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~ Title: SYSTEM FOR ANALYZI NG AND | MAG NG RESPI RATORY7 T&ACTOSOUNDS
[err] Abstract: A system (100) for analyzing respiratory tract sounds in
an individual (110). A plurality of N transducers (105) are fixed over the
thorax. The ith transducer is fixed at a |ocation x;, and generates a
signal P(x;, t) indicative of pressure waves at the location x;, for i=1
‘to N. A processor (135) receives the signals P(x;,t) and determ nes an
average acoustic energy P(x,t,,t2) at at |least one position x over a tine
interval where P is determined in an algorithminvolving at | east one of
the signals P(x;,t). 7 July 2006 SYSTEM FOR ANALYZI NG AND | MAG NG

RESPI RATORY TRACT SOUNDS FI ELD OF THE | NVENTI ON
SYSTEM FOR ANALYZING AND IMAGING RESPIRATORY TRACT SOUNDS

FIELD OF THE INVENTION

This invention relates to medical devices and methods, and more

particularly to such devices and methods for analyzing body sounds.

BACKGROUND OF THE 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 ate 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.




This invention relates to nedi cal devices and nethods, and7duy006
-particularly to such devices and nethods 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 physician nmay place a stethoscope
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respiratory tract. The system i ncludes a transd
(ni cr ophdwesdimensiorfal positen teotdrexa(xt a%)hnealthdmremaelrﬁaoe&hatepj&mr region R

of the in al back
! elﬁ\xlliag it thesplanar reglon 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(xf),
| 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;, £) 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,i,t2), at least one
position x in the region R over a time interval from t; to to. 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 #; is obtained at a position of one of the microphones using the algebraic

expression




or chest over the individual's thorax. Positions in the reguadp2B0&are

. indicated by two-dinensional position vectors x=(x1,2) in a

t wo- di-nensi onal coordi nate system defined in the planar region R The ith
transducer, for i=1to N, is fixed at a position x; in the region R and
generates a signal, denoted herein by P(x,,t), indicative of pressure
~waves in the body arriving at xi. The transducers are typically enbedded in
a matrix that permts to affix thensBeasily onto the individual's skin.
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circuitry. In__accordance with the invention, the processing involves
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average acoustic, energy P(x,t"t2) at a positionx = (X X') in the surface R
~ usi ng 10 the algebraic expression:

P(x,tit2) = i P(x,0,0)g(x,%,,5) (2)

i=1

where g(x,x,,0)1s a kernel satisfying

og

Vig=-=

g=5_ &)
N

Y g(x,x,,6) is approximately equal to 1 G

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

For example, the kemnel

: 1.1 P : 22 2
; 20 20
may be used.
20 The system may optionally contain a display device for displaying the

 function P. The fimction 7 may be displayed on the display, for example using a
gray level scale, as demonsirated in the examples below. A two dimensional

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




to the al gebraic expression: P(x,t,,t2)=IP(x" t,,t2)g(x,x"ayuk2p06_, where
g(x, x" a) is a kernel satisfying v2g= ag (3) N g(x, x" a) is
approximately equal to 1 (4) 15 and where x, = (X,', X,2) is the position
of the ith mcrophone and his a selectable paraneter. For exanple, the
kernel ((x'-x;021 p-r, 9g(x,x"Q= Exp- 26 JI Il may be used. (5) 20 The
system nmay optionally contain a display device for displaying the function
P. The function P may be displayed -op_the display, for exanple using a gray
| evel scale, as denonstrated in the exanples below. A two di nensiona
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in a di spiltpsdmidimgginghat are suspected of including a 5 pathol ogi cal
condition, may de identified in the imge, and this may be in a nunber of
ways, for exanbregiomyr igicns e atdispbiyed smageythet aeeshspectedaf ieoluding By way of a
witten text, .and ot her . . .The term" hol ogical condition"
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-interval canp be divided in lurglity of sub intervals, and an average
‘acoustic ) from %W@eﬁ@g&m ifien pEHiedRsoiratay thagly This includes

infection, inflammation, tumor, pleural effusion, pneumonia, narrowing of the
10 airways, and other space containing lesions in the respiratory tract, etc.
Additionally, a time interval can be divided into a plurality of sub
intervals, and an average acoustic energy P determined over the region R for two or
more of the sub intervals. An image of P for each of these sub intervals may then
be determined and displayed sequentially on the display device. This generates a
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,,7)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 enetrgy
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




more of the sub intervals. An image of j5 for each of theseJayboosmtervals
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According to a second aspect e presen ventio
Pxt).

