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METHOD AND SYSTEM FCOR Tl SSUE DI FFERENTI ATI ON FI ELD OF
THE | NVENTI ON This invention relates to nethods for

W@b@ssr4ys ng ti ssues. BACKGROUND OF THE | NVENTPEOMIIZ005/®0143

known to apply a plurality of m crophones onto a body
surface in order to record body;sounds sinultaneously
at a plurality of |ocations on %he body surface. U S
Patent No. 6, 139,505, for exanple, discloses a system
i n which mcrophones are placed around a patient's

chest and recordi ngs of the m crophones are displ ayed
on a screen or printed on paper. Konpis et al. {Chest

120( MEAROD AND! PESTEM BOREMSSURDHFRRENPIRTION
are placed on a patient's chest to record [ung sounds

that are anal yzed to deternmine the location in the
 ungs of the source of a sound detected in the
recordi ng. Applicant's copendi ng Application No.

10/ 338,742 filed on January 9, 2003 and having the
publ i cati on nunber US 2003-0139679 di scl oses a net hod
and system for anal yzi ng body sounds. A plurality of

] j to an individual's chest or
Wﬁﬁﬁ%@ytmd signals are analyzed to
det ermi.ne an..average ac L Ceener t lurality of
| ocat ﬁénvoe‘\%nlontrﬁggecsﬁgﬁ&ﬁ%ﬁ%fo&eﬁgﬁmﬁn&ﬁ‘?@sﬁst iC
energies are then used to forman i mage of the
respiratorv tract. A_learning _neural network is an
%%@W@@EJQEJ&YEQITJMEMS based upon
previously input i forng}i n og the nature of the .
el emdhis Knownpip applyny plurabty. of anicknhones onfep a body surface in

di.scl oses use of | ear:ni neural_.networ ify
& I PRt adilS SRR CR T " PR ) REAOAHRRSYon the
B’cﬂzemrf&&. 16.53G3tdn8N0O 139,508 ft! exdthsie! @iRFosé§e Qfstem in
a heural network to distinguish between normal and
whioch emhicrephenes SiteMplRYe Ofardidd b NdAENERL O\ LiEkE apd asentdings of the
i nvention provides a nmethod and systemfor tissue
microphones are displayed on a screen or printed on paper. Kompis ef al. (Chest
120(4):2001) discloses a system in which microphones are placed on a patient’s
chest to record lung sounds that are analyzed to determine the location in the
lungs of the source of a sound detected in the recording.

Applicant’s copending Application No. 10/338,742 filed on January 9,
2003 and having the publication number US 2003-0139679 discloses a method
and system for analyzing body sounds. A plurality of microphones are affixed to
an individual’s chest or back. The recorded sound signals are analyzed to
determine an average acoustic energy at a plurality of locations over the chest.
The determined acoustic energies are then used to form an image of the
respiratory tract.

A learning neural network is an algorithm used to classify elements based
upon previously input information on the nature of the elements. US Patent No

6,109,270 to Mah et al discloses use of a learning neural network to classify

brain tissue as being either normal or abnormal. US Patent No. 6,463,438 to
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M acoustic signals are each subjected to frequency
band filtering by neans of N freguency band filters.
For each filter, the Moutputs fromthe filter are
[ BUt to a first inmage processor. The first inag
viet i digelesesaueasoba netead élel}if,@rnkgwt ¢istinguish bg'twsee@fnormal and
the filter. The i nages may be obtai ned by any nethod
fYIcehEret at i ng an i mage from acoustic signals. For
exanpl e, the irrages maybe obtai ned by the nethod of
Konpis et aI pra In a preferred enbodi nent of
SHM N@]@TIQ Nenerated by the nethod
di scI osed in plicant's WD 03/ 057037. I n the nethod
of wolbe/ 05625@38 nygntipmgerevddest ai methad oandv sysgem) dor tissue

fiefirednatld 3 aﬁpgﬁg%gﬁéﬁvaé% obfipi it ieiné InteRyl by placing
fv{]?nlgﬁ)%‘ﬁ Ak BF} &)}y %g‘t%fe; ShdH waﬁ“inﬁ"{/ﬁﬁﬁ%ebﬁﬂ@bjﬁkhgst The M

