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METHOD AND SYSTEM FOR ANALYSI NG RESPI RATORY TRACT AIR
FLOW FI ELD OF THE | NVENTION This invention relates to

worr@soad7ogdevi ces and net hods and nore speci fi cedT/1,2065000145

such devices and nethods for analyzing respiratory
tract function. BACKGROUND OF THE | NVENTI ON Spironetry
is a comon test of respiratory function that involves
nmeasuring the total volunme of air inhaled into the
| ungs over a respiratory cycle. A spironetry test is
usual l'y carried out by having a subject inhale air
t hrough a tube connected to an air flow neter that
measur ey ETHODWNDES YSTEM FOR'AN AL YSING RESPIRATORY
respiration systemduring the inspiration phase of the
respiratory cycle. At TRACIeAMRIELOIN of the
i nspi rati on phase, the subject exhal es through the
tube and the flow rate of air exhal ed during the
expiration phase is neasured. A curve is then
generated show ng the air flow as a function of tine.
The curve is analyzed to obtain one or nore

Ny f the subject that are used to
F;ss sséﬁgrgm?z@{g(?l\ﬂgys obstruction. For exanpl e,
t he -.ca {0 expi . ' ondi
(Fevilis o iitiohe iRt Rl  YALEF A HRENSASCRA more
JPRITBAITY efcf Rich deQ1eS aBd PhéthbES For\ﬂnhﬂlzi&%ﬂﬁ&ﬁirhwry tract function.
maneuver started fromtotal |ung capacity. FEV1 is a
wel | characterized test of respiratory function and

1 - - - d - d d |
BACKOR OBV ION, s, 0
2l B U Rl 9 A0SRyl B o

Ak £SUPIBOME T0fal vBlUI® bE&ir ifh&led ShtoCtheafgs bverod ﬁ&?irhﬂ)ry cycle.
record respiratory tract sounds at a plurality o

Acpabnmty test ishesuatlghycasnied ave by hasingPatsehjechppiale airi through a
No 10/338, 742 pubpl jshed on_January 9,200Q3, and having )
tuhe cpRRGLehic whaRIAE MALE habTeatlios s HpWapisselag inhled into

RSy g B B3R PO oE PSR e
tgr@g%rggglgg&? gﬁ” thel HRpIr8G6H PRsseS WSt A haled tBrough the tube and
the flow rate of air exhaled during the expiration phase is measured. A curve is
then generated showing the air flow as a function of time. The curve is analyzed
to obtain one or more respiratory parameters of the subject that are used to assess.
intrathorax airways obstruction. For example, the so-called “forced expiratory
volume in one second” (FEV)) is obtained in a test performed during a maximum
effort force expiratory vital capacity maneuver started from total lung capacity.
FEV, is a well characterized test of respiratory function and provides useful
information in diseased and normal states. In chronic obstructive pulmonary
disease, the level of FEV, is used to grade the severity of the obstruction.

It is known to attach a plurality of microphones to a subject’s chest or

back in order to record respiratory tract sounds at a plurality of locations on the

body surface. U.S. Patent Application No 10/338,742 published on Jahuary 9,
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determ ne an average acoustical energy P(x,t,,t 2) at
a plurality of locations x on the body surface over a

wo 2ows/ofatderval fromt to t2. SUWARY OF THE | NEMNIl20#8/000145

The present invention is based on the finding that the
average acoustic energy over a_hegion of an

i ndi vidual's back or chest or during a tinme interval

rgmt . to 12, c e correl ate i t i law in
1003 hieme i icalnh Ninhg VARG ARR digiinea method

: during . . , ; CLpoi o

fgg%'lggthr N \}IteaE |o¥1rh§)f%d\)/| es&g&%tggh d af girﬁr%lg?céf 21!?1 iErnoé) hones
aAfixéd o hlsabjdctrsHack @rchest. Mhetrecsrded satind Bitindlstaré| précessed to
respiratory tract. The portion of the respiratory
detéraiineay dveragecacouxidndleacrgynB(d, gt ¢,) ait arplghility wfigocadions x on
a single lobe within one of the lungs. |In accordance
the bbdy bufaaspeata tinetintervalfeorhitpto t,a plural ity of

m crophones is fixed onto a subject's back or chest

over the portion of the respiratory tract, and

respiratory tract sounds are recorded fromthe region

over atime interval fromto tot i . An average
SIGMMIAR Y| OFEH®/ INVENEBI®ONe subinterval is determ ned

