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

I NVENTI ON This invention relates to nmedi cal devices
arljopehesde, and nore particularly to such dewrgBScse00462
and nmet hods for anal yzi ng body sounds. BACKGROUND OF
THE | NVENTI ON s "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.
abnornmal or unexpected) lung or heartsounds. The

i denti fi cati oMBIHODISIDIEHEM FOR ARAYAEINGOUS

l ung or heart sounds often provides I nportant

i nformati on about UARPIOWASCHYLAR SGUNDS
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

I LD OFSTAE INVENEONhones during inhal ati on and
expiration are displayed on a 15. screen, or printed
on pap®his ifveatioe eitds ROHedbd deVioss aldshethbds, an@irine fitcularly
by a physician in order to detect a pul nonary
ditegichdlevices andanethodsfor apalyming bedy spunds. . ( Chest

120(4), 2001) disclose a systemin which M m crophones

are placed on a atient's chest, and lung sounds are
r&%ﬁEK&R.OUmQFsEHEIIN@Wat e Mlinear equations

that are solved using, a |east-squares fit. The

5sol ut | BRdbeounds ase sewinelysused hys peysiciangdincthe diagnopis of various

10

15

20

| ' ' X f th f d
B N 0 Y R oy Aot o bk
Pfabhitbe? ApLRBAS Dreathing or heartbeat in order to detect adventitious (i.e.

abnormal or unexpecied) lung or heartsounds. The identification and classification
of adventitious lung or heart sounds often provides important information about
pulmonary or cardiac abnormalities.

It is also known to fix one or more microphones onto a sufaject’s chest or
back and to record lung sounds. . U.S. Patent No. 6,139,505 discloses a system in
which a plurality of microphones are placed around a patient’é chest. The
recordings of the ﬁﬁcrophdnes durmg inhalation and expiration are displayed ona
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 deter.r.;ﬂne the location in the lungs of the source of a sound detected in the.
recordings. | | S
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. transducers, where NiS an in

U.S. Patent 5,285,788 discloses an ultrasound tissue
i magi ng system having an acoustic transducer, and
| R%odke ns for producing an i mage of tissue. The

_system al so. includes Doppler inmagi ng neans tBCHHEaM4E0462

a scanned acousti.c image of noving tissue that is
di spl ayed superi nposed on thesul trasound i nmage.
SUMVARY OF THE | NVENTI ON I n t%e foll ow ng description,

and sefj@f ' .explicit descri bed, | .
cal cul ab '53%6‘?5%%%%@&%?‘? @m;f@%m gstem baving
e §uiaceistio ttrahniueas And itHeFin Maedans T&%ﬁrbt{%' ' ﬂH% ﬁ's : :
t|onal éeg one an'%uﬁger. I'n accorda 5eﬂvvl ,%Pﬁ&ue' The
Qgﬁ‘éﬁ?lu Lpopplesrimaging meansrto ipooduct hacsnried acoustic image
PHPMoY . - anal y.zin oupds _origipating in
at |eas %ﬁ%ﬁ%ﬁ}%&%@ﬂm n@eu&%sa WG ar
system conprising: N transducers, where N is an
| SURIHAR TS nfigured-to-be fixed on a
surface o?ﬁﬁmmi{m&er the thorax, the ith .
transqucigs fhpd f d _ thon .X nd eratjng.
an_initial siﬁgna ‘Iﬁ%g‘qp?‘;“?%}é%%%&@“% Rm 8@3‘?‘@’ desgnbed’
vigaiabie, or mdasurableovariebles cire oomsiddedVequvilet 8 ERA % when
Si gnals..g?x; t) and to

QR‘?{“I% ured, to recei ve the
T <S AfrpIpRottiony topnganether o generate filtered

signals in.which at |east one conmponent of the

si gn P t) .pnot .ari sing from cardiovascul ar sounds,. =
e, Sechldined bifi % okl Rpa o ABe piE dBYonions iees B provided a

- coybtegL ferdarialy gt e6uldRCorddinai ey dUat 1RO U drfioR B¢ %Y infividual's

(x,tr tz) arising fromthe cardiovascul ar system at
| ovg3ralap S¥Ytem SAmprisipgr N trangdmeessntverera| Nfisoan anteger, each

Fitfatlsdid dFRobfigndrG & 1200 b slitade ot e AR AL ARIHIE, the i

inan algorithminvolving at 1east one

- prgesiyes being Grad #.a leatian gomd gaseating tah isitis sipasidP@s deficative of
. of £Q$ rese ibnventiqgn,. there is provided _a system,
f SFAhalger ﬁgh‘ﬁé‘tfﬁ%‘g’% e =L'é9t nipd %ﬁ@g@pcgggpﬁgu fo fegfive the

obigasls P addy BlterSthé MQF&??%% toSYRERR IO & Which at

) eger, each transducer
c Gt 6 cemperenh ef thexaghalinP@: §unot atsing ffronh eardiodaseinkdt sdunds has

- Dueh delfvddl Whiin B rbddorif Y SSHORTS D BN fanverage

ng an initra

| ocation X; gen

-1 BEbuSEY dneryOP (0,85 Hiify HEMARe GlrdibMRcHACEbA Nt east Rle position x

i=l to N, and a processor configured to
"over a time mterval from a first time #,,t0 a second time £, P being determined in an

algorithm involving at least one of the processed signals.

In accordance with-a second aspect of the present invention, there is provided
a ‘system for analyzing sounds originating in at least a portion of an
individual's cardiovascular system comprising: N transducers, where N is an integer, each
transducer configured 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;f)
indicative of pressure waves at the location x; for i=l to N; and a processor configured to
receive the signals P(x.¢) and to generate therefrom an image of the at least

portion of the cardiovascular system.



receive the signals P(x;,t) and to generate therefrom
an image of the at |east plartion of the

cardi ovascul ar system -2a- |In accordance with a third
aspect of the present invention, there is provided a
met hod for anal yzi ng sounds originating in at least a

portion: qf aéddrdanBivith d\kd & 9&%@2%\@ Abentio tﬁ':]g}e is growded

conprising: fixing on a surface e indivi
't he methedafor Nnakyzimgdsowds, omgma@ng\l ins aanleiastt eg@ortisgtheof an

gt E}]dﬁﬁ@ﬁ%q}{{'ﬁ%vascﬁl 1l egllyl):(ogi%)g?% g: %ta %cgt ?818 n?ﬂmdual over the

‘generating an Tn

- pr @esuy K tradd@SsAvhdrdIN i$ aCiategathy uhi:eﬁsducelbelh@ﬁ%d at a location x;

P! PR emegn i) Sk Rrsoh ook uSalpsgine wB A gbie leaton = for -
t hey 1 [ﬁ&%ksﬁnf (% signhls ML, ¢ d 'tB ch&r O AR QYRS H @hich at least

sound’s has been Tenove ermni ng an average

- aceresemponenteighe WTStP(mf)zqot amsu@ frgn Eardiovastudar sounds has been
AL RO Mrplih 08, Meris€Rbu RS PGS Fifihg drom the

- 1 Xardiovigesulag n@émdramkmetobnie ipositiorat ger htirmintemnal fbma Mt time £, to
| east gne of 1he processed signals. In accordance

- widsFeoRd figgia i beipedsterpined inan plgerieminviolvingiat leam pnetdf §regrocessed

I g ovided a nethod for anal yzi ng sounds originating

inat least a portion of an individual's

cardi ovascul ar syst em conprising fixing on a surface

of thﬁ_Nl ndi dual :;.r t he thot{ﬁ]g N transducers,
“where °q Pﬁﬂé‘g‘é ourth, aspegtnok fhsrratrak Anysetiony thetecly provided a