ener gy P d ast one position JCover a

heawmBtic rstlgﬁalalaré ea@h 3ubjectd foi frequericy bargke€ittering i bye nieans of N
The N inmages are preferably, but not necessarily

frequertoyrband filjerant eveachsfilteru ther MgmtputSOf@@mrtbgsﬁltqr@m input to a
Brocessor as ex haelspﬁsﬂ in detail bel ow. The out

i 1GER eSS or HOEEE BroreswrrEPFes 9 Haagwsmg the M
ﬁlg%{l?g of tevﬁ’ﬁt%i‘maﬂge % ?41?? %'e%b?ﬁme(f‘b?%n ~REGRA for %@Peratmg

neur a er ent roma rning neu

AR iMasK fiotn bb&bstict 51§1§>£l§. Fért exi@sle! R ihRpes inidy tehétsigined by the
whi ch i ncl udes an external vector with the

mpthad 6f Katipms eoal. {suprapHera predenied: smbotimenguifrthetiheention, an
At Sanraced B U ercd %éf%gtﬁsgéﬁégﬁéﬁﬁ%% eSS, In the
°°@if'>e4§ %’f?ﬁ@éfd}?ﬁéf AR in BFHEED SOM M sleef ey fori=1 1o

é'ﬂ?enlléﬁ Igzc aﬂs.iﬂﬁllcgﬁ?é( ok’?)rés?s Ilétw ﬁethe locatlon X;; on

15 ef pi X€ aSSI fie
Bwe'x‘técr ?%Jerﬁa&sﬁ b efdfntfigdyt év‘ée??%%ac@%gg %Pg‘fa?r £ égt at least
BB%Roﬁlﬁgg (e)ah g?ﬁe 5 ; edn?%ga ctl?‘g E irst p ?.%%etlpw & %gcso%rd tfi)rﬂg 1,

The N images are preferably, but not necessarily, transformed by an SVD
(singular value decomposition) processor, as explained in detail below. The
output of the SVD processor is input to a self-organizing map neural network and
to a classifier. A self-organizing map neural network is different from a learning
neural network in that it does not need the learning phase which includes an
external vector with the identification of a teacher and does not require the input
of previously acquired information on the nature of the elements. The output of
the neural network consists of L N-dimensional vectors where L is a
predetermined number of categories of interest. The output from the neural
network is input to the classifier.

For each pixel p(x,y), the classifier is configured to calculate a probability

of assigning the pixel to each of the L categories. One or more images may then
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Thus, in its first aspect, the invention provides a

met hod for tissue differentiation conprising: (a)
wbicainigayy M acoustic signals s (t), i=l to MPprET/mmmid000143

| ocati ons on a body surface; (b) for each of N

frequency bands, and for each 9f3 the signals §(t), i

froml to M subjecting the sighnal s (t) to band pass

filterin sing N band-pass filters, so as to generate
W,gpgq:r@pp% gysg%@ps)r}g il_npa%eopwlce§sgr 1b2{sga ,\]:lpqq:)the goutput tfrom the
cgg oF ting Kimages | to Ik, where K<N, using the

Sgna §sij(t), i=l toM I to N (d) dividing pixels
i nt o Pl eiglettsr fitstesspabfb@e invehtieAt FERIdRS aCnetlod MBMtissue
ltolL, using the images I 1 to Ik ;" and (e) for each
diffeegoiayiof conlprisimgn 1 to L, and for each pixel p(x,y),
calculating a _probabiljty pc of assigning the pixel
(8 x, ypbtaining Magoasias yienals 509, ith te Mofemubpegationsen a body
[ nventifn provides a systemfor tissue differentiation
con‘prﬁug aﬁa’. a. Msound transducers configured to

t ai ' ' | dtd) for lem ; :
PRt PR QPR fEq iy B i fop epch b U EAAT S, | from 1 o
each Manubjessiagfthet signdies;(ty to dandgpassdfittering asinge Neadahd-pass
of the signals Sj(t), i from1l to SO as to generate

