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DEVI CE AND METHOD FOR PASSI VE PATI ENT MONI TORI NG
BACKGROUND OF THE | NVENTI ON The present
invention relates generally to nedical devices,
systens and net hods. Mre specifically, the invention
rel ates to devices, systeng-and nethods 5 for passive
patient nonitoring. Monitoring patients is an
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settings. In a general care floor or marg of a
hospital, for exanple, nonitoring vital physiologica
signs such as respita hear t e and bl ood
pressure is a ba%k B R OR T HESIN VIENTEGNe .
Monitoring the presence or absence of a patient in a
10 hospital bed or in a chair in the patient's
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nagitiegs1 3n agenerehtarel f1bbi oivird@rT ai HEBEISS)] fok 8xAABle, monitoring vital
ires agttentiqgn. Excessive novenent may iIhdicate a
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. it -1 i_cal l nitored only .
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on a general care floor, for >

t%ﬁ’(@ﬁgf‘é\; 8p (g bad opchaiymay glso derheneficidrin mestinerml care ward or
tRRd A S Gy - 1ih ' s the. popul ati on ages .
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nur si ng. shortage, however, mnakes increased direct

pat i ebiticaisrnLeneabcars arsag hf hospitela sesitypicallfyimenitored only
' I i f t i ssi.bl e. . Physi ol ogi cal
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procedure under consci ous sedation;
hours by a nurse or medical technician. At the same time, as the population ages

and hospital admissions are postponed by HMOs and other managed care providers,
the severity of hospital patient health problems increases and the number of patients
overall increases. Thus, hospital populations continue to increase and hospital

patients typically require closer monitoring than they did in the past. A significant

-and expanding nursing shortage, however, makes increased direct patient

monitoring through increased staffing impractical, if not impossible.
Physiological monitoring is equally important in other settings. For

example, when a patient undergoes a surgical procedure under conscious sedation,
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such as in an outpatient operating suite in a
hospital or surgi-center, or in a procedure roomof a
physician's private clinic, the patient's respiratory
and heart rates should be continuously nonitored.
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30  respiratory rate and heart rate. In some hospitals, this monitoring may be



patient's finger. The pul se-oxi neter may be designed
to sound an alarm if a certain pulse or oxygen
threshold I evel is reached. One exanple of such a
systemis the 5 Oxinet(r) Il Central Station Network,
avai |l abl e from Nell cor (ww. nellcor.com.
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pat sngmenicd by t@ser- mdr8 devidsh aidh oK bARAR YuisBYximeter, whxch
res iratory rate that is nost typically used in

PuorsBylse apc, OxYgeR SatyEAtion wig 4 saaa&.cia@@rhkcmm attached to 2

b C [ I i K
o R S 3 S0 AL AP
of PebsaRt Wgexr Gegsholdtlewehis reached. n@edxympletaf Btk System is the

e P TR SRR T ock vy o el Qv segelleo.com.
A nﬁhdanxmwednm@rxﬁ@bm rPIrfBryl raeCRIRVEX waRM 1§ @fté?J ohe of the

usedpg%t& de, of, the neonatal intensive care unit

set? yhheypatiagd fpsmaasgungneszﬁr%wua:a theht is
onmet s oy AR

nasal canula. O hef curren
syBtragysertifiedmrsing asshetas or the dikbavhigheis hiyhly Bacoarmd, 6Swo the

10 ST kS

i rmpmmmnt@theﬁﬁ?ﬁeﬁﬂ? &t ARER et s %rtﬁ&%mégﬂ%%%%nw b
18@[" ent's skin and a transmtter coup th ﬂe
el © PRUmQEAADRY, whz@hmom@lmc 200 rarblytused outside of the

PiéshAI Gt e (AR Ghif ki gte%gf %gﬁtgﬁap% LR 1ssals%edalﬁitcult and

function can be transm
requires at least that the patient be attached to 2 nasal canula. Other currently

15  available monitoring systems attempt o measure other patient parameters. These |
incinde eiectrocardiography (RCG) transmitters, used in a telemetry unit to monitor
heart physiology in patients. ECG elecirodes are attached directly to a patient's skin
and a transmitter coupled with the electrodes is carried by the patient so that

- physiological data related to the patient's heart function can be transmitted to a

. 20 central monitoring station. Blood pressure cuffs may be attached to patients and

‘programumed to intermittently, automatically take blood pressure readings.

These currently available systems and methods for patient monitoring have
several characteristics in common. Virtually all require a patient to be physically
connected to a monitor apparatus. Many, such as automatic blood pressure cuffs,

' 25 provide only for intgrmittent monitoring. Physical connection to monitoring
apparatus can be cumbersome and inconvenient for patients, sometimes leading to
patient noncompliance, such as when a patient removes a device due to discomfort,

~ Attached devices may also loosen, change position, fall partially off the patient and
the like, leading to inaccurate monitoring data. Intermittent monitoring can lead to



20 central nonitoring station. Blood pressure cuffs
may be attached to patients and programed to
intermttently, autonmatically take bl ood pressure
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Devices, systems and methods according to embodiments of the present
25 invention provide for passive monitoring of one or more patients, infants, nursing
home patients, home health care patient or any other person or people for whom
monitoring may be beneficial. "Passive mronitoring" generally refers to the fact
that monitoring according to embodiment of the invention does not require direct
attachment of a device to a patient. Generally, a patient is coupled with a device

according to embodiment of the invention by simply allowing the patient lie



trend occurred, and may al so invol ve providing data

to a user in other fornms, such 20 as for display on a

nonitor. It would al so be desirable to provide
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- pancthed efpasayel@enomtonng at least one patient, mciudmg prowdmg a sensor

device on a surface, the sensor device having at least two piezoelectric sensors;
coupling a patient with at least a portion of the sensor device by allowing the

* patient to lie, sit, lean, stand on or wear the surface; sensing a first mechanical
signal from the patient with a first piezoelectric sensor of the sensor device;
sensing a second mechanical signal from the patient with a second piezoelectric
sensor of the sensor device; converting the first and second mechanical signals into

- first and second digital signals; compé.ring the first and second digital signals to
cach other to derive patient data in the form of heart rate and respiration rate; and

providing patient data to a user based on the comparison of the digital signals.



15 nonitored, such as but not limted to patient
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least two groups corresponding to at least two patient parameters. For example
parameters may include but are not limited to patient motion on the sensor device,
patient position-on the sensor device, patient respiratory rate and/or patient heart
rate. Optionally, the method may include Cbmpadng at least one of the digital
signals to at least one predefined threshold. Such thresholds may involve any
patient parameter or combination of parameters. For example, eﬁe oI more patient
body motion digital signals may be compared with at least one of a minimum
amount of body motion and a maximum amount of body motion. Jn another
embodiment, one or more respiratory rate digital signals may be compared with at
least one of a minimum respiratory rate and a maximum respiratory rate. In still
another embodiment, one or more heart rate digital signals may be compared with
at least one of a minimum heart rate. In other embodiments, other signals or 2
combination of signals may be compared with multiple thresholds. Where
thresholds are used, providing patieﬁt data to a user may comprise activating an



patient position on the sensor device, patient
respiratory rate and/or patient heart 20 rate.
Optionally, the nethod may include conparing at | east
one of the digital signals to at | east one predefined
threshol d. Such thresholds may invol ve any pati ent
paraneter or conbination of .paraneters. For exanple,

. one or nore patient body notion digital signals my
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negative resplrratory-tren Sone co
toingitipie fpatients are monitored simultaneously, and providing patient data

comprises providing data at a comunon location. For example, the common location -
may include, but is not limited to a nursing station, a display monitor, a digital
pager, a wireless handheld device, an existing nurse call station and/or a monitoring

" room.

- According to a second aspect of the present invention, there is provided
method of passively monitoring phystology of multiple patients, the method
inclading: providing multiple sensor devices, each sensor device being disposed
on an individual one of multiple surface and having at least two piezoelectric
sensors; coupling each of the patients with at least a portion of one of the sensor
device by allowing the patient to lie, sit, lean, stand on or wear one of the surfaces;
sensing at least one mechanical signal from the patient with at least two of the
piezoelectric sensors on each sensor device; converting sensed mechanical signals
into digital signals; comparing digital signals corresponding to at least two of the |
piezoelectric sensors to each other to derive heart rate and respiration rate data for
cach patient; and providing patient data corresponding to the multiple patients to a

user at a common location, based on the comparison of the digital signals.



Patient data nay be provided to one or nore users in
any suitable form For exanple, providing patient
data nay conprise activating an al arm based on the
conparison of the digital signals. In sone

enbodi ments, providing patignt data may 10 further
conprise providing a position of the patient on the
surface. In other enbodi nments, providing patient data
to a user may include providing a respiratory rate of
the patient, ahead rate of the patient or both. In
some Apessdingént Sirdsaspect 48 theprepegidpeansion caete inpwaidsd ag
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or wear one of the surfaces; 25 senS|ng at | east one
mechani cal signal fromthe patient with at [east two
of the piezoelectric sensors on each sensor device;
converting sensed nechanical signals into digital
signals; conparing digital signals corresponding to
at |l east two of the piezoelectric sensors to each
other to derive heart rate and respiration rate data
for each patient; and providing patient data
corresponding to the nultiple patients to a 30 user
at a common | ocation, based on the conparison of the
digital signals. -8a- According to a third
aspect of the present invention, there is provided an
apparatus for passively nonitoring a patient, the
apparatus including: a surface for coupling with the
patient; at |east two piezoelectric sensors coupl ed
with the surface for sensing at | east one mechani ca
signal fromthe patient; a processor coupled with the
pi ezoel ectric sensors for converting the at | east one
nmechani cal signal into at |east one digital signa
and for analyzing the digital signals correspondi ng
to the at | east two piezoelectric sensors to sel ect
the sensors with the highest quality heart rate and
respiration rate signals to use for deriving data
pertaining to the patient; at |least a first connector
for coupling the piezoelectric sensors with the
processor; and at |east a second connector for
coupling the processor with apparatus for providing
the patient data to a user. 4- In some

enbodi nents, the surface conprises a flat pad. For
exanple, the flat pad may conprise at |east one | ayer
of aresilient foammaterial. The piezoelectric
sensors may be di sposed along the surface in any
suitable pattern for enabling nonitoring of a
patient. Surfaces may have any suitabl e di nensions.
In one enbodi nent, the surface has di nensions to
all ow the surface to be positioned on at |east one of
a chair seat and a chair back for nonitoring the
patient during a surgical procedure under conscious