. atncﬁhoHOCfn}I'I %apyzmganﬂl)uﬁﬂéqe'bﬁ%hﬁﬁnén ihNidtl easti Walortion of an
P(xt) indicative of pressure waves at the |ocati oR T

. f@filtv}dgql pgdigvasclgqug@gmsmg finingsony raaus’fd@(sxtlyf the individual over
n_jn £ea
St?)lf tt%?%rrailg g?%%cg’l car %/gggc a{r srgtgl etii'h ?5 behg ?l‘ﬁ%qsat a location x;
vmﬂigexwra‘mghin mmqugﬁal G’fx,,;) ilidatiessipresiuiy Kads Abthe 1d@eidh #; For i=1 to N;
Vided configured to receive the
R‘é‘icsss g%ﬂiﬁﬁ«?fd) e gereritp dhesslFarman fmagenfthe afleast portion of

tt]jkﬁ:aﬁﬁovh@aﬁltsy&ahtl on of the cardiovascular system 1In
accordance with a sixth aspect of the present -

i nventi on there is provided a program storage device
reada chi a enbodyi n ram of
mstrﬁlc |ons dgﬂtf %S%B??Q% i%’i‘ﬁ’g’e’i‘tb‘ﬁbgl? D FrRrovided a
pettsse ohfipsed mrre@ml tHe bigRALS PETW andPtd StinBrdicl tRetefidin 3k image of
the at least portion of the cardiovascular system.

In accordance with a sixth aspect of the present invention, there is provided 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, comprising: processing N initial
signals P(x;4), where N is an integer, the initial signals being indicative of pressure
waves at a location x; for i=] to N, so as to generate filtered signals in which at least

one component of the signals P(x,#), not arising from cardiovascular sounds has been
removed, and determining an average. acoustic energy ﬁ(x,-,t;, tz) arising from the
cardiovascular method at at least one position x over a time interval from a first time ¢

to a second time £, , P being determined in an algorithm involving at least one of the
processed signals.
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| east a portion of an individual's cardi ovascul ar
system conprising: processing Ninitial signals P(x;
,t), where Nis an integer, t¥e initial signals being
i ndicative of pressure waves at a location x, for i=1
to N, so as to generate filtered signals in which at

least  GRAcRAMBENSMth v LB a5 s o is provi
ari si ng from car di ovgsc%llgﬁa?g%‘i&]ﬁfgé%%{eﬁwmﬂ?ﬁb%ﬁ? s provided a
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progr roduct_conprising a conp ‘
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R Bk PAE BRI ol LBl il 3o o iongs being deermined in
s |»-Hmﬂg‘aﬁhmmvolw11gadmwmoﬂ\aup&ce§§ed§igmh§?catl on x; for i=l

to N so as to-generate filtered signals in which at
| east one conponent of the signals P(x"t) not arising
fi om cardi.ovascul ar sounds has been renoved, and

~ determni an ver age.acouystic energy P(x;,t,,tl)
Larisi %{LPB@WE Rkt EBFE%H\‘/%V§BWPIH?Y°W€F ASEEm aMdast  one

- prsthiodoforX re¥oRling  dnd"Bnal§FiRE VedrafovRubr f 4 ' t#rﬁ&deii : |
to g second time t2, P being determ ned %dr’?ﬁasa in the

avagdiovasenlar ngysten.nJhat systemt imchedest at ipdurplityc &xf's 80 transducers

Sg I Epbodi nent . of the present inventign provide a

B Rpfonc KRG 6 be aletini Amersunialy At rogton R of the

_ i . fa aLdi ovi | ar

oIS AU BTNl (bR PEAGIRE el R
- tindinated dwyr swo-dirnersigriab resitiopovécta’ 4x! 29)oR at tws-aBRensional
to essential Ly planar region R of the  individual's

. 88@%51% Piem intthe plagarsegion Rs Thh sthtranséacer,tfooir to N,
[ ] a, indi cgfed,b t wo- di, repsj onal .
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ith transducer, for'lz_l to N ) .
Thetransdwgrsamtyplcally'embeddedinamahixﬂ]atpennits,toafﬁx

. 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 sigals). Cardiovascular sounds are typically in the range of 6 to 45 Hz, while
. Tespitatory tract sounds are typically in the range’ of 100 to 400 Hz. Thus,
 Tespiratory sounds may be removed from the signals by filtering the signals, for
- example, with a band pass filter passing between 15 to 45 Hz,



is fixed at a.position xt inthe region R and generates

a signal, denoted herein by P(x,t), indicative of
pressure waves in the body arriving at xt. The

t reigeaesse are typically- enbedded in a matr pgrA¥adamooaez
permts to affix J themeasily onto the individual's
skin. Such a matrix may typically be in the form of a
vest or garrrent for easily ptaeing over.the

i ndividual's thorax.. As may be appreciated,

di f f er & Nrfifltefedespmisy(alsoendisaidd hefeis bf Pk} hﬁéﬁﬂieﬁﬁdcessed
|nd| vﬁl,lduals for dlffeggnt ages _sexes, etc.

PEfeT tpdiggnoss the sta wipals oprdiovasculee sxystiery. This may
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c @n@ompmd dxﬁ funedons qrpdrama&tﬁpmﬂcﬁ!slwstéﬂeﬂ% a database that are

ovascul ar .sou spi.ratory tract

S%E % “398 E%FF%HS E%F§ iny the hadgiregiphy in t he
range46to 45 Hz, vvhlle resplratorytract sounds -

are typicall nt eran of 100 to 400 Hz. Thus,

respir 3.’15} eé@tﬁl%al}hﬁiﬁ 39 davretessebin grrerate praimags, of the
f I and._pas

{ daaag (hfonsaial Sl The AU Sp dsRe s iiiayes
P@i’bﬁl&ﬂ@ﬂfﬂﬁ@% Gk exaﬁ:p]'@as faJ grtajé 1] Sdalk) Ak AehodhSteated in the

i ndi c te heri‘bggby P(x; , be processed in
- ofXpmples, SlPa’g %ﬁstﬁﬁ%t@méﬁ foakieres aRliivg berat Such as the atria,

10 CRUHIONES CAT waltS! 8B © @'o\?\:ﬁﬁﬁdt @ Vi angaa%g rrf]‘tg:lsl.tally or

differernti diagriosi's 1n

pauomatically amlyzedofapathedddtectionn ef iz0 dkofler Aar ﬂl@eéﬁﬂﬁwascular
preV| ousl érstored In a database that are s known t

theranghysis of dmagesophiained by ofties lma@}dgnaqhods such
mexg%%gs%

R ey

el 28kt Of f%%”’% 8 BB Bl i f tsplayed
15 dmage theab atersasRdick %a@sath%gli&h endidich, bl de@estified in

atom c features of the heart such as the atria, 1o

tpags aad thivpey be ia el mmbsgef E@Y&b‘bemle;medlffeagﬁ colors,
B aifteront PHRirhy B way of a written text, and many other ways. The ferm

“patholqgical condition” refers to any deviation from the normal, healthy condition
of the cardiovascular system. This includes murmurs and “othét hemodynamic

(@~

20 " irregularities, cardiac effusion, narrowing of blood vessel, and other space
containing lesions in the cardio{r_ascuiar system, etc. ‘

Additionally, a time interval can be divided into a plurality of sub
mterva]s and each submterval processed separately An finage of the-cardiovascular
system for each of these submtervals may then be determined and dlsplayed

25 . sequentially on the display device. This gcnepates a movie showing dynamic

changes occurring in the cardiovascular system over the time interval. This allows