at a plurality of locations x in the region. The total

aver age acoustical energy, sumred over the | ocations x

is thEe prisenl atveatiohtid Bdded ainr fHeofindingt that plé taveragefacoustic
the respiratory tract. Correlating the total acoustic
encegyyPved alregion off arf lindivicaal sébadkna, cliast oexiampigea time interval

ada sy B SRATEIAGHDYG A (oM o ARy BRFIG of the fespiratory
L cul that | it f. 1. .
RATHBSEE PyEBPl, b Wl SORRRL D T g bt e

iAVEATE RISl Rt fRakRiI1fing e alr RV iRtaPle4st a portion of an
cycle. The airflow during each subi nterval obtained by

ihtiideed] isorkspiratome travv.erifhe portioay ob¢helirespimyery tracttiney be, for
formof a graph of the airflow as a function of tine
exaale, 'Fb@sfqﬁfF &t dightclpsige or thsingle dabe onithin epg of the lungs. In

' | t of. th i r at . t . :
et BRRe O Toan skt O S0F T <PREn Brgirauly B tmiseanbgpes s fixed
. ; ) . L rat . e
TS QU0 RN DERMER Ok MRl SEGE Kdipopry . nd
rebpiBatbsy tr@ctasounds are recorded from the region over a time interval from t,

to t;. An average acoustical energy during the subinterval is determined at a
plurality of locations x in the region. The total average acoustical energy,
summed over the locations x is then correlated with the airflow in the portion of
the respiratory tract. Correlating the total acoustic energy with the airflow may be
done, for example, using previously determined calibration curves. In a presently
preferred embodiment, an airflow is calculated that is equal to the logarithm of
the total acoustic energy. The process may then be repeated during the

expiratory phase of the respiratory cycle.
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time t to produce a total volune of air that has

flowed into the airways fromtine tO to t. The airflow
w@roos/ot47p® t rmay be plotted as a function of ther/1@ved 000145

volune of air that has flowed into the airways fromtO

to time t, to produce a spironegry curve for

i nspiration. The process may then be repeated for the

D S 5 STRMER Rl S s o e
LS, P10 R38R PPl BEPLFADE fncion o

tifle dveL al &@_;gieéto?y loelé. SThé anentivardllowidrddiénalGisbéssmeat of the
the respiratory tract. In its second aspect, the

respieatonyotragmpeviotemnee.syst em for determining airflow in
a portion, ﬁf a respiratory_tract conprigsi

I.n . .
pr oc etorirllewringhe é@pgsasoeeﬁgmpﬁé)fan%tdarlngégﬁ dpspiratory phase

FOFE ih BpColBRL Raft uB ROCHiGE PO BEhald bl ijmsto to 2
i t RRAVSANES o totANSimE f ARABREAAoWEE ihfoUAB birdy8 TEom time

to seehow it may be carried out in practice, a
tptet.crhiecairfBowadiantime tuhky baglotbes akes Cundimm, ofbthevatal ¥blume of
nonlimting exanple only, with reference to the ,

ae thatdasyiloyed inlg hgsairwaysafioah o 1o imer t.sieoprodice pssparametry

b B R bR 50 B b oSG TRRES phase
Jf*tﬁ@’r%"i‘faﬁorﬁicgﬂe@mfor carrying out the nmethod of the
c

I nventron | cordance with one enbodi nent of the

i nverThud)in #3cfirst @spedd thbdnsertichpprovidds’ ¥ neathyd férodetermining
both I ungs of an individual, and Fig. 3b shows a ]
aixflow i arportion wf af igspiratery trgeft camprisipE HatarEmning a total acoustic

DESCR] PTI ON OF .THE .I NVENTI ON Fi.g. shows stem
GEFBY 1 # JFRINRIPEADOGY BYTEED O 1y A PO SLF revgtajory tract

L L IR o PR S K e

AR lihtay peftioN 8PHNEspifADSAHEET CorkPhisingfa WrodeBsdrottnfigured to
are shown, are applied to"a planar region of the chest
duterinsiok askotal afoustidi enedgylin 1l Gegidheof a body surface overlying the

portion of the respiratory tract.

