WD 03/ 057037 PCT/1L03/00029 SYSTEM FOR ANALYZI NG AND | MAG NG RESPI RATORY
TRACT SOUNDS FI ELD OF THE | NVENTION This invention relates to nedical

devi ces awo mawsterls, and nore particularly to such devi cesTane/overdhods for
anal yzi ng body sounds. BACKGROUND OF THE | NVENTI ON 5 Body sounds are
routinely used by physicians in the diagnosis of various disorders. A
physi ci an may place a stethoscope on a person's chest or back and nonitor
the patient's breathing in order to detect adventitious (i.e. abnormal or
unexpected) |lung sounds. The identification and cl assification of
adventitious FYPEEM BEQRuAYSLYAING RNDr DNACHES RESPORATRAY TRALDIrSOENPDN about

pul monary abnormalities. 10 It is also known to fix one or nore m crophones
onto a subject's chest or back and to record lung sounds. U S. Patent No.
6, 139, 505 di scloses a systemin which a plurality of m crophones are

pl aced around . a patient's chest. The recordings of the m crophones
during inhalation and expiration are displayed on a screen, or printed on
paper. The recordings are then visually exam ned by a 15 physician in order
to detect a pulnonary disorder in the patent. Konpis et al. (Chest,
120(4), 2001) disclose a systemin which M mcrophones are placed on a
patient's chest, and |l ung sounds are recorded. The recordi ngs generate M

i near eqIBLDOFITHE BXVENTI®N using a | east-squares fit. The sol ution
of the systemis wused to determine the location in the lungs of the source
of a sound det efftiediniventibe relftes enoredios: AMOIR3/ QR OFTEtisdl! | ARB/ ARPLO - 2-
SUWARY OF THE I NVENTION In the follow ng description and set of clains,
two expl i gattigolads b susbdleviesslaod msthaesds for amdpsing dblle smardsabl es ar e

consi dered equi val ent to each other when the two variables are
proportional to one another. 5 The present invention provides, in one of
its enbodiBRCISGROEND OF dTHE INVENTION

5 Body sounds are routinely used by physicians in the diagnosis of various
disorders. A physician may place a stethoscope on a person’s chest or back and
monitor the patient’s breathing in order to detect adventitious (i.e. abnormal or
unexpected) lung sounds. The identification and classification of adventitious lung
sounds often provides important information about pulmonary abnormalities.

10 It is also known to fix one or more microphones onto a subject’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’s chest. The
recordings of the microphones during inhalation and expiration are displayed on a
screen, or printed on paper. The recordings are then visually examined by a

15 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 determine the location in the lungs of the source of a sound detected in the

20 recordings.



met hod for recording and anal yzing respiratory tract sounds produced in the
respiratory tract. The systemincludes a plurality of N transducers

(m crophowegp/oswenfi gured to be attached to an essenti al | yCplTROBA0029egi on R
of the individual's back to or chest over the individual's thorax.
Positions in the region R are indicateg by two-dinensional position
vectors x=(x1,x2) in a two-dinensional coordi nate system defined in the

| f i=1 to N, is fi d at iti
i aPﬁrthe%ﬁ&@A&g@ﬁﬁﬁﬁiE&ﬁ%ﬁzﬂ denoted herein by P(xi. ().
i ndi cat f the bo t t d
o oo e vy DhaBedblomne dekdtinudt, wﬁ%sﬁﬁf}daér?@o%z{?f%plwﬁmH?egﬁaa 3 Eﬁfif
the indi V'cg}éﬁiatbfe 5 '1ﬁeas§rhﬁcﬁe FalBbleh &@E&t\%&é& fé‘ﬁf i eaﬁg bR &I a

vest or garnen y placing over |n Vi rax. may

appr eci at ﬂ@et\%{/él%lﬂéﬁarﬁ'@&dipcﬁﬁénmv obe atiser.for differently si Zed
individuals, for different ages, sexes, etc. 20 The N signals P(xi, t) are

processed by si.gnal processing circuitry. In accordance with the
i nvention, the _processing involves.determni fro al s
aver age acoust icCcErgy ! g&%rﬁ&nearw i Hll%}elﬁ’? ts g’ Oa%ent%ta gﬁg
i T
posi tion x,ddog e, r@g&f&ﬂﬁj | Oneﬁ}'ztﬂlgeregﬂ}&lzgéfé/altrau WY ds bPodiced THE dher M

"acoustic T ener ay tore to a paraneter

i ndi cat i veegfira@iry2 radP MheXdysRhi DElidee Ppheality o@TNttfaesMces§ Uhicrepltbriebe mass
propagation velocity at that [|ocation. In one enbodi nent, an average
acousti c enafigyredtebeattarhed tonareessantidliophangr regiontR afshe mdavndgdl’&ba

1 L B, S S B A SRS n BRI,
i 1s the pgs ﬁﬂeﬁgﬁofﬂh gﬁcﬁﬁldﬂ %&&Q%l 1 ifta TRO QiR ﬁ§18ﬁ£1%0?m9@' e an

aver age acous
deﬁned in the planar region R. The ith transducer, for i=1 to N, is fixed at a

position x; in the region R and generates a signal, denoted herein by P(x;?),
indicative of pressure waves in the body arriving at x;.

15 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.

20 The N signals P(x;, 7) are processed by signal processing circuitry. In
accordance with the invention, the processing involves determining from the N

signals an average acoustic energy, denoted herein by P(x,n,12), at least one

position x in the region R over a time interval from t; to t,. The term “acoustic

energy” at a location is used herein to refer to a parameter indicative of or

25 approximating the product of the pressure and the mass propagation velocity at that
location.

