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BACKGROUND OF THE INVENTION M nim zation of the tine between injury

occur r encwoan@s21tit ansport to the appropriate |evel of medipcalusoredoi s
necessary to ensure that wounded and sick soldiers obtain the pronpt

nmedi cal attenti opaassqal palsfielohitan MonditedlingDYE2MD tdyatten i me,
aeronedi cal care in a MEDEVAC helicopter environment is wused to identify

and transport casual ti es. BNCRKGROUNDUOF THED ITHRYENTIOMNNedi cal evacuati ons
daily during tinmes of war and peace, exposing the patient and

fl1ight/ nediMahimizewion nfi theotimeybetweaen dnjsmye Leaurrendsd iand t
monitoring conditions. As in the civilian comunity, mlitary nurses
depenccramspertabbe thed apprpprdatendeviedr iofg nediicads GaF ricy iNREaRTat e
patient care. in various environnents, sone of which are hostile and

obt r uiveenguraethat yeurdrdeAnAofdcknsoladersy obtaddt RS BHIMWE Wil e
aeronedi cal evacuatign is a life-sgvin process .for. m dt i early
i npos el Ecabr akEapLiPn EPSERNAAL %Brngllﬁ r SAVAVad-gn PY5iIg htrﬁb%' noi se
envirgnent. Vital .siggs _nonitoring.l Il il [

pr ocedtA®e n?/‘BFWﬁSIEgrDH EBFPodof 8‘&:"?3&; g‘% il)réé’ﬁtcs?#%r{gqbl ood ipriehggsur e
data. In el ati e gul et i paraneters are easily
detecﬂﬁﬂ?gPéﬂeﬁéF¥%g¥¥ugéﬁtFgﬁxgbgggﬁgéﬁo gg?%%' signals of interest in a

hel Ioopter GOYLEQRYRGA1ES cBnfiBk! SUGRGAIAN ek SRR HatlSRSing

Limtations on vits gns collection 1nclt hi gh noi se, vibration, -
audi t f Yned %’5 lr%i:' aRa: pkhekf eekpue imgNither pad iR RIFRNIEL Kgradyhesl e Ki ng

condi t1ons, gear during air evacCuation,-sand el ectromagnetic 1
crew to noise or environmental stress and difficult monitoring
conditions. As in the civilian community, military nurses depend
on reliable and efficient monitoring devices to provide accurate
patient care in various environments, some of which are hostile
and obtrusive to the use of conventional monitoring
instrumentation. While aeromedical evacuation is a life-saving
process for many, it is nearly'impossible for medical personnel
to monitor vital signs in a high noise environment. |

Vital signs monitoring is normally a simple and routine
procedure involving collection of pulse, respiration and blood
pressure data. In a relatively quiet environment, these
parameters are easily detected. However, acquisition of
physiological signals of interest in a helicopter environment is
a challenging problem for several reasons. Limitations on vital
signs collection include high noise, vibration, auditory
distractions, ineffective monitoring equipment, cramped working

conditions, bulky gear during air evacuation,-and electromagnetic
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SUBSTI TUTE SHEET (RULE 26) WO 03/082111 PCT/ US02/09280 interference with
aircraft systens caused by sone nedical equipnent. The additional
conpl exi twoaB/oBaads and el ectrodes conpounds the noi se amdTarsez/onsnent a
probl ens. The physiological paraneters of vital signs fall within the
hel i copt er-generated frequencies. Helicopter frequencies have a mnuch
greater power in those frequencies as well. Vibrational and acoustic
artif aphtefferange Wit airerhdns systiemssigused dynosore pedbéain nmust
t herefore be solved by other neans in addition to |ow and hi gh band pass
filtereqaippentach@he Bdditdonhd lcompliexitywok keads tandseleectrodes
personnel cannot use a stethoscope to accurately nonitor heart activity or
bl ood gempeunds the moliiseaapdrenvdzonmentad meeklemgort®BMM®e, non-invasive
devi ce capable of nonitoring a soldier's vital 'signs jn the field
envi r Piepiolingdcale parangtergesf Viltadnstignsefaldiwithin theneeds to be
useful to mlitary nmedi cal_ personnel, across the igsc run1of%fare delivery,
such delicamtercaensrafed fHgANSRSIes e diRddicopt Pley bavg 2
anbul ance, transports, hospit wards, and . ntensiv ar nits. Ate t
2t Ldy TUGRIERAEST] REVEF. Lo LPEFEatE Sl oS Mt in) WARTAELoprbuARd
onboard_a ot or - W, VEDEVAC_ ai r cr af.t i |l e ane snyi n I
test. ﬁ%‘r‘?_ﬁl& ?ﬁé&gcgfeaﬁengi_gf’s é’txj %r!leogfq‘ee%sasn' elect ré!]lég ! eI{(zi8 ﬁg%\/né as
Pi 206l e6h1 Ll i<t ERRLIBI' Bel ScNAY B dUHA iflans S HUd St onoks found
ot her errals wth piezoelectric properties. The versatility an
pot enty 3 Shiigh BLRACPLEE! Fiftet e dprdittfe DUV té 1imitin
costq%é%i%ﬁ?iggepo? gong t%ne. 2 %rdﬁﬁ% 9
work conditions, medical personnel cannot use a stethoscope to
accurately monitor heart activity or blood pressure.

The military medical system needs a portable, non-invasive
device capable of monitoring a soldier’s vital signs in the field
environment under less than ideal circumstances. This system
needs to be useful to military medical personnel across the
spectrum of care delivery, such as in mass casualty situations,
aeromedical evacuations, ground ambulance transports, hospital
wards, and intensive care units. A recent study found that
thirty-two percent of aircraft medical devices flown onboard a
rotor-wing MEDEVAC aircraft failed at least one environmental
test.

Quartz crystals are minerals that create an electric field
known as piezoelectricity when pressure is applied. Materials
scientists have found other materials with piezoelectric

properties. The versatility and potential uses for piezoelectric

materials have been known but cost-prohibitive for some time.
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SUBSTI TUTE SHEET (RULE 26) WO 03/082111 PCT/ US02/ 09280 However, recent
decreases in the cost of manufacturing now permt greater application by
engi neer swand/osasear chers. The advantageous qualities of poramogbesdric
materi al s have been applied to nedicine, security, acoustics, defense,
geology and other fields. Devel opnent of applications with piezoelectric
materials is in its infancy. The nedical practice and research application
of pi ezoel Howeiverhaseztednts tdesPsdisés oin | Sh@atcos8JoFORARLERCtuli AZORRCE i C
met hods have been successfully used in plethysnography, blood pressure
nmoni t oPEAR1Sy gFieated! anpliicattion &y engineéomcandezeseastherBli t hieNg i n
avian enbryos and hatchlings and pi ezoel ectric probes. Piezoelectric

mat er i ARYaRtagepNs] B lddiias O piezneiectyic nateniadsnhavar bebnman
trenor, nmal | body novenents of animals in response to pharmnacol ogi cal
nanipuPHPi&ﬁ? iRd meddGing o SeGititah fasoustkiesy defensec geotogmnamd( NVR)
ani mal erinent.s. In conbination with _ ultrasound, piezoelectric nethods
have b8§ﬁg6$5&3E85a$s&&?éféﬂﬂﬁﬂﬁqPﬁuﬁﬁﬂ%&ﬁﬂﬁ%ﬁﬂseYéBbiEi?éﬂ%b??FriC
7L AL VRO RRgpLor [ oL0 U e ons, 1 addhon, |
anal'ysi o ProgonPaifd BrePR LRl B8 s Usa Rl St Ledhion 06 “detormne
huscl & toragieStheetrnind, RnetammBtlatl o NF ST hentife bl ook
St ochapiéfodueti18OnKLhBasC AIVR bLetS 8hIdL XA y "used in
plethysﬁography, blood pressure monitoring by piezoelectric
contact microphone, heart rate monitoring in avian embryos and
hatchlings and piezoelectric probes. Piezoelectric materials are
used as detectors of sensitive motion to measure human tremor,
small body movements of animals in response to pharmacoloqiéal
manipulation, and respiratory motion for nuclear magnetic
resonance (NMR) animal experiments. In combination with
ultrasound, piezoelectric methods héve been used to assess
coronary hemodynamics, elastic tensor, intra-arterial imaging,
and receptor field dimensions. In addition, piezoelectric
transducers have been attached to the chest wall and used with
automated auscultation devices and microcomputers for lung sound
analysis. Piezoelectric film has been applied and studied to
determine joint contact stress, and piezoelectric disks have been
used for recording muscle sounds and qualitative monitoring of

the neuromuscular block.

Stochastic wave theory, as commonly used in ocean
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anal yze pseudo- peri odi ¢ phenonena, indicates spectral peaks from

respiratiwooanskibeart rate. Human heartbeats, respirati orcrarsd2/d2eod

pressure are repetitive in nature, reflecting conplex nechano-acousti cal

events. However, various problens with piezoelectric instrunmentation

devel opnent prevent its full realization. Measurenent of human trenor only

wor ks englineeirdmd e ema Xyzeepsendoapaniedétcypbehomenal,n inddcatest r aneous

noi se such as equipnent, fans, people talking, and the atient's own voice

rout | splegteailseaks rixom oespiratiownand TAAATkora&ems mér‘i’d distorts the

signal of interest, thus |imtin the racticality of piezq ectrlc

i nst r beaatheads, TREREIabiPReA 5aPE%FFB€F| areqrepetitive, in

| aboratory animal studies. |In non- Iaboratoﬂé ﬁnVI onrrePéHIﬁ |cal uses of
P b

pi ezoBPEYTEIIC eifétﬁ‘iﬁ?é?ﬂaﬁ‘?%l?’érm Q-3¢ icg pF’b’ﬁ NFSETof t he
h t | f t |
éﬂz;i For et R T O RLe6P Al erer L, ARt BRBRBE S kdar. SevA | °
t def t d h
dor i ﬁéreﬁé%t E %%% stEofnr g pirsfent By BbaR ciehcl By
casualll g3 LR1APRAR & %f@méﬁeaia%sbiutgi},t sqdkntor e pRld are of
the s&P&i e

r, and can be erence bet ween e an at h.

dur | Ndydeblahethld ififise 14 pgé' Ppfcse Ji faRas pedpde! kaALTHY, e Reneand

al so when - evacuation - for exanple via VEDEVAE hel | copter - occurs.

L o pARens i, GGt P bepoeBton Hoak: Respinia et L
That noise masks and distorts the signal of interest, thus
limiting the practicality of piezoelectric instrumentation.
Animal noises make data collection difficult in laboratory animal
studies. In non-laboratory environments, medical uses of
piezoelectric instrumentation for humans remains a problem
because of the inherent signal-noise problem.

A primary mission of military nurses is to ensure that
wounded and sick soldiefs obtain prompt medical attention and/or
evacuation to definitive medical care. The actions performed
during the time period between a battlefield injury and the
transfer of casualties to appropriate medical treatment is
critical for the welfare of the soldier, and can be the
difference between life and death. It is during this critical
time period where diagnosis and treatment begins and also when
evacuation - for example via MEDEVAC helicopter - occurs.