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 analyzing respiratory tract airflow in accordance
with one embodiment of the invention;

Fig. 2 shows a flow chart diagram for carrying out the method of the
invention in accordance with one embodiment of the invention; and

Fig. 3a shows a spirometry curve for both lungs of an individual, and Fig.

3b shows a spirometry curve for the right lung.



10

15

20

25

transducers 105 may be applied to the subject by any
means known in the art, for exanple using an adhesive,
wWGeuDs0DIT99 or fasteni ng straps. Each transducerpdOB.2005/000145
produces an anal og voltage signal 115 indicative of
pressure waves arriving to the_yransducer. The system
100 is used to obtain acoustic signals 115 over a tine

BRSSn RS i TR AR BN AGAS 12 S
B RN I T SN —

el PR o arsh oyl o iy B BbGaimen
JTaARivehaBn anepReARS DEN BourRl RarRa8sEo10336f wAlth! fOuf 8& shown,
to process the data signals 125. The signals 125 may

dre apphied sedh planfi ragion of the chesieort badkaskinff mdipiduedi 9. The
out si de qf _the range_of respi ratogy sounds, for

teanafpeess 105 pnayt be aRPkbta BRIk RY a8 means pwa iy the art, for

Each,signal 125.may al sq. be supj t nd pass

RS PRI A R Sl oM Rb@hlnd BaPL FRER° ppasguger 108

[rolfEeenCinall oY GoRsTe AbRaINNS! MR vEOf gf&gﬁredew&%ﬁvﬁ@ to the

as a conputer  keyboard 140 or nouse 145 Is used to

traipdiicere Tae asybtennflO0NBt usad toebbaim@gcoustichsigaalaniIfabvana time

such as personal details of the individual 110. The

intepval fanitcte thaGherapalopsignials Udeate digitingdiby & multichannel analog

subdi vision of the time interval to to tminto

toudigitakb conyertarol2¢.j , The digital data spgnadsy Fp;v91 Y1251 mepresent the

times t2,. . .tmi _ may be determ ned automatically by .

nressupe wewre gbthelgeations ofithe ih deansdussr gist koD @t tige t- "The data
acoustjc ene

S L5 S phh & morgiy 130 Dekeisbitbla e Tpmary 130 are accessed

. I . . . . .
B et 185 QEBRURTTY plehch o L AR 135 FHE 1125 ey
Y géRsiSedd BY URltdringe B6th PRt & havink Ofr &flienBick NsutsiBeWIYthd 3ange of
and may be displayed on a display device 150 such as a

respirataryesourfdsy foli exaroples vilyratioqhdee ¢o anoWémendr of ¢iss oxdividual.
is also_configured to integrate the functions P(x, t ,
Eachsignaljl2f masplse bersybiect fo kand pasg filigringse tflqﬁ(orﬁy £omponents

A+ J ) [ i
l:rll tﬂg sfgﬂalovrw i d r%ngg bfidlerst a2t g}lal%eodet e X

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 a subdivision of
the time interval ty to t, into subintervals tg, t;, tp,...tn. Alternatively, the times

t5,...tm.1 may be determined automatically by the processor 13S. The processor 135

determines an average acoustic energy ?(x,ti ,t,,,) over each subinterval from ti to

ti+1, i=0 to m-1 at a plurality of locationsx in the region in a calculation involving at
least one of the signals P(x;,t).

The average acoustic energies are stored in the memory 130 and may be
displayed on a display device 150 such as a CRT screen for diagnosis by a

physician.
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energy in the region of the respiratory tract during
the interval fromtj tot +1. A previously obtained

w@ 20050749 on curve i s then used by the processPCT/AIR005/000145

determ ne fromthe cal cul ated acoustic energy, an air
flowrate into (during inspiratqery phase) or out of

(during the expiratory phase) the region. A

calibration curve is preferably used, previously

obt ai Tiedprobedosishil@ctonfpuredtosintagrate thdhAmations P¢kjtcst,,) with
(gender, height, weight and age), as the individua

110. . The processor.is WIp opfigured to.integrate the .
cpsiRct F s Lo CIGHIES 2 PRtk By e Grde? s BeBihY Eogh eoustic
, iin order to obtained the total volume of air that

éfﬁr%% {rPWRArdgiort BE 1 FePwatdry Act Aufing the fiffer@Adhork t; to ). A

1 to m” The proceSsor 1s also configured to
piesipusly abtainbé cdlibpatian aeve de thensysedde thiey processor whi determine
is a plot of the flowrate , (¢ +i) , during the X
fromehe saicalatad acousti PREIZAANAIF (AT Tadhinde (dyrang mspietory phase)

