WD 2005/ 074799 PCTI 1L20051000145 -1 METHOD AND SYSTEM FOR ANALYSI NG

"RESPI RATORY TRACT AIR FLOW FI ELD OF THE I NVENTION This invention relates to
nmedi cal devices and net hods and nore specifically, to such devices and

met hods for anal yzing respiratory tract function. BACKGROUND OF THE

| NVENTI ON SW%OP%‘H‘HS’ y is a comon test of respiratory fEBREARIH/OMRYE

I nvol ves neasuring the total volune of air inhaled into the lungs over a
respiratory cycle. A spironetry test is uslbally carried out by having a
subj ect inhale air through a tube connected to an air flow neter that
measures the flowrate of air inhaled into the respiration system during
the inspiration phase of the respiratory cycle. At 10 the term nation of the
i nspiration phase, the subject exhales through the tube and the flowrate

of air exhal ed duri | \ i . ' t hen
generated show ng tMEﬁOWM§Y§T@ﬁ?§§WW¢%§ng§¢§YwaI yzed
to obtain one or nore respiratory TRAETEAR FIOW he subject that are used to
assess. intrathorax airways obstruction. For exanple, the so-called "forced
expiratory 15 volume in one second” (FEV1) is obtained in a test perforned
during a maxi num effort force expiratory vital capacity maneuver started
fromtotal lung capacity. FEVI is a well characterized test of respiratory
function and provides useful information in diseased and nornmal states. In

chronic obstr [ | se, the level of FEVI is used to grade
t he severi tyﬂémg)lgmggmﬁé It is known to attach a plurality of
m crophones to a | 8¢t S:.ch r..b . r r i ry
tract sounds at aﬁg'?éurlgf'?r?i/o(hoﬁgfagegatt?oﬁ%hghpt(ﬁerevg&{goégdsur?gdgies. %BBS. gtent

Appl i cation NaedificaARS td ductpddlli¢cshad rmdthddyforaalyzingPesHiExtor A4atd Bunction.
PCT/ 1 L20051000145 -2 2003, and having the Publication Nunber US

2003- 0139679 di scl oses a net hod
BACKGROUND OF THE INVENTION

5 Spirometry is a common test of respiratory function that involves

measuring the total volume of air inhaled into the lungs over a respiratory cycle.

A spirometry test is usually carried out by having a subject inhale air through a

tube connected to an air flow meter that measures the flow rate of air inhaled into

the respiration system during the inspiration phase of the respiratory cycle. At

10 the termination of the inspiration phase, the subject exhales through 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

15 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.

20 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 January 9,



for analyzing respiratory tract sounds detected by a plurality of

»m crophones affixed to a subject's back or chest. The recorded sound
signals are processed to determ ne an average acoustical energy P(x,t"t2)
at a plurality of locations x on 5 the body surface over a tine interval
fromt2 to WOWEMMBRY OF THE | NVENTI ON The present inveRETHR59M43ed on
the finding that the average acoustic energy over a region of an

i ndi vidual's back or chest or during a tim2é¢nterval 10 fromt, to t2, can
be correlated with the air flowin the portion of the respiratory tract
under | yi ng t hgo3 emidahvig tHedPdB1Ration Mumber €78/ 3003-0139679 distloses a fiethads pect
the invention provides a nethod for calculating an air flowin at |east a
portion of afior amalyzinguwebpisatorys practasanngs tdetested Phica phuralityh obmicraphones
respiratory tract, nma e, r .example,.the left or .right |un or si ngl e
| obe wi thin aﬂ@‘e&rtot%%l%d%ﬁ%jé&ackmffggﬁc&? %ﬁ&%mqwdt%ﬁ?ﬁ%%égf’cﬁﬁef e