In one embodiment, an average acoustic energy over a time interval from #

to t; is obtained at a position of one of the microphones using the algebraic

expression



P(xt , t; , t2) over atine interval fromtl to t2 is obtained at a
plurality of positions x1 5 of the m crophones, for exanple using Equation
(1), and wbaen/smBrul ating P(x, h, t2) at other |ocations ®CogL3M0e9p0! ati on

of the P (x, , t, , t2) using any blown interpolation nmethod. In a nost
preferred enbodi nent, the interpolatieBis perforned to obtain an average
acoustic energy P (x, t, , t2) at a position x = (x'" , x 2) in the surface

R using to the algebraic expression: N,P(x,ti,t2) P(x,,ti,t2)g(x,x"6) (2)
where g(x, x; , a-) is a ker nelﬁ(sc@hjtg)fg}[pg(,gj)&g (311’) au N g(x, x;, a) is
approximately equal to 1 (4) 15 and whepe x _ (X, X7) is the position of
the ith mcrophone and 6 is a selectable paranmeter. For exanple, the
kernel 1 1 2 2 where(xxis-the posifiofwfthe mjcroplfonex; , a-) =Exp- Exp- (5) 2a 2a-

may be used. 2Q The system mgy optional |y contain a display device for
di spl ayi ng theOInf uﬁct%@ﬁi PP{’%F@C(P uSEROgHIPE!, AR havEIRED| ApeuBtion emRIgy

di splay, fgr exanple usj.ng. | evel scale, as denonstrated. in the
exanpl es b I((’fmfi’&? PV %flwgr%@%%i%%ﬁéﬁm ésaq%tﬁ’élﬁgé‘%étﬁ’ﬂ%ﬁhb’rpﬁﬂosﬂm@sancti on
P produces an i mage of the body region WO 03/057037 PCT/1L03/00029 -4 that
may be andtfyiheduephones, det eenineusing £quaton (b and thenealadatinge §iam, &) ni | ar

to ~
at other locations x by interpolation of the P(x,#,t,) using any known

interpolation method.

In a most preferred embodiment, the interpolation is performed to obtain an
average acoustic energy P(x, t,t,) at a position x = (xl,xz) in the surface R using

10 the algebraic expression:
~ N ~
P(x,t1,l‘2)=ZP(xi,tl,z‘z)g(x,x,,O') (2)
i=]

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

g

Vig=—2

g=— 3)
N

> g(x,x,,0) is approximately equal to 1 4)

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

parameter.

For example, the kernel

1.1 2 2 2 2
g(.x,xi,O')= Exp-(mj.Exp_[(i—x'.@} (5)
20 20
may be used.
20 The system may optionally contain a display device for displaying the

function P. The function P may be displayed on the display, for example using a

gray level scale, as demonstrated in the examples below. A two dimensional

graphical representation of the function P produces an image of the body region



the anal ysis of inages obtained by other imaging nmethods such as X-ray or
ul trasound imaging. A region or regions in a displayed i mage that are
suspect edwofosiosmwBudi ng a 5 pat hol ogi cal condition, may decCirdees/iobised in
the image, and this may be in a nunber of ways, for exanple, by different
colors, by different patterns, by way_qgf_a witten text, and many other
ways. The term "pathol ogi cal condition"” refers to any deviation fromthe

't oct ] on, BRRERLHAAPDIEC R GHS g EiLpT BRRAGRT BRATGreRon MR B of
I nf ect on. P BfFTEY Bl _
ract et drt RIRNFORE ey SETRRel MY, U Bo AL SPUlols SR SRR

of sub i nflg@ascaingl in@iggh@n average acoustic energy P determ ned over the
region Rfor two or nore of the sub intervals. An inmage of j5 for each of

these sub int erAabgiofey fepins ihe displayed vgeatint dis phspeerdsEduelntin Ay on
the display device. This generates a_Is novie show ng dynam ¢ changes
occur ri ig fathalpgicalcesmstitien, epast dg/identifigkinibgymag hisgpay be frea number

interval. For e | e ran er e pl.aced op a erson'.s chest and
o et ST eaiats, P RERR ek 1, BLEEST aafleds, BY R % FRIER: Fon
f I it b i ‘ j AN b

obt af nad GRS Ghdh metyD ol SRUES. TRY Rbred WARINLRG SYAlon kIR IB, SAP PO

to gener atdgvilioa fomi e Jldowal) heshiangasiiiion bfl eharopBitoey aney. Jhisoichides | ungs
over the breathing cycle. The signals P(x;,t)my al so be subjected to band
pass filt dnfestjonefimilammetian, temer, yplewrabetfusongpeprieymania,t harowingnof dhe so

t hat an average acpustic energy.i.s roduced for. one or .nore frequenc
bands o0 IHDRREstIC FRET FRARECOBRINIAG SIS I8 1 ASSP RSB BECIoRCt he di spl ay
device by representi : . Sti . | avyl

di :‘/:‘ er en%/ coloor. Si h‘ggdf?iggglﬁﬁ;ﬁ?% ?ﬁﬁséﬁgaﬁg@w 7 fgéggjslﬁ}agﬁ’dw stib

"crackl es” inldf Y g“éh% eddy P dHGHHBES YveraRe 8sioP RN o
filtering %{a&ﬁb’ %%fgs@dﬁ&gal dentafﬁ}csét hée}!se respirat o\r7y sogﬁg&lg. A ?g‘g?‘oﬁ or

regi ons i npgredbfSipbaviBdnichRds MR i%/g%?OﬁforP&EhldtQﬁésQ%%%nter&awinM@ﬁ es or
a

crackles may be identified in the inmage, for exanple,
be determined and displayed sequentially on the display device. This generates a

15 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 and an average acoustic energy P determined in accordance with the
invention for a plurality of sub intervals over a breathing cycle. An image can be
obtained for each of these sub intervals and displayed sequentially so as to generate

20 a movie showing changes in the acoustic energy of the lungs over the breathing
cycle.