Optionally, the apparatus may further include a

sheath for containing at |east a portion of the

surface to provide a protective | ayer between the

surface and the patient. Typically, such a sheath

will be water resistant. Sonmejines, the sheath

i ncl udes at |east one connect®r for connecting the
t he 15surface mnust
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connectors
surface must be connected with the connector in order to monitor the af least one

- mechanical signal of the patient. In sorse embodiments, the sheath is disposable
. after being used to monitor one patient.
The piezoelectric sensors may be fabricated from any suitable material. In
some embodiments, for example, the sensors comprise dne or more of
polyvinylidene fluoride film, polyvinylidene cable, piezoelectric ceramic discs and
piezoelectric foam. The sensor device may be provided on a flat surface of a bed,
+ and at least one mechanical signal of the patient may be monitored when the patient
lies on the s_m'face. ‘The mechanical signal may inchide any suitable Signal or |



first connector may include neans for detecting
either a type of sensor device attached to the
processor via the first connector or a nunber of
times the sensor has been used. For exanple, when
the sensor device is connecteggto the processor via
10 the first connector, the connector may detect
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processor for connecting each processor with a comon
apparatus for providing the patient data for the
multiple patients to a user. BRI EF DESCRI PTI ON OF
THE. DRAW NGS Fig. 1 is a schematic diagram of a
system for passive patient nonitoring, accenting to
an enbodi nent of the present invention. Fig. IAis a
schemati ¢ di agram of a system for passive nonitoring
of nmultiple patients according to an enbodi nment of
the present .invention. '




Fig. 2 is a frontal view of a sensor device,
according to an enbodi nent of the present invention.
Figs. 2A-.F are schematic frontal views of various
enbodi nents of a sensor devige according to various
enbodi nents of the present invention. M. 3Ais
a frontal vieM/of piezoelectric sensor and
transmtter. for n a Sﬁ&For devi ce a%ﬁordln
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1is a schematic dlagram of a systern for passive patient momtonng

according to an embodiment of the present invention. ,
- Fig. 1A is a schematic diagram of a system for passive monitoring of

multiple patients according to an embodiment of the present invention

Fig. 2 is a frontal view of a sensor demce, according to an embodiment of
‘the present invention.

Figs. 2A-F are schematic frontal views of various embodiments of a sensor
device according to varions embodiments of the present invention.

Fig. 3A is a frontal view of piezoelectric sensor and transmitter forusein a
~ sensor device, according to an embodiment of the present invention.
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15 nore nmechanical signals froma patient, a
processor coupled with the sensor device for
processi ng nechani cal signals to provide patient
data, and neans for coupling the processor with a
devi ce for providing the datalfe the user. In some
syste ig:gﬁltl pl e sensor devices and processors may

be use rib A ifEaaital igvy b surfrece iferiicidiag nwb pRZSEIVEHY sensors as
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basedrfonrijlgefg(;ocessed signal . 25 The phrase "passive
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qRitiehehéchrd; ige t hat et hods and devi ces
of the prcreslgét(?(5 ?%%%R{)‘Trﬁglﬁn %ﬁ@?ﬂ?‘gﬁ“w’lﬁ‘?ﬂt’@@-for
nonitoring a patient by allowing the patient to lie,
sit, DEEAEM@RIRH@N OFETER PRIFFE R Y EME OAMENTS
whi ch a sensor device is disposed, or poSSiblry to
confortably wear a sensor device. Such nonitoring is
"passive" because it does not -13- require directly,
physically attaching one or nore devices to the
pat i efhe prlakl SRR tient,yay often be nonitored
usi ng deel{ecélg, nefiﬁ%é‘gn%%%ﬁov figviscs fysigras prdmethods for
passbretrhamitoningod vhe oY aidré Satdntd. REadd b QEd;

dt?lvi ce is in place. Typi gal 2 sens’ﬁur%ggpggégé¥&%ﬁ%ormy
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are eethagivahsigial i S.and .
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tfli'f:: gng)f:égssgxe@ﬁﬁ arhe*?aceqjor &‘ovming the d%ta to the user. In some systems,

multiple sensor devices and processors may be used to monitor multiple patients

simultaneously and each processor may be coupled with a common apparatus for
providing the patient data to the user.

Methods generally include providing a sensor device on a surface, coupling a
patient with the device by allowing the patient to lie, sit, lean, stand on or wear the
surface, sensing at least one mechanical signal with a first piezoelectric sensor,
processing the signal and providing data to a user based on the processed signal,
The phrase "passive patient monitoring” or simply "passive monitoring” generally
refers to the idea that methods and devices of the present invention generally
provide for monitoring a patient by allowing the patient to lie, sit, lean, stand or the
like against a surface on which a sensor device is disposed, or possibly to

comfortably wear a sensor device. Such monitoring is “passive" because it does not
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In general, any of a nunber of paraneters or
conbi nations of paraneters 10 relating to a patient

or other nonitored person may be neasured. In one

enbodi nent, for exanple, patient position and/or

notion on a hospital bed is nppitored. Optionally,

patient respiratory rate and/or heart rate may al so
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¥ SIVRgLaTomay epmetmgs berafercal to ap Anvesibls" adwsll ag Bﬁégﬁ'e, since

i . even a ho 0 healthcare patient may be
rrtgér‘flt%%¥ 8‘351 F?nBF’é?ﬂ% ggdé’%'ﬁﬁe PEEn arasat sashiemior shedlikeahi | e

| yi nglingendrdd Qi 413 mlagiskr | |, .bed. a
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EinEg aqrrtigniorothermonitrred péradr mapibe whdakgrelYinhe
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b i fe. st.andi.n n_any. ; ¢
PRRDA o or It Tobition snrigr amctioniama kaspishl ed is
trvniteRd. OptitieElye ) eiaH: Ay | RSN
mul tiple &gt [ erj{sisS on a ggﬁw%@@?ﬂ eea#‘[lljrge&m%yr %P‘El
BenHokdQiherparamieiess sechosibiiddgedsarey &ﬁ@ii&ut}?){%}ﬁr y
@H{g@&%‘%a%l ¥ and.shoul d not be interpreted to limt
the scope’ of "t IS ¥ireatndler the ke mayralschenitably be sensed
arldaiomitored in varidtdleh ok, L)y e TR, D
provided to a user in adgf/}ms' %a%?%g%e?%p%ezﬁﬁ@ay be
TBAm e ALY, suifable fessonse gebysle ety aiRbR seatr, For EQinple,
rﬁﬁﬂﬁﬁi&l e n.al arm be 30 activated if a sensed
i o pajients i, a FEPFIantarg aa of B &eepital, anedtisat wndergoing a surgical
p6@detea il PEshsciokd represents a .
negative trend, 9 S%d%gﬁ’zéhgﬂgﬁﬁso 2B FIFHRSAER Foom or operating
IPRIP aikssiag bome or long-term care patients, a sleeping infant, or even a home
healthcare patient may be monitored. Similarly, a person may be monitored while
Iying on a hospital bed, a conventional bed, an operating table or a stretcher or
gurney, while sitting on a chair or wheelchair, or while lying, leaning or standing on
any other suvitable surface. Therefore, althou gh the following description often
focuses on the exemplary embodiment of monitoring multiple patients on a general
care floor or ward of a hospital, this description is used for exemplary purposes
only and should not be interpreted to limit the scope of the invention as set forth in
the claims.
Patient monitoring data may be provided to a nser in any suitable form. In
some embodiments, data is used to activate an alarm. For example, an alarm may be

activated if a sensed signal from a patient goes above or below a predetermined
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(such as respiratory rate, heart rate and body
notion) neets a predefined definition of a negative
trend, or the like In other enbodi nents, data may be
provi ded on a nonitor for a healthcare worker or

ot her user to read. In other ggbodi mrents, data 5 may
be used to both activate an al arm and provi de a
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STRiOcctbah e brgide sashatasenitaklocstiommaptimbitable or
QDN R b . Agai n, devi ces, . '
Sys i %ﬁnitﬁgl n%y R%O?E%g% BE?H ?Ir?élcﬁ]’ data fiy oqe, a8 SRR di§chvd§ Coptemplated,
sabchsipoidinig phiytiallgicat dhfai vigoksr Iﬁ@fei&%ﬁal DAEEs, wire
ﬁgnscﬁa% .veterinary_nedicine and/or the [ e \'h lfﬁs
OHE EISNicHR At the ket Fox the paeposes of this pategeapliation the phrase
fda@0di QL si.vely nonitored L
si mul T %&% g?}rsi y Q%roﬂ%)slp g{\}lﬁ {(11%?%0 mﬁaﬂ%Wsmﬁﬂﬁiff’BP}’ Qyddling
Ritystedegical dotaito anget, beclpaeaLiles, of méniR kit EA &nd monitor, or
%of'ﬁssm ?I at each patient's bedside. Such a ’

il edrsflﬁ"g’%il?@’éﬁn may be used in any suitable floor,
war d : f ital .or. cl.inic. In another
enbo ?%ﬁ%‘ﬂ P;@ﬂ%ﬁe%@y@? 8 B BistAressat inveRtigrbmay ba used in
2oy syitatdd se2Gngfod Gt ar) @@srem%ﬁpﬁaé% ?g%g%géeoﬁdé& the like. In

nmoni tored. Apparatus, systens and
- O %’ﬁ??ﬂ%‘}?ﬂﬁﬁ?ﬂlgﬁlelmntsmmmm catedByi 06 a hokBie] aravho

' d Lpnfant d h d :
R SUTGRTS ul TE andenth Sy ore,
regpiridg the eebsentesoMthdadhihre pYofe daf?l‘e}g{f Paticht's bedside. Such a

transported in an energency medica I'ng,
MOBHPHPS s¥sfcan prayibentsed dn asysuitbleflodivh@drerepbf £Rbspital or

s - lents.. 30 Additionally, various enbodi nefts
°‘§¥‘°-?E§n?%§fe%?ﬁ%4}%‘kﬁap§%wx 8t e Ratisni Hdergomg a surgical

“procedure under conscious sedation is monitored. Apparatus, systems and methods

of the invention may be used to monitor sleeping infants who may be susceptible to
sudden infant death syndrome, residents in a nursing home, long-term care facility
or skilled nursing facility, patients being transported in an emergency medical
setting, home health care patients or any other suitable patients or non-patients.