I nvention, a urality of mcrophon ' | xe | ! ck or
chest over tﬁgiegg}n[ei a%qag%%coygg%l r%g?ﬂg? yﬁ(%(;&a’g%), thénﬁhﬁ?lztgg#ﬁg‘%%rﬁ?p? rdéct
sounds arecr ens ty] interval fromto to tl. An
aver age acgu??‘ﬂg:a é‘frﬁf;ar%g]fbg‘ﬁ??‘ﬁ% ltﬁé&gﬁgnﬁ%lé?\ﬁl Is determned at a
plurality of locations x in the region. The total average acoustical energy,
20 sumed over the locations x is then correlated with the airflowin the
portion of the respiratory tract. Correlating the total acoustic energy
with the airgGitiMARY OF THE INVENEIONP! €, using previously determn ned
calibration curves. In a presently preferred enbodinent, an airflowis
calculated that is equal to the logarithmof the total acoustic energy. The
process may then hfer5RQat 8hvaiton s Bal&l oR Xhe fRdiRg What BBaSRrdpe ddofstic
respiratory cycle. 2005/ 074799 PCT/11.2005/000145 -3 The airflow during
each subi nt erenedgyoitenianeegiday of he individudl’obackher chesteort dwring adimé éntekivabl ayed

in the formaof a graph of the airflow as a function of , ti over, a
respi rat ony dam & torhecambe gorr ﬁteéwmer@gﬂewam &@%@% r‘i‘lrtIE thy respigatory
respiratory ttfa%?hnc?e?f)fit?é R fezion during that time interval. Thus, in its first aspect the

invention provides a method for calculating an air flow in at least a portion of an

individual’s respiratory tract. The portion of the respiratory tract may be, for
example, the left or right lung, or a single lobe within one of the lungs. In
15 accordance with this aspect of the invention, a plurality of microphones is fixed
onto a subject’s back or chest over the portion of the respiratory tract, and
respiratory tract sounds 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,
20 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

25 expiratory phase of the respiratory cycle.



5 The airflowin the lungs as a function of tinme during the inspiratory

- phase obtained in accordance with the invention may be integrated froma
time totoa timet to produce a total volunme of air that has flowed into
the airways fromtine to tot. The airflowat atinet nay be plotted as a
functi on of WOPEOYBERP vol ume of air that has flowed int BCHH20EY0004ys from
toto tine t, to produce a spironetry 10 curve for inspiration. The process
may then be repeated for the expiratory phdkse of the respiratory cycle.
Thus, in its first aspect, the invention provides a nethod for determ ning
airflowin a portTRe ffflew' &g abl Ysubimeivalc obRiihéd Y ded ehethod neF ahd ot al
acoustic energy in a region of a body surface overlying the portion of the
respiratory imveotionrgay be idisplayeddin thex f a graph jofi thehairidew ms @ funetsormof y st em
for determ ni.n airflowin a rtiqn of a.respirator, tlract conpri.si ng a
processor coﬂfl}qbﬂYeécP {%plra@{}épg? fie -Qlet'é’tvﬁli’ “H’cﬁﬁ%‘?’? Ee%ﬁ’é? g%?S?%%“%?gf)QS% of a
body surface ' Lon of the respiratory tract. BRI EF

DESCRI PTI ON E@ﬁ‘?@%ﬁ%ﬁ@%ﬁ% order to understand the invention and to
see how it5nmay beTheairflew mtthe lngspsacfunciion af fimefduringcthe niispdriaterytphasd | now

be described, by way of non- limting exanple only, with reference to the
acconpanyi ng obtasddnigsaccprdanpe prith thegnventiondnay he diegeated FonhadinG folg 2

respiratory tract, airflow jn.aceco i emhogdi f .

i nvention; 2 m_ﬁ tgt.o_pfoglhc(?\/%b&alf‘fogw_’gﬁgg? Wgégé‘%%grﬁ%a&‘rﬁ %ayguff&{}ﬁlénerret hod
of the invegfiQNThe agfleW &laGReWihiy B ploteBadianRAEtiG of iR ot ¥bhingdof and
Fig. 3a shows a spironetry curve for both |ungs of an individual, and Fig.

3b shows a sjpirrthathas flowedantoothet diswaysgfrom| tgrtg. tin®©t2 G0 prdineg aospirometry
PCT/1L20051000145, -4 DETAI LED DESCRI PTI THE | |ON Fig. 1 .shows a
system geiér &hrvs fopdnspiation elB’f?"F??erh??gWPF@Q%%rVPWP%tPh&Wf | ow
in a region %‘i‘ﬂ?efe?ﬁipz{t&%tt(gfcl'e.sys'[em I n accordance with one enbodi nent

Thus, in its first aspect, the invention provides a method for determining
airflow in a portion of a respiratory tract comprising determining a total acoustic
energy in a region of a body surface overlying the portion of the respiratory tract.