The signals P(x,,) may also be subjected to band pass filtering before being

analyzed by the method of the invention, so that an average acoustic energy is
produced for one or more frequency bands of interest. The functions may be
25 superimposed on the display device by representing each average acoustic energy
function with a different color. Since respiratory sounds known as "wheezes" and
"crackles" have different characteristic frequency ranges, band pass filtering can be

used to identify these respiratory sounds. A region or regions in a displayed image



characteristic color, pattern, by way of a witten text. The present

i nvention thus provides a system for analyzing sounds in at least a

porti on oWOan/ofmai vi dual's respiratory tract conprising: PCfakoxoopioural ity
of N transducers, each transducer configured to be fixed on a surface of
the individual over the thorax, the ithstransducer being fixed at a

| ocation xi and generating a signal P(xi, t) indicative of pressure waves

at the locati i, for isl.to N, an a.prpcessor nfigured to receive
the si gnal‘gft B@%;eéégi )Ora%ﬁagé éﬁ?ﬁ’ e lgﬁ‘&ﬁ?daxlfgrt %eméacggugtgf ce’%f[rgﬁ&ytbﬁ gx, h,
t2) at at dlﬁ.@&&e@ﬁd&ﬂﬁ{%&tﬁé}n}‘bﬁ%&ofav&ﬂit'f%ﬂeﬁtt.ervm froma first tine ti
to a second tine t2 , P being ‘determned in an algorithminvol ving at

| east one of t hEhsp@saitinvddtion,thtiy provides amysteanforianslyaingasouhds ihatlewtovi des
a nmethod for analyzing sounds in at 1s |least a portion of an individual's

thorax, cohpeutiongy aniadividhtals spspirafery tgebeenprisiag: t) for i=1 to N, the
signal P(xi, t),bein i ndi cat i of , pressure waves at e | i i, on
a surface of th(@? bozg]).;l%glgcy ﬁl\y fr%srdé@?rs( 8301’dt_5?1_§¥1ﬂf% (f“?éltfh reéﬁélrag%ginxﬁgousti c
energy P (x, tl , 12 @l s@#fadeCS the® BiilividHalP89dr! MDA Shedith tFRsHMe" Val
froma first tinet, to a second tine t2 , P determned in an algorithm

i nvol ving at | east opengfixelet aslogatadnsx; ahidegepersinnta siguehPi(a) midisatipeovi des
a program storage device readable b machi ne, tangibly enbodying a program
of instructions execefifb$ssrdwayvesatithe kication 25 fora—3do MNyrandnet hod st eps for
determning for _at |east one ti interval, an average acoustic energy
function P usin®)an PRSI FonHgaTed tRgeesive g@sﬁlg%ﬂégpsﬁxgﬁhﬁnd determing

i ndi cative of pressure waves at a |locatiqQn x; on a body surface. WO

03/ 057037 PCT/ | L03/ 0@D2ycrage avpestisransegit Plnvieintatah lest one positioer qyepei des a

conput er program product conprising a conputer useable nmedi um having
conput er readabl e pr tignecamteowme from a first time # to a second time #,, P being

determined in an algorithm involving at least one of the signals
P(xi,t).
The present invention further provides a method for analyzing sounds in at
15 least a portion of an individual’s thorax, comprising:

(a) obtaining N signals P(xi,r) for i=1 to N, the signal P(x:;,) being
indicative of pressure waves at the location x;; on a surface of the
body over the thorax;

(b) determining an average acoustic energy P(x,7,,t,)at at least one

20 position x over a time interval from a first time #, to a second time

t,, Pdetermined in an algorittm involving at least one of the

signals.
The present invention also provides a program storage device readable by
machine, tangibly embodying a program of instructions executable by the machine

25 to perform method steps for determining for at least one time interval, an average

acoustic energy function Pusing an algorithm involving at least one signal

P(xi,t) indicative of pressure waves at a location x, on a body surface.



enbodi ed therein anal yzing sounds in at least a portion of an individual's
body, the conputer program product conprising: 5 conputer readable program
code for wauwsiofy3the conputer to determne, for at |east PCRALAI/QvE29
interval, an acoustic energy function P, j5 being determned in algorithm
involving at | east one signal P(xi, t)gndicative of pressure waves at a

| ocation x, on a body surface. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS I n

or et 0 Under St g AYELONRIA S5 AR.L e ol b’ 1

non-1i m tidagh @k & t¥p us¥able MBARNE MEPInkOcdSUtBC FATRIARYIrB ot dBEgs, 1N
whi ch: Fig. fsh%%sa angg/ﬂstre% faor obt ai ni ngmtgn éﬁlgll yzi ng bo%?; groundwiﬂn

accor dancemlidlied tHereinenelyzogj svants of att leastiarportion ofi an Eadjvidakhbody,dhé | ow
chart for carrying out a nethod of obtaining analyzing body sounds in
accor danc €ORRUHCIATOZEN BERVEhEOTBPIISIAG: | nvention; Fig. 3 shows recording and
anal ysis of signals ove i i rat a f espi.ratory cvel e; and
20 Fig. 34 shows Crogpé’ﬁ%ﬁ {166'8%?118r}%ﬁ%ﬁa&s?éé(%?&s?agﬁg}gs%gvéﬁlﬁﬁereippfigtgpﬁf'nf’ phase
of a resp - F ' bt : L

It vi duaito) 8 e spte il al 320N ARy PAGHARE PRS- ARR N
X-ray of theosthie inviiiipgtataeast i@ sienslh @&, 5 UsheaRicVer gfe@ﬁﬁé WY & Aovi e
of the respiratory tract of a 25 healthy individual; Fig. 7a shows an

i mage obt doegibno, @nabody virdael Wi th pleural effusion in accordance with
the invention, and Fig. 7b shows a chest X-ray of the sane individual; WO
03/ 057037 PCT/1L03/00029 -7 Fig. 8 shows successive franes froma novi e of

the respiratory tract of an individual with pleural effusion; Fig. 9a
shows an i mage obtained on an individual with pneunonia in

10 BRIEF DESCRIPTION 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 body sound in accordance

15 with one embodiment of the invention;

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

Fig. 3 shows recording and analysis of signals over an inspiratory phase of a
respiratory cycle; and

20 Fig. 4 shows recording and analysis of signals over an expiratory phase of a
respiratory cycle.

Fig. 5a shows an image obtained on a healthy individual in accordance with
the invention, and Fig. 5b shows a chest X-ray of the same individual;

Fig. 6 shows successive frames from a movie of the respiratory tract of a

25 healthy individual;

Fig. 7a shows an image obtained on an individual with pleural effusion in

accordance with the invention, and Fig. 7b shows a chest X-ray of the same

individual;



accordance with the invention, and Fig. 9b shows a chest X-ray of the sane
5 individual; and Fig. 10 shows successive franes froma novie of the
respirat owo Bsws7 of an individual with pleural effusionPCDHEL/IED

