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SYSTEM FOR ANALYZI NG AND | MAG NG RESPI RATORY TRACT SOUNDS FuU&lyR0GF THE

| NVENTI ON Thi s invention relates to nmedical devices and nethods, and nore
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 may place a stethoscope
‘on a person's chest or back and nonitor the patient's breathing in order
to detect adventitious (i.e. abnornmal or unexpected) |ung sounds. The
identification and classification of adventitious lung sounds often

provi des inportant information about -pul nonary abnormalities. 10 It is also
known to fix one or nore niCéﬁghones onto a subject's chest or back and to

record |ung SOtHYTORPIBLYEEE TpSINg RESHIRFBRY TR OB systemin  which

a plurality of mcrophones are placed 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 pul nonary di sorder
in the patent. Konpis et al. (Chest, 120(4), 2001) disclose a systemin
whi ch M m crophones are placed on a patient's chest, and |lung sounds are
recorded. The recordings generate MIlinear equations that are sol ved using
~a least-squares fit. The solution of the systemis used to deternine the

| ocation in t urce of a sound detected in the 20

recordi nﬁiﬁmyﬁw RY OF THE I NVENTION In the foll ow ng

. description and.set of. clai two explicitly described, calculable, or
neasur abl e vaﬁl%%lla‘éengroﬁ E%%% J%rg’&g'égllui Xicghiandg OotdHEr WEEn the two

vari abl e, @IRyBIH RRiles bt RERoNBE AelyzidPoo B

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.




The present invention provides, in one of its enbodi nents, 7 dulgpsde&m and
-method for recording and anal yzing respiratory tract sounds produced in the
respiratory tract. The systemincludes a plurality of N transducers

(m crophones) configured to be attached to an essentially planar region R
of the individual's back or chest over the individual's thorax. Positions
in the region R are indicated by two-dinensional position vectors x=(x1, 2)
in a two-dinensional coordinate systgm 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 gener | rein by P(x,,t), indicative of pressure
waves in Spﬁm%ﬁﬁﬂﬁ%‘iﬂﬁ&*he transducers are typicall y enbedded in
a matrix that e fi t he siJy.onto the .individual's skin.
Such a matrix t ?"F}gﬁ ‘H@Jtﬁoﬁ qﬁese? rﬁY ‘é"%@%‘?h Y&ﬁff"ﬁ’gﬁq for easily
pl aci ng oygsuiihe, drriﬁléasfm%iel afi 6199 r fferent
matrices nmay be ‘used for dlvffgrent ycoﬁ%%ﬁ%ﬂ@?%}l %I%ﬁhg&}%@wﬁbferent
ages, sex’é]stwewel:labl'dserd\prspcgnahait@(m(ear)otlmre processed by signal processing
circuitry. In accbrdance with the invention, the processing involves
determihing fromthe N signals an average acoustic energy, denoted herein
by P(x, ti, t _ ti.0 I tinme
i nt erval fromzi'é}}e 1? Esebgﬂﬁ%%tﬂﬁt %fclgu eXOf ﬂee%ng'tfod{,uﬁgﬁt? %WSE taingn is used

herei n t ometabérfot eecarding anatmalyzn;g @@bir&t@ryofra&rsouﬁﬂ@ﬁﬁéfddﬂfﬁ&'lﬁgthbhe product
of the pressure and the mass propagation velocity at “that |ocation. In one

enbog i nerHESPl-‘éﬁEPr&v'éﬁcédﬁleaﬁi’éﬁﬁ? H@ludﬁ%ﬁ@%lr@iﬁﬁpfﬁ tinsdugans Emicadpbionesh t |b to t2
expr esot P iEsPBEaRE Blaneriny pipdiHER BooYHhe Hiliduaititiher e i i s

the pog tdr%he@tfoﬁehqlenmewaap@%orbﬁ Pos!’fRﬁl? i bRl &@fﬁ%ﬁ&@%@ﬁ@& pyan average

acoustic energy
two-dimensional position vectors x“(x X ) in a two-dimensional coordinate system

defined in the planar region R. The ith transducer, for i=1 to N, is fixed at a
position x; in the regioﬁ 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;, £) 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




P (xi, ti, t2) over atime interval fromtt to t2 is obtai nddyadoma

- plurality of positions x,.- 5 of the m crophones, for exanple using Equation
(1), and then calculating P(x, ti, t2) at other |ocations x by
interpolation of the P(x,,t,,t2) using any known interpolation nethod. In
a nost preferred enbodinent, the interpolation is performed to obtain an

