fto tahﬁgzdiv@l de&irmiilagnﬂ,l estivarte thatth¢ imagiratfon time is equal
tine, transformng.the buffered flow values into a
taiadhisd fumetion of thg 28ty CxPRRHORUBE- bi ns, desi gnating one
of the bins having a greatest nunber of points as a

maxi nTH@frep isti 1B Rlr@eE | h] Jde\ﬁolrpgcch&n& ﬁi?thoa?l QRPQBIER of the present

si des t he maxi nmu setting th of a noise
1bmmhoammhrams far analwmgmeeplmilon béawe}a acty ﬂne appaatus rs]uding:

and settln et ect threshol d .responsively to a

£ o 2 S AR TeBEHEiR BT G HECRRHER b firls Sonds of the
egisfoRand and derl ve an expiratory airflow sound

siignal fromthe raw si gnal by interpreting portions of

t he rmon@Obhmt,aﬂaWd@ a signal strength greater than

t he det.ecti as the expiratory airflow
sounofilpar%ﬁ%pe‘fﬁ 21 @ | tionally provided, in

accor dancedigitizthgathe efaodigh®info Sénetdle apdigBfINgignal having flow
i nvention, apparatus for_ use wth _ a ventilator, the

appar\@ﬂupé} at FESNeaHLYR) POkt Bh Limen £ ufiedng Mo Rlew udlngs efithe
L© 2oy SR YOhgph D ator, and o encret o
of a Subj egednsforméhg 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
maximum 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 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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a control unit, adapted to analyze the signal to

detect active expiration of the subject. There is yet
w@dwsnosomal |y provided, in accordance with an PCT/IL2005/000778

enbodi nent of the present invention, apparatus for use

wi t h Thewdris g@dditioadlyr provided ajmpzocetdasced with adiemghodement of the present

.hon-.contact, m.crophope, a ted to be integrated into
N G A G5E A A AR e GPRgieg AT UiRRi, ca [ ve
of aiar fdosyneRM REiRrdphoh& SRiapRE | t8Nbed intebrSiddiifG! theaRdhtiator, and to
control unit, adapted to analyze the signal to detect

ganarato @ sisupl indicatve off airfloav savpileef respirpsiop oé 8 enject; and
' ti ill b f d d . o
o+ avicoliabti AETRLE, b, HCRER 38 heldef Tl eyniggion of the

S%%g@,n together with the drawi ngs, in which: BRI EF
SCRI PTION OF THE DRAWNGS Fig. 1 is a schematic
pictorial illustratign of a m crophope-based bre tf&i ng
pat t dbgrerisay et %dalm%ﬁﬂwgwﬁ?dapﬁa pecqrdagee, Wilepn gmpodiment of the

RS RS Uoblal BIRANIRT Un® inflE, B 3PERhms ingludipg
syst emanfcdatagt niicrophorees edapded tebaniritégraind éntoctie mhewg inhbler, and to

t he present. i.nvention;. Fig. is a.flow chart.
P THB eSS AR oot Saatls PRrRRiFRIO ob A Suirthnd

pat t gr forfiloP W, Bééﬁétélf‘% ABal§EONR! sighd! 1BFRIHBBER Wpithtion of the
an enbodi nent of the present invention; Figs. 4A and

subjectr e schematic illustrations of signals anal yzed at
a threshold cal cul ation step of the nethod of Fig. 3,
I n adbermeseaeinvehtivrawile b abrotolly ohddriteod fremettic following detailed

invention; Fig. 5 is a schematic illustration of a.
desspiign e‘B&%@@P@ﬁﬁ%ﬁ%& @Eﬁ?%&qgsﬁleam tRsdray ey g aphich:
usi ng the techniques described herein, and a

cor r espondi NOBRELRIESORPETIHROF THIE WH AWINGS

recorded using techniques known in the art, in

accon gnlc &Y%h&g?tg%@%?ﬂl {Ridratfin 5%%%@%1%2%?8%% breathing pattern

i nventton; ws an exenplary cor

nadifieion aystemrapplied o desac ireaccoxdancavith rant éneodamenteof the present
.belt-determ ned active expiration tine, based on

1B¥e98Pent al | y- obt ai ned data |ike (but different from

the data shown in_Fig. 5, in accordance with an .
embodiigrehis agchemeatigblesk dtagrany ahthe spistemiod Fige 1, én accgrdappe with an

i rj : ults measured in accordance
ottt SR e BB L cqent | mvent i on:
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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Fig. 8is aflowchart illustrating a nethod for
adaptively determning filtering frequencies, in
waewenekiete Wi th an enbodi nent of the present PCT/IL2005/000778
i nvention; and Figs. 9A and 9B are schematic
i || ustig.a slooves af eseavdargl coenelatiph &)ﬁtyvv®pe1cm'rcaqphone-detected expiration
acco ce with an epbodi e r esent
tt%%ﬁ‘ffl £ B dplemmine e s B A erD SR VeRHEcHAy-oftained data
(BuS&inRrERt tﬁ‘brrg'tﬁé Qhta &hotvh ikl Fid. &, i@ Becfdace with an embodiment of
ntcrophone bas br eat hi ng pattern nodi fication system
thOpepgit irsgntion;a user 20, in accordance with an
enbodi ment of the present invention. System 10
Con‘prﬁlg €% id angrapto givovieg 2Rpaiderdalspadiseme@brednini aeordance with an
ically are standard, conponents of a standard
gt (S’if%feefl’réiﬁ%%en @‘st em 10 further conprises a
control unit 26, which is coupled to_ mcrophone 2
speakdg. 84s i How char| idugratife rae methody for prdgptively éetsrmnnng filtering

eﬁﬁlﬁﬁ@éé n%écg%ngét @g¥ %ﬁ%o&ﬁ‘rﬁ'ﬁ?@f' 9 gréséht Eoﬁ'rh‘}lﬁ

an-e resent 1 nvention.

G T e -

a%}é&ﬁaﬁ&l wHEH aBémbéditnéhi ¢fahd predchdpivedtié generate tones,
musi ¢, and/ or synthesized or recorded oral nessages.

For sone application control unit 26 conprises a

st andar d corEEWLEPeQESQRIE?IQMEJ: in

software to carry out the functions described herein.

For. dianblisea shenatie pioterial ilmtrﬁtéﬁ)n ebarpri¢rephanesagettioneathing pattern

I(l% ogtk(oglt sy%%gf ;f aBRlé er S pﬁh %éo%garn%gsdélﬁ% ?ft[f%:mbomment of the

Iﬁewﬁf—‘ invintieh.nasysveh V1.0 aémb@s’tsta 2nip@phoren 2D fantihe speaker 24, which
functions of control unit 26 are executed on a renot

piceliarertiandasl epperonsely oby standardalieagasy ok élenhope. aSystem 10 further
GOMRBE LR o £ crh W & gleaetbvﬂfc% HoHE tZEe?{nd speaker 24 via a
al ternatively, contto Ui t ds a cus

@b drabireledsty. produced to carry out the techniques

descri bed herein. In general, a non-contact standard

M er opjgore i aasélﬁﬁﬁﬁetbld@&cﬁug@ﬁnf@f s t&ﬁnrxm S @Ecdiddhce with an
detect the sound of effortless breathing fromtvvo

enbediment qfhe prasent inkentiont (pniel unjt 20 comiprises ey geipkifier 28, an A/D
%ornggrger 0 %OePfJ 2'5 298 aﬂ%m@ @ﬂlﬁﬁ@sﬁ&g 0 Séoqﬁdt gﬁthgﬁg% g typically

environme ch ‘as
Adayra-tb b8 Edhes, Qﬂmic \Way/es synttistded befdceﬁted otl hldsﬁigeﬁs
generated by the airflowin the vicinity of the

M Cr OPHOfen APpliBatidRs Pdondbol BRIt 26 GofPiBds! ATBiend4Rd 86nsthRel ¥lectronics
condi ti ons. tandard m crophones are designed to

dstiess progpasembd inneiforare & eastyayib theAuactions 1d|qsgr11bpd Berein. For example,
%ﬂ%ﬁ{"g H{}l{t %)[B?Sgg?r Sgaansstgffaaéef) 8%(9( f 2(2 Y tgff; 2P e?%ﬁ%ieélgﬁal assistant

(FSA ) iat"ymeift" hshe, 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
local 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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user, and may be generated during inspiration and/or

expiration. Sound of the second source (b) is usually
w@oemwsiekred to be noise that shoul d be rnini meedIReE00778

for exanple, US Patent 4,887,693 to Plice, which is

tymcablypatr tieefteduemey rrangc p£f560 etncﬁ)OO Bacigeswated inside the body and

unrel a o the user' peC| f| usua

g Bl IR 41 Gra Rt SHEOR, etdn dg ARl rrilyesbund waves,

viRsieedRdt aitbiichéest Q&lefﬂté‘d opae QidfiowP i @ed victhitynef Bt thicrophone

of the airflow. Fig. is a flowchart illustrating a

duwring satpirationd and rsmnﬁtlmgs angerewindynepndiiansr nStepdard amcmhones are

nal og, signal , | acr. W
PR8I esh SRR PRG-I Iy A FIRBUIT, Ss speine
t6 it ader's Bp&Iifi¢ afatbiyMypicaliheae ba Zleteatedadhyazlﬁﬁﬂel hi tﬁatvidihﬁity of the
step 100, and A/D converter  3Q digitizes the anplified
userg aad maxt be senegated Auripg Anspirapion @bd/orsxpiFasiony npqundepf the second
t T
L
U RuietitefB81,69Dt0 Phiee, Gb&hﬁﬁslmrpmraedérereu’fby refesnpd)e, Such sound is

it.is deS|redto perform spectral gnal ysis  as
wedeted He dh eisel s slesc bffw é@@?% i Ul 0 erspimation @nly, and

ﬁ&ﬁhf ???ﬁe @et&?cgér‘ﬂé AP ¢ the p%o&%E@QltaEélaglg?gg {)ﬁ? o?ﬁﬁlé How.

y p I Ca e enoug
0
por | dabcalt § By %%%f*nﬁﬂgﬁ*f@% 3 B Bt egzg breathing pattem

fﬁuﬁfaefaaﬁaM@ﬂgﬁalg in aewidiancé) vidth an émbemﬁmﬂt o8 tichp@sent invention.
every 0.1 secgnds). Control unit_26 typically perforns
Amplifigre 28 amplifiey yisiraw L apaleg igmek eapratoto fy | icrophone 22, at an

ﬁ;ﬁﬁﬁ&@&r{“sﬁeBF D)O aRe" Alp %n%ﬁc? 30 HigiRGE hﬁecclj signal, at a

requenci es between a m ni num frequency (fi
digixizatiom stepetite n@ynt(rdlnmw% buffees thie nligitaisignal, BIBa(blltﬁfm‘]S‘cep 104. The

fre deter ned based o
et te duliey odetiins st o b rauRBCG 0t detection process

ﬁﬂ@xhﬁi | {13 1s|désH@cf‘%r rorflPedFbX bl {Ri 5@%&%ﬂﬁéﬂ he?elﬁﬁélow every t
such that the spectral power at frequencies

i gh
sebemlss drel ifelaiararensémplyd eh e ysainglivgp rata At then e lsrffm dhoﬁdntypmally be
associ at ed th i,rfl ow of expiration. The m ni num
"?Iigs&ag |h§1d‘gagr¥"ears§‘f? WP )ch that the spectral
power at frequencies |ower th the m fre
i's doi héftedngyiep 195; ermob et 2 nernoéwgpy @erormshegiral ‘analysis on
Y BLft@h YataPL.of LL910.0%0. P5&Bnd Bich GOBKPD.148kndRP Control unit 26
I m nat es fr quenties that are less than a frequency
thypilcaldsn QJegofms ghe xphmlaaﬂalxsiﬁj @nieg & 2diswbter Eourfdr, tramssform  (DFT),
eaIer an mnlrru fre frnln and 2 | ess . .
oSG it Frts, Bhegassien Deesfobd rBRNe fqushE (min) and a
ST féfbdne ?G(fﬂﬁk)?f MFHReSidimurPRAd 2ndShish ﬁ@@lﬁénbié@ are typically

optim zation fechniques described herei nbel ow w th
detdrovieadcased om cg@rac@nsgszs ofémch]BlonAI Peanvhthievspegificfapplication. In

Iecte case the filte
ling rsPr oSl s ot MR el it b dncies igher
%glg ﬂﬁzblﬂuimﬁﬂl Iﬂéque&i@ﬁ i? dbmitaeidviBesouao bt d06ciand witholk airflow of
expiration. The minimum frequency is generally set such that the spectral power at

o

frequencies lower than the minimum frequency is dominated by environmental airflows,
e.g., wind. Typically, at filtering step 106, control unit 26 eliminates frequencies that are
less than a frequency fl and greater than a. frequency f2, where fl. is. greater than

minimum frequency fmin, and f2 is less than maximum frequency fimax. For some
24



5

10

15

20

25

30

At a spectrumintegration step 108, control unit 26
integrates the power of the spectrum and, typically,

W@ rweisIss t he signal using a noving-average  PCT/IL2005/000778
cal cul ation, at a noving average cal cul ation step 110.
applécations)|contngl initrodetbrofineset], anddﬁ-usbgcatdalatli\)e eptgmiabtidnstechniques
i ndj, c ve o the m rophon pi rat or
A A At A R iq Bgsbéj%%e a SR Asraatyelsa 1 gnd £2 are

a @1'1 X:1 1§Betwe al

R SRt SN SRl 0 e o
3Qraaddb31dr’5|0&&j ahé 2isriisthean. about I&Qfamdrab@,utelﬁoﬂzz cont r oI
unit 26 buffers the tenporal signals detected during
t he Minspectraaeititedeatiat biepd 0fecomnd .uni 26s irdegratesitheedower of the

t he ttern_para ers to a sute that .t he data
sa %’f“l“f tﬁi’% orpically2 T bFS Hhe FigholHitih gy ine-averags calculation, at a

Q%e' %ﬂ:ukﬁﬁ? s?éebam eThd\eSR¥nd EnSRIrAL. Ednbﬁ’-spectral) signal is

[ nc east det ect ed breat hing periods, as
mctlowtwelﬁrthe mﬁmd)ldma{deﬁcg:d eatmratAty airflovr. eEhotantrol unit (a) buffers this

caI ul a 116 SI n a stored at huffer

it et e 2l S50 & P PP aifofP detection
stp ﬁal s&h%@mdﬁearé a&s%ued ﬁereﬁaysabwal ly using the
t echni ques descri bed hereinbelow with reference to
Fi gs F :
2 bR e 512106 PR BLIE3 0 hp o ) Gk g
N mostieotnt tnimtlangmme@ﬂsuéﬂ m;;dettd:rminﬁbbmhq petterd geranidiers to assure that

erej w.wWi th referepc Fi 4A and and (b
(B GBlboaEPyioh i sifBr BhGBE dpiethed BerditafoR §r g2ARpIeN may be
ARSI SRLINRY /118Re OV deRbte@ HRHAIRhS ?Mnéﬁsr 4 AYVAEE@SIbEBw in Fig.
step 114, control unit 26 detects the onset and

dlessation of expiratory-related airflow by analyzing
the m crophone-detected airflow with respect to the
det ecAi aithreshobs baitwatidinetep dd 6y wdingidata sioreéd ppbeffer step 112, control

0t 28 s AT LRt UOR eSS 3 seRcled M itipaly Al using the
tgclﬁl& 3l d Lo hbrel®efw Nt trBféréﬁ%& aet FRQ. WAr @80kl a¥or some

oun noi se. For sone app i cations, at expl ratory
applitdtions.ddreedeteaivnsthegshold js sgnequal te rth¢ 2éigent(a)t the threshold

Byt bl 8 s B el s el R e B DL Fiss. 44 and
4E§“a§nd' @ﬂh%@édn@élré/bc clBold SRfermthe@nk kidh 28 81 feddaesbdd RAéiABelow. At
m crophone 22. Alternatively or addltlonally if no

m@ﬁ]@tomtairﬁﬂwslegwapn lstep Hlde oufeal awitedp detests sheceirsehppd cessation of
I
%P %&g gﬁ%te(; ﬁlrgﬂ\gol?n}%jgxgal zlilrg%os' r?mrl]c%;hg{li%gtegég 1%19)\&; Rak respect to

tfet drdrkiva tth@ehdld.e PTAL Bonesintuliid lintdipirdts Zl‘ﬁrﬂdei havihgleﬂs signal strength
breat hin attern paraneters, such as, descrl bed
greates ‘ih%%@v@ﬁ\f/ﬁcflhn ﬂgﬁs@p&q@sewaamrg gnd girflgw hapigg 2 signgl strength less

@519?11{ e?ecﬂgﬁ gghgfa%s fers, it is desirable
ave

ICI en %rge nursoer of recent

For some applications, at expiratory airflow detection step 114, control unit 26

generates a real-time indication for user 20, indicating that expiration has been detected.
For some applications, this indication helps user 20 optimize the positioning of
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.