Additionally, various embodiments of the invention may be added to existing



patient nonitoring systens and/or may be used with
ot her, conpatible nonitoring systens as origina

equi prent manuf acturer subsystens. For exanple, one
enbodi ment may include nultiple sensor devices and
mul tiple processors, the |atteg- of which all connect
to an existing nurse call station systemfor

pPYiantmegitering rstents atala thay beesed wiliDotRer) Ub BB nfdnitoring
c n l.ocat i .Referring nowto Figure 1, a system

orasﬁgﬁéﬁagsq‘ﬂaﬂc%@ AP SHRp yatgme alfiyexampleay des
aexascstﬁmen ﬁﬁluh@%xaﬁlm}ﬁe%gn?otr deGR8S ard Vi%l@p %ﬁ%g!%%&},é $e latter

sensors 202,” coupl e rocessor

i whielal Gmmeeﬁfm mﬂlf@me‘haﬂl@k@bn@ 931&191&‘01191@vfc915g patient
ical data to a user. GCenera

V. d| n siolo
3 gfeagasor nf%ﬁ%?, Bl‘e%eggtacwgg legatign.pr ocessor 104 VI a
any sRiefedh€n6RNY t or
sugh as a c%g le, szn?érlgélvl\?l %&%&%Uyk&ﬁ% ﬁﬁ%@ 38‘? éz)fmg
SPikbly gmhudeamsynsoa dgviseil 02hheing aniest twb pidB8ele@yicRBnsors 202,
| a

R B S g
$06 8@ iovilihe Yol @auaa@qsa%@@s Gt RY e RorTo LS

'dlsplay devices 10 For exanple
10 cepplebwity Pm&sstoorled V!a anyl mmbleu:shiyect(&&QD (@ﬂﬁl’ﬂﬁﬁﬂe conuectors),

r n arat.e sensor_device 102.
SRALSINABE Ry €ic8 e ontbs fike Stoiarls, zyispltste
_@drinBetol $0DMA bE R th
“enhodi Ments Wl ti pl e P&rggn@g?ge@‘%g{"%é‘gfofo%&%@gsp?ay device
I;Qﬁjps\lné/cgwm ¢mbodimenbmayp imvheksanltipsendds 302 |d1ulﬁf) rOCessors
rocessor 104 i nc e

f
@gg%(raé?e ﬁp Jtesdlglg?y @‘g‘gﬁe% sEPL eXgEpley naﬁaph%@auenns may be
15 itd t it, -
‘Eﬁ‘?h 00 SuBHARRR? Shon PcRPYad ABbHHIRE B £5hTds scfor davice
Iﬂﬁ)jﬂilﬁz?nbodlméenmn?achcseimm rdledics RO23s dBRPicdGHith f't% 6v5vH‘
| Ke rnatil ve may CO rrse nmu |
| Sa‘?"’%%é’ 0GEsSgy |1§§5Wﬁﬁ? Sq ther %@%{ilmeﬁwrmglgsmem |deagesn102
nizijﬂ)el ¢dﬁ§ledm1ﬁ§a 03%&%08@&(1101& Rt g’ulf)othgxy g&lgggl&l%gtsngy

i ncl ude
portion of processor 104 may include separate units for each sensor, while another

20  portion of processor 104 may include a central unit, such as a central computer,
Similarly, display device 106 may comprise one, common display monitor, alarm or
the like, but alternatively may comprise multiple alarms, displays, digital pagers,
wireless devices or the like. Thus, various embodiments of system 100 may include
one sensor device 102, one processor 104 and one display device 106,‘ but may

25  alternatively comprise a plurality of one or more of these components. Connectors
108, 110 may similarly be provided as single or multiple components in various
embodiments.

Some embodiments of the invention are provided as portions of system 100
shown in Figure L. In some embodiments, for example, sensor device 102 alone is

30  provided to a user, for example if the user already owns processor 104 and display
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one sensor device 102, one processor 104 and one

di spl ay device 106, but may 25 alternatively conprise
a plurality of one or nore of these conponents.
Connectors 108, 110 may simlarly be provided as
single or nultiple components,in various enbodi nents.
Sone enbodi nents of the inveﬁ}ébn are provi ded as

Pa&dLD f i i gur . In.so

Cboc nan IEHRSE A okdstr ! Bttt nanytyer
3empediviedieaf theimventien inchates e4ROPIGIES 1028 dUSSIdd-on Processor
a% d wns processor 104 and display -16- device:

1 @‘Fg}“y%ﬂ%f‘g‘r Qeesser 104, dpexapiple. mraycesipsise aoftwaiiesyrlhaydware
A Hich 8%y NRIG i knvent.ion incl.udes
sensor devi ceggg% ang arﬁg géd%[?%t%}’ §§%&@es‘§‘8’?ﬂ°fd’ﬂh € to
aeigvign ferpoessiog of Gdta rbcsivekaomnlsensor By vied T02. i, although
ssgjst .ogwaar dware which may be added to an

exi %em TBEHEeR nsonslayiseddZapigeesser H4, displayidericetl®65nd
Woanedes o I [ t Lved from sensqr

doer e oat: USRS botimil Ane iRl el BRES SR ver

- ddsmenss aoRlditiomat elssents Modhoud dejirtiyg FEx 66 sddfe Bk invention.

npectors .108, - 110 in one enbodi nent, other
é%r%i-ﬁﬁ Hfh'gﬁ’f"é‘oﬂsa?le%&?sﬁ dhg wyention shewmtin Figuredds déseribed in
eh@@suahA bdlglynout departing fromthe scope of the
i nvention. Each of the various elenents of the

i nvenWidrreEhewe row fol Bigue 1A, ismolessticaemohitorkt: §Rken 101
guelf@?l bfl ow. Wth reference nowto Figure 1A~ a

Rar. BEides, any aHpbe f sgnsoy dewises Raguiany blpbened prdesssors
2 -R U RRim i - ny nunber, of.

pr 0OCEessor s %ﬁ-ﬁ@q{fﬁmﬁﬁéﬂggﬁa@mﬁ%@%% ﬂ%‘%@ﬁ and any
pumbger oflcanmctore il 0o, D08 s-held dtker b dmA¥nid WBRIp1Oéensor

onne bgrs 110a-n, 108 a-n. In other enbodi nents,
1?“15;‘ 2-BIRYGPE §opRied, Witk & cpymBOmpPIPagsspransbibpl processor in

Rk fos t I SSof .. in turn, may
B IPN: ARNSRN Sl AR g b e o o
Tanlbipdti precdssorsomey wansmit HatR @ nRIfISERPRT dBRited, RSN
d ae;é) myl tiple display devices, such’as to nultiple
SR, lg@g)@gglﬁ. @%ﬁf handheld dlewices, sewlfiplesnonitairs bpihe like. Any -
RS Y nbi nat | of sensor
devi ces P 8 Egﬁsﬁ? d%{rncfk’)%selsogér % %%Eff EE i %ﬁ’i‘re“é’%?@orf J&5awm, 110a-
nlddadisplay devices 106 is contemplated within the scope of the invention.
Connectors 108a-n, 110a-n may comprise any suitable means for coupling
sensor devices 102a-n with processors 104a-n and for coupling processors 104a-n
with display device 106. In some embodiments, for example, connectors comprise
wired connection means, while in other embodiments one or more connectors are
wireless. For example, connectors 110a-n between sensor devices 102a-n and
processors 104a-n may be wireless, while other connectors 108a-n may include
wires. In one embodiment, connectors 110a-n include a “smart connector" device.
A smart connector may comprises a microchip or any other suitable data carrying or
processing means and may be used to assure compatibility between a sensor device

and a processor. For example, when a sensor 102 is coupled with a processor 104
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20 n and di splay devices 106 is contenplated within
the scope of the invention. Connect ors 108a- n,
110a-n may conprise any suitable neans for coupling
sensor devices 102a-n with processors 104a-n and for
coupling processors 104a-n w_j-p display device 106.
In sonme enbodi nents, for exanple, connectors conprise

Wriaethneataabiion 1 I Ssm i:(%rﬁleubr 9{(3&2{;&; a%ggﬁgdd.gggﬁ%?xgt type of

one or nore connectors are Wre
cHscdeyics 102Gas hedretompled veitin therproessar €94 LA nhing Hehes the

L F TR RLETCE WA ——
ethb prliceEyok 104 6PNRUKR SudhlPandt: EOGLLE II%))’I @%Hn%% 2 wired

connector" device. A smart connector nma

rfiOEPREI Vi Cwewg@ry shn?gs Gbﬁ@dﬁhmamﬂ%l@&ﬁﬁbc@dr. It should be
4N s,and may be used to assure . .