Unfortunately, the extremely high noise and vibration

inherent in the helicopter environment prevents nursing and
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SUBSTI TUTE SHEET (RULE 26) WO 03/082111 PCT/ US02/ 09280 nedical personne
fromaccurately measuring vital signs. Not only are electronic nedical

noni t ors werdesadi i neffective with the high vibrations; tcadisoz/ena

nmet hods of neasuring pulse and blood pressure using a stethoscope becone
unreliable in the high noise. Cranped working conditions and bul ky gear
during air evacuation exacerbate these probl ems. Mst conventional methods
use dmeddealt lpersonsiedy framagerrate]l xaaeasyring Vikalc§A08Sto He&sure one

or nore vital igns, f | e, bl pod hi , ' ,
Ul Seonay! dieeil ShTn sy TRAMGRE SORLCPTE Conie e LBF EEEFE N Rt tind

Sensi Enpe gt ks atisne oL tadEf1ondl (RCbhOdR of HeRERR et ded eba

cone Bt PrarPRe feal 7 ST A ures) berahs HnkE Tpp TR ke i
et P P P RS VIR PSS dical” ™

el ot POARS -auCRBRSS S R EELORE ol BELLY gepRealE T Rl 19

requi Led, Qk&%ﬂﬂg%dygyg%téxgﬁgg i bYoil{ehs! emetry for renote nonitoring and
commufi eat on, information may %eé%{%rv\%rded in real-time via wirel ess

comuni cat pyaet QRRASYH AR hIAE " s SEdéFiteHCtRRANENPABY Ot her

caregivers are located. Needs exist to devel op better nethods and apparatus
for physieldaeissall guad,t Grirds, Tan®UBTHEd HE fbisiré ROhE 26) méPe0PiRa2111

PCT/ US02/ 09280
signs, for example, blood pressure machine, ECG monitor, pulse
oximeter. Existing monitors require some sort of attachment and
thus are not passive. In addition, conventional equipment is
highly sensitive to noise, such as a helicopter or airplane
engines and rotors.

Clearly, what is needed for this common situation is a
monitor that can consistently and accurately measure vital signs
during a medical evacuation where there is high noise and
vibration. The monitor being relatively autonomous intervention
by a nurse or technician is not required. With the added
capability of telemetry for remote monitoring and communication,
information may be forwarded in real-time via wireless
communication to the destination where medical personnel and
other caregivers are located.

Needs exist to develop better methods and apparatus for

physiological monitoring.
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SUMMARY COF THE | NVENTI ON The present invention is known as Passive _
Physi ol ogi cal Mnitoring, P(err)M or sinply P(err)M Data records with
vast i nfwomabsnm such as bl ood pressure, are neasured, rexwsdpoy2s@nd nay
| ater be delineated to determ ne the physical condition of the subject
bei ng monitored. Recent devel opnents in materials science and data
processing have created the potential for a new nonitoring device using

pi ezoel ectric film an el e AUMMRARY \ORCTHE cINVENFEQN| yrer. Al though the
medi cal applications of piezoelectric filmare still at the infant stage,

the testing'¥F PESFERY 1RYERLARR: 4si knoypoAss PAgSs iMee Rwsiadegicakr system
AR B BT, A 2T RS TREEAREE o\
namrer o e RS tak o1 8BaC B REERER 1 AF8 B AENE oo RASHHAE RS ng.
resul e LA ML BUERHTER HRLEFNIRE, +HE. BhysicRY Kot Ry st em

Wt er ¢HRAEEN dSt BRERY itYfegnNCrease in pipe pressure caused by sudden
velocfty chéhé%f typicéT?%lg t%? water is shut off during a valve cl osing.

The conpr esGdc¥htaiyd Fo sbef AstépihPusscEe E*edg Glhatlh P¥a
SUBSTI TUTE SHEET (RULE 26) WD 03/082111 PCT/USOZPOQZ 8
have created the potential for a new monitoring device using
piezoelectric film, an electrically active fluoropolymer.
Although the medical applications of piezoelectric film are still
at the infant stage, the testing of medical instruments is
promising.

The cardiovascular system is modeled as a system of pipes,
pumps, and other appendices, with the engineering phenomenon
known as "water hammer" as the basis for a working model for data
analysis in the calculation of blood pressure.

"Water hammer" is a compression wave transmitted through the
household plumbing network of pipes and valves when household
water is abruptly shut off. The result is a noticeable sound and
the deterioration of the plumbing system. Water hammer is caused
by the increase in pipe pressure caused by sudden velocity

change, typically after water is shut off during a valve closing.

The compression wave is described as follows:
c=2.9P (1)
p dv

where
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c = speed of the conpression wave (ft/sec); dV = change in velocity
(Vinit.at - Mfinal) ; p = density of the fluid; and dP = change in
pressur e.wBlalosd1( 1966) applied the linearized theory of wsasesof2Bow to
devel op a basis for understanding the main waveformfeatures in arteries
and veins. The vascul ar systemis equivalent to a network of non-uniform
transm ssion I|nes Vbnersly (1957) had applied those principles to a
single uni rg?? fWWg;&ﬁ%%ﬂw¥QYﬂ 6lyfeqR) and conpared the
results to The™ ?‘ ﬁPaVe 2C3 SWal¥nitjat & dbgnetbii or to Skal ak's theory:.
Good agreed&gt g Fg measured fl ow and the fl ow

conput ed fronlthe ne suft d95F5§§6Fe .gradient. Anliker (1968) showed that

he d - bl
‘veiselipiiZ**%%%Eﬁ??gmka@?ﬁ%ﬁ?&ﬁ?h? el AR o dud e o ner
cardi 3% Q&[S eéeésbaé'ig' ket aaggféahg% V%%e'fao,] e*l% %P‘Kﬂf/bﬁ%‘n ‘“gﬁ'): gf‘e

cylindrical shells filled MAt I NVI ScI npress

nodel sj hayserdF P¥s de8Hageadnagr e@HEn{rafg %%%han?tltléd eﬁ&ﬂfaﬁ. %ul ce

vel ocity on human subjects and deve ermne

propagféﬁm}sp@ednonihﬂi'famntreﬂsihﬁsg%hzQ%nfe@.t such InfOI’ITB.tIOI’] may be
used to determ ne plaque buil dup, cholesterol concentration on the
arterial\Mﬂdmenmnya(leSVﬁlhmalhpphiéhneﬁaseEE&q i1l ) la0WS e
determ nation of pressure change (dP) fromt heart pul sing based on the
di spengiidiorme| tubenséppesent ingnapuasterdad wegaeinty ahd) cdrgpaedn vl ocity
v). Karr's - 7

v) results to the experimental data taken in a dog, prior to

—l)

Skalak’s theory. Good agreement was reported between the
measured flow and the flow computed from the measured pressure
gradient.

Anliker (1968) showed that the dispersion phenomena
associated with waves propagating in blood vessels are potential
measures of the distubility of the vessels and other cardiac
parameters. Anliker assumed that vessels behave like thin-walled
cylindrical shells filled with inviscid compressible fluid. More
complete models have provided good agreement.

Karr (1982) studied pressure wave velocity on human subjects
and developed a method to determine the pulse propaéation speed.
The invention recognizes that such information may be used to
determine plaque buildup, cholesterol concentration on the
arterial wall, and arterial wall thickness.

Equation (1) allows for determination of pressure change
(dP) from the heart pulsing based on the dispersion relationship
between pulse wave velocity (c) and flow velocity (v). Karr’s

-7 -
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SUBSTI TUTE SHEET (RULE 26) WO 03/082111 PCT/ US02/ 09280 nethod neasures
flow velocity to determne dP, which is related to systolic pressure (pS)
and di astwbios/opriessure (pD). The new i nvention neasures tIPeTUSOYB2B€ ener gy
from heartbeat and respiration collectively. The heart contribution to
the energy spectrumis determined by. renoving the respiration

contribution to the energy spectrum Respiration energy is filtered out by
conpamigtthddiemeasupgyss prowr veloalityl &bi detesminge|dfti Mhigh His/ arekatgd
measures using el ectromagnetic and doppler nethods. Since the synpathetic
t one rmy systokbcepbessurer éps)r andndigsteokis RIEEFHE® , (RNe new noni tor
can be configured for one of its piezoelectric sensors to serve as a

dedi cated dBpeleew ibveBtipRameasuzes thesPFesSUre £NSFYY FH W pret ati ons
of data as a function of the synpatheti.c tone of the tient. .The .

sel ectieartheatsand BPSPQFPEFBHaFgléﬁ&g‘thg Yel e%t‘\ev eé%%paﬁ'?’éw HERy
sensor data with data from ot her rts.of the body. .as C . sons
bet wedi® t4e FNEHTE §Pﬁﬁ£¥3ﬂebﬁs?§gFFP66§Fe yééﬁﬁ&%gﬂg}ﬁgﬂeﬁé? %#%?géh
contributions fromjgihe _heart. P2M.en speqtra s ‘ | Mk t he foot
di fferca‘,"ﬁlb{r}?‘é{)?a%?r °d§£?vsﬂefﬁﬁpﬁ§£%ﬁést%r auqﬁ%ﬁzlﬂ] pro dgi':sga means
for isalating.heart. en t f ' HAH W M shefofner gy
from!éiﬁﬁ?gégo%&ecﬁgegég¥%g?P? ?@f ?ggﬁﬁgﬁﬁ?ﬁ éfwtlégipnﬁﬁgweeﬁasystolic
and d'vaeﬁaféi%y bl pof] %Eééﬁw ﬁéésﬁ?ést e i Ber RAWdtircxiigHdtat (aHd dsppEed to
nmeasure ood” pressure. The” Bernoulli equation is a fundanmental _

rel at i onS{udsi N §iHEE €RENS ?_ﬁth@&"ic' tofel magd ififiienMEIbED prEedanies

and the principle of conservation of energy. A nore conpressive version of

the sgiEfn-ahéRe S8Bub&cyfvehepfidw flonitor can be configured for one
of its piezoelectric sensors to serve as a dedicated doppler
sensor that uses ultrasonics to adjust interpretations of data as
a function of the sympathetic tone of the patient. The selective
omission of P2M signals and the selective comparison of P2M
sensor data with data from other parts of the body, as well as
comparisons between two or more simultaneously triggered sensors,
isolates energy contributions from the heart. P2M energy spectra
determined from the foot differs from spectra derived from the
chest area, which provides a means for isolating heart energy as
the foot spectra is largely void of energy from respiration.

Once_velocity (v) is known, the relation between systolic

and diastolic blood pressure (2) and the Bernoulli equation (3)
is used to measure blood pressure. The Bernoulli equation is a
fundamental relationship in fluid mechanics that is derived from

Newtonian mechanics and the principle of conservation of energy.

A more compressive version of the same equation can be developed
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conplicated non-steady flows. p = pD + 3 * (pS+pD) (2) where pS = systolic
pressur e;wpb3msHdiast ol i c pressure; and p = average presswpCa/U§2/692pgh +
4*p*V2 (3) where p = fluid density, g = gravitational constant, and h =
hei ght, head energy term Fromthese equations we can devel op expressions
for pD and pS, both as a function of the pul se wave velocity (c), flow

vel ocitty ¥efflectl moteccomplipatedunentgPpadyDfiowsl p*y2 - p*C*dV (4) pS =
pD + p*C*dV (5) P2Mis well-suited to assist nedical personnel in several
areas including, but not limted to, tjhe following situations: (1) di cal
nmonitoring of vital signs of meveleky—= nfpSedD)persons in high noi s&)and

vi bration environnents such as rescue ® heli copter where current nonitoring
techni ques are cunbersonme or inpossible; (2) Mnitoring casualties ;
resul ting fYRA%®mj or disasters such as aircraft accidents, earthquakes and

floods; (3) Phy5|olo§%§ag?ggggag£%ng of Iarge.nunbers of patients - 9
o

SUBSTI TUTE BT Y R 208 ressure: and

p = average pressure.

—

D = pgh + WxpxV? (3)
where
p = fluid density,
g = gravitational constant, and
h = height, head energy term.