[
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breat hi ng data points to process, and these are stored

at buffer step 112. For exanple, if it is desired to
whawe/0is7eat hi ng data representative of five breet/ne005/000778

and if the nost recent five breaths occurred over a 45

secodd apmtteud detadninetian steprp | &dcomtroll onikH26 deteemirteh dreathing pattern

PRBe D b s b Et aEEe St ReereRGh H1E ohE Ay mm order o
de@MmBe tAee! pa@ﬁnét@rsr Rdy @esitableStonbeviees sﬁfﬁbﬂenﬁiﬁ large number of recent
enbodi nent, use of a secondary threshold at threshold
bmtmlag datp @ﬂlnéﬁ foppracess, ane dhase pecstored ot bl wiep IlddFepexample, if it
t4 t
Cheed B STy A TR B B oo e

bfdaﬂgsoccﬁﬂéd ¥vaiRl4s, sethiel patahaal wetd sesnpled dt rIByHi)ethen the buffer
used to identify erratic peaks_in certain recorded

Sh‘?‘é@w sypicallygonipinateass éﬁ%tpelaltm Ota pocessile: teghayques p pidmown in
ﬁl&%&b&ﬁg@é&%%dﬁc %ﬁ}ﬁ?& ) exhaling due to a

ange’ i n sture ere cing air out of his

] re aaprB SRR e of R Sfeﬁoqr by RSP e e opsen 16

d@rwlb@d hERERbERS Q8dREY of HlirgiaRk dsrally pedld)thalehhidttg associated with
secondary t hr eshol ds responsi ve to one or nore val ues
farctiontlabieathing 1oeasding rtey prsdeternniged rales hs Fpk egample, the secondary

t‘t?r%%}%)'lfh & pECad at'bﬁd%ﬁ‘tﬁi?f&%tf& g%kg Sn" cél"caﬁ?%eéogﬁ%e%ﬁnals that are

€ average respiratron v assocl a
atdoeidadeaithsthe sby): (@pmaiking N@athérethanrbreshiapyiorg(b) exhaling due to a
arangters for, the currently- recorded breat hi ng dat.a
chimgs 1 Eogu, ﬁlaearlgﬁ FEgHHF 81t Odnfs ( Elj‘gsag'&)é PRyt oher functional
recorded breathing data as being |nd|cat|ve
bﬁ%&ac E&%efunctional breathing if the correspondi ng

parang!l ¢ pépmg?ltg Oéon[&%f %P}r’rg% ﬁrl%, ?cﬂ:g% QB0 S or FQFe secondary

somnme ap ans, erm nes a

tesividiaby: t(hy asfmhgl seaénﬂar;atthmaicﬂw Iﬁesﬁeﬁﬁvemt@ adnreoar more values
step 118 (for exanp y taking a_percentage,

amatqsif thh éhenbr@worleééqbreatbe (agesttinga é?ﬁ?ﬁﬁ%d‘éfes}é%d to be n times
LA A5 BSOLG BSLA L e ) 3 Shpuin o

coltesponding meineamtsi for ithd uaﬂremlyl-nan@rded bseagnng slatanwitl 2bel secondary

o gigﬁ]éésﬁgg & afq%le;gﬁllggth% qur%tg resqr ?‘i’rg e%];}%%%ﬂ%ta as being indicative of
acfME cﬁBnalFlbrgathﬂl@ FhRYRoRedpofifig %Qarﬁétefsm:o H50hdsk 284 secondary

m cr ophone signal “stored at buffer step 112 over a
tB@sisddn nEbrrsemecanhc'ﬁrtlan&a comipol] Lmﬂt%adﬁsémmmca septmlagy threshold value
m 170, oWN, ign Fi i.cal |

hi st T :
ot PR SO S 1t konipTe bY HARIGE # mbtasliih g 20%, of the
rﬁ(gst RdBhOfleage HOW AapIRtdd, As kéRcdBh kigshreMaln #%attern and/or a series of

thatresults 1n at |l'east one bin having at least a

hréatkshol d nunber of points n, e.g., about 20 data

poi nts. Typically, the bin width is set such that a

m ni ReferencensarovwnmadeonFigs. 4A and 4B, which are schematic illustrations of

signals analyzed at threshold calculation step 116 (Fig. 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 I70 equal to the smallest value that
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nunber of the bins have at |east the threshold nunber
of points. According to a first nethod for setting the
wherwemdsith, control unit 26 sets an initial, PCT/IL2005/000778
transitional bin width to a |ow value, typically 1.
rdsudts Gt teakt o binclmyiltgsatt lh#st muthteshold inupbien b$ pbimtsemohg., about 20
I f _all. b| ns hav ewer

| t
36 Ppiats” TSP E hin; VAOHH A SPHOTED PRbC (iR g, gpar-minimum
RidbepbthB bidsHaVE &f Tedst Bk thresRdld nif®el®fipgls | oops back

to the previous counting step. On the other hand, if

any of cchRfindtds | B8, Qb width,Wnfr

uni t éﬁs)l gnét es ]%kﬁglegbﬁi fﬁa\%“”g tﬂ)lhe gr eat es%1 %%6 se%sanlmual
tmhmbﬁall\ﬁlmméthntn)a lmuwzﬂuen tjlﬁ@allyAbc dhel lcmgrctlmnat mntsrtﬂe number of

nmet hod fqr set.tl ntr uni t,

DR e &2 B 15 a8 B B Py 8B bt e control unit
ﬂ&kﬁe&% thé ﬁ%ﬁsf&@x@al bR %&Iﬁnbfpiﬂally rBytl Cdndathe Snéhod loops back to the
Initra transitional histograni having a single bi
mavdbmsgccalmlhg\&t@at anrthngtheb éalwé ghaay ghtherpinpvhey at léastm points, the

t he X e of trace 160. .The.con

P fariEonied dheBiniioviisghé BRRsS itim i GPSRIGH oo nbximum bin
imtervals: (1) fromO to F/2 and (2) fromF/ 2 to F.

The control unit selects the flow interval containing

t he |

of - poePRling WRSEcdi1 BN for SRR HATORY GRIR, VBnRYITRL 26 applies o
suuwﬂsawe—apprpmmﬁztmm protederestel the tiatd off ttaee 1 60.eTheakontsol unit creates an

ter .t. or equal t.o n, thod returns to t
15 cioR S5SipEaE: bayifi A ioeld HE TEEPE AL By PR iEe befneen 0 and
ey &l isithe ﬁia&iﬂﬁlﬁﬁ AW QaludQffta@¥ 160! améaofitroCinit BRvides the flow
other hand, if the nunber of points in the sel ected

datmvange fatoriaio ¢aial Bew inteavalsy (1} fremcd e F&) anch(2) from F/2 to F. The

ool it B T TGO BB 1R o Bl plkPoompares

the FMnEr BF P@intst B fhe s@fé@teﬁcﬂﬁw altervhl to alSE6 tHehﬂlmber of points in the
resulting flow interval as the bin width of histogram

selegted ey idervalols erasitar thsorgquelds o, e mpihodfetuingtie ision step

1R Y, 0 AR a TS5 M BT e e
ndHfake vamber 6 poimts ¢ theysebeiadefioo hatsrvabistlas thxenade control unit

fl ow of the hackground n0| se of the signal.. Typically,
Bisekoreveies ﬂ@aﬁl@@ TEems QIO TR NG s L0V inigskal having M points,

\QIH&Q?% %rgétgle ¢ 8 WWH‘ i, calzt%olhﬁ‘%ﬂ lﬁgﬁlvﬁféqggﬂtﬁngﬁow interval as

poil n sest and sets a w
tharkdn 1:8@thesfllsiktoprant A20.f ITwe dontrel waik dbagMWtHel bis of Hestogram 170

and 1 | nst e of. usi e bed, for sone

hme sﬂ%r?ét% r P@Pts{l}%@srf%axafg%’adb wi’é ‘e kis

typi cal Iy bet ween 1.5 and The contraql_unit

typl cMiekijnuet in ol TPe hac ﬂ‘PthYﬂl‘é,f'slﬁY_‘rF‘HlS)lgﬁ B qullovt galpg)B typically

o an]gfﬁléig B3 ¢ Aty Zcﬁ' ggﬂ)‘{x{ offhe Y Lﬂld(iﬁ)qs%}(ﬁﬂ:fl s&ﬁ%l \;Eyplcally, control

us an I neger i p?
€nig 26 Bletts2Wo Binpi 1C76I and, £ bn alppusitet sidés dfhexirhmasbin 172 having

det e%% ng goqtnpﬁr celgge%’lt 90 1%/]6/33, Slélbssegcsag thu?tlhl Cfo a{] %é)ljgg %g:gci ¥80 equal to the

ﬂow interval between bins 176 and 178. (Instead of using M/2, as described, for some

applications a value of M/k 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 integer multiple of W, e.g., B + 2W. Typically,
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an adaptive detection process. Reference is now nade
to Fig. 5, which is a schematic illustration of a
w0 e@onei7ayy 250 of m crophone-detected airfl ow, PCEOROEGAH0778
usi ng the techni ques described herein, and a
contrslampt@tddetgniigesatetictign Zn2stold téksatbstntidiyndetianoesly, resulting in
regorded usi.ng techniques known in the art, in
a3 ALPIS HEECPE ProssSenbodi nent of the present
invention. M crophonedetected recordi ng 250 and chest '
ci r cipf@enragde npwcpds Wyhigsd, Wbich 1y a seremagic illustration of a recording
bt B . - .
23 B FERERYE et ded RFRST RliBEN noilh HOBDARIA HRENRY hercin, and
af drespoddingdzreactdinkSI52Haf, chestsgimatrifstehge, revbrdeid sy Behniques known
.step 106, descri bed hereinahove with reference to Fag.
iy thecREs 1 apGoedaree MaHt en gpeiy ofsihe pagseployFRden.  Microphone-
' 15t S i & - tyepe
g Foithe 10, SR el Ok irelfe oo iRl ar qvere recorded
shnul28e@2Yy anthe Gatd@iseB 7MicophuiestetecBelc@omding2d) was filtered using

bel t-t S or, odu iLghly acgcurate asur.e S .
el g [0 aHE 0 Efh coimra e &t RlG DRy |06 Hescribed
heRina®ovée itk @&@éﬂc@'tofﬁﬁi %etc%gﬂ élfcﬁﬁlféx’eﬁc_eal‘é%kﬁﬁfgyzﬁ was recorded

m cro&?one- based br eat g phase determ nations using
using a baltiybesensor sisular he thehkalelype sa@ives desciibeslinf the @hoee-mentioned

ordi cl al.l. phases of ,nor mal
U BRI 28BS RS oo ABRETSe et Hi e sensors produce
haghly \becie#tBi redstifentid of bRARInE pRAJA! et Bidtiieferdab€ $écording 252
circunference recording 252 is anal yzed usi ng m n- max

SeifYas 8 iascanroli &ori Jetenninimg the iagpureeyvet migroph ¢l iepathing phase
d@%%ﬁ%%igns &%Q%écgﬂiqhg%%rrigéeg}he}%ﬁ' Tn, the active

expiratron g anplitude A, for

exa e as described in.th ove- nent i d US Pat en .
S GO0 s S IG S Srring 2yh Rt e RSl BUPSFoRohey breathing
iR BHOUE] SidtibASndlGtinghcB¥PbxHation akd 8 $BstQxpiratory pause. Chest
breat hing. At |east an estimation of inspiration tine

cirgumésenss aegorflipg 2% isatnplygsg | ustngr indanagi analysisi togderive inspiration
br eat hing .patt er. Lidcation qgenerati . T
A B PR REBOL T R, 0l 2T i astivg exgigation time
Tigsand bedthih®empKeudp| £, for exhipleadod@crigidenethe ebove-mentioned US
1Joat ents and patent application publications to Gavish

ateat 63008B7et al.). Reference is nmade to Fig. 6, which:
shows an exenplary correl ati on between

m cr dpironizastiemnisrephenexdpiceigd iresordinge2 S0fshaws only the active expiration -

SRR SRR bt R e o
a@fﬂé&dﬁ@n@ (RRRding BYRHIh® Pattdfienfodificatiod i gdREWRBNinkpiration- and

and T x , as determ ned usjing_linear regression, isr
expiatim-ifand ghiding (orsy, ap dgseribedpden expnpleain they above-referenced

piaHeSl?sr a%ﬁr}))tateg{ aﬂf)‘ﬁ@gﬁaﬁ ﬁlﬁfligat{o% RE E68h Ra Gavish et al.).

Reference is made to Fig. 6, which shows an exemplary correlation between

microphone-detected expiration time Tg and belt-determined active expiration time Ty,
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
= 0.98 with slope 0.97 + 0.05 (expected 1) a}‘ld 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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The accuracy in time is 0.22 seconds, where 0.14
seconds is the statistical error inneasuring the tine
WO nioeneshs under a 10 Hz sanpling rate. A sim | BCT/IL2005/000778
correl ation was found between the m crophone-detected
measdribethe-tiha¢ Brterivalethdbr @40 Fizrgmpling 4% éc?&%lﬁarrf‘é’i’felatmn was found

hown). These da I ndi cat . . .
bR O Bh B BBl PP e s gsatbing prriods (g not shovw.
THIRE &RitL thddate ke the viBRpE6ISddtectEE haraartes iage agmparable to those
made to Fig. 5. hi an enbodi nent of the present
detepieshizy obelt-typasensetl i s provi ded for estimating
inspiration tinme Tj1Jf using m crophone-detected . )
act | Refesenpé issagatmmeilerto Fig. andnisnembidinger e itegipresqnt jipention, a

mg@tgael?e gyo%g%ﬁﬁﬁl Tty Sg%%%f%?%r? g}&%é{ge. %gr?% %ﬁcr%ﬁ&}%&%&d active
e fibh Rede fld skawensvipbRod af €fi@e dsetiveenFgbceiveTbreaths).  This

irflow signal reflected in recording 250 enerallyf .
methodeispomirslly gise ot icaByiner PWapFiFE (RARIGaHOR YRy 118, described
Si of the chest ci rgunf.er . .6 i ino 2
L
gdrieRdlyv Qote®poads i todideattite bierivatied (siithc inveetednsign) Tife the chest-
inventors have observed that effort|ess tPr eattgiﬁqg% vative of
cigamelieranry recarling 205 dHHpg eXAEgn,hecap BFIGG th s derivative o

a fj i P: W e end of active

hlé‘)%BJioia ?gnmét%g%gglrl%*gg%%ﬁ%&at the sane tine as

t he i nni ng of. t he e ' i rati .

oo 158: e P BABREE R, ORRLS AT, gl o b
heahebisd by dik of two Bhttebds: For some applications, Tj1 f

is set toa function of T - Tf. For exanple, Tj f may

be, sgt P t Tihe cHd 8NdciveC BRsitBh DRI vean
about% %fsgﬂgﬁgma%%ﬁﬁlwg{c}lst&ghe as be?vveegﬂgfbout 0.95 .S

and gboarallyl at0fhe sAine ¢inmeass thel hegirmingf ofnthgsulbsequent iaspighon

of T -Tf_and. the val.ue, wherei,n the, value.is itive

or ndiat Foatisgiedo it P rEsc i o pigeBdls o o
equal to T - Tf within plus or m'nLé 20% such as

wi thin pl Usn®T Trri Mus 10% For sone g)ppl ications, Tj1 f
is set to a phenonenol ogical function of T - Tf, or o{
ot herFor sepe reppliestions | inets sshiaadenstion pddsurldg Hrgieygmple,
techni ques_descr.i bed [ Fer [ j

one. inkBrE o8 S o R0Gp R T AL aReERoRREl befteeabou 0.8
i s deharabbier? auch aabétwesn pboit 0.95 mahabouell Y5t AAlirnatively,
| east one paraneter of the reTspi rdgtili on a, seco

pat t eFinf 8P beisat tohihe wumned Bdl bandhe jvalee Wheiey ‘i%g yalpe,is
Is 1 oﬂo'sﬁ% q)r negative. For some applications, Tinf is set to be equal to T —
T within plus or minus 20%, such as within plus or minus 10%. For some
applications, Tjpf is set to a phenomenological function of T — Tg, or of
other respiration-related parameters measured using techniques described
herein. For some applications, one or more constants of the
phenomenological function is determined at least in part responsively to at

least one parameter of the respiration.

e asecond pattern 262, in which the end of active expiration Tay is followed

by a phase Tp with no chest movement, which is followed by the
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by a phase Tp with no chest novenent, which is
foll owed by thebegi nning of the subsequent inspiration

wapeos/088oas this pattern, T[ is typically esti nmaPEHILISIINHO778

the followng fornula: Thl f = Tf (2) For sone
appl beginhimgsof Menfubisequeat inspiratidrudgy.i drorothisTpattear Tipf is

exampl e, . T Xx.may .be.s the product of Tf and a
cong?g’ﬁ?algeefméﬁdé‘ﬁ%t%?}foglow @BIBH 1.2, such as

bet ween a ut_&. 95 and about 1.05. Alterpatively, T f
may be setlinfihe sum of Tf and the val U&) wherein the
value is positjve or negative. For some _applications,

Tj nf Fox semae appliesionyilinf setrio afunstian pf I %pr gxaugle, Tinf
20% c i 5 hi S ] 9 0

appl |n§a tFeo%ét, W'I'fhlgflﬁloéldlcgeoth{fogﬂélﬁ %%8%%%&% ofﬁﬁlca out 0.8 and
f unctabout 102, slith apbetfeetib@it Or9SsIdraboloN08] AllRehatively, Tiyf
par anet ers neasured using techni ques descri bed, herein.

For SAvebesisplq thsisievef Trpnd thy vatae avhessia thevalugis nopiéive or

phen oG f Y . Sp.d ] <

Par t “PEAReD It Spuk BOLLAnL T CRSELIPO ol WEFF it plus

r es pior atinen20%hsuch res evithin plus av eniotrs B0%e & ot barhe applicatisds,
pattern 260, active expiratiqn tine x geperal ly has

B Huriant Boh o8 PhPR e ekl GRCHOR 9 T OF RopiPEeHRifon-

tine rdifled paliddiBcabied siAg tdcHRR) Irei

cont rrast_e, in second apa?t e?lng%é(icz, u%&%gﬁ%erda rgmhggr gome

si mi lapplicitions,iame drometeatonstantsrof. th phenomenviagical Hanotion is
observed that first pattern 26Q is ual | y obt ai ned

ahen OErrmirpd a 5sF i DR 6 PRRtsey 118 4t Jioh ol Ppameli of the

|'i ps rép@atibh.ng, i.e., artificially prolonging

expi ration by narrowi ng the gap between the I|ips,

whi chy ' u .

pat ¢ ars RIKIT MO BLM Y WACEIASE buferf B8, Wife RBEAMA time T
gaudrelly hisen diretipragrenterthiae ghandiratiproéf inspipitioa tinenT ;ansbmetimes up to

expiration.. Forpulas (1) .an can be c i ned. and .
SUBFLEEHEE g PO U2 A0y TeonBIeFLoaS ot pyduration t
thd @8 T]}. 1 The Firvéhtof e bbservdd thid ﬁﬁﬁ?éff?éi‘ﬁ b6 &AARBY Sbtained when a

for sone applications, T f is set to a function’of T -
ugér igrperTformingpamartien ewcht srepesed lins iboeathing,tie, artificially prolonging
condition. Alternative or_addi.tionally, the .
Bl Shoutthy Bt siS WadenRisohps ARHLS ¢ knGvn nppra tyerapeuti
rhanRG¥drOSeedndTfatteinR 62reflctfla @ERRAl RPNV tBEHASPRY MARA KR flow at the

results measured in accordance with an enbodi ment of
begianingof inspirpiicednd SRiratieie gr aph shows

m cr ophone-detected T f

Formulas (1) and (2) can be combined and represented by the following algorithm:

If T-TexTs
then Tijpr=T-T¢
else Tinr=Tf 3).

