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WD 2004/ 105612 PCT/ | L2004/ 000462 METHOD AND SYSTEM
FOR ANALYZI NG CARDI OVASCULAR SOUNDS FI ELD OF THE

WO DMENTI6CN This invention relates to nedi cal deeT/TU2904/000462
and net hods, and nore particularly to such devices

and nmet hods for anal yzi ng body sounds. BACKGROUND OF
THE INVENTION 5 . Body sounds are routinely used by
physi cians in the diagnosis of various disorders. A
physi ci an may pl ace a stethoscope on a person's chest
or back and nonitor the patient's breathing or
heartbeat in order to detect adventitious (i.e.

dent 1 11 cat MRTAROD: AN SHRREI ROT ANATATINGS
| ung or heart sou&@%@mg&gﬂﬁggd ¢ ant

i nformati on about I'monary or cardiac
abnormalities. It is also known to fix one or nore

m crophones onto a subject's chest or back and to
record |ung sounds.. U. S. Patent No. 6,139, 505

di scl oses a systemin which a plurality of

m crophones are placed around a patient's chest. The

FIESD HPTHEINVENTIONPhones during inhal ation and
expiration are displayed on a 15 screen, or printed on

papefh;shiioerktfsiticlittd® Mmedichlhdsviods audimethedsynmdenotsypasticularly
physician in order to detect a pul nonary di sorder in
td echpdevioes andongthsdsefor ahalyzingHesly, sosnds.4) , 2001)

di scl ose a systemin which M m crophones are placed on

a patient's chest, and | ung sounds are recorded.. The

H&gﬁdék@_@mwmmqmnquati ons that are
Sol ve

using a |l east-squares fit. The solution of the

Sy st &pdySsctdy 306 rb@irtty eised vy pisidiassain dre diaghbss of various
l'ungs of the source of a sound detected in the
disoederdi My physiEian0n4y 105612 sRETISCOPOON/ DOewen’s chesposback and

oo paRa aoRRe o heaost b SR o Rt Suygutiions e
abpettarh o e prtr o RRE Y st AehoiTas tndAGHR anliifassificaion
ot RFRRRES LRSS} hedfBBfnds often provides important information about
pulmonary or cardiac abnormalities. |

It is also known to fix one or mofe microphones onto a subject’s chest or
back and to record lung sounds. . U.S. Patent No. 6,139,505 disclqsgs a system in
which a plurality of microphones are placed around a patient’s chest. The
recordings of the microphohes during inhalation and expiration are displayed on a '
screen, or printed on paper. The recordings are then visually examined by a
physician' in order to detect a pulmonary disorder in the patent. Kompis et al.
(Chest, 120(4), 2001) disclose a system in which M microphones are placed on a
patient’s chest, and lung sounds are recorded. - The recordings generate M linear
equations that are solved using a least-squares fit. The solution of the system is
used to deterr}ﬂne the location in the lungs of the source of a sound detected in the.

recordings.



10

15

20

25

of noving tissue that is displayed superinposed on the
ultrasound i nage. 5 SUVMARY OF THE I NVENTION In the
wo edokavdonzy description and set of clains, two PCT/IL2004/000462
explicitly described, calculable, or neasurable
vari abl es are consi dered equival ent to each other when
the two variables are proporfi-onal to one another. The
present invention provides, in one of its enbodi nents,
a sysLSnpasst 5,385 788 Andidses ah E@4HuNG REE ﬁ&ﬁ%ﬂ% s$dem having
cardi ovascul ar sounds produced in the cardi ovascul ar
as peowstic tfaimdsges) &l imading eseams. fop prodicing/awimbpe of tissue. The
transducers _ (m crophones) configured to be attached
systery plssinshden Dappisrdmaginggicans o produge 2 scariad angastie image
k.or..chest .over the.individual.'s thorax. Positions
of Vs siyF B & etV SR ae Ry ibe Blnund e
position vectors x=(x1,x) in a two-dinensional 15
di n S mdefined in the planar region R The
Sﬁ\ﬁ[\wﬁmiﬁﬁfl&\?ﬁl‘m& N, is fixed at a position
XxZ ip the region R and generates a signal, denoted .
her efth t@@ fol&%\%mgt descriptipr and, gelopl glaims, fwo gxplisitly, described,
d | V] %, The transducers are.typi,cal
H6TaBR0 6 Hhlastialtt Pidiien HEpon P ShRaRt s KR et when
tHRANJ VarRBIR a‘ré‘ﬁrdgﬂ?ﬂidﬂaq’ ¥Rbné afdthgr, Such a matrix may
typically be in the form 20 of a vest or garnment 'for
easi e piresenh gnventiont frevides] in dnalofsits Babedimeiss, mygydiem and
appreci ated, different matrices _may be used for

mgthiqde rfent egorhing andn @ml:yam sardigyascylaf f }uads g@éig,ced in the
. N.S] P( X|

S ST &S‘fﬁf?m,.(fnicw&%c%éﬁoaﬁr%@ et NG amsducers

CHRISHIORD) B E0151e GEnLA) LSy BRI, R of e

iddividuslay BioRvarhiebtadves thiiglividudl’s thefdx. Pabifiois i ffetregion R are
_signal s). Cardiovascular sounds are tyqlxgal ly in the

indigaged dfy éwosliensienalwpositionr eegionsaxalxy,xt) dwta dvwadisnensional
are. typically in the range of 100 toq_ 400 Hz. Thus, . ,
cw@gwﬁﬁmn st theyplgBan tegiapel. flhsnith Hansdugamifer Bl to N,

L BOAREr L 8, B8 Bl 4 ey BB i by
- ) . iy | | .
PI r%f cat ed hg???%g%rf\g%@%,qn?)]%b% em}t%szega >°
The transducers are typically embedded in a matrix that permits to affix

them easily onto the individual’s skin. Such a matrix may typically be in the form
of a vest or garment for easily placing over the individual’s thorax. As may be
appreciated, different matrices may be used for differently sized individuals, for
different ages, sexes, etc. |

The N signals P(x;, #) are processed by signal processing circuitry. In
accordance with the invention, the signals are filtered so as to remove one or more

components of the signals not arising from cardiovascular sounds (e.g. respiratory

. tract signals). Cardiovascular sounds are typically in the range of.6 to 45 Hz, while

respiratory tract sounds are typically in the range of 100 to 400 Hz. Thus,
respiratory sounds may be removed from the signals by filtering the signals, for

example, with a band pass filter passing between 15 to 45 Hz.
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in order to diagnose the state of the individual's

cardi ovascul ar system This nay be via an automatic
waledoaossmt i al di agnosis in which the results oPCT/HE004/000462

processing are conpared to functions or paraneters

previously stored in a database that are 5 known to

be indicative of various disbrders in the body region.

The filtered signals nay al so be processed to generate

an ITRg ﬁftek?%ti%x:le{lg (56 %@dibéte@iﬂe%iﬁ}'l%ﬁP&,a%) gt Tbrocessed

y

The resﬁts o S processing are displaye on a

indirdpt frydidgnoseethefstate ef dhp irelivkiualis eaglieuastelesysieal dhis may

as_ denmonstrated in the _exanples below In the iHage, )
begtiigt amputonesic didierential tiagrasts ins enchaghe rreulls of ghe psocessing
SRR RSB o nePLaRRg ST S 7 B RS e o
kiR R bOiarfreb SIS digbrtlR iRahEbYFsEHLAr  System
simla aly al ned by o

r to the an si s of 1 mges obt t her

[ lrragi ng nethods such ﬁs X-ray (scintigraphy) or '
¢ . . . A /
regi DRE thibred atnalh (a5 50 ! BRI Sohidle i Hnage of the
inﬁiﬁﬁ%@%e@ardﬁ@agéfﬁ&e sydigh. AN /RUERE %TQHiSO%rdCEQh?l% igﬂ@ displayed

pat ogi cal conditi'on, may de identified in

on ARbsplapdevichj fornmyunipde iusing o grdyelevel sowdy,sas demonstrated in the
exanpl e, by different colors, by different patterns )
exsynplay betova lar thet wmpges anatogmig f@gﬁye@pﬁ dhe m%t,_suq:h @s the atria,

VAo nBOHN rHRLlongal | By GORAYe ohhe ojmege, tay B ity or

'axﬁtgﬁn%gi%lzgﬁcdgfay&eﬁy%re e -&@te%tibﬁcbf" GEJidHE S ROk RERRAscular

rregularities, cardiac effusion,

syRedrh @ivhilgr Rf thB'ath@Efs_i/s%ﬁi@ha%e@ nbtgihbé bysheeimaging ahsthods such
| esions in the cardiovascul ar system etc.