DESCRI PTI ON OF THE I NVENTION 10 Fig. 1 shows a systemgenerally indicated
by 100 for anal yzi ng body sounds in a.hree-dinensional region of an

i ndi vidual's body in accordance with one enbodinent of the invention. A
plurality of N transducers 4105 f which. f are.s applied
Do bl anar odinSooPRETERSSIe fHnee. Boaih ride of e BiefisdleR! Baclihat
transducer;sJkQquaTRitPslcampbifisioho the subject by any neans 15 knovvn in the
art, for exanple using an adhesive, suction, or fastening straps. Each
transducer 105 IPigo uc glsoasn aan ahage %btammgieoﬁl gnahdilidual neitle gineumonfa i essure
waves arrivi dg to the transducer. The anal og signals 115 are digitized by
a multi chaﬂmét ange ity the tavention awdnbig By shows arrbesti Yirenl ofdtheasamenal s
P(x;, t) resent the pressure wave at the |location xi of the ith
transduéer V lﬁfﬁ dﬁl) at time t. The data 20 signals 125 are input to a

menmory 130. Datﬁgcgﬁléh?ﬁg’ S\é&%sﬁ%"?f %goi@aenil ﬁecﬁstﬁglreﬂrfgc)rﬁg&%?g{s% 135

configured to pr ata S|g e si'ghal's

denoi sed Qﬁdﬁm&mﬂ&mﬂgp@gﬂ@@ﬁﬁgbﬁ havi ng frequenci es outside of the range of
body sounds in the body region, for exanple, vibrations due to novenent of
the individual. Each signal 125 may al so be subject to band pass filtering
so that only 25 conponents in the signal within a range of interest are
anal yzed. An input device such as a conputer keyboard 140 or nouse 145 is

used to iDETAHEPBESCRIRTIONI OF THEANVIBENTIONe exami nation such as
personal details of the individual 110. The input device 140 nay al so be

used topl nput VEigUeshows ahygstein gakerdlly iaditated by 100 fornmblywiigybodytsundses t,
and t2 may be determ ned automatically WO 03/057037, PCT/1L03/00029 -Bin a

respirat orif @Hb@@ @H@W@iﬂ@l E7S10R O s@lgn@ﬂl@ldu@ s hodypar ﬁ@@cpréan@vamheone
Do o o6 S5l AT B, S ST BS RO O Y

int he regioRp 4! %o@vn‘f i€ Uép'i)tlfeanto a planar region of the chest or back skin of

individual 110. The transducers 105 may be applied to the subject by any means

15 known in the art, for example using an adhesive, suction, or fastening straps. Each

transducer 105 produces an analog voltage signal 115 indicative of pressure waves

arriving to the transducer. The analog signals 115 are digitized by a multichannel

analog to digital converter 120. The digital data signals P(x;?) 125, represent the

pressure wave at the location x: of the ith transducer (i= 1 to N) at time t. The data

20 signals 125 are input to a memory 130. Data input to 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 frequencies outside of the range of

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

25 components in the signal within a range of interest are analyzed.

An input device such as a computer keyboard 140 or mouse 145 is used to

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



involving at | east one of the signals P(x,, t) . s The average acoustic
energies are stored in the nenory 130 and may be displayed on a display
devi ce 158090057085 a CRT screen for diagnosis by a physi @CanLo3five29
processor 135 may al so performan automatic differential diagnosis by
conparing the function P to functions_gored in the nenory and known to be
to indicative of various disorders in the body region. Fig. 2 shows a fl ow

chart di agram for farrﬁi%tg Olft .th? net hod OE th i venti,é)n i n accordance
with one SRELEFSREAYLY PRAYT YTy Of fle siehAl £ Opk; Pertormg by Hsy BEOGEROF r om N
transducegﬁss?l ed at g;)&e]ggte‘frm ned locations xi for i froml to N _in a
region R hele BERFESIN f ICIeTNIBESH BN SHY 2GS PERABHGNEIZYa Ffr.v1pf29verdhe her

i nterval erage acoustic energy is displayed on
the display 150.for at |least .one value of x...ln step 23 it s determ ned
whet hey Sa. 1 unct i methes BESisuRieltet e Sifad i fht WOy 130 nd Tt bl I
yes, the gy ?e? LAt ATrdiSH] 186 suk : 5%1{3 s, It
wll al SOR%%B n erostoo(g%t ?igt&:vﬁg systsgmﬁaéc}g%rgﬁggs‘?gat&:ﬁ?i(ﬁ nts:&g%9n%y be
a suit abl yhgseggmmmed conputer. Likewi se, the invention contenplates a
conputer program being readable by a conputer for executing the nethod of
the invention. Thrhprocessenddanayalse @erfoontaangitemetic differentialedingzatitbby
menory tangi bly, 25 enbodyi ng.a program of instructions executabl e bé t he
5

machi ne f Gomep@ng: thegiungdon @t leotinstions starer, éh the mergseynnd snownory b&7037

PCT/ 1 L03/ Q0 29t.-9- The sy tea1 and mal%ﬁh d of the invention were used to
anal yzd®| G ShYHIRBIPA PR S5BUY TR i ndi vi dual . Fig. 3 shows

recording and angl ysijsovi aSHERALRarP\Bigrafh RS BAALS! YutPBRSRieBlodof the

%rﬁﬁh F dut
respiratory cyclé in an individual. ATwo-di nensi o%a?lu coordi nate system was
invention in accordance with one embodiment. In step 200 the signals P(xi,r) are

obtained from N transducers placed at predetermined locations x; for i from 1 to N
in a region R on the body surface. In step 205 values of ¢, and ¢, are either input to
15 the processor 135 using the input devices 140 or 145, or are determined by the
processor. In step 210, an average acoustic energy P(x,,¢2) is determined at least
one location x in the region R over the time interval ¢ to 7, In step 220 the
average acoustic energy is displayed on the display 150 for at least one value of x.
In step 230, it is determined whether a function P is to be determined over another
20 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
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
25 embodying a program of instructions executable by the machine for executing the

method of the invention.