15 In its second aspect, the invention provides a system for determining
airflow in a portion of a respiratory tract comprising a processor configured to
determine a total acoustic energy in a region of a body surface overlying the

portion of the respiratory tract.

BRIEF DESCRIPTION OF THE DRAWINGS

20 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;

25 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.



of the invention. A plurality of N sound transducers 105, of which four are
- shown, 5 are applied to a planar region of the chest or back skin of

i ndi vidual 110. The transducers 105 nay be applied to the subject by any
means known in the art, for exanple using an adhesive, suction, or

fasteni ng sVPas/0748th transducer 105 produces an anal RfWBLSIWILS gnal 115
I ndi cative of pressure waves arriving to the transducer. The system 100 is
used to obtain acoustic signals 115 over a4tine 10 interval fromto to tm
The anal og signals 115 are digitized by a nmultichannel analog to digital

converter 1281 EDDESCRIPTAON ORTHIINVENTIGN, represent the pressure

wave at the location x; of the ith transducer (i= 1 to N) at tine t. The

data signal s 125pjgr ¢ showyia dyStein paieedlly ihdRateBdiyal 00" futtarkalyzirgerespirasry 130
are accessed by a processor 135 configured to process the data signals 125.
The signal s a3 ainflpwlip aregivarediagespitajory system iithacaosdanse avithsonesmbngliment
frequenci es oytsi.de af the range respirator ungds, . exanpl e

vi brations dfkt dnYﬁ’agﬂegiplﬁfal‘?%QP&rﬁ?W‘? %agq%pceré&@ﬁ, &dﬁh’zﬁ:}‘%ﬁrﬁﬁ OWiso be
subj ect togb d bkl Lo BABROGGR1GE intifvidia® 13097 Wi thin
a range 0195 [ %%%@??&géggﬁgﬁgggﬁl gﬁafen%tyoevi ce such lgs é conput er ©
keyboar d 140trafisdooers 4034y be applitdito the Subjegpbly anyl meanstkrawmimthtiaon forel at i ng

to the exam nation such as personal details of the individual 110.W£he
i nput devi ceexamplgaising gn ashesivegsuchionn ey fastening, airapss dipchr transgucer

interval to totminto bi rv . . s t he
times t2, . PRAUCE %@P% &@E@Frﬁ%ﬁ%igﬂ@#ﬁ‘%gﬁ P{xésg‘}"eﬁkée‘%é%g‘lé%‘}s{g gér( 35. The
processor 13ganddat@’ Theeyskth 300i30Red 16 Whtdif ROt siBhMls tE15t gver)a €GuRr each
subinterval fromti to 25 t;+1, i=0 to m1 at a plurality of locations x in
t he regi ot0 i intervelafromitgto tgnTheandlog signals 115 aredligitined by atnmdtichapnel anafogx; , t) .
The average acoustic energies are stored in the nmenory 130 and may be

di spl ayed ontam diiitaplcanveiteri 120. 1 9hes digitabidata sigls A @t )f d25drepyesesti theby a
physi ci an. WD 20051074799 PCT/ ] L2005/ 000145 -5 The processor is_al so

confi gured t pressuregvaxe at thedoeationty; of thepthdtransducer (j= hto N) at time t. The data

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
15 be denoised by filtering components having frequencies outside of the range of
respiratory sounds, -for example, vibrations due to movement of the individual.
Each signal 125 may also be subject to band pass filtering so that only components
in the signal within a range of interest are analyzed.
An input device such as a computer keyboard 140 or mouse 145 is used to
20 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 tj to t, into subintervals ty, t;, t,...tn. Alternatively, the times
t2,...tm.1 may be determined automatically by the processor 135. The processor 135
determines an average acoustic energy P(x,t, »t,,1) over each subinterval from ti to
25 tu1, i=0 to m-1 at a plurality of locations x 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.