As mentioned above, for some applications, Tjnf is set to a function of T ~ Tf or T,
depending on the evaluation of the condition. Alternatively or additionally, the condition

evaluated by the algorithm is: If T - T¢> a function of T
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calcul ated using algorithm(3) (y-axis) vs. T n

nmeasured with a belt-type sensor (x-axis), wth the
wal2aa0a/0p0ht s randonl y sel ected from data of 10PCT/IL2005/000778

different users (3 breaths for each user). The

cor r Bigati xsra Q@ph&hnwilf;gwéx;&nﬁdﬁtam resulis ni@bwediinadcardanvg with an

ar re ssion, is r = 0. 0.97 + 0.13

e bR @7 1he o< RHELICBe i 61 EHEA 903 PiFToRiopEdFRged Tint
cHeulatk easﬁgca Rt (?) t- Q%sj ¥s. Oy > theafeNdsth d"ﬂﬁf-@ﬁ@ sébor (x-axis),

seconds 1§ the statistical errfdr in neasurin e tine
wiithtthe dath pomﬂmandomﬂ;y meoéqd@bmr@tar@ﬁ K, diffigrent gmrs) (3 breaths for each

t 25% t [
kR B Pt @peatoer ar I T - AHEaeY jie PR rRifRon s =
0188Iiftfls1dpdh.o6 +9. P?&%Bgéted TaRen i8RepSoearly Q&%r(ékﬁééted 0). The
sufficiently accurate for the purpose of nodifying

atsueay in mglqomt(t%lf s ohds, g’dma& Q4 secopds i thy statistéeal effhein measuring

I tween. t h t f 0
5 o fereivel o A BB Bis” LS GOk Gt el 25% of the
a{'éiﬁ%eding ieftdAGRRe T Loftd tirdeboriabhfl 7.8%0 éhdle ré‘véi*’%lg@breathmg period T
cattering hi an enbodi nent (typl cally during

obroghsetomgs.pathese rrests mtc%ﬁnﬁmﬂywﬁﬁ@@my@ccwm “or the purpose of
o5 5, R DNES ) SRR S el TR gy siope

’ bbﬂi&%@ﬁ hlh&@rﬁméﬂeﬁﬁfouﬁﬂ Ak ddyorakar@y hikgtﬁeh&lw‘@bél @em;f)r suggests that

Tj nf_measured durin ? mul ti pl e, breat hing cycl es. an
thengibigransen arsfatiribatableatoerandomdata pesteringidin .aﬁﬁapbodlment (typically

d?nrrhg?gah #E%ﬂﬁﬁ%?eéﬁ%&r ﬁmﬂﬁfciaﬁgﬁ'ﬁ%ﬁ&dﬁfe mtﬁeh §catterlg% is reduced to an

one- d arr e alrfl'ow can
aeoepfablisleddagl Klerading thehaile: of TSnéabﬁ‘_edElgnng neldtiple breathing cycles,

alrflow, i is_breath nunber, dt_ls h I e,
a@d(%hsaawga%%%wﬁ ewddi umﬁﬂl‘?ﬂﬁ dyripg {l}ﬁ’ﬁtﬂpﬁﬁfﬁf‘g&“@%@’%%d
of breath i. The additional breathi n% paraneters

| Ecl lielen enrodimentrrf tayreseatiEvenian ddiionelpbreatemeeppraeters are
o PO kB BUEIH frghToh e BHSRY b 0 Gt as Y6,

wiRpy ¥9e tHesmigdittude pt hirfibwhi Bairdith guibér, bfet isrthdtigrtdktending from
(Alternatlvely breat hing anplitude_is represented by
thenbegvaningrofrbieath b umsl the jend ot h dof @é&lﬁl@n@lrhrﬁtb@g parameters
iddigageometrical properties of the airflow pattern by

neans of nonents, which is given by:St ) (t - <ti'

( 51 %rgathmg ampﬁtude, which is represented by the integrated airflow for a

single breath, which is given by:

Afi)=3 v(i, t) “)
t

The integrated airflow represents the depth of breathing for the ith 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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S(Y(i, t) t) (at (ti>SY(i, t )t (b)) nisthe
order of the nonment. For exanple, if n =20, 1, 2, or
W@2006k0@e878um cor r esponds, respectively, to (a) PCT/IL2005/000778
integrated area, (b) zero by definition, (c) variance
of the airdl attern, d (d) try of the
airflowp tg\rg\{/ o r so appl .<Eéf)ﬁgm br eat hi ng(s)
anplitude s determ ned, such as described above, and
at | east one additional paranmeter is derived fromthe
br eawhireg anplitude. For exanple, the additiona
paraneter may be: (a) a neasure of ventilation (anount
of air per unit tirre)Zs(lr(hl as) oprﬁ)lluct of the
br eat hi ng %qu tude and the respiratio perlod or (b)
fit

a measur el eafhi nW‘t‘,’ h as relative
fluctuations in breathlngza |tl}de(eg t he
standard deviation of thetn I ast breathi ng anplitude
val ues, divided by the nmean of the breathing

anpl i t udeb) misdhe ordeiofithe Bgmeati ty general |y i ncreases
during stress and sone di seases. For sone

appl Fonexamle, ibnited, Livaoadt tei s eyraspondiereapactivelyy tar(@)

SRR S, oot By A aribhn (CERntE TEe oW i nd

BBy bthe GRTIGRGRAAAES t 0 uni form expiration, which
char acterizes pursed lips breathing; a fast-rising

but  g6adEAl! ¥p lﬂféﬁt'i(ﬁﬁs Ib?&tﬁlh% eh@ed dB¥rined, such as described
post - expi ratory pause, which characterizes relaxed

aboeqtid argipasm one additioned peratrietdr-isi é@mgcdtﬂmm therbreathingrampdigude. For

<Raaer s Bu bty reEEer By b b B REBL P Bl @unt of ar per

uﬁﬂ%ye? eﬁch Qs 6 PFsbt @ftﬁ@ Bfeaﬁﬁ@galﬁ ntﬁd@and%s adsPirfgonpdridd, or (b) a
ef f or For sone ap gﬂl cations, e airflowis analyzed

maaswet@cbre@rllmgamgtl fystspeh @f rg}a@m Kluatgatensi igbigatheng amplitude
th nas: .
G Beoi el A DA M i SRR udA ST iR by the men

of @dbichiBihg dm V\%‘ﬁth@é) srehihaigl wRyGlady] saptly dudrbags dunng stress and
expiration h cannot be char acterized as a _sinp

seing gtiseasase doir| spmemnplicgions, ethen ehgragiistics pf F}@t"ﬂﬁlqvﬁ @readetected
‘H&E lc}g'nm o8 ﬁ%ﬁ«%&%@%%@%@iﬁéﬁﬁgﬁi‘gﬁ Sidné%‘%ﬂ %lr?tn algf SI{C as

resent i nve
Pre a square pulse Tﬁ%ll’][ corresponggFo uniform expiration, which characterizes

pursed lips breathing;

e a 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 analyzed to 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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applications, control unit 26 uses this nethod to
determne filtering frequencies f | and f2, described
whegoeiosIove with reference to filtering step ROBI@D0S/000778
Fig. 3, when system 10 is used for breathing pattern
ainwaljsf callbseo durifiy pkpadtion, (witien caysit d dracterizad s simple elastic
or.when airflowis undetected for a predeterm ned
regfiblint of ti me, control unit 26 automatically enters a
net r onone, node of_ operation, hi this

oper Kig dnis ofigwsshagt dllshaling g myethedh é?ra%(g@ﬂv‘ﬂg pleteamingpg filtering
nEXR) f@%&&?da%ggs\%tﬂtgﬂ' &Rt enta%g:)%leogfg&t'lﬂ%rﬁi%hor For some
neration ste or exanp may generat e

a;qﬁmhtmm;s ported ivait 2ohasethiswdethad oo détermibe fiverng ﬁ‘bqudncﬁ:s fl and £2,

and, apout . 5  secon . g., oyt 2 se n and
d@fﬁb?ﬁﬁ?rsﬂlabmesw HafeEsts to ?ﬁ?ﬂ%ﬂﬁa %soﬁg ‘é(ﬁ%n system 10 is
uhagt bfc% nfdicatiGd O'F%phl %ﬁ%@ﬁ‘ té;ﬁ) Yo 3<Lturned on, or when

typica erates each of ases between about 5
aiafhaiw ab amdet&@ed iforess prefetsppined amloynt of time, indog unit 26 automatically

i ndi cators, sound synth SIZ r.34 ates.to

enlfiy el agme giads gRoPeRIPn. | i Pt SEpPesgriqn, CPU 32 alteratingly
oA RShiZARioRrRa ledkbiatioM ﬁHﬁsé #hidafes)iat @tph@sl% iAdidators generation step
ex iration ghases at a guide user step 30

30!9 c rF@p lssaaple2 CREL 82 trsayt g@eraéss gach; lngpltﬁél@ngdmeﬁr tdéagtor for between

(,}li%xﬁapf)%t %nqgglll fé%\gl out Ctel‘A(? eg?l?gfplé‘ggn pLase indicator for

bét'v@bﬁ hB&E 24 dond 10 Sd%dn&sl ] @Q'abovﬁm soodsp| CHU 82typhlly generates
and digitization step 306. At a buffer and nmark step

- eghanf thophases baiyypen é@ubaﬁmba@ut h@tigiegi t al signal, and

marks the buffered signal with the phase i ndi cat or
geneB&B}gmsmthOtthe phasgriadicatess, $<6mdrsalefdiesmﬁtr 34 geinktatesitomes and/or
ontr uni t perl di cal I% erfor

310, 6
of Bt i yehucr it 78 Ppupion kol Pl igspiraion and

cRpitatRACSHANS, afatuid udéRistep 22t YRii€aphohePEY H&Eé’@ theRsulting user-
spectr al anaIyS|s using a DFT, operating within

eenengled ooy oeererlosy dciion stepi3in Amplifiords ampdifies the signal, and
A?]gs %rnkgrf_eq sjbe@@it%o? ?lv qxﬁﬁlﬁﬂ:td %1%{ 0 G na&rﬁ)hfﬁ'c,lfltﬁcgg %c& %I‘t%tlon step

30batAt aurlmffee 9d hixala sfep 1308, amkogﬁmalze buffeRrthé digital Agna, and marks
spectrum.integration step 312, contraol unit, 26

therhudtored ignal mathgbophassdn %%rg&p@a@éé&hqnah% siggpl va gecorded.
signal s stored during the inspiration BPase and the

expi Pétd Blierngastep 31 @sioatrol vait Yo pariedieglpi pafdrps specrehesalysis on

usin noyi ngra
-%h@rfﬁeégf’;@%%ag% 08 DA PSRy 2R P her B e oot
?sﬁs asihi @DEThpRieding atittom asﬂ%@tdfareqn@cs@n@hﬁéegl Hhin and fmax, as
fered at an inspiration buffer step 316 and _an

dés@mbp@themmabgwe eyiths refgrencegto filtening: sten €l0p. weFigr 8nceontgol unit 26
efl] llldL% oﬁﬁ]&ﬁmeg ’%heﬂnzﬂ'e qgﬁs AR Cﬁ%ﬂ:?%ﬁd?g ?%hﬁ.ﬁnax At a spectrum

[ ons of "sever exenpl ary
igegation sep 3/1n2t boritrolamitozt imedrated tHehpovperasfeseparate spectrums for the

| nventi o 9A shows an exenplary i nspiration
tﬁt%rﬁa slmlngatha %W‘@%%WB and, {her GiAgHOR @gm gippectively, and

t@’g At lﬁn&tﬁé&et%% %&’%ﬁ QshfdCh hidRinpl ﬁaragﬁ Qaldilddion Bt a moving average

uni t tracts inspirati Spectrum
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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350 fromexpiration spectrum 352 to obtain a net

spectrum 354, shown in Fig. 9B, which is associ ated
wowaoh/oesepd rat ory airfl ow sounds. Control unit BPGI/IL2005/000778

typically averages net spectrum 352 over a sel ected

nu nb&efeménog u$ vhade by Ei@s HBA and 9B, whilchamt shematiciiluatratoms of several

eﬁné@ﬂy %tgazorfrtl raﬁc!;ﬂqr dw.& cal C tEl%ISIngfg a?pgt%sgrrlts m%ntlnon Fig. 9A
sﬁ@v@aﬁé&wﬂs@uaﬁé@g&eﬁ@ntmf zhidt & dxBhpSdrP Exﬂl%oﬁfspectrum 352.
Fig. 3. The resultlﬁge paranmeters are used at filtering

Ad tagypegin sulﬁx@ctii@s gtep iz 8).reapbokunit 26 subﬁmt%mplratmn spectrum

For. Somre ti o val
32 Bt b Rfind SERRDREHER 808 s byl e Sntpl ) #§, om, whicn
inhssbeiatedswith %xpiatdry ak@lv sduntbe Coitall L&ﬁtea&tﬂpi Jill}ﬂ @Verages net
spectrum 354, and f2 is set to a value such that the

SRRCEAM 32Pep Ve @ selgstad rumben of suided rcathsg HAt »parametsr calgylation step

3%% goy:%rroéglrﬁ?ta cﬁﬂﬁ a&e‘l_gra@é:%tﬁét@ﬁu&qﬁgor nglgrurﬁp%% # éé fl and 12,

dédcribed &ietermbxbv@ rwml deﬁetennaltb ﬁiltamgt step lom 6f PEp. der iteSresulting
ot her parane er of net gctrum éthat are used _for

PREameHs A Use ol t%ﬁ%ge%t apigs@oeibgrempboye pathggfegence to Fig.
3 FoREGhE a]g@f&%ﬁ&% Il & selto JhOaIQé‘ RO HERea 9h égr}f%% spectrum 354 to

present i1nvention, mcrophone is integrate
theeldftdilf] thenl e e.g. an%)Joﬂthe mcvtahmezcmdeo net(@eqrum\BISé, andr2 is set to a

or anqther_gas) w.th respirat ated fl.9
vl B0 B S afipronet SR B S e DBt iay ERg#.510%) of the
a8 uhidhefBpdet@in @54 U?x% apPHipRiaRsS r R rﬁd’yal%‘@@fapgynot equal to r2.
tube. For some applications, the breathing mask

Alighetiaely or edditinesilys cotftrdl wisRGideriver othﬂa:map@tbnseﬁ net spectrum 354
i1 th 20. Th
o B o8 RER R e eé?rhﬂ%s ef%fd%:%eltr o detect proper

erfqrmance .of the v nt| iC tecting. .
Dot | NerBRe 8 et By eFidsdr I o aodilieht of Mg prssent invention,
fi¥Rbhdtd 2> RRASHatd 19% SRlkERL d&de%*ﬂﬁﬁc?@diﬁﬁﬁﬂw%@dﬂ@?g., via air or

i ndicative of expiratory airflow, rather than
avethercgashyyith oesparstiof-rdlated ahifloe. of ser 20u cForsxbinpix, ;the medical device

sounds of breathi ng often do,not correlate with

MRS HEN0S itk 05 Su S STt & RichgOmy BbeenFor some
applicafibed ey br@thiA SmEkN&F hibe! AreNGonpdnbM8 SURIRGHilafor that applies
al rways. However, |owfrequency sounds indicative of

pesifive aresrure 40 ithe buwgarof usen ZQ;;e ¢ dpdhpicues éescelbecwem are used to

AR N R e

ubdreat Adthg expitationWsamypicallyr aensiesnt IHyaHt:l@Btmgmo@ffrequency sounds
enbodi nent of the present invention, the techniques

infleivF 156 expisrtenhaisiev. Eher fihan b detedfingasaunds of beething. (In such
s@%gﬁ,re %{i’ﬁlﬁérgpbrg ﬂje?ledoorfl Q:oﬁ@ glq%at{&‘lb Q‘%}lse the sounds of

ypl ca , M crop one
bedakidng arengftenesffestedf§ bys yardiam cbﬁstnatricmsl intthg rsaEJ ectis rﬂi@vatybte However,

dr g inhal er._ For, some l.i cations, such non- contac
1QRpHTCABEICH GOBR SHP@’&F%Y%QF g’g’“@% aﬁﬁawm kot gnsrllyadiected by such

csasrmﬁmlsf) YFQGs o HeRGorRC tHeVibdhidHes WBE DR ERIN ardU&Bd 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 a drug inhaler by the subject.

Typically, microphone 22, and, optionally, other components of system 10, are integrated
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descri bed in the above-nenti oned patent and patent
application publications to Gavish and Gavish et al.
wo pooanossepodi ment of the present invention, thRCT/IL2005/000778

. technj que escri bed herein and/or in the
m%fbﬁ\‘?é{-r\’l% H’?ﬁag’ﬁe OLSRUaHEPRASANS: Bich neprsiontast inenitoring of breathing is
dRtthé £ Ak thABShnk | H3d ' i e ysed 1o
R (?atcpg subj eccf'\es u?ﬂf lzlr i %ggg Eﬁgér%ﬂ?ﬁ% %%r%‘?é’ Oﬁl}]g oslgﬁ]egt, iSuch as those
desonitextd inethecabosetengionkids pateiatr &l patexat dpiptigatiohusibliRstid@aSto Gavish
%n@ sggltl gw breat hi ng. For some applications, insomia
AMISIPHELT' G usi ng techni ques described herein for
detecting and nonitoring breathing, in conbination
wi t hinyancemlpadinaentsaf thepreseny iimngntien; fhe techwiquesedesenitbd herein and/or
inRhO LWE A £ VAR AVANC) |ect Fibedn. the .
M above. neqﬁétﬁgﬁg%b ér;dgll]tﬁearl%ta P g{ﬁ ?@fg%tiona%u%ﬁﬁété Sg(?] Galish afid Gavish et
al publusedita wews atsobjeavsufferiap droBainisenid Jabomdih iBometimes caused by

.enmbodi nent, .of the present invention, the breathin _
dl?‘Fgﬁ?rF% gfeﬁé“‘ﬂ% éH‘H} %ﬁ}fré%t B&E%?H%Hreﬁ@i@- Fogsemg §En|11(fagpns, insomnia
is GRdaRdt &cBsRudl e i . . ..
Sl eepgjid;%r der e _ %r g%% ﬁlﬁ%cgﬁglgfsno@ltrgee u{/l\gtéﬁgs]ﬁ %néltp?nggnbégaﬂmg’ mn
cogbiraiigienith thmltqlu@_efb]f lmadjfgiilgqﬂg)il(aﬁlb;@félatgd' Yirhgthinyc activity of the

-py-breatn .alrtlow durl ng ex atron Is | ..
Su%gf%l%src§§?$gbﬁ1es iyeangitony ﬂ’&‘i%gt, ereplofRRligatien: publications to
Gamighi drdr Gangstodt abr eat hi'ng i s conbi ned wit h t echni ques ' :

for nodifying breathing activity of the subject, such

as tiRosceRBSHAl ' 3 L O tent. and .
pat ent a% pli ca%3 l?tgﬁ %18 B{r?&%g??%‘és ; Otﬂhfagll%gtf]ﬁlﬁ%ﬂm%%l%tecmques
degqribegtl. hereinaaree msertiifoe rdeteoting hdeqpr disaéred nbteathing), such as sleep-

digo%ahg{lgueﬁ\idescri.beéj htgrsfi n are used_in conbination

W EA T SCANTIRAESCFBPS WEHiSISPP iR Gishdentantdeaty pndrasne (SIDS).

