; e3e44, b6THL SYSTEM AND METHOD FOR DETECTI NG OF PULMONARY DI SEASES Fi el d of
the I nvention [0001] The present invention generally relates to systens and
nmet hod for detecting of pul nonary di seases, and nore particularly to

non-i nvasi ve systens and nethods for detecting of pul nonary di seases by
anal yzi ng i nhal ati on and exhal ati on. Bhckground of the Invention [0002]
Lung is a vital organ all ow ng exchanges of 02 and C02 between the al veol ar
socket s angYSTEMANWMETHED ROB DETECTINGEGOF FUGMONARY DISEASESer i al
infections, its physical appearance and/or functions will be altered,
resulting in pul nonary di seases. The current detection of pul nonary

di seases is mainly done by X-r . X-ray is not only invasive,
but also only able to detect tﬁﬁdgﬁ§gﬁ%§fwgﬁggrations of lungs. Thus, the
X-ray is not applicable for detecting pul nonary di seases at early stages.

In addition, there are a broad.range of so-called pul nona unction tests.
For exarf¥¥l spi r&’f’étﬂr?ﬁeﬂ%‘%ﬁﬁt@él § Waﬁ&rq:latteﬁg) W&F?g@ Hﬁ?tégd E%rﬁjg‘jte\‘igﬁlgme
nmeasur e it ect k f {«Cly [ ' he
e e Al R T e S

abl e t o detexting of pudxpgery diseasastblyenalyringnnlmlative aoll elidatiomam However, all the
avail able function tests are nere neasures of system c netabolismrather
than of pul monary functions. [0003] It is well known that the conponents of
exhal ation coul d be utilizedghQlgrdiR@OPRHeInVéntidi t @i N di seases. For

exanple, U S. Pat. 4,823,803 discloses a device for testing human
exhal ation for halitosis by using sensors that are sensitive to nal odorant

f det er m,ned .cheni cal iti f duci i.gnal i abl
wi th thdBel ect od COREdREr i GHEbATORImE Y hanen Al Jadld COERENERR ey ¢
patent igvdbldractiess 41 biBeddewaeth iRnuls imiaded A, Gidd @y baskhslNinfddasms; he

lung functions. [0004] There are situations in ich an early detection of
viral i ritserltyisisal appearaned ard/of finctionsavitebe aldred, resulting inpelmenppr dseases.

inportantly for the control of th | dem.c. JFor apl cer

epi dem gf }b‘%/cugﬁ%ée(t él\%rog pol%qngryﬁélg%aggsalgg?a;}&%;siﬁ ?Bﬁg‘%ﬁa?oﬁa%gré?? ecgﬁger ns
about efif a6t dnle irl@%ie€,tbudAls® bnBUbie toalcts¢attc pliySedstsratiespefduads. YThak, the much
earlier 2 stage of infection in human bodi es. Upon early detection,

scarce andapisawi applicablgifendete@inguiubmenary dissescs atepslycstagsst Hoaddifien thege

per sons. I t i I r | y not
be. toer it BLiI el of S AREEnfinohil? ARRELAL rorfiingle; Sl E gD,
enough tlwvbwell dedahgtexbylet Meangwchineemeabhentuit perniits detcti@bdfreftrioitd lang t est s
may not he able to detect the early signs of infections because the

funct i orfdseagest dLengstlle S1HUSIONSARRGIRY RETMES abentimets Qi) iRienEy BSRUPES Fower f ul
i n detecfy I thon;. it i r i L

mut at i o(r\;‘}sw‘\g/l\n fljaﬁ%fﬁlg??aggh{%% t’%l g%ﬁnflngoug&s@\?g?%e%&' Fg%g%ivgﬂ%%grﬁé{?m},{%%er eis
an i nperfanctien esed ateonetey eleapunes rofi syseeaiiv endtyisdlesms rathelr thetnh ofl pufmoonary
detectig%ngulnnnary di seases, especially ones inflicted by viral or

bacteri *H?ECtions. Furthernore, the detection is independent of the
mutati ongegd) | Nf €Cti QUFCIRRREWS -thaThh@cbrﬁF@r%’ts%‘f S@hlatibhduldbs ufiRRY Y

di scl osing Systens and nmethods of detecting pul nonary di seases by anal yzi ng
of the idihgioaisi afinceataih dsbasksat iFon esdmplet £5%. Patr 4833,808 ksclesdy andexgpssfoof t hi s
invention wll be a rent. with reference to t detail ed descriptiaon.
surmar y Grite e, SRR foD GO P RSe AP IVEN: FEABYA GeaBi iy asi ve
systens aRek FEpRARhRed A9kl REnPosiBidhsPataprs AL AFRADYaraibad WathtEe

i nhal ation and exhal ation. In one aspect, the present |nvenploqﬁfrOV|des a
pul nonardetefiteseennserifeations b thesyelodaianb gasget Eovyavgr, bhis pateinhis diedoted toribe es of

a test person. The, pul nponar i sease, detection system conprises a breath
el ys erderion ohEIRPRECY et SRR Tne BTS2 0F ™ e Test per son. - a
conput erp@u4pCessorTHed¢ afetit@htvorzdnfwliaeh dbhearbr @aédtioardlvwisbinfédi@niintaticant i on

and processing the received analysis data to %ive val ues to different

par anet s tispimans of AbgaVistigh and rpae dmapitantlyr for the caufrol el the epidemic.a koedi cal
dat abase ' i.§fer ] i c:and

nor i TR P B Bl o vl G e e
t he val usscehs dbdfteffentivepdetastivnesfssuoh rélbeant dizebsesaaspedalipbiea aiuch eafliet he
test person with the ones stored in the nedical database so as to yield a
test result of whether the test person is suffering breath deficiencies. In
one enbodi nent, the conputer processor is enbedded with an al gorithmfor
processing the information fromthe breath anal yser; wherein the algorithm
cal cul ates the breathing rate, oxygen consunption rate and carbon di oxi de
generation rate fromthe conposition information of the inhale and exhal e
airs of the test person; thereby conparing the rates of the test person

o, o, o o o v N o




[ 0007] In another aspect, the present invention provides a nethod of
detecting a pul nonary di sease of a test person by investigating the breath
deficiencies of the test person. The nmethod conprises acquiring the
information of inhale and exhale airs of the test person, processing the
acquired information to give val ues of2desi gnated aspects of the inhale and
exhale airs of the test person, and conparing the cal culated values with

t he onesstgdeasfedfdciion ilMdimaalbodaka &lyadettQioh) Berctdand pretions niddecal est
person is suffering any pul nonary di seases. I n one enbodi nent, the

pr ocessi rﬁgmr@eS@ﬂ@batf@dlsmf ehihe infesisamersons-plobiesady stagey of the aedi@aedhs t h an

al gorithgm ' eI i : . erein
tha sl gorrihierBaE Y 28 bR s e e o e ey
car bon die¢tidtat gesughad bedeteateé bl timnhdtene offpoQirtenoavailable fumitioanestd maye

i nhal e and _exhale airs of the test ,pferson; theretg% onparing the rates of

. con
the testh9s&esble tidetect the mbyssigisafdpfecHonsecaussi ﬁntfap%%fg AU the,
concl ud . p tB ' itedippcitgs. I n
anotherqﬁ%%%@?%%ﬁ%gﬁ?hgﬁ%xogggg?ggﬁfgﬁgiggk?gh@ﬂ%?ﬁ%ﬁﬁ%Q%%ﬁ%ﬁ?%gmb;oiessor
t hat i s moletdedatidrish Massblegoutatidnsvitl hapdioapethss tachnidue sevdrelymat i on from t he
breat h anal yser; erein the algarithmcalc Ia%es t he coqgosition val ues of
the exhadP®®%ir from¥t reeé‘?fﬁ%égi i BRCPAVE 5eot YElop RATRVASHYE Sﬁ_ﬁamﬁﬁﬁ
assuned d;ﬁ@ﬂhﬂ@é f(fralfe?e%tihé‘?uﬁﬂbrfﬁy RIRALE] AgeliallP onE¥Mafied BY SHAPS! BPRiAY e and
carbon di oxide generation rate; thereby conparing the conposition values of
t he exhalections. iiurthetrherepthe sletsttaoneid indepeidentretithe autations ¢étrderdions agends t o
concl ude_whet her..the test person is sufferin ny breath, defigienci.es. In
et anot RS TBRGUiATEHISTIo HO,Aoe LS S P She s tebe 0 hG RO EHEURE
proc essofsulﬁqeﬁ&%lcﬁseag@egdﬁﬁwﬁgbme FIOFtioh R RhalRiOF 858 kP pérbsn. | OfiRE mat i on
fromthe breath anal yser; wherein the algorithmcal culates the vol une
conpl i arslyastagesaifithis irownties Wil bnemparent refermep b the detrileshdaspaptiarposi t i on
val ues and pressure values derived fromthe inhale air rate and exhale air
rate; thereby conparing the volune conpliance and air-fl ow resistance
val ues with the ones stored i Sulnbtariedikeinvdatiolase so as to concl ude
whet her the test person is suffering any breath deficiencies. [0008] The
obj ectives and advantages of the invention will becone apparent fromthe
foll ow taile e Lt | . i t '
connect | BA8%; £ L BEkRL Ianfibn PEEL. RS ANARR B RlbS HEY Sindd] for
Dr awi ngsddi@@iaglof Bukfi@iaredisesbobl apiiznginbalatibmand extaheionr Bsemt aspeatethti on
wi |l now be described wiith reference_to the Figures, in XMich lLike, .
r ef er encRresRMEENEOR PFOfides| 3 RUmoparyedisease deigeidqn fistsm forsdeteqting Breaihingr am of
t he pul I th ) o dales 1 h
embodi meat st T AL EEBH, TR PR e e R SRR 58y zer
conf i guradilysar focanalysing ehevirthhlecand exirblediinsexitthofest persq@r, ax@ntputanpeodessm .
[0012] FLG 3 sho a flowhart of detecting pul.nonary djseases .,on the basis
of alt er’%é’ﬂ r‘?f)??’g‘é&\qﬁ@@ﬁgﬁﬁf?@? alyiser &f BWMH Sﬁnd@r%ﬁ%?%he(fﬁceilwdé@é Pdance
W th pnedaﬁirﬁ)%'vg‘%ﬁfueﬁo bitRrdf ?él%ﬁ;etérwpme'i%l@ b &4 dF thbauB pasen, her
functi ona wchart of detecting pul nonary di seases on the basis of
| ung- vol amiea mediphli databasafod swiring lddiferem giastnagiens of hreaths of deepbligiané namealher
enbodi nent of thﬁgﬁresent invgnt%fn. %00141 FI G Sa shows a gha%rfnl
i || ust r a8 {HeleAlhY PSSRy therrhy iths, RTBY ARG T He “UTPHEP Nt "PréSstr es
that maygipRrdebsahRibrObf BeFueedadd AMalchrsdifithd leSiVpeidinasitll e stobdd ihhe