- average acoustic energy P(x,t"t2) at a position x = (X X') in the surface R
using to the algebraic expression:—-P(x,t,,t2)=IP(x" t,,t2)g(x,x"a) (2) ,_,
‘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 m crophone and hiéﬁ@;@@beaﬁégh_kkparqmyter. For exanple, the
kernel ((x'-x;021 p-r, 9(x,x"Q = Exg- 26 JI 11 may be used. (5) 20 The
system may optionally contain a display device for displaying the function
P. The functi oWqee xdsthepositienphiremienephons. di spl ay, for exanple using a gray

I I | e, ad | h I bel ow. A , di i I
Level, so o 39, SRR Ll WARFEIPLS, SOkl SebiBecLaRISt o,

i 7 = Ao . the d i on. of di d
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at other locations x by interpolation of the P(x,,#,7,) using any known

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

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




5 pathol ogi cal condition, may de identified in the inage, @gdly2008 may be
in a nunber of ways, for exanple, by different colors, by different
patterns, by way of a witten text, and many other ways. The term
"pat hol ogi cal condition" refers to any deviation fromthe normal, healthy
condition of the respiratory tract. This includes infectjon, inflanmmtion,
tunor, pleural effusion, pneunonia, narrowing of the to airways, and ot her
space containing lesions in the respjratory tract, etc. Additionally, a
time interval can be divided into a plurality of sub intervals, and an

aver age J } e 1 n ver .the region R for or nore of
the sub ?ﬁh@fgx%%l%g %ﬂjﬁﬁg‘?ﬁrg’g&%&&f@%‘ g’f aglé%oﬁd%flﬁtﬂﬁeeg%&sﬁgmpﬁ%ﬁ%ﬁf’s may then
be det er mhgeamaBRE of SRhayeshtsaO8HtdtRdr! Inhd MRBEPIRY MeXiGf orThi S,

gener at esula 15 rdrqw e show ng dynami ¢ changes occurring in the acoustic
ener gy i nulftaspubddpaginggi on, over the tinme interval. For exanple,
transducers may be placed on a person's chest and an average acoustic
energy P det erhiregien phragiwd i ardisplayed fmagecthat arpshispestedfafinddudingipal ity of

b i I . hi | e. N b bt ai ned f h of
These susb et aieoR R i gl in O imaee od Brsfy B BTBIE 20 2 movi e
show ng_chaRaRStdr @Xélﬂ?ﬁ%?ﬁ)?f?&{?fffeﬁt Solsis, Dy (Hffefeﬁﬁ?dﬂéﬂ%? bfgv%{r) of BGrifeRat hi ng

cycle. 25 Thé signals may al s6 be subjected and pass filtering
bef or e beliexiy and naayy exhdrywayse Thet teod Gfathobegical veomtlition?” rsferd b@tangn aver age
-acoustic energy s roduced for oneg  or re frequency ngds .of interest.
‘The funct %%M%Q%W%gﬁ% &gndpon ﬂg%&irgiﬂlr&y)rﬂg@% igynghadseesent i ng
each avergge:acopsi r f [ i t h i {f.er : .01 NCe
respiratory g%nﬁaﬁ%a\ﬁﬁﬁ’agﬁu%gggfe%%ﬁgﬁ%h’ P g? ac‘lf)<1$1§sﬁéhloaviﬁ/fe2é gjlrff gr ent
‘char ac{erdistdys, dndeghieBgacecamging lbsing i desefpitat@y tagt, 6N be used to
identify these respiratory sounds. A region or regions_ in a displayed inmage
7 July 2006 -5 of vwiddiuallpe temedutesal eamybedividpdnini p @lprplify tifsubnage, for
exanple, by a, characteristic color, ttern, b y of witten text.
Accor di ng‘nt\éév%a% pegterEe aFﬂ'égtlﬁF’é@@hﬁﬁ%ﬂ@&%ﬁ‘)ﬁg?@?&ﬁ&rﬁwpﬁd a system
I(r); ct agglr%ﬁegq?ﬁ%e%u%dﬁtér\r?algAll%%%e & P ?orrtéac lof Ihcsaensdbnl(rjl ofv sunaxlay then =P ratory
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