From these equations we can develop expressions for pD and
pS, both as a function of the pulse wave velocity (c), flow

velocity (v) and pulse wave pressure (dP):

PD = Ysxpxv: - oxCxdV (4)

DS = pD + pxCxdV (5)

P2M is well-suited to assist medical personnel in several
areas including, but not limited to, the following situations:

(1) Medical monitoring of vital signs of severely injured
persons in high noise and vibration environments such as rescue
helicopter where current monitoring techniques are cumbersome or
impossible;

(2) Monitoring casualties resulting from major disasters
such as aircraft accidents, earthquakes and floods;

(3) Physiologicai monitoring of large numbers of patients

-9 -
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WO 03/082111 PCT/ US02/ 09280 through a "smart stretcher" easily depl oyed
for field use by nedical personnel; (4) Continuous mlitary hospital bed
noni t ori ngowstobowt  di sturbing patients; and (5) Patient momiusoz/n9ego when
treatnment is delayed due to tenporary overload of nedical facilities. The
devel opnent of the P2M or a passive sensor array (nulti- sensor systen) is
a significant innovation in passive nonitoring. Through the use of a grid
of pasdireugiersdtsmarbi stretehee" eadityddeployed fonr flisdidngss diyal s from
different pads to discern noise frombiological signals. This is very
|nporP&ﬁPQQ1 pexgiene ke environnents. Additionally, the significance of a
passive mul ti-sensor, systemjs that it affords the opportunity to nore
conpr ehen5| (#d) y GRS inyious ﬂ&ﬂ%ﬁ'ﬁry ARogpital  beflemgnigogingpaddhautsensor s
prOVIge i,nhovative way to_nonitor patients in adverse anbient

condi Eﬁy bﬂﬂ?:ﬂﬂﬁ%ﬁﬂﬁﬁ Q%s a tool whereby parameters other than bl ood

and r |rat| can be neasure These raneters

Pﬁgfﬁgée bﬂs (ﬁéqﬁrﬁq 9p ?%h?r sgﬁﬂﬁtlﬁnae§P¥§ 5§? pul se
t | at bl ood f|

Sﬁrengéﬂﬁ?’%&a’u?ﬁﬁﬁ%}%ﬁg o“?‘*ﬁers et 8B mponents of the Passive

Ph | P

2ol 11 oat e GEEopREHEBE (éhd WaP R0 4 T ERE0E: SHALEL RRr el (mptis o

In a pegEerr %95%@990“1@304 sidie S Qe ﬂﬁ%&&é{&éﬁnwRgéétggggeﬁg%%i%.

10" and is préferably encased a protective coveri
SUBSTHPbaghHehe GBd 2% grid of passive sensors, noise can be

reduced through correlating signals from different pads to
discern noise from biological signals. This is very important in
high-noise environments. Additionally, the significance of a
passive multi-sensor system is that it affords the opportunity to
more comprehensively monitor a patient. As a tool, the grid of
passive sensors provides an innovative way to monitor patients in
adverse ambient conditions. The system provides a tool whereby
parameters other than blood pressure, heart rate, and respiration
can be measured. These parameters ‘include, but are not limited
to, patient movement and sleep habits, pulse strength over
various portions of the body, relative blood flow volumes, and
cardiac output, among others.

The main components of the Passive Physiological (P?M)
syétem are the passive sensor, hardware for amplification,
filtering, data-acquisition, and signal-analysis software. In a
preferred embodiment, the single passive sensor has dimensions 8"

x 10" and is preferably encased in a protective covering. Leads

- 10 -
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WO 03/ 082111 PCT/ US02/ 09280 fromthe sensor attach to the el ectronics
(anmplifier, filter, data-acquisition card, desktop conputer) where the raw
anal og wwbtoagsisi gnal is filtered and anplified and convectTasor/m2di git al
form Digital filtering and software mani pul ation of the data in the form
of frequency anal yses are then. perforned. Finally, signal processing
techni ques are then used to extract hysi ol ogi cal information fromthe

di gi t dfiram ¢the . semsoxeatbachaoi £her eﬁepﬁﬁpylﬁa%d@c}lniilrféalry Helhe% h t he
back of a patient |ying supine on a MEDEVAC litter. Th
necmmﬂ4£ﬁ7éﬁﬁﬂ$§+E1§PgﬁﬂF§rcﬂ@&?&&Pb§°BBP&FGDpdiﬁﬁﬁu%i?Lﬁﬂﬂi?ﬁFl%ﬁe
transmtted through,the body onto the passive sensor, whigh onverts, the
si gnalvetiagers 591509'&%8?3%3?‘ | E}E‘Pﬁ-&ﬁlﬁﬁ 5 tq?é"ve%ﬁctﬁq fﬁf Fé\ﬁ’sté?ﬂp
Is shown in Figure 6. ng.the_mygj aor .. hardwar.e . ot o) r

set up TRER- deé b aﬁoﬁﬁ%ﬁ?}ng aﬁ'gl F’P-fFH%&ei r?%p} Slgl%é:fr%réarblggc lgé)g%ﬁg In

DR nitid O £FLOHOACY G e RNAREC LA RerleUiult 1 Shalty o LAl

ver sat r-o il search and deve t, nmost of t i prrent

wer e &{#}%ﬁ espécéyéfﬁégoealzhhxﬁabst Q%ee?egeﬂsas% PP ddeci ency. It is an

obj ect present rnvention to provide the mlitary nmedical conmunity

Wi th %%%ﬁﬂ?@ﬁéé(f’iﬁ%fﬁﬁéibhcﬂbﬁ theoa_&alalta,l ldigHavei ght, accurate,

and r e device that can be wused in fiéld or fixed facilities to

provi de an P& Sor NBAGULSBREFRFaBeR blhakl diesRitlat ikunedth hood
pressure in high noise and vibration environnents and thus inprove nedical

care igackBss &asaeléntsiyiagi sapinacoamadMEDEVACaAUiattiens arfe hospital .

settings. - 11 SUBSTI TUTE SHEET ( RULE 26)
mechanical/acoustic signals created by cardio-pulmonary function
are transmitted through the body onto the passive sensor, which
converts the signal into an analog voltage. An illustration of
the existing P2M setup is shown in Figure 6. Among the major
hardware used for the laboratory setup are: desktop computer, a
multi-function programmable charge amplifier and roll-around rack
to encase all of thé hardware. To maintain versatility for
initial research and development, most of the equipment were
chosen for functionality at the expense of space efficiency.

It is an object of the present invention to provide the
military medical community with an inexpensive, non-restrictive,
portable, light-weight, accurate, and reliable device that can be
used in field or fixed facilities to provide an accurate
measurement of heart rate, respiration and blood pressure in high
noise and vibration environments and thus improve medical care in

mass casualty situations, aeromedical evacuations and hospital .

settings.
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WO 03/082111 PCT/ US02/09280 It is an object of the present invention to
adj ust the signal noise to enable the use of piezoelectric instrunents in
aer onedi cab oBosaisport of patients, hospital bed nonitoringcrarsd2onsher
applications in the mlitary and civilian medical environnent. It is an
obj ect of the present invention to develop a prototype physiol ogical

moni tor using piezoelectric filmin various field environnents. The

vari abl es oftateuaBcpbigcéciofi dhe presesitariavention cto adijuptittikat confort
determnpe the yvalue of a field instrument for collection data on vital

si gns.S¥gN3k %91%ﬁJE€teBPb@ﬁetﬁﬁe§§#tOﬁnﬂéﬂﬂQﬂiQQtR#de@EtEmmnnts|nna5|ve
means for vital functions wthout the use of electrical |eads
or wird ’B?f? %{pgg?EﬁP"r?hé’fu?étéﬁnttﬁe Wtadod%ﬁ% pRDiker ingindand
electr netic gé%gals ern1 e heart rat.e, iratjons, and bl ood

pressft HARRL %BP?héP éFaSBISHQSQ%ﬂ}# pedical t he

|nvem€ fﬁéh arent in the dlsclosure whi ch i ncludes the above and
ongoi ng witten Specification, with the clains and the drawﬁngs. BRI EF

Corsment <P S et OB 9o W LT

conponent s. Flgure per spec gure 3 is
i e e A L o R
PCT/ Us@%/i¢ik8(kield environments. The variables of accuracy,

precision, user characteristics, and patient comfort determine

the value of a field instrument for collection data on vital

signs.

It is an object of the present invention to provide a non-
invasive means for monitoring vital functions without the use of
electrical leads or wiring on the patient. The use of the human
body’s acoustic and electromagnetic signals to determine heart
rate, respirations, and blood pressure.

These and further and other objects and features of the
invention are apparent in the disclosure, which includes the
above and ongoing written specification, with the claims and the

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic of the P2M system components.
Figure 2 is a perspective view of the P2M system.
Figure 3 is a graphical comparison of the P2M bench test

results and the human evaluator measurements.

- 12 -
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Figure 4 is a front view of the front panel display and user interface of
the P2M systemin Acquire Mdde. Figure 5is a front view of the front pane
di spl ay oWotobmes21P2M system in Monitor Mde. Figure 6 is aprsthmsom09280 vi ew of
a preferred enbodi mrent of the P2M sensor. Figure 7 shows one of the
graphical user interfaces (GJ) of the P2M system Figure 8 shows the
graphi cal user interface of° the P2ZM system showi ng ti ne-series and
frequency-gogare uefseseFrantoRdewloptys dmmit gankal adisplay caddshser
measur enent of Pul se-Wave Travel Tine (PWT) Figure 10 shows a systemtest
and eimtepfaoca oEsthies P2N sysgeaplin Ragwiae Modeyh noi se and vi bration
testing of the P2Mat Wieeler Arny Air Field. Figure 12 shows the

measur enenFighreughis bodyoatmyriev Eifythe fxramovizaneltdhgplay oa§hthedy
armor and MOPP gear conbined. Figure 14 shows a schematic view of the
PassiRP2M $ysgtenl agi Menitea Medeng (P2M) System Using a passive sensor

array and m croel ectronics_incorporated into a MEDEVAC |t TALLED

ter.
DESCRI PTI CRAGRTPREFERRRDSERBMBtHENTS eFh © T e iR ¢ ERE T2 %%?‘SHP?E a°t

nnnitoring device with two major subsystens, one to neasure signals and
the otpRrPZY BPPELYs - 13 SUBSTI TUTE SHEET (RULE 26) WO 03/082111

PCT/USOZ/Oggggredqt%hb@goog%agfngﬂg &égbr{ggicuker interfaces (GUI) of

the P2M system.

Figure 8 shows the graphical user interface of the P2M
system showing time-series and freéuency—domain representations
of physiological data.

Figure 9 shows measurement of Pulse-Wave Travel Time (PWTT)

Figure 10 shows a system test and evaluation results in a
graph.

Figure 11 high noise and vibration testing of the P2M at
Wheeler Army Air Field.

Figure 12 shows the measurement through a body armor.

Figure 13 shows testing through body armor and MOPP gear
combined.

Figure 14 shows a schematic view of the Passive
Physiological Monitoring (P2M) System Using a passive sensor

array and microelectronics incorporated into a MEDEVAC litter.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
The preferred P2M system is a monitoring device with two

major subsystems, one to measure signals and the other to process
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Figure 1 shows a schematic of the system and Figure 2 shows a perspective
view of the system First, the piezoelectric film an electrically active
f | uor opolwoms/ogamverts mechani cal energy such as novenentCTaisszo2by a
heart beat into voltage neasurenents capable of supporting tinme series

anal ysi s techni ques. Second, the voltage is recorded by and anal yzed using
a mcroconputer controlled system the purpose of which is to discrimnate
the siapal ihtonmbavipoduddimdiogmadricdrdi splay it on a screen or printout.