-asANdiatyi(seiatigsaphs) o nphrasoted imbging(ebkoairdiogeaphiynt o a

plurality of sub intervals, and each subinterval )
pr ocAssegibis epaegivrs wf the liearger odrdidvasculanr dystemsious atisplayed
.system for each of these subintervyal

s mgy. then be . . .
ingpgedthat sredushreted efpipslpdings palbglpgieal éqornlg% , Y de identified in

di.spl ay_dewyi.ce. Thi ner, |e..show 1.C
oo BB IS P T ERDRERE SF Pl R 08, R Cootors,
IeffE p! VB wah |, QMdNGaRy oG ways. The t
b%%%ﬁeggpgﬂ%%%i astvga}ggg§g?{)v%iﬁt\§ﬁ(}$¥ﬂf’erent alg%rts o‘fNa%Ishe ¢ e
“mghologital coglitibe” refies o hanidevidhord @hohh 1S Aididnal, healthy condition
PCT/ I'[2004/ 000462 -4 . _
of the cardiovascular system. This includes murmurs and other hemodynamic

“irregularities, cardiac effusion, narrowing of blood vessel, and other space

containing lesions in the cardiovascular system, etc. |

Additionally, a time interval can be divided into a plurality of sub
intervals, and each subinterval processed sepérately. An image of the cardiovascular
systerh for éach of these sﬁbintervals may then be detennﬁled and displayed
sequentially on the display device. This ge,nerates a movie showing dynamic
changes occurring in the cardiovascular system over the time interval. This allows
viewing of the systoles and diastoles of the different parts' of the heart during the
heartbeat. | '
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In a preferred enbodi nent, the processing invol ves
determning fromthe N signals an average acoustic
wep@rgysear i si ng from cardi ovascul ar sounds, dePCL/ER004/000462
herein by P (X, h, t2), at at |east one position x in
the region Rover atine interval fromtl to t2. The
term "acoustic energy" at a-Moeation is used herein to
refer to a 5 paraneter indicative of or approximting

the py aQditeter@ll datfodii@it %@P@a@sﬁﬁg m&%&ﬁgﬁﬁ@ £8m the N

velocity at -that locatidn. Tn one

signelsage averigstdooustie egyreyvaisiag throm dardiovifiuldrr soundd, denoted
tot2 is obtained at a position of one of the

heiett bphBOes, risiat gt idast ehgpbsition x @xtheasgionrR to¥er 4Gime interval
P(xi, ti, t2) =J P 2 (xt, t)dt (1) ti where xj is “

fione tiptestyt The tan ‘hepusiicramphgiieat 4 ocationrie upedheneireth refer to a
enbodi nent, .t he processi ng .i nvol ves obt ai ni ng an

i FengICative iof 8 ABPHERXIPA(ing the produchpt Higcpregsurs gad the mass
phfHRERIGh yEROM biukPikgal, 2 purality of | positions xi

€ m Ccropnones, tof exanple using Equation (1),

and fhefe bmbodimshtabh Bleldgh Kcobstic én%}Fg}ﬂBvéii e interval from #;
Pihe B Xt & pone ey

| ocations x by interpolation o
taug) ng obdaiped rabvan positionpof @heoof et oidrophones mesilg the algebraic
preferred enbodi nent, the interpolation is perforned.
CXPFreoBeai n an  average acoustic energy P(x, t, , t2) at
a position x = (x],X 2) in the surface Rusing the

al gebrai c expressi onp 14 = ;
,t%tZ)lg(x,iPG) (Iz) P-d\‘lt’é%)mg(ngedxa%@ X, L(,Fi())é-) is a
kernel satisfying V2g a6. (3) Ng(x, x, , a-) is

appr ewici@ b hegsvsatior o the nfitrophdnihere xt = (x, , Xx?)

Is the position of the ith mcrophone and a- is a

sel etn ablmeore preferred embodiment, the processing involves obtaining an
average acoustic energy P (x,,t,,t,) over a time interval from ¢, to #, at a plurality of
positions x; of the microphones, for example using Equation (1), and then
calculating P(x,1,2) at other locations x by interpolation of the P (x,,1,,t,) using
any known interpolation method.

In a most preferred embodiment, the interpolation is performed to obtain an

average acoustic energy P(x,f,,1,) at a positioﬁ x= (x’,xz) in the surface R using

the algebraic expression:
o~ N N' ’ ’
P(x,t,t2) = ZP(x,. 1,12)g(x,x,,0) (2)
. i=1

where g(x,x;,0) is a kernel satisfying -

Vig=-% | (3)
oo :
N o
Y g(x,x,,0) is approximately equalto 1 4)

i=l1
and where x, =(x;,x’)is the position of the ith microphone and o is a selectable

parameter.
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~ uliraspriad smagingt

25 parameter. WO 2004/ 105612 PCT/1L2004/ 000462 -5-

For exanple, the kernel 11 2 2 - 2j)2 g(x,x1,6)= Exp-
W@ 20048)56EXp- (X x a- (5) 2a 20 nay be used. HEBEIL2004/000462

system may optionally contain a display device for

di splaying the 5 function P. The function P may be

di spl ayed on the display, fo?—exanple using a gray

| evel scale, as denobnstrated in the exanpl es below. A

two dir®aghsleahe kefPhi cal representation of the
. function P produces an i mage of the cardi ovascul ar

system In the.ir at om eatyd 20f the heart

gbyRNogs Em—tgiﬁm.rﬁm éc lr\,%) ll's, can(be
observed. The& imedf® may be arlal yzéd for to the
detection of a disorder in the cardi ovascul ar system

may behwedt o t he anal ysis of inmges obtained by other
i magi ng met hods such as X-ray (scintigraphy) or

ul trasound i magi ng (echocardi ography). A region or

regi PR 95t Sndle dptioRIlE ot as Aipiy BesiceMfdrdisplaying th
di spl ayesgl i ﬁagiset at ar% suspect edpgyi ncl udi rl;g 1ap aying e

fimetibnl POThel fusiorich 17 ey Padispiayiedestt tHe @idplay, fdSextaneple using
i mge, and this may be in a nunber of ways, for

a exaynhbree]l sonlediaf fdeneontstratsidoins thebgxatnples rhehowp &t twe imensional
by way of a witten text, and many. other ways. The

graphinal " penreesndafiom| of othei tiupetion effer praducgmy ageyiage off the

f h |, . Lt
carlFeosar gy en BB i pes ook Bl B e ity as the

attERANARILE se%fa'é g%lisa%ﬁ ib%s%bs‘g?%ﬁ aﬂleefrﬁ%’%é ﬁ{zbg be analyzed for

nar rowm ng of véssel, an er spa

theoddtedtidof helidcrier innththardion slovlasssteni siyiie thetanalysis of
Additionally, a time interval can be divided into a

imagesabbtajned byubther nineaging smethods asuchy 8% a§aaycotigeaphy) or

energy P de.terrri&qu 3,ver he region R for two or nore '
(erFhegasdiogranhydge of P for each of these

sub intervals may the be determ ned anld di spl ayed

sequéntegien pr giegions ofi ths| heprigey cardiovaseulag sxsemy By adisplayed

image that are suspected of including a pathological condition, may de identified in
the image, and this may be in a number of ways, for example, by different colors,
by different patterns, by way of a written text, and many other ways. The term
“pathological condition” refers to any deviation from the normal, healthy condition
of the cardiovascular system. This includes murmurs and other hemodynamic
irregularities, cardiac effusion, narrowing of blood vessel, and other space
containing lesions in the cardiovascular system, etc. |