CoRpRRS TS ep iy cQhucion menss med baisedforgoupling varicus

elcanessof the pse@iat@tRn. When a sensor 102 is coupl ed
ocessor 104 -17- via a smart connector

with a pr
110, Rﬁ%ng%mw ¢oFiguee 3rsensoyr dewicallR geoerdity Brludsl 8o or more

X b 102. h b led with th
DBeBeuS SURRYS NSNS Aloge siHace Shichdeitbscrgars may be
y 48 Passiedy BAIpled'with 8 g ntgg?{«%tﬁsgen%flg}ﬁzgfrga% be of any

conpatible wth the processor 104
ape FARidgwRtioraynateridl wd éhedikei. Gederallg ook 66ison 262 t h

it
HBLSTSI AL L o FY O Bef SLEDLe Comneetor
paiguner myvm@nu@&qld&me@v@f‘)ﬂsut‘%%g)\j%gﬁ{«:ﬁéﬁ%égafm

the present invention. Referring
Rl ationeci materigle mapyrier usellyinthdingdrs nbvBmited FOPYDE film,

' ciric.sensors 202 dispgsed al ong a surface
2 g@ﬁ*@% pleageifaias SRR é’s‘?ﬁa der preraghnslricioam: Piezaelectric
Al of YheGsEiine thvdh dh ﬁag%%.{@&‘iy Bl SEPE 3z %%g may
be of any size, shape, cOn |gura§|on, et er Al or
configwiaken. losamenbodiments, foeasnnpl2 0t VDS is used, alone

i pal, . | nbodi ments, th
RuF EafbiRalon §ifid ik Sabe, somsi g badpepiscsensars 202 cowprisc
S ! ! ! Wiaete
T ar, B (A oL SR B AILE TBHEE Lol b ReaBPis 0B may
COBPRYOFirgulanriabSulay/REuaitr any pilez SRARGIEVDE Sl@Nkifcular or

' and/or pie | ectric foam Piezoelectric
a‘?fé?@‘?{ SEb{ g 5_8&@%,@%3%@;& nia@%i_aléas»r mvatherspitable
nfatbriafd) i [ I.on n sone,. )
e o oRg B BodiRicAE 1B el Al BhtsR" 201 et ior thinver
ang aser width of ebodvicriathes andiatlbn VO ab@l 98 ncld?. FONBer

eﬁb di nents, sensors 202 conprise rectangular, flat,
CRROHMsAE, schsensagmpay be largarimay ibe onksiiltimetent i width and

leASMRR S ;Z(Q?e IS ircular, triangular, |
sgﬂlt}are ar aﬁﬁ%ﬁ? %ﬁ’{)téersgfﬂ%PVDF film circular or

Referring to Figures 2A-F, several embodiments of sensor devices 102a-f are

shown, each having a different configuration of sensors. In Figure 2A, two, flat,
rectanguiar PVDF film sensors 218 are included. In Figure 2B, three PVDF film
sensors 218 are used in combination with PVDF cable 220. In Figure 2C, PVDF

cable 220 is used alone in a zigzag configuration which may comprise one cable or



. . ] o
any other suitable shape of flat piezo-ceram
na¥erials, or any other suitable materials. In one
enbodi ment, for exanple, each sensor 202 is paper
thin or thinner and has a width of about 6 inches and

[ di ment s
a length of about 9 inches. I_@ ot her enbodi 1 .
each gensor may be | arger, na 8be onl y mllinmeters in

Winglif even be on g.nanoneter ]

scal ggiégg?lé%ﬁh%@gg%r g 2@{’ B{éfﬂ@e DIRZ-COaBye AiCs ebwaivaehis Figure

of PBWEW flesinsers 216226 are e WM fhitcfiPhlin BRHEP Gy entration of

dggfg .configuration of sensors. In Fi gure . .

¢ Bl 2 15 e BERA S s TeprogmR g e eomnauirasiodd 8f sensors 218 in

| obeistess. SuBh FipdHiR 2 b d BRI EE Lo e S Sl S A e higher

are used in Cofbi na'tnl%%n Wi _ cabFEAERE: IR g hig
O FOIGPRITALions PYBMSBE in alpositidRWicfe HBEELRLRAG LA s likely to be

figuration which may conprise one cable o
SRR, Y pditeely Saderiashest g aagiont ik bart-and
| e hAS Fonly S5 ed 7! R aur & 26, ors
mﬁsor s 21%, ngréalye' usl’g'greldﬂ a PP ERC A fpa;n Sensor
A 1es usednThus, itatanaieacy be gBsOmhst éﬁzsdiﬁbﬁ%nﬁﬁﬁﬁgg gnd
t h e fsmd | ower concentrations of sensors In
opﬁﬁeg'ﬁér (g%\g He gy hawsedh may be advant ageous, f ?r
O ansor e e e b & e FNE ShsaBlA Brieneray actas
sensors in a pos _ -
pirain|gpuges th enserohanges in stk e gl a(ff%ﬁfsk thelWBARKs F0L PRblcred
ﬁgﬂtient t nitor heart- and o )
> eessplcr %}%F ygaryetﬁ%qngﬂccg}vgﬁgg to data ;t% isseful fﬁ]dlgm_fl:_ﬁturgdxﬁitotnng
WPoRis AR 6Ly GelMAIHRAROLR Aot S R8T agpred
1gan f:ylsear I )I/l be %egr%ﬂt %1%1 angg@fﬁ ?‘E&P@%mﬂ%%ﬁeﬂém as
$e5RY AgRIRS ONo nerpbr sebemnparedyd DEMIGS theasurement from one or more
15  other sensors 202 on the same sensor device 102, to determine where the patient is
positioned on a device, whether the patient is moving and/or the like. Expansion of
a patient’s lungs during inhalation or the beating of a patient's heart may exert stress
against one or more piezoelectric sensors 202 positioned under or near the patient's
.~ chest. The sensors 202 sense such stress changes, and the sensed changes may be
20  processed to determine respiratory rate, heart rate, body movement, body position
and the likc. Many other possible measurements, some of which are described
farther below, may be derived from information gathered from sensors 202. For
further description of pressure-sensing capabilities of piezoelectric materials,
reference may be made to U.S, Patent Application Serial No. 09/662,006 entitled
. 25 "Passive Physiological Monitoring Systems and Methods," filed by the inventors of

the present invention on September 9, 2000, the full disclosure of which is hereby

incorporated by reference.
As described above, devices of the present invention generally include a
surface 212 and two or more piezoelectric sensors 202. Both surface 212 and

30 sensors 202 may have any suitable configuration. For example, in some



10Wth reference again to Figure 2, piezoelectric
sensors 202 generally act as strain gauges to sense
changes in stress exerted agai nst the sensors 202.

Det ected stress changes may then be converted to data
that is useful for patient mopjtoring purposes.

Pati ent body wei ght exerted agai nst one sensor 202

- MayhbBEiniBRBSIH B L;0st _aone sensor and ...
conpared to a s?%ﬁgggjﬁl_E%S%@EZJPCPFW%H’e@c%?‘?tﬂ:ﬁ?%er!ﬁom

ofHéitiab Plrstie spape2 opany bibersitabls ensarial FRVItEE ehdDdithhts
is positioned on a ’

d ' wher.e t ti
S EIE 218 cBiiReq 1o Bt ehfosntmbiu pupiratopethérovits adhesive

| bikley afyB&SIuPab RS | ' dur .
i nhal at'i on or the ntl)é;aé)tgiagnéél E%k% 26612 %&ﬁ’%nﬁmgieﬁggm sypfage 212 by
5 e3dhesivethyesasdeiphings sensors 202 bemieen pive FOREESH dubface 212 and via

S ositioned . under or near the patient's
Cﬁ@g@'{/éé%&@x é)('jf’? SEH%’I‘% Hivags. dhensfare,the folivwming descriptidn is
tprevided &eskpldia bae ; r 0, determ ne

re _pli_r at or 3?%? ate, %ﬁﬂgg}rdltn%gtg g?‘eé‘%ﬁﬁﬁg% Pruld geiRe wnterpreted
.08 ilinﬁ A seone ofithe inveptionsrset firthein tROSSicAUEd claims.
measupenent s, Soe f which are described further

bel ow, Ry Fbgaiept sot SvifedORdneladesyantace 842, fwhich has a

10 hoosiog 31@02h poekeds POBKR foS3 CihiRh E’?ﬂgg%fgf%igtswsem 202a-h. As

pressure-sensing capabilities of
ﬁlﬁﬂ\@?‘ ]rnalf“lgl,lrel‘ ibfeecbpmeodeqtrib genyaclZ0dach, ik &Buﬂ?&i #th a sensor
ﬁ nh&@lti Seri.ab No. 09/662,006 entitled 25

assl Ve (g‘]ﬁ’i}l’i"‘élf% Y| CORPRISE &R elsefrisylleadrer wing, as shown, or
Aledrhariigly a ideRids BdntHRtel of+ 1 he present ..
i nyent i on on Seg_t enb}gfritegfjf/@gg%?%tﬁﬁém%’ﬁ sOuF SEbadimants

fnke somserstransmitiorsi20d angydbeatonpledywifted SER0F Bansmitter

devi ces of the present invention

15 ég’éﬁgﬁgﬁc@/&?i%%g‘facl%%%ﬁn%ﬁ'ﬁrf’a’é@c@fﬂoﬁﬂénwmﬂy efis@preommon
B encar s 30 M oot e AR I B PR M iRessrg 104 I
aherpmhediments,cmy othdruitelb atan® i Soepld P68z deltric sensors
ATBR GRS F4B coulitipiBien Sich shyplozrmny samprié wircless
o8 i e B fen AR e Bt St Wirtess

20  trapyaission m&ynammmvmulﬁpidﬁi@és?mﬁgﬁ%lv%% o Rire
y 5 adhesive, by

y pe gcoupled with surface 212 b
°§§‘3@8€A‘% fﬁoﬁga ﬁ%‘ﬁ%‘@? Yitpsustaca.242 at which ahe sepacdte sandnaicers
zgﬁghmoﬁh@ctﬁ@’hﬁ ']%fﬁkeor by any ot her suitabl e neans.
e Tollow