According to a second aspect of the present invention there is provided a
method for analyzing sounds in at least a portion of an individual’s thorax,

Qomprising:

(a) obtaining N signals P(v,7) for i1 to N, the signal Puf) 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,1,1,)at at least one

| position x over a time interval from a first time #, to a second time
t,, P determined in an algorithm involving at least one of the
signals.

Embodiments of the present invention also provide a program storage device

readable by machine, tangibly embodying a program of instructions executable by the machine
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 préssme waves at a location x, on a body surface.




met hod for anal yzing sounds in at |east a portion of an ingdumydogd ' s
thorax, conprising: (a) obtaining N signals P(x,,t) for i=1 to N, the
signal P(x;,t) being indicative of pressure waves at the location x;; on a
surface . of the body over the thorax; (b) determ ning an average acoustic
energy P(x,t"t2)at at |east one position x over a tinme interval froma
first tinet, to a second tine t2, Pdetermned in an algorithminvol ving
at | east one of the signals. Enbodivents of the present invention al so
provi de a progranlstorage device readable by nmachine, tangibly enbodying a
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DESCRI PTHERi6H I b2 bbdyMuage | N or der to understand the invention and to see
how it may be carried out in practice, a preferred enbodi nent will now be

described, by way of non-limting exanple only, with reference to the
acconpanyi ng draw ngs, in which:

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 Flg 4 shows recording and analysis of mgnals 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; o




Fig. 1 shows a system for obtaining an anal yzi ng body soundJitp2eggor dance
with one enbodi nent of the invention; Fig. 2 shows a flow chart for
carrying out a nmethod of obtaining analyzing body sounds in accordance

wi th one enbodi nent of the invention; Fig. 3 shows recordi ng and anal ysi s
of signals over 'an inspiratory phase of a respiratory cycle; and Fig. 4
shows recordi ng and anal ysis of signals over an expiratory phase of a
respiratory cycle. Fig. 5a shows amn7{.mmge obtained on a healthy individual
in accordance with the invention, and Fig. 5b shows a chest X-ray of the

sane i ndivi dugk. ol Lve f I ' f_the
respiratory t?ll _tf%@wg%uﬁ%g%/@%% g%@@ﬁgo%ﬁgmé .;%Blsrﬁtgwég% Ol?ha%ge obt ai ned
on an i ndndiviial with pleuidl effidén;ef f usi on in accordance wi th the invention,

and Fig. 7b shows a chest X-ray of the sane individual; 7 July 2006 -7
Fig. 8 shows igc¥ sheyws fanaitiage fabinines ap\aneindividund widls phewneniy inract of an

I ndi vidual w.th pleuyral .effusion;, Eig..,9a shows an j.mage tai ned on an

i ndi vi duaﬁ"c‘i’/&d?ff?ep\“{gﬁﬁﬁﬁil%" 30, O, e Obe Sy hesh KUt e SAMA Fig. ob
shows & GR&Siduat: ke of the same 5 individual; and Fig. 10 shows successive
frames froma novie of the respiratory tract of an individual wth pleural
ef f usi on. DETEig. 3D shestaidedisth ftamebHifonh Wvitdvid ONhe Qedpirgioryltradt@fiana system
generally indicated by 100 for anal yzing body sounds in a

t hree- di ia¢¥idBplavith plgpgheldsioh i ndi vi dual ' s body in accordance with one
enbodi ment "of the invention. A plurality of N sound transducers 105, of