Additionally, a time interval can be divided into a plurality of sub
intervals, and an average acoustic energy P determined over the region R for two or

more of the sub intervals. An image of P for each of these sub intervals may then
be determined and displayed sequentially on the display device. This generates a
movie showing dynamic changes occurring in the acoustic energy in the body

region, over the time interval. For example, transducers .may be placed on a

person’s chest or back and an average acoustic energy P determined in accordance



25 novi e show ng dynam ¢ changes occurring in the
acoustic energy in the body region, over the tine

w0 ndoenessh2 For exanpl e, transducers may be pl aP€OIIR0042000462
person's chest or back and an average acoustic energy
P determ ned in accordance WO 2004/ 105612
PCT/ | L2004/ 000462 -6 withtfie invention for a
plurality of sub intervals over one or nore

withahé he@intionfor al praGEneaNslteiéivalsnaedr fode aabredicartbeats. An

these sub intervals and displayed sequentially so as
lmageg@amebeaobtamedrfw eactholithase sitmingayals rantlrthsldaymissaqmentmlly SO
energy of the heart over the, heartbeat. This

| o
asﬁoegﬁn@gatefa ppwe gwarge ages 1) herasPBsiGoenargy o‘éﬁrerl&aaﬂver the

et i 2YONF vhe NIRCRelIE: AREHIaRRRyof 08, GRPRRL Bars of

tHehedPHRMAg (IRONQIRAL, heart sounds. The present

i nventi on al so provides a program storage device

r ead@hé ssignals e neay asegbd lsybjeoteddipi additdomal cgradysioto detect

instructions executable by the nachine io to perform
abmirhmdihearepsurfdst determining for at |east one tine

interval, an average acoustic energy function P

ar i siThe Pressnt dnvention Al pravidesum @gogrmgomgeade@@eq tefdable by

msF e, By suitind SR iR of ety s G3bldS. e machine

10 g&f&’iﬁ‘ $Ethod R F%E‘ tfbtogetéﬁhﬁ]hgé i 19Ead rdﬁ\é'tﬂﬁé 1ﬁterva1 an average
nput'er program product conprising a conpute
al@'eﬁ BloR B & 8éh %ear ithm
odr ed Ther erln anaégy&%%&{slo({m%lgerg%ga? ﬁB &{ g sort
uﬁ)@l\hhg Rt 1€a6t G 4iPRAIVPAH A inBicafive OF 9Ye%»§1§1‘é| waives$ bbbtation x, on
t he conputer program product conprising: conputer
a'beaflakifecdr ogram code for causing the conputer to
determne, for at least one tinme interval, an
acoustThe prosmgyindemioni still Rirther progidies mmrblhpuireo prognam product
20 of the cardi ovascul ar syst em P being deternined in
15 cengypingtarcompyieritsgakie medivm b wéngr@ﬁm ¢ seadalle program code
di.cati.ve .of ssure wayes_at catio g
cisBayieoy el BAfERe Sl i foasf of inseod %@ dpjpdividual’s
a
°51‘§E%‘?§ﬁh%%éﬁ%fﬁ P PRl P POt BB coryiREh
conpr tempoter rEidablNptdgamdstsier for caeing ﬂielcﬁ)nqmter to determine,
i nteger, each transducer confi gured
for at least one time interval, an acoustic energy function P arising from the pottion
20 of the cardiovascular system, P being determined in algorithm involving at least
one signal P(xi,t) indicative of pressure waves at a location x,on a body surface.
The invention thus provides a system for analyzing sounds originating in at
least a portion of an individual’s cardiovascular system comprising:
(One) N transducers, where N is an integer, each transducer configured
25 to be fixed on a surface of the individual over the thorax, the ith
transducer being fixed at a location x; and generating an initial signal
P(x:,r)indicative of pressure waves at the location x;; for i=1 to N; and
(Two) a processor configured to receive the signals P(x,,f) and to

filter the signals P(x,,7)so as to generate filtered signals in which at least



25 to be fixed on a surface of the individual over the
thorax, the ith transducer being fixed at a |ocation
waolooanesegener ating an initial signal P(xi, t)PCT/IL2004/000462
i ndicative of pressure waves at the location x,; for
i=1 to N, and (Two) a processor configured to receive
the signals P(x;, t) and to7filter the signals P(x,,
t) so as to generate filtered signals in which at
onle @&hﬁmrﬁo%/tﬂé)§%%lsp@ffa| z‘?ﬁ&o 41i9984fdnT CardidrRiscular
conpohent of the signals P(xi, t) not arising from
sotadshavissaueriovegounds has been renoved. The invention
thus further provides a systemfor analyzing sounds
or i gTeatinmgntion athus efiwthen providasn aofsysteim rfgr varalyring sounds

oA & et A RDBEYOf BB S FatEPvRIgHIA SuiE Gogpprising
. . s ddEeh
- @ N8 RN 3 n Rt Vieh MEMIE coiBleeitB be

fixel 8% @RRREA e iAdividlial iodbr tHedthdrax, Rb&iith fransducer
I ndi cative of pressure waves at the location x1li for

being fixed Mf andoddfion) »a pndcgssemtingnhingunitidl t signal
receive the signals P(x1, t) and to 1o generate
Ping)iatlicstive af prassiiregyaven at the lpeation potorioh toN; and

cardi ovascul ar system_ The i nventi on hg)s fu)rth r

(Twopr ovi ded PEOGREIasFPnighTes ol 1eeelys ths ienals dirgf nﬁ‘i"?ﬁ% in

at least a portjon of_an individual's.cardi gvascul ar
10 gengsate taeretrpmy an Hpage %%é)at feast periwm of EPPEQ@%V%F“ e

i ndi vi dual over the thorax, N 15 transducers, where N

R n%m_ integer, the ith transducer being fixed at a
| ocathONnintdn@hld B8SehiRticRIpAViddd i Fhethb@Nfdr Bolyzink) sounds
i ndicative of pressure waves at the location x1; for
otiigihativs ¥ atcdegst (af*pwﬁorpobme'ﬁﬁlﬁvigualfsecaa;digwaskmle@(systﬁm Jomprising:
as to generate filtered signals _in which at | east _one
(One) onponefixingf onhe ssrfgealaf thexindividuabrover ithe thorxeMN 20
cardi ovascul ar_sounds, has Dbee emoved. , The invention
15 trARCRSy ST B By PadateBondhn i Foroding: hons g
' ui nat | . | _ o0 af ] =
850 SRS PSPl SBREl . BB bl
waves at the location x;; for i=1 to N; and :
(Two) processing the signals P(x;,?) so as to generate filtered signals
in which at least one component of the signals P(x;,f)not arising from
20 cardiovascular sounds has been removed.
The invention thus further provides a method for analyzing sounds
originating in at least a portion of an individual’s cardiovascular system comprising:
(One) fixing on a surface of the individual over the thorax, N
transducers, where N is an integer, the ith transducer being fixed at a
25 location x; and generating an initial signal P(x:,f)indicative of pressure -
waves at the location x;; for i=1 to N; and