breath anal yzer as shown in FIG 2. [0015] FIG Sb shows that different
pr essur etheanedi¢aliatdbass sofs to yield a tgst[roputpl phether éhrotest prreort isnsifesingl

configuration .the disease identification software ases
o o or Bslracidntise BraRtrhaRinst TR COPRdsh PSR AT ERTLARS Yith ARRSC
shows a jlbemMmhafdr prodedsihg dd MGorkiadio Efoho tHEE6&h Ghallybe; dheRaste algorithm

identification software systemas shown in FIG 6. Detajled Descrjption of

the | nveshl¢wates thetagatliing rpiccesigen CORMNLGR Iae e saheasiatdoeensitiontatsdi | y

by refer e L Ng: i LR i ent s
of the 1 BoEEs SaBftdh o e B RE cxhiie At B e e A
are ref ecangeihg thdeatel (fthe st gessoaf with decones biorahini thamedicel duabaky so as to

i ncorporated by reference, in their entireties, into this application in
order to nore fully describe the state of art to which this invention
pertains. [0020] The present invention provides systens and nethods for
detecting pul nonary di seases. While there axe provided nore details about
the systens and nmethods hereinafter, it is to be appreciated that the
present systens and net hods axe based on the understandi ng that anyone
devel opi ng any pul nonary di seases woul d denonstrate certain detectable

oy 1 - o - e o




[ 0021] There is provided a bl ock diagramof the pul nonary di sease detection
system (PDDS) as shown in FIG 1 in accordance with one enbodi nent of the
present invention. The PDDS 100 conprises a breath analyzer 102, a conputer
processor 103, and a nedi cal database 104. The breath anal yzer 102 wl |
take in the breath froma test person 301 and out put the information of
components of the breath fromthe person to the conputer processor 103. The
conput ercoptREE SwREthdOtheC i3t PednalsOQITFrHES ah loré@R| difHcadnic@. t e ahbfher mat i on
of the breath and conparing the nmanipulated results with the nedical

dat abas eenipimexs, th@a&tommtéefcmﬁﬁﬁﬁs@r ispsimahedded wihr @y plgexthin @rre§m56@gdhe

di agnosi.sc| r at can
obt ai n blflfeor{%%uolli 9L%§1f20r rra ?tgn%?b@ Qﬂ{%‘éﬁ helg%o%g?lclﬁfsyessu | Cl ggiﬁt@gr t he
appl i catvabiesaff thhexladlgerrl fréyirsthe kbegdsitlon Watulee of ehEpinhele 4if @@ceslfsoassﬂ;ﬁé’d For
exanple, for_ the application of an algorithm 6 based on ox
consurrptfi%mahﬁ%ie%a‘?%‘é(ﬁnalbfﬁ?thelgg@%r%?f}ig@ﬁ COnpEMBYR I HC AT §3 9n |de<2’ﬂde

basi cal | r

i oxi de SnEAIEH L8 InGcLP mBROES SiiPson SEEPEPUE RN A KT BRIRE e
ar e analgyored in THeanedibd dagbasecto asetocmiahsletw}mﬂ&raheeteﬁumrhmr ispuffesag enly by t he

conmput er, processor 103. [0023 sho a breath analy conf i gured
i n accortdsHBdelFienich dnaRrbamt m@%"%? CUBRKIT HPEFPLR emhtg

anal yzeranlgl%o iR fo$ @esgﬁgkthl: 1n§oﬂ?§tﬁ) agem #el b%'ﬂtﬁ“ﬂhalyger %&rhqréiﬁ‘ thd r tank
11. The maskK 1 1s co ured to cover the nose and nouth a test person
so that algorithmraloutesds the Vohumedmmpﬁenmjartdmilt-ﬂewtreﬁstarmeroﬁ ohe tastchendonifromm

hal ed l.ost f | te h in FIG
e rihs RorsbosEdt vl SR vl s s R S 8 il 36 GBI | ng
ai r wi thbp. the-RPsdmbda t!h@acJ‘é'ltﬂﬁe c Pﬁ%ﬁ&%ﬁ dit-hBwVRkNRnSe Wﬂﬁés with!thopen to

allow all fhe eXpired air to flow out 4 of the mask when the test person
br eat hs @t stoaedl mithe imeldesal dasabasarse ag to aencudseshetharthp tasy persom saffiering t hi n
t he mask froml an inhale flip valve 22 that will open to allow the
fresh aif¥M écl%ﬁ% tank 11 to flow in 23 when the test person breaths
in; -an CI!SMQP” eI e%rdﬁdﬂleifésﬁe@t tHe hRGEhNIAvERRNOXYIRBs hindthed aF deteotiiposi ti on;
a carbon di oxi de gas el ectrode 24 for detecting the carbon dioxide in the
ai 1 conpoEmeny; diseass ©of agiest prisorebrdnyestigating therbraathedeficiggcionofiihe M@en in
the air ¢ 0 [ r. el e

vapor i Ph ? r(qé zsalth rggtr}ﬁ%% X\@iaﬁges a%ﬁ&rm tﬁe n(ggalarn%ﬁ Iotcg\?vﬁhrag S&P%MA élgke % fo

det er m nefigeison, procussing i ﬁquﬁé@ﬁif@rn@dtﬂbn t@ givexalueedf ddsigratedwispedtteofthect r ode
20 for determning the flowrate of exhale air; and S|(gnal conductors 5

that tr dRB#He end exhialeigsafdhs Hers(s’m akcomnaging ditealqulatedhualyes with & nes t i on

t 7. UG fib
opt i o, (D054 FredEa R0 So TBY, BSndthdd Sredlt LA WHEHEL B T 2"
measur alpjudmanaly cbisdasesl IIabdm anhbodinppl, yhe prot:dsmrtgetstexpartsd)mthknaabmpdtek| ver y

pi pe 16 connects the a nk with the mask so as to deliver, a stream of
cont r ol IRFACESSET by trﬁée 3 W%thantaégqrﬁenn%g proceRang fhe MARNALioAATeD Phcl udes
four el %Eétﬁ%ﬁag/ ; wherein!the at%rtt% ARkuehtd 1Y btéteuﬁg(yea@rb Xy oisusiphish de,

ni trogen, ter vapor respectively. The signal conductors 10 transmt

t he dat aaferamdh oatbenfdwndeegemetatxodeatetfmrm the cdatpasitioyirifeimaton afhd infiale The

si gnal conduct or be uItraI edance conductor or fiber tic.
[0025] THEABAS RS BT HIFEPYCommanace Bhmmtdicolest Borsen Wip Beiéct i ng
to the sigaalin MH&EQF&&MS&QO §é)tc; OHclide Whdther tRE Ris Ber@bd i sﬁ@fchﬂ% @hyration

fromthe air tank and the mask. Then the data acquisition unit 7 fransmts
t he recdiresth dsﬁgnmtl@ tlo anhther ompodigrent, the prooeseingas ex@8tedhvighinacompatert he

central processjn The,transm tted i nfor,ati

ool T ol i RERSRoR i b Wi A6 BBk pESeb BAE TG RAR B e,
conposi tiresth ahalgsert Wﬁel@ﬁi the ACLHtIHh toa RT3 the dompdsitidl ValiiésOGERS ekiie ik I
conposition data. In one aspect of the present i1nvention, the detection of

pul nmonarfjomi the gemposision aekues i the énhakeiair sndribie mesuntest nermed ateg dnadpdipg ng any

pul nonar a t
def|C|eA%F%%ﬁ@%%§§lﬁ@%nﬁéﬁgggﬁﬁ@hehﬁ?%géﬁ%hghven ﬁ&ng%lzﬁh%%5 ggg§g¥ed

t hat t hecdnipgingithg coiepodiienohlass af thermmeeat edthbijic ante sweedoyhe medical
consunption and carbon di oxi de generation. FIG 3 shows a flowhart of
detecting pul nonary di seases on the basis of altered oxygen consunption and
carbon di oxi de generation. [0027] Referring nowto FIG 3, when the PDDS 100
starts 301, it obtains through the data acquisition unit 7 the information
i ncl udi ng oxygen conposition, carbon dioxide conposition, nitrogen
conposition, water vapor conposition, and air flowrate 302. It is to be
noted that the a|r flom1rate data mnll be dlscussed here|nafter mhen the

o . o o, " o
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[ 0035] Vol une of water vapor in the Expired air = ( 1 )x(2)=492.75
0.0694=34.21 m (3) [0036] Total Expired air [1] +[ 3] =492. 75+34. 21=526. 96
m (4) [0037] Thus the percentage of the gases conponents in the expired
air can be calculated as follows: [0038] N2 393.1/526.96 = 74.6% [0039]
02 = 80.52/526.96 = 15.28% [0040] Co2= 19. I 2/ 526.96 = 3.63% and [0041]
H20 = 34.21/526.96 = 6.49% [0042] Al the nunbers of the atnospheric air
and expidatbagd $o & 10 dOnEaae ivbethenthEakdt E)el?son iOQARYing alYy erehth dvficioneivp) &y air
conpositi ons 0044 RespiratoryAtnos heric AirHumditied AirAlveolar Ar EX
fired AiXe§ Jimpert-rthe PHARAISAY Toa¥aeiPd UREhED7 conputer PRGSSEdMtdn17. 8

20, S&?S%@%ﬁﬁ% R R L e A e R
5. 3%49. | wiker&AHRO B gdrithnd dalci)fte 8 the AdPunde d8nPlzahcd and Qir-flow resistance of the test

0. 5%). 54%. 2%%. 5Tot al 760500 X
person from the composition values and pressure values derived from the inhale air rate

and exhale air rate; thereby comparing the volume compliance and air-flow resistance
values with the ones stored in the medical database so as to conclude whether the test
person is suffering any breath deficiencies.