SRS PSP sl ARS8 e
AP 0T St SRR BB e,

Heghitc Meight aBll Aga), iagube thdividder B10. THehrobesdyr fsegli®@bonfigured to
Fig. 2 shows a flow chart diagramfor carrying out the

nmet hod of the ingentjon in accordance with ~
iateigeate thenfunctions S;P(zf@a the withraspecPloime) 2& P(x,t;,t,,1), in
obtai ned from N txansducers placed at predetterr ned’
locations Xj for i fromlto Nin a region R on an
arden toi ahiained thenetal velurpekair that hegfloped in fee pirversieom to to t,
35 rﬁtég_rm es an average acoustic energy P(X t 1+1)
gqc RUL 4P At erval fromtj to tj+i , i=0 to m1 at

a pl !ﬂrgce%mj G .aeflégoo ;b?)nfigi%étdt he dig;?.hf EOIB ﬂ'hgngisglay device a

cal cul'atifon 1 nvolvin one e sig

P(x,,t).In step, 210, the processor int h )
pirestetyn supexwhich is @ plot pf\the rﬂ%srs@cg%(’giv}ti@ L fluing the
n order to obtain acoustic energy in thé& airways

during the t

interval from t; to t,,; as a function of the volume ZZP (X,t;,t;,;1) during the

t, X
same time interval.

The processor 135 may also perform an automatic differential diagnosis by
comparing the spirometry curve to standard spirometry curves functions stored in
the memory and known to be indicative of various disorders in the body region.

Fig. 2 shows a flow chart diagram for carrying out the method of the
invention in accordance with one embodiment. In step 200 the signals P(x;,t) are
obtained from N transducers placed at predetermined locations X; for i from [ to N

in a region R on an individual’s chest or back. In step 205 the processor 135

determines an average acoustic energy P(X,t;,t;,;) over each subinterval from t; to

ti+1, i=0 to m-1 at a plurality of locations Xx; in the region R in a calculation

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



Xinterval fromt; to tj+1l. In step 212 the processor

obtains a flowrate of air in the region R of the
w@pood@ys9d rom a calibration curve. In step 215pCT/e2005/000145

processor integrates the functions - x " i' i+i or m

ear wrates wimrespect to tigme, i" +i) , in order

to obtain the total volune of air that has flowed into

or tn X out of the region Rfromto to tk, for each k

f r omIh step 210,Ithe ptaxessd? Gnteptatespthe desamms dP ©pit gy 5, Jowith respect

the display device a spironetry curve which is a plot

of tRepairy f oy .Iat a funct i
i B Taic i e ordseto qtfain dogupeyederiy T oS Hlring the
under'st ood that the system according to the invention

ifRvAlEfrémSt kd 8. Yn REpUR BINRS pEoveRst @btaihé KeNbw eratel Bfair in the
i nvention contenplates a conmputer program being

regraaBl of ihe aaiovagsufrem faocalibreidon icugve. hla steph215,othet processor
i nvention. The invention further contenplates a

5 ergmtesetﬂe%%@b& rﬁ(wtt, gyy B yheexP b RePwRhAIERLE to time,

nstructions exXgcutab t he machi ne
executing the nethod of the i nventi on. Exarrpl es A
ality of 20 sound transducers were applied to an
% \B(@ubih t,5) bacérder & olgtainithe otgl vdlank dfraanthdthes flowed into or
pr oduced an anal og voltage signal indicative of
pressure waves arriving to the transducer over

qu ppitherragign Bylzom, to th&. é@fe@a@b ksfrgial & wede stqum eqiprocessor
| | i tal
Selfvion i SSURE Hene? aBRiroelty Hububifh ¥ iy of S pis fow rate

wave at the | ocation X of the ith tgansducer at tinme

Oe N PR BB R I SR PR Rl o
réspiratory sounds.
10 It will also be understood that the system according to the invention may be

a suitably programmed computer. Likewise, the invention contemplates a computer
program being readable by a computer for executing the method of the invention.
The invention further contemplates a machine-readable memory tangibly
embodying a program of instructions executable by the machine for executing the

15 method of the invention.