(Two) processing the signals P(x;,f)so as to generate therefrom an

image of the at least portion of the cardiovascular system.
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(One) fixing on a surface of the individual over the
thorax, N transducers, where Nis an integer, the ith
wo e@agoiseer being fixed at a 25. |ocation x1 BEMIL2004/000462
generating an initial signal P(xi, t) indicative of
pressure waves at the location x1; for i=1" to N, and
(Two) processing the signaFs8®(x1, t) so as to
generate therefroman image of the at |east portion
of 11 pRlehitioN IH6H Fidthe Yprbeides Wrdofmh behfde device readable by
PCT/ 1 L2004/ 000462 -8 The invention thus further )
maching, desgiblypembodying tagpragent ef instructeosnbkesutaple by the machine
machi ne, tangi bly enbaodying a program.of .instructions
to @@ﬁ@@@dﬁﬁ@o lensdorapayAag SPBn&ewg%mﬁ%%ﬂh alfleastayrorfign of an
. anal yzin und riginating in.at-.I okt i on. qf .
ind R T SRR Eu L BBk SDpiPisBle, BRFesGpr N | R’ siguals
: i ei i ' waves
PRATARBGRN, phliiefer BleARRlat spnPistoing Indiparllelreshie
atRY B SPx WRNES=1 t%tN,st SR s QRraté filfeRid sig&alg 9n MWhidiPa@last one
to generate filtered signals in which at | east one
coppaeacof thé sighalssPgna) sotR{rising fonn chrdisvastulgr Sownds has been
car di ovascul ar sounds has been renoved. The invention
rettovedf ur t her provi des a conputer program product
conprising .10 a conputer useabl e nedi um havi ng ..
conplieinvieation gus fp\?fgglf PROVEISE & COMBIHPTERIOZEHB PEPGHCE Gpmprising

o SRt R SR SO Db AT oLk oicn
thPLeRE G485 iaﬂtswghx{gnké' s SligRAse B 6t ledst a YORIGh Ofiah m@vidual’s

I nt eger, nitiral signals being indicative of .
capdRYasHiar¥y ¥R, Pondprisiga predesying N fwitial digdals PN, /)sovieese N is
to generate filtered signals in which at | east one

. arpﬁﬂ?é'ﬂ,eﬂhb ifftial Bgnalt beshdindicutive of préssureowanss atianlpchtian; for
ca

15

20

25

_cardiovascul ar sounds has been renobved. BRIEF
i=DESAR) KT RO EEndine fikawd NERalninowhioh atdeasi dwessomppnent of the-

dnvention and.to see how.,it be carriged out in

sighale tH(5el) QL FEPE OB CRAIRYPSHIA SANnGF B, fFagremoved.
descri bed, by way of non-limting 20 exanple only,
with reference to the acconpanyi ng draw ngs, in which:

Fig. 1 shows a system for obtaining an anal yzi ng
cardi ovascul ar sounds in accordance with one

BRIEFRIDRSCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in
practice, a preferred embodiment will now be described, by way of non-limiting
example only, with reference to the accompanying drawings, in which:
| Fig. 1 shows a system for obtaining an analyzing cardiovascular sounds in
accordance with one embodiment of the invention;

| Fig. 2 shows a flow chart for carrying out a method of analyzing
cardiovascular sounds in accordance with one embodiment of the invention;

Fig. 3 shows the locations of transducers on an individual's back for
analyzing cardiovascular sounds;

Fig. 4 shows successive frames from a movie of the heart of a healthy

_ individual over one heart beat;
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Fig. 2 shows a flow chart for carrying out a nmethod of

anal yzi ng cardi ovascul ar sounds in accordance with
wop@4aodsezii rent of the invention; 25 Fig. 3 shp@EIL20e/000462

| ocati ons of transducers on an individual's back for

anal yzi ng cardi ovascul ar sounds; Fig. 4 shows

successive franes froma nov?e of the heart of a

heal t hy individual over one heart beat; WO

20041760 56chd WACiccb 24 fraffed Grbm a9mbiie oSttt ieesst and lungs of an

successive frames froma novie of the heart and | ungs

~ individuml dvedong thspiratovecydesandespi rat ory cycl e; and

DETAI LED DESCRI PTION OF THE I NVENTION Fig. 1 shows a

system general |y indicated by 100 for anal yzing body
DETUWHSEDSDES GRIPTEONIOFETHERINVENTION of an

i ndi vidual's body in accordance with one enbodi nent

of thg, il nKeWsiaystefn Benerally indiefted\bs 100dot aralgring dody sounds
105, of which our are shown, are aBpI ied to a_planar
Q

inr e gihore-dimarsionehasgioor obavkindkiidualts bady \indargiordangg . with one
The transducer.s 105 nma e an e of ,soun .
embedicisie ot ‘he jRYention, fxxrﬁtiex;aiiaﬁ oh s Spimd ﬁ?ﬁé&‘&ﬂ% A% of which

ctor. T C . i . . .
R FER WA A R e PR S s
1HB | NBh@NrANDESEY €105 edy BB, a®f typ@ et sfahedifer,Eath as a
transducer 105 produces an aral og vol tage signal 115
micrdphade wea Blopplersshift detenicesTlay tranddugetsol (Fmmay be applied to the

transducer. The_anal Qg signals 115 are L digitjzed b
suhjeatiyhamnelcany knowns the gits 1 Xampss peipg ?%oadlﬁﬁléfe duction, or

£ Bu s cEadh iRt 108 bTtse? R ARERE fdlRes, gt 11S
ildicativt ofpréQubl yvg%{/ﬁ%%‘ﬂﬁggﬁ tol{h@ tFRkaucrd MHeSanhior ﬁ%%bls 115 are

I nput to“a meno a input to the nenory

diiigzcdases ﬁﬁﬂti%@ebﬁ@@%_ﬁﬂﬂigitﬁbcmfﬂeg 12€.dThe diyitat data signals
the data signals 125. The signals 125 may be denoi sed
Py, ¥ 123, eejpresent dhppressurs Veveiat ghe losgliemer @3 thoith dlageduser (= 1

BB, TR 0D Bl e R kol B s o e
o 5O PRdAR S B BB, s sl

135 978k si¥rald 124 hfty R @hoied By ﬂl:t@i’h? eoMPbneritd Haviag FFeRuencies
anal yzed. The sighal may be divided into frequency

obwittisof tho darggecdf body sounds in the body region, for example, vibrations due

to movement of the individual. Each signal 125 may also be subject to band pass
filtering so that only components in the signal within the range of cardiovaséular
‘sounds are analyzed. The signal may be divided into frequency bands, and each
band analyzed separately.

An input device such as a computer keyboard 140 or mouse 145 is used to
input relevant informatioﬁ relating to the examination such as personal details of

the individual 110. The input device 140 may also be used to input values of the

. times ¢, and #,. Alternatively, the times 7, and 7,may be determined automatically

in a respiratory phase analysis of the signals P(x,,f) performed by the processor

135. The processor 135 determines an average acoustic energy P(x,h,t2) over the
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band anal yzed separately. An input device such as a
conput er keyboard 140 or nouse 145 is used to input
WO edoeuedst2 i nformation relating to the exam nat PONTIRNGH000462
as personal details of 25 the individual 110. The
i nput device 140 may al so be used to input val ues of
the tines t| and t2 . Alternflively, the tines ti and
t2 may be determ ned automatically in a respiratory
tiRBagRrA A £ tof 7, t et BMal16cAloh» i tRe QoM Ed iy dalwlation
processor 135. TRe processor 135 determ nes an
inRYRAROS: 18890 6Bk iof tiRnsipadls P(kxn).ti, t2) over the WO
2004/7105612 PCT/1L2004/000462 -10 tine‘interval from
t1 tPhd dvadagk erdlistiv)endroieatarentoted rintthe mesbon 180 iandamay be
cal culation involving at |-east one of the signals
digglrged ton a displazvdevige 1d0osuchi es endiRT essreane forr diagnosip by a
the menory 130 and nay be displayed on a display
PYSISiEE 150 such as a CRT screen for diagnosis by a 5

Pt obfit PRocs e SASES R, detfortPin BR AR AR diagnosis by
cqrg&g@gomé’ﬁi&ufoﬂn@ b Bl %g?fea e TRIBRY aa@g digmm to be