Techni ques such as _preanplifying and precondltlonlng t hrough the use of
hi gh and | ofiguKe i!)a§§°f”isl fepsfheraidss abithe syRtem e A0 cEi9VEC Rt EPPYE 1

used is the pol vi nyl i dene fluoride ( PVDF whi ch be sha
'nto chDPEksber H‘ief VA G e BYRteT. | BUSStr b Bt el sPERLro P Lln,

f.l exi bl e |nherent reltab e

gt” Z'rfjfﬂ,”ﬂf% S L ER9950 nor iR M opsiyiim SonvErics checant Sl Snfray,

i S

body. FHet é%?o#ﬁ'?e?‘éﬁ' . |§g” akys@s {Sintnedt {0 Yoledde ' HEAISELRELTRT
Y DeeABRYE e BupkBEiRG i %%m} arﬁlﬁé'e&hﬁf@‘%’%? oragesharC

filmi er proo opera tween degr ees
does el 681t 4885 sStHEES VI o dag%r@t eg into an
elect??i outpute Ee %V%F§ ef B?égﬁﬁbo?%b 5%%d Into a UId fi1led vinyl

pad, appmexbineel ¥ydlemn lauelgu s oYUMW Lo diScr PfmDhaE€0the
on/ under/ above varlous Iocatlons of the patient. 14 SUBSTI TUTE SHEET

(RULE 2fgndD §26R8Ba¢kgPohniSAdi@e28nhd RAMplehedcits amrdli seréead oespiratory

notion, and nonitors
printout. Techniques such as preamplifying and preconditioning
through the use of high and low-band pass filters reduces noise.

The piezoelectric material 1 used is the polymer

polyvinylidene fluoride (PVDF), which can be shaped into cables,
thin film, or thick tiles. PVDF piezoelectric film is
environmentally rugged, lightweight, flexible, inherently
reliable, sturdy, easily repairable and transportable with
excessive assembly or disassembly. Since the material is inert,
it may be used inside the human body. Ultraviolet radiation
passes harmlessly through the PVDF film, which may be produced in
varying thicknesses. 1In addition, the piezoelectric film is
waterproof, operates between 0 and 145 degrees Centigrade, and
does not tear under stress. PVDF may convert a temperature
reading into an electric output. The PVDF film is incorporated
into a fluid-filled vinyl pad, approximately 10 cm by 10 cm in

surface area. This is placed on/under/above various locations of

the patient.
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pul se, respiration and apnea episodes 3. Cardiac and respiratory novenents
are sinultaneously recorded by selective filtering of original signal. The
pi ezoel ecwoios/ogtienent 1 is a pressure - sensing detector actiusgexsa highly
sensitive strain gage providing high dynamc range and linearity. Anal og
signals are fed through a band-pass filter into an anplifier (x200 -
x5000) 5 and are visually displayed. Analog acoustic signals are

convert ed thﬂlépﬁéptﬁaP9§§199|n@danﬂﬁnmraﬁuzynﬂotxnnmnand Honitoas

sanpl i rate of g 5 kHz. Data is transfornmed to the frequency domain
usi ng @i‘?eFoH?FBF ?F&ﬁ?f 8hfh ePPeR. episades Sy Cartiaq androesphuatory for
recordin

anal y and presentation of data, which allows for on-line
asses é% neP ﬁa?ﬁeaﬁampgﬁﬁPFHBs HeEEEQﬁ@$dqulﬁ%i%ﬁ?ﬁﬂﬁxﬁllﬁﬁmﬂnﬁ of

t | e £ t, | ect t
The vortirah, BFARE: (v 'scpﬁéa%”eiea 7% Bl e daai e mreRe (hat
d [ I t d wth t
[l neari Ty i FPEANRRE AEELRLDR 5 é‘f@z@'x{ St m‘fffeﬁar?ﬁngfqeﬁsée}l tv;eel“ to a

strai n,)dRges fﬁésﬁlgeua¥ggﬁlgeggpggtag iRB %%gtﬁségé@ &Pe dEMIC re

electrically selt ner ati ng I'ke

| nveniga €108%udi!a PIAICEadE £} PELE! ntBhQ?xgis ] sl saradmtmgm@alged

stress. The slomest frequency e po yner et ects |s a t housan

secondmd airénvdes1Ty cal spBAPad , t OARSEHY: aéBﬁsUi% Q'l a3k ﬁﬁ:eone gi gahertz
(mcrowave). The piezoelectric filmis passive and ogi cal |

non- haoarvnrtsed tothgfi&fﬂ$51ﬂiéStEEﬂg(EKhﬁlﬁﬁlcﬂﬁhgéﬁoég%¥%rter at

PCT/ US02/ 09280 as opposed to traditional strain gages that reqU|re an

appl i @ sampling rate of up to 5 kHz. Data is transformed to the
frequency domain using Fast Fourier Transform (FFT). The system
uses a microcomputer 9 for recording, analysis and presentation
of data, which allows for on~line assessment of data and realtime
decisions. | |

In its simplest mode of operation PVDF piezoelectric film 1

acts as a piezoelectric strain gage. The voltage output is up to
four orders of magnitude higher than that produced by a
nonamplified signal from circuitry used with resistive wire.
Linearity and frequency response are excellent. Although
similarities to a strain gage exist, current need not be applied
since the device is electrically self-generating. Unlike the
strain gage, the present invention does not produce an electric
charge ad infinitum with sustained stress. The slowest frequeﬁcy
the polymer film detects is a thousand seconds for an electrical

event to occur, and the highest is one gigahertz (microwave) .

The piezoelectric film is passive and biologically non-hazardous,
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current. PVDF sheets are commercial off-the-shelf (COTS) products, the
type and specifications of which were chosen based on optinmum sensitivity
range andwoasiogiience. Each. sheet contains seven-foot at trachmsd/ehnsel ded
tw sted-pair (for noise rejection) leads 11 to transmt the charge
produced by the sheets.. The piezoelectric sheets 1 are placed under a
patient's chest and foot or at simlarly renpte areas of the body may
be pumsomppdesd te dppditional Tatrakangages phadsyegudrer @add app lﬁﬁ’e
patient's respiration and heartbeat causes the piezoelectric filmto
gener suETRNtages, which is carried via nonnagnetlc m ni ature coaxi al

fgbgeh%éhtrrou h a radlo frﬁgﬁgnc%}aglggﬁaégsnﬁ gﬁsgggﬁ% IS taﬂ%é%rected

A |1
but puthe R o cYe”“%‘&Ph%z'?fg#at% 19REsE Vel Elicks e%%&% H St "
t fs ihe t
¥ bt a4 A L R i Fed 1 Lanly P .She%*s‘%é@“%%“”&%gi‘%é%ﬁeﬁf'ﬁ“

2??28%6$%£ﬁ§¢f H{%ﬁﬁbd'éﬁfgiea QfPtﬁfér“hBQSEh eB@@ilthelﬁﬁﬁﬁpﬁijb

I'S expose to environnental |y acoustic and

vi brati o ﬁ% Eﬁqéggé §5§h§§@sg§ ghéaghedesQ the body is exposed to
a

enV|ronnent as body signals. Subtraction of one output fromthe

ot her out plt‘hé"ﬂéj&élf&tﬁgm’ Sheees ofaratprackd Andelea patfiented
techni que to reduce noi se involves band- - 16 SUBSTI TUTE SHEET ( RULE 26)

V\aD 03_4:]9%%1:13adﬁcT¢6&9%10%805u@ﬁB§r1y| tenotg/ Aradssbdp the bedyng.orBmay:

| entLeygEitoéalike a wrapped cuff. The change in pressure exerted by
the patient’s respiration and heartbeat causes the piezoelectric
film to generate voltages, which is carried via nonmagnetic
miniature coaxial cable 11 through a radio frequency filter 13.
The signal is then directed to a high input-impedance amplifier 5
and computer system 7 for data processing. A conventional
oscilloscope and a chart recorder displays the output.
Respiration and heart rate 15 are then calculated by the energy
spectrum from the time series data.

Several techniques reduce noise and vibration interferences.

Active cancellation uses two piezoelectric sensors, one of which
is not in contact with the body. The sensor not attached to the
body is exposed to environmentally acoustic and vibrational
signals, while the sensor attached to the body is exposed to
environmental as well as body signals. Subtraction of one output
from the other output yields the body signal of interest.

Another preferred technique to reduce noise involves band-

- 16 -
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extraneous el ectronic or acoustic noise and its particular frequencies,
band- pass or band-stop filtering elimnates extraneous signals fromthe
overal | swgmalos2iAddi ti onal |y, signal processing techni queecrian2/oeea prior
know edge of the expected signals extract the desired information fromthe
pi ezoel ectric signal. Spectral techniques help to identify the frequencies
and anplitudes of the events of interest and discern themfrom extraneous
n0| se.Pagf of btteringsbandrgsiop dddsexivandpdys idenfufying ithe of 0.1-4.0
Hz, and respiration analysis uses a frequency linmt from 0.01-3.0 Hz. The
filtereXr2nerys %ﬁﬁcFES\éFFaPFoﬁC9P§ﬁéFs ngise and tiFs paxhienharsyst em

Body venments. are analyzed b %nd asip fllterlng the orjginal signal with
frequ %ﬂq??ﬁ%isfr A: Eaiﬁ c& % shiepakes he film

Chr o TR  FEahd ﬁeﬁféﬁ?gﬁé oREr i?ﬁ%&%@%hi}ﬁéﬁ? e Lﬁeg;oﬁgf °re
| RAM

capact ty t a4Ekefor L "EaRAL BEPRULEEnT Ml UEE Shat N (R or

i ncl UggRovACid | &f fﬂ?&U&Q?ééﬁe&agil;hé%eéx‘é?%%ta%%' Hdd 14 ed i 'SI n‘%‘%‘fr%ﬂ? am

condi t1oni ng and signal ptocessing system operati on,

17 co S J a {wa °
P H @ 165681 eS€PREAL €A1 L 5Be F‘H'l %e%fhng%g?e h(ﬁ Pt iser

acqui sition/control, signal proce53|ng ana ysi s,

i nt er fi@emtihe tﬁ@bﬁ:ﬂ-&ﬁﬁ@ﬁéieéc‘énar aRpi £8hdB508 2 RN @V R0E g%%;@ﬁﬂ
for all - 17 SUBSTI TUTE SHEET ( RULE gG) WO 03/082111 PCT/USOZ/d' 8 three
subr oanidn @ ipraEgrranther her o aéograneébagensigaal i s

Cardiac action analysis uses a bandpass frequency limit of
0.1-4.0 Hz, and respiration analysis uses a frequency limit from
0.01-3.0 Hz. The filtered cardiac and respiration signals are fed
to a recording system. Body movements are analyzed by bandpass
filtering the original signal with frequency limits from 0.1~20
Hz.

Once the signal produced by the film sensor is converted to
voltages, amplified and filtered, it is processed through the P2M
instrumentation. The hardware equipment includes, but is not
limited to, a 586 processor computer 9 with enhanced RAM and disk
capacity to handle large amounts of data. A board with a range
that includes acoustic frequencies facilitates data acquisition,
signal conditioning and signal processing.