[0008] The objectives and advantages of the invention will become apparent from
the following detailed description of preferred embodiments thereof in connection with the

accompanying drawings.

Brief Description of the Drawings

[0009] Preferred embodiments according to the present invention will now be
described with reference to the Figures, in which like reference numerals denote like
elements.

[0010] FIG 1 is a block diagram of the pulmonary disease detection system (PDDS)
in accordance with one embodiment of the present invention.

[0011] FIG 2 shows a breath analyzer configured in accordance with one
embodiment of the present invention.

[0012] FIG 3 shows a flowchart of detecting pulmonary diseases on the basis of
altered oxygen consumption and carbon dioxide generation in accordance with one
embodiment of the present invention.

[0013] FIG 4 shows another functional flowchart of detecting pulmonary diseases
on the basis of lung-volume compliance and airflow resistance in accordance with another
embodiment of the present invention.

[0014] FIG 5a shows a diagram illustrating the directional relationships among the
different pressures that may be detected or deduced from the air flow rates detected by the
breath analyzer as shown in FIG 2.

[0015] FIG 5b shows that different pressures are functions of time.



100%/ 60l 50 100%/60 366.3 760 100900 100% [ 0045] So far it has been shown
that if the rates of oxygen consunption and carbon di oxi de generation are
known, the ideal conposition of an expired air can be cal culated fromthe
ori gi nal conposi tion of the atnospheric air. This is inportant for
initializing the stored databases beca¥se in the early stages, the PDDS may
have to generate part of the database by cal culating the conponents of the
expired [eo1e$ fr omEIGe6ashons phirr fuhctbhidl dvasigdravionce thei disass Udgitifieaton Wt h

t he gradual accumul ati on of the database, npre and nore actual data wll
suppl emeetiveie shsist ard dlafabasesaitc aseprdancsnih ons embedismeall of Ahe ypresent

breat h aiﬂ?é&ﬁ%ﬁr | 02 of the present invention can acquire the data of

i ndi vi dual gas conponents of the expired air fromthe test person and the
CPU can [o@a7] pul at FIGhE slatvas hoflgweieart hidugpetiag nthagssfamaaes vfghs dissponent
as to th(e1 expired air. The processed{fgié of each gas conponents will be
conpar edIgRtHiFatiop sl eI &Y gk A% shovein If the test person suffers from
any illness that affects pulnmonary functions, it is expected that the
processed data of the expired air froma test person will be deviated from
that of the stored dat abaPetdiled Desciption ofthedowentidn this is so, the CPU

w Il output the diagnostic results showi ng that the test person is probably
havi ng pul monary di seases. Then the test person can seek further

exam natrpfag to defﬂ%rﬁfb&%t Wlefitiork hﬁ9 wRfurlsiRRah ¥rede SRRSO rdfek a0l the
devel oping. [0046] As shown in Tablé 1, it is apparent "that the rates of

oxygen dbﬂgwmgtdemedtddscg:latlblmnf chiriaxi @eb@ememtapf tha mfwyltlb& deri ved fromthe

cctal RGBT P8l U Gt RGBS g RSBARIL

can be afi{désuest dhthéRpublieaidhs ARRhHEEY iIRSrpoRRRd bl @ef%fe@c@,-ln-[ﬂﬁr entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.
[0020] The present invention provides systems and methods for detecting
pulmonary diseases. While there are provided more details about the systems and methods
hereinafter, it is to be appreciated that the present systems and methods are based on the
understanding that anyone developing any pulmonary diseases would demonstrate certain
detectable breathing deficiencies. The deficiencies may be manifested by the changes of
the oxygen consumption and carbon dioxide generation, or the differences of lung
compliance and airflow-resistance.
[0021] There is provided a block diagram of the pulmonary disease detection
system (PDDS) as shown in FIG 1 in accordance with one embodiment of the present
invention. The PDDS 100 comprises a breath analyzer 102, a computer processor 103, and
a medical database 104. The breath analyzer 102 will take in the breath from a test person
101 and output the information of components of the breath from the person to the
computer processor 103. The computer processor 103 contains algorithms for
manipulating the information of the breath and comparing the manipulated results with the
medical database 104, so that the computer processor provides the results of diagnosis 105.
[0022] The breath analyzer 102 may be any apparatus that can obtain breathing
information from a test person that is sufficient for the application of the algorithms

embedded in the computer processor 103. For example, for the application of an algorithm



calcul ated rates can be conpared with the stored database to determ ne

whet her the test person is suffering any pul nonary di seases. [0047] As
mentioned earlier, the choice of a breath analyzer 102 for the present PDDS
islimted by its function only. For exanple, when the lung conpliance and
airflow resistance are used for detectPng pul nonary di seases, the breath
anal yzer 102 nay be a commercially available spironeter. Now referring to

FI G 4, tbaed onsoprgenicdasumpidrend tarboh idimdle tbmsrathar, thobreded acilyseg 102

pul monary di seases jn accordance with another enbodi ment of the present

i nvent i oRASIGAHY FOPHELS A SERIYS FURN a5 B APTAXYBER LA PPN IPRIEC BPe AYater

anal yzer ( 2 . iqn Lne | unme
breath V%%:l‘bhgir?gcc? gﬁ%gl?ll%gg h)gf&{% elﬁit?éeaé\{hnge?@ggé gészegoae{gg&g %ﬁ’erfﬁﬁt %rﬁgct t he
par anmet erespefiv@Oompdsitidid, ardeRAyrth€apanekstll U the cofmpltee pexctssacl@ paraneters are

not the best filte results 404, the programw |l go back to step 403 to
try to g@gz%]he bes{:ﬁga?r §P9é‘fse’i‘ breaf aflﬁr‘l?éz xf(?zd(f? ‘Hﬁ‘il. %Qrga%ﬁewftﬁénﬁest
filteredehpsdihfesit GOfe ptdieht ikNGGYAE! The ¥idath QI%ZWh&l Ybrhprifs a3RLRNTh '&lﬁﬂ 405.

Then the programw || “conduct diagnosis 407 by utilizihg the nedica

dat abasescqupdiomast 7amed ewkjpuank he. Theuhesk UOconfmrdd fongpvieh theemaseindt he

410 048], FIG S h di il Jati h i ti I
Pl ot Con@pibsbhAdRY ek PBY dne et Bdteinindeligd g defel veiobiinduced
from t hemaimubl SMalcdt5is 46 Befofpidyer MEashi@Rinh iddaipided. AS sEhanh FIG I G 2.

FI G Sb shows that different pressures are functions of time. Fromthere are
derived thefreagkfluinghdenampir @gtlett thembrang 2tasar seak foe preyenidiag fiowithin thehmask

algorith in FLG 4: (0049 [ a - Pp) - =0 .

(i 25 bt PS4 Dl it A3 fd i By (O Bllow affihe Poppied g g awt
(v) R(dhbdihe matd Ghen Rhe tesPerson[K0RAS ooVt Kieriflet sncpituhci2d 28 WP for
detail ed description of determ nation of the volune breath characteristics

of the tBSVeimgddwithin the maghEoantpddngrantingtle flinevabreZhat Wil epan togllowhe

| ung vengi.lsati i j I ver i mol el
represen ggﬁ%i;}gg &%glﬁé%??g?{ lair]t?ff}eé)?\gﬁlt%ﬂgﬁﬁ%t@%ﬁ%fﬁggc%eaﬁ%u%gg e (I~
dynam csele¢trade Q3dos detb@inghie oyigeh htherafiSmimsitiBh; scabsDdipkide iges gleagsier e -

pl eur al ni)ressure%,, as shown _ in FI.G5 [0051] First, the nodel tgoverni ng
equat i on?hEidetssting e apormdiexide diy thet 4ib pempesition; palifrees: sarelesiradec] Zignl (1)

-Pet, 0 FtB9; ik hePlr S P S %l i i , Pl
and P2 aree o%%gﬁ‘!r:] ggﬂ%(régrln ?hr?e g;&%/%&gton( 5%61{‘%6’; Q%ﬁ‘%dgy\fk(efoﬁ)dgge&{éag e
par anet ewsteofapdriis tiigoaie composifiey aariaspitedgiciopira@rtetro@d 19or determining
airflowesjstance wherein.in the equatjion hoth R and C are
i nst ant gﬁlils?l?gv (Al 9@%{523&? IF) a0\ eXPITGH yT How 1S (46&305%@ fvﬁmllgflg peflow
end- expi Kl Q% haledd ahd M?nzﬁ%‘bn&hc‘t@rs ghﬁat't?éﬂgmﬁ |tl?§ﬁ1f&mr§ﬁ€1? Tﬂonpﬂlg%ﬁ%fkﬁdé%t the
end of expiration and Pet,o= Per - vlIC [0053] At end-expiration en cot =
coT, PL to et data degnisgtjion unit 7. The signal conductors may be ultra-low impedance
conductor or fiber optic.
[0024] The air tank 11 contains pressurized air so as to ensure a measurable and
controllable air supply to the test person. An air delivery pipe 16 connects the air tank with
the mask so as to deliver a stream of controlled air from the air tank to the mask. The air
tank 11 also includes four electrodes 12, 13, 14, 15 for detecting the oxygen, carbon
dioxide, nitrogen, and water vapor respectively. The signal conductors 10 transmit the data
from the four electrodes to the data acquisition unit 7. The signal conductors may be ultra-
low impedance conductor or fiber optic.
[0025] The data acquisition unit 7 includes connectors 6, 9 for connecting to the

signal conductors 5, 10 so that it will receive all the information from the air tank and the

mask. Then the data acquisition unit 7 transmits the received signals to the computer



11 [0054] per,o0 = po + pl , and the governing equation ( 1 ) becones: RV +
V/C=-P1L + P1 coscot + P2 sinwt =P" (2-a) [0055] where the right-hand
side represents the net pleural pressure. (Pn =Pat" -Pp Per,o0) curve. This
Pnis in fact the driving pressure (Po - Pp) normalized W|th respect to its
val ue at end-expiration. Equation(2-a)?can be rewritten as follows: Y + V/R
C= P11/ R- (Pl / R)coswt + (p2/ R) sinet ; RC=i (2-b) [0056] wherein
t he P(t)probéssbcalo,‘ad&ﬂﬂcldiasqsl aas/dcb icenthIQanes'smgaaﬁlﬂr(cEH’U)o Hher eaisesiged ed by:
[ 0057] Po 84 cm Hﬁ Q ..Pl 1.84 cmH2 O and P2 3.16 cmH2 O (3)