NXM sfilégral so as fo(generate NXM signgls sii(8.d=lito M, jx T to Bk
BB R S 3 ARl PSSR i o

to Nz di— ral network configured to divide pixels
into wﬁrg‘&g?\grm ned nunber L of categories C, Z from

) i DL SR Kinbadt of iapa G |
for toL, using the images I, to Ix; and
(e)  for each category Cy, £ from 1 to L, and for each pixel p(x,y), calculating a
probability p, of assigning the pixel p(x,y) to the category C;.
In its second aspect, the invention provides a system for tissue
differentiation comprising:

a. M sound transducers configured to obtain M acoustic signals s;(t),
i=1 to M, from M locations on a body surface;

b. N band pass filters, each band pass filter being configured to
receive each of the signals si(t), 1 from 1 to M, so as to generate
NXM signals sij(t), i=1 to M, j= 1 toN;

c. A first image generator configured to generate K images I; to I,
where K<N, using the signals sij(t), i=1 to M, j= 1 to N;

d. a neural network configured to divide pixels into a predetermined
number L of categories C¢, £ from 1 to L, using the images I; to Ik;
and

e. a classifier configured, for each category C¢, £ from 1 to L, and for
each pixel p(x,y), calculating a probability p; of assigning the pixel
p(x,y) to the category C.
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each pixel p(x,y), calculating a probability p of
assigning the pixel P(x y) to the category Q . BRI EF

WORBERI 4803 ON OF THE DRAW NGS | n order to underrtBncotdnmo143

invention and to see how it may be carried out in

practice, a preferred enbodimenyy wll now be

descri bed, by way of nonlimting exanple only, with
reference to the acconpany ‘g; L ngs, in which: Fig.
BRIEF DESERIFION; QI ﬁ% J for carrying out

the method of the inyention, .in accordance with gne
enbodnrRIAEr K u@‘if‘é“?ﬂ& éﬂ? inyentipp gnd to; see { may %&g‘”é%r ied out

.of _a heart o ined i r iyt h . [ t
87 RPN ST RIERRY, TRD'of non.
{fAfing ) 1PRifetenBel td 8 Rigrafifste in which:
Heﬂr,}gigg ér;rée??ltlplgf()htgnﬁgﬁit nvention (Eliegé&Sa agdg\g%] [ rlrlg%yéal%yvhwh

t he Jéigellisngshelnatic iiagrait bbatsyb@nd forassryfing toat ithgmethod of
(Fig. 3b). DETAILED DESCRI PTI ON OF THE ] NVENTI.ON Fi g.

the ifsRgion, inasspedanse witdypanembodimenitafthe rveationyi ng

out e gnbodi nent. of the t hod_ of, .t.he,i.nvention. M. .
acou(s}%}gc 3s ISy NAPWS o1 (RETS, °§ EF?“ Jotaigfd aan%%“’a@%CﬁgW&h one

drh iH&hFBYﬂJei yeﬂg(ﬁpiaﬁﬁ M m crophones on a body

surface (not shown) Such as an individuals back or

chestFigl Beshdvas andtriagesofymalisdiaiduat’s Clhn?sl lbeddhed it accordance
frequency band filtering by means of N r_equencfy band

with oae enbadiment of tre wwention (Figr 3g) and janfimage oftthe game lungs
he M outputs fromthe filter EF, Sij(t), i fromlto
talHP@"Ylﬂ'&Wg%& Bass tggquq@g. gtbocessor. The first

i mage processor generates Nimages Ij, j from1l to N,

wher e each ima%ei Ij is obtained using the M outputs of

DEEFAILERDESC] HQJHON@EJHE INVE ai ned by any

met hod for generating an inmage from acoustic signals.