- viewing of the systoles and diastoles of the dlﬂ'erent parts of the heart during the
heartbeat. '



automatically anal yzed for the detection of a disorder

in the cardi ovascular systemsimlar to the analysis *

of i mages obtai ned by other inaging nethods such as

XWayo4resemt i gr aphy) or ultrasound i magi N9 per/r2004/000462

(echocardi ography). A region or regions of the heart

or cardiovascular systemin a displayed is inmage that

are suspected of including a-gat hol ogi cal condition,

may de identified in the image, and this nay be in a

. nunber Iafa prefesred E@bo@NRAR iR pldkesdinbliRVQRMs deirRlising fo¥n the N
y

different patterns, by way of a witten text, and nman
) ﬁ%@‘?ﬂﬁ%ﬁys@"e@ﬁ% apQUISHE enpuey hasising fan candidivascolat soefids; slenoted

t
deyiatiqn _framthe norpal, healthy condition
el By PPl et et dPRet g5 Betionnt 4o Rtk qusmafime interval
. afom9l PRRAY Y Q. ikl lariti.es, cardiac '
‘ eﬁ%nsl?}cfnlf{zhar r p%ng'%’?”’%ﬁg%’@’véggg??a“&ﬂds bt Wﬁze gefer to a
- Sc garanetemigdicetiveostor apptdximatiripting \Rodut 8f tR)pttRMe RldCthe mass
Additiopally, .a tinme interval can be dividéd into a

pPEPRAREHON Yiloctyipt thaplosation. s, and each subi nt er val

proces y ' f the cardiqvascuyl ar

syst em_ﬁfgzrléglgcﬁ _ogl & %M&%@%ﬁ?@nﬁ?ﬁa egﬂerval from

dée d i bthinreddatci pobitive bf28nes 6f B nhidtophoR S8fe the algebraic
C

di spl ay device. Thi's generates a novi e show ng dynam
cﬁﬁ?ﬁ@onoccurri ng in the cardi ovascul ar system over

the time interval. This allows view ng of the

10 systol es and di ast ol eﬁgx%’t;)t;e%i%gﬁg&g%ts of the

heart during the heartbeat’.
PCT/1L.2004/ 000462 -4 In d preferred enbodi nent the
pr oces¥herg x; ip s position of therhisrophohe.om the N signal s an

 Sounadh BARRLIeATRA Hoalmaet Yhe osestag voenobtisies

PaRtigeaBoigi bl GO0 By 84S &0 3L e 00y o

SRS 9, 0 % Ecinbfed® r RRGOTES Toin” Bl {00 e, then

15 malemiaing B, X,9) Ot ioter Mcatibi x b GRkiltion of the P(x,.1,,1,) using
any known interpolation method, ' '

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

- - average-acoustic energy P(x,f,,r,) 'at'a'pbsitioﬁ x= (x’,x"') in the surface R using

the algebraic expression;

o
t
o

. . ‘ ~ N ~' - .
20 _ P(x,tt) =" P(x,,h,t2)g(%,%,,0) @)

=1

where g(x,x,,0) is a kemel satisfying -

. o : )
VZ = _g_ . .
20 | &)
N oo o
Z g(x,x;,0)" is approximately equal to 1 : “)

i=1
and where x, = (x;,x7)is the position of the ith microphone and o is a selectable

25 parameter.



In one enbodi nent an average acoustic energy over a

time interval fromtt to t2 is obtained at a position
of one of the m crophones using the al gebraic

ey meyiosea2 10 P(xytt,t2)= JP2(xt,t)dt (1) V\b@ffﬁ,ZMMIOO{MGZ
Is the position of the m crophone. In a nore preferred
enbodi nent the processing involves obtaining an

average acoustic energy P (x;2t"t2) over a tine

interval fromtl to t2 at a plurality of positions x,

of t he For exzpplertbekerhedr exanpl e using Equation (1),

and then is calculatlng P(x, ti t2) at_other |ocations

x by interpol af ((dr xpicyhe P ( O sz_ﬁ any kpown
(ér tﬂat%ﬁ% {@Fh—g'“l— er enbodi n@gt
thelnterpolatlonls perf or me tootai an

oustlc energy P(x,t"t2) at a position x =
3 x2; I'n the surface R using the algebraic

expreSS| on: N 20 P(x, h,t2)=2ZP(x,ti,tz)g(x,x,>0") (2)

S, 1 it by Sl sﬁ%%”@w oyt i e

5Xfum>t16ﬁ F. The ﬁhrfcubﬂq?" e @8p1afed 1%&55@13% /%ggg@ﬂe using

“and a is a selectable 5 paranete

PeBray kool scaless2demanstriied mﬂhu'pkmnptels éekew.na| two( dimensional
- X7 )E:%l Xr%pre%entgzlon c()f)'( the ﬁgn::txc% P E)l()?c;dutceszvanz image of the
-carmovascular system. In the image anatomic features of the heart such as the

. atria, ventricles, septal walls, can be observed. The image maf be analyzed for

+ 10- the detection of a disorder in thc-cardiovascular system similar to the analysis of
images obtained by other imaging methods such as X-ray (scintigraphy) or
 ultrasound imaging (echocardiography). | '

A region or regions of the heart or cardiovascular system ina displayed

- image that are suspected of including a pathological condition, may de identified in

15 the image, and this may be in a number of ‘ways, for exaxﬁple, 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 swﬁnny']lﬁs includes murmurs and other hemodynamic
irregularities, cardiac effusion, narrowing of blood vessel, and other space

20 - containing lesions in the cardiovascular system, etc. .

Addltlonally, a time interval can be divided into a plurality of sub

‘ mtervals 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

25 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



may be used. The system nmay optionally containugm

di spl ay device for displaying the s function P. The
function P may be di splayed on the display, for

ex sing a gray |evel scale, as denonstrated
LU

?ﬂf)l es below. A two dinensional grapbtgabecsnooss
representation of the function P produces an inage of

the cardiovascular system In.the inage anatomc
features of the.heart such as $he atria, ventricles,

SeRi; lls.. can be observed., The inmge may be
ana ?ztg%vocﬁh‘i%?‘ffﬁep cof B @W&j@wmprimbré heartbeats. An

* canimage/cm e chiaifebios B JF .t he anal.ysi s of -

i mges obtained by o%czﬂréﬁtiﬁ%éi&ﬁg"‘reﬁvﬁ%@?d yd sequeaially so -
( s & I 3gemisramovie showingechanged in EROICHGstic enere of the heart over the
(eﬁ%gﬁtqgﬁ%%gg% . A rﬂgfl on or regions of The hear :

or cardl o SV -#W%Bﬂ@ﬁ-@dtddsﬁgbeﬂﬂ&tentpms of
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may de identified in 1s the image, and this ‘may be in

.
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0 B?“%g. ¢t sgyads.er m " pat hol ogi cal condition" refers
to any deviation from.the normal, healthy condition - - - -
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. 20toqearforin Ynbe ' | car di ovascul ar ‘system
etc. Additi ong{iﬁﬁpgg&f‘?&n‘%&uﬁ?@%ﬁﬁtm aze tmws};mmraﬁ, ah @verage

a gsoustid enepgyofunetién A ptarval s, and an average acoustic
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S ﬂﬁﬂﬁﬂky on the display device. This generates a
25 novi e show ng dynam ¢ changes occurring in.the
acoustic energy in the body region, over the tine
interval. For exanple; transducers may be placed on a
person's chest or back and an average acoustic energy
P determ ned in accordance WD 20041105612