Typscally 2 Ooreath Dy TRl . atfGwbidarihyt E‘)Eﬂa?ati%&t hyi Iﬁ%nft&%h.Udelgor some
respiration. The user is guided to Inhale Tor a

applieatigny syelh inop-contagti menitexigadEbricathing is evtrivimedpeith agthafques for
i .optignally, ,to hold his breath for a .

g, AL LB b ok oA B S et i he o

metienedpaterit Wl bateis applibRIdAGHbliSathe¥d deetsit fta AR ¥i 49
natural |l y-occurring nulti-phase biorhyt ﬁm C activity

f ' im . o te@fni . srein] i
of dan gHRB6Y: e%t‘&ﬁﬂl@%rersgﬁt%{/&'ﬁ'og,ﬁ f}{rnllcﬁld(}g d§%§?ﬂ\l}§& ia?re%age used in

met hod conprises detecting a sigha I ca
corpbinatiop tveithe toghuighest fonincodifying/ bioyhytlanid seialty 2if igert 2  Typically,

PR AP RS, BB il S i

petisd 0PtitnBeexhialetfBF a cé¥aih PBSSEd bitiMar dnd! Eﬁgﬁﬁf,\fg lhéhcf d@% bRGth for a

filtered signal, a stinulus input, such as an

ceriHB Peviod pLlifae- stimul us input, is deternined which is
operative to change at |east one aspect of the
bi ofhpn remibodadrit wif tthe pfeserteinsertiorcs melnsl! fshsrosidedbisiodifying

ol e BRI bR BAR) 85 " Slcsanebasorapntion o
thes e@gaAAr Yho rfdthod 0Bmpridst ddtbdidhg a signal indicative of the multi-phase
biorhythmic activity, and analyzing the signal to determine one or more parameters of a
filter. Background noise is filtered from the signal using the filter. At least in part
responsively to the filtered signal, a stimulus input, such as an audio and/or visual
stimulus input, is Fletermined which is operative to change at least one aspect of the

biorhythmic activity of the subject, and the stimulus input is provided to the subject. For
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different fromthe nmulti-phase biorhythmc activity,

and the secondary biorhythmc activity-rel ated
whawkgesownd noise is filtered fromthe signal . PEDIL20@V®0778

appl i cations, the background noise is filtered from

sdrhe applipatibnd)ythé backgenmy roidet isrindigativeeofsiegoralary biorhythmic activity
ternatively or.additjonally, the.signal .is filtered .
Ailyresie, oo Ty Papantse bRARyRic aeyithang; i afecprdary Blorhythmic

aBVIGUERICA B RGBBAEHOISOR Hifel fr&ﬁrtheegig{ap.l e, the
frequency spectrum may be frequency filtered. Further

alte td.nel = f I n HSH :
o EORLHE] Dot RSB, QAo e s b
fisqunel fleeimpdibegsigmal.onAltamatively or sadditivnely, fhorsigmabds filtered by

appl i.cations, the.background noise is filtered to
PeidoRpBE SRRt @&E@ﬁc@nfgg 568 tﬁar%fﬁm ROTRAFREY SPefiRy. For example,
tﬁeﬂ?&cﬁ%b@' shtrhd ?%Eq'_rf%]iu%yt fiRe®f Phﬂﬁeﬁél&?ﬁtiv%??hoﬁ-;ﬁequency

not €vant to determning’to the stinulus input. For
spectapdm]yses i perfotmadgpn the aigoal ivicgderito Chasgfy, thesignelmceerding to one

usi n‘?g aggflt-type sensor) may include a
Oh#8rt YO %el at ed conponent which is noise with
respect to the respiratjiop-related copponent of the
si gn&PT SOtRF aoPlisahoe fie joekaro Eeﬁﬁéﬁngﬁ regl $0 EmayeaReliequency-
i Y] i 40 - - f y el: .
P oIS SOENEL g Ul K LR oRRMERE HeSiBhA Mhat is not
raléraantice @etestiningfo theestinmans bepat.s Fomdexamptey iangresthimgrrelated signal

(e drarel SRia DR RR SBprT et TR TR GRUEE Component
wWIESCId R6de vt R&pai o erheBRjiRReH rdlated ot RentPat agélt signal. This

2
application publications to Gavish and Gavish et
hgarttieatigiated coropensst istelimihited framothe signel, tymeallywsingores-frequency-

v neral ly been. desgri bed -herei n.as | ncl.udi
T B Ree e or PGS e Sag L b fPeclePRty o Afhoartbeats and
rérﬁ&iﬁ%qiehpﬂgmrmysighap take additional forms, such as
visual display inmages, e.g., text nessages (e.g.,

"inh seamﬁ'ﬂﬁrié{téxfé%hﬁaﬁes ARARdd dyRaMmifablai&aaRg cfunction with
graphi cal” features, €.g., color and form In such
techeigees dengritied ymthieedboyemediomaddpatgs ket p&dntaapplication publications

repl.aced,. wi th an .appropriate output generator.
t%&?‘éﬁiﬁﬂ@@f'@}eﬁ%und synt hesi zer 34 generates oral

gui di nessages only, rather, than tones. It wll be

appr eﬁﬁ@p@a W‘frmﬁ%@i Ep/ar | Gibetn dRRptignsa firye generally been
dREeent ég%l epd 'if?ﬂudﬁﬁ% NRlid itPhdsCand/Sr WRA md88oleech stimuli and

particu y shown aRd descri bed herel nabove. Rat her
indhcsamspmaypfalsc eakpr aklgivmal forerst isoch iamotidk dispbtyhimages, e.g., text
conbi nations .ang suhc iations,of the variaus .

HORREST 4 Ba BUAeh i nERET oot ety SaDgHE eraphical features,
el | QN A0 For® dinf dueR kAL SohhesRtiesizBA84 AMEHRAkdr '24_tapeereﬁlaced with
prior art, which would occur to persons skilled in the

anr appupIUiRte e@witiiuvh gzenprator. Alternatively, sound synthesizer 34 generates oral

guiding messages only, rather than tones.

It will be appreciated by persons skilled in the art that the present invention is not
limited to what has been particularly shown and described hereinabove. Rather, the scope
of the present invention includes both combinations and subcombinations of the various

features described hereinabove, as well as variations. and modifications thereof that are
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foregoi ng description. CLAIMS 1. A nethod for anal yzing
respiration of a subject, the nethod conprising: using
w@20vene87a@nt act m crophone, generating a raw siPEEIL2005/000778
i ndicative of airflow sounds of the respiration; .
nghal yiel pgort ére, whishswouldloctwr epearsonsnekilied inr it @eup@f reading the
one .or nor.e.paraneters of the respiration; and
ﬁﬂﬁ%WQgﬂﬁmHﬁﬁg?gorithn1to the first set of paraneters
to derive a second set of one or nore estimated
paraneters of the respiration that are not generally
directly neasurable in the raw signal. 2. The net hod
according to claim1, wherein applying the al gorithm
conprises setting the second set of one or nore
esti mated paraneters equal to a phenonenol ogi ca
function of the first set of one or nore paraneters.
3. The nethod according to claim 1, wherein the first
set of paraneters includes a nmeasure of breathing
anplitude of the respiration, and wherein anal yzing
the raw signal conprises integrating the airflow
sounds for a breath of the respiration to determ ne
the neasure of breathing anplitude. 4. The nethod
according to claim1, wherein the first set of
paraneters includes a neasure of breathing anplitude
of the respiration, wherein the second set of
paraneters is selected fromthe list consisting of: a
measure of ventilation of the subject, and a neasure
of breathing irregularity of the subject, and wherein
appl yi ng the al gorithm conprises applying the
algorithmto the nmeasure of breathing anplitude to
derive the selected second set of paraneters. 5. The
nmet hod according to claim1, conprising anal yzing at
| east one of the first and second sets of paraneters
to derive at |east one additional breathing-rel ated
paraneter of the subject selected fromthe |i st
consisting of: breathing anplitude, a geonetrica
property of airflow of the subject, a characteristic
of the airflow indicative of pursed |ips breathing, a
characteristic of the breathing indicative of rel axed
breat hing, a characteristic of the breathing
i ndi cative of passive elastic recoil of |lungs of the
subj ect, a characteristicof breathing with effort, and
a characteristic of breathing during which the |ungs
of the
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subj ect undergo a functional change. 6. The net hod
according to claim1, conprising guiding the subject

W0 200pe0d7¢F m breathing in a plurality of respiretT/r005/000778
phases determ ned at |east in part responsively to the
second set of parameters. €L Snet hod according to
claim6, wherein guiding the subject to performthe

br eat,hi n j

1oy gt Rt AHanaihe rpaalildof SRR InPhnchieR kRl

pl ur akingya abn-cespitr midrophopbagaserathe d ew negabdndicative of airflow

according to claiml1, wherein the non-contact
SW@{)WQSHIWBP&deS a non-contact mcrophone of a

CONSUTRG /i é‘a&t{awqél qg\‘ib&ﬁrﬁ@%aﬂﬂls?sé?fof BRE t)Ph{HrélQalﬁfneters of the

| east ohe Functi on at does not facilitate anal yzing
rés@&pudsrf;tandm of the subj ect, and wherein generating the

o o 53 5 B PR .t e
nﬁﬁ@ eSiRhiee #)aﬁ}n%fe@@ BPDR 1k$Hitalbe Had bRt FeRerdllyBEEEH! measurable in

device I n comrmuni cation with respiration-rel ated
ﬂaﬂnam:ngnadlf the subject, and wherein generating the raw
signal conprises using the integrated noncontact
2m cr opieomethod Caccdidéngid fetrdmatc wihelieiry applymigathe glgorithm comprises
wherej n the nedical device ncI des

d hal
SaiAE IR PPRC S8l e PRSI R %}lﬁﬂg & plishpgenclogical
fﬁﬁkﬁloﬁqy?ﬂfeoﬁ%taé‘e& ooy &Hﬁ&‘é%afa%e@&ﬁ ated into the drug

11. The method according to claim1, wherein

anal ygi.ng 408 F?o‘?’dﬁlgg@aé ift0 ?&Eﬁ ey 448 ofBarameters includes a
éxpiratory airflow Sound si gnal from the raw Signal,
agdune hrzdthigg tanepliexde ofathe ryspaatidd, mnds;dmndnsahgllyzilngttbe raw signal
determne the first set of rangt ers.
caEwBisen iperaing) tae grilew wgf ? %‘@re@f@‘rfér ¢ F?%era‘ﬂon 1o €lermine the

o £abliRQefor the subject that indicates
I@Aiﬁhedf%g?g?r EJ)r% has been detected. 13. The nethod

ccordin ein the first set of

% nﬂléa%thlg%%cg sé?adndac |{’ve expiration tine and a
br eat\hhd&}&nrtﬁé ifiedl sef of parametryeicludand ménsweiof tmeathipgiangplitude of
the expiratory airflow sound signal conprises
thﬁaﬂsplﬂtﬁgl the expiratory airflow sound signal to
det er v S| 2R Gdfr&ﬁeth?rl%%“cﬁhﬁg f:
per i o‘gh&%ﬂ. tﬁﬁ'hsg&;ﬂd %tm%%?é ?fr%gl to cﬂ%al m 13, wherein e ok @
hbsuse oD ventiatiorobf fhe antetr snd rac ngdese af laeqjlumgwdlegdhnty of the
a_non- explratory portion of the respiration, and
subischiapd appl ying theal gorithm conprises applying the
al goryf &gt %Pgﬁg e élg@mﬁﬁ@édlﬁﬁfﬂe@s @hpli e the algorithm to the measure

non- expi r at portion of the respiration.
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 parameter
of the subject selected from the list consisting of: breathing amplitude, a geometrical
property of airflow of the subject, a characteristic of the airflow indicative of pursed lips
breathing, a characteristic of the breathing indicative of relaxed breathing, a characteristic

of the breathing indicative of passive elastic recoil of lungs of the subject, a characteristic
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15. The nmethod according to claim13, wherein the
second set of paraneters includes an inspiration tine
wo@Roobkes7subj ect, and wherein applying the al goPCT/IR005/000778
conprises applying the algorithmto derive the
of bsgathing math ¢ffore.and6 chbnecteristib od baeatiingiduging vidétath® lungs of the
1@, V\,harein %@yin the algorithmto derive the
sbjegliungeneg f 0 $%Ses: deternining whether a
di fference between the breathing period and the active
bexpi rei Bathed Ascording toaelapmt haspueprising griding thef subigct to perform
. o LAty b i .
ol 2% B oPlebnioRelR defifnllelay IR B Blsively o the
s¢dond setpfadardangetérs.second function of the difference; and
responsively to a negative determ nation, setting the
71 NSpiThatmethod iadBorgfidato ¢10ind 6} Rillegeih Wiidih® A kuljB& to perform the
active expiration tinme. 17. The nmethod according to
beqaghing eempriges tispiingiasernnie it tlee wbigst by ssidinerthe sihieqido perform the
. ' t the breathing period
b}égﬁlg{]{yggl%gi)ll@@t&%?eggﬁtg%%% is greater than or
equal.,to the,actiye expiratiop time. 18. The nethod .
Saccoremartbe Breardifa & Saflt o Rersin op AGeoRRhEIevngne fpeludes a
nbhRoRAsH fictEptbak F il ddakiAe JedicsRvRschhdMle bPBerforming at least
inspiration time equal to a value within plus or mnus
opg ionhihatide¢seneinteilitatg anglyeingeestihtian cdrthie sgbject, and- wherein
j r ej ting.re nsively to the positive
R e R R D
equal,to _a_.val ue wi.thin us or mnus 10% of the . .
%i 1 1 AP iEthodo acoppling oy _Efaua;@o PYRCIRE (1B RO fAniigt microphone is
i _gra@urinfohﬁ nRRACANdevitt R 11610 donghislesion Wil edspRBEM-rd & airflow
difference and a phenonenol ogi cal constant, and
ofyther sibject end iwhgreie gpranatingethy raw sighel gewapirises using the integrated non-
cget%crmcnoa [ on conprises setting the inspiration tine
%uaﬁn&g &second function of the difference and the
hen nol ogi cal constant.. 21. The t hoq. acgor.di ng.to
1By'5 1S e it arardiBa: o, i Os UL e, Medice doyics Miues o drug
i S! R atiRRiE OSMEIaBRS HRL 85w bR Effprises using the non-contact
phenomenol ogi cal " constant at |east in part
miexopbens mtsigyatedoingn the dnsgrinbaler. par anmet er of the first
set of one or nore paraneters.22. The nethod according
1io clThienmdthod whenrding teedlaiimd, mésim ahaletiyg tthe kdve signal comprises
negati ve determ nati on conprises, setting the .
dPH¥BE ot CERTAPTYR iR SopRd igpal deony theTAWptigaelo Andrianalyzing the
egﬂ?‘/ﬁt&g aﬁ'ﬂﬁ)v@&ﬁlhl 4 Sigh¥IRb GefehRihe thd Brst S of ga%n%mod

according to claim?22, wherein setting responsively to

15he Regahisd according to claim 11, comprising generating a real-time indication

for the subject that indicates whether expiration has been detected.

13. The method according to claim 11, wherein the first set of parameters includes an
active expiration time and a breathing period of the subject, and wherein analyzing the
eXpiratory airflow sound signal comprises analyzing the expiratory airflow sound signal

to determine the active expiration time and the breathing period.

14.  The method according to claim 13, wherein tlie second set of parameters includes

an amplitude of a non-expiratory portion of the respiration, and «wherein-applying the
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determ nation conprises setting the inspiration tine

equal to a value within plus or mnus 10% of the
w@edoses7expi ration tinme. 24. The net hod accor dpemyII2005/000778

claim 16, wherein the third function includes a

atgonichirh @omptis¢spplying e Bxpithdttb dorivé the aamsitade of the non-expiratory

pheno ol ogi cal constant, and wherein setting

W@?ﬁdﬁe YEPPIY he negative determination conprises

setting the inspiration tinme equal to the third )
16unctlibsimethod pecording Yeclaing B3 wherein the gecoad et ¢feparameters includes

0] ] 12D t ggording.to .
R AR R e SEARETRY iErein ROV P BePRER Coyitis aopivine
the algdrithm toaierion tieangpiiasies tiRt er m ni ng t he
phenonenol ogi cal constant at |east in part
16es pamei nethid taBcllink @8 ¢1aifNS, RideAi® bfplyRly thd81dobiftsh to derive the
.set of one or nore paraneters. 26. e nmet hod
IpgpEaNen Hgpetcomprigesn 15, wherein applying the al gorithm
to degjve.t ' Irati t conprises setting the .
i ns pi%re Jfae | g%ﬂf i&nﬂéﬁ%a uaa%liffégenge F[% ﬁ‘g?elnoﬂlez%e%{[ gf?eég)éin%rgl the active
cRpiratantithd & dreaat hiner qrbl 0ad fasdhubftonasTtthy Sotis RkpiditioAime;
tinme. 27. The nmethod according to claim26, wherein
set t iffpopsigely fed patitivh detpmeingtingy spdiag the tagpitgtieméime equal to a

' i ' ' . a value within plus or m nus
Slio ?Mﬁg%éﬂl%ﬁg%ggé’a%@ The- net hod- according to : .
cl ai mespénsivéigrtei nnepative detetrthimatiois pHettiigi the ihdpition time equal to a
conpri ses tting the i.nspiration tine equal to a

t chipn ﬁeﬁ‘?ﬁa‘g@wuﬁﬁ% 90% of the difference. 29.

The nethod according to_claim26, wherein the function

li7nc| dhesmethod seeqrdingdp dlajm Hp.fwhareincdeterminiag comprises determining

I t i tting the. . .. .
RGP T RURALRE o R AR bR BEIP h e Pp Bfietion time s
grdane tiempLal equial to hiee dctine txgiratioh tike di ff erence and the
phenonenol ogi cal constant. 30. The nethod according to

18! ai MhéSnethbe@raédtdmg!thi dMimt 06 WREBin! @ktirrekpdiBively to the positive
conpri ses determ ni ng the phenonenol ogi cal constant at
detersination pemprises Spibing ithesingpiragion timesegial torrevalue withingrlus or minus

s ' et of one or nore paraneters. 31. The
z%éw%geg%fgegérn&?hg to claim15, wherein applying the

| gorithmto.deriye the.i.nspijration tinme conprjses ..
19,1 THS PO 6T 5, P ER. oBheEF IR, st iPe SRR oo the posicive
deREmm@tiby BofiRids @Eﬂtiag tid iBpiktion Tk RN RAGOW—WADIELor minus
claim 31, wherein sefting the inspiration tine
18%mefrthe ddfesesteei ng the inspiration tine equal to a
value within plus or mnus 20% of the active :
20xpi rl&ei method naccoBing Theclaet 64 wheesin dhe getandc fiaictivdAncludes a
vvhgreinstté. the i sgirﬁtiontirr.e conprises setting .
fpeion nehitha FERePrHrend g PP Rgmenegricel PRYiFH: Frdswarrel setting
188pBRsivelP 16 Bfe pdARIRdetetBrination comprises setting the inspiration time equal to

the second function of the difference and the phenomenological constant.