respect to x, i.e. to calculate IP(x,t;,t 1.;) in order to obtain a total
‘acoustic X energy in the region of the respiratory tract during the
interval fromt; to t;+1. A previously obtained calibration curve is then
used by theyRyReEssRe t0 determine 5 fromthe calculateg 2 &ﬁk&mgnergy,
an air flowrate into (during inspiratory phase) or out 0? é@ﬁrlng he
expiratory phase) the region. A calibration curve is preferably used,
previ ously obtai ned on a subject having simtar characteristics (gender,
hei ght, wei ght and age), as the individual 110. The processor is also

configured to i nqﬁ@?%&ss{oﬁ*% ﬂé&@dﬂﬂ%ﬂﬁed&o'ﬁ(t&graid the furtotionWE(R, T, 45 PR G¥itH O

time, E, P(x, ti, t;+,) , in Xto O order to obtained the total volune

of air that has flowed in th i r omto.to ti., for each k from1l to
in. The proc&SPset @&dr%d%%ﬁfl%%ﬁ%‘uﬁy L ‘Eaerttt?eow‘@p‘? RRPUSRE 5
spironetry curve which is a plot of the flowrate | P(x, t; , t;+ ) , during
the x inter \éﬂérgfy lRMhé regiBn lof thé PesPirhtoRF tra@Nddting R M&rvaeRbBH( Yo &, A +.)
during the to x 15 sanme"tine interval.” The processor 135 nay al so perform
an aut omat i c peévidustye obiaieddiatipration cubye iscthapasedbytthe pspeessoreordetarmine t o
standard spironetry curves functions stored in the nory anpd known to be

i ndi cat i ve? offfopthegraiculated agpustic ERETEY, @n W &gednto @gngznsg%t\w ghasehw

chart diagram.f V] Lo - th [venti ' rdance
W ih one enatioRLafCulite a Btialitf piRel 8 Peiohy B A bridb R PR SrfreABRET IS
transducers pked;egtetioustycthiedi sied bbjedti Riving isithlir icharaeretidtidsO(gdndér) a
region Ron an individual's chest or back. In step 205 the processor 135

det er ni nes ameightrwejghtzandhage),asdhe ingividygal, 110; The proceysopvsalse semfigured ta er val

fromt; to t;,,, i=Oto m1l at a plurality of locations x; in the region R
in a calculation 25 invo]vi easty one of the si ' X,, 1)+ VWO
2005/ 074799 mgrfr_ BME&E%&n&M) Wﬂh respect to tlme?rg Zﬁgx,,ti’EiZl)a n

X t, X ’

10 order to obtained the total volume of air that has flowed in the airways from t; to t,,
for each k from 1 to m.

The processor is also configured to display on the display device a

spirometry curve which is a plot of the flow rate ZP(X,ti,tm), during the

t)
interval from t; to t;4; as a function of the volume ZZP (X,t;5t;,) during the

t, X
15 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

20 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 1 to N

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

determines an average acoustic energy §(X, t.,t,,;) over each subinterval from t; to
ti1, i=0 to m-1 at a plurality of locations X; in the region R in a calculation

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



-6 In step 210, the processor integrates the functions P(x,t;,t1+,) with
.respect tox, EP(x, t; , t +1) in order to obtain acoustic energy in the
airways during the x interval fromt; to t;+ . In step 212 the processor
obtains a flowrate of air in the region R of the airways froma

cal i brati onWOweR@74Mh step 215, the processor 5 integr ab@EILAEPUATL i ons
EP(x,t;,t;+i) or the air flowrates with respect to tine, x in order to
obtain the total volume of air that has fl-gowed into or t" X out of the
region Rfromto to tk, for each k from1 to in. In step 220, the processor

di spl ays ontheds erceaSLrorretr C t_of the arr
flow rate L P( xi“"& h& tﬁf Pyocgsso “tt?ﬁteteﬁ}? %‘P @?tvgr@n@“?‘[’e%’eﬁ( X, t:

, L +) ). x t It will also be understood that the system according to
the inventiomg myﬁx & » i timlokder 1o abtamaeahstio wperggrin the labwiays dutihg the

I nvention contenpkates a conputer program bei ng readabl e by a conputer for
executing the ne ven

d of the h |
machi ne- reada‘HP’é’aﬂg'Hﬁ‘(r) b t{‘é%mgrlgr%ﬁp %%gﬁﬂrﬂﬁesaorp? tl ¥ %}f{mrﬁ r?ﬁgn}tﬂgﬁg ates @
executable DYediff KRN 3&\95 sCHRfH b EfibhiRn é&rvémhh%fé 0R18 Nhel proRENsbON.
rality o syoun