[ 0058] lflfoqnﬁ“‘é‘hﬁ’&i’?’% 1g(1taEZf)dpﬁQ§eténd CQ are desi gnat ed as the aver age

val ues (fFoafd C) ffﬁ £ i BNt Il ¥hé3)i§tlaeo(f hBelk bigpSQlibid BOxOMhecqHR! i on (
1) is given by: in cc~t)

I (1 +C~acI@aﬁlt@m2t)nlﬂ7+1tpﬁll@oedss rthnacmr lcompcsﬂtlﬁQdﬁI@ dosme aspedht of 1he+pre&nRQ2

J + H -t 0Q5 wh the t C~ t ed ,
oo L1 deviipne teniatschion AT pHENHERA Cisrser & ts5ed pp B ondegstafing DeRofen,
putting dveRlpidg anp)puﬁngnﬁ'&vﬁ%ééﬁs v@ﬂ%o@@{rﬁt@+&rt%1@%kfe@%1@B}e%lhlﬁé)OGO]

Then from equations (4) and , the overall expression for V é}t‘g becones:
V o(t ) defejenCigs.+ The mve@gorag 0 ﬂlequesenulrxygntz)mfuslhnr discaverdd that the azhuagz ) ~

t - 1
i b S sRIERgRS e o s by Bt hen ey g Y no
ai r-f1 ovig 3 5hews b MokwcBhrt 'oﬁ'%l@tef:ﬁﬁg limdnBANdiSsHdad bR thel BisisCalRReed oxygen

differentiated into: Y = (Pl 1 +cozza2 )~ ( - cv Sincot + cc~ za
Cos a~ tgonmmtlcmaankic@rlbonchpmdezgel@npn ((,bVGES (.~Z+ C22aSinc~t)
12 [0027] Referring now to FIG 3, when the PDDS 100 starts 301, it obtains through

the data acquisition unit 7 the information including oxygen composition, carbon dioxide
composition, nitrogen composition, water vapor composition, and air flow rate 302. It is to
be noted that the air flow rate data will be discussed hereinafter when the air flow rate will
be used to calculate the volume compliance and air-flow resistance in another algorithm of
the present invention. Then the CPU will calculate the overall relatives of all gases
compositions 303. Then the processed data is searched against the stored database to
determine whether the test person has pulmonary diseases 304. Then diagnostic results
will be outputted 305 and the operation comes to an end 306. It is noted from FIG 3 that
the stored database is continuously updated so that the database will become more useful
when more data is collected.

[0028] Now there is provided a more detailed description of detecting pulmonary
diseases on the basis of altered oxygen consumption and carbon dioxide generation. The
basic assumption is that the composition of expired air from a patient such as a person with
SARS infection is different from that of a normal person. It is further assumed that with an
expired air, (a) its O, content (or % vol.) will be greater (because of less O, consumed from
alveoli) and closer to that of inspired air; (b) its CO, content will be lesser, and more akin
to that of inspired air; and (c) the transfer coefficients for O, & CO, will be lesser as
compared to a medically normal person. Therefore, the mass balance analysis involves (i)
compositions of air breathed in and out; and (ii) consumption or generation of O,, CO; and
H,O. '




+f- Caat~ia (1+ C Zza2 )~ ( wP2 + Pl CO 2" ~a) (7) [0062] From
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(0069] In order to formulate a non-invasively determ nable Ventilatory

i ndex fromequation ( 1), we need to redesignate the nodel paraneters, and
indicate their identification procedure. So we nake use of the follow ng
features fromthe volune-tinme data to facilitate evaluation of the
following three paraneters: : (Pl C, $P2 © and z: [0070] At t =tV = 1.6s
& cotv = 2.48, his max & dhldt = D, hence we rewite equation (9) as:
[0071 ]| tan(cot~|)=-0. 18 f2+cpt Pl )/ ( Rls542W ) (12) [600g2]] At t =g | Y =0

; hence[ DYyTQLTT € anT ng,Gqupt (7 T T ORgRL I A Fm, we
obt ai n: ..T%?IC( ZBO q%%g;&cl 7@3 211 }1 SUI?IQ(?l~ Egog 2@9 >q%%2/ vV tyyi
-m3'ZSdnCvIL'|} \J.T\/VL +ah tw‘lz( €07 rL} 1 | con +
PZ) (13) [0073] At t =1s &cv t— 012 V = T~I (vvhose val ue i s obt a| nable
from FI Golz); thi ss&faﬁwﬂab %elyﬂﬂ)wlsthétviﬂﬂeq%s bf'@xf@éﬁ%ﬁdﬁﬂ;ﬁq'ontaﬁ& Brboy! =
-(P1Q) - ~co z (PIQI(1 + c~ 2~)) +~ (P2 +7co 2z~)) (14) [0074] At t
= 2s & cdexidePengationarexknpwa, (thmd@el mmmog cdkftnae:xmn@demf ¢a@nbe|3ta®1$nyd this
conditio nent.i a f ~(1 +
co 29~ ))tn q_t%&@ezor(lggévré)on}p@im_gné)(g%lyggcsn)oslz}lfng)an[ élgiﬁﬂs 1g‘1tp0ft£n1 tC 3 g)étlaé‘(z €570 |
V = T~3 {6:¢8 Hata¥dses beldls&in theedtBZstd %Q)nk (PFDDS @maydravk to “geﬁé?ate@art' dfkhd cv
2~)) (16 076] From equati ons 12) & ( 13 ) and any one of the

equat i ong? [‘i’(dselw gadgulatiieg e gowppyensheldhe exmeed\aas dewm dre atmespberic airs based si nce
cv = 1.5 P t h t he
ot her neqtiedih Bsubliofd ST hsatn gl e iR ottt ke SRR AR ) o
the V(t )aotl&ll data W1l oWpA¢Aentor katshtifute-theRacalaked diés~Ak d(stussed edkly, [Hbeddth Ve can
nevert hel ess formul ate anot her non-invasivel y-determ nabl e nondi mensi onal
vent i | at@elyzentigofthe prasent ipyenfigp gan agquirg %Pﬁwéwéd@l geeeampauents ofind P2

(RO (7 BBired B milbg st neftbncihe i e il BAEIME L O
i n termspendenBiges BP eahdzaR cofipbhert avid thel axpaxd aan Tie }ﬁwdss&ﬂtdﬂﬂa bﬁ/eachrgaslt i ng

t he val ues of z, gwith (PI_C). & (P2 C), as given uation 7).
Then, af%oBFPOBGRF ei%d %ﬁgomp?rqdzwlbﬁheaﬂws%&dw@ d‘ﬂé‘?ﬁ%néy tha?%ﬁt BEisPR ﬁ‘ﬂ erpt s

di St i bugi,n n§ A RO S LKA EORMERSsARYs Bl RAGAUIAL hioclsaoRAs Se

patients wth” various [ung rs and di sea etwee e two indices
VTl | andhy¥Bgired aie fivan aéespiposson hvalldredavivatd Eombihesofihe stated tlatabdsedepar at i on

of subjects h d| ferent at orders.. [ 0080], Thus .f have
adopt ed H4wEa B VST St RETERC: s eito it tonine T o1 o
However ’péi‘ﬁ)neféﬁf‘rﬁiaaﬁlf'Qfavfﬁgv‘f)dlhlo}ﬁﬁierdi‘ééést.| gRen Y W pbrs¥d can 386k Heler R

examinations to determine which kind of pulmonary diseases he/she is developing.

[0046] As shown in Table 1, it is apparent that the rates of oxygen consumption
and carbon dioxide generation may be derived from the actual measurements of individual
gas components of the atmospheric air and expired air. It is noted that all of the data of
individual gas components can be obtained by the breath analyzer as shown in FIG 2. The
calculated rates can be compared with the stored database to determine whether the test
person is suffering any pulmonary diseases.

[0047] As mentioned earlier, the choice of a breath analyzer 102 for the present
PDDS is limited by its function only. For example, when the lung compliance and airflow-
resistance are used for detecting pulmonary diseases, the breath analyzer 102 may be a
commercially available spirometer. Now referring to FIG 4, there is provided another
functional flowchart of detecting pulmonary diseases in accordance with another
embodiment of the present invention. When the PDDS starts 400, it obtains data from the

breath analyzer 401 (the same as the one shown in FIG 2) to determine the volume breath



wi Il perhaps vary wwth the airflowrate or ( V) or even co. Hence, for a
true representation of the lung properties C& R let us determne their
values for different tinmes during the ventilatory cycle, and conpare them
with their average values Ca & Ra , so as to nake a case for a non-linear
ventilatory-function nodel. [0081 ] LéO us hence conput e the instantaneous
val ue of conpliance (C) at mdinspiration at (t =tm), and conpare it with
that of dlamcterstiegel thy tdst perval 462, ahd Garther eatradt hivespgparm@esefRY, PUSP2, Ra,

di ff RV VIC=-P Si ~
P2 cv ?:o ' onf ‘g‘g*}a i ?f@eﬂ%}r N%M%gﬁé%&% ﬁ*PHt%i]e Hgﬁif}l’gﬁd&ﬁs‘ﬂ‘\ﬁﬁ@ﬁ e PgIaT 5 and
co t C\QﬂF ﬁ@ back todfep A8 ©ltry to get the B&t pardnietds. aﬁdché/ g r&ted‘r’pdgﬁtﬁet@gaa?@ d on

figl). substltutln for nd V 1n equation ( , tarn
0. 14LlI crﬂleest(fdtarqdaleadtstétML tlsntﬂw Vﬁ[bé/ fei% aﬁdlﬂi}i w1ﬂ|dedetemmmedd|05t dhah so

t t ) bstit t S,.LI V= 0, 3L (f
Che 11 o e arpegmiwlloaucditinors 0y o yiighaing meticn iBisey 406 Wohandp °5