PCT/ 1L2004/ 000462 -6 with the invention for a
plurality of sub intervals over one or nore

heartbeats. An image can be obtained for each of

these sub intervals and di spt@ayed sequentially so as
to generate a novie show ng changes in the acoustic
energy, of the heart over the heartbeat. This allows .
viewi ng Of die systol'es and diastole of the different
parts of the hear during the heartbeat. The signals
P(x"t)may. also be subjected to additional analysis to

d et ect Anathét@mbRiiméHeaf the SreddnidSvend¥AGHIRT prE HBR QI OB Bliter@kogram product
e E esent i nventi on pr ovi-des -a program st or age
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-t oErdiovasoulad kystéh, @ ebmfer pﬁdﬁ&%ﬁgj tion P
arising fron1card|ovascular soun usi ng %gorlthm
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SS waves at a | ocation, x, on a body surface. .
Hﬂ;’a% dmpenteryal, anaco %W%ﬁﬁ@ltheporhon

con‘pu?%dgo‘é‘g%? %%%ﬁ?{%”m o goulig fotving at least
PR gt Ak aﬁgf‘h’g?'dfédu ‘fmﬂ‘?gﬁ'ﬁ?o%gcummw

system the conputer program product conpr|5|ng,
conput er readabl e program code for causing the
conputer to determne, for at |east one tine
interval, an acoustic energy function F arising from
the portion of the cardiovascul ar system P being
determned in algorithminvolving at | east one signa
P(xi,t) indicative of pressure waves at a | ocation X,
on a body-surface. WD 2004/ 105612 PCT/|L2004/ 000462
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In order to understand the invention and to see how it

may be carried out in practice, a preferred

enbodi rent will now be described, by way of

noXOPPH{03y exanple only, with reference to PcaL2004/000462

acconpanyi ng draw ngs, in which: Fig. 1 shows a system

for obtaining an-anal yzi ng cagdi ovascul ar sounds in

accordance with one enbodi nent of the invention; Fig.

2 shows a’'flow chart for carrying out a nethod of _
-~anal yzing . cardi ovascul ar sounds in _accordance with

one enbodi nent of the invention; Fig. 3 shows the

| ocations of transducers on an individual's back for

rdlovascular sounds; Fig. 4 shows
s R@@éﬁ% N OF THEDRAWING$ e heart of a-
heal t over one heart beat:;

20041%9&3@%@3&@2@@&%@@ and tpisge hawshm be carried out in

R T Epobife ir@rw?’?ﬁ%&@gﬁi tﬁyi o Simiting

SEpleemIDRCIC AR 15 hlidbobbbSiL Ghivihg, inwhlkyS 2
systeghg ﬁgﬁlly i ndi cated by 100 Tor analy2|ng body
" sound “éqm%ncfombtghmgmn enalizing cardiovascular sounds in

h?%hﬁh@ﬂ acc ance W th one enbodi nment
t he |2‘\L}en?| 0] °3I£ VERNQY: sound t r ansducer s
105, Big, vihi showsf QUBoW eh&laom cdifying i
regji on of the chest or back skin~o Pﬂgiv?g%g\ ?ﬁgﬁﬂb7u¥
Adioyaserlag sownds ma&m@nobm&r%ndqﬂmdmhenmﬁliﬁe mvenrl]hc;n :
transgycer 4.suUc m c oneg or a Doppl er. shift
det od0br ¥ MY dnf odheions “SObmdcds G tuftvigualiscback for
mﬁukﬁmgaﬂggggﬁugnomm in the art, for exanple
usi ng_an adhesive, suction, or fastenlng straps. Each

t r andtigicé rshoos mms&mwmimgz oviea 6 i Hedt of Bohealthy
u?gQﬁéghgye of syre waves arriving to the

. &f on g signals 115 are digitized by a
-mul ti channel analog to digital converter 120. The

digital data signals .




P(xbt) 125, represent the pressure wave at the | ocation
X, of the ith transducer (i=1 15 to N) at tine t. The
data signals 125 are input to a nenory 130. Data input
t ova we4/108@eory 130 are accessed by a processoiacﬂ‘ﬁgﬂmmom
configured to process the data signals 125. The
signals 125 may be denoi sed_o(g/ filtering corrponents
havi ng frequenci es outside-ot—the range of body
sounds in the body region, for exanple, vibrations due
to rrov&gaﬁtshoﬁvstsheoeisﬁdé Yriachea fromEa edovid gf e Heafi amdVungs of an
al.s w.ge su ect tqQ band pass 20 -filtering so that

‘g ?HW%%“F@@&FI wi thin the range of

car di ovascul ar -sounds are anal yzed. The signal may

Wﬂéﬁég Fsguenc¥, bands and egaﬁﬂ agagd

ol evalte | FHAPTA Tyl efentlh S%t“?hﬁ@ﬂ%“ g Gdgypounds

5a% ﬂﬂhﬁ&&ﬂhﬂﬂﬁb@l'ﬁgﬁﬁ o@éntzﬁ\:ﬁvi'dﬁﬁ“svb rddite }wth one
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i nput device 140 may al so be used to | ut val ues o
t pabedimest ef thenigvermtion. Aﬁipb.traiaylofdﬂwpund] &'ansdms tl!lS,auﬂwhlch
e detern.n ut omati cal | in ares
ofoul e i€ aBii a3 ?%Iqs(@fy% it PRE S il vidual
PLIO: esﬂfér trarkdfcers NOSPHAS S5 Ghy n@%ﬁﬁber such as a

avera acoustic energy” P(x, t,, ove
6 0P a Poppidr 2bifd@a0ercThe tramsducers 1ﬂﬁmy\lml apipliednio the

2at|eas]t6[PoneI at| xinfhere Rin a
fpg examplegpeing, ppoSuction, or

b

c%ﬁ FﬁF

Raxtehihg s. AVR4RIBaRE t esn 3l %%e Jonal

t he nenory 130 ang mayagﬂ:§ n%l E%I%ggégdé%n a |sp 115

- diadicativeld{pressute wavea aBiNing tu therirahsducoi. aﬂmmﬂogo&gmls 515 are
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i C The processor 135, rm aI so perform an
afﬁé%ﬁai B mlicabarsl mrion o by erclaﬂpga:ae@ggrtah@ata sigaals

§I) ¢ aPi @‘Zer‘?%‘%;“‘%g’ ﬁ%gﬁ W =1

rte@i)wﬂhniéltg The iZSMeQﬁ]ﬁfttto dlnﬁaﬁét?‘ 130! Dedd inpubth the
out the nmethod of the

- memory 130 are accessed by a processor 135 configured to process the data signals
125. The signals 125 may be denoised by filtering components having freciuenciés

outside of the range of body sounds in the body region, for example, vibrations due

"o ovement of the individual. Each signal 125 may also be subject to band pass

20
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~filtering so that only components in the signal within the range of cardiovascular

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 fo

input relevant information 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 #, and ¢, may be determined autbmatically

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

135. The processor 135 determines an average acoustic energy P(x,#,12)over the



10 invention in accordance with one enbodinent. In

step 200 the signals P(xi,t) are obtained fromN
transducers placed at predeterm ned |ocations x; for i

f MOARI0E/SM2 in a regi on R on the body surfacepc¥n2eit@is:
205 values of t, and t2 are either input to the
processor 135 using the input, devices 140 or 145, or

are determ ned by the proces%oor In step 210, an

average acoustic energy P(x,ti,t2) is determ ned at

| diBe mi@v@rféom dcéi@ itpat leastrone Hecationi dn e tagon Rhim 4 catenlation
interval t In, step 220 the average acoustic