For system operation, a master program 17 combines the three
separate software modules of data acquisition/control, signal
processing/analysis, and data display/user interface. The

LabVIEW™ "G" graphical programming language was used for all
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digitized and analyzed in time and frequency domai ns. Routines devel oped
for signal conditioning and analysis include digital filtering,- spectral
anal ysi s,wausosnorrel ati on, and noi se - rejection progran®CTilse2/oesa is

di spl ayed real-time in either Mnitor or Acquisition node. Monitor node
di splays the current data and discards old readings as new updates are
processed, while Acquisition npde saves data for future analysis. The

vol unithxee danhreysineo progress .t hhdi sinalioy agel cagacsignal ise conput er
in Acqujsjtion node. For protection and ease of transport, the entire P2M
syst efdl9dtizednandeanad vzededal ttl@@hr@ir@)alfm?mu eqlmelazymsh cgeueilrﬁesnot
shown) _ and, | ocki | gss door (not, shown), as shown in Figure 2. The

equi p?fﬁﬁed%ﬂ’gﬁéi EgFgﬁéQnéll\/EBE@Aélmlé'@cW 2Ny 5is cinechede sdigibtals

mount ed., . This device may. be igcorporated into a litter to elimnate the
' EﬁﬁénPHBR

need ottt iRdr SPES Yﬁi"ﬁi'af‘b'rti%éiﬂ’réées]a‘tjﬁih a@?}‘%ﬁ?ﬁ% ggvi ce in
i L. ] [ ' tup. Significan I e a
analy Settet PnobEBeER B C s Batacas AbinY b Rer THADE oif SLEMFECY of

] ' ' il m. hani cal ,. th | d
ncoust L b REQquBLTEIENCRERET | WoRyTRE" Hotie, SHAPIRY Sniht it rent
si gna|c§ﬁ3£_3rhﬂd‘t&i'§baﬁﬁ¥- of&rrgﬁhiﬂg%a%%’entege ug:%ﬂe%alalbeeg%ﬁ&geasgsf%é,he heart

is transmtted through the body in _ plez m Sen _ _
mechagjngale i A®gh €5t 1 FHemb@EPERBEEOH LS %?%ebﬁégﬁ(%ﬁfﬁa%@' i mpul se
transmtted to the sensor based on 18 SUBSTI SHEL ULE Z6) WO
03/ 08 bRl LS04 02280t CHEE! eHBYEAEEAS: dIBR-S¥talde) Aty |d M SISO
pad measures

computer in Acquisition mode.

For protection and ease of transport, the entire P2M system
19 is encased in a metal technical enclosure 21 with casters (not
shown) and locking glass door (not shown), as shown in Figqure 2.
The equipment also includes a MEDEVAC stretcher 23 on which the
sensor is mounted. This device may be incorporated into a litter
to eliminate the need for patient attachment or miniaturized as a
portable field device in a purse with a wireless communication
setup.

Significant field and analysis testing was conducted to
confirm the workability and accuracy of the P2M system. The
piezoelectric film measures mechanical, thermal and acoustic
signals. That high sensitivity is necessary to measure vital
signals non-intrusively. For pulse rate, the physical beating of
the heart is transmitted through the body into the piezo-film

sensor pad as mechanical impulses. The respiration is measured

by the mechanical impulse transmitted to the sensor based on
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al | extraneous novenent and speech, resulting in a voltage signal output
that is superinposed upon the physiological signals. As a result, novenent
or speechwby3bsm1subj ect nay cause a reading error. The PEWsenenso
measures all physical inpulses in the measuring environnment, including the
patient's physiological signals, nearby human noi se and activity signals,
noise and vibration fromthe machinery, and el ectromagnetic (EM noise
eni t t ehestomoMamantfht s Bhrl sersitieatpie20- TN senEeXoPRFuMeasTUTeA
i ncludes all of these signals, nany are too weak to affect _the negsurenent
whi | e 23dh &L TANGPUS I FReRE 204 rERReEhe reERdtAgY RENA NQltRISsiSgnal
through filters and other signal - processing algorith renoves the noi se.
The cOHEPNtoRAR S igh P ELIRRS P 99D s HPBYGH OLBELFfids SIBRES ndhh 7 ast
Fouri er ansforn1(FFt; mhichl; entéfies t he grinar§ signal _freguencies.
For af&EMLE, FRYSHFAs CHARTHIN Mt i FaPISrFelaEncduss dsasaArnd
respirg l.on, and the second highest frequency is heart rate. Patient

n

positF rr|ng and frequency harnonics may conplicate the distinction,

requiring | tghndledOg %éé’sllﬁzgé’{r@if ié§£%ﬁxi§u1§€% hgat

and
. > e
respiration tfrequency peaks. ogi c algorit nmust be roEUst enough to

def i ngebREri®IPIdriAti X Bhrfdit Nefid) th@r pat Yahteky phlsgendyticans. To
i ncrease resol'ution, a large nunber of high sanpling rate data points were

sel eckednang,’ ?re%fm?i afhriin ehd Yerakdtfct Dvity "Bighi169npatiakl amdf or

accurate analysis. The m nimum sanpling 19 SUBSTI TUTE SHEET (RULE 26) WO

03/ 08%1btakTbnUIF Y Y mddtiaieny, Virsd téliecyronagndsic (EM) noise
emitted from the lights and instrumentation. While the output
.signal includes all of these signals, many are too weak to affect
the measurement while others such as EM noise corrupt the
reading. Running the signal through filters and other signal -
processing algorithms removes the noise. The conditioned signal
is then analyzed through routines, including a fast Fourier
transforh (FFT) which identifies the primary signal frequencies.
For a still, speechless patient, the primary frequency is usually
respiration, and the second highest frequency is heart rate.
Patient positioning and frequency harmonics may complicate the
distinction, requiring additional logic to separate and identify -
the heart and respiration frequency peaks. The logic algorithms
must be robust enough to define the respiration and heart peaks
for a variety of conditions.

To increase resolution, a large number of high sampling rate

data points were selected and re-sampled at a lower rate to

simplify computation for accurate analysis. The minimum sampling
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Figure 3 shows the results for the twenty respiration/pul se- rate
measurenents performed with the P2M system Human eval uator neasurenents
were per fwomsasainul t aneously as a control. P2M accurat el ycmazsseoedo pul se
25 and respiration 27 under ideal conditions, but patient novenment or.
speech interfered with accurate neasurenent. Heart rate neasurenent
quality was not reduced by the absence of respiration, and P2M nat ched t he
cont r cinteasal ewast théstyt se2®nddl with an error of |l ess than beat per

m nute. Figure 4 shows the P2M front panel in Acquisition node. The upper

graph 33 diBbvays 3 EhPWeythecreultsddnwrofthe norexery asespiarsti GiEmh bs €+

al | physi ol ogi cal signals. Heartbeat spikes are shown in the upper (tine
seri edAtf Apasurenedhy Rerhoampdweithf theuday syistesni ddtuiamadvaluatodrh
corresponds to the respiration signal. The |ower graph 35 shows the sane
data MFEFHELRTRET HEYeoBRET AT Simpdtangeusdygast a3 corRaM ponds

o SRSl doaduLeshiLlons en e The sonliol oroun 3L
! gksnting CTUEAARTLAS WOSeRSE%S) LIRULRS SRR Dpne Sorer
dent ebugifed "o doibiaholl” nEsLe ¢ RESSHLad,Rint k! IRGIUIE i heor vt
{1t LUt by Noud 5P GRL OB LLESUBREY IO I Pl g BERRESS o e

SHEET coRbxa12 Gle A4 52 1lds i USD?2/ 99250t nSHR! bEEo3PLECT AL ihahe | over
graph represent respiration and .
beat per minute.

Figure 4 shows the P2M front panel in Acquisition mode. The
upper graph 33 displays a thirty-second window of time-series
measurements of all physiological signals. Heartbeat spikes are
shown in the upper (time series) graph 33, along with a lower-
frequency sinusocidal function which corresponds to the
respiration signal. The lower graph 35 shows the same data in
the frequency domain. The first and largest spike 37 corresponds
to approximately 16.4 respirations per minute. The control group
31 measured 17+2 fespirations per minute. The large amplitude of
the spike indicates that respiration is the largest impulse
measured by the sensor pad. The second-largest spike 39 is sixty
times per minute, which was identical to the actual heart rate
measured by a fingertip-clip heart-rate monitor. The power as
measured by the amplitude is less than one-third of that found in

the respiration frequency, but the ratio varies based on the

physiology and sensor pad positioning of the patient. The
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heart-rate harnonics, a result of the harnonics not being a perfect
sinusoi dal function. Since the heart rate mght fall at exactly the sane
frequencywe3asriespi rati on harnmonic, it is necessary for pcogiso2/ed2gorithns
to check for harnonics. The heart rate and respiration harnonics may be
differentiated by conparing signals taken fromdifferent parts of the
body. The buttons and nenus 43 on the front panel of the interface program
enabl esmald e spidtesf4tainm thegulewerograpl zephegsient sy irestidmhend
thirty-second data records may be saved to file for archiving or

addi t i BeArterAtmthamonresir easrefsht phethevhaympavicsn nathikedmgrmde. The
top graph 45 shows the tine-series data, with the characteristic

hi gher PEFEGEn SAHER 1drht Tunckien4y Sipeei kissbgaskerate viaht faldguathcy
respiraté%%:mav 49. The_.m ddl e graph 51 shows heart rate 53 and

respi r &35 195 FiPRE FeReRCYi I8 2cE8fRiragion hagponis. ddcdfl data

tri ' | t-h | dest fi f data is di, ded, d th
eart  PEESSRARY Hon U Sl Yind ER) ReaRop o8 AryRoRySine. Tte Heart -
thirtys d.1 ] | : data. .T , 53 i | d
o Lo Ty nean o kol o PhUchE af pEeLBRES o R Bur S is® ©
I gni f s | . : ' i d- 50 , i th
o 1 SO KA oy R AT e P e BRBVE, ) T haman

control neagweePBHtonsT MnEMERlY £7 &iteke 2§rHH€a§§F%i dr2the! ‘1‘1&%%%%0

pati ent novenent or an extraneous and errant nol s ration event.

bot t onpgbgRanms SnaRAES Q:'lhé:EBrﬁ'fréﬁQaﬁldataS%iréﬂ_giéh'ngd( BhhEy2dls WO

03/ 082111 PCT/ US02/09280 tinme-series signal.
routines. The thirty-second data records may be saved to file

for archiving or additional evaluation.