For diigngl showsea iseherastieredipgragbiofi aexystsyn tioe ¢reting out one

S St B o el M BEORT SERALSTERlo 8o e
S5 BB AERY 5 L AZARSTE s ey BB e o

sBown) tsuch@is arrlindiPiduals back or chest. The M acoustic signals are each

subjected to frequency band filtering by means of N frequency band filters F; to
Fx. For each filter F;, j from 1 to N, the M outputs from the filter Fj, Sij(t), i from
1 to M, are input to a first image processor. The first image processor generates
N images Ij, j from 1 to N, where each image Ij is obtained using the M outputs
of the filter F;. The images I; may be obtained by any method for generating an
image from acoustic signals. For example, the images maybe obtained by the
method of Kbmpis et al. (supra). In a preferred embodiment of the invention, an
image is generated by the method disclosed in applicant’s WO 03/057037. In the
method of WO 03/057037, an image is obtained from M signals P(x;,t) for i=1 to

M, (where the signal P(x;,¢) is indicative of pressure waves at the location x;; on

the body surface) by determining an average acoustic energy P(x,t,,t,)at at least

one position x over a time interval from a first time #, to a second time ¢,.
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M (where the signal P(x,,t) is indicative of pressure
waves at the location x,; on the body surface) by

wa@ledosom™isod ng an average acoustic energy P(Xx,t PCR)I2005200143

| east one position x over a tinme interval froma first
time t, to a second tinme t2 .The Nimges Ij , j from
1 to N are preferably, but not "necessarily,

transforoed by an SvD (sinpgul val ue_.deconposi tion )
proceg?oﬁlwe%&lblp sggf’ 2136 RIEETahlYe | e aothBgcessarily,

lj.ca 0 nd j -V bes oo f ' 0

Rl Ao S b SO IRk, JE e frrsEpdion) Blacksgel “Tht svD
t . , 1. : . v )

OSSE e A% R Ncirrimases B o K Do R ph e plivgs 1 for
jKirbm 1he Nghbestown) adRfe s NivienNalués ), whebRieted So that
a predetermned J=I threshold. The out put of the SVD
Mrocessor.<hs<t.tiey. Kkt $VDi prgessor! thed additdfinéhen integer K<N
| ear ni ng phase of the process is thus conpleted. The
out put of the SVD processor is put to a
sel f-organi zi ng map neural net . The output of the
neural network consists of L Nidi megsjonal vectors Ci )
where KCis thgtsonadlest ingeger fpewbiddy g ned ~nunlereos is a predetermined
categories of interest. The cl Lfication phase is
carried out by inputting. The qgutput fromthe neural
network is input to the classifier together with the
tbreshold. oThe loataymf tha S EDaprocedser is thesKreigen-imegessEl, To Elk.

I.nput the ei -images.Eli to EIK fromthe SVD (or
'f[‘l}?eleml%eggsqqgfetggpr 53 1S QU Je€ssor is not used)

and t i ) f. .
For i wBEEDPHR SYP piqes Sy 48 MR 6 o LA BleihHE Ry neural
rietlverd. At GutPuPBaBhd héiraPineBiokSedm3tit8f 1NK-din¥&isional vectors
p(x,y)to the category G . One or nore inmges may then

Og..denewhered [bys a pexletatniined) evunntwr ek categasiesl afporterest. The
the output fromthe classifier. For exanple, for each

cé%sgé‘@l“?nq)l}asﬁnlsi regednayt By g‘g}\@%g.eahp nOWBRt Aramethe neural
rf;:tégg% i i'il{@xt[‘ S ﬁfé@%iﬁlgg?{géetﬁéro%{ht W3l e SVD. The

classifier thus receives as input the K eigen-images EI; to Elx from the SVD (or

the N images I, to Iy, if a SVD processor is not used) and the L vectors C,, ...Cp
from the neural network.