'eH’éY?jVng@@?%69%9%@36%@?1Hep(&|=§pl ay 150 for at |east

one va In.s 230 term ned

" unc P aVapt ap g cGRes i Sitivior s Aohes 130 ed may be
| WEplaged-onl b digfiay WeACHTBOCHRN! A B ORT ! RrethCRrXBifgndsls by
not the process ternmnates. It VVI| al so

supBpsigiapod that the system according to the |nvent| on

maybe

TheCs B pshst i, %ﬁ?afsﬁye B 4B Aol A agposis by
rnveﬁml% @R@@ﬁﬁ\%ﬁl on erl%g%%qﬁ‘plﬁg‘bﬁggda%owlﬂ% be

nmdiuaneeoémﬂmhbdlsnﬁemrmﬂieajwybégionenbodyl ng a program
of instructions executable_ by the nmachine for

~ execut lﬁg t$heWs bty chart wiagram ion icpuping 2entethernpethod of the

o TSR AR AT R chIGabBC TR0 AR B P e

Fstame® frdmVIQ 12 0ductRA3dced R P@éféd‘“t% eﬁ@&:‘éﬁ ns % %or F§8m Bto N

shows recordi ng of signals Over one heartbeat 1 n an
. iindiregion R on the bbdpsuhfmnm steped0Sceduediofiat end yshemithersinput to
defined on the individual's back. As showmn 1n Fig. 3

- Ao Preaesyn dSP using thepinpwedevines t140 arnbiSy iod wee dstehamled by the
~over the t horiﬁL at the |ocations indicated by

o PSR l%‘o%"P. ag FVerage aepyste, 6REE & (Bieks) #‘eéeté@iiilﬂ% pisleast

15 one location x in the region R over the time interval 7, to #,. In step 220 the

- average acoustic enefgy is displayed on the display 150 for at least oﬁe value of x.
In step 230, it is determined whether a function 7 is to be determined over another
' time interval. If yes, the process returns to step 205. If not, the process terminates.
It will also be understood that the system according to, the invention may be
20 a suitébly programmed computer. Likewise, the invention contemplates a coinputer
- 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 mstructlons executable by the machine for executing the
' method of the invention.
25
Examples _
- The system and method of the invention were used to analyze
cardiovascular sounds in an individual.”

Example 1



5 of the lungs, and the curve 306 shows the presuned
contour of the heart. As can be seen, the transducers
were arranged in a regular orthogonal lattice with
spEewg/1058Rt ween the transducers in the hori zegtalzofmdoss:
vertical directions of 2.5 cm The signals P(x,,t
fromeach transducer were then recorded over one
heartbeat. Each signal was fHitered using a 6-45 Hz
band pass filter, in order to renove respiratory to

' tract E@ﬁd@omhsmdmgtafe&:gnalmevajuonedmartbcatamamtmdmlwl A

BialmforhEiRe seemate e B BirdbdDiuapabacts As shown
ab@F@ Y] 43"&&@%0&‘%@1%' pl&bed on HR Rk v?dha(‘ssﬁadﬂ dvar fie3fRorax, at the

pi xels.” Fig. shows the i mages obt ai ned

r é@ﬂaémdln@ted hy theixizlessidd. Thacuiven §05>$hqw ﬂie pre@;neldy:ontoms

g ve di i ma be dis
5 ARt 1B, PG oo b6 Sy H e Seod 2Bt b5 e Jeart s oan be
PeesiitR BarkdudBy wWRrdhrhiiRd B teddR! orfhoBERIINIBRRE vﬁﬁﬁspacmg
novi e can be anal yzed to determ ne the ~.val ues
bbgm@elpélmlarmséu@emﬁn iﬂmhonzﬁomaétand rverts:al: Hll'a@ldnsfdf 2.5 cm. The

§ﬁ?$1$ %F‘iﬁ %lﬁg e t0| I C 51 nchy hqne heartbeat. Each
ﬁﬁ%’“*‘*‘wﬁfe@“ 5%9 W?a&% 'ﬁ%?dqrg#?&ﬁg spipacory

. 10 etrabtdbasdsoThe hédmﬁa) wel ahfﬁiearmtormwh\tralabf 0 ngeg lhration, and for
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| kearpel g of Hqupkions (T)owish wo36 méxels. |

diastolic (LAES)..dianmeter, 20 wall thickness of the
i ¢ach rinteral, rP a0 waspohinnéd ysing FHouations (d) asd €2) aboye awith the
paranmeters derivable fromthese paraneters such as

ngtﬁr shows theuimages obtained by
cardi ac output, ejection fraction, left wventricular
fiepreserding | the Qbmednﬁmgtmnsnf’(ax zf:;t@hg/rgmjallavelsshpdmg The images

The novyi e can .also be apalyzed in order

t h
tIBi‘?gE? E@ yechpr thectisplay. devien 130 inmpidsuggession oi asdo arertuce 2

AEORb SE ! M OV bty TRE g S5 B¢, B0y Yepdte e

: Eaahmp lof bisic pagmidrs of heat faktibd cshel 48 lefo WentiRERt ead diaktolic

cle which includes about - S heartbeats. Each signal

YED ?'phmreée wenstiewlar mglﬁyztogn %%ES) Vodpne, aghtm@mﬂ@r end
Was 0 télﬁﬁ@gj Bjﬁi"ﬂlq‘f’t tn‘éenqm%‘ﬂ%e’%bsu%g%wﬁ Vi 6) left

... Bfehin bEd@ia518A8 (GAED) diameter, right atrium end diastolic (LAES). diameter,
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wall thickness of the inter-ventricular septum (systolic and diastolic), and
parameters derivable from these parameters such as Ieft ventricle stroke volume,
Ieﬁ veniricular cardiac output, éjection fraction, left ventncular ﬁ'actmnal
shortemng, inter-ventricular septal thickening, The movie can also be analyzed in
order to detect heart defects such as valve dysfunction and cardiac amhythmia.

Example2

The signals P(x;,¢) were obtained from each transducer as described in
Example 1, and were then recorfied over one respiratory cycle Whicil includes about -
5 heartbeats. Each signal was-divided into two sub-signals P;(x;#) and Py(x;f) of
different frequency bands. The sub-signal P;(x;?) was obtained by filtering the



-12 signal using a 6-40 Hz band pass filter The

sub-signal P2(x;,t) was obtained by filtering the

signal using a 100-150 band pass filter. The

swo gnad1zPl (x; ,t) consists primarily of hegfdar2004/000462
sounds, while the sub-signal P2(xet) consists

prlnarlly of lung sounds. The PI(x;t) sub-signal was

anal yzed by the method of thd2imvention, and s, the

sub-si gnal P2(xbt)- -was anal yzed as dlsclosed in
A@mﬁmkummgaiﬁéﬁﬁﬁmﬂkap&kEﬂmPaﬂﬂmmﬂﬁngkﬂdaﬁiOmww(ﬂmmnaiby

338 a2 11 &sg?%g aﬂ&.:ig@ {)inmg Bass gj?fgr E@l@gfcpf(x;,t) consists

d | _ |
A O O o P A iy o
f sowid.Ghw PRE:) subl-sighal )wa ratalyPédk by lthe Betiewdeofothe anvention, and

s ehgaege) Flag waanagzed iy eé’e%%qﬁe{%épn“ﬁqaﬁ% ogpgpding U.S
Ephtahd ﬂg?ﬁc'éhoﬂwmhsﬁgagi@uéq %hSI a5 9,903 YRE SRR PAGEY was

preferably displaye taneo y ‘on-a
ddivided ittp intetrvaisof Q?.S stadiiration, wad rthe agdalfl?,(at;,e)rWas:dlmﬂed into
for each function. Fig. 5 shows the inmages obtained
| |9t14 ﬁgct@é‘am ai Re epefhcintesyal, st PYx.tuted) and
Fﬁx t| SI mul t aneously b% gray | evel shadl ng.
€%, f1yte)yecs ferng Bl Gy and 76k, wsly, disingciquesions (1)
mrag 55ucceSS|on so as_to pro ucea vi e of tgﬂ -
emmm@ i anatiop )a@ shaP ypigels, dhe two