(a) a plurality of N transducers, each transducer configuregulyeobse fixed

on a surface of the individual over the thorax, the ith transducer being
fixed at a location x; and generating a signal P(x,, t) indicative of
pressure waves at the location xt; for i=l to N and (b) a processor
configured to receive the signals P(x,,t) and determ ne an average
acoustic energy P(x, ti, t2) at at |east one position x over a tine
interval froma first tinet, to a sécend tinme t2 , P being determned in
an algorithminvolving at | east one of the signals P(xi, According to a

second aspeckh&zed b RARERNnal Ve Mdrfificl Nar fiel ﬁndgremfbld% gfbghad for

anal yzing sounds in at least a portion of an i ndi-vi dual

conpri si nghargetprigistcalonj patfetd, by wanloa Reitentextfor 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 t he ARG tO(a@)aasét:tecrfﬁhﬁap@eaWnaw:oagheraa@pwctedemwmn for

P(x,t"t2 f f
D o o SheiaospaRds W'Gﬁ%*’?&%’%ﬁﬁe%aﬂﬁﬁi{w% '5@%@@&? 368 AR e IéZZﬁBE‘Z

of the signal E f e

program storaggEl de\r/rlg) @gggalgltre CQI(S ng| W%g@n@%a?z’ ﬁ%{eﬂ pr ogram

-~ of instructions exemumadﬂrﬁcé)ybfuk@mt&ﬁﬂuﬂeo\feﬁ tﬁl@tﬁcﬁﬁ“tﬁ@ﬁﬂ@&aﬁdﬁ@& for
determ ning for at eas%#(? ma interval, an average acoustic energy

function P using an®RHures Hr Oﬁ%t%ﬂM:r@@ #enerafing 2 sigealsPEnaindietive, t)

I ndi cati ve of press cation

waves at body surface. 7 Jul
2006 -6 5 10 15 20 (gfgpressurewavesat ¢ location x;; férr*l to%l y y

(b)  aprocessor configured to receive the signals P(x,,) and determine

an average acoustic energy P(x,#,12)at at least one position x over a
time interval from a first time # to a second time 7,, Pbeing
determined in an algorithm involving at least one of the signals
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,

comprising:

(@) obtaining N signals P(x,/) for i=1 to N, the signal P(xi,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,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. 7
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.




Enbodi ments of the present invention still further provi depJaygeomput er
program product conprising a conputer useabl e nedi um having conputer
readabl e program code enbodi ed therein anal yzing sounds in at |east a
portion-of an. individual's body, the conputer program product conprising:
conput er readabl e program code for causing the conputer to determne, for
at least one tine interval, an acousélc energy function P, P being
determned in algorithminvolvingat | east one signal P(xi, t) indicative
of pressure waves at a location x; on a body surface. BRI EF DESCRI PTI ON OF

THE DRAW NGS I, dﬁlﬁ ntd Oofug%gre¢s%ﬂﬂ i ngﬁgﬁg; L&ﬂeﬁ’ﬁ#e@n&eé%e cgﬂgutér may be

carried out in prac I ce erred e now be ribed, by
way of n@nedrami ptrodlg:t cenrigihg am'dnyputw useablef eednuehaving Wmﬁemmdalyle ng

d whi f b bod
sound ' n PR Sieiet TP ERo Beavand S5t i Bt anPoRRE. 45l hone x

f1 ow chatridifi@lial'e doty, thg combutr pridrad mdmbb@hmmm anal yzing body sounds in
accordance with one enb&dl ment of the invention; 3 shows recording and

anal ysPs of si geEPWeOIradabls, progsmn code for ¢vsing the c%mplﬂfé%m feferge.cycl e; and
o % sy TR SO G B P e R
'“d' Vi dU%i%]ohﬂuﬁ(iﬁ%w'@g é%s Bnefsyl GOis(%gé\sinﬁ{bau?é"Qf Efe@sv.}réanes ad chest

X-ray of the same in success oma novi e

of the rmﬁbﬁtpbﬂabb?:gmﬁtea heal t hy individual; Fig. 7a shows an i nmge
obtained on ‘an i'ndividual with pleural effusion in accordance with the

invention, and Fig. 7b shows a chest X-ray of the same individual; 7 July
2006 -7 Fig. 8 shows successive frames froma novie of the respiratory
tract of an individual with pleural effusion;

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;