Examples
A plurality of 20 sound transducers were applied to an individual’s back
over each lung. Each transducer produced an analog voltage signal indicative of
20 pressure waves arriving to the transducer over a respiratory cycle. The analog
signals were digitized by a multichannel analog to digital converter. The digital
data signals P(x;t), represent the pressure wave at the location Xx; of the ith
transducer at time t. The data signals were denoised by filtering components
having frequencies outside of the range of respiratory sounds.
25 The respiratory cycle was divided into 0.1 sec subintervals and the

subintervals were classified as belonging to either the inspiratory or the expiratory



The respiratory cycle was divided into 0.1 sec
subintervals and the subintervals were classified as
whedosngi7og to either the inspiratory or the  PCT/IL2005/000145
expi ratoryphase of the respiratory cycle. An average
acoustic energy was calculated R(x,t,,t 1+1) over each
subi nt erval [tj tj+i ] at a plurality of | ocations x

Qver fromthe signals P(X , t For each

M, O g (TGNREBRe PER- TAM, SuFpEhekbubli cgieubocran lculated
respect to x , (c | 5t 1+1 in order tQ obtain a total
B(x,ftt,éwl) over reach @nglmwahﬁn tthel atna hurality)of lagatiens xover each
tj+ . The integrals - (c, , t 1+1) we re then

lnpg EpmathssignalhPeethect to X time, +i) , in order to

obtain a function that can be correlated with the
t ot al Foradadhmbuny, the furictiahs X, ¥, Qe d wene integratedt with respect to X
each |ung during the inspiratory and the expiratory

s RGEIH by HATA S b R 0 merva

were cal cul ated and plotted as a function of tlms

during the respirato order_to obtaln

fEQmrto gﬁetmy Tberm@graihzgg’ﬁﬁ Lia) VAR GREN infegraged with respect to
Fig. 3a shows a spirorfretry curve for both [ungs. The
portion of the curve correspondl ng to the expi ratory

tﬁ'g?,l g:aﬁ(@ig}(.lr,g ngr at g(i tt lt%p'ats ﬂgllcﬁ slgatabo % & correlated with

corre%pondlng to the expiratory phase of the

thEe St d}ﬁmecy&ﬁ 8irl thaP'Hak LIRS ALY bPSuUPYT &RAt Ring during the

axis. The volune values In the vertical axis may pDe

inspirabt ad thy axpira®rs @hawmégpycﬁ@dlﬁ fodmtthe onbdeti ofi e phase to a
obt ai ned from a mechani cal spironeter. a%@le shows a

10 wgpiablenimeyti.c hhe dogasithmhef thiesmintegraly. wareecalasilate apd pletted as a
th tical b | at.ed b .
iifeticiel Fite e TR ately Sl JUELi ORI bipigometry curve.

c 0

TRETAHE e GERAPIFLE, 2020 02 SO o ot unes

TIRS PoritihOsf/the 'cifve eORFBSPontiig etherdRpiriattdty ?;hh@é af the respiratory

acoustic energy in a region of a body surface

cycle is plotted above the horizontal axis. The portion of the curve corresponding to
15 the expiratory phase of the respiratory cycle is plotted below the horizontal axis.

The volume values in the vertical axis may be correlated by using spirometry data

of the individual obtained from a mechanical spirometer. Fig. 3b shows a

spirometry curve for the right lung. The volume values in the vertical axis may be

correlated by using spirometry data of the individual obtained from a mechanical

20 spirometer on both lungs.
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overlying the portion of the respiratory tract. 2. The
nmet hod according to Caim1 wherein the total acoustic

wenwsgy479s determ ned in a process conpri sing: PECEIL2005/000145

obtaining signals P(X ,t) fromN transducers placed at
predeterm ned | ocations Xlfor igfromi1to Nin the

regi on of the body surface; (b) determ ning an average
acoustic energy P(x, t ,, t 1+, ) over one or nore

time intervals ti totj+i , at a plurality of
¢paaMens x in the region in a calculation invol ving

at |l east one of the signals P(x,,t) and (c)
1.nt eoA afneflpdt ier duremiving &efowt in Bl pditiow tof & aepsiedtory tract
tox, 1 (xt , ,1141) in X order to obtain_an airflow
domprising etgtermioing agowddeoustic kaengynin Rriegiapapt.a Body surface
The net hod according to. Claim2 further conprising
quetlyinsathenpriing of thicrespialork act. ¢ 14+1) with respect

o ti t 2t Jit i Dt gi.n t . .
Fot unipmeaiod aghrtid o RIS i@ ol il encrey is

defernfiféd §R& préceks eompristhgn 4. The net hod according to
Claim3 further conprising displaying on a display