~ which four are shown, are applied to a planar region of the chest or back

skin of individual 110. The transducers 105 may be applied to the subject
of fas el REALER S R DN OB AN Cea "an anal og Vol t age S gha
LB L S YR DTS R ARl 0 Wk AR bl 100
in a three-dimensional region of an individual’s body in accordance with one
- embodiment of the invention. A plurality of N sound transducers 105, of which
four are shown, are applied to 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 siraps. 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
90 signals 125 are input to a memory 130. Data input to the memory 130 are accessed
by aprocessor 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 fo input values of the
times # and 7,. Alternatively, the times #, and z, may be determined automatically




o involving at | east one of the s

analog to digital converter 120. The digital data signals PQuypod25,
‘represent the pressure wave at the location xi of the ith transducer (i=1
to N at time t. The data 20 signals 125 are input to a nenory 130. Data
input to the nenory 130 are accessed by a processor 135 configured to
process the data signals 125. The signals 125 may be denoised by filtering
conponent s having frequenci es outside of the range of body sounds in the
body region, for exanple, vibrationgdue to novenent of the individual.
Each signal 125 may al so be subject to band pass filtering so that only 25

conponent.s i e sigpal Wi Lhi ran f I\nferest .are, anal yzed. An input
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the si gnahwoiin atklst@ﬁé&%@?@nﬁyligﬂﬁgprOcesspr 135. The processor 135
determ nes an average acoustic energy P(x, ti, t2) over the tine interval
ol ving at [ ogay SRS aaRitc SRapo Bl MIELI e 100 e TR et o

ener gi es diapéaysd omed displayhdevienrds§ stdh aamjﬂmlilsheen dbs gisgyesis &y @ di spl ay

"~ device 158 such as a CRT screen for diagnosis by a physician. The
processoPYHYaMmy al so performan automatic differential diagnosis by

conparing the I L L. nd, known to be
10 indicati veﬂ(—)li’IB f/t}aclﬁ%gru?%?lg%%éigﬁﬁﬁn?ﬁg@%@&d&%&#ﬁw{%ﬂg@s l'suﬁows a flow
chart di ; C | Elﬂg.n ' j ' ccordance
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t r ansduic érdicativa of daridus disertietsein thetedylregion.i ons xi for i froml to N in a
region R on the body surface. In step 205 values of t, and t2 are either

i nput to. 15 tife pf %éﬁm:@hm&@%amﬁ@ricmgmitb@@m of the5, or are
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15 the processor 135 using the input devices 140 or 145, or are determined by the
~processor. In step 210, an average acbustic energy P(x,1,t2) is determined at least
one location x in the region R over the time interval # to £,. 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 jzes, the process returns to step 205. If nof, the process terminates.
It will also be understood that the system accofding 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




20 time interval. If yes, the process returns to step 205.7Ulily2006 the
process termnates. It will also be understood that the system according
to the invention nay be a suitably programred conputer. Likew se, the

i nvention contenpl ates a conputer program being readable by a conmputer for
executing the nmethod of the invention. The invention further contenpl ates
a machi ne-readabl e nenory tangi bly 25 enbodying a program of instructions
execut abl e by the machi ne for executd-ng the nethod of the invention.
Exanples 7 July 2006 -9 The system and nethod of the invention were used to
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recordi ng and analysis signals over an rnspiratory

r espi r at aespiratory Bactsowmnls imeh mdlidlal. A t wo- di nensi onal coordi nate system was
5 defined on the individual's back. As shown in Fig. 3a, 48 transducers
were placed ofig Ashpvsireserding and apalyris 6F signals evaran gespiatorshphaseofiei ons

i ndi cat ec isrcle . he,curves 305 show t.ne presunmed contours of
the | ungg%&?}gﬁ 2 ﬂge%nﬁl%%ﬁ%ua]-‘t r%@’&‘h@@?“@% e°°£F‘$ﬂﬂ%5e3é( SIep %48 o gul ar
or t hogenalefihéd &n e MlivAual SRRAR! AY sSRAIVBERg. 341 QA8 HARRREGE ST iplhackd©

horizontal and vertical directions of 5 cm The signals P(xi',t) 10 were
t hen r econdeelingividuabnbacknaeysi thethangs ap teedecationaindicatet fiyribe ciyedes340 1 and t 2

o ol el pitpe S8 Soet B BrETBRIaEows PF i 1B b ok B ssPR B 15000 The
i Lot . i L) he i i h
T g o ol sAE Rateff aSfbeb] Bl HboRY Hhick it Elpdcif bRRER 2 DUV LSS