Figure 5 shows the P2M system in Monitor mode. The top
graph 45 shows the time-series data, with the characteristic
higher-frequency heartbeat spikes 47 superimposed over a lower -
frequency respiration wave 49. The middle graph 51 shows heart
rate 53 and respiration 55 as updated every five seconds. As a
new five-second data string is acquired, the oldest five seconds
of data is discarded, and the heart rate and respiration are re-
calculated by analyzing the thirty-second data string with the
new data. The upper curve 53 is colored red to signify heart
rate, while the lower curve 55 is colored blue to signify
fespiration. Heart rate appears steady in the mid-50s range,
with respiration in the mid-teens. Both compare favorably (2)
with human control measurements. The anomaly 57'after 25 updates
is attributable to patient movement or an extraneous and errant

noise/vibration event. The bottom graph 59 shows an FFT of the
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Regul ar voltage signals of heart beat provide strength signals as voltage
| evel s that are related to blood pressure. Tinmes between signals at varied
parts of wbesbsmyi or patterns of secondary signals provi @eTiusopodzadi on on
circulation or blockage or interference with blood flow. In another
preferred enbodinent, Figure 6 shows a schematic view of the P2M system
with a single passive sensor 61 positioned on a patient 63. Figure .7
showx ime-séribe ghigphilcal user interfaces (GQJ) of the P2M system The
upper chart 65 shows a 30-second wi ndow of digital voltage data, where the
| ow f r equeRegulascivbliagens ignelsagfedamrty aat RTVNHLdM S ERENILH

hi gher-frequency spikes are the result of heartbeat measurements of the
pati esigmalstas vpitage ievelsnthady axe figdaded £ MRPE RTE8SHFEquency

data via a Fourier transformand displ ayed ‘ t h [
the Mimee katveen7signadst Aits V&&'?lé,s m)ééeté %Sfdaﬂ?%%?if%nﬁ%ﬁhesésw a

t ted b I Ni h i : . _
5 ekt Pkt ST SRR ol e losisic o
nmeasur engnt o 00 I, toli d di [ i
us:rmfﬁnﬁ%éeﬁ%eﬁéﬁﬁﬁlgggifg@§§§3¥iﬁ§%{caﬁg chg?;gt;f?zg?yogeofC?RgUCted

ul se-wave_vel o . _ -
C Crirafpthér pfbeer¥ed BrbHdideHy, FOfulk 6 NS A1 S¥fenhtie

(PWIT), quires nore than on€ nedsurenent [ocation. Thus,

Pl ural; o 5€08 CkRedbSM %ﬁgitﬁﬁd wfi‘ﬁ'xh AW ARYPasd ivdiddreopt el ogag iedénedThe

sensors nay nmeasur e putse-wave characteristics, for exanple, 22 SUBSTI TUTE

o PR BB TR G i ieas usrar 1)
interfaces (GUI) of the P2M system. The upper chart 65 shows a
30-second window of digital voltage data, where the low-frequency
oscillations are caused by respiration and the higher-frequency
spikes are the result of heartbeat measurements of the patient on
the litter. The time-series signal is converted to frequency
data via a Fourier transform and displayed as a power spectrum,
shown in the middle chart 67. From this data, pulse and
respiration can be extracted by examining the power associated
with the dominant frequencies 69.

In a preferred method of blood pressure measurement passive
measurement of blood pressure (systolic and diastolic) may be
conducted using pulse wave analyses. Measurement and
characterization of the pulse-wave velocity (PWV), or
alternately, the pulse-wave travel time (PWTT), inherently
requires more than one measurement location. Thus, plural

sensors are required for measurements in different locations.

The sensors may measure pulse-wave characteristics, for example,
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described herein. Figure 8 shows neasurenent results of the pulse at two

| ocations along the arm The tenporal separation between the two

corr espormorig/ogaaks 71, 73 gives the Pul se-Wave Travel Ti meT/ySPYd930 Thi s
val ue can be used to correlate systolic and diastolic blood pressure. As
such, the calibration nust be performed sinultaneously for several
measurenments of PWIT and blood pressure to construct a calibration curve.

Bar schylDénd the Bbr8cEhaledrtbaly,t Be ongl alitdN YtHe» aldeai Hh&REs Pr essur es
(systolic and diastolic) are approximately linear with PW and PWT.

Test i dpsexlileed| hateidn. of the P2M system was perfornmed at TAMC in
February, 1998. Sinultaneous neasurenents of pulse and respiration were
performed Wriguxrée8 PEpwanmehsurenent mresuilds ofartthédypulwenateviekasiat i on.
Figure 9 shows a photograph of the testing perfornmed at TAMC. A total of
11 volliprakienserkongphheoarn. f oThewteypbirelpsepantd tsi dre Shé e et otloe otwo
Figure 10 displays the results of the testing. 'The P2ZMwas over 95%
accur AT ERSRYPINE PedKE ohdken?BogavesethedPulsedtWane Brarek|Timst ances
where the P2M was, not in agreenent with conventional nethods proved to be
very vEED e iThigpeabgentan,bai reedt Fensoarelaks Axstakic tand he syst em
sof t e. .l addjtion, 12 vol unteer nuyses, perfqrned physiol ogical
noni }tl\%liaﬁgtonloifc ﬁ%%ga?ﬁ?igﬁ?r at F8nSHSRng thie CBIMPTAEGN dMSE Rhitor, and
hunanﬂﬁ?ﬁ? ' r1.$§i}omﬁn he_nonitoring, the nurses conpleted 23
supsTRRTC T i R Ol CEPBas e e AL roduRouR S PR FGy AMhar i ng
and r%@ﬁdHJ5{55§G¥E“¥5ﬁcégstfgééean8599g§ation curve. Barschdorff &

Erig showed that the relationship between blood pressurés

(systolic and diastolic) are approximately linear with PWV and

PWTT.

Testing and evaluation of the P2M system was performed at
TAMC in February, 1998. Simultaneous measurements of pulse and
respiration were performed with the P2M, an electronic monitor,
and by human evaluation. Figure 9 shows a photograph of the
testing performed at TAMC. A total of 11 volunteers were
monitored following the project’s testing protocol.

Figure 10 displays the results of the testing. - The P2M was
over 95% accurate as compared to conventional methods, and the
several instances where the P2M was not in agreement with
conventional methods proved to be very valuable in subsequent
modifications and improvements to the system software. In
addition, 12 volunteer nurses performed physiological monitoring

of pulse and respiration using the P2M, electronic monitor, and

human evaluation. Following the monitoring, the nurses completed
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Testing of the P2M system for pulse and respiration in a high noise and

vi bration environnent was perforned at Weeler Arny Air Field, on March 5,
1999. Teswo mwsr1perforned during static display of a MERPEYAGotred28copt er.
The main purpose of the test was to characterize the high noise/vibration
environment using the P2M m crophones and accel eroneters. Results showed
that through filtering and signal analyses, the P2ZMwas able to discern
physi ¢k cBiEYeY s cgmplag ing mndheamkimaatie tusigyeanolf tHeqterey wetredasaused
by the helicopter to output accurately pulse and respiration. No

convent i onaFegkingdetndhe M systemifon ipwl sesAnd usespitatidn ginnai se
envi ronpent, which woul d render those nethods useless. Figure 11 shows the
hi gh AbiE: BEYSG| BRg: Vdhraddonngnydropmentt wAredrerfoymgd At Whedleron
March 5, 1999. Next, in response to inquiries nade by the flight medics
dur i nd e lgg}'cﬁlg,idlggg P‘@gppnévatlg‘aﬁeel destsoveng Irexfermed dusimgem t o

goar e VL R EBLRg. o3 P ERRORR B0 Poptas, * Mamin Ry ERSe BF chbed
st ng T AT <R ehRERELeP2E: £RE ndopy B Lot iRk o rert g NS et
i o Y e e ErORRonagy Eh3 ELKTER el dasilta dhoved
o R T ey e s RS haf oA Ber M PRI e T

singl aisenaai pPiApe LON6GPLA Rt s Ognalat rP8R BREMhigh amplitude and

frequency noise caused by the helicopter to output accufately
pulse and respiration. No conventional methods were performed at
this test due to the high-noise environment, which would render
those methods useless.

Figure 11 shows the high noise and vibration testing of P2M
at Wheeler Army Air Field, on March 5, 1999.

Next, in response to inquiries made by the flight medics
during the March 5, 1999 testing at Wheeler, the ability of P2M
system to accurately monitor pulse and respiration through layers
of clothing and gear was tested. Fragmentation protective body
armor, Military Oriented Protective Posture (MOPP) gear, and a
combination of the two were tested using the P2M system. Results
showed that the P2M performed with higher fidelity with the
additional layers between the subject and the sensor, which is
largely due to the increased contact area and efficient
transmission of mechanical and acoustic signals through the solid

layers.
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denonstrated to accurately neasure pulse and respiration is very sensitive
to the patient position relative to the main sensor pad. The quality and
magni t udewofostoBE1physi ol ogi cal signals received by the systrarsogiepsnds on
this positioning. The preferred optinum placenent is to situate the sensor
directly beneath the center of the patient's chest. If the sensor is

noved fromthis placenent, or if the patient position changes, the

integrity efhd heingTerse8s6tIpM cdisfiqraigbon fhat, has beeherred
configuration uses multiple sensors in a pattern that covers the entire
r egi o@eforidtrdtéd eto oacehiratel pempatsiert pudsed and gespimaiareddsy WSS of
patient novenent and position, there wll always be one or, nobre active
sensorserigitupte nuon tleaspatient ppsatéapnrelative poefthe @RIMFRNSAINL, the
invention is a passive system using an array of distributed sensors (or
"mul t ipasbns e quabbty and maenitudeyofngheophysiplagiicddr iSHgnaht ain
physi ol ogi cal signals of the human body. These si.gnals, in rn, may be
pr oceseste ivad dey ckhe naysbamofenends SnghbiehReSHE TN %nt IN'€ used by
nurses and ot her caregivers, for exanple, .heart - -rate, respif.atiqn, . and
syst olﬂnﬁﬁﬁ%ﬁ%l?ktb‘}“g%dpb?%§§ﬁ’f‘§. ipatoi Fdthahe ﬁengse&"sogcdr’fﬁ?aﬁmt ers as
cardi ac output, cardjac function, and,.intern bl i ifhin the
scope qﬁneqtﬁ} LhenSFRTeh. °#h§h? n%ﬁ%FB’ﬁ’ﬁnF&&%ky p%ieé%s%%ﬂvé t(;ith hat is
passive (c | et el.y. hons; i N Lye),..uagb S| { o NYPEhandes: . the
appar él‘t‘?]’ge‘ﬂ?‘h%‘“vﬁxl? P hpgeshty ?ﬁe?gwq‘% PRELsH §%§§Tl Fhrehands; ( RULE
20) V08 ey 09280mi Rt 5¢Bhat HREY idharifed! t iRidlera
moni t oF1hg eq pngg{éyggﬁélggg iRg" 514 iy o
preferred configuration uses multiple sensors in a pattern that
covers the entire region of the litter on which the patient would
lie so that regardless of patient movement and position, there
will always be one or more active sensors in optimum measurement
placements.

In a preferred embodiment, the invention is a passive system
using an array of distributed sensors (or "multi-sensor") capable
of accurately and robustly monitoring certain physiological
signals of the human body. These signals, in turn, may be
processed for determination of vital signs that are currently
used by nurses and other caregivers, for example, heart rate,
respiration, and systolic/diastolic blood pressure.