I'ndi cat1ve of various sorders In tne

indR@tios of Fhdoudisbidess ia the budy Reién.di agram for carrying
out the nethod of the 1o invention in accordance with

one Eighdtlishews. a Iffovs tebpriodiograme for graatyingoout thy metbod of the
inVGBReT G acSaRREE A B RS {n Fiorb g0 (R Al B (rur) are
bod f . t 20 I f t,,and t2 .
ORIk ot N an Ao Dl ek B csinget lofitions TpEi from 1to N
mdfyéggcﬁ?R%%oﬁh%rbohg%uE@ée.Qﬁ %teg)ef(ﬁr WBedPY. 4R, are either input to
pr o n step ;an y

ssor. Tt _ verage acoustic €nerg
O oglsot 05, AEIRS FHRE ek ol oS80 oo by
pxt%ﬁgg%gz%ﬁ &§¥z1 VA 36 BAbttie eﬁ&ggggg, giﬁj %Sohétﬁﬁ‘gl%lgg at least

I'splay 15 ( t~ | east one _ X
olgé%caﬁbn' £ Bt iEﬁ[&ﬁRV‘B?érht% b URRIVAN, ] B S 19 sk 220 the
eterm ned over another time interval. I'f yes, the:

aviraseacousat hBsyt i|§|di§1ﬁ:£yeaQ§1 thef digslhy 150efop bpkasiSone value of x.
Wi

termnates. It al so be understood that the system

Iiagiep2a0NY it detethtnddnwBethéon furryioheP iR e detietrabied over another
programed conputer. Likew se, the invention .
timsrintenyal alfeygesatheqrpese returns to step 205. If not, the process terminates.
It will also be understood that the system according to the invention may be
a suitably programmed computer. Likewise, the invention contemplates a computer
program being readable by a computer for executing the method of the invention.
The invention further contemplates a machine-readable memory tangibly
embodying a program of instructions executable by the machine for executing the

method Qf the invention.

Examples
. The system and method of the invention were used to analyze
cardiovascular sounds in an individual.

Example 1
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- twioedintensiahal cocadinatedsystetusas dafine

program bei ng readabl e by a conputer for executing the
met hod of the invention. The invention further

wa@oenkaapliat es a machi ne-readabl e nenory tangi bPGT/IL2004/000462
enbodyi ng a program of instructions executable by the
machi ne for executing the nethod of the invention. 25
Exanpl es The system and netlHod of the invention were
used to anal yze cardiovascul ar sounds in an

| ndipgh dyahows*@EBIdng. oYVBigAGA OIE56d2 hBEThdak 200/ DABABRl. A
-11 Fig. 3 shows recording of si&gals over one

n dherindévidnall’s back. As shown

. coordi nate system was,  defi ned on.t.he jndividual's

in 516 ARJTRAURFES orEplgceson Sge TvIGtelsciack uich U e, o the
on. the i.ndi yi [ 0 t

toffont T b9t el pnc 18R s 0 Mop Bt Pmed. gaptouss

of%he Carl] BRUTRG 306 5ROWS tHe Stesuhed bomear ofile lidaet. As can be
curve 306 shows the presuned contour of the heart. As

see@ntheetrarsdaocrs tweret armagtdciar s reguler arthaggeal lattice with spacing
regul ar orthogonal lattice with spacj nfgé_ bet wee

beru]etvam mga@sdﬁetsr@ iher hornial s vedical dizectaomscet ?gﬁgm- The
of .2.5 T i gnal,s P(xi f h

G R SO R b et FRChABE RSP e, Bach
. fil i : - .
B8 R B3 Sl AR P9 s B g sty
tr%ﬁ ARG TR atib¥hiOREs dRled Rit6iNRval®bf 0. 1L s&e@uration, and for

ration, and for each interval, P(x, tl, t2) was

ca@Rtificp@f, Wk gL oy b@tﬁﬁleﬁmshaggﬁ (liorab@yendi @) abbee with the

kernel g of Equation (5) with 6=36 pixels. Fig. 4
kethOWs SNBqhAMGEES)ORIBI X6 Pikels! Ts. o5 Shéwithd i}ﬁa%es obtained by

obtarned functions P(x, tl, t2) by gray level shading.

: €01k, S |

T e i e L
tdi : ] &h %8 @ 16 Prod
g BEIENE oV oIRGB (T, TV atecangh K50 roduce
mbucof e, heawicbvarsa hedrtbeaeriThd mavie cambe dinabtzedl it determine the

(LVEE% volume, left ventricular end systolic (LVES) )
valotuekbasic paramesetsr ¢fcheast fumstiongsuch: a left yeabroylar end diastolic

(L,‘(@élﬁf’?blu?ﬁe? qg:ft \(fgrrxlttrlrclufalrjrle%a s%‘lgt%li?: )@IV%S’) cifoiuRI}{claE,Sl)ight\/xpelnafjmr'ré:“u1ar end
diastolic (RVED) volume, right ventricular end systélic (RVES), volume, left
atrium end diastolic (LAED) diameter, right atrium end diastolic (LAES) diameter,

wall thickness of the inter-ventricular septum (systolic and diastolic), and
parameters derivable from these parameters such as left ventricle stroke volume,
left ventricular cardiac output,” &jection fraction, left ventricular fractional
shbrtening, inter-ventricular septal thickening. The movie can also be analyzed in
order to detect heart defects such as valve dysfunction and cardiac arrhythmia.

Example 2

The signals P(x:,t) were obtained from each transducer as described in
Example 1, and-were then recorded over one respiratory cycle which includes about -
5 heartbeats. Each signal was rdivided into two sub-signals P;(x;?) and Pj(x;f) of
different frequency bands. The sub-signal P;(x;f) was obtained by filtering the
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atriumend diastolic (LAED) dianeter, right atriumend
diastolic (LAES) dianeter, 20 wall thickness of the
WO ndoanedsent ri cul ar septum (systolic and di ast oPCTIL20ew®0462
paraneters derivable fromthese paranmeters such as
left ventricle stroke volume, left ventricular
cardi ac output, ejection fradion, left ventricular
fractional shortening, inter-ventricular septal
sighil GlsaTY B%-4019z HARMI (ass dlted! The Beb3NEIAY 780, nwasrdbesined by
o detect heart defects such as val ve dysfunction and
filcarirgj the signahysimgi 210023 5Ebang pesfiltere The gnlisigai £y (x, ) consists
wer e obt ai ned from each _transqucer_as descr.i bed. in

prevaiy| ef hearh soungs; aviiletheraibot Eit) GRBSISE gpiparily, of lung

scls. T b ShitET P8 nalsh S, MR dfiod 6 hesdhion, and
thE)se.l‘Btsi%ﬁHlfﬁﬁfﬁ?twfisr SRUISREY ad Wdfosed N ApBlicd@Rado-pending U.S
PJ(xbtY was obtained by filtering the 2004/ 105612

PRET Apglacdiod0Da/B38,742 2filsd goralamsiry @, 20034 T hietzsignaldP»(x; ) was
pass filter. The sub-signal P