21.  The method according to claim 20, wherein setting responsively to the positive
determination comprises determining 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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expiration tinme. 34. The nethod according to claim 31,
wherein the function includes a function of the active
wez@snet7edn tine and a phenonenol ogi cal const aPCT/1120€5/000778

wherein setting the inspiration tinme conprises setting
22he iThepnethdd aocdrding teglein 16 wineeih uetingaesmhsivhly to the negative
active expiration t. and .t he phenonenol ogi.cal . .. .
dE{spratnafion Comprisen doioE fnSRIERI0R TS S4R5104 Rflde within plus or minus
2‘0‘9@6ﬁh@a§tﬁkteixﬁﬂaﬁ&?thha5pi ration time conprises
determ ning the phenonenol ogi cal constant at |east in

art | ] t.1l:ea . t . :
B S HEGRAG0 KERoHbR BlaaiREss, \REATHR ikl the negaive
datcemindtiog coraprisesisattihg thecimspirdtion igneaetplal/ toi mgalodevithin plus or minus
@?éﬁ'tﬁd inspiration.tine to determ ne an anplitude of
1070 the ATVE PRI Pnspi rati on time. 37. The met hod
according to claim11l, wherein deriving the expiratory .
24 r f I'Ths methedipocesdipg e elgim d pgwhergingge diyed fungtien inelydes g function

r at. i Qi . Sj l.: ' | . .

AP Rl Bblrideiints 8P e pREDIRRAPRAT DRI, and mherein soting
regpensivelyto diedndghtitedétaminhdtinf coatprsec settdmettieringpitation time equal to
el i mnate frequencies outside of range of )
th birddRugtion X ERFPUFHIR %Qﬁ?‘?‘gih@rpg‘g%ﬂm?f}o&ﬁl% GoveRéant.
38. The nethod according to_claim37, wherein

- 2511 t dherigethpd apeasdingrieyelaipedd.rubsreis ristingetsspansivelygtor the negative . -

| -Q_be_ het i an n .
eRaliGy Vol Wy Rnldid® it DERERENIG JoRSERR, teast i par
rédpdniinely seatdaght bheparameter bethadest sdF oad dr {0 pliramars.

The method according to claim 37, wherein filtering
dhe fIRAHEREY asRREinE UHcERNPTS, Safieid UpslyRg thbQlgokiRed derive the
to performbreathing in a plurality of alternating )
ihspingtipm tigleycommtisex pathing theyinspirgppr simeorqughtese finctien g§a difference
t he non- ct_mar one... generat j a raw
bgg‘fefeg?g? igrgﬁt%ggpnea Oaiaﬁg F}%:%%FY/‘%“ r‘1'<'L;11|Hr1 S sounds of the
espiratio uring the respiration ases; digitizin .
T Lt tadod PerorGne &5 GAEY 2o hunE BHE ebaii5Praon e comprises
s@ﬁin?%@ihbﬁfhtﬁ;hgﬁﬁé e%u@I‘Q)_ PRIUOK A PHERBThiInAS 2GNRIFYI difference.
on the dilgital calibration signal to produce an
$1SPIFiRlhQod LEILERE Yo gl@ﬁﬁ by Uhae s%ﬁin?(tﬁé fx&birQifon time comprises
requency spectruny~subtracting the insSpiration
sspingttheimspiradionttinge egual tost vabue witkiotplusortmoinob § @forof shendifference.
frequency spectrum (
29.  The method according to claim 26, wherein the function includes a function of the

=C

difference and a phenomenological constant, and wherein setting the inspiration time
comprises setting the inspiration time equal to the function of the difference and the

phenomenological constant.

30.  The method according to claim 29, wherein setting the inspiration time comprises
determining the phenomenological constant at least in part responsively to at least one

A parameter of the first set of one or more parameters.

31.  The method according 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.
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determining a first frequency and a second frequency
by anal yzi ng the net frequency spectrum and setting
W bh@onesTge to be between the first and second PCT/IL2005/000778

frequencies. 40. The nethod according to claim 39,
3@her dihe nishet Micoidige toheaihi B 5twidteinsegiapdhd mepiaivdi tBe comprises
%?rrgrhses: .setting the first freque,nc;i such that an )
seffiaa thndepiratien figge B ite e wplue MEthrwlepet minw RA% agthe active
eRpitdtRAURRCY i ess than the first frequency is less than
a first percentage of a total area under the net

pec . ] frequ . such. t hat .
3R B SEld ff P2 Mot SEHE A Rt the comrises
séttiug rthe anspiredpie g grabdtera vilas witten $2@006 nfin®@UENCYHT the active
IS |l ess than a second percentage of the total area
CYERUONIRL- net  spectrum 41. The method according to

claim11l, wherein deriving the expiratory airflow

3doundhsmpthad geeendingnie olaim i, grhereie epneton includesd fugction of the
r i gn t [im Lequenci e utside of. a .

a%tgf]e g eegfgf&%‘orge %’S n %1(2 sé sh% %élﬁgéoé%&\(/’\?ﬁt RO t}ﬁ'l?’r 3?(3) ryherein” setting  the
iBpirbfionisne ¢otprisehsettiipetheeidpadtiae ikt tbahé fdicibd bf the active

wherein filtering the raw signal conprises setting the
CXRiFRjOn g anddhe Rﬁf‘é\‘?m&nf’ﬁogwl §ongiglency and a second

frequency, the first frequency between 30 and 50 Hz,

- 3and ilhe mpthashascording lordsinb34, wdenein Gettiag the2@Spitation4fine comprises .- - .
4 rding .t claim 11, erei,n analyzin
oFRERTE 08 (AEREEI AR SLB 4 Tea BB ARANEL ot ne

phtamesinol the faRcevbfRion e priaRBidkde expiratory airflow
sound signal conprises interpreting portions of the

36.aW The hdthdiPydcOslife & RAh 13! E&ﬁgﬁgn 513%1%?{1%%@@6&%8 inspiration

detection threshold as the expirator W soun

timiega determine am pmphisida off beeethingiduring the aispiratiotiXimavher ei n
setting the detection threshold conprises setting the

3det ethe orethdir astrding tatclainl bl evheseih idefiviaptthd expireiie @irflow signal
errati c peaks in the raw signal that are not

CYBE¥Pat ed wi th functional breathing. 45. The nethod

aCCOHiéiitliﬂné Be CAR kiAo g_\@ﬁ\ﬁﬁt%iarﬁi?iﬁ% tsj'ggg.t he detection

threshol d conprises:digitizing W’ signal to
geneperfamanglipgctrall anglygisan thadigitgl figmaivto/pdodece @frequency spectrum;
a]%rffspective points in tine, and buffering the flow
al ues of the digital signal over a period of tineg;

tr angftedind f frbfichsy SHEBUnd b Widaue frelitngied Jﬁits%%é)gf dMange of
having a plurality of bins; designating one of the
frpquencien ¢essagiated gvideaxpiratonuaibew sfundsi nt s as a naxi mum
bi n;
38.  The method according to claim 37, wherein filtering the frequency spectrum
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.

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 non-contact microphone, generating a raw calibration signal indicative

of airflow sounds of the respiration during the respiration phases;
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selecting two of the bins on opposite sides of the

maxi mum bin; setting a width of a noise band equal to
wW@2d0bo0s7eht er val between the two bins; and setPCHIL20056000778

detection threshold responsively to a flow val ue of

t he distiizingnths revacalibragomiignal tof genemta ei digitddamitibradén signal, and

T et hod .accordi.ng to cl.aim4 erein setti the . |
g rulihe SREAT S8R Secfip i @Bprefng Tas! et nspiration
fretpicesh apétteiiald dnQxbhgtidd R¥queatt®epfuhne maxi mum bin

plus a product of a constant and the w dth of the

noi s&uljEastng die inypieationtsneeirue don thegexpiratipmspactrym to obtain a net

%5%”' j etecting sl eep-disordered breathing by
ﬁg a f%lgi%g at ’| east one paraneter selected from the
firsideteahindfy pafiweieusncynndd thees@eofdqseiy By analyzing the net
estimated paraneters. 48. The nethod according to
frequgney spectigfeeBd n t he sl eep- di sordered breat hing
incly [ ' j ﬁﬂﬁ@ erein
dete c?rlﬁ% B{eﬁgﬁ% I tg 2’8 %gtl%ié%}rl gﬁaes%gy\%;rd;sae In ge%u%ﬁ%?él'.“; es
et el | apnea. 49.. Th t.hod accordi.n o claim
447 TheErhoF <800 raly or StErin S GpRG e s and second
frioqesicles RgmPAisBei at ed wi th sudden infant death syndrone
(SIDS),. and wherein detecting the sleep-disordered
br eaffifing the fi5st Fequeney sueh ribatt ane ameDmdesn fisstrpartionl of the net

D e . AL Cact-. 1he. et s
SARIANEIE 04GR0 14 088 00 SEAEL 1 LOPHRL 0 et o
a saialrefea widet tie neesectramt amd  gui di ng the subject to
performbreathing_in a plurality of respiration .
phas8€tng thy seeonh freguensy gpeh that#n gtparynderyaiseramd portion of the net
r R .
SSEBAE BUA0 DRSRERy AT 08y TBRS iy s oo o s
pemehtigd ¢fghé todpl heeakgdenthe netipseinfm.om t he si gnal usi ng
the filter having the defined paraneters. 51. The
4tet h@tle avtiovddicogrdirg 1ol ddim B, whelh deflviages aipifathry ARflow sound
Si n@l conpri ses generati ng the signal using a )
SIERH- [EoMRt REtravy EEnshirorwrises Tilterangythenerw sicoal t elimingte frequencies
e ) _ he
o?t%llﬁb%‘fggané\é%ggt% Tenkids a%[&&a%rdvﬁﬁ{ &rﬂg@; > 1 RE® \Rﬁé}c{gl .

ter in st gnal -to-noi se and

“Fre SohtE, SRGrEhe T8 AL WifeR BRT DRCubeagl Gmprises

setligg heéPangehr be befidedi & dirkth Gregutddic® CdndCH PBEIRICFrequency, the first
QU|d|ng the subject to perforn1breath|n% ina .
frgquengy petyeen 39 ardh¢ Hegang the srcend freatancy betaepn 10 awsti200 Hz.
hases.
4?. The method according to claim 11, wherein analyzing the raw signal 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.

44.  The method according to claim 43, wherein setting the detection threshold
comprises setting the detection threshold at a level sufficient to reduce erratic peaks in the

raw signal that are not associated with functional breathing.

45.  The method according to claim 43, wherein setting the detection threshold

comprises:
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54. The nmethod according to claimb53, wherein guiding

t he subj ect conprises guiding the subject to perform
whe@abbs7my i n inspiratory, expiratory, and PCT/IL2005/000778

breat h- hol di ng respiration phases. 55. The nethod

accodiiitigng ohe| mivmsidal wheegdraedel dipitagsithe B8nPMow values at
rermrg.vﬁlara ters of the filter conprises: . .

FRT RV HPIHG s gGadnd bidfesing dhe Howaaluss op thedjgital signalbdee a period
oplims; ai rfl ow sounds of inhalation, and of the

background noi se plus airflow sounds of exhal ati on;

det efrARsipmging ?he ‘tpdfel_xg}ﬂnmdglngé '?eo a hismgﬁeﬁh WeviMg b PlirdlRy of bins;

si gnal . racter Lcs;. and definin e one or nore )

par aﬁ% I%Jr]‘igmg iy ﬂtﬁ‘F iDsdaving aeaealesy é‘g?'tb%‘)ftﬂ%mﬁ 8% a maximum bin;

back gilesting tWeioFene ifs o BispodRL Haks ﬁ%@ﬁ&k@ﬂ%%ﬁ?! am

e Trilter

53, wherein the one or nore paraneters o

i ncl 8R¥dnga widthiof pmetse baed equatitos Sew dntarval Bawencie two bins; and

wher gj | yzi the si.gnal conprises; digjtizing the )

si gn%@%ﬂgee%egércg%él tgreal?oé?lr%ﬁpogsF %110 2Ry yakue of thergaximum bin
argpthe twidth ofnled ysisesbamd. t he digital signal to produce an

i nspiration frequency spectrum and an expiration

46.1r eqURA GicthbE Cdcbor@ingS Pl Am! 489 i NSl aki o :
spectrumfromthe _engi ration g’pg:ﬂt%?edfrlnnst%gh{gb%ﬂaal ﬁetgdhoé]t threshold
CpRIERGE FRIING thecdetagtipn dneshdlt exuad toithe flbvevatier aftthemaximum bin plus

f requenci by. [ h t f
o B R Y P F Fie PREL Dackar ound noi se
; g . . Cde of
4T PSRN ede it alain s humprvas deimelinsedendlisondrcd breathing
byl ERAYARE ia€JeasPdne PREMIRE RER-REGRSA Y Fi %t:(gfl]q%%%rp%tgrs, and the

wherein determning the first and secon
segQiifhiet gbestiated pagaretersf i r st frequency such that an
area under a first portion of the net spectrum having
4% frBuyuendhod escortingntd htaifi W3} viteRIHEMEY slbsp-4i8Sderel @breathing
L rf”ti? er cent age of t{% total area under thée net

in@Bg%st 35308 eldnﬁ’i HPnsd cid Wheteiiu clstoptingidlte sleepp-disordered

brmg@amgﬁg@rde%cﬁﬁg%% ng[ti on of 'the net spectrum
havi ng a frequency gregter than the second frequency

S | d cen e.of .the tqtal .area
flgll)nderf}&ts eéa%git %g(%g@?lgu%o Catd Eﬁ,g Wherein ' the s(ieep-dlsorgered breathing
includes breathing associated with sudden infant death syndrome (SIDS), and wherein

detecting the sleep-disordered breathing comprises detecting the SIDS.

50. A method for analyzing respiration of a subject, the method comprising:
generating a signal indicative of airflow sounds of the respiration;
guiding the subject to perfoi’m breathing in a plurality of respiration 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.

51.  The method according to claim 50, wherein generating the signal comprises

generating the signal using a non-contact microphone.
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58. A nethod for nodifying naturally-occurring
mul ti-phase biorhythmc activity of a subject, the
woreaohoeB7¢ednpri si ng: detecting a signal indicatP@BIIAN5/000778

he | ti-phase biorhythm c_actjvity; analyzing the
521 gn etrB?tE% é‘f‘fﬂrﬁiﬂé‘g Jﬁ &lagm e PEFEnEEf s&orflf’ parameters of the
fllfel frfludel 4 koRRI- A RARCKSH0 U WhRlehe dEAMAY tthe ofit @Pahore parameters
using the filter havi ng.ihe paraneters; at least in
cpmptisesalsfinmgithesignaldomhise fratic er ed si gnal , det er mi ni ng
a stinmulus input which is operative to change at |east
58ne dhpendthaf adchadilyg tr dginhH0,ovtectin ghidingthe tshieetdopgprises guiding

and _provi di the st.imulus jnput to the subject.. 59. _
enatiee o pofiPem ir e gn & miori g6 of RBRENRY phf Eipirdlgy respiration
phligsbackground noi se conprises frequency filtering the
signal. 60. The nethod according to claimb58, wherein
fri | t gk u ' i QL : 3
Ao st OEaBRIEE BT A SR GRS HE R RoRbrises guiding
theosubjers %0 pgridrhebenifirg indasprathrpgexporatong aod breatle-holding respiration
p&gri ables. 61. The nethod according to claim58,
¥Pei n the background noise is indicative of
secondary biorhythmc activity different fromthe
5tul t iChsragthodpesiording e €laip 3By Whereimy definipg thej ¢pe or more parameters
gl T.&F] background noi se fromthe signal
Oggﬂﬁp@?égggm#)ﬂﬁsér"i ng the secondary biorhythmc )
act i \deteymirghg tsipthab ahdrgetexistids rofi ek groand toesesplgs alirflo62 sounds of

.The et ho cording to claim58, wherein the .
lmﬂ?%’qonpwg’g%fatﬁ? g%q‘ffﬁrq%ﬁlfiéwge@iwe op oMl qxgglav?%t i on

of t is is i . gj T

o EHBE ot BESNE 0 AR s

r es pidefiningnthe68ne Tére nme¢ hmdametersr df rihe tfoltar] mispoiGvely to the net
bl%lv\,g]erfe)i n, t he background noi se includes a

U0 | at ed conponent of the signal, and wherein
filtering the background ngise fromthe signal

Xonprihsaacthod aecprdipg tordaipeXht beat - r el at ed conponent

from S | | @

uner &7 rsif (8 Bhe Bf mol 0 paliHleat of RO Behite & FlMrothency and a
speoriddrauacyspect ral anal ysis on the signal to produce

a frequency spectrum. 65. The nethod according to
cl ai ﬁ?m\ﬂ;ﬂég@flﬁﬂ}?e?@?ﬁrﬂﬁmteﬁe spectral analysis

conpri ses cfi%iﬁ%@n% sfigﬂatl qb! é&iﬁefa&e af digAMCHENA1S BRE (JeBtming
66. The nethod according to claim58, wherein

filt epeeipl tahalykia cingthe idigital cignel ¢ prnduse sn rivspitatiog frequency
non-frequency:rel ated naise fromthe signal. 67. The

met hdB GEED AUt HYTHGEPRITHEE ™ T t he

non- f r equepBitadtdlahe thspRatSh spectrum from the expiration spectrum to

obtain a net frequency spectrum; and

determining the first and second frequencies by analyzing the net
frequency spectrum, and |
wherein filtering the background noise comprises eliminating frequencies outside

of a range of frequencies defined by the first and second frequencies.