Wi th ref eieetrasdicerd inehglictizohtalld wetidab didddlions 6f Fén. The diglaldVasr,@Pt ai ned
usi ng Equations (1) and (2) above with the kernel g of "Equation (5) with

6=36 po xatese then gecogledovenmeanspiratony mhedse of & bathingsdyclyr(bpimidiabre the
representat.ion of .the funciion X. t], t2) over, the inspiratory phase al so
in ref erbﬁ%‘@mngémflﬁ@gé?saquég'eqﬁéﬁéqsguéti’ﬁf phage), Ractysigp#iwag tikiepd esent at i on
of the f [ g ST AT - [ b, t f e lungs and
heart ar gﬁggsﬂby Bé% %llteéc}@rnr?grt}fgﬁt #éﬁ: I%Og%bm;[sﬁépg‘éegér) |ﬁ%iﬁ§1r? eaa[r%ﬁ::tl ysi s of

si gnal s ditereddfonationi Pk oyovepthesespiibitosy pliase i indicatel P 8a bAsmdown in Fig.

4a, 48 transducers were placed on an 1ndividual's back at the sane
| ocat i onsf graydewed shadittg of eagh ciacle 300 ivdtit referénce tid eheadray fewsl scale 310.

15 P(x,h,1) was obtained 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 fimction P(x,1,#2) over the inspiratory phase also in reference
to the gray level scale 310. In the graphical representation of the function
P(x,n,12) shown in Fig. 3b, the contours of the langs 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(x:f) were then recorded over one expiratory phase of a breathing cycle
(#, and #,are the beginning and end respectively of the expiratory phase). BEach
signal was filtered using a low-pass filter having a cut-off of 150 Hz. The average
_iralue of each function P(x,¢)over the expiratory phase .is indicated in Fig. 4a by

means of gray level shading of each circle 408 with reference to the gray level scale




- 400. The curves 405 show the presunmed contours of the indivugyabds | ungs.

- The 25 signals P(xi,t) were then recorded over one expiratory phase of a
breathing cycle (t, and t2 are the begi nning and end respectively of the
expiratory phase). Each signal was filtered using a |owpass filter having
a cut-off of 150 Hz. The average value of each function P(xi,t) over the
expiratory phase is indicated in Fig. 4a by neans of gray |evel shadi ng of
each circle 400 with reference to tte-gray |level scale 7 July 2006 -10 410.
P(x,ti,t2) was obtained using Equations (1) and (2) above. Fig. 3b shows

aray 1 oVl Bedh ) e Sl apisdimarons G afes D AB Y B ol e
ho. T ospRPERGT y P 618, OBt i, PESITCHE RIS TaHBSr e ALt SHYSEU | ng o
the resp y . S ring a
Tespirat | . i ngd_using. th d st £ th

mvent | ot Ghettston, 8F kot T 40 Yudva Gt olatle R BB et s. each
segnent &ﬁ%grﬂwvy&ﬁﬁe %gf;f&e* Rk ROSeAbry hhSse JFMEaRigiRfbriBsian | mge was

gener ated. The 1 mges i spl ayed on the displlay device 150 in rapid
successi on sdVasgies chpwinguclengesmov itlee Gifngs Rringspirespiratoyy teyeletweeer 0 the

respirataory, cycle. Fig. 5a shows an_ jmge of the respiratory.tract of a _
heal t hy "?'??B‘P#Hﬂﬁg thedB?tBP‘ié‘HI] e %ﬁfh% H%%FP)%OI}“ §%ia[“‘aﬁ%r‘{}erﬁ y@faénqdn accor dance
with the,i i ' @mﬂ -