C-Pl + &hpfearse 1%§ult"sm @sﬁluﬁ the chd®rl roéﬁ%ﬂo Now, since Clat cv tm=
1.32) - 0. 1l4LlcmHZ O tain R=4.6(cnmH20) s L 1, conpared to RQ =

2.20. THPeAghi ves Lﬂ%ﬁﬁr@qva@adlagramélustramg the dmaglnnaludlauomshmmng the

conpari to,their yerage Iues Ca. cou

a1 ns g atenb s e H BRehe AHEEH PEnuraL o e A Ee RS FEREMHEAE, he
lung i s Hredth Wnalpbdrak @HowMNirS PIG 22 FEQUWbckhewR @edt difh@ert| pposiRs h&tﬁﬂ@tﬁ)nfs@fbe
maxi mum at m d-1nspiration, when V is maximal ., [0086] We can hence

r epr eserftimé.uFepre drese prerdesivedy Tawdundamental equat{orp thes areothe dorndation dm the=n|
(T~n2- CaH %rgﬁﬁ:{sﬁg ' ﬁF GQZl a) R=s,V2z or R=ReSV (21-b) [0088] wherein V
can al sG be vari e by avi ng the subj ects breathe at different tidal
vol unes [6d4¢p) and ventil ation frequency (co) [0089] W note as per the
conventional formulation of conpliance, given by equation(ii) in FIG Sb as:
Pel = VIC + Pel, o (22) (i) (Pa-Pp) -Poy=10

(ii)) Pa=QRah)/Rr=2T/r=V/C+ Py g

(iii) (P, -Po) = R(dV/dt)

(iv) PL=Po -Pp

(v) R(AV/dt) + VIC = P, - Py, ¢

[0050] Now there is provided a more detailed description of determination of the
volume breath characteristics of the test person 402. In one embodiment of the present
invention, the lung ventilation function is analyzed by means of a very simple model
represented by a first-order differential equation (Deq) in lung-volume (V) dynamics in

response to the driving pressure (P, = atmospheric pressure - pleural pressure), as shown in

FIG 5
[0051] First, the model governing equation derived from the basic equations is as
follows:

RV + V/C=Pyt) -Puy o =P, + P, coswt+ Py sinwt -Puyg )
[0052] wherein (i) P,, P; and P, are obtained from the given P, (= P, — P, ) data;

(ii) the parameters of this Governing Deq are lung compliance (C) and airflow-resistance
(R), wherein in the equation both R and C are instantaneous valves; (iii) V' = V(%) - Vo (the
lung volume at the end-expiration); and (iv) P, is the lung elastic recoil pressure at the
end of expiration and P,;,= P, — V/C.

[0053] At end-expiration when wf¢ = w7, P, = P,;,. Hence,



[0090] In the above fornulation, we assune that C and E(= 1/C) remains

constant thr
i nspiration,

oughout the ventilation cycle. However at the start of
C=Cat t=0, and it decreases as the lung volune increases,

based on the lung (static) volunme vs pressure curve. So |et us inprove upo
this equation(22) nodel, by making Pell®to be a non-linear function of

vol une, as f

ollows: [0091 | pel pel,o +Eoe (23) [0092] Enpl oying the above

format ofospnpl i anBg, =the- pyaxdrthagovditing equatioh¢)dwesmpH093] R V + Eo ekv
PL ( t) - Peg, 0o = P+ PL coscnt + P2sincnt - Pei, o (24) [0094] Again

at end-expir

ation, Per, o, = intra-pul nonary pressure =(Po + Pl). Hence

equation. (24) becones: RVlzk‘{/Q@=95]]>1 R ¥, to&dtex M sinplP=pf Pl cos cqata)+ PZ
sincv it (25) [0096] whose RHS is simlar to that of equatlon(2 a), and th

val ues of Pl

order tolO8P| uat e ‘f" &€

&Pza guation(3) for the FIG Sb data. [0097] In
%lepragf&ﬁ@piﬁlge kergeseB(s theRet pisaal PEISSWE: o Bear s he

situat| Opgét)hﬁl'veatﬂﬁmd isniﬁqbétac ¢ nggmgﬂgeos%ure C(P + P, )lno aﬁ;%c% %twe 8@[ tgﬁ t: ;CO

tv = 2. gad, sincot,,

ave

and V = Mmeat'EVd:expuﬁldn. ananm(zq‘al) omn bd @w(ritt)endafcalomnd equations (3 & 25),

we obtain: [
vol une data

0098] Eo eo0.6 x g. 75 (26) [0099] Let us now enploy the
poi nt at which Y =0. For this purpose, we differentiate

equation (25) , tpg @ M= ke ch s c t) +
ch~ cos Et~)t) (g7) %%061101[@0%%1)&%)&?5@ %Pw(,%)t_sellmgltt aboR@_(r CRR

m d-i nspirat
cos (cc~|i(_)§56,]

|on for whicht =t"~ = 0. 87s&o..cotm—1 32 = 78 with
= 0. wRerdirS i PeQ éhméal‘daQa BPlaydCiN8YE 36 is QssuthedOto Bels '

fromfig( 1) data. Substituting these val ues into equati on.

( 27) Wereg@sented by:

[0057]
[0058]

Po=984cmH20,Pl=-1.84cmH20,and P2=3.16cm H2 O (3)
If, in equation (1), R, and C, are designated as the average values (R and C)

for the ventilatory cycle, then the solution of equation (1) is given by:

[0059]

V@) =-P;C,+P;Cyf[ (Coswt+w R, C; Sinwt)/(1+e’ R CH) ] +P,C,

[Ginwt—wR,Cycoswt) / (1+&’ R CH)]+He ™Ra (4)

wherein the term (R,C,) is denoted by 7, , and ® = 1.55 rad/s (based on the

data in FIG 5b. If V"= 0 at ¢ = 0, then, putting V' (at ¢ = 0) = 0 gives us:

- H={C,0T./(1+ 07> )} (P, +P 0 T,) (5)

[0060]

[0061]

Then from equations (4) and (5), the overall expression for V' (¢) becomes:

V@ =-P,Cyo+{P;C, (coswt+wt,Sin wt)/(I+w’t’)}
+{P,Ca(Sinwt-wt,Cos wt)/(I+ w’c’ )}
+H{e"™ 0 CTa(Pa+ P01/ (1+ o212 )} (6)

If dV/dt = 0 at t = 0, implying no air-flow at the start of inspiration, then

equation (6) can be differentiated into:

V. ={P,Ca/ (I+ 0°t )} (-0 Sinwt+ & T,Cos @)

+{P; C,/ (1+ 07t ))(wcos wt + & T, 8 w1)

n

e




[00102] Eo a 0.3x - 3. 8 (28) [00103] Now from equations) (27) & (28), we
get: a -0.3 x 1. 38 (29) [00104] fog which, k = 1.07 and (from equati on

26 or 28) Eo = 2.75 (30) [00105] Hence, by enpl oying the non-linear

formul ati on, pel -pel,o+Eoe [00106] we obtain the foll ow ng expression for
lung conpliance (or elastance): [0010#2 18 ~PVI =E=~=Eokekv=2.94e'.ow
(31) [00108] Based on this expression, we obtain ,for t =tm&Y = 0.3L: E
=1 /C= 4. 06cmH0 / L; and{CG eﬂha251£hﬁm2 (8 P32, $86109] Equat(zpn(32)
can now provide us a nore realistic characterization of |ung conpliance as
follows: At t=0 and Y =0, we conpute.E=1/ C =2. 94 and C=0. 34 cmH2 D
| L. Att[e620.87s &rdm-=Qualion 5, We@et. U6 = Gntl€=00,2bereBg )alsat satisfying tlis &

h=0. 6L, d C=0.18, whi { he. | .
[00110] BT e oBY et 154 ahbve G SaRa b LB Egia e Bl &
equat i oneId 84, SadBShrying M‘ﬁ%ﬁ&eﬁﬂ@ﬁtl%@iﬁh'tﬁ@‘ﬁ?vgl@@raﬁﬁ§ 88 R, bAMQ cafbeém H2 O

| L at start-|n3|rat|onto . cmH2 OIL at about md-lnsplratlon and
then to d}?.tftrallmrdp HAs @ ¢heckati lttChe bencd:rléifedlth@ﬂhc anbstitutionhef (&) hind (d) swisfies | s us
is that the.ve&;i | at ory nodel equation. ( 1 ) gives the correct reading of
the conpi®'8 WAt h"~~", i.e. at end-inspiration. At other tines of

i nspi r atjpee3; and expPbwerker OWe chil @lsbunRBid wal&maeer Qnl i (P8 e SatisRBng some
i nst ant aneous val ue of |ung congl i ance. w how about obtai ni ng an

anal yt i cendgongt Fgnthist pagesss wen lzssmteoﬂlawtly maxirgum; lide) YolumexpVessi on

f | R, Eo &k
for an 13eHbhded pack Ehe TRt +2 B e NEw Tar BBRACr2 5 Reh. Mdibar ed
patient digyait)e0.eot cRd Nt Ol 7Nadd radQRLALE 61 78alAlIs6, fyvhinlre =1 248 $ad pRRA t ant

to determi ne the normal and pat hol ogi cal di agnostic ran es of Ca Ra , or
better dhas¢d ontthe kmowladgmef e sram@oof&fak) theoéxpohent(@l varmve /7d( R e@iation 6)

non- di maRePBRA ot s %Féf’ge R Ry TR RS VT VY VT 1 £

in equations (¢ 11 ) 18) res& ctively. W vv|II now fornul ate yet
anot her BWV[GMEZHUMDHI @)wa ami:Ra / Ca ) (BR) (TV) Z]/ Pl P2 (34)
[00113] wherein (i) BR (the breathing rate in # | sec) 0. Scol ~ (i)

and ~ Pl P2 ~is tan (Wt,)=(P2+0TP) /(P1-P01) =-0.78 C

[0064] Upon substituting the values of P; and P, from equation (3), and putting ®

=1.55rad s™ , we obtain the value of 7, = 0.26s. We can also put V =0 at t=0.58 or wt=93
and obtain a similar value for 7. Then, we also note that at ¢, = 1.6s ( for which dv /df =
0), V = 0.6] . Hence upon substituting for cos(w t,) = -0.79 and sin(w t,) = 0.62 in
equation(7), and again neglecting the exponential term we get the following algebraic
equation:

~P;Ca—(0.54 P, Co/D)+ (0.94P,C,/D) = 0.6; (9)

[0065] wherein D=1+ &’ > , @ = 1.55 rad/s, and 7, = 0. 26s; this equation
can hence be rewritten as:

Ca (~1.54P; +0.94P;)=0.7 (10)

[0066] We can substitute, therein, the values of P; & P, from equation (3), and
obtain the value of C, =0.12 L (cm H; 0)"' . Since we have computed 7, = 0.26 s,
therefore R, =2.20 (cm H; O) s L' . These are the average values of resistance- to —

airflow and lung compliance during the ventilatory cycle shown in FIG 5b.



t he absol ute value of the product Pl P2 (because of Pl being negative). For
the fig ( 1) 19 (3) clinical data, of BR= 0.25, with Tv=0. 6L & | Pl P2/
= 18.1, and for the conputed val ue of R~ICa=18.33cm H20 s L-I, we obtain
hTI3 = 5.47. Between VTII and VTI3 , we can decide which index enabl es us
to better differentially diagnose subjlécts with ventilatory disorders.
[00114] Now, let us go one step further and recognize that, for

non-i nt uped7ed pat i Sints Lukg dzameotillnafluéme tht valnes H2R and @] thed paramsidiot

eval uat e R%Fe CanS dermnstrat ed in [0051 ] to [0068]. However for

eval uat i 97§ QFesEPloRed g diagese lpng étt?aﬁ@attwpstémenmc@e caie pmphyseme. heopt
(PI ) I em as
el i neat o OBt it onBaT e ol BREEATRIRE SomfAih i, Wl ferkl

non- i nvaueswlesl - hirgdrnalblecoV€nin mhma,ythplerlfs @mamtse& airnde tedisiadc? (Ryidueno by
equat i on, 18 00 VT12 30 a~z ‘1 ~2 | ~cC co = 2~t(BR
) (in #sCD¥ aﬂtl %e%(w@h(w&% @F‘i’mtﬂzjhe—aWﬁ%S (%ﬁb{%mté]tﬁw i, e not ed
to be t f

cval uat oo RS Ry RSl S RheHl: g B Rhcck T eqrtosEGTTRE LY

usef ul tdct@'enmngthaalctrmal atidsdisdabed tangesaff theTiRathetersdhtind 0} we ward émplowitidie r ange
of Iung i es dvenil tqry disorders.. Then, we can _.delineate the
nor mal F?gllrw% -gtilon mARl op A E{oRFIuiay (iREROSis et P OYSeR FrTARE AHRLt § o
to diag ru}feenmtmﬁéﬁstoﬂamt@n%efrftersewe di $e08Ri16RE §RFfofRandOLL 1 11 to,
referring to FIG 6, there is provided a nore detail ed description o
functio ragtenize gmtd@muhfll@g@orbfa% he di sease identification software syst em
and dat abases in accordance with one enbodi nent of the present invention.
When the user 610 inputs all the paraneters through the GU 620 into the
conput eryvpr,eepEs @, (VaRilatop idte i 5 6DF sutyBR)% gyt hgguery nodul e 640.

Then, when the paraneters are transforned into i ndexes as di scussed above,
the indexes will go to the disease identification software system 650

t hr ough e eI ent DBI\/St obt t ched di sease the | dexes at
the same” ﬁeé};#s %eg% PEg Wﬁt k‘f)é’gfa"gé S E36%t "t}%grtl‘f‘\?é B%osi s.
The finak &b@ﬁm Galiésl df R@aﬁ&‘muﬁl rdf?maRand ARehsel flatkd. G.et-us [thEbl’&I%] abow
referrlngto FIG 7, there is provided a nore detailed description of the

per f or neﬁ@@@umwabfeswﬁ@am%é(gwpwu ﬂné&}al—@dzs’d’ﬂmﬁz@ sgud BRh=adé2mhenn in

FI G 6. l t [Qu r |ne5|nford| the
best mattity o puldd for fLaded B ikl MATRRME o383 (ke 3" Sholikyl REEHG?

sear ch tdimatiim dasealuideNVTT; adfithdosief bIRATS. In RO cE¥ D thf@tl%)unéiiﬂsea@e D| SS
cont ai ns rrany types of diseases 750, 760, 770 where_ the search engl nes wll

sear ch aﬁ"‘f‘ ht‘ﬁgefﬁ?ﬂe@ Jotet g dakssRe= a6t Bulthbul 't Ge=sb&? éncmdduy sandBRire Query
Modul & 789! HhE Gie éét PRS0 Mdr!ihd o4 BE B Ruda AR SnbAIAR ORCLE HPRIET

di seases ei ng Sus atistica S are use m ne
the bestRiratXxlemiEOasks , dhd-0.hdreby HpO} V'iawg BALE 0.8s ¢ theswe bbtaidishases to

th f t f h f th bilit 74 Th
the ver 43 ¢ TRt 0 Rng Gbi NIcetsa e v SRR 1M EG0 T At oah t he
QU 790.=4 08O MV¥ir)(® tl%cpmsem 240y B 9’@ 8inP9eR dessr{hed, yi li]elﬁce

reference to parti cu ar enbodinents, it wll be understood that 't
enbodi nmesutrenaiize thdt| {13t watidvie ianke talng¢ of B& innhecdst ofi fibomjpdungdisetse SB15

limted.. Alternative ntso res i.nyention |1 becone
appar ent' PB“P‘H&&&SOH&V%%[%?%F hERs§ © Rlinpﬁyﬂfé ﬁgtsgt“t‘ t}{ecp%p%q\%sfrﬁ%n‘fﬁlgg%nt
i nvent i Qiisdags.t BhidSwosldCHr Bbli8E NRL FecABR QY KEVL S ByCANTARS %dblgopét?em
enconpassed within the spirit and scope of the present I nventi

Accordi n@lpylatlmhe scope of the pr esent invention is described by the
appende inms a ort the f 0| n ription. 21 Al M5
wnat 1 10 | ot IR Yerh B8 bR Pl ARG, P it he afieli  ng
br eat hi ngs tebé mingtaedde If @bwavd &&luate the patient in an outpatient clinic, in which we can

only monitor lung volume and not the pleural pressure, then we have to develop a non-

invasively obtainable Ventilatory index.



person, conprising: a breath analyser for analysing the inhale and exhal e
airs of the test person; a conputer processor for receiving fromthe breath
anal yser the information and processing the received analysis data to give
values to different paraneters of the inhale and exhale airs of the test
person; and a nedical database for stdding different paraneters of breaths
of the public and normal ranges for healthy persons; thereby the conmputer
pr ocessqooespnpar edntonder\ta lforesulaié adiﬁhfiﬁm%mel}p%tamfﬁhﬁﬂs VQﬁ’ﬁIattﬁy gﬂﬂea:fmémn d ]
exhale airs of the test person with the ones stored in the nedical .database
so as tcﬁqwfécrra(li WeBsed it sedesiggpte thetgds! nappmsters: anddpdigate theisidenteficatien br eat h
def i ¢l engh&diurd. se RIANIDRY ¥t S RARGAS EARLIO Mot She PoRlméliflcMats 1ther i n
the breathing deficiencies nmay be caused by bacterial infection, viral

i nf ect i dagilifiteysiabakion nf theifedowing tlvaa petame®rs: TR, GYPApEhanyd di sease det ection
systemof claim1l, wherein the breath anal yser conprises: a mask for

coveri ndo9M9t nose And=rfeat h061& tthe T &5t deisabmr dod e tol nksacsivg Ky Tiihe

del i very, leitigr{ ?Qs,ai r and minimzing the loss of the exhaled air; an air
tank for qsupp @ ng nmeasurabl e and controllable air to the nmask; and an
acqui si tppemyunit electrically connected wth the mask and the air tank so
as to receive all the information fromthe air tank and the mask. 4. The
pul nonary di sease detection syste f claim3, wherein the nmask conprises a
group of el ectrodes i ncl&i{® bﬁ'@%gﬁé& By 6 ~Be® k) bon di oxi dd2Yas

el ectrode, a nitrogen el ectrode, a water vapor electrode, an inspired air
flowrate el ectrode and an .

[0072] Att =1t,, V =0 ; hence by differentiating equation. (7), without the
exponential term ,we obtain:

I./" P;C(-&" cos 0ty - @ Tsin @ tw) +P; C (-0 sin® ty, - @ Tsinwty) (1+ ©°7)
:0:

ie. tanwt, =(-P;+ wt Py /(P wt+ P3) (13)

[0073] Att=Is &wt=7n/2, V = V; (whose value is obtainable from FIG 5b); this

condition yields (without the exponential term):

Vi=-(PiC) — {0 T (PIO/(1+ 0’ D)} +{ (P2 O) /(1+ 0°T)} (14

[0074] Att=2s & wt=m/2, V =V, (whose value is obtainable from FIG 5b); this
condition yields (without the exponential term):

V= -(P1C) ~ {(PIOAI+ 0°T)} +{wT (P, ©) /(1+ 0°7)} (15)
[0075] Att=03s & wt=270, V="V; gives:

Vi=-(P1C) — { 0t (P;O)/(1+ 0°T)} -{ (P C) /(I+ 0’ D)) (16)

[0076] From equations (12) & (13) and any one of the equation(s) (14-16), we can
only obtain the values of @ 7 (or of 7 , since @ = 1.55) and of (P; C) & (P; C) but not of
P; & P; by themselves. On the other hand, by also fitting equation (6), (without the

exponential term) to the V(t) data, we obtain:

-1
T= rad s ; PC= L, PC= L (17)