Exanples A p? trans ucers were applied to an

di vi dual *_s ' back hytransd duced :
ol 1 age. i SndReRls QB RPGUaRS 2 rebetnd aeerany Shay Wi bt R cor

over a respiratory cycle. The anal og Ssi gnal s were digitized by a
mul ti channel O%nal og to digital converter. The digital data signals P(x;,t),

represent theyp eB@tLrtet\AQV% 8idet RFob1AIAThE Rl WoluRhe fiir tHabhad flewediimteor at
time t. The si gnal s Wwere denoi sed by filtering conponents having

frequenci es outside of the range of respiratory sounds. 25 The respiratory
cycl e was di \utlefitheregion Rl froactydoiki, fisreaacimk Sraamd tome. In step 220, the processor

displays on the display device a spirometry curve which is a plot of the air flow rate
(ZP(X,tptm )) as a function of the air volume (Z ZP(x,ti,tm) ).
x ty X

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 X; 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



“subintervals were cI assified as belonging to either the inspiratory or the
expiratory WO 2005/ 074799 PCTI | L2005/ 000145 -7 phase of the respiratory
cycle. An average acousti c energy was calculated P(x,t"t;+1) over each

subi nt er val 4: at a plurality of locations Xx over, g from
. \&{) 5 bb'?

the signals )%00507475' or each lung, the functions P(Xx, t,,t 00)0

integrated with respect to x 5 EP(x,tt)t1+i) in order to obtaln a total

airflowin the lung during the interval frdmt; to t;+1. The integrals
EP(x, ti,t;+1) were then integrated with respect to x time, P(x, to t;+1)
in order to ophasenofy thereespiratoryhaycleadibaverage edcoustic vinetrgy weasX calbelatedt al
volume of air _that has flowed into or out of each lung during the

i nspiratory amxtmﬂﬁe)(meraﬁaoh yubinteseal [t;ehpbat a\phimlityf oo locatiensax oeer edcht he
phase to a 10 variable tinme tk. The | ogarithmof these integrals were
cal cul at ed anbhng|fiedrh ¢k signads P@eat)t i on of tine during the respiratory cycle in
order to obtain a spironetry curve. The results are shown in Fig. 3. Fig.
3a shows a spi r oneFgeach e, tigy fupotibns Blgd,,t., Thevere integrated§ withh eespeut te x
corresponding to the expirat ory phase of the respi ratory cycle is plotted
above the hori Qon rye;cqrre gndi;ng. to 15 the
i nspirator przﬂﬂ h‘e) Heg’éﬁfg H?“?:?gf’té B#'o‘f‘ttgﬁ §§H’3’|§h‘%m&ﬂ nt al
axis. The vol e vaIues in the vertical aX|s may be correl ated by using
spironetry data of the |nol| vi dyal ng from nechanl cal .spironeter.
Fig. 3b showsfm §gp terdihe mhe it gWFrq ﬁ Intpgrated Withgesperttos i n
the vertical axis may be correl atéd by using spironetry data of the

i ndi vi dual obtained froma nechanical 20 spirometer on both lungs. -8-

CYAI M52 1. A %@Pw% €107, B Bic?td bl 4 PufttiBAthitWinWe Corfelibd WkO! Y
tract conpri Si ng dtota

surface

acoustic energy in a region of body

the total volume of air that has flowed into or out of each lung during the
inspiratory and the expiratory phase, respectively, from the onset of the phase to a

10 wvariable time t,. The logarithm of these integrals were calculated and plotted as a
function of time during the respiratory cycle in order to obtain a spirometry curve.
The results are shown in Fig. 3. Fig. 3a shows a spirometry curve for both lungs.
The portion of the curve corresponding to the expiratory phase of the respiratory
cycle is plotted above the horizontal axis. The portion of the curve corresponding to

15 the inspiratory 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.



overlying the portion of the respiratory tract wherein the total acoustic
energy is determned in a process conprising: (a) obtaining signals P(x;,t)
from N transducers placed at predeterm ned |locations x, for i froml to N
in the region of the body surface; (b) determ ning an average acoustic
energy P(x,tl1,t;+t) over one or nore tine intervals ti to t;+1, at a
plurality of locations x in the region in g cal culation involving at |east
one of the signals P(x;,t) and (c) integrafing the functions P (x, t , t
1+t) with respect to x, Z P(x, t , t 1+1) in x order to obtain an airflowin
the region during each of the tinme intervals. 2. The nmethod according to
Caiml furtéEr Mprising integrating the j P(x, t; , t;+t) with respect
totime, EE f&, tl, t;+t) in order to functions x to x obtain a total
volune of air that has flowed in the region fromto to tk, for each k from