Fig. 9a shows an inmage obtained on an individual wth pneupomy2oos
accordance with the invention, and Fig. 9b shows a chest X-ray of the sane
5 individual; and Fig. 10 shows successive frames froma novie of the
respiratory tract of an individual with pleural effusion. DETAILED
DESCRI PTI ON OF THE | NVENTION 10 Fig. 1 shows a systemgenerally indicated
by 100 for analyzing body sounds in a three-dinensional region of an

i ndi vidual's body in accordance w tif.one enbodi nent of the invention. A
plurality of N sound transducers 105, of which four are shown, are applied

o a planar 1 g6} il AEccalifatofi RAEKS A O o L Bl 113, The

transducers 1 may be AppIT ed nown in the
art, for mdlamphmmlglegraaeff@gmgm ve, suction, or fastening straps. Each

transducer 105 produces an anal og vol tage S|gnal 115 indicative of pressure
waves arrivi Mgt shews aanahge ablaitRdeorreal glidiuph avich peeuaerda dingi ti zed by

a rrultlchann t.o di. |taI rter 120. T it data signals
pxut) 17800 ansp R h e et B, BRSPS RS Kerb it e siEne | o
transd%cqﬁdl(,idugl b N) at tine t The data 20 signals 125 are input to a
menory “130. Data input to the nenmory 130 are accessed by a processor 135
conf i gured t o Fiigr. dOsshows beccdsive frangusdtoin & 2%0vid betheirgspitatoryl @act fiyn  be

denoi sed b f| I terlg]g nents havi ng frequenci es outside of the range of
body sou H&a?ﬁ for exanple, vibrations due to novenent of
the indivi dual Each si gnal 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
per sonal %ﬁéﬁ@ﬁéﬁﬁgwﬂﬁﬁmfﬂ%ww pb?ediif‘?e”i‘ib"r”mi“éf‘sﬁsbe
and 2oy ber ot R8s die shERBPriART vhigo S EbER D YumF T atory
phase angh s ihiedinichSioRhloRalon & ¥n ikdiviagalf OboBH idYcédiBarkE OFEDRAE 135. The
~processor 135 determ nes an average acoustic energy P(x, ti, t2) over the
- tinme int embelliviend wf the tnoentionat Al praslitycfeN |sowad iremsducers (1% ofeghioln R in a
cal cul at ifgl?r 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




- term nates. It w al so be un

involving at | east one of the signals P(x"t). 5 The averageJalg@ogéi C
~energies are stored in the nmenory 130 and may be displayed on a display
devi ce 150 such as a CRT screen for diagnosis by a physician. The
processor 135 may al so performan automatic differential diagnosis by
conparing the function P to functions stored in the nenory and known to be
10 indicative of various disorders in the body region. Fig. 2 shows a flow
chart diagramfor carrying out the_rgethod of the invention in accordance
wi th one enbodinent In step 200 the signals P(x,,t) are obtained fromN

t ransduc r r (A . |gcations xi. for.i froml to N in a

regi on R%(li)%l @%@@%&?@%@g@éﬁ qr}qntﬂgglgﬂggongél Hgtorga%dtb’y tﬁﬁaﬂ%‘*fss&ife ei t her

i nput to. %5 he pLoce r 1'];3,35' usi ng the inpuyt devic ? 14Q or 145, or are

det er mi ndd>by °HE ce5§06§§§§18 TInES 2 AjPragapaco "ca%@gg X YF @ ner gy

P(x,ti,tz). 1 ] ne t .l ocat ihon_x. I, the region R over the

e 1 n aPys ARG 3% B ot 882 o RRRGORE FL i etichdh 0 F R BlaRBy " <

di spl ayegn@ihhbRet dhs east one value of x. In step 230, it
. B @bﬁ;tﬁégi A5 P?%

i s determ ned ether a tunction j s to be determnined over another 20

time igterval Théfa}réizi'ﬁge laédﬂl@ti@éﬂ&%% afeeétﬂfeﬂﬁmttﬁe ﬁ{eﬁﬂa&%a ahll pe the process

_ erstood that the system according to the

i nvent i odispiayetheon a displayaldbvicep oG rsaches « AR sereen Lok eisigaesis biyea i nvent i on

-~ cont enpl ahes .a conputer program being readable by a conputer for executing
t he met h&8Y8f%he i nvention. The invention further contenplates a

machi ne-r eada i ' i . f JAstructions
execut abl e by%ggﬁﬁg%h%/%%ﬁg# Qigéggﬁ?ﬁﬁgﬂgﬁgﬁﬁgtﬁﬁ%%%ﬁ@éﬁbht| on.