Thergfore, t ‘'ng description is provided to
expl Ahyswtablesipe haps) thigkndsH 8nd HKeA1 wﬁrﬁi}gﬁ -
h not interpreted to limt the scope ottt e&mﬂ%ﬁf‘?lce 212,
‘?‘ﬁ%ﬁi 0o Rogketss 298a-b apdh sensorsi2O2abpeaydediset AForeexatnple, some
' i 1Q2 i ncl ud
25 erg%?m%mﬁ“@ ?%bﬁggﬁgtwosﬁi@&rlecg&é/ $ensors 862 'with two gcc%xlilrpa%(f:iﬁg
pockets 208, while others have four, eight (as in Figure 2), sixteen, thirty-two or

any other suitable number of sensors 202 and pockets 208. One arrangement of

sensor 202 on surface 212 may be referred to as "an array" or "a passive sensor

array (PSA)". Such a PSA generally comprises a grid-like pattern of sensors 202 on
30  surface. Such a grid may comprise rectangular PVDF film sensors 202, as shown in
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10 housing 210 with pockets 208a-h for containing

pi ezoel ectric sensors 202a-h. As shown in Figure 2,
each piezoelectric sensor 202a-h, is coupled with a
sensor transmtter 204a-h, which may conprise an
electrical lead or wre, as skt , or alternatively a

wWreless transmtter or the li'ke. Finally, in sone

ernbigthieTe Bf i Ltters 204 may be. .
cou gIdfe d wi ﬁ%éggiﬁ 8% g{irégﬁrs{#?{] er BT 84 ﬁ%’@f)ﬂ?&/ﬁiﬁg‘.ﬂ Figures
S F. ThahSAinayeinchuin nag suitabk06ugeR of adws aRCéSuRss 8f sensors

c onnector for coupling the_ piezoelectric
tr ansllr;r]l]_ dy f’lg?lg Patorns may; hage ﬁid‘é@é%@ 11 Qepigin septingshBmay be desired,
erfboehtafpK, 3o haolly b séxtiﬁﬁl‘%ze ﬂ%%éel%? inga%ugéﬁgc&ment of

pi ezoel ectric sensors w procoessor

c SPROREPdeRt02 MdEUC@IfJ@’Ir USGONRYhAONAL b1SehaWh 28k SHSanother

c .via radi,o frequency, mcrowave, infrare
Or%ﬁgﬁﬁ)f}ﬁ%@géfm% ?3? 5181’-@%‘%@? &gaVEGWP calsmsseAchsolsambaving
miguriseveky Setidbd Fdpl | : | I c nwrte .
ori gi nat i ngef r%mdgu?%‘gia% ig%ﬁo%ﬁéenq\bglfr ﬁgg'gegg}’aapé’%ys crib. In

whttcaothseembadirment thiea s hinisar 2igh0dmsbrs 208 G ARG R Gsed for a
ui tabl e size, shape, thickness

0 L ike. . Any s

a%%stpgt\‘e}’e'?ea GOLgHRIgh: ARY BRmBST S dpacelumEs andpesserg 202 may be
2id3d ip 6K Liven B o -h . used,
ook P ARy PR Y B haoons
p1eZ0EPE celrle.dysinelfoorsn 208junitidn Wit PYOIFORRATUrReample, in one

i ' t four, eight
A R PpBAR Shie Syl s nespmestisisidaca B3 for
rdetdeting phiicift RffVeteAPon aggdgem@ 208. One
2 n surta

arrangement of sensor ce 212 may be
r ef er AR6ng embeditient, #actkasensar 20245 paaink@ i€ Q@%!’r?t_@ ?bé%t 208,
i ke

" .Sych a PSA generally conprises a grid-
f},’ﬁ? @é‘%c"d’%‘cﬁ%‘@r‘i@aﬁ §ﬂfg Sémgwaﬁen%w rertempbitash Far gramiplepsensors
co v - I ors. 202 shown
e Rl PR e DYt b IR AR o7 o A be
£9yrled vithsorfacey 212 via adhesins Hoakidg 210 ok ydHEREe %ﬁﬂa@e pockets
ﬂgﬁ _ﬁ’ﬁAsggy mcii de any suitabl e number of rows and
RTINS CSeFRCl e beysing enecsensari202 penmey msludeyonearancre
Rl | i Resetti t e desired, )
e oRRap (o Sk B o b8 20, A8 3w et ek bg ed. in
oneembodimenndsdd ifignt 208ight sensors are disposed along a surface having

dimensions of about 32 inches by 24 inches. In such an embodiment, each sensor

may have dimensions of about 9 inches by 6 inches. It should be emphasized that
any configuration, pattern, dimension and the like of sensors 202 and surface 212 is
contemplated within the scope of the invention.

Surface 212, housing 210 and pockets 208a-h may be comprised of any
suitable material or combination of materials, such as but not limited to neoprene,
plastics, polypropylene, natural or manmade fibers, Poron, Scappa, PVC, foam,
Tyvek and the like. In one embodiment, surface 212, housing 210 and pockets
208a-h comprise a resilient foam material such as neoprene. For example, one layer

of neoprene may be used as surface 212 and an additional layer may be used to



5 sensor device 102 configured for use on a chair

seat or chair back. In another enbodinent, it nmay be
advant ageous to have two col unms, each col um havi ng
four sensors, perhaps for use in a sensor device 102

configured for a baby's crib..2hn yet another
enbodi nent, three columms of eight sensors 202 each

mégrob podisex(Ra+h. dn heshértedbodftlefORd ﬂg&@toif ﬁ@tiprégévare
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eAbOANNbLSIAIID mapteanpR: matl&eﬁe%é&mnﬁgﬁﬁﬁj ARG some
of ég%i;ﬂac?ﬁélz for detecting patient nmoverent on an
g CHSRGNeqmreRsRalBREldaR POV degqmadHikeamnaddrt 2@ nissnsor
¢ ai iR t 208, 15 bu her
cuntes Iyl oo SARIEL EpRAGHS) 5, o R Pl Throme,
lBens ensiacs 22D thagralkolificladeBkiva SA1AY, Bf‘g&\ﬂ?%ﬁ"@edﬂy other

t ayers.qf surface 212 and may be couple
ssgﬁfglgéﬂafil??\/’ioa?“&%ﬁom@ﬁHﬁ@@ﬂﬁ@tlli@g wayttiereise dpplying

Fi b eRinRPGKE, - le Sl es. each for housing
onégser%glor 202!&@%?28”131)}1@ i ncfaé‘agf%f}@yﬁf’mﬁﬂpés E‘é‘?egﬁ@fy be referred
@axat'pad"or "semser paglul ti pl e sensors 202. Al t hough

any sggé(s Qe used, in 20 one enbodinent as in
Fi gur € et (§ g’éﬁ?@lgéveﬁra@ﬂﬁug#ds sithpelto hgldaorsonfadteensors

Bex4-RoSel Q50 out. 32 i nches 24 _inches. In

such an&gﬁgg%diene ntg? Bse ac %ths‘élﬁlﬁ%'r’fe?;ylﬁx%ew&ﬁ%% 2§ Adayer of

BropapsLer @hémmitesialoytabhdd 6 Reacd 1128:!3:521\4:\%%% dopeningi for
Imension

%ﬂ‘Ph&Si zed tt@é any configuration, patternm,
d PR TIE 207 1Q bfiplsead withinahpocket 208 ©hhgs snay also allow

. _ I - e oy
SRBCeR il 20 8hdh de Fis OB ohrolis o Sodken hasy thiough
wsing Zédodk canpled withadehSor i@ cBhindRHY08t] QO ases, as

imslg.eri at’Ls, such as but not limted to neoprene,
BIFABYE s CaghorkeicAdp maehaveangropening fopaliowiag hhbagsof a

ER{R D0 0 .Tyvek and the like. |n one
e Zandeng ool £y 10w Mefto s s mimiter 204. In one

calRdimentptiprwitth of dnesehin@it 1ds9 ﬁ%gfgé %Féltﬁ lof S48 36> go that

neo e. For exanple, one |ayer neoprene nma
S5 204 iy b e erloier ta il veiffiiad GOt 285 ahasitsh ATBYCHS0
. . @) - - rpepocket s 202a-h. In _another
ﬂgEtEé aJlllr@ruel}] %11"%]%0\%%&'2%}9 oStlflsrf gqu@ﬁr@qgsgﬂ@Z%Hde place
wiiihiye poxekees 208 ' WS i
e Dpendids Ahfy él[bv@?% 0230 ge ?&Q@& %ﬁg q?srggsmg of

used .t couple the |ayers together an 0 CO
S‘E%’r@ 12, insomecermbaimenis, ABemativelpeninoe prefelIF, opdings

e e 1 i 02 4 BB A arinarabricwiondg acc permancarly
seatededfterlseriFay 207 PlicS@e At cl)ﬁlgﬁezﬁ%ﬁiﬁ{eﬁtsmg Opénings are included.
Any other suitable configuration of pockets 208 may be used.