(dpvi asbtainpigotsigrfals R(xf,t)ofronat¥ #ianjdumsrsa placedt abrpredetermined
the volunme X 5. The method_ accordi ng to Claiml,

lopasianis ir; fave framyl snNiis the mgien ef thabgdpsuacesbe of a

lung. 6. The nmethod according to Qaim1 further
(bYnprdesémgnimg| anudvatragegacaustigendrin M (of t,aty, dcovestonear more time
energy. 7. A systemfor determning airflowin a

iptervaloti tof;. g at & phiralityarfilotatimat xdo the fegiongina aladatieoinvolving
configured to determne a total acoustic energy in a

at defisbonaof thetsignalssRpg.Baadover | yi ng the portion of the
respiratory tract. 8. The systemaccording to Qaim?7

(eher ghfeotdimel Bk Hindtiony RS t §0eNIWvitls redpearnaxned P(x.4;.t,,,) in
process conpri si ng: "

order to obtain an airflow in the region during each of the time intervals.

3. The method according to Claim 2 further comprising integrating the

functions ZP(X,tptm) with respect to time, 2.2 P(X,t;t,;) in order to
x 1, x

obtain a total volume of air that has flowed in the region from t; to t;, for each k

from 1 to m.

4. The method according to Claim 3 further comprising displaying on a display

device a plot of the flow rate ZP(X,tntm) as a function of the volume

ty N
ZZP(Xati:tm).
t, X

5. The method according to Claim 1, wherein the region is a single lung or a
lobe of a lung,. '
6. The method according to Claim 1 further comprising calculating a

logarithm of an acoustical energy.
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(a) obtaining signals P(xj,t) fromN transducers
pl aced at predeterm ned locations x, for i froml1lto N
w0 moshei79egi on of the body surface; (b) deter mP@i/mgo@mo0i45s
aver age acoustic energy P(x,t, ,t 1+1) over one or
nore time intervals ti to t;+1_gat a plurality of
| ocations x in the region in a calculation involving

t least one of the signals P(x;,t) and.(c) .
nt eqhaty g i PRRERIEAE Sriow i 2 BP of, o dsseipatppy  tract
e + (0] n r N 3
ot P OEHED, DU AT ity n
1R¥FIneol 2668y Slirfitet svedlydngnthz péttibgiof thdeespirawes sract.i S
further configured to integrate the functions ,t 1+1) ]
&i t h TFles ppstemt acadrdimg tol ClaimH7 Whereinothgetotaloaghistic renergy is
ot al. égl une of air that has flowed in the region from

chergnipgd in g Pracesy CRMPFISHAZIt 0 m 10, The system
cordi,ng.to i f 1r 0 L 8] [ l,a ' .
RO aHpRing SRR SR, L RO MR RlRE AR HE¥dEmined
' i . i: ' .the fl ow
1§gftﬁfear§¥<{, % i Horh PRy { lﬁ%@yeg@?yo ?ﬁglefbolﬁg %rfgéeﬂ i

, ) as a function VO
& o Befiiging niefise Soliks I8 T% hng-Q @ e ornore time
FRSPIEITIES CFLT B GEgh BERET S ot
4"1€sB¥ne of the signals P(x;,t) and
(c)  integrating the functions IND(X,'Ci ,t.,;) with respect to x, Zf)(xati i) in

order to obtain an airflow in the region during each of the time intervals.
9. The system according to Claim § wherein the processor is further configured
t
to integrate the functions ZIN)(Xsti »t:.1) with respect to time, Z Y Pkt t;,)
X ty X

in order to obtain a total volume of air that has flowed in the region from t; to t, for
each k from 1 to m.

10.  The system according to Claim 9 further comprising display device and
wherein the processor is further configured to displaying on the display device a

plot of the flow rate ZP (X,t;5t;;) as a function of the volume

t. ~
ZZP(X,ti,tm)'
t, X

11.  The system according to Claim 1, wherein the region is a single lung or a
lobe of a lung.
12. The system according to Claim 7 wherein the processor is further

configured to calculate a logarithm of an acoustical energy.