i ndi vi dug&&iﬁﬁéﬂ%@og%\?\sgﬁﬁmg.ﬁ%gﬁ ve tﬁvvrfa%%g%bz%% g%ﬁg%e%%gfgﬁgcessi ve 0.4
sec ti menivaitRhvaldsandiviaicd Svad gegpied arler ihagycivereafisgled bn thadisplagual . Each
frame represents the processing of the recorded signals over a tine

i nt er val deyficedl5d is sapid sucaersionGe as to medycelomagied! the respiratontirast P¥er1. 6 sec)

were obtained. during the inspiratory phase of the respiratory cycle, while
framel 0BCIEPTFOY 5t ned at tinmes 1.8 to 3.6 sec) were obtained during

t he expi rat orpig PERASRows AR inBEEWENAEE r&:%ﬁhﬂ&?}gﬁﬁctsbpﬁ”héaﬂhﬁh&ﬁvﬁuﬂan be
di spl ayed in stccession on a display 20 dévice so as to create a novie of

- the respobtaihed gvermacnticwespimtarg syile ot avogrdencel with feenventiquemddipl i mages
SO el s SIS S0P b £ TR B gl or 9
12y 09 SRR Lol P L e Koy BB of B 1201200y
respi {atpdiiduat Bach frameeairerntzeheprotesking of theeedordsd 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

25 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 '




and Fig. 7b shows a chest X-ray of the sane individual. FigJul2etdws 16
successive inmages obtained over successive 0.4 sec tinme intervals during a
respiratory cycle of the individual. Each frane represents the processing
of the recorded signals over a tine interval of 0.4 sec. Frames 01 to 06
(obtained at tinmes 0.0 to 2.0 see) were 7 July 2006 -11 obtained during the
inspiratory phase of the respiratory cycle, while frames 07 to 16

(obtained at tinmes 2.4 to 4.0 sec) were obtained during the expiratory
phase. The sequence of inmages shown in Fig. 8 can be displayed in

. r \ o _ ot
o s e A Aot R BLFRROR Il IR 0P 2t oY
8, lung tg'fobfaﬁ&&dia{tﬂm 2 0w 1.0 degfrivelcaditained dging hhb%ﬂ?ikdt@@cbﬂammh%ti ng the

u

absence of air flowin the lower right lung, as would be expected in an
i ndi vi duaseqhencernf imagpsnshowr inl Figg lcans be displayod éu suscessiopl anua displeyf usi on.
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with 1.0 QBEMHERNRINRERISHER ‘iﬁ’g{)g.aé}lﬁig tifsBeif SRé IR YolE Y6heLis Aloraccor dance

with the i'nvention, and Fig. shows” a chest X-ray of the sane
i ndi vi duavisudfized iridicasing\tke atisBnceudcabs8ow an it pesr cighiungdsoveuld deccessi ve
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(di splay dgyhGe iﬁ%ﬁ%ﬁg&ﬁp%@ﬁbﬁh@ﬂ%ﬂt\ﬁhﬁ% féfag@*b%sér?ecf %%%'iﬁaﬁ%i?éd)’ tract over a

respiratory cyc ane represe e processing the recorded

signal's over éFi%.i 08 dhoweranaimape 6 thesagpirdtoyiactOdf i ifividedlt aithed at
times 0.0 to 2.0 sec) were obtained during the inspiratory phase of the
respi r @t pngumepts ebtaed| everr amestitg7respiratery( evsleiin cagcerdandenwithothe to 4. 0

see) were_obtained, duri t he expiyfator, hase. . 1, the.seguence of inmages
shoun 1 n vetipgng Fif OB luaki® R pCAYBrkab BB i sl 318 SRS, o1l 1 70
i ndi cati ng Eﬁ&e_@s@@ﬁﬁ%&fob?dhﬁqdf SR duBeckife loéc tilbtintebsild du@s woul d be
expected in an individual having a space-filling |esion as occurs in
- pneunoni aespiratdy owcle wf tHedndipideal. Phe sequencefof ithages eawn imitjgi ) wbder ved to be
normal . 7 .JLiI 2006 -12 .CLAI M5 .. ia A system fPr anal XZi ng s%u&ds in at
| east a pQ}?H’P B} SUCFessien Wigd slisplay device so as to create 4 movie of the