5 ) G AR B W
UsinEABiREP c@l%r A bz ARl clich. Fig S sho¥s tieinfsdles obtained

' hear efec s such as valve dysfunction and cardi ac

iy feptdisiiting thd oblatnedQuibddas Fox, A royaide P(E, 8l Riahlatebasty by
sounds originating in at least a portion of an
i grely levell sbding. Tiae ithagesmay be dlsplagreé nnd:lmnhsplay depiceNL50 in rapid
transducers, where N is an |nte aﬁ tbea ucer

15 SHFeeSYam 812t 9 Irediice,adnois ofth eftedrt Over a feart e movie can be

analyzed to determine the values of parameters of heart function, such as cardiac
outpui and blood ejection fraction. The movie can also be analyzed in order to
detect hear defects such as valve dysﬁmcﬁoﬁ and cardiac arrhythmia. '



surface of the individual over the thorax, the ith
transducer being fixed at a | ocation x; and
generating an initial signal P(x& t) indicative of
pressure waves at the location x, for i=l to N and a
processor configured to receive the signals P(x,, t)
and to filter the signals P(x& t) so as to generate
filtered signals in which ? | east one conponent of
the signals P(x" t) not ari éfng from cardiovascul ar
AAIMR has been renoved, wherein the processor is
further configured to detern1ne an average acoustic
Ien/ersg'ytenPfc(rxartajlyznng seuridsi dtipihstaip ihat Cakdh Gvagen bR lan individual's
| east .one position x over a tinme interval

st em at
%Mgﬁgﬁu MEPPRISNL o a second time t2, P being
Niataistiagsl wheRNNaigeKk '15{3:@# né’eféhvﬂrﬁllgsd%t:elj ﬁ'ﬁflgu%eto ¥ fixed on a

t he processed signals. 2. "The nethod accor

surfage of theypdpvadual peesghe ahqu the #b tragwloer sbeing\fmed laterocation x and

SR T8 R LOR B o

the it
afprpaessor pawfigureg th etavberthd Sighals 43¢, HZ andHo filke By S P(x,, f) so as to
to,clai,ml erein the processor is turthe
e B P FTn G [ e FvgeneBl of e Stk st ot aising from
camwmmamu@&mﬂnmwgaﬁ cular systemfromat | east
one af the f||tered signals. 5. The system accordi ng

to orheren fheyiresesson iy o soEggod (¢ delcoming gurazdrago acoustic energy
| east portion of the

at.e f the at
?‘ P ﬁ?laﬁ%%@gmsaﬁarawmram 60 iR s ine interval

I . . .
- frofh a %PflﬁE htté{ a %coﬁdjﬁl%g Zzg Ies X m\ge{r?;ng. %%ﬁog@m g\yp]e'@_g at least one

di splay t es su
Ofﬁwpﬁhemeysgmmlaccordlng to Cdaim1 further conprising
t wo- di nensi on i splay device. 7. The system

2. atheor methgdt gever gn &0 ®i nl t Wdepit c espisronys fast t Iseunds  have
b@ﬁaaﬁygmred to display an image of the at | east
portlon of the cardiovascul ar systemon a displ ay
3. ddi esthod 4 accgrdiriphdo sCireml asdhernt rie tioitidl aigmls wbefikésd by a
s f configured to conpare the
bwﬁ@%?%ggﬁé%og%? ﬁ%?gghﬁto one or nore predeterm ned
4. flbechysems 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 configured to display an

image of the at least portion of the cardiovascular system on a display device.



F and determne a function Fo from anong the functions
P nost simlar to P. 9. The systemaccording to Claim
8 wherein the processor is further configured to make
a di agnosi s based upon the determ ned function. 10.
The system according to Claim | wherein the average
acoustic energy P over a tine interval fromt, to t2
is determned at a |l ocation x; of a transducer using
the algebraic expression: P(k% - ti,t2)= JPZ(x"t)dt.
8.1.Thé heyseeyst RBdrafag O bl Ming O1 ChfideBh! tP{@e;Sr&fero} NE further configured
function P is deternmned at one or nore ocations X
fon campait gibe i tlemgeonpitRi RgerggePes Ny RY Ao \pRKIR@8nined functions
acoustic energy P (xj t,,t2) over a tine interval_from
{'jand determing a fnctign oatlr ant §morfg thotattions & xpostdimilar to P
transducers; and detem ning an average acoustic energy
P (he sysem tapgording ato |Jaist bnehdreivathcorprocelsyr is further configured
i L: termped.P (x" ti, t). 12. The
B E PR et SRBI fI0: L aver hge
18C OTisd | $ysRAET S¥oRlideXi to Claih2) | t ef,pi ve ;
time in?er val fr omg)f(ttot o(mtalzﬂ1 a%_l aﬁ%?rgirﬂaletlhtg]y Iag%aé% hodfstic eerey.
R oceatd ims imérvalr frora dp aet,sis uiicngintdat 2 db@Ebf &) 6f a transducer using the
éﬁ%iessi on: z P(xntnt2)= JP2(xr,t)dt. 15- 13. The
a%ys EPEEEEY o ng to Caim1l1ll wherein an average
acoustic energy is determned,at at |east one
| ocation x by interp ti on_ofpthe term ned P
(x"tj,tz) using the ‘gr%’etii?z i qIPe(E'l' f)glgsi on: N (Xi, tb
t 2) P(x,,11,1 s(x,x;, a) whereg(x,x"Q _is a kernel
- 1kat i ghysystenmaccording to Claim 1 wherein the function P is determined at one or more

locations x in an algorithm comprising:

determining an average acoustic energy ﬁ(x,-,t;,tg) over a time interval from # to £, at a

plurality of locations x; of transducers; and
detemining an average acousfic energy 2 (x; ¢, £z at at ieast one location x by interpolation of
the determined P (x,tp,1).

12. The system according to Claim 11 wherein an average acoustic energy P (x;ints) is

detennhled over amtir;pe interval_ “ﬁ'c_m_l £; to ¢; at a plurality of locations of transducers using the

algebraic expression:

2
P(x,,t,,t,) = jPz(x,.,t)dr.
2}



Z g= aa- (3) Z g(x, x; , a) is approximtely equal to
1. (4) 14. The system according to Caim 13 wherein

g(x,x"0) is the kernel g(x,x"6)= |_ i z z z z Exp-(

(x ~) .Exp-( x 2)). (50 2 15. The system accordi ng

to Cdaim1 wherein the processor is further configured
to display the average acoustic energy P (x" ti, t2)

on a display device. 16. The jsystem according to Claim
13 sﬁ;erel n the rocessor is configured to determ ne an

Gyt B‘Efé’f 188 Ehelagy 1dweierein ghaverase geautic geargy i determined at

[ t each avera coustic rgy being
£ 105 o BB 5 S PR Rl Seumig! o6 o e cisBitethe algcbraic
exfressioa: signals P(x" t). 17. The system according to
Cl aim 16 wherein the processor is gonfigured to

sequential | Y @igp)ay on a display Ee‘\’/(xp,el e (x,x;,0)
representation of each determ ned average acoustic
energy. 18. The system according to Caiml wherein

t he. processeheleg(£H0f isGkerd) agsfyidet er m ne an aver age
acoustic energy over a pl yeal ity of successive tine
interval s, each aver ¥§e= ustic ene@py being
determ ned using an al gori hm i nvol ving at | east one
of the signals P(x;,t). 19. The system according to

Caim 1l wheyeiam, £he) Qg@ﬁm{dﬁﬁn @i gurgd to:  for

each of one=ior nore frequenc s, 16- ‘subject the
HsThpastempogprding te Slaimnad vp!m@n g t.e) isrtbe kemdl gy, x;,0)=

frequency pand; and deternmnne n aver age acoustic

erg)ﬁxfnﬁ bn % [ | t hexf r@ y ban based upon at
as onkrof tHe T11tered %4 gnal ) The system

15glg,ﬁordl ng to Caim19 wherein the processor IS
rlige ¢ Qlﬂ!nh&/Wb%@n theprasesser ipfurthéy configuied tyadisplay the average

acfigR ust|c~e ner gy f é}sﬁéy%gvslcdeterm ned for a frequency
Xl iz

16. The system according to Claim 1 wherein the processor is configured to
determine an average acoustic energy over a plurality of successive time infervals,
- each average acoustic energy being determined using an algorithm involving at least one of the
signals P(x;,).