Examples



5 defined on the individual's back. As shown in Fig. 3a, 48 transducers
were placed on the individual's back over the lungs at the | ocations

i ndi cat edwby3pbsm3Ti rcl es 300. The curves 305 show t he pr@sumee/®ot ours of
the lungs. As can be seen, the transducers were arranged in a regul ar
orthogonal lattice with a spacing between the transducers in the

hori zontal and vertical directions of 5 cm The sighals P(m t) 1o were

t hen recorded j i ry e I i cle (ti,and t2
are the begi n(rmﬁég Sg%tgn{eﬁgar%@%%gt P]\?retﬁé 18§£1%tﬂoé-f) .‘ﬁ%%?‘?%ﬁof‘i aBﬁlélgg)l.ov\‘:eéich

si gnal wase§pitdteryegact $oimds iat anaMdiRaRmlfil ter having a cut-off of 150Hz. The
average value of "'each filtered function P(xi,t) over the inspiratory phase
i s indicated inFigi §shGws bgcondiagsndahalysiayflsegmals erednrinspifat@gqthast o€he 300
with reference to the gray l.evel Sai,,alﬁ 310. .15 P(x,, tl, t2) was obtained
usi ng EqudEPRIFLopyL Py elRdiny oy ingiyiduali t A fwe-dimensiong egordmgleasYSM( BPswi t h

6=36 pi xel Fi . Pj . pixel aphi cal

represe tachﬁélﬁhon@Eeﬁah@a?gﬁjﬁgfxéés#?%{’%}%b@egr(a’ t‘lﬁg&?ﬁ@ﬁ??ﬁ?@?@pbﬂr‘fﬁge al so
i n ref er engethetifdividualsdack Ovel thedahg 1R 1dcatibREINAIARY W{hef&)?ﬂ&sm. ation
of the function P(x, tl, t2) showm in Fig. 3b, the contours of the lungs
and heart dhe cmasisl 305 Bhowlithe presamedl. cdritgurs bfstheviangs c disdéamgbandegnhbysi s
of signals over an expiratory phase of a respiratory cycle. As shown in
Fig. 4a, Asmsduerss yweearpaged i adsgulsh osthogonalilaitiga avitls apsnaringt betigesane

I [ , ' 9. . i ndj . .h LLcl .

405 show (e RSB B S A R el €4 ‘éﬁéih@%'ﬁ%?&%ﬁéﬁ?

405 _ . .

(11 andr 3/ Ged IR REBE e BHE ARy BUAE A RRAfe et® iR R )

Each  si gnpjgimifg fahhteelﬁq@sp&ﬁﬂ@lfyaoﬂ DWHRGSEatbry! IRk B4R Gighal WasOfifterefi 150
Hz. The average value of ‘each function P(xi, t) over the expiratory phase
i s indicatusthg B livgpassafibyr hawingsa ehit-gffagf 180y, sHagliameragé vehoh ofigache 400
wth ref erfelnce to the g%ay | eve|l scal.e WO 03/057037 PCT/11.03/00029 -10

410. P(x, filfered 3yncen difwal) A¥er the ingpiaiRrimbases IS(nglicated inFyigatphe meang. 3p

2o o 1 00 Ll o SRR A Cef RS o L
vol ume 1%haﬁgve,t1i z‘g') E\az&(f:a%u(?tgtiaﬁ%ed using Equations (1) and (2) above with the kernel g of
Equation (5) with =36 pixels. Fig. 3b shows a 512 pixel x 512 pixel graphical
representation of the function P(x,1,t2) over the inspiratory phase also in reference
to the gray level scale 310. In the graphical representation of the function
P(x,t,12) shown in Fig. 3b, the contours of the lungs and heart are easily
20 discernable.

Fig. 4 shows recording and analysis of signals over an expiratory phase of a
respiratory cycle. As shown in Fig. 4a, 48 transducers were placed on an
individual’s back at the same locations x; used in Fig. 3, as indicated by the circles
400. The curves 405 show the presumed contours of the individual’s lungs. The

25 signals P(xi,#) were then recorded over one expiratory phase of a breathing cycle
(¢, and ¢,are the beginning and end respectively of the expiratory phase). Each
signal was filtered using a low-pass filter having a cut-off of 150 Hz. The average
value of each function P(xi,¢)over the expiratory phase is indicated in Fig, 4a by

means of gray level shading of each circle 400 with reference to the gray level scale



energy between the inspiratory and expiratory phase of the respiratory
cycle. 5 Movies showi ng changes in the lungs during a respiratory cycle
wer e obtwDmaaswst ng t he met hod and system of the inventi ecT/1Gmelss 125
were obtained and divided into tinme segnents. Each segnent was anal yzed by
the nethod of the invention and an imgge was generated. The inages were

di spl ayed on the display device 150 in rapid succession so as to produce a

novie of the respiratory tract over_ 10 the respjrator cle.. Fig. ba
shows an AhBg8 (e, havascaiiningd gpipgthariions ?]a) %’6&1215@&’01’%&%1' %Q,é]powgggeai ned
over an entire regpiratory cycle in accordance with the invention, and Fig.

5b shows fumsitiest Ronay2obvenhthesenpiratoni phage also m @ferﬁn%&\éhelgraé’uké’éksi ve
i mges obtained over successive 0.4 3e4 time intervals durin

a .
r espi r at opsale yid0e Compasson ot Figs 3k aa § thenrolugs, dhagge égtaw@usﬂc

D1 T o o5 P bRbHCa PF Rt 3] <¥EhioR DA of i Ri¥Rual ofaél Ser; T aTee
i nspirafory phagéyigk %B?véﬁ%scgﬂaﬁgéso'iﬂ tﬁé’oﬁlﬁ%s king ar@@%&a@@ t9clblwere

(obtained at tines 1. sec) were obtained during the ekxpiratory

phase. Thebtasisliesing tled niethrgleandsdystem ofitHe mvestiamrBigealsl 125 vesre dbiained
succession on a display 20 device so as to create a novie of f@i

respi r at oppd Wivided dvtertime segpertatdach wpmeat Wﬁﬁeanab’éﬁgg’ﬁ ctge Frethod 9Edhg hown
in Fig. 6.sho conplete filling and .ensptying of the. (e e
respi r at of¥ Pén%};%n BV a gg&%@%ﬂegﬁieﬁmggﬁsegﬁehglsp %gggﬁaﬁgg dnrllsgiﬁl}hhavi ng
any space-fid.Li : i ki I ] i ¥r tract
o an | nacey e AP0 b FPIERRcecBn 56 B 1y PRRBLS IRIE o i RS g

respir gj otiye fpirgtorncpeleor dance with the invention, and Fig. 7b shows a

chest X-ray of the same individual. Fig. 8 shows 16 successive _if g?s
obt ai ned over dugcéssihowsoan imege tafnthe] espirgiarns gk oA eﬁ@bim@f’gﬁv cycl e

f the individpal. Each.f ts th ' . ded
oi gnal's odBiaed Dyrar P GaPIBIorE ccdh toporgmbe Bt TR et R
times 0.0 shaupul efdst WerS JONG3aeARdiCidtial ik 08/A0RZ9] subdessRieantieds duri ng
the inspiratory phase o he respiratory cycle&, while frames 07 to 16
(obt ai ned obtaihédrese? sdcdessive 0.4 e€) tiver mtabvhBi dethglarresygratdry epols odttbe y