Passive monitoring of such parameters as cardiac output,
cardiac function, and internal bleeding are within the scope of
this invention. The invention uniquely provides a device that is

passive (completely non-invasive), unobtrusive, and autonomous;

i.e., the apparatus in no way interferes either with the
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capabl e of functioning with a m ninum of technical expertise. In addition,

t he equi pnment functions reliably in high-noise environnments and ot her

si tuati onwotodas2mmender alternative and existing nmethods ipeafifSezbazee. These
environnments include, but are not limted to, nedical evacuation (MEDEVAC)
by helicopter or anbul ance, and operation through Mlitary Oiented
Protective Posture (MOPP) gear and body arnmor. Wth the devel opnent of a
reli aplatimntis seolbblittpnorowitly otheremphitozink equdethent} ad\is
operation, the application to the hospital |ICU environnent, where noise is
subst &®FaR1ls, Q%V\E‘FPCt%@néws‘i’ﬂ'éhabl pindmunspfatekrhhdcadr expearilss.cl \n
non-i nvasi.ve, ssi ve, , pul se, resglration, bl ood pressure (and detection

P . .
of c& ¥£99ﬂn[£h? ¢AEPReNt pfeRat hgnsskedkabdycin highoneiset s using a

sensor_systemthat is.undetectable to the patient have considerable

i nt ri ASVEEPIMANES ANA OHRFE STt ions othakngendereadtesnat iyed ang onorous
ti f t LS suitabl for telenetry and real-tine renote

mont £ Sy ingh FbdY et ideflive o Fore] AUEATPBRENE S inGieReyr Paeq gn

f eat fQr I dre monitoring. FEi 4 sho a schematic of

t he gé&eugoﬁgqg%%%fv@' snsaenés]}c))éra I‘?‘é%/c%?l lﬂ?cﬁsgpg@\&bnsgs\ﬁgﬂr&&’ﬁﬁt o&F

i nt PEYRAG 14 ' . d Nt| hnol .

| ncor aaatentee e, SRR (Rudh ALELLFTOHEnb R BocR I v

litteposthres (W)ed#& ad%darg&?é, Ty 32 sensors, each of which can

measure acoustic and hydraulic inputs fromthe patient 63. Each 26

SUBST! TUTEWSHRE EHeRddvelpndat) ¥ 082 1l PITT 45021 €9288nbrt R8RS LELIRG S

contains a nmeasure of physiologically generated
system for such rugged and noisy operation, the application to
the hospital ICU environment, where noise is substantially lower,
is considerably more straightforward. Completely non-invasive,
passive, pulse, respiration, blood pressure (and detection of
cardiac output, internal bleeding, shock, etc.) measurements
using a sensor system that is undetectable to the patient have
considerable intrinsic value even in noise-free surroundings.
The passive and autonomous operation of such a system is suitable
for telemetry and real-time remote monitoring, and the final
feature of the invention is a telemetry design feature for
distance and remote monitoring.

Figure 14 shows a schematic of the P2M using a passive
sensor array and microelectronics incorporated into a MEDEVAC
litter. A schematic of the inventive technology, incorporated
into a MEDEVAC litter, is shown in Figure 14 below. The litter
75 is covered in an array 77 of 32 sensors, each of which can

measure acoustic and hydraulic inputs from the patient 63. Each
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signal and environnental noise. The environnental noise on each pad wll
be simlar, whereas the physiologically generated signals may be position
dependentwoTBios2iinf ormation is used to separate the signacTiusozndke noi se
usi ng proven techniques. Position dependent physiological signals are used
to determine patient position, heart rate, respiration, blood pressure,
pul se strength distribution, and potentially sonme neasure of cardiac

out puiof Ehesen\seiniriadrs neynteinscar peasuee o©ft physiodegimajd yfgenerated
applications apart fromthe MEDEVAC litter. The passive sensor array nay
be cosfigpale@and terouitronnentahngeise. opBhat envargnmendgilt soised aiy earh
ordinary mattress used at hone. O particular_ note is the area of

pr emapade Widflase &imilan, twhereasethe nehygichediead 1yt 9saIdtadkads to the
infant may often be diffjcult, causing irrjtation of sensitjve skin and
ent an§igmads MY L/IPositenr Arpendeltne THESr pBETBA LN 1&qHSStHC f or
use in both, civilian and mlitary sectors.,.The sensor may he incorporated
I nt o FRERE 6L e RLITA bt R FRE AR ToF S 119 BEPKEPSEShHGHeS s 1ot
limted t.Q,. cervical,callars,.body.arpor, biological ng/ or, chem.cal
hazar§°ﬁﬁ%ﬁ&ﬁiQﬁP%ﬂﬂ%é§ ék&%%éi@%ﬁcﬂge?%%g? schFhES?%C%éhFgﬁfsaﬁﬁgﬁats
and sea S .ercl.se | . ti ' 111s
or st BaSaAnt ORI AT TR SUCHLPRCELE, BPEPY BroviE WA

Physi | | 3Gt s SAC e e I
handh%Il"'g’%nggg:lharﬁﬂ gtgatﬂc?i{?le%'l Qﬁﬁqi t ﬁe’t‘%%(%%g{g%&rnggﬁgrggﬁ?gz%f tS""Jngllg(Sal'lii'?it'lz':UTE
SHEETOQQHHE.ZG) WO 03/082111 PCT/ US02/ 09280 O her useful applications

m ght i nclude the use of a passive _
The invention may be incorporated into a wide range of

applications apart from the MEDEVAC litter. The passive sensor
array may be configured without much change to operate on a
hospital bed or an ordinary mattress used at home. Of particular
note is the area of premature infant care. In this case, the
- attachment of sensor leads to the infant may often be difficult,
causing irritation of sensitive skin and entanglement in leads.
The sensor may be incorporated into equipment for use in both
civilian and military sectors. The sensor may be incorporated
into field equipment, clothes and uniforms. This includes, but
is not limited to, cervical collars, body armor, biological
and/or chemical hazard protection suits, extraction devices,
clothes, cushions on seats and seatbacks. Exercise equipment,
such as stationary bicycles, treadmills or steppers may benefit
by incorporating sensors into the supports.
Physiological indicators such as heart rate may be detected

through handholds as an aid to regulating the exercise regime.
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sensor systemin a chair or couch used for psychol ogi cal exam nations.
Scrutiny of the subject's physiological signs nmay give indications of

enot i onalwoioshszibance caused by trigger words or events aamiusg2/ensnsel i ng.
The size of each sensor, number of sensors in the array, and configuration
of the sensor array may be tailored, w thout nuch experinentation, to
particul ar needs and situations. For a mattress, for exanple, 32 or nore

sensorcthem wseful aapplacationy Byhite inRAvMdeedhel s ISf of IPasPpgei Ve
sensor may use piezo-electric films and ceram cs, hydrophones, m crophones
or pr eENAAK tsystemcinsa chapri brcabuch hakedwacr BydHElsgicsl gnal
anplification circuitry and hardware, e.g., charge anplifier. Data
acqui $¥amMafliendr e Samatingnaf phecesbijegtis physddlugieil rg)gmedna
software are used in the system For the interface between sensor an
pati efiVeiknbicablors of jpmetianadi djissnrbanice capsednby Berigpst wordsr
exanpl e el , water, foam rubber, plastic, etc. The interface facilitates
transﬂqwé%eQﬁs 9 ogPeBFelindal sThenhsizgsy oft fosbhsensamt muwenlofal ue
for field nnnilorhgg, hospital nonitorin transport nonitoring, and

[

hone/ PEMRCEF S idhi T | FF 2 X0 r AR aﬁﬁ?g}gPﬁégiﬁVeﬁﬁiGﬁewﬁﬁﬂﬁQREQHﬁﬂY(mﬁYon in
| st ' I tori . of Lents. The i ti bei

et B8 Shy s, RIS BECh, SxpERi8rBRE4PR. | ot Rerthwies iMpds ocess.

Wi | 5 i h | bed with ref t I fi

erbodr T4 LR P D o BESE SR bk pkEnBi€ 52 Smadrm mensquer

(RULE{46h %@d@ﬂﬂgﬁﬁéﬂ-J¥€%§ﬁ%§¥(§@893qﬁf¥382iOn may be constructed w thout

departing fromtHhe scope
The preferred passive sensor may use piezo-electric films

and ceramics, hydrophones, microphones or pressure transducers.
Amplification hardware may include signal amplification circuitry
and hardware, e.g., charge amplifier. Data acquisition hardware
and signal processing hardwére (circuitry) and software are used
in the system. For the interface between sensor and patient
either solid, fluidized (air) or fluid layer may be used, as for
example, gel, water, foam, rubber, plastic, etc. The interface
facilitates transmittal of physiological signals.

The invention has great medical value for field monitoring,
hospital monitoring, transport monitoring, and home/remote
monitoring. For example, the invention may have application in
every hospital for passive monitoring of patients. The invention
being undetectable to the patient, which adds comfort to the
monitoring process.

While the invention has been described with reference to

specific embodiments, modifications and variations of the
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the invention. 29 SUBSTI TUTE SHEET (RULE 26) WO 03/082111 PCT/ US02/ 09280
VWE CLAIM 1. An apparatus for passively nonitoring physiology of a patient,
t he appawetwassnonpri sing: at |east two sensors, each conMPUTRISOZ0RS0

pi ezoel ectric film for sensing physiological signals fromthe patient and
environmental signals froman environnment around the patient; a converter
comuni cating with . the at |east two sensors for converting the

physi cinggrtionndagnber comstiralc teidywdlthoutt defiagitiatg sfml the as@bPE €680r
comuni cating with the converter for isolating physiological digital
sigmﬂtﬁﬁr%ﬂﬁ%mﬁﬂgngital signals by conparing the digital signals between
the at least two sensors to provide physiological data; and a nonitor
comuni cating with the processor for displaying the physiological data in
real -time. 2. The apparatus of claim1, wherein the piezoelectric film
conprises a polyvinylidene fluoride (PVDF) film 3. The apparatus of claim
1, further conprising at |east one band-pass filter coupled with the at

| east two sensors for filtering out at | east one of the environnental
signals. 4. The apparatus of claim3, further conprising a pre-anplifier
coupled wth the band-pass filter for pre-anplifying at | east one of the
physi ol ogi cal and environnental signals. 5. The apparatus of claim1,
where t he physiol ogi cal and environnental signals are selected froma
group consisting of mechanical, thermal and acoustic signals. 6. The
apparatus of claim11, wherein the physiological and environnental signals
i ndi cate cardi ac output, cardiac function, internal bleeding, respiratory,
pul se, apnea,
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tenperature signals and conbinations thereof. 7. The apparatus of claim 2,
further conprising a pad incorporating the PVDF film 30 WO 03/082111
PCT/ US02/W028082181 The apparatus of claim 7, wherein the pad/tiss2/e280
fluid-filled interface for facilitating transmttal of physi ol ogical
signals. 9. The apparatus of claim8, wherein the fluid is a non-reactive

substan% i}n@ﬁt ed froma group consisting of gel, water, air, foam
rubber, ang prastic or conbinations thereof. 10. The apparatus of claim1,

wherein the processor further conprises a frequency Fourier transformfor
transform ng the physi ahagparatus dergiassively mpnébsng platsmlogynifa patiemtgthency dat a.
11. The apparatus of claim 10, further conprising a m croconputer for
recor di MRPIURSFYIRTHY Eand di spl ayi ng the frequency data to enable on-1ine

assessnent of they EiLUASRN¥odatash BRpfifiAs a bicdBelb R8P AR ot Senbidg f r equency
data. 12. The apparatus of claim1, wﬁer ein the piezoelectric Tilmis

posi t i oplexiologidalrsignals foan therpatient and ehvicenneyéd sigopls fromgan eryéroament atownrd of
cl ai m1t wherein the piezoelectric filmis positioned on the patient as a
wr apped PTEFFM14 A passi ve physi ol ogi cal nonitoring apparatus for

moni toring physi akeertef commadhit g withiiheias leag twplsersats foeosiveRingdhe sensi ng
data by placing the plural sensors on the patient, each of the plural
sensor sPeYsiglpgise!irgd snyraynsatal signple info digital signalsezoel ectric fil m conpri sing

a_ polymer for senaiddsdplanbhaMdna et c%ﬂ%rfe?ﬁ%%&l%t%ﬁnhgﬁog%@?d dat a

into vol tage neasurenen ptz) mer conprising po fluoride
( PVDF) , digfiter sgmuld frempheidigital sierakdryscoograsing theafigipd sigaale betswens tresat fleast sensi ng

the sensed data fromt he ient and for separately sensing anbi ent noise;
a convefY@FenseiiRioY in%gaf%wa{%a’@aéh of the plural sensors for

converting a monitor communicating with the processor for displaying the physiological

data in real-time.

2. The apparatus of claim 1, wherein the piezoelectric film comprises a

polyvinylidene fluoride (PVDF) film.