57.  The method according to claim 56, wherein determining the first and second

frequencies comprises:
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i ncludes a heartbeat-rel ated conponent of the signal,
and wherein renoving the nonfrequency- rel ated noi se

W@ vpniEes renovi ng the heartbeat-rel ated conpPCEM20€§000778

the signal fromthe signal. 68. A nethod for analyzing
r espiset@mgothe ofirst fiegigreg t such hthatred hoeh aoder i SirBOportion of the net

rm ni.n n acti.ve iratiaon. tinme and a breathing
S ezcﬁlﬁ%%nh%“fmé;ﬁ egﬁemcg\cf?s,s ?ﬁeﬁ-‘t tilp ﬁrﬁ{hﬁe@umtlﬁ Isss than a first percentage of
adbtafl @e€nader B MR 8pectiif; Bh@at hi ng period and the active

expiration tinme is greater than or equal to a first
f unceigng dire sasend drequence speh diat @n aréamender espansl peelivn of the net

i.tives.determ natio timti t hat an
bR SR R LB Y S5 B B s  seond
ptreenthpoof € tdthlerel dfder BBGet sRbguhesponsi vely to a

negati ve determ nation, estimating that the
time is equal to a third function of the

nspiratio 1S, ( | .
5 gt:t i @enlé%arfalt mgdifyingwatuggly-quenrring muli-phaso bidtnghmiz activity of a

sEtiadthe &y ﬂygae‘{ et ermning the active expiration

tiJms and et he O@égltsﬁl%hg period conprises: generating a
raw detgetalg 4 signat disetivobof dierrhtiltivplaedbidthyeimit htivity;
respirati.on; anal ziscg the raw signal to derive an

expi F’&fﬂ%ﬁ}% theStanaliotSIREIR Qe more Rptametersel afileral |
and @natiNgbdttalodtfd GRL ERLPHY .s%'gﬁ]{ 1%3% tgn% gﬂ?%lze{vg?ggtg? tﬁ%ﬁl&eters;

determ ne the active expirati
per i 8idleastoin Meireraspensilyce dhedfitteretl csighlahi detdining @r @infulus input

er.m.ni opprises determnin fher the
wfets Dbel TR feE PEGFReHo T Be Plomaaierastvig of the subject;
agkpiration tinme is greater than or equal to the active
expiration tinme. 71. The nethod according to claim 68,
wher Bioyidieg the sgmublispams ity Bleysubject, he positi ve
determ nation conprises setting the inspiration tine
SRdquallhe gnethodil ageordirighian obdims 58y whepsis @1@Hn@f tHehBackground noise
ifference. 72... The t hod, according to claim 71,
""ﬂsgfﬁregléelnf’}’ﬁgerﬂ% 5%kl y to the positive

conprises setting the inspiration tine

cdi
etermnatjo
6(gqua{rggf dnﬁhﬂ’fglaﬁ%ormngh% claigs 58+ wheraiis filowingf thehbackground noise

j 73 0 ording to.claimé6s, )
ol &5 ReSBmitd MR TG ERHNEY 06 R F g clossis
thdisighelr asneingrid oae phmoesresriablegi cal const ant, and

wherein setting responsively to the positive _

61et eTin mathiod icCsdMEite @EiHess, Hdrdil ehd MRRELAAA Abist ﬁ'ﬁﬁ' i
e%gdal i 0 the second function of the di ffgeﬂrbence éq"\nE fhe Ve of
seqont %]p)g]@m@aqlcuéfgﬁ glifferent from the multi-phase biorhythmic activity, and

wherein filtering the background noise from the signal comprises filtering the secondary

biorhythmic activity-related background noise from the signal.

62.  The method according to claim 58, wherein the multi-phase biorhythmic activity
includes respiration of the subject, and wherein detecting the signal comprises detecting

the signal indicative of the respiration.

63.  The method according to claim 62, wherein the background noise includes a
heartbeat-related component of the signal, and wherein filtering the background noise

from the signal comprises filtering the heartbeat-related component from the signal.
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74. The nethod according to claim73, wherein setting

responsively to the positive determ nation conprises
waledenod7mi ng t he phenonenol ogi cal constant at PEEBHL20031000778

part responsively to at | east one paraneter of the

6# espilhat method 7accordify 78t Elaigh a88; oWl fiteGh@ithe @ckground noise

wher.ein settjng responsively to the negative

COREPESSTRSHPIBRE éB?Fﬁ@f aradysiseant the gignaltojpiadice atfiegnency spectrum.

equal .to a value within plus or mnus 20% of the

6act | Jae erpibpdtaceerdingnto cldm Ghewheneho gerfoinglithg spectral analysis

|- ' td [ ly to th ti
Rt g sRR M A eb BT REORAL Vi racton 11 me

qual,to_a.value w.thin pl.us Qr n nus %, 0f th .
ot Vb eRBpd: #eatdingns Jaint e WhHIATHELS dhegosksromnd noise
c@mptiéﬁs@&no%g nBhfrebiéhcl Relafdd ene i tHenGdnddes a
function of the active expiration tine and a
6phenqye jC ) i i 3 .

O e pong el SReot B4 Heinf 04 WIBHE 1n® b itmeneygglated noise
inghide g heartbeatrsatadatoroportentref ehglalgnhly antiewlidiéinremoving the non-
frfunctioa of. the acti.ve insjrafli]ca)n irre,gndthe )

S TH BT eR) PR S GBS PR Vg e Hgrbest s e commanen o ghe signal
frohaih8ksikhal Wher ei n setting responsively to the negative
determnation conprises determ ning the

ghenorrenol ogi cal constant at |east in part
68.es priaethed goftaéiab(ﬁlngé@mrabmomssw,éhe wktho@omprising:

respi 9. t: .or analyzi respiration.of

e R N A T

si gndéteirnidirpatvhytbent diffefcheavbemudt SthefbrédiBing period and the active
respiration; defining a detection threshol d by:

. oy
CERIERNOP Fimy's gFrater Hhangr gaval te a figwddenciion of th agtivaiexpitatina time;

havi : jye ' in . ti.ne. and..

bt £ ST RER 4 B8t AASRREH SRR hd) oy binsfRH e of he
sybgedt éequil toiansecoridr fanstfoar ofithgdiffeecnoetfdndr ed f1 ow val ues

intoahistgs?ramhavi,ng a plurality, of L

bi nsTTBLISHIRRE g N58aIvr deiprenipatie. Katinalingthgt &t inspiration time is
o R A o e S um bi'n, " set i ng

Wi ' . a -a.flow int r{/ e e .

oF et weth P A0 e I8 UMb RiF ot Rline B e expiration time
aridnthe dreakldng pajud®impeisys:t o a fl ow val ue of the maxi num

bin and the width of. the noi se band; and
generating a raw signal indicative of airflow sounds of the respiration;

analyzing the raw signal to derive an expiratory airflow sound signal from the raw
signal; and
analyzing the expiratory airflow sound signal to determine the active expiration

time and the breathing period.

70.  The method according to claim 68, 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.

71.  The method according to claim 68, wherein setting responsively to the positive
determination comprises setting the inspiration time equal to a value within plus or minus
20% of the difference.
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deriving an expiratory airflow sound signal fromthe

raw signal by interpreting portions of the raw signal
whawe7a5 si gnal strength greater than the detRCH/IIan05/000778

threshold as the expiratory airflow sound signal. 80.

7The fisehocdthad cocatiling tb alailra? m Whereinhestteignresgirdsively tohhe positive

ddet ectj.on thr esholt(%l cghr%p.ri ses, settin he detection )

PRFEEREPY CURRLIcs S8R &G ngRFajign (g 3dtehte dealngithisi plus or minus

1pYaust tBe BifRgaet. of a constant and the width of the
noi se band. 81. A nethod conprising: using a

780N- t ' 3 I t-egrat 13 tilator, .
gene(lraftz%te [ %g{hgms%cﬁa erﬁ%icg]%al [ \9@’ galegelrﬁrrl ?[ P%v@\égo ng%ncg?n includes 2
funstipir of ithe diffemneibindct ; pleendmanalbyichlnohdiantSisgdalvhéein setting
det ect 1agtive e Pi (rff;\ ion of the subject. 82, The
IHRYRROYPIR L BRI E e 18 CORBHES; SItg thidspuptiqq me equal to
tROSebotR] BXBdASS RO dfffércﬁl%é %ﬂlﬁ%ﬁ\éﬁkﬁn%?ﬁ%%éi% oYt | ator

is functioning properly. 83. according to

| ai LEL N J; : N0 L: . COTPL | SES -
Tl et O B A AT Bl B8l tofhe positive
defetnainatioh eomptisese detespinirgt then ph@bmeRblogival kRofkstant at least in part
according to claim8l, wherein generating the signal
re@B?Rfl‘Ye%}ég’ ﬁi??é}%m RAATRGYEr %t{%%ﬂsl’%’fqnng weani ng of the
ubject fromventilation. 85. A nethod conprising:

T¥si ng %19 mpghed aerozding e claspHids evheraie getting desponsively do dlge negative

dBhalLf ' Is dndicative of airflaw :
1o SIBEEL L S UL s o mims
2@%ognidlhe davivd ekpicdtiondimase expirati on of the subject. 86.

The net hod according to claim85, conprising guiding

76.he FhbjneShod BcdRlih® teVcRiR atsh it rdif s@t’ciﬁ% _%%bhéivel?fto the negative

respiration phases determ ned at |east hi part
determipation eanyprises s¢itng thedespitdtion timgequalgo matalverwidiin pliseor minus
AR Qc%?@e%i%ioh%qﬂ ai m 85, wherein analyzing the

signal conprises analyzing a | owfrequency conponent

ft signal to detect .the active resgpiration. 88. A )

7?fet hgge Eb"%bq%u R REAL) Cg%‘f“i LUb jﬂé“cﬁ“@lﬁw&ﬂnﬂ@dﬁﬁ‘?ﬁﬁ function
of HEOBBHVE: extSitdfidn 4imMe tmA0A (rhSAot il ARED "@nsERNSMA Wldefh setting

signal indicative of airflow sounds of respiration or
respisEighy tcthe nggmiive Adetegmination comptisassetliogald inapiration time equal to

O 5 B8 R 55 BB RS

lural ity of . . . .
78 ﬁw metitod according to claim 77, wherein setting responsively to the negative

determination comprises determining the phenomenological constant at least in part

responsively to at least one parameter of the respiration.

79. A method for analyzing respiration of a subject, the method comprising:
generating a raw signal indicative of airflow sounds of the respiration;
defining a 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 time,
transforming the buffered flow values into a histogram having a
plurality of bins,
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respiration phases determned at |east in part
responsively to the detected active expiration. 89.

wo\ppanet7es for anal yzing respiration of a subjBCI/L2005/000778

conpri sing: .a non-contact_ ym ¢crophone, adapted t )
gener at e 8esighAtiae grg of ik s dWVing Eie?tle?tdgv“% ﬁ%@ogﬁs as a
t he LiAtien: and a control unit, adapted to:

anal yZz€ the rdw signal to deternine a first set of one
or nore pa¢lactivigen® offthd bhies peeppasite sidas ofathd nepphymdm,
algorithmto the first set of paraneters to derive a
second sefctHpe 3ngidgh oty paisg g?’i“ﬁﬁ‘i‘@gﬁbﬁr@%%%alol}e%f'@ the
respikdbilnadghat are not generally directly neasurable

in the raw signal . 90. The ap{)ar atus_according to
cl ai m 89, seiting éha deteetiono threshold responisivelid s e ellpw yabietof the

the second set of.one.or re.estimated paraneters
equaMEEgrym, ﬁ%‘ir%’ﬁa%@‘u Oégﬁe??}ﬁ%?arngﬁa%f the first set
of Olalﬁriﬁhg IR & iRt Rigios: scbhd siiRl SpRRKial ey sigaalr 6 t¥erpreting

to claim89, wherein the first set of paraneters |
porfising ¢ thearamesigal dawing s Sgnah stiepedinateptey thanghe defection threshold as

espi.ration. and kn the control unit is adapted
fESiRRY Bl Hull Sl

SPAW % ghal by integrating the airflow
oun for .a breath of the.r iration tp determn
he nh 'Smeglogf acfc?% g etﬁt ﬁia% eé;r?rpvﬁ?rﬁlae fe@% etf:ﬁ] edgtec%on threshold |
RRPALA ¥irRARO Skt tRreshalll BYEA to WRETRY Balh 6f fhersdximi bin plus
of "paraneters includes a neasure of breathing
aaprpdhict affe cofstanhand s priddrafdhe ngisa kdnd. t he second set of
paraneters is selected fromthe list consisting of: a
asuye qof vent i fon of the subject, and a neasure
f bnfgg}e |°rng%|mrprrﬂeS:§1gr arity of the subject, and wherein
t he aRier ®hottRbitattSmadegtond ihtegamdl vtd heealigmr) pherdting a signal
the neasure of breathing anpljtude to derive the
indicaiptesd agdewrfquadsofgesnyationgt aswjectandThe appar at us

accor diQg: Al =Y Em] Wit is
ad aptag%ilgftglg E gl}lé;%l%%hgtgetfe%% %oé%{g h%?mf e ? ?!rl@ty&'an d

eco set f par.anete t ' . o
S5 s gf bR Sidels. S BpEb AR Sy oimion o
S rRftcofhdthi@nhd Yentildsi is E@siosing Heopetly. br eat hi ng
anplitude, a geonetrical property of airflow of the
$ubj effe nRifdIahaokGhL Sbl Clah $1NGwRdréih! inﬂlﬂdﬂ@%&ﬁé is¥@aP fcomprises
pursed |ips breathing, a characteristic of the o
dmalyainigiarlgwi-fnatjuenadyi Gosnponent of the signal to detect the active respiration.

84, The method according to claim 81, wherein generating the signal comprises

generating the signal during weaning of the subject from ventilation.

85. A method comprising:
using a non-contact microphone integrated into a drug inhaler, generating a signal
indicative of airflow sounds of respiration of a subject; and

analyzing the signal to detect active expiration of the subject.

86.  The method according to claim 85, comprising guiding the subject to perform
breathing in a plurality of respiration phases determined at least in part responsively to the

detected active expiration.
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of rel axed breathing, a characteristic of the
breat hing indicative of passive elastic recoil of
wO 0vg®08TEs t he subject, a characteristic of bree€hinegos/000778
with effort, and a characteristic of breathing during
8%hi c A'he haethod gaccorfdingh ¢o saldijre 86, utibesif CandlyC HieO8Bhal comprises
aﬁ;ﬁ nge. . 94_.lcr Tlrl1e appar at us gﬁjgordl ng to claima9, ~
TYAPS & 1V BSAUY SERPgRSHE PhthS Sienghierdstost the activetespitation.
unit is adapted to drive the output generator to -guide
88he uhpiB6d cb@pRghgor m breathing in a plurality of
respiratjon phases determned at |east in part
respéﬂ%‘itmélaysubﬁcﬂ’qﬁe@@g@@mmmmfa; paraneters. 95. The
appa c [ . | ai m 89, . wherein . the . )
non- ggﬁg écrf&rﬁ%% %Sgﬁ%%rgp Giep BYELdLing an%}ﬁr-lag dhdigative of airflow sounds
ofespicgioarnd thefsubjecgnsuner el ectroni cs devi ce capabl e of
performng at | east one function that does not
f aci P‘?ﬁrpigtl%g f s1epsh tagletestantiva expiration of e sibjsiceand 96.

The ' i,m erein the . .

non- ?gagtﬁag?%é‘ %Sc r opL%’n g& flfsngl tﬁ% g‘é@%‘? 3%! p\é\ﬁ?lzp hreﬁé’d?%:ﬁl a plurality of
regpwdton phasks udetermimsduat dedst oy Phit NrebRsiRiveRt tONMECHALEN active
exe}.irrail ow of the subject. 97. The apparatus  according to

&1"al'fi 96, wherein the nedi cal device conprises a drug
i nhal er. 98. The apparatus according to claim 89,

8aher Apparktl® (AL Sing ll‘él}?haﬁ(ﬁl ﬁtgafﬁﬁafeg’hfcgﬁl ﬁ?iig%es f‘g nal

expiratory airflow sound sig
and & 8orrRengeiemichephonpi adapied yto alendrhievi £oBignali @pRberdRg airflow

' he.first set of paraneters.99. The

Sog'g{l)sgérfiﬂjgges %ag[bolnd% to claim98, conprising an out put
gened edntiol unit)@kightdd tdie control unit is adapted to

driv%&{ he out put generator to generate a real-tine

i ndi FALEeAhe B sigaalsiobjeserminchaifirstrigt ofibas onkeird @hrameters of the

LbAtd,gn has been detected. 100. The apparatus
regccolr |drl118 to claim98, wherein the first set of
par aapplyears algomthut &5 tharfirgCidt W€ pEraRictdd tPBerdy
br eat. hi na period of the subj egt, and v\,heelﬁﬁe‘i}enn?tStﬁcgﬁd%et of one or
merg, fSugpteq perameders 9f fheagsnivation shay aee ndtezenopily direetly measurable in
th@ahe Lippwisound signal to determine the active
expiration tinme and the breathing period. 101. The

pp t r.di to ¢l aijn 100, . wherei n the second
0200 TR B RS Rbcti e o ofau o esin 1 cannl vt i adapied o set the
secomd-sek pf 618t & ioRAstihRfedPardh@ers @3 R4 8L N
ht][ée con%r ol unit is ada(g{ ed tgsgépl y Iatpgﬁ%?lg%??l%?ﬁﬁt ction of
theylgst $RL Of ARS QI FBPTEtDGERINGHRISE he nonexpiratory portion of

the respiration. 102. The apparatus according to claim
911 00 Themppasatys aeperdiag tm dlage 89 ofhgrainahe fiest Set of parameters includes a

measure of breathing amplitude of the respiration, and wherein the control unit is adapted

to analyze the raw signal by integrating the airflow sounds for a breath of the respiration

to determine the measure of the breathing amplitude.