22 expired air flow rate el ectrode; wherein each el ectrode detects each
desi gnat ed conponent of the inhale and exhale airs. 5. The pul nonary

di sease detection systemof claim4, wherein the conputer processor is
enbedded with an algorithmfor processing the information fromthe breath
anal yser; wherein the al gorithm cal cul' es the breathi ng rate, oxygen
consunption rate and carbon di oxi de generation rate fromthe conposition

i nf or mat P47 of t heWiendzal revaribelesshalmsulaie snadfiertiva-ineast vehedstermingbler reny
conparing the rates.of the, t rson w the ones stored in t di cal
dat abas ecgglgnsdgneﬁaf © %lﬁiq% &bdeéﬁﬁ%gf“t fEmS 8@&“%"2’%%3‘?55' LHF £ ’g’r Frr:@n‘sa]ﬁil gﬁr eath
defici engifggow®- The pul nonary di sease detection system of claim4, wherein
the conputer processor is enbedded with an algorithmfor processing the

i nfornmatP@8lfrom the breath anal yser; wherein the algorithmcal cul ates the
conposition val ues of t xhal e ai Jom1th osition val ues of, the
inhale air and the assu%&dgﬁgﬂm)a a{/ja{?? 4§ﬁpbreat hing rate, gen
consunption rate and carbon di oxi de genere}ti on rate; thereby conparing the
conposi tion val ues of the exhaf@@WARONTEN) VAL Eaes stored in the nedical
dat abase so as to conclude whether the test person is suffering any breath
defici erooms. 7. TmeismébﬂﬂﬂmWIﬂiCSE%an@‘bb%ﬁfﬂe@ﬂ:diﬁ&élﬁm &fPclrabnd € Givherein
t he conputer processor is enbedded with an al gorithmfor processing the

i nf or mat Mk Vi folvden eanheayitnated dyycomputing ghesiatiies 108 Toatlopavwithi®: €al €uPaes t he

I | i d aiksf ' f h
composi tRoR YRR SaTHR 7k LA, TR SLAUERE Yok TF AT rhBSERREPESE P o ana

exhal e patiendlite disuliipitRplcas eAFhM L1 dategoriad strpdicermtiklangigg @iz patidntd Wik
resi stance values with the ones stored in the nedical database so as to

concl udevaiious hepe diserdesssandodiseasas.i Betwaen &g twp insyoesriéhl endet 76i evieicas. 8.
The pul i I .51 f.. } i i ved

or esour iy 4 SRARE ABKEE MY SR RL Bl L Mnlesi PR BB GAERIATS 1
pul nonardisadaease detection systemof claim@8, wherein the volune
conpliance and air-fl ow resi stance gre cal cul ated by the equations 1) -

( 10) sd%80ht v Thusdap syptave adaried die ayrkrge grslic valfes (eandaly foueht Plat or y
rate in goddl pafnieters, H8w§s'?e'§§) e @%CWH{%E el Wiy 'ﬁgﬁgﬂg&&ﬁr&i ) ﬁﬁéf that RTY

performance index; C as [ung-vol'unme conpliance; as al w

resi stanc ; agd V\,herei.tg F&a apd Ca ar gesi nat ed_as the avera}ge val.ues (R
and C- O8I RPRARFSAEY PHOIPS LYY aate on §V BT &eR 1 HAngs g # fup ZeRteseagtionne

pul nonar i act ghp S . W ; i : and
(P2 ol SFEROPERREY Shs e hEM Cimity M) P19t Rl ftimhes Anelhe
conput edveaslaialy ayeks, and Fohpare et odih) theif aviiage aluePIC, & R P® 6) to=dbkea ( R/ C)
(TV2 /[~ Pé P2 erein . T 12 is.denoted as ventilatory performance index;
C as | urfgsisr ahendBiesi YerHlakory AHeetiendeodsly ¢ | ow resi stance: and wherein TV

i s tidalpyahune; Rl& B%hdase BbAPLR! thOhBIMHARDuSNFIUE Vf cobliadRe(@UARIRRT Y
di sease detection systemof claim8, wherein all the required

inspiration at (f = #in ), and compare it with that of its average cyclic value of C, . For this

purpose let us differentiate equation (2-a) , giving :

[0082]
RV +V/C=- P, aSinwt+ P, o Cosot (19)
[0083] Now at about mid-inspiration, when t =0.87 sand w¢t = w t,, = 1.32 rad or

78", V=0and V =0.5Lis (based on figl). By substituting for V and ¥ in equation (19),
we obtain, C = 0.14L/cm H,0 (compared to its C, value of 0.118). Now, in order to also

compute R at w t,, =1.32 we substitute V = 0.5 L/s and V = 0.3L (from the figl data) into

equation (2-a), to obtain:




paraneters involved are cal culated by the equations ( 1) to ( 10) and (
12)-( 17) so that VT 13 is conputed as follows: VI I3 =[60 ( Ra/ Ca)
(BR) (TV)2]/ P1 P2 wherein VTI3 is denoted as ventilatory performance

i ndex; C as lung-volunme conpliance; and R as air-flow resistance; and
wherein TV is tidal volume; and P 1 &162 as pleural pressures. 12. A nethod
of detecting a pul nonary di sease of a test person by investigating the
breat h de0684gi enci es of the test person, said nethod corrpri Si ng t he steps
of : acquiring the infaqrpmati i nhal e_a hal e tes erson
processing the acquipgdy?ﬁfﬁghgilon if@?é%?ﬁ%lu g e5|g ted a&%&cts of
the inhale and exhale airs of the test person; and corrparl ng the cal cul at ed
val ues viPe8slt he onsewstinreed(af w fa =mbdPcal. bHyabik®, e ebainRfof(cmiid@) shet her

the test._person is sufferi an ul nonary, di 24 13. hod of
e s Bk iR b Al PrE VBt bR 1as€ of B BaercofSeriinge BAE b )
i nfecti GH-co cv\ﬁgﬁﬁéoﬂ thtﬁ&I' W&ésc@l &'Ryhy/é 9&1@9&0% ¢ at]rfhd 1 g}ﬁraﬁﬁﬁhOd of

claim12, relntheln tlon of e and exhaealrs of t
person ite lmch;gherelﬁiaﬂnytsafahleeat dndamapiygon; whed thdrbmgi in fuliy ibfiaed. Alanalvyser
conprises: a mask for covering the nose and nouth of the test person so as

to nmaxi r'@olﬂd"&;p%&&h@ﬁbtv%ﬁytaﬁ)ée bR Hax@h imaR ﬁu&ﬂlﬂylp{fhﬁérﬂ WHeh” |1§1§1§x1ﬁfa1 the
exhaled air; an air tank for supplying neasurable and controllable air to

t he mas k[OO&ﬁihd We can hence represent lung compliance (C) and resistance (R) as follows:
[0087]
_ n = V)
C=n,)2-C, or C=C_¢€"7) |, (21-a)
R=sV,' or R=R.e'V (21-b)
[0088] wherein ¥ can also be varied by having the subjects breathe at different

tidal volumes (775) and ventilation frequency (w)
[0089] We note as per the conventional formulation of compliance, given by
equation(ii) in FIG 5b as:

Py =V/C + Py ; (22)

[0090] In the above formulation, we assume that C and E(= 1/C) remains constant
throughout the ventilation cycle. However at the start of inspiration, C = C, at t= 0, and it
decreases as the lung volume increases, based on the lung (static) volume vs pressure
curve. So let us improve upon this equation(22) model, by making P,; to be a non-linear

function of volume, as follows:

[0091]

P })el o +E e (23)
[0092] Employing the above format of compliance, the governing DE, (1)
becomes
[0093] RV +Ey &V =Py (t)-Peo=Pet+Picoswt+P; sin ot-Pao (24
[0094] Again at end-expiration, P, ¢ = intra-pulmonary pressure =(Py + Pj).

Hence equation.(24) becomes:




an acquisition unit electrically connected with the mask and the air tank
so as to receive all the information fromthe air tank and the nmask. 15.
The net hod of claim 14, wherein the mask conprises a group of el ectrodes

i ncludi ng an oxygen el ectrode, a carbon di oxi de gas el ectrode, a nitrogen
el ectrode, a water vapor electrode, anlfinspired air flow rate el ectrode and
an expired air flowrate el ectrode; wherein each el ectrode detects each
desi gnatdesionponent of the inhale and exhale airs. 16. The nethod of claim
15, wherein the processing is executed within a conputer processor that is
embedded with an apgoxi oL ppocesging 4 pe pnfppmtion fromthepyeath
anal yser; wherein the algorithmcal culates the“breathing rate, oxyéer)1
consunption rate and carbon di oxi de generation rate fromthe conposition
information of the inhale and exhale airs of the test person; thereby
conpari n@odeje I at eghede RIS id S8llaPR B LI hitidn(RaP B8S tIRIANRE of P, W, 4¥8di cal
dat abase so as to conclude whether the test person is suffering any breath
def i ci engivesby equatioh@) fastthe Hl@Fb ditai m 15, wherein the processing is
execut ed Wit hin a gonput er ocessor that is,e dded with.an_ al gorjithm for
o oceset B ne" e GO BeRiERe TRS® pralertrS Aafyoert i Bl f¥ b1 hon
cal cul at gtatibie thao APasiLihbgifatival foes =0f <hes efobahechab t =iy ™ L. NP £,1 On

val ues of the inhale air and the assuned normal rates including breathing
rate, oxydel? €ensanpt—8n’/Pawvehaved car bon di oxi de generation rate; thereby
conmparing the conposition values of the exhale air with the ones stored in
the nedi pak @ahabaseys0-ay 1 9 £ONdederrvetidIer) dabi ah@Shudtidhs P& 35)sHef ering
any breath deficiencies. 25 18. The nethod of claim 15, wherein’the

pr ocessi&g i'hs executed within a conmputer processor that is enbedded with an
al gorithmTor processing the information fromthe breath anal yser; wherein
the al gorithm cal cul ates the volunme conpliance and air-fl ow resi stance of

t he test[og%q]son fromthe conposition values and pressure val ues derived
fromthe inhale air rate andgeytal e-a¢ ysrate; thereby conparing thegyol une
conpliance and airflow resistance values with the ones stored in the

nmedi cal database so as to conclude whether the test pgrson is suffering any
“breath debdgti enci ebet ibkhow traplsetthodolamecdatd poidBat wikiel @1 0. tHoe tide purposk,
pressure val ues include pleural pressure and al veol ar pressure. 20. The

met hod o¥e diffsrentiate equabeR(2?) t Weobi@nume conpliance and air-flow resistance
are calculated by thg equations ( 1) - ( 10) sothat VT I1 is conputed as
foll OWs: 1ot . = ( QRE Ca)H, Yedid atmeysid @b @ P,& cbd (69 J2 = ~ OBR) 2 602
wherein lj is denoted as ventilatory performance i ndex; C as ‘|l ung-vol une
conpl i anoeto1hnd R BEenaihe-Hig Oy datasit abewtarid-iasmranherfor whith rand, Ealas®s &
designated as the average values (R and C) for the ventilatgry cycle, and
BR i s _thg hreashings™ atgith ds (J he="82 hedindfn £) ak 1 d8, waksrep™ 6.7 30.5(P1 C)
and (PZ C) are calculated by the equations (12) - (17) sothat VT Ilz is
conput edLas ¥ & 0.9ds frovh fig(17dat@0Sybsiijuting thése valRes iRl eqDadi¢PR T wegd :c~ (R C)
(TWV2 [/~ P1 P2 wherein VT 12 is denoted as ventilatory performance i ndex;
C as | un[&(-’%l ume conpliance; and R as air-flow resistance; and wherein TV
is tidal volume; Pl& PZ as pleural %eegguge§8and W . 22. The metho f
claim19, wherein all the required paraneters involved are cal cul ated by

the equ%b&gf (1) ﬁgw(f%o%ec?&la%og(lsfziﬁ%zz%?ou;e%%%: V T 13 is conputed as

fol | ows:
e 3k =138 (29)
[00104] for which, k = 1.07 and (from equation 26 or 28) Ey = 2.75 (30)
[00105] Hence, by employing the non-linear formulation,
kv
Pel =Pel 0 +E 0 e
[00106] we obtain the following expression for lung compliance (or elastance):