For each pixel p(x,y), the classifier is configured to calculate a probability
p; of assigning the pixel p(x,y)to the category C;. One or more images may then
be generated by a second image processor based upon the output from the
classifier. For example, for each category Cj, an image may be generated in
which the pixel (x,y) has a gray level proportional to the probability that the pixel
belongs to the category j. As another example, each category may be assigned a
different color, and an image is generated in which each pixel is colored with the
color of the category having a maximum probability for that pixel. As yet another
example of an image, an image may be generated by selecting, say three
categories, and displaying the image on an RGB (red green blue) color display

screen. In this example, for each pixel, the red, green, and blue intensity is
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bel ongs to the category j . As another exanple, each
category may be assigned a different color, and an

WO pwge74883 generated in which each pixel is colpepiL2eetd00143
the color of the category having a maxi num probability
for that pixel. As yet anot her_§>gan'pl e of an inmage, an
i mge nmay be generated by sel ecting, say three
cat egor i and di

RAPBGNOB L) UEoPRioH i) tat PEish Delipep ip dhe Bt esonopr third

: | . . e
BREREof Spastlthy o Ffi L2pied, Hies iy b8, (23 Y & practiioner to
18EtPRogi fiRerith@ssukt§hes HEER tnafé. GBhédedairRRISYmay be used to
respéctively. The generated i nage may be used by a

formca idatobase tfor iadeomatiey letirhingr byt thei practtiongresr by theeneural
i mge. Generated . inages npy he used to forma data

neswerk oy analyzsiheimagesand KgnBly tissiedyRes intheAwages by

the neural network to anal yze the images and identify
tissue types in the i mages. EXAMPLES Exanple 1:

ERANP§ ES®ai ng 40 acoustic signals §(t) arising from
an | nd;i‘\pf dual's heart were obtai ned during 0.04

secor]ﬁfalhﬁlqol;achmiaéﬁmﬁgmg)phones on the individual's
back in the cardiac region. The 40 acoustic signals

wer e 4dageoustipjsignadel SO dristeg dresy apaindividualay heagt myere obtained
f 3 f b filters. F h,. f.ilt .
Qe 08, s2o00 & bY GHenE M0 micspBiGhes O iRy bask i the
SIREE el PRIk IREBR SR S SN requency band
filbdditig bPneafis bfsqfa?@hzy Bandréiftese Foa kadtefiner, khe 1€ outputs from
a -

out put 'of the neural network consisted of 5 3 L
the ddtes wenalprocessest nitcan imageas disainseed i applicant's US provisional

redet erm ned nunper _of egories of interest. T ..
e e P g3 DT oo o 0t 255 s soreanizing
L e A g e T
dRleRsiohd] QectorkOC,J... 0L 0MWHerk 055 waAn théBEBd¥REMINEN number of
generated for each of "the three categories in which
dabepopiex edf (ixferesChdheaoapay fremethepmepra t neinairk t wag haput to a

probability that the pixel belongs to that category.
ifieri mages are shown in

For each pixel, the classifier calculated a probability p; of assigning the
pixel to the category C;, for j from 1 to 5. An image was then generated for each
of the three categories in which the pixel (x;,y;) has a gray level proportional to
the probability that the pixel belongs to that category. The 5 images are shown in
Fig. 2.

Example 2: pulmonary imaging

40 acoustic signals S;(t) arising from an individual’s lungs were obtained
during 0.1 second by placing 40 microphones on the individual’s back over the
lungs. The 40 acoustic signals were each subjected to frequency band filtering by
means of 3 frequency band filters. For each filter, the 40 outputs from the filter
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Fig. 2. Exanple 2: pulnonary imaging 40 acoustic
signals Sj(t) arising froman individual's lungs were

wobdoaionsad during 0.1 second by placing 40 m cre@hinzess/000143

on the individual's back over the lungs. The 40
acoustic signals were each subjected to frequency band
filtering by nmeans of 3 frequency band filters. For

each filter, the 40 out ts.frgmthe filte e ..
PG GEesEHer (19 ahimasyas disclpsedibapalipantzi b Ralgps 4pplication