92.  The apparatus according to claim 89,
wherein the first set of parameters includes a measure of breathing amplitude of

the respiration,
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includes an inspiration tinme of the subject, and
wherein the control unit is adapted to apply the
wW@b@enod7in t o derive the inspiration tinme. 103pCTE2005/000778

appar.at us cording to.claim102 erei.n the contro| .

oy ¢ et 36 86ropd Sef, B PR gb SrIERH (i B8 eqpeisting of: a
meASuRE IGTt VeildtioRBofDitic SIASERE Ml BOm¥RaINES bitaflidd SHERERity of the

bet ween the breathing period and the active expiration

sybjeqt, angl greater than or equal to a first function of

t he ] i on. t] [ onsi vgly.to.a positive

det e?@n%%ea i@% ,%O@g(glt 1%% 1%%@&3'[%@%? rags ilyoﬁletﬁléfgltgﬁ‘u& thegmgasure of
bsathingarhplivatdé tdepive tesettictddakeditiaset efshra&p@Nsi vely to

a negative determ nation, setting the inspiration tine

98qualThe Qppatahiis’ st Bkﬂ?ﬂ% Oe1in 8DE witekdity §h&6Bhtr AL LRP i
tinme. 101{)? TheS ar;:para us according to claim 103{,11% is adapted to
apEreeftnleasiconeonf ths fishiand | socentlapite @f tporagesters b nterive at least one

f i.fiferen et n t.he breat hi eri.od . .
aang&lt;hg & r%alcaﬁ Pg'éeleét_)%(% i%nafaa?ﬁ‘eg?{ %ﬁﬁ% Siﬂ_g e‘&ﬁ&ﬁ??%? 1 st consisting of:
begthihg h@plifu€e.af peotBetb¥dli prapdr@noft diffow bOthe sBRct, a characteristic of

atus_according to claim 103, wherein the control

app ) ] i T
therfittlovs indicabive af persed lippbreathing, ¢ characieustisoef the beeathing indicative

AT RO i —
hifige cfptharsabjest, ac charaitarsticooft beathidd SvithnWbREs€i shdt Beharacteristic of

coptrol unit is adapted to, responsively to the t
brsaling RN thesfubjaskundssgn @ Bincéenal changequal

to a_value within plus or mnus 10% of the
9%i f f dhe APRAr4IDY acCPREng fpelpin §8, comuistignn owpw) gehenatod3wherein the

8 t.h ond +f: i i.ncl udes function of the
Y] S8, LR BBl 55 Ty B el S pertom
baeathired in a plaratignéfirespitation phsseadepiitled ot leA® SPPABI4Fdnbively to the
to the positive determ nation, set the inspiration
SRCPRL S QL RIS he second function of the difference
and the phenonenol ogi cal constant. 108. The appar at us
9%ccof B¢ mpragtus| acqerdiog , towklsinai 89,t mdersimtthe | nomrdontsdcs microphone

d to d ' t he phenonenol ogi cal  const ant at
oFHREE s Byt BET e B TR SBhuSHS ke apati o
pafortifieg fat Nedst 98¢ fafctnetal oS Qop Tl ilyz109 -res?ﬁ@tion of the
@g@pm atus according to claim 103, wherein the control
YRt i s adapted to, responsively to the negative

deternination, set the inspiration time equal to a
9%al u&hevapparatug| agsordingnion gkrira 038, ofvherbia thet marecontact microphone is

. iLration tipe., 110. .The .apparat us .accqpdi ng to cl ai )

if SRS RUE B el deibe 011 BB E iRt Sl 5 e rofed aitiom
of the paijedtvel y to the negative determ nation, set the
inspiration tinme equal to a value within

97.  The apparatus according to claim 96, wherein the medical device comprises a drug
inhaler.

98.  The apparatus according to claim 89, wherein the control unit is adapted to derive
an expiratory airflow sound signal from the raw signal, and to analyze the expiratory

airflow sound signal to determine the first set of parameters.
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plus or mnus 10% of the active expiration tinme. 111.
The apparatus according to claim 103, wherein the
wa biosdog7enct i on i ncl udes a function of the actP@BIL2005/000778
expiration time and a phenomenol ogi cal constant, and herein th
99her Bienappaetesorrcersing iioi alaims 9% ¢aPPESng G0 QUINY SHRGTYLaf, vheremn the
t he. negat | { eram Lo | | 188 indication for
copipk 4 erepls i i PO R gPalre B
thi BSRbdtahdt RditdteewhsHert dxpirpiarimsbeel dgéded. const ant .
112" The apparatus according to claim 111, wherein the
16PN TR appitirdtnd SccReBRE @8l clafin 98] ®héfeinetht st set of parameters includes
phenonenol ogi cal constant at |least in part . !
arr egpensipirelin timeaand, @ hrsethingepgsiadaefeibe subject, gad fhewgin the contro
set o ne. or re.pa : ; : tive
i i, e 10 oL RET Bt ionb I NARPA) Uettimine dhe ac
eRRRbE dnictindahid WRathlig pefiogi ration time by setting the
I'nspiration tine equal to a function of a difference
19EL WeRE a%B&raﬁfseﬁichdi'ﬁg REIdlAas 800] wWheemcthievescendisedl parameters
time. 1147 The apparatus according to claim 113,

inchelegian arhplitode of ¢l nmnp)gplra@rgd)@ﬁqi% of ghes ggspyrafion, and wherein the
inspiragi.on ti equa i h USmMitald e Sth -
c%gﬁo‘fm{ e a&?‘ftg% rtgﬂ%pghy ﬁ%%lg,\‘) ﬁlgﬂlgp}gaérl%\%smgc%gﬂ%ﬁung to o o
eﬁ%ﬂtmy%ﬁioﬂ/\ﬁ&h@fdapﬁaﬁmcontroI unit is adapted to set

the inspiration time equal to a value within plus or

103 nugpd 03 Qfatﬁshﬁcc@'kcﬁﬁg e Ngam 106. whbeirddpasedond set of parameters
according to claim 113, wherein the function includes
izcldden ni mspicftionhémdioffthe shbiectamad avherrim dhe AEMtER); wnd 1s adapted to

const ant, .and. wher ei.n .t he Jolunit is adapted toset
applx tﬁ“?’lgﬁ?rﬂ@ﬂ @%16 CRIEE RS 1? lghh%é function of the

di fference and the_phenopen ical. constant.
\8pariedePuass ARG PE SRR AN S RRpe T b pdebleR to apply
b ﬁma&f@g tﬁeqnﬂﬁfa%ﬁﬁﬁfé yhe phenomenol ogi cal
constant at Ieast i part responsively to at |east ope )
par anfeteemirihg twietler ras diffsence fbegwesnothenbreathigr Bertadepnd the active
118. . The apparatus accordjn 0, £l ai r.ei :
B p e e e e B e iR Rt ptime,
by S%%ﬁoﬂgivéltqet_oi J‘?Béiﬁ@é idetrrhinaBorg Gaingt the dndpirativn dimeoequal to a

the active expiration tine. 119. The apparatus

secamir functipn of the differeneg andherei n the control unit is

adapted to set the inspi Lan .t HGhiftbA! e equal t
wi t hiTFSRPEYeyrtong Hﬁ%a@g%egeéﬁ?ﬁg&é’c i vg g{? p]itn?pa{ﬁ on cquat o &
thir@®unchidf of TkacapPatmiaisn daeor di ng to clai m 119,

wherein the control unit is adapted to set the

| s pi ’;ﬁ’é Lkt BicEitRl {o0cldiny 309e wittd fhepbotstradrurii isusdapted to
0% of "the active expiration . ) . .
determine whether the difference between the breathing period and the active expiration

time is greater than or equal to the active expiration time.

105. The apparatus according to claim 103, wherein the control unit is adapted to,
responsively to the positive determination, set the inspiration time equal to a value within

plus or minus 20% of the difference.

106. The apparatus according to claim 105, wherein the control unit is adapted to,
responsively to the positive determination, set the inspiration time equal to a value within

plus or minus 10% of the difference.
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time. 121. The apparatus according to claim 118,
wherein the function includes a function of the active
wez@snet7edn tine and a phenonenol ogi cal const aPCT/1120€5/000778
wherein the control unit is adapted to set the
10hs pThatapparatus eceduml td 6latrh el 0BRGN 10 sdddfd FaAdE includes a
iration_ tinme and the phenonenol ogi cal constant.

ex . .
funghon of the (iHfsrereq anche phemamegologice] eanstanh endwherein the ¢rentrol unit
iscéﬂaf)feﬁlto,%%onbﬁzf:@d@ %? g%%iﬁgétj&%tgxgg%&ﬁ)ﬁt, gegtrt]t'xe inspiration time equal to

phenonenol ogi cal “cons

thesspmdsimetion dfthediffermst andithe phemmenelogidal thetdnt.r St
set of one or nore paraneters. 123. The apparatus

188 coTHe gpiratus | Rcddi} to \vhaeh €107, tWiRr&R the Fonkdl tnik Is adapted to
adagted to analyze the derived inspiration time to

def Frithe Phenomenolqgicm copstatedit liastgndeari rrgpemsévely to at least one

p B{eféﬂhg\%gtisgﬁofo],%%“ﬁmgp%%g% L us according to

cl ai m 98, ereln the con uni't is adapted to
i [ irfl [ | .by digitizing. th
165 e nBFec® sl il YR oty adapted to,

respasivedl toahethygitive ABtethiBation]istithe HspRa@tor! ©mPEQEHI $€a Jalue within
ectrum and filtering the frequency

frequency s . :
Plgﬁe&{na%w%{f of thepefivecexpiraiRiidees out si de of a range
of frequencies associated with expiratory airflow
1bundke appmatusiagcerdingr tet deinad 8y whewgirt thec baritrol 1k, is adapted to,

j ont.-rol, unit j.s adapted to.filter the .
el el b 1 DN g oot SRS Eaiigion 6 eausbfaup e within
plas bt matusfl0eoRRAE ctdrdExpirgRaOmdyV f r equency, the first

frequency between 30 and 50 Hz5 and the second

111 equRN e¥pRRLNeRBordRR andiAQ0] ¢z SftPRRAIYS
accor di ngpt o cl ai_rﬁ %%4, con‘pr}dgi%nvéﬂeg\%no%tgpu BPRARBIY includes a
fugetinar off e actirreexiinatiph ¢ingomid © phenontendlogebpirgtint, and wherein the

' t he_out put generator t ui de the sybject to . .
COS‘E‘JP¥ %P%‘So?‘gaé’%ﬁ Ky 9‘7580%5%@1%0 F%ﬁ%e?fg?g%tf‘_’ea VEFHB|ORg set the inspiration
tir® $Qudl ab @hey thaAdfuBXtiid 8f AeYactifS RispRitlANHMB 388 She Fﬁb%roﬁieﬂological

the non-contact m crophone is adapted to generate a

congi@nical i brati on signal indicative of airflow sounds of
the respiration during the respirati on phases, and
1igh er Bienapraeatuo aceapdingniot clhim ddhptvbereto te bémrol tiist is adapted to

frequency spectrumby: digitizing the raw caljbration
deggriity HegPTenR 0T popstat o APt PP ToSMaIRELY el least one
paR&h$ter 3T tROFiRP §& F Bhe BNRAbYSSarftedshe di gi t al

calibration signal to produce an iInspiration frequency

113PeCHeiPpaths Aot t8 1A 105 SIHEREhe control unit is adapted to derive

the inspiration time by setting the inspiration time equal to a function of a difference

between the breathing period and the active expiration time.

114.  The apparatus according to claim 113, wherein the control unit is adapted to set

the inspiration time equal to a value within plus or minus 20% of the difference.

115.  The apparatus according to claim 114, wherein the control unit is adapted to set

the inspiration time equal to a value within plus or minus 10% of the difference.

116.  The apparatus according to claim 113, wherein the function includes a function of

the difference and a phenomenological constant, and. wherein the control unit is adapted to
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spectrum subtracting the inspiration spectrumfrom

the expiration spectrumto obtain a net frequency
wGep®enesTey determning a first frequency and aPGEU®NEH/000778

frequency by anal yzing the net frequency spectrum and .
sefethe iinsgiratien tHawgauelgoibe paciigr of theedifferease andythegihspemenological
C&ésg& encies. 127. The apparatus according to claim

Wherein the control unit is adapted to determ ne
e first and second fre nCi LoSehti i.rst
177 qukcdprii” Satiiny, S UIRCARE, Merpirte Ol Spltf Haapied

defeeminet the Hﬁﬁhélﬁ@ﬁdl@%ﬁbdlgco@sﬂ‘aﬁﬁﬁumﬁtyirﬂ p&s rédponsivdle to at least one
first frequency is Tess than a first percentage of a

pevgmgter f dhe figgbisst of ere 91aPOTE PAMEIRF- and setting the
second frequency such that an area under a second )
1p8r t iThe apparatue apeardisg ta claimml B whegein ther eogtrehenit igradapted to derive

t han the second frequency. i s l.ess.than ecand .. .
M, SEHP I PO PR oetBE e dplrtiin ime el € Jubgtion,of the active
ekgidatioh@n@ppar at us according to claim98, wherein the
control unit is adapted to derive the expiratory
1qgrf I AP scO8Ring o0t €18, AWheRbifNBL cOrdlldnkSis1a@8pted to set
the raw signal to elimnate frequencies outside of a
theangpiraforf fimgegnali tosa vz ovithie glusi arlmienpi204t of the active expiration
tai rflow sounds. 129. The apparatus according to claim

, Wherein the control 'unit is adapted to filter' 'the
raw signal by setting the range to be petween a_ fjrst
leﬁeqﬁlémfsppaﬁﬁis&%@md@r @alaéﬁf%i,wlﬁ%@nf g Q?n‘?f(ﬁé’éjﬁe‘ﬁd‘ﬂapted to set
ARG RR ot 5 YL sl BRE nie JUR0 Gy Rl Bupiraion
tds. wherein the control unit is adapted to anal yze the
raw signal by setting a detection threshold, and to
1d¢r i VEhetdpparaiisiacedraing taictaitlnaV8s whadinsthg fiadctiby includes a function of
interpreting portions of the raw signal havjng a, .
the agtiie expratien Wogaad e ep%?pql?%caj EPRYIL NG Wﬁ%rgmla control unit
G Rl BB BTG AI Gh0 PSP TR of Ik 9oV Sxpiration time and
therplenomeadiapicelconstastet t he detection threshold at a
| evel sufficient to reduce erratic peaks in the raw
192gnalhet Agarahe afkdiag 36 cilaired2 Wi wherelintel €oiddol unit is adapted to

breat hi ng. 132. The apparatus according to claim 130,
dgframine thenehenomenelpgigali constsmbaf deast i pafigespongiygly to at least one

RSP GEIL Pt boldadiplsd 10 et (e

ction

123. The apparatus according to claim 102, wherein the control unit is adapted to
analyze the derived inspiration time to determine an amplitude of breathing during the

inspiration time.

124.  The apparatus according to claim 98, wherein the control unit is adapted to derive
the expiratory airflow signal by digitizing the raw signal to generate a digital signal,
performing spectral analysis on the digital signal to produce a frequency spectrum, and
filtering the frequency spectrum to eliminate frequencies outside of a range of frequencies

associated with expiratory airflow sounds.

125. The apparatus according to claim 124, wherein the control.unit is adapted to filter

the frequency spectrum by setting the range to be between a first frequency and a second
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digitizing the raw signal to generate a digital signal

havi ng fl ow val ues at respective points in tine, and
whedobeesmy t he fl ow val ues of the digital signetT/oness/m0778

period of tinme in the nenory, transform ng the
ﬁﬁq#@éy,gthe flirghviragaknmysbdtwean 20 bids 50 GLABNO T RPorR frequency between
léﬁéﬁ{ﬂ Ot%f of bins, designating one of the bins havi ngy

a greate ¥ nunber of poi nts as a maxi mum bi n,

1%63' e in&two of the bins on opposite sides of the
xi ninfiRaRAtus acprding t daier i 4eeomprinisan titpd gegerator} o

a fl Ghedett leval twee Lns.,, and setting the
5 det ect on thr esrht%F(}M@ efsgp%% t|e§e y@t“ge they ?Lgﬂptv%ﬁnﬁ@%@f to guide the
subjrst rte xperformbbreatiin tiher phaslity off bh@nm@ies frsBRME - expi
re;cl"glet%gp%r atus according to claim 132, vngreslpn tlquye%ﬁé expiratory

HEPOIPIES St i s adapted to set the detection threshold

alvhér@int i e in ol ibrati
orohrein U hodeoHarSicintol® ITHABUE§) Senllor o amy galibration
signph indigpéive ppairBew sownds of thengsimtion dininde r8PRHeINPRAES, and
t ' ' dapt to.d t . sl eep-di sordered
1 or ooy foretithd cdrinef 030 |- 0abRa TS g Fisabena sercirom ot ed
0 f t hedifitizido & i e
rom ipititzidg t @Eav@f:alﬂﬂﬁtﬁﬁﬁélgﬂa? to g%%?%?g §1§g§%c gaﬂﬁ)?r%bon

of estimated paraneters. 135. The a
to cYEhatandperipraingisneattad anslpep onlitlodigitaladlibrgioh Righg] to

i ncl b, i a cirated with apnea, and wherein
t o Traneeit BBt SRAERE, et aBH ¥rissaptien. Hrgpency
The sppgamat us according to claim 134, wherein the

sl eep- di sogder,ed br eat hi ng i ncl udes breat hi ng

associ at SYOFRGIRS el dRsRIrpiidm ARectiun fromythd reapieat{odB=ypB}trum

15 and oBagl Hndih I llﬂgit is adapted to detect the
SI DS. 13%7. %ppaﬁg% S?%)cr anal yzing respiration of a

subj ect, detempuriing adirstafrauenayrdtdne secBA@ Regtknkf by a2
a si nalt representing airflow sounds of the
r es P A s Aveney sp adnerator; and a control unit,

adapt ed fsertindile4@ndd® b@%te%engﬁ@ﬁfsg{ng({ sgltcﬁ())q %c?u%n(t:igse.‘

subject to performbreathing in a
127.eS Ak aly h : | y.ze signal . during the,
L oy aPpaRnRRERinf 08 AR 10 B hoBromB is adapted to
20 detgrminathecfist afd ecdid frejuendsppnsi vel y to the anal ysis,
and %j[il tg{}? %ack%r ound noi se fromthe signal using the
fi| CEMS, {jStt gqygacy sueh 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
25 spectrum having a frequency greater than the second frequency is less than a second

percentage of the total area under the net spectrum.

128.  The apparatus according to claim 98, wherein the control unit is adapted to derive
the expiratory airflow sound signal from the raw signal by filtering the raw signal to

eliminate frequencies outside of a range of frequencies associated with expiratory airflow

30  sounds.

129. The apparatus according to claim 128, wherein the control unit is adapted to filter

the raw signal by setting the range to be between a first frequency and a second
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paraneters. 138. The apparatus according to claim 137,
wherein the m crophone conpri ses a noncont act

won@somtene. 139. The apparatus accordi ng to cPEI/m20@7000778
wherein the one or nore paraneters of the filter

frequusincy)dhe fisst dreanencs. eswesn F1ch30 B aphBiceioRonchfiequency between

nit is adapted to define the signal-to-noise
1@; ‘{)&JOI% The appar at us accordi ng to cI ai m 137,

n the control.unit is o hﬁ
1%@ © FPREE o?,ccpail% ity eclle{uir‘le UBJJ gi.n {hie p e %lr I it is adapted to
fz%t heN@w BigAalPbyirsdttin %ya QbtebtisiP kiradhold; ﬁi’ddtoe&@ﬁxfeaﬂﬂr gixpiratory
respirati on phases. The appar at us accor di ng

asfiawrmobad e HTDRS TP e T Sepbering g signal strength
erf g}aﬁl?[ﬁ? ﬂzﬁ‘g‘f‘% &grenl?oléuég{he e @é{b&%u‘d&%v Sk %fgtn lt 0

nspira expl rat ory

S 00 o b G T B s o

#1R0@RE &fn HtBredivdld B atlg\%l Qiicht tPfubAERIRS plaks (iﬁ tHehaW signal that
filter by: determnin nal characteristics of

atvaroit gssoaratednviths Bingti ?btelﬂ 8w sounds of inhal ation,
and of the background noise plus airflow sounds of
18X halTati apparaﬂst ecavrding o nadainb 43@,gwhareih floé sentrol unit comprises a

BN OIS TRCROAB AP Bt F efebtof ighoid b:

resp Qf%ﬁiiﬁ b Vinb oraw Qignét t(b %@ﬁ&ﬁt‘éu 2] ddmgﬁéls Signdl4Baviddh @low values at

apparatus according to claim 140, erein the one or
renpeﬁl\/pqroamte iretimepfnd bifferingtthe flpvovalies of the digital signal over a period
fre gh and a second frequency, wherein the control

gP9P%d to anal yze the signal by: digitizing

t h e Ftifaﬁﬁl%hnﬁl% {BEDEMbE flawdialies alto & hiedram@ading a plurality of bins,
perform ng spectral analysis on the digital signal to

pr odWesigaatingrangiof sha ips havgeﬁkgrégtegtg@mheg af peints 25 2 maximum bin,
XD spebi SR it PRI SiBUBE IR G\,

|nsp| rum eX|ra|on spectrumto

obt aisettiagABLidiH (ﬁta,mgeybaﬁﬂ eqiial o ﬂamintimaé batiweien thet the bins, and
first an§ second frequenci es by, afw yzing the nfeth . .
f r equetiieg the éig'qepmﬁ thigshold responsively to a flow value of the maximum bin

and the width of the noise band.