In some embodiments, multiple sensor transimnitters 204 may be connected to
or coupled with one or more sensor transmitter connectors 206. Sensor transmitter
connector 206 may be located anywhere on or around surface 212 and will

generally provide for more convenient coupling of sensor transmitters 204 to



10

15

20

25

device 102 is positioned under a patient on a bed,

chair or the like. In sone enbodi nents, surface 212

may al so include extra paddi ng, of neoprene or any

ot her suitable material, to enhance confort of

a-patient lying or otherw se gpplying weight against
surface 212. Thus, surface 212 nmay sonetines
gamereasdryl Ob er beee dedte. Whvt & N y " or

pgg." Pockets 208a-h nay)Ee 3??2#”2%%*%ﬁ??é@ﬁ@ﬁgﬂgﬁéﬂ““”e
t GUHROT Gaoymiggrs 204 {0 aemecsssor 20 ealternafively leagket s 208,

as sho - be configured as a | ayer of
neopr e%_gfegﬁhégftu%g E(?E%mégr?‘% 4§ Yctred® shown, sepsrately pith a sensor
afrentmNten Z0h hsoonaiig Figlre O3 AWl nibrd SORDE ARZ 1f &P

plLaced within a pocket 208. Cpenings nay als
1%225&1198"?8 falhdniY bereupialiwih alsudaced Idsvirdd £Kousing 210 with

CENEE kg0 _pass through_housing 210 to

be coulhlg{e c{/e\nk%% agégﬁ? brﬁh{hrrgﬁeg?ﬁcﬁt‘éiz ‘ﬁ!’gﬁ‘lﬁgc‘i%@e ‘%BBlemﬂtS of
stsaeorghesive, 10aJurther ifitlgde € sEeatled@ -

oNGHPE ing far,_ al Il'ovvigng Sasalsﬂgge g?eg%nﬁggﬁ:o%@%éﬁom
o‘ﬂ) e %IESﬂ?‘ﬁ%CF gilz anq scpsags %@ﬁh@@h 302 may dasmany suitable
tdoafigHati odi nent. . the wi.dth of an
oponEatibnd 8 ahd oy Tl Ry St gl op combirran of
Zoatgaals.dn 0RO 2mbelinkemt bR bx@hplk WHeSH 300 cﬁﬁ?ﬁ%‘é {}Léehv%mpe.ﬁke

@g_@k[gt 208 and then allowed to flatten w
poaKEte ByEe hrst side 302 andi bscond sisler3026AnwinklenttdBhént, such

| S} _ - I
iafl sRéME 80Mlal lo?,glz af Sltosg&:\%ﬂqggi%uggg% gﬁém?gctig]\év along @ne edge,

sensors 202 to reused

sy gllow purganei? 18nind demsnd 302 B BePIRHIINGHY sheafhB g Ihgther
Qrgf rabl%lz§ g&im ngs, are used to place sensors I'n
FOCRBFESHEY dlidea sigmlar sheatlo 30D withawe lpersonedds 3023% that
5208k | acenent. | n_other . )
ook Sbng B B el 58 FFBl AsaahChoklonumnto which
sufaca Bl 2 avdsérisgrsr 200i iy Bé pRe&ket s 208 may be used. In

sorrebtgﬁgodhrrent s, nultiple sensor transmtters 204
nay 88y suitable mrategialipt ewmbinativroofanaerifBieay be used in

HEF tulih ] nector 06. Sensor transmtter
d(;;? nect o rg n%@i’ 8§g FS{;?& 881%8 PEeSJRaterialy having some
doaof evali Zesistdnyd. IFor 3RarSiB &Rk ' 0L & ateri
conveni ent coupl | ng. of sensor t'#jé% m&%t/'?lg(?%gg%ﬁo%matmal’
prastic, paper, nylon, PVC, Tibrous material, any combination thereof, or any other

suitable material or combination of materials. In many patient care setiings, it may
be advantageous to have a water resistant sheath 302 to protect surface 212 and
Sensors 202 from urine, water, blood, or any other liquids that may be spilled on a
patient bed or chair and which may cause damage to an unprotected surface 212 or
sensor 202. Thus, sheath 302 generally protects surface 212 and sensors 202, to
allow them to be reused for multiple patients and to increase their usable lives.
Some surfaces 212 and sensors 202, for example, may be used for up to six months
or more. On the other hand, in some embodiments sheath 302 may be disposable
and used for only one patient, for only one day, or the like.
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-22- processor 104 or other device. Any other

sui tabl e neans for coupling one or nore sensor
transmitters 204 to a processor nay alternatively be
used. Referring now to Figure 3A, a sensor 202 is
shown separately with a sensor transmtter 204. As
shown in Figure 313, two or re sensors 202a-b and 5
transmitters 204a-b may be c6tpled with a surface 212

havi ng agwéé' ' ' r s..208a- b.
Wth rg? erenc £?%%é?§%&r/§aﬂgé¥&§§{r¥gﬁgﬁ§g§gﬁéﬁ%ssoﬁe
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leentamplhtddor up to six nonths

Referring again to Figure 1, sensor device 102 may generally be coupled

 with processor 104. Processor 104 includes any suitable means for receiving

mechanical signals, sensed by piezoelectric sensors 202 of sensor device 102 (or

' any other suitable sensor device) and processing those signals to provide patient

data to one or more users. In some embodiments, processor 104 comprises a bed-
side unit, couplable with sensor device 102 via one or more wired connections,

wireless comections or the like. In other embodiments, processor may comprises a -

- circuit board, a computer chip, a software program and/or any other suitable



or nore. On the other hand, in some enbodi nents
sheath 302 nmay be di sposabl e and used for only one
patient, for only one day, or the like. -23- To
assure proper use and/or to prevent reuse of sheath
302, sone enbodi nents of sheabh 302 and surface 212

i ncl ude conpl enentary connectors (not shown) for

C Ipeadessigy the@fy) TRGS, ROcRS ORI ShEathb ﬁ‘leﬁ&dco%ilﬁr%sgscg stand-

212. Such a connector may be any suitable coupli
exiee, whish may conpls! wich samirl 0200 process Genalansd pvide data

- i j ' leted th h ti f
s S, el S es, s e coonEEL 8
bevhixhihigbe ekdtif cenpit®orb RN ﬁﬁrfﬂ@i’édﬁr%\biiéd%g rsggatjgtﬁyg 't} example

sgrre enbodi nents it may be required,
s8hapPrigmgl euipment2s mpamiactorer.a patient, to coupl e

sur f acgy; ' th 302. Sheath 302 y activate
‘gém_al F@Wﬁééfgﬁgégfgg%ﬁ I%S%a?[be’flgocﬁ'@ﬁmt ran; 3¢lel-on processor 104,
uentvith Bhardsvaze sidhi 301 saaidk iniehi '
rexent l,reuse of lshiﬂheath 302 ggnm%gﬁégg%ﬂzdéﬁ{fimhﬁﬁbb
E‘R;F Waleds $hoxre frensmallyaprogesspni Qdinclurdes dnst suiteble means for
j t.m.suse of sensor, device 102 and . .
B8 b SN o Haf R Ran R TRPH bl G isther Satpription of
10 pignal prostssingxdeiviies afld nptidRCR fRdmoe ﬁgd%fkpu,s, Patent
sui table size,

sensors 202 and the |ike may have an ‘
ﬁ@i‘@aﬁqﬁs‘iﬂ% Nog GPBG2ER6, pravionsly endooptirated therdin by &ference. In

AR ool Bk SR B ifn am aogidibon iAoz
Rl g 04 0 Sy 00 S ot
B dngrdopeernesier marnledd® agtebaliof prateotion htbduloA0s; 2
S T A T -
o s b dobs b e U )y
wgflylgHild, and a digital to analog converter module 416. It should be emphasized
that acquisition module 402 in various embodiments may include fewer
components or additional components and/or that various modules may be
20  combined to create fewer modules. Generally, acquisition module 402 acquires
analog mechanical signals from sensor device 102, filters those signals with one or
more filtering means and converts the filtered signals to digital signals. Any means
for acquiring, filtering and converting may be used.
Processor 104 may also include processing module 404. Processing module
25 404 may include a digital signal processor/central processing unit (DSP/CPU)
module 418, a flash memory module 420, a static RAM module 422, a non-volatile
memery module 424, a real time clock module 426, a joint test action group
(JTAG) emulator module 428, a digital input/output module 430, a AD
synchronous serial communication module 432, and input/output asynchronous

30  serial communication module 434 and a glue logic field programmable gate array
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di mensi ons for surface 212, sensors 202, housing 210,
pockets 208 and the like are contenplated. Referring
again to Figure 1, sensor device 102 may generally be
coupl ed with processor 104. Processor 104 includes
any suitable nmeanc for receivihgg 25 nmechanica
signals, sensed by piezoelectric sensors 202 of

s ¢HBOA ) device 836.0%a40VadbYs RloBSles Al 4R BbRbBRESAlminated or added
devi.ce) .and_ processing those signals to provide
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sp@wetsiupply 440\ et indiided) FoR¥xARME! i8 shink R Sa54nt Q%éxisition
|

to process signals and provide data to a user,
i ‘H"g‘flﬁ é‘ﬁi %@B&Cﬁ%mgsmwm 494 anayllgsprovidpd farese auith existing

dewd ' ed. i,n conjunction. wth
ﬁ%?%‘gg? ’eﬁ-}grtgg P#gg&% epa 3? gﬁjﬁﬁm?]élfle &P8 %11’5’5% hygywould be the
@abgifordxaapid, imembodimeraiy fvAGEN Aejuisitiit Rof@t 8H8 RG8/or

now ta Fi re %F an enbodi nent of an add-on processor
BB9cesting mRdBle 40t erapeviades intbn form of dned iz circuit boards,

SR PN B o RISl S UL A Sl e e

shown. Generally, process

memering deyice CRRS) inghdiRd Bedth ¢alenihgf s Skl

a%i ent,. d t@ For furthergefjlescreli:‘%jthi on of h%ﬁg#gﬁxﬁﬁshown
B’F Q%S:?E‘PF\‘SI ghreckis oRg cxempliy embediseshadyad sheultaste be
ey i LEALI.ON ri.al _No. 09/662, 006,
pr%ll\[/#%ads O?Eﬁg%er%gﬁ éa{)fé%eﬁ%}’eéjl%%n% P8 ence. In sonme

enbo dAmnrehﬁoanbﬁeﬂ?Sdbbvé,Qﬂ'oéééis&anYgeh&ﬁhg de1 R0 éme or more

acqui sition nmodul e 402 coupled with a processin

RpthAnical signals from sepsen deyigepl G2 aiCprodesspsithe signals W@ pralvile

patient data to a user. For example, processor may receive mechanical signals in the

form of pressure change signals from sensor device 102. Such signals are generally
received by processor via a multi-channel circuit, each channel corresponding to
one piezoelectric sensor 202 of sensor device 102. Filtering means, such as EMI
filter module 412, analog filters module 414, filtering software, processing
software, smart algorithms and/or the like then filters the signals, for example to
remove background noise and the like. Signals are then converted into digital
signals by AD converter module 416. Digital signals may then be processed by
various means. In some embodiments, as described further in U.S. Patent
Application Serial No. 09/662,006, fast Fourier transform (FFT) methods may be
used. In other embodiments, time-domain analysis may be used. Still other
embodiments may use a combination of the two methods. At some point during the

processing of signals, at least one type of signal is compared between multiple



may i nclude a connector nodule 406, a defibrillation
protection nodul e 408, a 15 progranmmabl e vari abl e
gain differential anplifier nodule 410, and EM
filter nodule 412, an analog filters nodule 414, an
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As nentioned briefly above, processor 104 generally
recei ves one or nore nechanical signals from sensor
devi ce 102 and processes the signals to provide
patient data to a user. For exanple, processor may
recei ve mechani cal signals in the formof pressure
change signals from sensor dgyice 102.- Such srgnals
are generally 20. received by processor via a
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also be meas! prowded, such as blood pressure, cardiac output, blood