Exanpl es ; o Ji8h i i re used to
anal yze Icgl\rl\%}rﬁw% g%gﬁ‘?‘él?%]r ﬁﬁ%{oﬁgﬁoﬁﬁ S i nhgg n?%\%érg%g&g%%gﬁ %bb%eshows '

r ecor dp nindicativanfivaridus disbrdersginditesbodyeégiom | nspiratory phase of a
respiratory cycle in an indivjdual. A two-dinensional coordinate systemwas
5 defined on Fife 24 shevs adlow shyh diagram fonsamying gut ghe aeethor of thdisducer s

were pl ageel vion in accordance with one embodiment. In step 200 the signals P(xi,7) are
obtained from N transducers placed at predetermined locations x; fori from 1 to N

~in aregion 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 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 tinie interval. If jzes, the process returns to step 205, If not, 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




on the individual's back over the lungs at the |ocations indugavesl by the
circles 300. The curves 305 show the presuned contours of the lungs. As
can be seen, the transducers were arranged in a regular orthogonal lattice
wi th a spacing between the transducers in the horizontal and vertical
directions of 5 cm The signals P(xi,t) 1o were then recorded over one

I nspiratory phase of a breathing cycle (t1l and t2 are the beginning and
end respectively of the inspiratoryghase). Each signal was filtered using
a lowpass filter having a cut-off of 150Hz. The average val ue of each

filtered functy nggﬂﬁ; L NPk I S, hodi din Fig.
3a by neans g?@ébly%ﬁ{ g{l/%l S éid?)gg:h%f ea@ﬁﬁg‘wrgﬁggég% %a{h%%rg)f%?ence to the
gray | evetspeireirddQourlds iP{xintlividid). was obt ai ned usi ng Equations (1) and

(2) above with the kernel g of FEquation (5) wth 6=36 pixels. Fig. 3b
shows a 512 ptig&P shows ecpniding angranplysis of sighalp pees endespiratorsophastel d unct i on

P(X, tI, . [ | h | ' f toth
Covel  scar Bl i MRl Boffealiddond Srhat Sanet man.
P(X, ti st Aefinddvn the'indivillualZbbackBs SREWOH Figpﬁa,WEQrahbﬂiﬁérse\ﬁ&e g@&%& are easily

20 discernable. Fig. 4 shows recording and analysis of signals over an
expi r at oop thmbdéevidifal’a backesvsi thethangs at shel lecatiéns midwatediby the girclda30048
transducefs were ed gn an individual!s back at the same |ocations x,
used in %C@yesagéf gtlﬂ%gleelﬂew h‘é}nﬁun%Pgéle lupgs. Aﬁé%@?\ﬁ@@a@% show t he
pr esuned _ lndivi.gual | . 25 S gn P(xl,t) were
then recor g%le%%é}‘r(é}%ne eg?ﬁ&%%&@%ﬁ%‘%@%&%%?gﬂ ?ng%é]%ﬁ%mfeﬁ and t2

“are the egianingrsindhehdizogabact veritday d@écﬁbﬁ@oﬁﬁhf’ﬁﬁ@ﬁ%nﬂi@%ﬁ)t) Each
signal was filtered using a low pass filter having a cut-off of 150 Hz. The

aver age et then odcontediovenometinspiraiyx phasy obe breathiey eyclui (taaral iy apptthse i s
W th et CrghtaE Al RapagrEBvaltthe Bpleesr BhaySp Bo SEDRLAYS. TeRd 1 1 2) was
POt 3y PEURIORINE O Hatibe O Cut o StRe, "I ol fagh 1U° ) ce)
scal e 41flte@drfpactiono®(nf) dvegthe idipiratoty ghnse hondicatde in/Blgl BB bg hasage i n
acoustic energy between the inspiratory and expiratory phase of the
r espi r-at of grayyeved shaslingbofi aash sincei309 watharefieance o tHeeerhyifeysl sbale 319. a
r espi r15a t c}x)r(%’ h?%f lm?asmc%rta?ned 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




- obtai ned using the nmethod and system of the invention. Sighdlig206@5 were

- Obtained and divided into tine segnents. Each segnment was anal yzed by the
nmet hod of the invention and an i nage was generated. The inmages were

di spl ayed on the display device 150 in rapid succession so as to produce a
novie of the respiratory tract over io0 the respiratory cycle. Fig. 5a
shows an image of the respiratory tract of a healthy individual obtained
over an entire respiratory cycle imnj@ccordance with the invention, and Fig.
5b shows a chest X-ray of the same individual. Fig. 6 shows 11 successive

e at S, BGG S S Rl %%#éeﬁﬂua@q}se(‘fk%%@a e i, 3@3@&%@8}@6‘

01t o ot Reurdi 0‘5‘?@3@5'9%@4 hege o %ﬁe&x&%ﬁév WA néef he 0
(ot et netele FF Toubardty of 578" 48 %(}aﬁﬁ&'z%@ Vobiete SRR SRREobSisi  at or y
phase. Thgy €568 fsp t&f&g%a%%@@hﬂe%fﬂﬁa&maaﬁydyﬁ@l ayed in

successi on on a display 20 device so asS to create novi e of the
respi ratory tMavies chewing clespes at diey hmgs | darinEhe respiginen egclef wereages shown