133. The apparatus according to claim 132, wherein the control unit is adapted to set
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.

134.  The apparatus according to claim 89, 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.

135. The apparatus according to claim 134, wherein the sleep-disordered breathing
includes breathing associated with apnea, and wherein the control unit is adapted to detect

the apnea.
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wherein the control unit is adapted to filter the

background noi se by elimnating frequenci es outside of
wa@20angs4df frequenci es defined by the first apdi/BEeoeH0778

frequencies. 144. The apparatus according to claim

1343, Thbedppreratishaccottihg @b didiint 134 wEaBhethe! QeLdiss AR -

.the first and second %requenci es by: setti ngéi)tehle r?‘lérgtbreathmg

includss brrathing assoginted viigh suddan inferd deathsyndromsd ST and wherein the
cbitfol it i REHIIHEIRY A sfpd 1 equency T ess than the

first frequency is less an a first percentage of a

total area under the net spectrum and setting the

13%c odgparabyfenanalywirgrespisttionns asetgectne@nprisigecond

portiaon. of .t he ncft pectrum havi.ng a frequency greater

t han 2t RETRROBFq? W?ﬁu@n%@ﬁe@e Petigndl Hgpresendiag givflow sounds of the

r3pirateoi age of the total area under the net spectrum
145. Apparatus for nodifying naturally-occurring
mul t B0 ppRYegamemitoryanthi ¢ activity of a subject, the

appa GQHP i sing.. a sensor, adapted to detect a
Si gngl%l%d?]o&i cat%d\?é{eggo’t he multi-phase bi orhythmc

act i ity theaowtmittdenératdRitd guided IR QthjdcP 1o ?&%ﬁﬁ? ?retaﬁ)?ng in a plurality
?I gnal,to det'erm ne one or nore paraneters of a
o fefpigtionphases;  packgr ound noi se fromthe signal using

h | j : . and I [
respora ey HeatP aheth PRIl S res i o868 ot or more.

pameiersus a filn respbhsively so thpanaidiyenio change at | east

one ect of the bjorhythnmc activity of the subject;

and ﬁﬁ% E’ﬁ‘ihgawﬁ ngige i@l ths sigeali weing Hhe sfilieruhaiing the defined
parABbferst 0 the subject. 146. The apparatus according to

cl ai m 145, wherein the control unit is adapted to

1341t ]@%l‘(;}@# ro se frequency .filtering the

Sl gngle.a . E%Ofa p%;[(;;?lﬁgn &g%’o‘ﬁﬁrﬁé‘ tF‘E);/’EF‘i?P NFAGPMPprises a non-

coniteect eiicroplimecontrol unit is adapted to filter the
background noi se by perform ng non-frequency spectral

13nal Visd gppamtideecsidinizto P He ereegelﬁ lil?f%&{él%r hbe F}ga#%ﬂeﬁ%rs of the

according to one or nore vari abl es. e ap
filigr dn¢ludag sigpalcloaise1ato, andewlsreintthe chmeh gniitisn ddapeidse define the
1Sk ndi ive of secondary biorhythmc activity
$%@¥?€gg§?h#¥bn1the mul ti - phase biorhythm c activity,
d erein the cantrol .unit is adapted to filter the

14{562_0 ontrafRy a‘[?]“%?rar‘fﬁ‘ffﬁimgct%f&%lm 37y whetent g ceBERlgdiUs @dapted to drive
theoupat férRratéie g‘h‘icﬂ:ntﬁb subject to perform breathing in a plurality of inspiratory

and expiratory respiration phases.

O

141.  The apparatus according to claim 140, wherein the control unit is adapted to drive
the output generator to guide the subject to perform breathing in inspiratory, expiratory,

and breath-holding respiration phases.

142.  The apparatus according to claim 140, wherein the control unit is adapted to define
the one or more parameters of the filter by:

determining signal characteristics of background noise plus airflow sounds of
inhalation, and of the background noise plus airflow sounds of exhalation,

determining net background noise responsively to the signal characteristics, and
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149. The apparatus according to claim 145, wherein the

mul ti-phase biorhythmc activity includes respiration
wo@Roobkes7subj ect, and wherein the sensor is adaptEU.20€5/000778

detect the signal indicative of the respiration. 150.

The alspaingt the ave cordimge tmarahetem 34 3he Wilgsre tddpbidively to the net

noi se i ncludes a heartbeat-rel ated
bgtgl? g‘?}ngl%%qsgf the signal, and wherein the control unit

i,s adapted to filter the heartbeat-rel ated conponent
lflg'omqtahﬁé‘pgﬁrﬁ‘ﬂéﬁc?coi 12 torplaimyhfdr at us according to claim

145, WResighi: dheol tlo1sqadapted tg filtefr the

backg{ ound noi seobgﬁ%{e?%rg#fr%rl{etﬁsgbgﬁh& %{Im‘élﬁg?ﬁsflﬁt fQuency and a
5 seqeaddiegnericyt o produce a frequency spectrum 152. The

apparatus accordi.ng.t.o ¢l aim 151, wherein the control

uni t Wﬁlgreélb tcgﬁtr?lég’l‘trléﬁ tosgnplyge thetstengl bxquency

spect rum JdiB@zind hBe apRar ordi:ng-.to claiml4 .

wher ei n thgggtcé% r ol %%[ t'@(i;;é.%%%g%tgegj@galfsg ai?r %Be&smmg

bac k §pestraanadysie o yhe digital mignaloto- prodagsent YnspRhESL fhequency

noi s e signal. 154. The apparatus according to
cl ai %}Jeffgg %@E@P&X TR FEHERPYEWEEHEY- r el at ed noi se

10 includes subtesfiidgrtingflatbe dp&RHMRLRER he bxbiics Ynal
and erein the controplﬁ uni tpi s adapt etggte)éﬁlgag@v%eﬁﬂiénto
hear P8R Rk figgeency spgsomanendf the signal fromthe

si gnal . 155 r anal yzi respifation of a
subj oct . TreRRE A Tl SR By b meing he net
adapfreqhiency sptetremdrde an active expiration tine and a

br eat hi ng}e&gri od of .the subject, determ ne whether a
di f f BPEH SOWELnunihis aeptedHprgtepdhd batkgrmint heisadtyi alminating

15  frégtehéiad biRGde | ' 1 han. or, ,equa 0 fir )
e R b E By BE BBl AR b s SpFsespiEhigavencics
0 I tive m nat i.on timate that an L
M0 ooy RE Bttt RESTATIE' R 033, RisT e bemlseviingadapted to
detarmine the fiedt ahd gecdhdl Freg@diers bgnd responsively to a
negatiyve et1errri nation, estimate that the inspiration
ti neCH8etGafirst drequensyr snchyuthet iabnared untler acfiisy ortion of the net
8XRImh ALViAR atd e apparatus according tq claim
REASS c%‘?%? ias%eﬁge%%ggsﬁs%% “hsg‘ﬁ%% fg‘?ﬂ“%cyg‘é Tess 4 mfirshpprcentage of

20  atotalaueh undetitbandtepecdfungiandi| ow sounds of the
respirati unit is adapted to

tﬁn’ C\2/\9,11&? ein the control
anal yPRe e sseond dregHency sychidhat vaa asen wndsir rateoond portibh @fvthe net
speating halapal fEhem: ' lsecc@ds@nal yze f he
pexpi r at org ai r?l om#?g%%%ws%%g SPeOng TR e 15 t"r‘és than a second
pergentage obthpitetalt aremuridenthearetsgcogudar eat hi ng period. 157.

The apparatus according to claim 155, wherein the

onty.0l g i apted t
145! Ap%ara%' for Imsédﬁgm nagural?y-occun*ing multi-phase biorhythmic activity of a
25 subject, the apparatus comprising:

a sensor, adapted to detect a signal indicative of the multi-phase biorhythmic
activity;
a control unit, adapted to:
analyze the signal to determine one or more parameters of a filter,

30 filter background noise from the signal using the filter having the

parameters, and

58



10

15

20

25

det erm ne whether the difference between the breathing
period and the active expiration tine is greater than
WoroequsIks to the active expiration time. 158. AEEIL2005/000778
apparatus according to claim155, wherein the control
unit is aéhpesstl inopark eepORYYIE| tp' the filferegosignaly determine a

deter t he u

val el By Sicy RCohlaR B chihde W1 Bhe Wby of dhe
The bsjpRythhitsactioitpbfiihegubjectched m 158, wherein the
control, unit adapted.to, responsively to the

pOSi ?ls‘i}@u&?é‘?re?%w?élttp drovidssthe sHRujus dpyt &%/ thgsubiette equal
to a value within plus or mnus 10% of the difference.

1460. Thpeppppae accesdiag toelaim d48.ovkeraintha seniralyaites adaptag to filter
' f the diff
ﬂf'eev%gggfp RADENEETy bR AL AE Ul Ol e 1 e O

unit is ad to ns.i v,
155" Ths abras ARt cbBh 1hRoPRE Feborsf iR atpted to iter
tﬁe%atclagroﬁﬁ& Abide B#J Péiforafin®hort-he %&En%_% %&ﬁﬁlearﬂlﬁlst(ﬁﬁhe signal in order
phenonenol ogi cal " constant. 16 e apparat'us
tcad@@t@uth@mgml@mrémmoonqmen@newaﬁh@e%ont rol unit is
adapted to determ ne the phenonenol ogi cal constant at
1#&as The appaatus aespding ity elaym t165 awhé¢remsthe backgpamedmeiseris indicative

th S on.162. ar at us or
of pesRierk BBk R cinlten SRR R Ga, PlolBiiyRic activity, and
WHeFRPHiSd ¥&htvoltidhitt Readd P@ﬁtthﬂté}'eﬂlS rs%diﬁbfyonioﬂﬁyﬁ{mic%tmty-re1ated
|nsp| ration tine equa to a value within p us Oor m nus

baderamdtreésedoan the signal-r ati on tinme. 163. The apparat us
according to claim 162, wherein the control unit is
lalaptidd apparates pcnmsdingltp tleinh hietSn egledréiu ethe multi-phase biorhythmic

oG TGP ORIn G O SHAEEh 9o e e ceiine s adipfed to detec the
%ﬁ@ﬂ ih@ichdve (;ﬂtH@res%)%onThe apparatus according to claim
wherein the third function includes a function of

e [ [

1500 Fk FFa SR LA ) a4 R EH AP BRURANED pojsg includes o
heatpatsilated yorhporicheofithe aighale ante tvherimiat |com:colsmit is héapted to filter
inspiration tinme equal, to the third function of the
theheatt eartﬁglﬁ‘}eflé’PmBﬁnqrﬁt fremythe stepal phenomenol ogi cal

constant. 165. The apparatus according to cl aim 164

19her dibg apperas seeasding ie elaim 148aywhergintte genteal wnfds adapted to filter

I |

UROEERIRN0A ROE BY pEAIRH AP SocPhal SRR o B bl o produce a frequency
sp&sfnt.at i on. 166. Apparatus for analyzing respiration

of a subject, the apparatus conprising: a sensor,

13gaptred 4 f@aﬁiﬁﬁeﬁ@bﬁln@g RAW]EmO DS, whstbigathe Vidnebl ahit ik QMapted to

sounds o
frequency filter the frequency spectrum.

153. The apparatus according to claim 145, wherein the control unit is adapted to filter

the background noise by removing non-frequency-related noise from the signal.

154. The apparatus according to claim 153, wherein the non-frequency-related noise
“includes a heartbeat-related component of the signal, and wherein the control unit is

adapted to remove the heartbeat-related component of the signal from the signal.
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respiration; and a control unit, adapted to: define a
detection threshold by: digitizing the raw signal to
w@esvenet7es a di gi tal signal having flow val ues BECT/IL2005/000778
respective points in tinme, and buffering the flow o
1381 udppahtushior dirglytzirlg sdsginationowfra suljest] gk @f)%driltﬁﬁ,comprising a

ransformn he buffered flow values into a histogram
Cinér\?ﬁ]ﬁﬂl?’af‘%?%fii?'ity of bins, designating one of the
bi nsdéahing a@a&[@%xﬁ?&tid?ﬂﬂﬁ;@én@;t bRAIHM Ababr Y,

bin, selecting two of the bins on oppoSite si
t he feisinpinen whethersatdiffognes \hetivden othe abmeathiey parill efdiahe active

QW | | bet t i d setting
o{eiafin KB i Blof Plaoit T e B B8 the B apigean time,
of t fegpdtBisieliu® Ripdsitinel dbREnMhEsY) RfimbRemAOkS ﬂ}spﬁ&?onhteime of the

andderive an expiratory airfl ow sound signal omt

SybigHt i ggMal togysesendeipetion; of gherdiffeienae aod t he raw si gnal

havi j I reater t.han the.detectjon.

¢t e fhaRel Bia b SRR RRICR ol e Hib e is cqual
toThthird fectiat of tlecacavelexigration Ghei m 166, wherein the

control unit is adapted to set the detection threshold
136jualhé appaf@ud Aordiag Weclfim 158 i ﬂ}fgepéeﬁ &

product, of a const a%ét and the width of thesnblg(zag?eggﬁfenemea
rayg signalpindicatives of girflowesomnds of the mespirati@y, , whdnein the control unit is

ar.at.us. .S 0g; 8 n- cant act -:m cr.ophone, .
oGRS MDY 5L 00y € LSBT ERP Simt e om
ragesignall end siafyzal the nekipiratory QirflbwakdindoWeSAURd8et&imine the active
respiration of a subject; and a control unit, adapted
expFatomfites and fhe trpgfhise pedodiet ect active expiration of

t he subject. 169. The apparatus according to claim
15768, Thth apraraius wecazdingriol claim 1555 wheegt ¢t tantarialniz & adapted to

. ' i .ation det er mi ne. whet her. the . .
QAT W8 R byt B druihg Rorodmad G aite sspiration
tirae iqgreliterghimocd@iaMo¥B8actWB @k SittidniBn&ont rol unit is

adapted to anal yze a | owfrequency conponent of the
158, ONBle bifpadRh® Gbcdrtlifig 6 tdE 1 §5 Pivh@bin® it i

Appar at ulgp for l_J_Sce W Th a dr ug Ts"ﬁhlafygirn, ﬁrteh%t)zl;r&logpgtlasadapted o,
regnempivekyita ghe positive determination, set the inspiration time equal to a value within

plus or minus 20% of the difference.

159. The apparatus according to claim 158, wherein the control unit is adapted to,
responsively to the positive determination, set the inspiration time equal to a value within

plus or minus 10% of the difference.

160. The apparatus according to claim 155, wherein the second function includes a
function of the difference and a phenomenological constant, and wherein the control unit
is adapted to, responsively to the positive determination, set the inspiration time equal to

the second function of the difference and the phenomenological constant.

161. The apparatus according to claim 160, wherein the control unit is adapted to
determine the phenomenological constant at least in part responsively to at least one

parameter of the respiration.
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a non-contact nicrophone, adapted to be integrated
into the drug inhaler, and to generate a signal

w0 padsoes7eve of airflow sounds of respirati on OPCHIL2005/000778
subject; and a control unit, adapted to analyze the

184-gndbe 1apparats crccerditia/ o ebern riats| ovhendin tthe contblegit is adapted to,

rpons RGO EALAYS R e ubnThar G and t 2 value within

pldaptrinhist20%6lof the attive S4piRtén @gRer ator to gui de the
subject to performbreathing in a plurality of

e AT T —
rws&;@baﬁoéb@ Q?@@Y © ddﬁtegginflgorg lr?gjl tgg ﬂerﬁglr?ﬂ(i)d\;\tl_ﬂ:ch?lé g%ﬁedg gc;/a value within
P @g ﬁ%)%lgﬁeuﬁ:i %g/‘% O#%S%%?‘%neéqpir?%orﬂ@?%ct the active '

16€ Spjfﬂeata})ﬁ)ar}étus according to claim 155, wherein the third function includes a
function of the active expiration time 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. »

165. The apparatus according to claim 164, wherein the control unit is adapted to
determine the phenomenological constant at least in part responsively to at least one

parameter of the respiration.

166.  Apparatus for analyzing respiration of a subject, the apparatus comprising:
a sensor, adapted to generate a raw signal indicative of airflow sounds of the
respiration; and
a control unit, adapted to:
define a 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 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
maximum 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
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derive anre}ripiratory airflow sound signal from the raw signal by interpreting
portions of the raw signal having a signal strength greater than the detection threshold as

the expiratory airflow sound signal.

167. The apparatus according to claim 166, wherein the control unit is adapted to set
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.

168.  Apparatus for ﬁse with a ventilator, the apparatus comprising:

a non-contact microphone, adapted to be integrated into the ventilator, and to
generate a signal indicative of airflow sounds of respiration of a subject; and

a control unit, adapted to analyze the signal to detect active expiration of the

- subject.

169. The apparatus according to claim 168, wherein the control unit is adapted to

analyze the active expiration to determine whether the ventilator is functioning properly.

170. The apparatus according to claim 168, wherein the control unit is adapted to

analyze a low-frequency component of the signal to detect the active respiration.

171. Apparatus for use with a drug inhaler, the apparatus comprising:

a non-contact microphone, adapted to be integrated into the drug inhaler, and to
generate a signal indicative of airflow sounds of respiration of a subject; and

a control unit, adapted to analyze the signal to detect active expiration of the

subject.

172. The apparatus according to claim 171, comprising an output generator, wherein
the control unit is adapted to drive the output generator to guide the subject to perform
breathing in a plurality of respiration phases determined at least in part responsively to the

detected active expiration.

173. The apparatus according to claim 171, wherein the control unit is adapted to

analyze a low-frequency component of the signal to detect the active respiration.
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