Phase. Jheindividual. Each frame represents the processing of the recorded signals over a time
interval of 0.4 sec. Frames 01 to 05 (obtained at times 0.0 to 1.6 sec) were obtained
during the inspiratory phase of the respiratory cycle, while frames 06 to 11
(obtained at times 1.8 to 3.6 sec) were obtained during the expiratory phase. The
sequence of images shown in Fig. 6 can be displayed in succession on a display

20 device so as to create a movie of the respiratory tract over a respiratory cycle. The
sequence of images shown in Fig. 6 shows complete filling and emptying of the
lungs during the respiratory cycle, as would be expected in a healthy individual not
having any space-filling lesions.

Fig. 7a shows an image of the respiratory tract of an individual with pleural

5 effusion obtained over an entire respiratory cycle in accordance with the invention,
and Fig. 7b shows a chest X-ray of the same individual. Fig. 8 shows 16 successive
images obtained over successive 0.4 sec time intervals during a respiratory cycle of

the individual. Each frame represents the processing of the recorded signals over a

time interval of 0.4 sec. Frames 01 to 06 (obtained at times 0.0 to 2.0 sec) were



sequence of inmages shown in Fig. 8 can be displayed in succession on a
display device so as to create a novie of the respiratory tract over a
respiratowposgsioar In the 5 sequence of images shown in FiPgT/IBY3/doavg ti ssue
in the lower right lobe is not visualized indicating the absence of air
flowin the lower right lung, as woul d fje—~ expected in an individual having
a space-filling lesion as occurs in pleural effusion. Airflowin the upper

portion of .the ri,ght lung is also observed to be |npaired ~Fig. oWws an
Pmge or Crahtaingl sffhe g5 b aBri bR S b o WERkabRAT T 350 a ned
over an ent, T j 1 ;o iQnThpand

Fl o ab snonuERPUARS %Y AN &ie) WAL PHUARE Ayt i Pepird GNCPRLENTHS
successi veejragesod hageseshoowein Bige @esmi be displayedcint suceessivhesy al displayi ng a
respiratony cycle of the individual. The sequence of inmages shown 1n Fig.

10 can be deyiesimisd@ qrepts adaewsod HheiespirdiPBpiras oyey? eespyatony cydeclnghee a

i f the 15 i . i | e. h .f
Fepr esert SSEHERST Bt SB8EHG SV i e i ol e Sl Berloie el JBO e dllar o
0.4 sec. HKigBee0inlRals Ql@él?éfeﬁt@ﬂ ofbir fldWEA tHe QoWér ﬁ%ﬂt Ev\}%g% zéé"?x’o%k?l%a' ned

during the inspiratory phase o e respiratory cyc rames 07 to
16 (obtai rte%ealtedtih masndividuad hdviflg aephcesfitlngoletian s dedursiin @leurdlecféispir. at or y
phase. In the sequence of images shown in Fig. 10, lung tissue in the 20
| oner . | efAirflopein the wppespartian of the nigltileng 15@38(1 olscrtpsltade iBpaged. f1 ow in

the lower left _lung, as would be expected in an individual .hayin
space-filling |6 % éﬁlo%%caﬁlr image, of G nsRPRatony ek oL ﬂntlﬂgwﬁfﬁﬁé?wﬁgrti on
of the ] ef -1 S0 % t ; 0 : 29
PR L T i e A P e e
i ndi vi dual insenti@s pindaFigl 9btshawt acehrpt Ksiapaf thasamepihdividual yFigf 10l shows
transducers, each transducer configured to be fixed 5 on a surface of the
i ndi vi dual 1% weecaskizet ineages  ohtsiaed ayer sueesgsiver0-4 pecngng | nteyvals duringcat i on

ré Cgtn ?O%e)r(}%&%%& %ﬁ% 8P ﬁ}!e igﬁfé'ﬁduatl.)Tﬁens%lqﬁgrtléevo im%fgeg gheosvz?‘rlf{neFiV\g,'l{.jl Y62af et he

displayed in succession on a display device so as to create a movie of the

15 respiratory tract over a respiratory cycle. Each frame represents the processing of
the recorded signals over a time interval of 0.4 sec. Frames 01 to 06 (obtained at
times 0.0 to 2.0 sec) were obtained during the inspiratory phase of the respiratory
cycle, while frames 07 to 16 (obtained at times 2.4 to 4.0 sec) were obtained during
the expiratory phase. In the sequence of images shown in Fig. 10, lung tissue in the

20 lower .left lobe is not visualized indicating the absence of air flow in the lower left
lung, as would be expected in an individual having a space-filling lesion as occurs
in pneumonia. Airflow in the upper portion of the left lung is observed to be

normal.