3. The apparatus of claim 1, further comprising at least one band-pass
filter coupled with the at least two sensors for filtering out at least one of the environmental

signals.

4. The apparatus of claim 3, further comprising a pre-amplifier coupled
with the band-pass filter for pre-amplifying at least one of the physiological and

environmental signals.

5. The apparatus of claim 1, where the physiological and environmental

signals are selected from a group consisting of mechanical, thermal and acoustic signals.

6. The apparatus of claim 1, wherein the physiological and environmental
signals indicate cardiac output, cardiac function, internal bleeding, respiratory, pulse, apnea,

temperature signals and combinations thereof.

7. The apparatus of claim 2, further comprising a pad incorporating the
PVDF film.
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the sensed data into signals; a conputing device communicating with the
converter for receiving and conputing the signals and for outputting
conput ed wetoa,osamnd i nstrunentati on conmuni cating with thepcaomgsat/ioagy devi ce
for real-time interaction with the device and for display of the conputed

data. 31 WD 03/082111 RCT/ US02/ 09280 15. The . apparatys. l.ai m 14
wherein at |east ®ne ofhet ?Pé’afﬁ%ﬁr“}fc?%ﬁi Shereimgthg %5@6%% ulgﬁ{lgﬁéﬁﬁr?ﬁeafpé
sel ect eflflfAReIra950143] 60PHsfldgiéhl 8fgna@lB. i tem of clothing, a stretcher, a
bed, a litter, a cervical collar, body arnor, body protection gear, a

uniform an extraction_ device, exercise equipnment, furniture, a cushion, a
seat and a seat ba®k. 1Bhe anparasysnfichimd. shercimihefhud isgonaesctive substancs)

R S O S b O R e

are confhegof.ed to neasure pul se-wave travel tine at plural |ocations on
the patient. 18. The apparatus of claim1l, wherein the at | east two sensors

conprise an array, of sensors di i.but ed over different | ocations for
measuring and rm_nm'ori ]@e?ﬂi’é”é‘é‘rélé’ia“_ngaf” e'fe?rb{}f\etpﬁ%ce_f)sz?f ?‘gﬂ'{e.r ARG

appar at f#gqRhcFFairBr &nstbih fdieFansPmRine théghyRidlodié A didifAL SERAS gaatagmb he array
of sensors for neasuring acoustic and hydraulic signals fromthe patient,

when t hBequsaey éate. i s positioned on the litter, and from surrounding areas.
20. The apparatus of claim 19, wherein the acoustic and hydraulic signals

conprise physiol og cal %gm f : i ﬂ.g%n i Wﬁ le signal s
fromthe surroungil'ng ’gﬁ% : azlisgf??rlréﬁ égehkpﬁger? 0 f%}rﬂl{prgsa vef}ny?
moni t or reagrdidpy analy gy aef displayiag ttenfrequetny dubt tocrialele npr-lisd asgesspbrtaifiie a i r st

pi ezoel ectric sensor ip.contact with the patient; placing a second
pi ezoel g’&ﬂ‘}epf*)' @ﬁ%‘?rqaﬂuﬁlelr%&ﬁe&ﬂﬂFFe’té‘?ungc ‘iﬁa‘not in contact with the

patient;
12.  The apparatus of claim 1, wherein the piezoelectric film is positioned

under the patient at various locations.

13.  The apparatus of claim 1, wherein the piezoelectric film is positioned

on the patient as a wrapped cuff.

14. A passive physiological monitoring apparatus for monitoring
physiology of a patient comprising:

plural sensors for sensing data by placing the plural sensors on the patient,
each of the plural sensors comprising a piezoelectric film, the piezoelectric film comprising a
polymer for sensing data from the body and converting the sensed data into voltage
measurements, the polymer comprising polyvinylidene fluoride (PVDF), wherein the plural
sensors consist of pairs of sensors for sensing the sensed data from the patient and for
separately sensing ambient noise;

a converter communicating with the each of the plural sensors for converting
the sensed data into signals;

a computing device communicating with the converter for receiving and
computing the signals and for outputting computed data; and

instrumentation communicating with the computing device for real-time

interaction with the device and for display of the computed data.
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sensi ng physi ol ogi cal signals and environnental signals with the first
sensor and environnental signals with the second sensor; converting the
physi ol ogwoaB/osaidh envi ronnent al signal s i nto physi ol ogi calPcani$02/09280
environnmental digital signals; isolating the physiological digital signals

ST SO o R N R .,

signal s sensed by 'the sof fromthe si sens

sensor ; diapskedicnpl sapéthge sdietqaycih algp@ipcednsisligg ¢#dn ikingoBdisthing32 sivéicisd/ £82111
PCT/ US02/ 09280 22. The method of claim 21, further canprising filtering
out t hebedlitiebrivaervieal callanbady agnep bady BFpdecHaB &e3r; # pRITOING, 3N eXRACtiQRt hod of

Clai M 2deyitlh 8k ahRle EARPRENS iR GOMPLIsABH, SRAPLIh scipahani cal , thermal and

acousti c signa e’ method o alm 21, further conprising: placing a
third sensor on the patient, at a location renote fromthe first sensor;
and neasuring a pilbse- Wheeppasdtocofigiaimi 14 whisesirf thepluralrrgnsdns ang configwed to 25,
An apparatus as, in claim.l, wherein a first sensor is in contact wwth the
pat i ent MEATE PRISEERYe §8lﬁ%‘§’ratip§urf‘ﬁ°8ﬂloé‘ﬁ9? ?rberﬁ?glﬁ?t' around the patient but not
in contact with the patient. 26. An apparatus as in claim25, wherein the
processor conpar es7. physé appagitasdf Gaignid, svherein thepluralseasirabresogfigirsd sensed
by the first and second sensors respectively, so as to isolate the

physi ol BgRSEE Pylserave trayet timerat physallagationsen the Pafiehtm 1, wherein a first
sensor is disposed at a first |ocation and a second sensor is disposed at

a second | ocation,gand pheseifing SEIRRPE SRRAdn 1k RaBl MR SeRsoRdeciiprid 48
velocity in response to a ysi ol ogical signal tinme difference 'between the

first semspofsensbrs dstrdmtalmyes diffeoant lqegtionsrformpasuring sndimonitoringathasamed

wherein th r
15 fesaRgy, oal cul ates bl ood

19.  The apparatus of claim 18, further comprising a litter incorporating the
array of sensors for measuring acoustic and hydraulic signals from the patient, when the

patient is positioned on the litter, and from surrounding areas.

20.  The apparatus of claim 19, wherein the acoustic and hydraulic signals
comprise physiological signals from the patient and environmental signals from the

surrounding areas.

21.  (Amended) A method for passively monitoring physiology of a
patient, the method comprising:

placing a first piezoelectric sensor in contact with the patient;

placing a second piezoelectric sensor in a location near to but not in contact
with the patient;

sensing physiological s_igﬁals and environmental signals with the first sensor
and environmental signals with the second sensor;

converting the physiological and environmental signals into physiological and
environmental digital signals;

isolating the physiological digital signals from the environmental digital
signals by subtracting environmental signals sensed by the second sensor from the signals
sensed by the first sensor; and

displaying the physiological digital signals.

32



pressure data in response to the pul se-wave velocity. 29. A nethod as in
claim24, further conprising converting the pul se-wave velocity into
systol i c wod3dszast ol i ¢ bl ood pressure data and di spl ayi ngpCharsbt/aash

pressure data. 30. A nethod as in clai m 21, further corrprisi ng

engagi ng a

third sensor with he tie PCRkh AL LEIRE m irst sensor;
and neasuring a p @E &’Pg\?gflaf 1ghbween pﬂ?e%félﬁes soelﬁtsor and t he

third g,menas&mm%@&ma.pmwoz/ 09280 31. A nethod as in clai m 30,
further conprising converting the pulse wave travel time into systolic and

di astolic bl ood pressure dat a .and di he bJood ressure
A method as in cl&m 21t emg’i"gl Eclaﬁ’éig’e‘% ﬁ‘g é

data. 32.

?%ﬁﬁ‘s’i“ﬁ&f’ BESSSEMETEg t he

physi ol %E%lca?h%&ﬁ‘ia?aﬁﬁch 1sor nore layers of clothing, bullet proof
I nati on thereo

arnor, or

33. A nmethod for passively nonitoring

physi ol ogy of a patient, the net hod conprising: engaging a first

pi ezoel ectric sen2dr mihhﬂmﬁ@d@éphénﬂl1@ﬁ§§g&ﬁgﬂﬁﬂﬁécond third
pi ezoel ectric sen
patient; sensing EnVironnent

first sgmpor and environnental S|gnals with the second sensor;

B]%g:/lgg 8lt€16<i!l g%l% | i Hg?gt en& ?iit Q%caﬂgxti rénl;' te frgﬁlt tg% h s\lt\"senkéot he

*h the
|solat|ng

t he physi ol ogical signals fromthe {bod fromanbient] envi ronment al

si gnal s by subt r aBXRAVEINE MASSIHBEVE

physi ol ogi cal di ght al

ocky ythy the Gist apdithiyd sepsorsecond sensor

from the signals sensed by the first sensor; and displaying the
tus 3in Aniffet, mrélﬁ alfl}stGeAdoMs3R cohtdEvARE the

conpri sing: engaging a th?? pl ezoel ectric sensor W th the patient, at a
| ocat i opatfeatraidea second sensor is in an environment around the patient but not in contact with the

patient.

26.  An apparatus as in claim 25, wherein the processor compares

physiological signals and environmental signals sensed by the first and second sensors,

respectively, so as to isolate the physiological signals.

27.  An apparatus as in claim 1, wherein a first sensor is disposed at a first

location and a second sensor is disposed at a second location, and wherein the processor

determines a pulse-wave velocity in response to a physiological signal time difference

between the first sensor and the second sensor.

28.  An apparatus as in claim 27, wherein the processor calculates blood

pressure data in response to the pulse-wave velocity.

29. A method as in claim 24, further comprising converting the pulse-wave

velocity into systolic and diastolic blood pressure data and displaying the blood pressure data.

30. A method as in claim 21, further comprising:

engaging a third sensor with the patient, at a location remote from the first

sensor; and

measuring a pulse-wave travel time between the first sensor and the third

Sensor.
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fromthe first sensor; sensing physiol ogical signals and environnental
signals with the third sensor; and conparing the physiol ogi cal and

envi r onmewpab/osiignal s fromthe first sensor with the phy®eceolusgz/eaio and
environmental signals fromthe third sensor to determ ne |ocations of the

first and second 3ENSOhndthod B€inR &u'n%t, furttier comprising converting the pulse-wave

travel time into systolic and diastolic blood pressure data and displaying the blood pressure

data.

32. A method as in claim 21, wherein the sensing step includes sensing the
physiological signals through one or more layers of clothing, bullet proof armor, or a

combination thereof.

33. A method for passively monitoring physiology of a patient, the method
comprising: ’

engaging a first piezoelectric sensor with the patient;

engaging a second third piezoelectric sensor in a location near to but not in
contact with the patient;

sensing physiological signals and environmental signals with the first sensor
and environmental signals with the second sensor;

isolating the physiological signals from the [body from ambient]
environmental signals by subtracting environmental signals sensed by the second sensor from
the signals sensed by the first sensor; and

displaying the physiological digital signals.

34. A method as in claim 33, further comprising:

engaging a third piezoelectric sensor with the patient, at a location remote
from the first sensor;

sensing physiological signals and environmental signals with the third sensor;
and .
comparing the physiological and environmental signals from the first sensor with the
physiological and environmental signals from the third sensor to determine locations of the

first and second sensors on the patient.
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