1'?)% 4?8-@%1@%&@1.}1}19&‘%%% AfabBAB0GY dlh§9@7‘ b*Fh@ af irﬁQges were

I nages wer e
1ﬁ§htf tooé @l of b Az ml gtﬂeafal WMTEB Q)uqsutmﬂthefnehkm network
neural network consisted of 3 3-di nensional vectors G
consis@al oﬁ\/Be’J?-eilmemaenalheeqmmsd@t,erﬁy netiereudbeas tfe predetermined
categorjes of, interest. The output fromthe neural .
ol cateeorisp of intgreshd b@| QY irgm thegeu @ﬁt\wriewas input to
ghe cl. SI fier calculated a probability pj of
Sgaﬁ Bthe pi xel to the category g , for j froml
to 3.Fdp @&hgﬁlxbmﬁé c‘fﬁ§1ﬂe’i‘%l&ﬁﬂ€ﬂaé ﬁfbb@%llﬁ? c# fSassipning the
different c (red green and bl ue) was us
pireli wathe categoryiC;f foe jtinomel c@aBegdocoles imape wes theh @enerated as
i mage, each |er é y) has a red, green, and_bl ue

follouts Ahétffqrgntmqigb refl reen aid thee)pvablsad ta ipdigase caefe of the

i X bel ong f.irst cand d.third cate
B Ratary n A e age PR PIREH Y S ToEheregy gpd blue
i F
7 al s AR L e ol et it IR o e i,
seovidl afd diied SafepbihfespedthrgyeAdlack hb@fwhig) reddition of the color
disclosed in applicant's US Patent Application
1m/g3318 showvrhiaty ifng 3:meligui3b shaws annumagsr of 0o irgtividual’s lungs

(g)g ﬁS:LAII\/IS 1. A nethod for t| su d@ffe entiati
frﬁgl tbg) Of g} nq;qpéldMs (1%\9 pgu@ic& ;ﬂtermg) as
A MR S SR AR A i

Iﬁm(ﬂgarzoog,fq]o;pgq to M subjecting the signal Sj(t) to
band pass filtering using N band-pass
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filters, so as to generate NXMsignals sij(t), i=l to
M j=1to N (c) generating Kinmages 11 to Ik, where

wKbososisngy the signals sij(t), i=l to M j=1 PoOr/N20¢54)00143

dividing pixels into a predeterm ned nunber L of
categories C , from1l to L, u%'?rlg the images 11 to

I K; and (e) for each category , from1l to L, and
for each pixel p(x,y), calculating a probability p of
assigning the pixel p(x,y) to the category Cc. 2. The
OEAIMISaccording to Claim1 conprising (a) generating
Nimges F1toV, wherein the inage F is obtained
Msi NoA ihethsd goredissuidiffédentiatiod comiptising: M and (b)
generating K ei geni mages and K ei genval ues using the N
(ajragenbtaining M Bcousti®. siginads skbhiel b dbrdomgM tocatiansron a body
or Claim?2 wherein the body surface is a chest or a
back.SUaC¥he net hod according to Claim1 or w wherein

e I
§F°, 265 R4) S Y PRl Hhnb BTk oI OF R ALfs SR fom 110
to Gy Rubjeotiasethe ApndlNBAF 1o bapdt pasedltbringn Ui BN dafd-pass
P(x,,t) for i:F to tﬁ@; gnal PO,?ét) beiifrpfdggsn " P
i ndi daltérsesoods torgensrate NdaVies gadls shé),ligd 40 IMyj=x1 to Din
the body surface by determ ning an_average acoustic¢, . .
(&her genprating k images Iato Teawhersnk <pbsysing thecsigpels saj(t), i=1 to
tirreMntzeaég!lN,froma first time tx to a second tinme t2
, using't ’gnals P(x>t) for i=l to M 6. The

(@5t hQﬁvﬁ‘ﬁﬁg@ gﬁiew irft8 aPrabifletminddt IBRAb&ODRYT c%k%gg)_rie_s C, £ from 1

géneratin ne or nore inmages using the probabilities
p . o lAwig) heifmages [ stoug; shd f erenti ati on
conprising:(a) Msound transducers configured to

(bt aifor Rpetventegory Gi griaom 1g0(l,)and far eaeh pixel ponyMcalculating a

R SR R B S P A R BBl 6L

%1;( l\/lt Qﬁéeﬁf&gg%gﬁ%fdlhg gll) C{kgﬁﬂ %oﬁﬂ)rMngso as to generate

(a)  generating N images I’; to Iy, wherein the image I’; is obtained using the
signals s;(t), I from 1 to M, and

(b)  generating K eigenimages and K eigenvalues using the N images I’} to I’y.