15 respiratory tract over a respiratory cycle. Each frame represents the processing of

the recorded signais over a time interval of 0.4 sec. Frames 01 to 06 (obtamned 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 ¥ig. 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.




respiratory tract conprising: (a) a plurality of N transdurgilg20@ach
transducer configured to be fixed 5 on a surface of the individual over
the thorax, the ith transducer being fixed at a |ocation x; and generating
a signal P(xi, t) indicative of pressure waves at the location x;; for i=1
to N, and (b) a processor configured to receive the signals P(x"t) and
determ ne 10 an average acoustic enetfy P(x,ti,t2)at at |east one position
Xx over a tinme interval froma first*tTne t, to a second tine t2, Pbeing
determned in an algorithminvolving at |east one of the signals P(xf,t).
2. The system according to Claim1 further conprising a two-di nensional 15
20 di spl gy Aevisse. 3. The system according to Claim2 wherein the processor
is further configured to display a representation of the function P on the
- display devi cg. sybtenl B8 axAyA#B 36@RKNInNG feastCh Pofich ¥heh Shlividi@I’er ocessor is
further configured to conpare the average acoustic energy P to one or nore
pr edet er méspérdtcky tra¢ticonprisiBgand determnmine a function P, from anong the

functions P t simlar tq.,P.. 5., The system accor di t.0 mA4 wherein
t he processo???%s f%ﬂ‘ﬁgﬁy@ A g sdugers, ‘ﬁﬁ‘dﬁ’é‘s & red 1g g@‘ on the

determned functi oy ,6q,fhE oFHAL SHAARAL He2dnd IdrhRl Mk fMigh&hPed Ne aver age

acoustic energy P over a time Interval fromti to t2 1s determned at a

| ocation x, of a tbheingdinednt a liwhtioh mdadegeahting & sipopl oG ANdicbre 2
P(x,ti,t2)= JP2(xj,t)dt. 11 7 July 2006 -13 7. The system according to

d ai m 1 wherei n t hef gressots wavepai the watiomi;ntat i=al to Myeador nmore | ocations x in

an al gorithm %))rrpri

a%rgcgeissor configured to receive the signals P(x,,7) and determine
an average acoustic energy P(x,,t2)at at least one position 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,). _
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 firther 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
¥ and determine a function 7, 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 fo Claim 1 wherein the average acoustic energy

Pover a time interval from t; to 1, is determined at a location x; of a transducer

using the algebraic expression:

2 :
25 | :ﬁ(x,.,tl,tz);"_ IPz(xf,t)dt.
111




(a) determi ning an average acoustic energy P(x"ti,t2) over7 gutyeoss 5 (b)
interval fromt, tot2 at a plurality of locations xi of transducers; and
determ ning an average acoustic energy P(x, ti, t2) at at |east one
location x by interpolation of the determned P(x"ti, t2). 8 The system
according to daim7 wherein an average acoustic energy P(x" ti, t2) is
determ ned over a tine interval fromt, tot2 at a plurality of |ocations
xi of transducers using the al gebraiigexpression: 10 12 P(x"ti,t2)=
Jp2(x"t)dt. a 9. The system accordi ng to Caim?7 wherein an average

of the deber m TSR RS o Glirg v %Slhltﬁ%ﬁwgﬁca?xlﬁﬁs@spﬁwd SR
P(x, h, tZ)OHeHmR(réldcauan%)ﬂwm% gantﬁl%)com)bn&nghere g(x, x" a-) is a kerne'
satlsfyl ng V 2g = ag (3) X;, a) Is apprOX| mately equal to 1. (4)