17. The system according to Claim 16 wherein the processor is configured to
- sequentially display on a display device a representation of each determined average acoustic
energy.

18. The system according to Claim 1 wherein the processor 1s configured to
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;,).
I9. The system according t Claim 1 wherein the processor is configured  to:

for each of one or more frequency bands,



di spl ay device. 21. A systemfor analyzing sounds
originating in at least a portion of an individual's
cardi ovascul ar system conprising: N transducers, where
N is an integer, each transducer configured 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 signalj f£(xt,t) indicative of
pressure waves at the location x; for i=1 to N, and a
Pt tesignals dix-gte bandingsy fdtssing én thedregiepsabendzand | t )
ap f ' f I t
o0 G A e Ry M IRE: 1R 013 e B0 ypon t st
optef the filtegedssigalds ori gi nating in at | east a portion of

| hdivi dual :.s cardi ovascul ar stem conpri si ng: )
2§mad SIS Bt R SR R BEeEesvore Gomberhgagisplay one

oNntara g dhie eveaagenisiNehdig? furfibBY Eterrhifed itbiNa frequency band on a
transducer being fixed at a |location x; and generating

digplay divideal signal P(x,,t) indicative of pressure

2Maness | i M otiZinalife Nin PJtO i ng

. Si gnalygfeg_{( Qfé r t )9&22%21%% %‘t%)unﬁgigngﬁxg{ngﬁﬁg :\linergédqgal%gngl g&?ﬁm of an

ingpvidal's gardipeasenlar eystem cooppsiment  of t he signals P(xt,t)
NQhsdfbdes Lhg fr om car di oy ul gr sounds has, bge

N ermvéee : wél%g ﬁ&ea{“elpﬁg% R ﬁﬁ“‘ﬁ\‘f’?ﬁ %@%@%H’SW g‘%r?é‘rag?’rface of the

ind@pidyal owerttle thadak Shé\ih tiRRdeNBei S MHedVASCICalion Rl ARMgéHerating an
at I.eas{ ne, positiqQn x over a tinme interval froma

infial sgnak fx.q) indicgfivg of pregee Waveratithe lomationsi fai=HetNs erd ned

1 procé@Bordd g B VB Gidbls! B i

. Ibpr ocessed %}1 gelga g&é% tlh?’%eg%%n:l?'tﬁg’g} %%r%ﬁﬁgﬂgéh%egf)% an 1mage
of2be \gideasit portesrpdf ttcorayditvessular systands are  filtered from

the [ NitialesSi ls. 17 4. Th t hod di to
2% W Cifof AR | sy oupalie Br atf (¥erbpdfion of an
mm@mmm&gygém@@ﬁgﬁsn@; between 15 to 45 Hz. 25.

The net hod %cco_rd_i ng to claim22 further conprising
fixtngaorag ihe indiyidual gyerthethgrax) N sransdpesrs; where o istananteger, the ith

i R R ———

filter
wategat thelocgionpy fosi=htp Miener at i ng an i mage

- processing the signals P(x;f} so as to generate filtered signals in which at least one

component of the signals P(x;.f) not arising from cardiovascular sounds has been removed; and
determining an average acoustic energy P (x;f,f;) arising from the cardiovascular
. method at at least one position x over a time interval from a first time ¢ 1o a second time £», P

being determined in an algorithm involving at least one of the processed signals.

23. The method according to Claim 22 wherein respiratory tract sounds are

filtered from the initial signals,



of the at |east portion of the cardi ovascul ar net hod
at a plurality of tinmes or over a plurality of
successive tinme intervals, and displaying the inages
successively on a display device. 27. The nethod
according to Claim25 further conprising displaying an
i mge of the at |east porti.gn7of the cardi ovascul ar
thod on a di splay device. 28. The nethod according
?% Qi MDY rasrqriaE o flins 2 gWhesapattien giidh esigrnse ey diltered by
BBRUThGIRAEGN, IRob@nq5% HTHADr € Pr edet erm ned
functions ancfg determ ning a function Fp from anong
the fihscmesivs Beaepding sonilhiar 220 f@thep Sconfivsinge ghaditing an image

e A R R

con
et dhen meitiod uncbiding. 180Clakhe 22refilvlier aaRkistih®Jgbmerafh@i M image

wherei n the average acoustic energ Pover a tine
%ﬁ#’gréaﬁa‘? rROFRO Ofte('ihet ?arggvaé%’ﬁaérfﬁﬁh% t2 Rlorahipaof Jimegj or over a

phiralityt bANGEIGST iR Rderllle %&Wgeﬁ@% LeQNsuch |iH%1y on a

(E%xn t , t2) = JP2 (Xi, t)dt. met hod” accor
layydeioh 22  wherein the function P is deternined at

_ ZZU?heOﬁ{eﬁfB& gcco}r@igltoi A ¥s &RmaNed lé%l %gﬁ]sg[agﬁgpaﬁbz?ﬁ%f the at least

etermning a erage acoustic
poxtien ofthe GandBoviasutar mathod erodisphayldeviee?2 at a plurality of
| ocations x, of transducers; and 18 deternining an
average acoustic energy P (xi,t1,t2) at at |east one
28.00iad | @Bthd bYactHHRIgPOloAt ERMm OF2 t RRudet QhRbASH: P cb¥ibari
ti, t2). 32. The rre%lt.ihod according to C ai%Sl %\hgré%%nng the

-avdTagy/ edcagsticaadslyl CPener gk Rr( ¥adré . préleletmind@t AIABEY F and

over atine interval fromtl to t2 at a plurality of
détegatingnfanotion ¢, fibmansay the Gimcitis 7 moktanigk gePr ai c

expression: a
29.The method according to Claim 28 wherein the processor is former

configured to make a diagnosis based upon the determined function.