- aspi Lat Srginey origs Teuseiol e 8RErroe o sl (25 v SRR hot mavi ng
any _SPacgid el S RBmels gk S PSR AU P nclang £BpkeA Oy ¢ ract

of an individua usion o d over an entire

respi r at Bfyntincand anrmmgewﬁ@eﬁ@amd 1Thet inpgesweret digiayedamdhEidisplagh shows a
chest X-ray of the sane individual. Fig. 8 shows 16 successive inmages

obt ai neddesiesr139in capid suceession se @g tarpraduce ArrewPEthe wspirgfor rask pyetat ory cycle
of the pndividual. ach frame represents the processing of the recorded
“signal% %@é?SPgat ’fy%ei nterval of 0.4 sec. Frames 01 to 06 (obtained at
times 0.0 to gg0558Rdwiah imh. élﬂfﬁhg(i‘%lrat%ﬂy ﬁla&tabm%ayhy Mekitiagali nspiratory
phase of the I‘%Spl ratory cycFe whil e frarmes 07 to (obtai ned at timnes

- 2.4 to 401ﬂamed:)wmneanbtﬁm$pmtbryluyqlmgi acherdmmlwﬂtﬁlﬁynwmaem, an@iddg. sequence of

I Fi 8 be d di d
S0 56t oM mE: chefibriey of e e SRETHIAL G § FEGr DSOS WEER: ory cyol o
In the Soﬁ@ﬂgf 866 QccdsIRIDY SROUWRe iftefial diffing 4 REpldiSSt&cid of e | OWer ri ght

' lobe is ho

15 individual. 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

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 '




visual i zed indicating the absence of air flow in the | ower7oulght0s ung, as
woul d be expected in an individual having a space-filling | esion as occurs
in pleural effusion. Airflowin the upper portion of the right lung is

al so observed to be inpaired. Fig. 9a shows an imge of the respiratory
tract of an individual with o0 pneunonia obtained over an entire
respiratory cycle in accordance wwth the invention, and Fig. 9b shows a
chest X-ray of the sane individual .—F g. 10 shows 12 successive images
obt ai ned over successive 0.4 sec tinme intervals during a respiratory cycle
of the ingiyi : . e ' ' e

di spl ayed&%hgﬁ%%%%@gr@@%%sﬂ% g}%ﬁ%@%‘%’%@%@ﬁe@? r%gvi e of the
15 respi r@biined dtaihesO¥.8lto 4.0 REPeRt sHtin&Y Slnthg ﬁ@%ﬁpﬁ‘d@?‘ﬁ)ﬂ&@ﬂ@ﬁem s the
processing of the recorded signals over _a tinme interval of 0.4 sec. Franes
01 to 06 Yeahensernddmgges shovasingiip. § ear be dispiaycduin suceessipnrmada displasig t he

[ [ . ph f ' . I while £ 7 16
(ot nedi iR sepagiibol B i B CrRL YA TR R S rat or y
phase. { %eh{i%})%q?ﬂ;ﬁ%%%s Qhowi RO €. F) WAL tissub1ifl-thd Sowdr Uikt UbRS4endtn the 20

| ower . I'eft visualized indicating the absence of air flowin the
| ower | ef visudlized) indicating ithel atisencexfeit Bokwiin tanlovwedinghiduag, dsawould be

- space-filling |l esion as.,occurs in umgni,a. Airflaow jn the ypper portion
of the | ePPoRehdn pumgiidual Baving pact: psioryageeyrs pg e offestbibve: *01. A

system f o .y 24 ' . | 8ast . ' f :ndi vi dual ' s
respirat oéjgﬁ r%@%@ﬁ%ﬁ#@ﬂﬁ%bﬁ?‘%g‘é"m %Sgﬁwgo@%tbﬁgﬁg%érs, each
transducer corfigg0safiohe deidgeedf te MSpitatslyr fracteofohn tihdividagl witdual over

the thorax, the ith transducer being fixed at a |ocation x; and generating
a.signal Imexmonis) opteiiedadyerean gntifgr wapitaterynexcds imtaceerdancgcwithoex; ; for i=1

to N; d _(b). fi ive. th i gnal s, P(Xx" d
det or m noniotish BREFES S mRREe AL ory e Sl pl Rl 358 B Bo8e o 11 on
X OVer a 1% kiiekdNe iates MG bidk ShicdeséfPe 0:4 k& BmBaRRAAIY Hing 3. Pbei ng