P il . P2(x;, t), was _obtai ned_Db .
divideddnionigtervalssofghal saedueptiong and ﬂmm&ahld%ésfg W%Sﬂl‘é%.ed mnto
. The sub-signal Pl(x;, t) _consigts primgily of art
ingesiala s OF v@}gl 804 iuration.si Jiekl e%i’( )ame,rv%o,@pgﬁfgns B Gitntz) and
Jprimarily of lun sounds. The Pl (x;t) sub-signal_was,
Pén i, ipyeerembtained fearndi(of) anskPi@iianiespertivalyy usingHiquations (1)

sub-si gnal P2(xbt) was analyzed as disc| osed_i

anp|(2) ehoire avitho thekermal ». of AR (RYpMith e T o ‘pixels. The two
10/ 338, 742 filed on January 9, 2003. The, sjgnal , . .
fupetiems Jreversferablyi displayast Hniipaeaunly ora _&S_&Wé@e_&'we by intensity
sty AR DI cactofililp 18R WGP Epuflidkes obtained
f ti , X, -h, .2 dx N t .
0SS, et T L ) b B 50 Spgrancnsty by
' Eguat i 1) t ' .
<45 B TR CESe i nB SELIBRRE o BICAATET B0 o i
s%\@/si’éﬁ ShPH prodhePh AYRee 8f el Heananus biheaftbeat ATk fplviycan be

ice by Iintensity shading, using a different col or )
afdyzedaiohddtemaineathe values & peramster$ of heaydondiunaisnea as cardiac
by representing the obtained functions P(x, h, t2) and
omipx} and bleod eigationt fpetions | hhepgovig ggn plspebe oRaeRg in order to

drger gt GoipsiatieBas 9rBR G¥finetPn i AR BRiES T
heart over a heartbeat. The novie can be analyzed to

determ ne the val ues of paraneters of heart function,
such as cardi ac '




out put and bl ood ejection fraction. The novie can al so
be analyzed in order to detect hear defects such as
wa a0da08ysf uncti on and cardiac arrhythm a. WO PCT/IL2004/000462
2004/ 105612 PCT/1L2004/ 000462 -13- CLAIMS: 1. A
system for anal yzing sounds originating in at |east a
portion of an i ndi vi dual ' s ¥ardi ovascul ar system
conprising: (One) N transducers, where Nis an
i nteger, each transducer 5 configured to be fixed on
Ciﬁéﬁéégce of the individual over the thorax, the ith
ucer being fixed at a location xi and generati ng
an ipitial sjignal . P(m t) .indicative.of pressure ..
Lyav %ﬁ?qlﬂefqgo@ﬁly g Joungls, Orjgiqating” (i ?}n[xeaf TipPoion of an

ing AR S R PRE SR BRI [ $0%5e to generate

(Onef i | tered siagsdlcerd, nwhisfeCIN als la@asiitegdr) eavh caumpdurent

5

of the signals P(xi, t) not arising from

candigniresl s fixed ogmach@ﬁ thendividnahveser the thosex, ke hod
\ ' g . \ o

ﬂ:-%ggsr qls:gg]gél%g% al lm_t asl_oce[ el n. r ﬁ?%n%%téoré té&t(ll:% SOUI msl

.E‘t*@ . i e S

PLRGLEARAHYE of Brdsiile ol edhaldn £ SR 4P { ahd 0800

(TvvoilC cordi i gaﬁc%ts%&aédﬁﬁkg}%@goﬁf&e%eth@ rs‘?;%lﬁa? OBl ,Z)afsaiti& kher

10

15

20

25

onfi gur genel I mage of at™ |
AfighERls PV IRLE &/ GREMe RG] S BTN, J0ESE
: - o . : 50
ol o, U T S50 Al L AT
sogﬁgghgg/ﬁ?%%ﬁm%ﬁg,t emat a plurality of tinmes or over

“prura -successive tinme intervals, and to
2di SpiTRY héBoll "REBEling 46 (Claih VE Whesinaredbipaloay tehevisoends have

6. The systemaccording to Claim1 further conprising
beentremaviedensi onal  di spl-ay device. 25 7. The system
3o e nehod according to Claim 1 wheretn th6 itial signals e Aficred by a
band pass filter passing between 15 to 45 Hz.
4. The system according to claim 1 wherein the processor is further configured
to generate an image of the at least portion of the cardiovascular system from at
least one of the filtered signals.
5. The system according to Claim 1 wherein the processor is .conﬁgured to
generate an image of the at least portion of the cardiovascular system at a plurality
of times or over a plurality of successive time intervals, and to display the images
successively on a display device.
6. The system according to Claim 1 further comprising a two-dimensional
display device.
7. The system according to Claim 4 wherein the processor is further éonﬁgured
to display an image of the at least portion of the cardiovascular system on a display

device.



to display an inmage of the at |east portion of the
cardi ovascul ar systemon a display device. WD
wQO4N1B5612 PCT/ | L2004/ 000462 -14- 8. The sysSPEML2004/000462
according to Claim1 wherein the processor is further
configured to determ ne an average acoustic energy P
(x, t1, t2) arising fromthel4ardi ovascul ar system at
at | east one position x over a tine interval froma
8.F i 1 sthé byferh heb@dinSRATAEN 1twhEreltheDrbedspgr id diueheri doafigured
in an algorithminvolving at |east one of the
tord RERFIRE Gn dvefdg@rionsti@encte Biwsh, e adsing diong thocidmivascular
8 wherein the processor is further configured to
systeipat gt lehst chegosiiionacowesta time meteryal Brono adivst timenpt@a second
predeterm ned functions P and determ ne a function Po
tie ) PBige Uberhiieatih ARSIgdriMAL insoNih@at leastRoneldE the ipeocessed
systzem according to Claim9 wherein the processor is
5 siguglsher configured 1o to nake a diagnosis based upon
the determned function. 11. The system according to
9.0 ai Fhesysemaiceonding W/ laigd wheigin the nipessgyr ispughercopfigured
time interval fromtl to t2 is determned at, a . .
to ermpare hs AVerREe 26Qusts FOEEY LUl oy PR gradeisrmined functions

[ Dt P(x1,2i,t2) = f P2(x;,t)dt 11 .15, 12. ~
S RS IR CIIT SN )
TR I RIS T R, e —

1o 1pRRER e GARty Bhnc dpor relor R Skl ™ v Trem
11 anguc8itm aRdordidd'9d CRIA' 81 Whe@id ﬂh@\éﬁﬂ'eﬁéggoacousﬁc energy

acoustic’energy P(x, tl1l, t2) at at |east one

ARestd gmeXinkvhlnEefiPg!18tth a9 deferinireeddal gnotatiea £ dfxd transducer
ti, t2) . 13. The system according to Claim 12 wherein
uging dvealggbragcenpsessorener gy.  P(x;, tl, t2) is

determined over a tinme interval fromtl to t2 at a

plurality of |ocati o?? Xy )g_jtj'tprz xnstsigtcers usi ng the
al gebrai ¢ expressi ont Yirthi2 ) i1)at-
t

15 12. The system according to Claim 8 wherein the function P is determined at

one or more locations x in an algorithm comprising:
(One) determining an average acoustic energy P(x,,t,t2) over a time
interval from ¢, to ¢,ata pluralify of locations x; of transducérs; and
(Two) determining an average acoustic energy P(x,11,12) at at least one
20 location x by interpolation of the determined P(x,,t,t2) .
13. The system acqording to Claim 12 wherein an average acoustic energy
P(x,,t1,12) is determined over a time interval from ¢, 10 ¢, at a plurality of locations

x; of transducers using the algebraic expression:

12
P(x,,t,t2) = _[Pz (x,,0)dt.

t2



r2 P(xj,t1,t2)= fP2(xt,t)dt. r2 WO 2004/ 105612
PCT/ 1 L2004/ 000462 -15 14. The system according to
wW@@u10sb22 wher ei n an average acoustic ener gy i BCT/IL2004/000462
determ ned at at |east one |ocation x by interpolation
of the determned P(x;, tl, t2) using the al gebraic
expression: NP (x, ti, t2)— Y,P(x;, tl, t2)g(x, x1,
a-) (2) 5 where g(x, xI , a) is a kernel sati sfying

14V Pdc agsted) acBoRlis to Glaima)2iwhéRRi Qxi SWiresy aaustic toergy is
1. (4) 15. The systemaccording to C aim 14 wherein

deférinindd 80 atilsast lbie kevatieh 0by intetpolation oftheRepernfindd P(x,,11,22)
-x1V6) 2 ~Exp- (x2 -x? )2 (5) 2a- 2a 10 16. The system

usHE@EHSbrhie ckbRissiod: wherein the processor is further
configured to " display the average acoustic energy

zg)éorgl’ n:ﬁ@ %lngl %mrté%gfﬁ@’ SoclggofySt NE)

configured to detefhine an average acoustic energy

5 over a pluralitypefe gwgegﬁs\/@k&n@psdﬁgwgal S, each
average acoustic energy being determ ned Using an

al gorithminvol VI ng 15 | east one of the signals
P(x1,t). 18. Th¥’g m accordi ng t&)d ai m 17 wherein
the processor is conffgured to sequentially display
on a . display device a representation of each

det ermi ned) ateragy Beppseximatelgegyal tod. The E)stem
according =0 Claim 1 wherein the processor is

15 10’ S0t péford e CRiBL LE i e OF T AR R kS8 802 o) =
Exp - ((_xl:_zﬁi;‘/_g)i) o Exp— {Ex____zx_;l/_;.)_} . (5)

10 16. The system according to Claim 8 wherein the processor is further configured to
display the average acoustic energy P(x,1,t2)on a display device.