‘volume, respiratory tidal volume, body temperature and temperature change, and/or

the like,

, Again referring to Figure 1, once sensor device 102 has sensed one or more
signals from a patient and processor 104 has processed those signals to provide

_patient dats, the data is typically provided to a user in some usable form. In many

embodiments, processor 104 simply provides the data to a pre-existing system of
the user. In one embodiment, for example, processor 104 is coupled with an intranet
or the Internet via an Ethernet connection. A user may then access data via any
computer or other device having intranet or Internet access, In various

‘embodiments, processor 104 may also providé,for storage, display and/or



10 signals may be conpared and the signal relating to
respiration may be selected froma sensor 202 having
the highest quality respiration signal. Simlarly,
the highest fidelity heart beat signal may be chosen
froma sensor 202 that is sen?%ng t he hi ghest

fidelity heart beat signal. Ity be possible as

wWelohvnli i BN 2 to.sense a hi st quality

resp i_nr at o %y sdlsdg n al%%%gméerﬁ?l&ﬁggﬁ aﬁﬁ‘fﬂr? B§ Seoafls, eyeyyminute or
sithynlike, Ower alfermmyoftseReral d2yBy SvédPR Sl or ggg{ R é . 1?(; 4. 30Stored
t?e sane tinme and provide those signals a at 0 a

u

&, m@b‘?&)‘%ﬂ%@ﬁd@é?\ﬂé@ﬁlmwﬂsﬁmm pattside dhlaGvorage

PHEEES delstBine Jhat portion. of .a nechanical
s si gnal §i§;’ta%s to gﬁegﬂ% vdgr%rﬁﬂgiqfha&ﬁa%ﬁpo‘bggéﬁ%@@‘? bodiment,
Fprocessanpl4provistep dniadin theoform oFas hsminGak &ﬂﬁ* -
fiyst sensor 502 | ocat ed L(J)nder a pat F%EF% c easéré\%ﬁ}slﬁng
t §/B1 SYSISMHGE 25 adiosRifnd s puise spil s¥stemySushrprystent majaé located

i i d 202
e TEE SRS 08kl o R a3 BTRAR SITeF e ancor the

riele. Bestibother embodineag] egahmyde HEHHOEVA dEHP 'n{d’i‘]% lgYtal pager
such nethods for processing signals,

sjgnal.. Again
a(ﬁa” ’B?IGW%E#%QC%‘GW W Wireless grapemissiopr ocessor 104,

10 are d £ Ll ' ; Pat ent i cation
Ser | a%?ﬁgg/ 62%3 d&lélluh% ?ﬁeg?uoffg}vopﬂ%%?rp%é goyRjing
PEPessande4 vl mnmdak for abceb€ing dhadyid\Ges IFR @J(én@@jco ector

gnar | nggg_} gngal S between sensors 202, processor 104

:}Qy YORRLISFrachAs eamnectinap oyralesgvahaection sl cemetticmto a
26impfer YRR o Wedled B RULLAR £ MR oF 8L X P fer suitabie

in sone enbodi ment's processo

Soupegtion Theis galtiongh ey 100 iiPigird DERHRRL did ‘f‘aé&ie%i&%e, it
15 @;o%ﬁes &latagéo activate an alarmif the grpv n :

0@1)( © Prdersfgod that sysdermsy dgvichs axhabhods of the passpheinvaiion

Ay ; .01 XiL,mum amounts of patient

ém% e Bk B O T eSO HRY G Q0] bnprovide

&g [ ot aryoregireexistihg displayisyaRdalgy | &e‘%ﬁ

and/ gr t he Iie%g_errgly b% stored in %?%%’e%gggllr 1 %rlgf%ﬁ'&'

si gnaPOmeE sEdbedimeiis, slispday davicet Hi6 mayibs prbeidedecities housed in
| 104 id
LR R I SR Sl BeIPGREh pessont SoF ishaeieh For
20  exngpld, a bedside bex-2ikh @it EBASISd &2 MHsBAiNRAS1® Ay include

threshol ds may be set. For exanple, a mninum hEsrt

Brogessarr 04 o disphasydayiceddiG ineldingein dldrad and a wirkdn R Wiewing

' o 4 f both t ti t'

R guSReT B "Rt Ah 8. 1p.othih ctmodfnbis nespassan 04 may and
pplayeduvicehiesr i t

dizplayedut thay Bé Serfapdib PicBEd. B @ﬁﬂ}?@r& e%rrﬁg%sg%r 104 may be a

threshaol d. Any combination of suc
bedside, wai and may dwasinitphysidlopiual Hatseo aneormBteemal ior
.0oNn r re thresholds may alternatively
25 il SO By 08 AR Biscusfi BRcBy Sbovsetisplsy crosme 19Gatmy
irichale dneor infldre SR GIcES fFR pRovidh LR all, ..
patients, or may “Pe. a j%‘g?%ﬂjg%%ﬁ%wr%raé%,peﬁtﬂwgcﬁoﬁ?e or
mgFe pAlKaEs tQSie!FSfGT‘-dn Oaa]:cmbioﬁhhhadt,cﬂilqblapa&\:]iwlmsk E&thprdses 2 bedside
r gor of. a hogpital or the like. = Sti
ai?ﬁ‘? t%‘{whg‘th ?‘ﬁ'ﬁ‘gf' PR aﬁ“ﬁ%&@% @ Preslefinad physiologisal threshold. In
anotieg etiodtnéht98Rb Ry (deviek Qi | rat . and/or .
heart rate data. b_S?jctha:2 26 gggb@g&p%ng%l%ancgggffgﬁy monitor
30 onsgesndex viswingpphysivlogical datepertaihiegts opesr RS patiRYE
signal data showing a line or wave representing
respirations, heart beat and/or the |ike, or any
other suitable form Patient notion or position may
al so be provided in any suitable form such as an
amount of notion, a |ocation of notion, a patient
positi on mapped on a hospital bed or chair, or the
i ke. As has been nentioned previously, other
par aneters may



20 al so be neasured and provided, such as bl ood

pressure, cardi ac output, blood volune, respiratory

tidal volune, body tenperature and tenperature

change, and/or the like. Again referring to Figure 1,

once sensor device 102 has sensed one or nore

signals froma patient and p@@pessor'104 has

processed those signals to provide 25 patient data,

the datigisiisy SRkl olayeafits Ly itk ochfbrs

usabl e f o¢§ny I'n nmany n‘god(% mn%é@%}%@%%og%@onlgﬁieexample,

si peane/display/darices { Aead positionedat ppaieristeiside eyintaqutiaft's room.

th r..ln on odi,nent.. . for ,exanpl e, processo

108 S8 emottatpaly ?ﬁ&%d‘?"ﬁeﬁ%’rﬁ’&wi&ﬁ % REIOR Iapation. elyas at 2

anmirsihg stagdn GURARAIheioridy $t88in FBYhobHEN f1B6S BSShskpiia ward,
5V|a nﬁgfonputer or other device haV|a% i ntranet”or

| PP le- hyetaagther smbodimentHisplayedemiss il b max compraseans of a

10turaBy Gloidbife! Wik igiif)! S0y

-%%J_d%%n[oadihg o?gé%?gﬁi%gégg?@Fﬂgé&%§¥%, g Geegdhetd

eVieviceg Whithooapdal]oves eurye, physitian arotieh esdritkeceioy patieat

o Bl B o 4% D S oo et s Ty be
C aivpilsbiy on NPeRidrAl conljfutd?! IRhdhad@idvade o (AR vid HERER

evice .or any other suitable hardware or software

.
- 10 Geanscten to thg ignsieThusnpydpremumbs: gcgabinesen ofdisplay
- PiaevibAemedal chntdhihiea bR sBfe 8 L MeBGH i gl Of 2
arm system such as a " hospita nurse

pre-existing a
cal | sYitheefereSorhowataligtre 5, amethod 500 sabeaiingto dre @sibddiment

0 [ each hospi.tal ,room.. at a.conmon nurse cal

o B e S BT PPl e SSing R end By SBHiGD B VA,
daémingRy 1eas ofls eNechBRkaY §ignd B thR patidit 804] infhckdin PRE HeckHical
w rel ess handhel d devices via wreless transm ssi on.