3. The method according to Claim 1 or Claim 2 wherein the body surface is

a chest or a back.

4, The method according to Claim 1 or w wherein the acoustic signals are

indicative of cardiac sounds or respiratory tract sounds.

5. The method according to Claim 1 wherein an image is obtained from M

signals P(xi,t) for i=1 to M, the signal P(x:.,¢) being indicative of pressure waves

at the location x;; on the body surface by determining an average acoustic energy

1~’(x, t,,t,)at at least one position x over a time interval from a first time 7, toa

second time ¢, , using the signals P(x;,?) for i=1 to M.

6. The method according to Claim 1 further comprising generating one or

more images using the probabilities pg.

7. A system for tissue differentiation comprising:
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j I to N (c) Afirst imge generator configured to

generate Kimages |1 to Ik, where KN, using the
weL@sarssij(t), i=l to M j=1to N (d) a neeeBEIL2005000143

network configured to divide pixels into a

predeterm ned nunber L of categgries C, from1l to L,

using the images |11 to IK; and (e) a classifier

87 o ogs ) SRR e Dok Ry 0. 11 o
N’;ISﬁjogrpM% épgpglaf{t% O@ygﬁnafgo the category C. 8. The

syst'em acc Turther conprising a
(5) nglN baal tp%sgiﬁﬁefgp%éﬁ b&)ﬂitl PARCRB&MBoing @Bﬁﬁ%ﬁ&f e8dotreceive each

receive N images to F N, generated
cff thsislgmiaﬂgsa(t);erfemmtlotq M/;Aserasnn geherantmh@ﬁ\d@gnais sg(t), i=1 to M,
obtalned using the signals Sjj (t), I froml to M and

b‘)togTéTnerate K ei geni rrages and K ei genval ues using the

By o R imsbf depbtatc sl Ve 16 BAEEH K Bad@ 1%, where
I@@Nk sﬂlg thérg‘@nﬁbé%‘i ﬂl%rl‘q' rglttgl\g aim7 or 8 wherein

the’ acoflisti c -si gn are i ndi cativé of cardiac sounds

(dy respeural petwork aohﬁg@wdote dititle piRels dytot £ predeceminetnumber
to aim7 wherein the first inage generator is
Icohtatggones Co glener hteLansingsheimaganiMelgaads P(x, , t)

(5F es curlasyabeolfedind R catfismtoedty 5 Eeohotyd Eufind dor each
eIt B I atls B BIARSIRTIHE o s SRATH o ?a’felf%‘é?) to the

datd g,re t] to a second tinme t2, using the signals

PO, for i=l to M 12. The systemaccording to Claim

& furThﬂerSysienprak:sd)ndgl@ teeClaith i7Tndgeherecomprising a single value
onfigured to generat? one or nore images using the
SRPesItion; RI: RI§Ceysor, con igured to:

(a) receive N images I’; to I'y, generated by the first image generator,
wherein the image I’; is obtained using the signals s;(t), I from 1 to M, and

(b)  generate K eigenimages and K eigenvalues using the N images I’y to I'y.
9. The system according to Claim 67 or Claim § wherein the body surface is
a chest or a back.

10. The system according to Claim 7 or 8 wherein the acoustic signalé are
indicative of cardiac sounds or respiratory tract sounds.

11. The system according to Claim 7 wherein the first image generator is

configured to generate an image from M signals P(xi,t) for i=1 to M, the
signal P(x:;,t) being indicative of pressure waves at the location x;; on the body
surface by determining an average acoustic energy P(x,f,,t,)at at least one
position x over a time interval from a first time #, to a second time ¢,, using the
signals P(xi,t) for i=1 to M.

12. The system according to Claim 7 further comprising a second image

generator configured to generate one or more images using the probabilities p.