Lo, 3 The, T 9 S bR H  Sor LT AR S, o1

a display device a rate | P as a I‘on Of the
volume t t.commfrisidOtdeterhinif® & tétal Bosusiet feggyada o4 degiont of @ dbdy lurfaber ei n
the region is a single lung or a |aobe of a lung. 5. The method according to
Clai m 1 furtouerlyingnihei BarHgn cafl ha| respirpiory trach guhareinntheftoteh agewiiist eneagy éher gy .
-9- 6. A sys &m f.or, .determni n@lpai rflowin a portion of a respiratory tract

conpri si ng %Fﬁﬁ%dslé‘oarpr%???f’a ed o deternine a total acoustic energy in a
regi on of a body .
(a) =~ obtaining signals P(x;t) from N transducers placed at predetermined

locations x; for i from 1 to N in the region of the body surface;

(b)  determining an average acoustic energy P(X,t;,t;,,) over one or more time
intervals i to t;;, at a plurality of locations x in the region in a calculation involving

at least one of the signals P(x;,t) and
(c) integrating the functions P(X,t;,t,,,) with respectto x, ZP (X,t;5t,1) in

order to obtain an airflow in the region during each of the time intervals.
2. The method according to Claim 1 further comprising integrating the
ty
functions Zf)(xati,tm) with respect to time, Zzﬁ(x,ta,ti+1) in order to
x ty X
obtain a total volume of air that has flowed in the region from tq to t, for each k
from 1 to m.

3. The method according to Claim 2 further comprising displaying on a display

device a plot of the flow rate ZP (X,t;;ti,1) as a function of the volume

t' L
3 TPt t,).
o X

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

logarithm of an acoustical energy.



surface overlying the portion of the respiratory tract wherein the total
acoustic energy is determned in a process conprising: (a) obtaining
signals P(xi,t) fromN transducers placed at predeternmned |ocations x; for
i fromlto Nin the region of the body surface; (b) determ ning an average
acoustic energy P(x, t"t1+1) over one or nore tinme intervals ti to ti+i, at
a plurality of locations x in the region in a calculation involving at
| east one of the signals P(x;,t) and (c) in?egrating the functions
P(x,t.,ti+i) with respect to x, jP(x,t"tiJ in x order to obtain an airflow
in the region during each of the tine intervals. 7. The system according to
Cl ai m 6 wherebn tha syystomaﬁg determinfing aindow ¢ afpogioned a Eespi'rerldn@rgrm eompfising
functions I:P(x, t; w th respect t?tlme ' ﬁ i £l gjx
i on

to x in order 2tR5OLSEY] ?P gP o GRiFRES o tolal jacpystic ensiey Ibv%er&gm ?fhe bod
fromto to tkehQk ovBAG §|"thé g&moﬁ of ‘?henﬂe VﬁratJ@Qra%Y%@f@i@%QBﬂ'l QQOJSBC glél'?&“ 7

further conprising displ vi ce and erern the processor furthe
configured tmsctl%q:thamdmga(mocdsecdmppklag device a plot of the flow rate
JP(x,t;,ti+l) as a function of the volume x t. ~EP(x,tQi+]). to x 9. The

system according to Claimg6 e t.he or is furgher onfigured to
cal cul ate a |@har ioDfAMiBE sign ﬁ&ﬂ ﬁg §9“S ucers placecf i’ predetdrmined
locations x; for i from 1 to N in the region of the body surface;

(b)  determining an average acoustic energy P(X,t;,t;,)) over one or more time
intervals ti to t;+;, at a plurality of locations x in the region in a calculation involving

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

(¢) integrating the functions §(X,ti,ti+1) with respect to x, ZP(x:vti’tiH) in
X

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

7. The system according to Claim 6 wherein the processor is further configured
.
to integrate the functions ) P(X,t;»t,1) with respect to time, Z D P(x,t;, )
x t, x

in order to obtain a total volume of air that has flowed in the region from tq to t,, for
each k from 1 tom.
8. The system according to Claim 7 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,ti,tm) as a function of the volume
X
t' ~
ZZP(X’ tiati+l ) .
o X

9. The system according to Claim 6 wherein the processor is further

configured to calculate a logarithm of an acoustical energy.