f=1 10. The s @temeamﬁﬁ]@graﬂ hrddeahdBuBtioVRRERY N POL X1, 1) AovdrSa thife ker nel  xi
-X' 2 Xz x2)2()g(x x"o)—Expl%EZI) Exl%y( i)? (5) 20 11. The

system accordi ng tmtdﬁlrﬂlﬁmnirwbe{eelarplmhmy@fmmrm bbirasdidepjaad to
determ ne an average acoustic energy over a plurality of successive tine

intervals, egoh alerimigngesustiage eiibidy deigyy PeghanyTanatl 1481 bfie an
~algorit hm I nvolving at | east one of the si gnal S P(x, ,t). 7 July 2006
location x by interpolation of the determined P(x,,#,12) .

8. The system according to Claim 7 wherein an average acoustic energy
P(x,,11,12) is determined over a time interval from ¢ to ¢, at a plurality of locations

x; of transducers using the algebraic expression:
- 2
10 Bx, )= [P*(x, ).
12

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,,5,12)

using the algebraic expression:

—~ N ~
P(x,n ) =) P(x,,11,1)g(x,,,0) 2)
i=l
15 where g(x,x,,0)is a kernel satisfying
2 O
Vig== ©)
a

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

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

g(x,x,,0)= Exp— ( x % J—) ) o [MOLJ (5)

2o

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




-14 12. The system according to Claim 11 wherein the procepggy2085
configured to sequentially display on a display device a representation of
each determ ned average acoustic energy. 13. The systemaccording to Caim
1 wherein.the processor is configured to: 5 (a) for each of one or nore
frequéncy bands, (aa) subject the signals (P, xkt) to band pass filtering in
the frequency band; and (ab) deternill)?e an average acoustic energy function
for the frequency band based upon at"Teast one of the filtered signals. ,0
14. The system according to Claim 13 wherein the processor is configured to
di spl ay oﬁ’e ol hersystersfaceqrding\iorGlain At ovherdin thepraggssbuiscedntigsredaber ni ned f or

a freque n.a displ device. 15. A .hod for, apal yzing sounds in
at | east Sgﬁ%%‘%‘ﬁg n':ﬁg?layaﬁmi ﬁo‘ﬁélﬂfugfmge & H@F%?qug%ﬁfl gqchgé]et%rgamgg 25
obt ai ni _ngwgfa?ggaﬁisﬁce&éggy_t) for i=1 to N, the signal P(xi,t) being
i ndi cative ol pressure waves at the location x,; on a surface of the body

over the ¥BhorEhe sﬁﬁirmaadordin@toeﬂameM&@&hﬁﬂﬂgﬁbde@sc@ﬁl@é@ﬁgﬁ@&mﬁ " t2) at at
| east one poiti%n over ahimainterval roma first tinet, to a second
time t3 (@b lorsp €i0k mgse HEQKAY bandEnvol vi ng at | east one of the

i Spraying a (Flprugse e IR RS Sl il AERCRRREE D7 e

met hod according tiear@d addn 15 further conprising conparing the average
acoustic ener ){X)P to one or nore predetermned functions P and determ ning
a function P, ?a r ofSlenIIAG antverage acoustis epengy Simetion foarthe freqency July 2006

-155 10 band based upon at least one of the filtered signals.
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,r) 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, {,,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
tepresentation of P on a two-dimensional surface.

17.  The method according to Claim 15 further comprising comparing the
average acoustic emergy P to one or more predetermined functions F and

25 deterrnining a function ¥, from among the functions  most similar to .