-30. The method according to Claim 22 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: :
t2
P(x,,t,t,) = J'Pz(xt.,t)dt.
B
31 The method according to Claim 22 wherein the function P is determined at one or more
locations x in an algorithm comprising: |
determining an average acoustic encrgy P (x; 1) over a time interval from t, to t,at a phurality

of locations x; of transducers; and



P(x"t,O= fP2(x"t)dt. 33. The nethod according to Caim
31 wherein an average acoustic energy is determ ned at
at least one location x by interpolation of the
determned P (x" ti, 12) using the al gebraic
expression: N P(x;,t,,t2) = jP(x"tl,t2)g(x,x;,6) (2)
r=i where g(x,x,,6) is a kernel satisfying Ozg 6 (3)
Nag(x, x,, 0) is approxinat&Fry equal to 1. (4) r=i
The met hod according to aim 33 wherein X, X" 0
i?’dgtc{‘ﬁlé“‘kge?”nae‘ie”’@f’ REQUEHS f_ﬂgersér 1391@ 1.02) atgy least %ﬁ}%%%tfp’f by %@terpolation

%ﬁﬁ@déterﬁliﬁeglaﬁrx-&@ 35. The met hod according to Caim 22
further conpri$i ’né’ di spl ayi ng the average acoustic

EneThy mthod "acédrdink 40 CRmd3 OB BeRYarl fE-G8- i P tx. :

(gegt hod accordi ng ttgo Caim 22 furtheﬁég%%pafﬁggit;rggﬂergy Pty is
FravnadiaviEGR e dyteralgiom dicte tsati acpluralitygyf losatipnsy; of transducers using

Bt Hb@rhil Yxppdssisticcessi ve time intervals, each average ’

acoustic énergy being determ ned using an algorithm

i nvol ving at | east one ofzthe signals P(x,,t). 37. The

- met hod accor di ngP(x),th‘zaiqrfBﬁxf,wﬂt.her conpri si ng

sequentially displaying on a display device a
Lepf e t i on,.of ch determ ned average acousti.c ) ’
G SH T S I R R U R A e———

ime intervals,

- 1daW B BkatoR rm,g iﬂg%‘ﬂ(?%tﬁ)?to?ﬁl@?%%‘%nﬁ % g rgge acoust iC

energy over 'ty of "success
uﬁ%ﬂeﬁ%&:&a{i‘g&p%gs?o%‘?“ ¢ energy being
—_— N P
Ploint) = D P(x,tLt2)g(x,x,0) (2
where g(x,x,,0) tlzsl a kernel satisfying
vig= % 3
N do
Z g(x, x,,0) is approximately equal to 1. )]

i=l

34. The method according to Claim 33 wherein g(x,x;0) is the kernel g(xx;,0)=

Eyp—( EXY) _;;‘/;) )o Exp~( ¥ o) ";;‘[‘;)2 ). )

35.The method ‘according to Claim 22 further comprising displaying the average

acoustic energy P {x1,£5) on a display device.

36.The method according to Claim 22 further comprising determining 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;1).

37. The method according to Claim 36 further comprising sequentially displaying on a display

device a representation of each determined average acoustic energy.



determ ned using an algorithminvol ving at | east one
of the signals P(x;,t). 39. The nethod according to
Claim22 further conprising: for each of one or nore
frequency bands, subjecting the signals P(x"t) to band
pass filtering in the frequency band; and determ ning
an average acoustic energy function for the frequency
band based upon at | east oné%f the filtered si gnal s.
38 Orhe Thaetha® bR QEHIBL 6P CHER Dot H%@éﬂeﬁ@in%a&e%ﬁli 919%'% A& acoustic
di spl aying one or nore of the averag acoUSt 1T ener
I CPYE s Psalisy ol rruckessive Hmkr iptpoedss yeatinaderage acoustic energy being
' devi A1 t hqd for al yzi ng_squnds
A ol R for i TR WGl P PR R Pl o -
3% dhainghetsaodrding syGlhen Tarhicehpgsing | Xi ng on a surface
of, tthiwadi vi dual . over Lhe thorax, N transducers,
WHEEC j00C grmore fieguetey binds ¢ h. t ransducer being fi xed
at a | aepkiifithy sighd PAEN &S inli HiRk Il | :
P( xj ,ta ﬁf{crﬁk catfgl\i/ﬁg 0 lgr essu?gss\;\%gt\?g{s}églttﬂ% I%:Feéq%@gtb?lghand
x; forCqlerRIRipge RR aAEEH roeusHS iengrgy Handiognak shé(fregtigncg dband based
%nf;ﬁ an i mge of the at |east
S%)rp%ligtoln o E?ﬁt@eﬁl&%ﬁé@%{g@@%ﬁscul ar system 42. A processor
- 40cEhef impihcdd abrding eiov Cliihe 391 Fualles Bingprisingamidplaging one or more
Ofgﬁger%tre t heref.rom an i gé,e of . the at |east portion
of 't AETEEr FFOPUS cTeEsY Jyadions defermipgd dor (anioamensyd bepd on a
disgliyalevide22 for di agnosing a cardi ovascul ar di sorder. 44.
The use according to Claim42 wherein the disorder is

4L <b| Bethed tlepnrrahezing ospndsnpricimating ain | gadeastcar dicadon  of an
ind@{dui¥ oL e, e -‘-%ve di sorders. 45. A program
" st or age %\?‘?‘%@Q}%ggld%é}&)gg / machi ne, tangi bly enbodyi ng
FxREL LA NSt LUCE | executabl e by.the machin .
. to pé;r ??}Thm&ffn%({ehégd{hgt ‘{é‘Sgn é%arl %"n‘“’éﬁé% il%h%ra%ﬁggg,nsggcm’ Where N is an
integeri gfiendh itragsducer deirlgefisdd &t a oafidnon 2 @herbtid ¥ il ‘stnal P, o)
20- conprising: processing N

. cardi ovascul ar system. . - (
mdlf 't f’%fﬁg'i’rﬁ RERS aﬁf‘?%@?‘}‘m\ﬁh@ &1l Neandn i nt eger, the

protéssinl ti5d GRAlsSPRS) $8%:s to generate therefrom an image of the at least portion of the
cardiovascular system. |

42. . A processor configured to receive the signals P(x; ¢ and to generate therefrom an image of

the at least portion of the cardiovascular system.
43. Use of the method of Claim 22 for diagnosing a cardiovascular disorder.

- -44. The use according to Claim 42 wherein the disorder is selected from the group comprising at least

cardiac arthythmia's and heart valve disorders.
45. 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,



indicative of pressure waves at a location x; for i=

to N, so as to generate filtered signals in which at

| east one conponent of the signals P(xtt), not arising

from cardi ovascul ar sounds has been renoved, and

determ ni ng an average acoustic energy P(x1,tj,t2)

arising fromthe cardiovascular nethod at at | east

one position x over atime interval froma first tine

ti to a second time t2, P beih§-deternined in an
- cBmPALhS: ' I y . f i CaRG 1 o :
R Ao N o e R Ul i, Rle B R 3 ignats being
ipdicabive ef presuabivavesed p Uonatiaw kirfgr i=d dorpUse s regaatitefiltered signals in

: e. enbodi ed .t her ej or anal yzi.ng sounds
B AR PRE Bt S Dl RGP otR TPl sounds has
r gi : c 1.S] Ng;.: Processs N ..
D et B R S Qi SRR B  isine from the
cardiovasghlas ingthat! it bieleasy ohe gositidn v evarfa e HAetve MaN aSirdttime ¢ to a
a location x; for i=l to N _so as to generate
SfFP‘P‘f Uned - £ byingdsterminegin amalzariting layelvio af leastro nethe progessed signals .
the signals P(x;,t) not arising from cardi ovascul ar
sounds has been renbved, and determn ning an average

4@ couseinpuienerggraR( piroduct t @miaisigg rig computer Neseable medium having
t position X, over

di ov ul ar net hod .at .| east on ) g
co‘éﬁ){h %ﬁgea?%ﬁ%?@gﬁan* (%ogﬁqelgg?ql%@eltem.ltfgr ?1} )fZngaSO d)ﬁr(gqutlﬁg in at least
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al s.

east one, of the processed signals.
P(x;8), where N is an integer, the initial signals being indicative of pressure waves at a location

. x; for i=1 to N so as to generate filtered signals in which at least one component of the signals

. Px;t) not arising from cardiovascular sounds has been removed, and determining an average
-acoustic energy ﬁ(x,-,t,,tz) arising from the cardiovascular method at at least one position x

- over a time interval from a first time ¢ to a second time &, P being determined in an algorithm

Involving at least one of the processed signals.