17.The system according to Claim 1 wherein the processor is configured to

determine an average acoustic energy over a plurality of successive time intervals,

each average acoustic energy being determined using an algorithm volving at
15 least one of the signals P(x;t).

18.The system according to Claim 17 wherein the processor is configured to

" sequentially display on a display device a representation of each determined

average acoustic energy.

19.The system acdording to Claim 1 wherein the processor is configured to
20 determine an average acoustic energy over a plurality of successive time intervals,

each average acoustic energy being determined using an algorithm involving at

least one of the signals P(x;t).

20. The system according to Claim 1 wherein the processor is configured to:

(One) for each of one or more frequency bands,



each average acoustic energy being determ ned using an
algorithminvolving at |east one of the signals P(x;

WO 2)04/18812 The system according to C ai m1 wherRCTILE20&t/000462
processor is configured to: (One) for each of one or
nore frequency bands, WO 2004/105612 PCT/|1L2004/ 000462
-16 (Twenty-seven) subject ~tHe—si gnals (P,xh t) to
band pass filtering in the frequency band; and (ab)

(Twenty-98¢8H M Nesudiech 18 S@AaRAPUSY) 10 BnrY passffilegingoin fher the

frequency and based upon at | east one of the

fréqueney etarsd;gndl s. 5 21. The system according to Caim
20 wherein the processor is gonfj ?}u ed to. display one

e

(ab) degprmpBe AThRVENEE AFOPHe CRETEYs FHICtioRe Yy they ey
det ) f di I devi .
ba t5E [t iteadt onbof BTl ANGaRY & ) SP 2y dev] o

5 21.9Rst sr%%t&ﬁréd_cefﬂiﬂé 8NC1dimdDy i Whaleirs thapdb@wssc @bnfigured to
system conprising” (a)lo N transducers, where Nis an
_dibpibg gare, oe andret sfathedanceage aodustier entrgy fhecticnisxdatemmined for a
surface of the individual over the thorax, the ith
frequeney boad onpgelisplay figdge-at a | ocation x; and

enerating ap initial signal P(xi. 1) indj Y
257 cohristein e Sralyfine sl rigithtind in| 8716 (' Bofliop of an
infTAHGT LaRECERARE SEQ0H Aiptlide Tecei ve the signal s

1(x;, ts) and to generate therefroman inage of the at

(@10 Nl@asdudesy, wiese B istahdntegar, daclvaatsduaer cydiganed @de A

met hod for anal yzing sounds originating in at |east a,

fixert on arsustcenf therdadividusd over therthpmxatheutnirarsducain
a surface of .the

beifay Rt ook thofad, ERHIHE b arLtal iR N 1 s
A5 AR S SRR O8O RBHPE 5 T 0BG,

aljlc{‘di cative of pressure waves at the |ocation x;; f or
=1 to N, and

(Tsvo) a processor configured to receive the signals P(x;,r) and to

generate therefrom an image of the at least portion of the
cardiovascular system. n
23. A method for analyzing sounds originating in at least a portion of an
individual’s cardiovascular system comprising:

(Ore) fixing on a surface of the individual over the thorax, N transducers,
where N is an integer, the ith transducer being fixed at a location x;
and generating an initial signal P(x;¢)indicative of pressure waves at
the location x;; for i=1 to N; and

(Two) proceésing the signals P(x,,f)so as to generate filtered signals in

25 which at least one component of the signals P(x;,#)not arising from

cardiovascular sounds has been removed.
24.  The method according to Claim 23 wherein respiratory tract sounds are

filtered from the initial signals.



(Two) processing the signals P(xi , t) so as to
generate filtered signals in 25 _ which at |east one
waeormoeent of the signals P(xi, t) not arisi ngP€T/Orm04/000462
car di ovascul ar sounds has been renoved. 24. The net hod
according to Claim23 wherein respiratory tract sounds
are filtered fromthe initildl— si gnhal s. WD 2004/ 105612
PCT/ 1 L2004/ 000462 -17 25. The nethod according to
25C aiTRe33ethbe meéatdidpetol Cliatrh @13 wherei theaingtidl isignatseate Hiltered by
a band pass filter passing between 15 to 45 Hz. 26.
a bahd past filker pessiog detweanol X10AnHZ3 f urt her conpri sing

260ar Ao BSROR R FIadH 24 Tt CogEie Brieratild an image
of gllgel %tﬁl:e?% é)rogztiéﬂ SPHScardibvastifar TRL(ROE R&E A ‘I’éa@?o{iéh’ ce)f':gt@ fikered

conprising generating an I nmage o
5 sign@@st portion of the cardiovascular nethod at a
plurality of times or over a plurality of successive

27t | M lienmethod| evcomiin th Efdimy2hdurther ¢orpésing gesreting anyimage
on a _display device. .10 28, The t hod ac%%dt,r(l to

of hexrivients HasiomeF tieorbiovasRylar Bpthagial @ RialinsgE ttss or over a
th t .l t .por.ti f th i [ .

o SRR B Bt B DU o BE e o o

. -.conprising determning an average acoustic
dl%agg‘;lﬁ%x, h, t2) arising fromthe cardi ovascul ar

10 28ret Mok Adettald adceatihg om €1pias R6ifarthsr cumprisingidisplaying an image

interval froma first time t, to a secopd ti(rire.tZ , 15
oftht et legsterizempfiig cardiayassnigsmetred pPa e SisAlRGISHICs-east

203ccofte wrtbhd Gegpiae Your e 230 ML waibde dotgrpigine an
e, Hneip SO dneur 19 o Mo b SRFEBV ARGl Laed at at
lesitaanen it avst gt iier il Atne frddimd JF 1E e gime
15 P Reing SRR ot DR VR s L ote Bt g O sesd signals.
3 ot ob 5 TPAnE P RUFRECH TR 5 SUARGY coftyffly Robijfiing the
av¥agh WeBRsUERErgy P to one or more predetermined functions F and

determining a function F, from among the functions F most similar to P.

3L The method according to Claim 30 wherein the processor is further
20 configured to make a diagnosis based upon the determined function.

32.  The method according to Claim 29 wherein the average acoustic energy

Pover a time interval from t; to t, is determined at a location x; of a transducer

using the algebraic expression:
- 12
B(x, 1) = [P?(x;,0)d.
t1

25 33. The method'ac_cording to Claim 29 wherein the function P is determined at

one or more locations x in an algorithm comprising:
(One) determining an average acoustic energy P(x,,,¢2) over a time

interval from #, to ¢,at a plurality of locations x; of transducers; and



using the al gebraic expression: t2 P(Xi,ti,t2) =f

p2(x1,t)dt. ti 25 33. The nmethod according to Caim
wQmnesset n the function P is determ ned at OPET/Tr2004/000462

nmore locations x in an algorithm conprising: (One)

determ ning an average acoustic energy P (x; , t1, t2)

over atime interval fronrti8to t2 at a plurality of

| ocations xi of transducers; and WD 2004/ 105612

(Two) adt %ﬁ]luf% Q4/ L0 Z?c:ou]sﬁ% (e-ﬁ\é%}y e tes, )nhf‘ gt d&hst\opeage

10

15

20

acous energ at at’ I'east one |ocation

10%1&1 §%H‘%{%gé’(g£ﬂé%g%% tr%? rﬂ%?&ﬂgg &)/her ei nt z}m '?