(a) a processor configured to receive the signals P(x,,t) and determ ne an
average acoustic energy j 5(X, h, t2) at at |east one position x over a 10
time intewoaB/ofmema first time tl1 to a second tinme t2 , PChaLosgpodmt enni ned
in an algorithminvolving at | east one of the signals P(xi, t) . 2. The
system according to Claim1 further canprising a two-di nensional display
device. 15 3. The system according to Caim2 wherein the processor is
further configured to display a representation of the function P on the

di spl ay device. 4. The systemaccording to Claim1 wherein the processor is
further cddEAJMSd to conpare the average acoustic energy P to one or nore
predeterm ned functions P and determne a function P. from anong the
functions IP nogt sgitem dior tnalpzin@sdindIHe aty kastheapertiodi o an cinGivadwalZs
wherein the processor is further configured to nake a diagnosis based upon
t he det er FEFIEERPYHEIG SAMPEISINBRe syst em according to Claim 1 wherein the

average acoust ;@P enel ﬂ}éﬁa}il(tgr og?/%&%@h@%&%%&%ﬁlﬁ%@%ﬁ% lg dﬁtgxl l'%es fixed

determ ned at ocat using arg

expressizon: 12 25 Pl ol fuk@h=of R(bi¥ilGAL over 10 (06 73 TIPERALAQR 00029

-13 7. The system according to Claim 1 wherein the function P is determ ned
at one or nore | ocatdingdixedian adncatlogor;iankdrgeneratingsi signal( AYx: deindicativeng an
average acoustic energy P (x; , ti, t2) over atine _interval fromt, to t2
at a plurality of | regsise wiavest atithelosdiier s forsird t6 N;inddet er mi ni ng an

it er pol at fon df) ¢ heoqupe R Tinteg to Tepfive S SienalH Here A fad ikl gi ng
to Caim?7 wherein an average acoustic energy P(x1l, h, t2) is determ ned
over a time intervalanf¥euagd aqoysioengrey Hlnad)iat gt lepst Aerqssipn x over a
10 time interval from a first time # to a second time #,, P being
determined in an algorithm involving at least one of the signals
P(xi,t).
2. The system according to Claim 1 further comprising a two-dimensional
display device.
15 3. The system according to Claim 2 wherein the processor is further configured
to display a representation of the function P on the display device.
4. The system according to Claim 1 wherein the processor is further configured
to compare the average acoustic energy P to one or more predetermined functions
F and determine a function F, from among the functions ¥ most similar to P.
20 5. The system according to Claim 4 wherein the processor is further configured
to make a diagnosis based upon the determined function.
6. The system according to Claim 1 wherein the average acoustic energy
Pover a time interval from t; to tp is determined at a location x; of a transducer
using the algebraic expression:

)
25 ?(x,.,h, 1) = IPz (x,,t)dt.

1



xi of transducers using the algebraic expression: tz 10 P(xi,tl,t2)=
fP2(x;,t)dt. r2 9. The system according to Caim7 wherein an average

acousti c woas@yo3s determ ned at at

of the determined P (x; , tl, t2) using the algebraic expression: N

P(x,ti,t2) _ P(x1,ti,t2)g(x,x,,a) (2)—-18-where g(x, xi, a-) is a kernel

satisfying g ag = (3) a6 Ng(x, xi , a-) is approximately equal to 1.

10. The s
(X2 2 g(x, _ _ ) _ :
accordi ng 6&@&&91&%@% %E‘Hg{%‘?ﬁgfiﬁﬁéﬁfg’{k?&gom' gured to determ ne an

aver age acous

" act one- o noeRRRLRY I AGE B0 B R P8P b0 e, 15
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i'C energy over a p cessive tinme intervals,

The system accor di ngutepyfRdd 1o Y;%E\E} hitafiyofbORRPE X of ﬁaxfg?ﬁf:&@“e‘irf‘cﬁ to

sequential ly display on a display

ce a’representatrlon each

det er m ned avg@z‘ged%%ﬁﬁh drl GV ehioe é?ou%ﬁeg§&g% ?pgaﬁcz‘?)(r)%it 9 b9l m 1

wherein“t he pr
frequency bands,
the frequency

10

15

20

ssor 1's configure ach one or nore

(

8. The system according to Claim 7 wherein an average acoustic energy
B(x,,11,t2) is determined over a time interval from ¢, to ¢, at a plurality of locations

x; of transducers using the algebraic expression:

12
P(x,,t,1)= [P*(x,,0)dr.

t2

9. The system according to Claim 7 wherein an average acoustic energy is

determined at at least one location x by interpolation of the determined P(x,,#,12)

using the algebraic expression:
~ N ~
P(x,nt2) = ) P(x,,11,12)g(%,%,,0) 2)
i=1

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

2 5}
Vig=—t ©
(o}

N

Z g(x,x,,0) is approximately equal to 1. 4)

i=1
10. The system according to Claim 9 wherein g(x,v,0)is the kernel

1_ 1 2 <% —x? \/g 2
g(x’ xi ,O') = Exp — (u@j ° Exp — [(__I_.)_J . (5)
20 20

11. 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 involving at

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

| east one | ocation xPog/ILed/@pvol ati on

(a9t £y R ThAB e icterhdind PRETE ass filtering in



band; and (ab) determ ne an average acoustic energy function for the
frequency band based upon at |east one of the filtered signals. 10 14. The
syst em acworodiofy3t o Cl ai m 13 wherein the processor is confPCguLedonzy
di spl ay one or nore of the average acoustic energy functions determ ned for
a frequency band on a display device— 14~ A nethod for anal yzing sounds in
at least a portion of an individual's thorax, conprising: 15 (a) obtaining

N signal s Xi, | = . .S P(Xx;...t) being. indicativye of
pressure V\giv'es "I;}ie {3{%_@&* oa(%:: 8{)@3{% §<(§r E@%ﬁ{ gpgﬁﬁrél ethfBrPﬁ SO"?)%@PI‘&J e‘i K‘é
thorax; (bdeqaehtpdlly} MidiayPorAMeHRPRY2AOHES i€ rERREGatfor Yof &achr dbfimfHeddt

| east one position x over atine interval froma first tine t, to a second
time 20 t@&veragR atmusticemeagdyi n an al gorithminvol ving at | east one of the

signals. 16; The method according to C aim.215 further conprising displaying
a represeht-at ildw ystem aepordipgdo gmﬁhkméwmméhﬁpmwous. conﬁ@umigﬂ@od

accordi ng Clal 5 rther ¢ risi conparing the average acoustic
ener gy P t%‘?onﬁo&céboéo%rogg%?rgaﬁwgﬂcx ions P and 25 determning a
function Po fr mMRABjebN el $iBRATL P, 7 t80SdndSHAYs! &l : thod
according to C:qu?ﬁn 159ther ei ngfurgh’efﬁcorrprni s?ng ITB.rI gﬂlatﬂegﬁgéﬁ%s s based
upon t he detern ned bamigtndn. WO 03/ 057037 PCT/IL03/00029 -15 19. The

met hod according to Claim 15 wherein the average acoustic energy over a
time interval f(@hn tdetppning gisavsess arousticagnesey Senstionfoxtthe fireguenensducer

4509, e 2L 00D RLSEF80s ol R PR A £ Ot o e

10 14. The system according to Claim 13 wherein the processor is configured to

display one or more of the average acoustic energy functions determined for a
frequency band on a display device.