-respiratory cycle of the individual. The sequence of images shown in Fig. 10 can be

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 signais 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 ¥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.




determ ned in an algorithminvolving at |east one of the s7gupbsos P(xf,t).
2. The system according to Caiml1 further conprising a two-di nensional 15
20 di splay device. 3. The system according to Claim2 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 configured to conpare the rage acoustic energy P to one or nore
predeterm ned functions P and detérmine a function P, from anong the
functions P nost simlar to P. 5. The systemaccording to Caim4 wherein
the processor is-further configured to nmake a di agnosis based upon the
deter m ngep Apg:i on. 6. The system according to Caim1 wherein the average
acoustic energy P over atine interval fromti tot2 is determned at a

| ocationx, OA @stehfHadHedyzing Shitills! iCat2ed@bs HoPHdRX Bf 8A ShARiduaPs' 2
P(x,ti,t2)= JP2(xj,t)dt. 11 July 2006 -13 7. The system according to

Cl ai m 1 wespiratony frhet compeisingn P is determined at one or nore locations x in

an al gorithm ¢cqnpri sj ng. )..determnin n ayerage .acoustic energy

St 2012 oV o & Pl OR)N e, rb st faitared 1 16 o of

| ocatigns xi of tr dycer.s; . Ml &9&& ener gy

P( x, tlg, t2) at at Zaaésﬂtrﬁgﬁgf%ﬁ%(%@?@ﬁﬂ)%%qﬁ%?ﬁb&r%gﬁﬁg??@n 0 t&%rcdeterm ned
P(x"ti, t2). 8. Theeisy fikedmia koativmg dnd gehanting a sigaaleP(x:, &yindivaiv@ge acoustic
energy P(x" ti, t2) Is determned over a tine interval fromt, tot2 at a
plurality of |ocat® sure waves at the location x;; for i=1 to N; and

(b)  aprocessor configured to receive the signals P(x,,r) 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




xi of transducers using the al gebraic expression: 10 12 P 3dly poae2) =
Jp2(x"t)dt. a 9. The system according to Caim7 wherein an average
acoustic energy is deternmned at at |east one |ocation x by interpolation
of the determ ned P(x,,ti,t2) wusing the algebraic expression: 15 N
P(x,h,t2) =1] P(x"ti,t2)g(x,x"a) (2) 1=1 where g(x, x" a-) is a kernel
satisfying V 29 = ag (3) Ng(x, x;, a) is approximately equal to 1. (4)
f=1 10. The system according to Cla1a9 wherein g(x,v,a-)is the kernel xi
-xX'" 2 Xz x2 2 g(x,x"0-)=Exp-1 ( 2/ ) l.Exp ( 21) I (5) 20 11. The

di d ai in .t . 1 Sy ' d
SLrerm nckon’ stk 4865 v ECBH ) Wl 365 Rt R SRR Ve i e
i nt erval sope R@fdRe RBHGAES: AFAHAbhRLANBHYsRE! Ng determ ned using an

algorithminvolving at | east one of the signals P(x;,t). 7 July 2006 -14

12. The systega)accdeteﬁm@ng anChwirie] Acotbie @hnbray NE(RIOKPSoRE 4 ienfigured to
sequentially display -on a display device a representati on of each

determ ned aver agmtereddisim ¢ tongit@plurdidy of heatostxeof @asdicbsigndo Caim 1
wherein the processor is configured to: g
5 (b) determining an average acoustic energy P(x,h,zz) at at least one
location x by interpolation of the determined P(x,,1,t2) .
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. ()]

=]

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

@' —x:JE>2), B [(xz ~xf«/E)ZJ. )

20 2

g(x,x,,0)= Exp— (
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). | |




5 (a) for each of one or nore frequency bands, (aa) subjectJalpeoss gnal s

(P, xkt) to band pass filtering in the frequency band; and (ab) determ ne
an average acoustic energy function for the frequency band based upon at

| east one.of the filtered signals. ,0 14. The system according to C aim 13
wherein the processor is configured to display one or nore of the average
acoustic energy functions determ ned %or a frequency band on a display
device. 15. A nethod for analyzing'é% nds in at least a portion of an

i ndi vidual's _thorax, comprising: (b) 20 25 obtaining N signals P(x,,t) for
i=1 to N1%nheThe gymrp(a;@cqrd;ngﬁei(ﬁglm il hawhesein vhe pfocpsses sucoafigatedstoat t he

| ocati on - .on urface of .the .bady over the .thorax; determ njng an \
aver age é’?gﬁeﬁﬁ‘l&?e‘f{gﬂ@& Oﬁ(ﬁ,dl‘quax 215’“3%/ a4 fenressaiptipn Of ¢igh; et ver a tine