[00107]



VT I3 =[60( Ra/ Ca) (BR (TV)2]/ Pt P2 wherein VTI3 is denoted as

ventil atory performance index; C as |ung-volunme conpliance; and R as

air-flow resistance; and wherein TV is tidal volune and P1& P2 as pl eural

pressures.
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the absolute value of the product P; P, (because of P; being negative). For the fig (1)
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1&"10% & () - & 10% % & 10% & () - & 10% &'}())- 10% & ()-&FM 10% & ()--; & ' (
(" ($( (th@%f 929 owatle175=0. QI.IO‘%/EI 1§y, @nd for the computed value of

RJ/C,=18.33¢cm H,O s L™’ , we obtain VTI; = 5.47. Between VTI; and VTI; , we can
decide which index enables us to better differentially diagnose subjects with ventilatory
disorders.

[00114] Now, let us go one step further and recognize that, for non-intubated
patients, we cannot monitor P; and P,, and hence cannot evaluate R, & C, as demonstrated
in [0051] to [0068]. However for evaluating ventilatory index in out-patient clinics, we can
infact adopt (P; C) and (P, C) to be the model-system parameters, and evaluate them as
delineated in [0069] to [0083]. We can hence adopt the non-invasively-obtainable

ventilatory-performance index VT I, (given by equation 18):

[00115]
VII; = 30 ot (TV)’ /7 (P; C) (P2C); @ = 2m(BR )(in #s™)
=60 (BR)(R/C) (TV)*/ (P P;) = VTI; (35)
[00116] which is noted to be the same expression as for index V71; , except that it

can be evaluated without intubating the patient. Hence, it would be even more useful to
determine the distribution of VT, for patients with a wide range of lung pathologies and
ventilatory disorders. Then, we can delineate the normal and pathological ranges of this
index, and employ this information to diagnose patients into different disease categories.
[00117] Now referring to FIG 6, there is provided a more detailed description of the
functional configuration 600 of the disease identification software system and databases in
accordance with one embodiment of the present invention. When the user 610 inputs all
the parameters through the GUI 620 into the computer processor, the inputs will be queued
in the query module 640. Then, when the parameters are transformed into indexes as
discussed above, the indexes will go to the disease identification software system 650
through the intelligent DBMS to obtain the matched diseases; the indexes at the same time
are compared with the expert DB 630 to verify the diagnosis. The final diagnosis will be
output 105 as shown in FIG 1.

[00118] Now referring to FIG 7, there is provided a more detailed description of the
performance 700 of the disease identification software system as shown in FIG 6. The
index 710 first fires up numerous search engines in finding the best match diseases in the

intelligent DBMS 720; the search engines will search the disease identification software
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P'"10%t & OFZ' 10% t & nt& ( HHI 1 J; JAEYNC8 10
om' 20?%;[ %e%i% }eg}gilrf@())gng % égf es 0 l(ﬂ}seases ang output the search results to the

AR e el T ————
T1" 10% 8$u@pec%d'l' 182086481 (eads 3t "libed/qu&dét):rrﬁﬁle which is the best match diseases and

thereby putting all these best fit diseases to the expert database system to further refine the
possibilities 740. Then the verified diagnostic results will be output to the user 800
through the GUI 790.
[00119] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit

and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.
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CLAIMS
What is claimed is:

1. A pulmonary disease detection system for detecting breathing deficiencies of a test
person, comprising:

a breath analyser for analysing the inhale and exhale airs of the test person;

a computer processor for receiving from the breath analyser the information and
processing the received analysis data to give values to different parameters of the inhale
and exhale airs of the test person; and

a medical database for storing different parameters of breaths of the public and
normal ranges for healthy persons;

thereby the computer processor compares the values of different parameters of the
inhale and exhale airs of the test person with the ones stored in the medical database so as

to yield a test result of whether the test person is suffering breath deficiencies.

2. The pulmonary disease detection system of claim 1, wherein the breathing
deficiencies may be caused by bacterial infection, viral infection, physical injuries and

cancer.

3. The pulmonary disease detection system of claim 1, wherein the breath analyser
comprises:

a mask for covering the nose and mouth of the test person so as to maximizing the
delivery of fresh air and minimizing the loss of the exhaled air;

an air tank for supplying measurable and controllable air to the mask; and

an acquisition unit electrically connected with the mask and the air tank so as to

receive all the information from the air tank and the mask.

4, The pulmonary disease detection system of claim 3, wherein the mask comprises a
group of electrodes including an oxygen electrode, a carbon dioxide gas electrode, a

nitrogen electrode, a water vapor electrode, an inspired air flow rate electrode and an
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expired air flow rate electrode; wherein each electrode detects each designated component

of the inhale and exhale airs.

5. The pulmonary disease detection system of claim 4, wherein the computer
processor is embedded with an algorithm for processing the information from the breath
analyser; wherein the algorithm calculates the breathing rate, oxygen consumption rate and
carbon dioxide generation rate from the composition information of the inhale and exhale
airs of the test person; thereby comparing the rates of the test person with the ones stored in
the medical database so as to conclude whether the test person is suffering any breath

deficiencies.

6. The pulmonary disease detection system of claim 4, wherein the computer
processor is embedded with an algorithm for processing the information from the breath
analyser; wherein the algorithm calculates the composition values of the exhale air from
the composition values of the inhale air and the assumed normal rates including breathing
rate, oxygen consumption rate and carbon dioxide generation rate; thereby comparing the
composition values of the exhale air with the ones stored in the medical database so as to

conclude whether the test person is suffering any breath deficiencies.

7. The pulmonary disease detection system of claim 4, wherein the computer
processor is embedded with an algorithm for processing the information from the breath
analyser; wherein the algorithm calculates the volume compliance and air-flow resistance
of the test person from the composition values and pressure values derived from the inhale
air rate and exhale air rate; thereby comparing the volume compliance and air-flow
resistance values with the ones stored in the medical database so as to conclude whether

the test person is suffering any breath deficiencies.

8. The pulmonary disease detection system of claim 7, wherein the derived pressure

values include pleural pressure and alveolar pressure.
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11.
parameters involved are calculated by the equations (1) to (10) and (12)-(17) so that V T I,

The pulmonary disease detection system of claim 8, wherein all the required

is computed as follows:
VTI; =[60 (Ra/C, ) (BR) (TV)’)/ P, P,

wherein VTI3 is denoted as ventilatory performance index; C as lung-volume
compliance; and R as air-flow resistance; and wherein TV is tidal volume; and P;& P, as
pleural pressures.
12. A method of detecting a pulmonary disease of a test person by investigating the
breath deficiencies of the test person, said method comprising the steps of:

acquiring the information of inhale and exhale airs of the test person;

processing the acquired information to give values of designated aspects of the
inhale and exhale airs of the test person; and

comparing the calculated values with the ones stored in a medical database so as to

conclude whether the test person is suffering any pulmonary diseases.
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stored in the medical database so as to conclude whether the test person is suffering any

e test person with the ones

breath deficiencies.

17.  The method of claim 15, wherein the processing is executed within a computer
processor that is embedded with an algorithm for processing the information from the
breath analyser; wherein the algorithm calculates the composition values of the exhale air
from the composition values of the inhale air and the assumed normal rates including
breathing rate, oxygen consumption rate and carbon dioxide generation rate; thereby
comparing the composition values of the exhale air with the ones stored in the medical

database so as to conclude whether the test person is suffering any breath deficiencies.
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whether the test person is suffering any breath deficiencies.

19.  The method of claim 18, wherein the derived pressure values include pleural

pressure and alveolar pressure.

20.  The method of claim 19, wherein the volume compliance and air-flow resistance
are calculated by the equations (1) — (10) so that V T I, is computed as follows:
VT, = [ (R, Co)(Ventilatory rate in s") 60 ° = 2 (BR)? 60°

wherein VTI; is denoted as ventilatory performance index; C as lung-volume

compliance; and R as air-flow resistance; and wherein R, and C, are designated as the

average values (R and C) for the ventilatory cycle, and BR is the breathing rate.

21.  The method of claim 19, wherein (wt), (P; C) and (P, C) are calculated by the
equations (12) — (17) so that V T I, is computed as follows:
V T L= 60 (01) (T V)? 21 (P; C )P, C) =30 o (R/C) (T V)* /n P, P,
wherein V T [, is denoted as ventilatory performance index; C as lung-volume
compliance; and R as air-flow resistance; and wherein TV is tidal volume; P1& P, as

pleural pressures and ®T.

22.  The metho.d of claim 19, wherein all the required parameters involved are
calculated by the equations (1) to (10) and (12)-(17) so that V T I; is computed as follows:
VTI; =[60 (R./Ca ) (BR) (TV)’])/ P, P,
wherein VTI3 is denoted as ventilatory performance index; C as lung-volume
compliance; and R as air-flow resistance; and wherein TV is tidal volume and P,& P, as

pleural pressures.