15. A method for analyzing sounds in at least a portion of an individual’s
thorax, comprising:

15 (a) obtaining N signals P(x:,#) for i=1 to N, the signal P(x;,f) being
indicative of pressure waves at the location x;; on a surface of the
body over the thorax;

(b) 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

20 t,, P determined in an algorithm involving at least one of the signals.
16. The method according to Claim 15 further comprising displaying a

representation of P on a two-dimensional surface.

17.  The method according to Claim 15 further comprising comparing the
average acoustic energy P to one or more predetermined functions F and
25 determining a function F, from among the functions 7 most similar to 7.

18. The method according to Claim 15 wherein further comprising making a

diagnosis based upon the determined function.



one or nore locations x in an algorithmconprising: (a) determning an
average acoustic energy P (xi, ti, t2) over atinme interval fromt, to t2
at a pl urwbiopsm87 | ocati ons x, of transducers; and (b) deceamnonzy an
average acoustic energy P (x, tl, t2) at at |least one 10 |ocation x by
interpolation of the determned P (x, £15-t2) 21. The nethod according to
Cl aim 20 wherein an average acoustic energy P (x, tl, t2) is determ ned

i i ] | ur.al i fl i f
oY onsduser yor e Honldd Pdoratrd do2oRil | $ wRicfiR shi YoBlage S8 Bodd | o1
ti 15 22. (Jdhe, RNk aRsd 19 £ & Etainiinid s 86&kidnah oﬁaﬁf@s&&m@g ﬁe

energy is determned at at |éast one location x by ifdterpolation o

det er m nediheRfiXebrhic.exprdssibnt Ng the al gebraic expression: N P(x,tl,t2)
P5(x1,tl,t2)g(Xx,x,,a) (2) 1=1 where g(x, xt , a) is a kernel satisfying 20
v2g=a6 (3) N g(x, xi, 6) is approximately equal to 1. (4) i=1 WD

03/ 057037 PCT/1L03/ 00029 -16 %JFhé%EﬁY(édl‘ cording to Claim22 wherein
g(x, X; , o-) is the kernel z 2i - 122 x, O VOg(x, xi, o") = Exp -
(x xi 20 Exp - (x 20_24. An jmage of a two-dinmensjonal representation of P
produced .t helhe method according fo Claim 15 wherein the function P is determined at

one or more locations x in an algorithm comprising:
(a) determining an average acoustic energy  P(x,,f1,f2) over a time
interval from ¢, to 7, at a plurality of locations x, of transducers; and
(b) determining an average acoustic energy P(x,f,f2)at at least one
10 location x by interpolation of the determined P(x,1,72) '
21. The method according to Claim 20 wherein an average acoustic energy

P(x,1,12) is determined over a time interval from f, to ¢,aat a plurality of locations

of transducers using the algebraic expression:

t2
F(xi ) = [P*(ab)dt

1
15 22. The method according to Claim 20 wherein an average acoustic energy is

determined at at least one location x by interpolation of the determined

P(x,1,12) using the algebraic expression:
~ N ~
P(x,t,12) = ) P(x,,11,12)g(¥,X,,0) (2)
i=]
where g(x,x,,0)is a kernel satisfying

o
20 vig=_2 ®)

N
> g(x,x,,0) is approximately equal to 1. 4)
=1



met hod of Caim116. 5 25. The nethod according to C aim 15 conprising
determ ning an average acoustic energy over a plurality of successive tine
i nt er val swo@aosroaver age acoustic energy bei ng deter m nedPa3iThes/@m9
algorithminvolving at | east one of the signals P(xi,t) further conprising
sequentially displaying on a display deMice a representation of each
determ ned average acoustic energy. 10 26. The nethod according to C aim 15

further c ri sng e ope AOf . e_frequen bands: , (a

subj ect i n%hei@g%‘%@%’(%&pﬁhgoﬂba 8“5222 Wﬁ’ﬂe i & ,-[xno{}ﬁse t}ligeiiﬂ%‘ﬁl:y
band; and (b) determ ni ?lan a )rz ge ac rGs;i the/nsg y function for the
frequency g&xbgg@ E e ipoh vat) | §ast _ é. of: ¥Re fliltered signals. 27. The
met hod accdrditig’to al m 264 urt her 2onpri shbpg di gpl aying on a display

device one or nore of the acousti¢ energy functions determ ned for a
f'requency di agnosi n

nd., 28. Use of the pethod of Claim2l5 fo a
respirat or%ﬁt r 41 lma§8r@§ta. %‘Q@d?@?nw?u@ér%%@?ﬁ? to @foélpﬁ‘?dl%%éh%i n the
di sor der ilieﬁl%ldebg{@l ihigm the group conprising at |east pleural effusion
and pneunoni a. 30. conmput er program conpri si ng conputer program code

nccording 1o OFal LS when S e B AR e\
conput er preoystagrerRrgy loaene luraligl ef suceBsivetinde edevalsa eacmpudrage aceatlabl e
medi um energy being determined using an algorithm involving at least one of the signals
P(x;t) further comprising sequentially displaying on a display device a
representation of each determined average acoustic energy.
10 26. The method according to Claim 15 further comprising, for each of one or
more frequency bands:
(a)  subjecting the signals P(x;t) to band pass filtering in the frequency
band; and
(b)  determining an average acoustic energy function for the frequency
15 band based upon at least one of the filtered signals.
27. The method according to Claim 26 further comprising displaying on a
display device one or more of the acoustic energy functions determined for a
frequency band.
28.  Use of the method of Claim 15 for diagnosing a respiratory tract disorder.
20 29. The use according to Claim 1 wherein the disorder is selected from the
group comprising at least pleural effusion and pneumonia.
30. A computer program comprising computer program code means for
performing the steps of determining an average acoustic energy according to
Claim 15 when said program is run on a computer.
25 31. A computer program as claimed in Claim 30 embodied on a computer

readable medium.