I nt erval évéfagbacéﬂsﬁébnér?ﬁe t, to a second tine t2 , P determined in an
algorithminvol ving at T'east one of the signals. 16. The nmet hod according

to Cai ml85 fline systencacrordisg woCldins b ndicteigite proesoe sedundived tof P on a

t wo- di nensj onal syrface. 17. g_he met hod according to Caim 15 further
conpri i Ré) C S?‘ilf"rfb&t“ﬁé’fnﬁ‘&% SYEDEERANE ¢ energy P to one or nore

pr edet er m ned NG - er.m,ni netion,P, . fromanong the
functions P ngsa?l g%ﬁ?@?&%% @”@J&%@%@& %&e%nglgl %.ﬁ%n%t hod
according to C ai nbdld; wktbr ei n the average acoustic energy over a tine

interval fromt, to t2 is determned at a location x, of a transducer using
the al gebr ai c(@pr@@f@ﬁﬂ@ﬁ@ an average acoustic energy function for the frequency

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 .




,2 P_(x,,t,t2) = 1P2(x"t)dt. n 19. The nethod accordi ng 7 gulfgbaden 15
wherein the function Pis determned at one or nore |locations x in an

al gorithm conprising: (a) determ ning an average acoustic energy
P(x,,t,,t2) over atinme interval fromt, to t2at a plurality of |ocation
x; of transducers; and (b) determ ning an average acoustic energy
P(x,ti,t2) at at | east one |ocation by interpol ation of the determ ned
P(x,t,,t2) 20. The method accordi ng—llé"CI aim19 wherein an average acoust

energy P(x, ti, tZE is determned over a tine interval fromt, to t2 a at
£ ¢

a pluralitgy offh
P(xi,t,,t2

b pecording to Slaiaule mdetedn thy etesagsl apottini eneegypr essi on:

S

iC

12

o t2) = 1 p2a(xt, thdt 21, T t hod ding to Oaim19 wherei
aver age a%&gﬁg{tﬁr&é@égyaj%qrg tl%‘alé?tl%B%Fm ed at %fo%&té@lsg%gﬁgr IQ’:’W& g;e' n an

- nterpoltﬁéi n ofcéhe determned P(x, ti, t2) using the algebraic

expr essi off® ABERIAC SRBBESHION. L i 1oy g(x, x"v) (2) 20 : | where g(x, x" a) is
kernel satisfying 02g = a6 (3) N g(x, x,, (7) is approximately equal to

(4) 7 July 2006 -16 22. The B@@,hqd:aj:ﬁﬁ&,di)ﬁg to daim2l1 wherein
g(x,x"a-)is the kernel Wt )z z xi )2 g(Xx,xr a)= Exp- (x 26 Exp- (x 20

5 19. The method according to Claim 15 wherein the finction 7 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,#,t2)

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

0
SI vig=_t ®)

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

=1

a
1,




| 4/ - ) 5 23. The nmethod according to Caim15 conpri si ngJulgkessr ni ng an
average acoustic energy over a plurality of successive tine intervals,
each average acoustic energy being determ ned using an al gorithminvol ving
at |least one of the signals P(x;,t) further conprising sequentially

di splaying on a display device a representation of each determ ned average
acoustic energy. io 24. The met hod ording to Caim15 further

conprising, for each of one or nore Trequency bands: (a) subjecting the
signal s P%x"t) to band pass filtering in the frequency band; and (b)
det er mi nAg an aVie? Agthodaseatding efelpiy 21 whetaimn glor,.o)his fheedmemety band

based upon at |east one of the filtered signals. 25. The nmethod accordi ng

to daim24 further combrixsiay \di spl yi’nge’afe)d) di splay device one or nore
of the acHdshi® ef 2. B rm—%{d—f-o a frequency band. 15 26. A
prodtiam c

conmput er program conpxi si n% comput er de neans for performng the
Cl ai m 15 when

cai d prodiam 16 PO OGO SIAim2T5 AEBNpE: derBRUGE dh Reregen; mod | n
G ai m 26 4651386 ke Bvét SGMAUELSS sub&RIAP e TRANYIY each average acoustic
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.