18. The method according to Claim15 wherein the average arougloos ener gy
over atime interval fromt, tot2 is determned at a |location x, of a
transducer using the algebraic expression: ,2 P _(x,,t,t2) = 1P2(x"t)dt. n
19. The nmet hod according to Caim 15 wherein the function P is determ ned
at one or nore locations x in an algorithmconprising: (a) determ ning an
average acoustic energy P(x,,t,,t2) er atime interval fromt, to t2at a
plurality of locations x; of transducers; and (b) determ ning an average
acoustic ener P(x,ti,t2) at at |east one |ocation x by interpolation of
the deterli ne%@(m@tilqd accprding torRérivrel H sdhersin dheditvegpgecacongicnenkedgyvher ei n an
average acoustic enerqy. P t.i,.t2), is determned_over tinme interval
rom . (oot e G iamh 1t uib fetphined f loogron 7,06 8 dauadicer ngy « he
algebraiqhgég%ﬁssion:elz P(xi,t,,t2)=jp2(xt,t)dt " 21. The net hod

accordi ng AP 8B ei n an average acoustic energy is determ ned at
at least one location x by -interpolation of the determned P(x, ti, t2)
usi ng the al gebraic expressiBﬁ;q&Ox;LEHk@»EKX"ti,t2)g(x,x"v) (2) 20 ; |
where g(x, x" a) is a kernel satisfyng 029 = a6 (3) Ng(x, x,, (7) is

approximately equal to 1. (4) 7 July 2006 -16 22. The nethod according to
Cl-ai m 21 her &hemgthodaceerying to E@lt{leam‘e’herewme Yuncioni? is)determined at

one or more Jocations x in an algorithm comprising:
(@) determining an average acoustic energy  P(x,,h,fz) over a time
interval from ¢, to 7, at a plurality of locations x, of transducers; and
(b) determining an average acoustic energy P(x,h,tz)at at least one
10 | location x by interpolation of the determined P(x,#,2) _
20. | The method according to Claim 19 wherein an average acoustic energy

P(x,11,12) is determined over a time interval from ¢, to ¢, aat a plurality of locations

- of transducers using the algebraic expression:
12
Fxi, 1) = [P (i t)dt
L4}

21, The method according to Claim 19 wherein an average acoustic energy is
determined at at least onme location x by -inferpolation of the determined

P(x,1,12) using the algebraic expression:

i~ N —
P(x,n )= P(x,,0,0)g(%,%,,0) )
=1
where g(x,x,,0)is a kernel satisfying

‘ 2
SI vig=_t ®)

Y ,
- g(xx,,0) is approximately equal to 1. 4

=1




g(x,xr a)= Exp- (x 26 Exp- (x 201 4/ - ) 5 23. The nethodJageosali ng to
Claim 15 conprising determ ning an average acoustic energy over a
plurality of successive tinme intervals, each average acoustic energy being
determned using an algorithminvolving at | east one of the signals P(x;
,t) further conprising sequentially displaying on a display device a
representatlon of each determ ned aver age acoustic energy. 1o 24. The

met hod according to Caim 15 further*“conprising, for each of one or nore
frequenc% bands: (a) subj ecting the %hanals P(x"t) to band pass filtering
in the fP8quency "®aWhodAcgordNg iedelaimdhmwhgreim gleragrisateudeinel ener gy
function for the frequency band based upon at | east one of the filtered

signals. 25. The rret ‘ag‘gb@)ﬂ ng to (3.”84 2 urther conprising displaying
on a di s«%)(P‘d& D& L qﬁEP |c energy functions
determned for a fre uency ba 15 26. Eco uter program conpri sing

AP e s R AL R AL
goﬁggﬁgi ﬁé(?uesgi g%e?%f Sngﬁg‘é Jﬁﬁraﬁfjp&fr ARASvE LR Tl %cﬁ'a';/nerage goRRgLed on a
energy being determined using an algorithm involving at least one of the signals
P(xt) further comprising sequentially displaying on a display device a
representation of each determined average acoustic energy.
10 24.  The method according to Claim 15 further comprising, for each of one or
more frequency bands:-
(@)  subjecting the signals P(x;t) to band pass filtering in the frequency
band; and A
(b) determining an average acoustic energy function for the frequency
15 band based upon at Ieast one of the filtered sigﬁals.
25.  The method according to Claim 24 further comprising displaying on a
display device one or more of the acoustic energy functions determined for a
frequency band.

26. 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.

27. A computer program as claimed in Claim 26 embodied on a computer

readable medium.