342VEr algl% eIt %&chglné%%’)o%ﬁtu’glx%% liel‘emt 41 akféragﬁta%bﬁ&ﬁteénergy |

Oer

tine | at a plurality of
Ga
{9 X,plf{ez gggeﬁte fed eI' 5?@?@5‘?’@"\/%%?!}1{{‘? thr}e afh gﬁﬁﬁﬁlz%f locations

rein an average
Xlgggus%“?‘g%ﬁ{érg@«}ﬂet&e?éternﬁé B “at least ono
| ocation x by jnterpol ation of the determ ned P(xi,
tl, t2) usi ngP(Jhmazl)ge Pa(s, telpr ession: N _ 10
P(xt1t2) JP(X| tl,t2)g(x,x,,0) (2) i=l where g

- kerne| .satisfying v2g = aa6 (3).N .
s e B0 s helaln oo s e byerag bR eerey i
determined at at least one location x by interpolation of the determined P(x,,11,12)

using the algebraic expression:
~ N i~
P(x,t112) = Y P(x,,1,12)g(%,%,,0) (2)
i=]

where g(x,x,,0)is a kernel satisfying

vig=2 G)
oo
N
> g(x,x,,0) is approximately equal to 1. )
i=1

36. The method according to Claim 35 wherein g(x,v,0) is the kernel g(x,x,,0)=

EP(LE_EL]EPLL_E_@] )

(o}

37. The method according to Claim 29 further comprising displaying the average
acoustic energy IN’(x? h,12)on a display device.

38. The method accordihg to Claim 23 further comprising determining an average
acoustic energy over a plurality of successive time intervals, each avérage acoustic
energy bging determined using an algorithm involving at least one of the signéls
P(x;t).

39. The method according to Claim 38 further comprising sequentially displaying

on a display device a representation of each determined average acoustic energy.



36. The nmethod according to CQaim3 5 wherein g(x, Vi
a-) is the kernel g(x, x,, o) _ 15 Ex (x1 x; V07)2 V
W@ 2002/1056Exp - (x2 - x?'J )2 (5) p _ 26 20 37. HACEIL2004/000462
met hod according to Claim29 further conprising
di spl ayi ng the average acoustic energy P(x, tl1, t2)
on a display device. 38. The 1#et hod accor di ng to daim
23 further conprising determ ning an average acoustic
4@."EHegyethodr aceonlitg ad IG1¥ine D3 suethes soniprisingaletarisiningl an average
each average acoustic 20 energy .bei_n% det er m ned .
aemistig energal Qyst ptHwiality, of sucrgssive timesinteswelsogachwerage acoustic
signals P(xj,t) .. 39. The nethod accordi o _d ai .
ey Beee foiptrhiseraisTRg 28 dueRh My ooy S oy Pasy ontathe signals
ng_gpl ay device a representation of each determ ned
VEr age acoustic energy. WD 2004/ 105612
5 4PdMHd helod/066:d6 to CRIAR3 fiRberedhpgdsingcor ding to
Claim 23 further conprising determ ning an aver age
(¢) foramolof boe enmogy frequency heinds.al i ty of successive tine

| nterval s, .each average acousti ener,gy. bein
(ca) subischg: e Figha §Par) AP Rk RS AUSNRG ) e TRRSPCH ne
b%lﬁd'taﬁ]ﬁ signals P(xl,t). 5 41. The nethod according to
irm 23 further conprising: (c) for each of one or
b) détRinBinfilcl GHCRYakA ABGusticC Blery Hufblidn Fof HBe SrdfiRh
(cb) (P, xbt )get 0 ban%ébgass Sfi I teerrlg%g in theofre%ueﬁig? é}()and;
10 bamdibgsetl upodatat teasinomegofithe filerabsgandaust i ¢ ener gy

function for the frequency _ lo band based upon at
42 cbhg methoduaccording ite {darp 4d; fyithes comprisipgdigplaking one or more

of ¢ g erier aogy ety bbb AS: SRR Ry i R Fohwnd on o
d%gﬁa?frde‘iL%d for a frequency band on a display device.,
. A nethod for anal yzing sounds originating in at

4Beasti adihed ifon @kilyaing kbuhdiovigiiatingsinc at deast as porion of an
_System conpri si n?: .
15 individual’s cardiovascular system comprising:

(One) fixing on a surface of the individual over the thorax, N
transducers, where N is an integer, the ith transducer being fixed at a
location x; and generating an initial signal P(x:.f)indicative of pressure
waves at the location x;; for i=1 to N; and

2A0I'wo) processing the signals P(x,,r)so as to generate therefrom an

image of the at least portion of the cardiovascular system.

44, A processor configured to receive the signals P(x,,7) and to generate therefrom

-an image of the at least portion of the cardiovascular system.
45, Use of the method of Claim 23 for diagnosing a cardiovascular disorder.
25 46. The use according to Claim 44 wherein the disorder is selected from the group
comprising at least cardiac arrhythmia's and heart valve disorders.
47. A‘program storage device readable by machine, tangibly embodying a program
of instructions executable by the machine to perform method steps for analyzing

sounds originating in at least a portion of an individual’s cardiovascular system,
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(One) fixing on a surface of the individual over the
thorax, N transducers, where Nis an integer, the ith
wo e@agoiseer being fixed at a |ocation xi and PCT/IL2004/000462
generating an initial signal P(x,, t) indicative of
pressure waves at the location xi; for i=1 to N, and
2(OLTwo) processing the signapS‘P(x;, t) so as to
generate therefroman image of the at |east portion
cOmptibiagC probeinag N iditiaSYigh&lm PG4 1) AvRERCNSIS Gl integer, the initial
configured to receive the signafs P(x;, t) and to
sigaale iy imikeaiveost pROsureBavesfat tahpcation &asfor el ttb O so as to
of the cardiovascular system 45. Use of the nethod of
gGheanto Aered sighialsgmowhich a least dnocespengnt of ther signals 2%x;, 1) not
46. The use_according to C aim44 wherein the disorder
ariging drose cardligvagenlentounds hips besnigmasiedg at | east
4gardiac arrhythm a' s and hgart val.ve disord%rs 4

. . A .
T gt PR BOsEeRc B AP B et ORI PRl Tncdium

g i RAHBR hroroch W kb AMiag RHEEH! 30 Endlfhg Sounds
ofipin@tingt imoati Meadt 4 epGritiod POT b OMdMidaal’d neirdiodtastuls system,
cardi ovascul ar system WD 2004/ 105612

cOOPLisin20prcesing N inifiel signalsi Bixng), whewedsisragp Mteger, the initial
initial signals P(x,, t) , where Nis an integer, the
signiaksiteling sndjeative ofpregsuradvaasiater fcapor g uioe whiedN as0 as to
a location xji, for i=1l to /N, so-as to genegrate
gengreteridiered giemals onwhishc lggst |0@5§pnm9@eebﬁf§€weﬂgn@$ P(xi,t)not
t.he signals.P(xi, t) not. arising fraom cardiovascul ar
a@ﬁﬁﬁ%éo%ﬂ ggrdb%x&s‘cq]gﬁ%@g@_s has Eg@n Wg%vﬁgut er program

product conprising a conputer useable nedium having
conmput er readabl e program code enbodi ed therein for

anal yzi ng sounds originating in at |east a portion of

an individual's cardi ovascul ar system conpri sing:
processing Ninitial signals P(xi, t) , where Nis an
integer, the initial signals being indicative of

pressure waves at a location x1; for i=1 to N, so as

to io generate filtered signals in which at | east one
conponent of the signals P(xi,t)not arising from

cardi ovascul ar sounds has been renoved.