15 1 pienaldeie patient data 3G andipnovidingzthy patignt dabl to aosem®; Generally, -
1 i . W ns . f . .
* 2OTotTou B P 3 30hpr 0640808, nTE Bt P is pepyice
neya swise) Aedacribadetboes mmrfammasainﬂudehmta?}c surface, such
connecti.on. cqnnectjon to a conputer network, an
FRE pot el Adormii bid a ghnsenio % APGRHDE KO RIS, 2n
SeHolridih @ tabR 1A ACIocRs. offl2d Sh praéddiRiShir 195

Fi gure % i ncl udes disgﬁézi;a%evi ce 106?%%1%% dr&ngg
- 20 procedure under conscious sedation, a dentist's chair, a hospital chair or other chair,

a chair seat and/or chair back, a wheelchair, a baby's crib, a stretcher or gurney or

the like. In other embodiments, the surface may be wearable, in the form of a gown,

sleeveless jacket, strap or the like. Providing sensor device 102 on the surface may

comprise simply placing sensor device 102 on the surface or may involve

.25 integrating sensor device 102 into the surface. For example, sensor device 102 may
be built into 2 hospital bed surface or a chair seat or back. In some embodiments,
sensor device 102 may be provided under one or more layers of material, such as

. when a sensor device is placed under one or more sheets on a bed, is placed within

an envelope- or duvet-like cover on a bed, is placed below a cushion on a seat or the
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15 shoul d be understood that systens, devices and

nmet hods of the present invention may suitably include
sensor device 102 and processor device 104 and nay
provi de data to one or nore pre-existing display
device, alarm pager or other systens. |In other

‘enbodi nents, display device é 6 may be provided,
- either housed in a separate

viccﬁ or in the same ,

deps E

ik Pudss ol RE IE 587 e e o AP RgbIp iEE oy any

g cAnitatsle Wﬂ?@e@@pﬁfﬁ&%@g&&%ﬁﬁ:ﬁiﬁg Ir ay

V?Z'W"ﬁglbﬁ 5% BReRGith e aensay é‘%m%ngemeyauy ipvolysstlowing
%ﬂ@ﬂb&eﬁ@%ﬁ%@b&éﬁﬁsé‘%}ﬁlﬁﬂ&g&'é et §p4iEmd Wface

separate pieces. For exXample 104

Wechsepeargicriee 407 hasdwen myldwl Anchiying Kigtirigolcoujng et the -

gggﬁ@ ohEpfils aggzgmg@l@o&ggg ?@?’ ggf'- g;]gcef "g&qggﬁg@%&%ven .

- degdlige thi:Ofhe sensor dediaedkd? dngresnt AW sucd @\ ﬁ@t&ecilﬁfed to aitach

aREORAReDY % G, B i ResRCrcuimhin Sereody avedpiagivice

d@ﬂdh%bi&@p%&ﬁﬁé'cﬁ% rRlsEREFhES BhtThiM Ghuko! and the
pat i ent reaches a predéfined physi ol ogi ca

t Fﬂ%@ﬂcﬂf whichifequitstastive, Sirbes @ltasiment of anpoaynoteisvives 606
-cg jses an alarm and a display nonitor 30 or screen
r VI

ew ng physi ol ogi cal data pertaining to one or

mJI ti Fﬂeﬁsxp@tﬂe&lﬁt&al 31g££s 502 genbrlly e@ipises %%Eﬁﬂe@ one

15
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30

For exanpl e,

ocat ed a abl e Iocatlon
eyl gL Wil iblsashone plreralscORRATRRF of e ApReh ovee 102
d|spfgﬁf3E$F§é§|gﬁﬁggg%gg&g?ﬂ%Fco&ﬁ%ﬁplo&ﬂpggﬁﬂgg%é%
agconsticsignat exl amgr othegsuitableoneahanicalaignaib Betsorsi 203 tﬁhwliy(sense
(e B et P anisn Dol b S o e midenie
coigrald is gome emboditnents, Signals sensed by sensors 202 may include either
. positive signals or the absence of a signal. For example, if a positive pressure-
change signal is detected in one sensor 202 of sensor device 102 and no pressure-
change signal is detected in another sensor 202 of sensor device 102, it may signify
-that the patienit is posiﬁoned over the former and not the laiter sensor 202, that
respirations or heart rate of the patient are being sensed over the formed and not the
latter sensor 202, and/or the like. Thus, in some embodiiﬁents a first sensor may
sense af least one mechanical signal, a second sensor may sense at Ieast one -
mechanical signal, and the sensed signﬁls may be compared. If the first sensor, the
second sénsor or both actually sense no signal, than this lack of signal may be
compared between sensors to provide data to a user.
Processing mechanical signals 506 has been described in detail above.
Generally, such processing 506 involves at least converting mechanical signals to
digital signals and comparing signals between at Jeast two piezoeleciric sensors 202
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plurality of nobile, wreless devices, such as

digital pagers or wreless handhel d devices, which

may all ow a nurse, physician or other user to receive

pati ent physiological data renotely. In still other

enbodi nents, patient data mayspe available on a

personal conputer, handheld device or the like via a

s ef sersol Qe HONTEX: PredRsdifo § [

nunber or_conbination ﬂ% %?@%@§§%§§§ g%gﬁ%%%ﬂgég&ﬁmphgnds
c 8P &ats whish mayrhe provited tocoer. drovidingpatispidata to a user 508 has

t 0, Fi 5, t hod
550 bee Ferelbtd b oD B e Whehrovigeo e fire i poplam actvation

sbastedmmhre@ﬁd»lddﬁserﬁcsuah hdehtid,
deV|Qe]S sensi ng at g%gtHg%%hﬁggﬁﬁﬁ%gg?nﬁgﬁﬁaﬁrh:ntnue
t dtepas Paamaymiso by @r@m g untmfmmmaWiau%pﬁdgﬂﬂiouon or

| By B O Bty R D LR g s patf ent
wi t h tWhils drrgaesegeinveridOias beeh ﬁﬂfgd&gg itsed aﬂ)gge irPrelation to

provi ded on a surface. As describ ove,

s\FFiC4E Exsraplan embrrimenty, i shaudbe usdarstaod thas tlrefdesauhimh of
tal . bed t | . bed,

AR b Bl ety P ol il e °

doicteted tofifiitihe seopR RSN EntfdHs deS¢ritealdh thef dag{pcnded claims.

orm ng a, 20 procedure under consclous se
d’e‘{ﬁ’f‘ figs og %ﬁ?aﬁoas Hoam efdhe etmbodmmntsoddambaiwdraddmonal

h bab
LR, o N Bhor B bR s oot g st e

enbodi nents, the surface may be wearable, in the form
of a gown, sleeveless jacket, strap or the |ike.
Provi di ng sensor device 102 on the surface may
conprise sinply placing sensor device 102 on the
surface or may involve 25 integrating sensor device
102 into the surface. For exanple, sensor device 102
may be built into a hospital bed surface or a chair
seat or back. In sone enbodi nents, sensor device 102
may be provided under one or nore layers of naterial,
such as when a sensor device is placed under one or
nore sheets on a bed, is placed wthin an envel ope-
or duvet-like cover on a bed, is placed bel ow a
cushion on a seat or the -30- like. Thus, sensor
devi ce 102 may be provided on any suitable surface by
any suitable nmeans, w thout departing fromthe scope
of the invention. Coupling the patient with the
sensor device 502 generally involved allow ng the
patient to lie, sit, lean or otherw se apply wei ght
or pressure against the surface 5 on which sensor
devi ce 102 has been provided. Such lying, sitting,

| eaning or the like conprises an el enent of "passive
nonitoring," since the patient nmay not even realize
that the sensor device 102 is present and since it is
not requited to attach sensor device 102 to patient.
This is in direct contrast to currently avail abl e
devi ces such as bl ood pressure cuffs, pulse-oxinetry
sensors, nasal nuds. % ECGs and the 10 |ike, all of
which require active, direct attachnent of one or
nore devices to a patient. Sensi ng nechani ca
signals 504 generally conprises sensing at | east one
mechani'cal signal with at | east one piezoelectric

. sensor of the sensor device 102. CGenerally, a sensed

signal may include a pressure signal, a tenperature
signal, an



15 acoustic signal or any other suitable mechanica
signal. Sensors 202 typically sense changes in any
given mechani cal paraneter, but may sense absol ute
mechanical signals in some enbodi nents. Signals
sensed by sensors 202 may include -either positive
signals or the absence of a signal. For exanple;, if a
posi tive pressure-change sggnal is detected in one
sensor 202 of sensor device 102 and no pressure- 20
CLAISmnge signal is detected in another sensor 202 of
‘sensor ~device 102, it may signify that the patient is

positjoned over, the forner .an sensor. -
1 DR Shethahot peSHrb PP U AR i hyleEshdARE o0
' t%vﬂﬁﬁ%giéﬁ&s&an&’&{ a bidadeOtHEBEnR de ot havifg belehgiwo
nsor and/ or the |ike. Thus, in sone .
o6kl ¢oeii¢ sendorfst r st sensor may sense at | east one

ggélham cal si gwglpa@%sﬁgﬁs%?fgﬁg gsgtgﬂ %’ﬁgg’%@ﬁoﬂﬁ%ﬁe
DS AP RAE e E{;?f Bl def SHwSRMOkurfdcBe second sensor

ctu a Sense no signal, than this |ack of
Sécaiilg Ayt Meclemiqi sigtalfeomeabea pﬂmms with atfirsppiegaedpetric sensor
data to a user. Processi ng mechani cal signak .
SGBthhésﬂﬂ@ééﬁVl%scn bed in detail above. Generally,
SUCh ro dhe hist wi@NVeEbid Eiezoelectric
gﬁ% ‘iﬂi’g‘%af?"g@? ogigméﬁgﬂnt a?by gnal s and s

cm@f@ﬂﬁe%@t}ﬁﬂﬁqb@tv\een at | east two piezoelectric
sensors 202  -31- of sensor q%l ce . 102. _Processin

50Guverting thadistvad seeendaBssingicabaigas inkp fisstan peon] digital ‘
dat a which may be provided to-a user. Provi d| ng

: ﬁ’lgP%]ﬁt data to a user 508 has al'so been descri bed
ale&mgm@ﬂaa fiundecpsdigital signalie dach nthef toaderiviepatient data
activation based on ‘threshold criteria such as
' pmﬂmﬁﬂm@fhwfﬁ%wwlﬁ‘@@r %34/ or heart rate 5

Cri te 5.

S prayiding %&a@aﬂ AlsSPpRBdRLAYE 854 gasomme it IEonal

ent notion or I tioning data,

- respiratory rate data, hear rate or the |ike.
2. WA hnethodes pi elaentl, wheedin thersehser dowise i priovided o8 @rsusfage
above in relatlonto yarioys .exe e
el o b bosAR SOUAnER S HONBIT e %?@0 hofdlifs room
: 1ﬂ1?g Rire BXEFYY @6), PUERRES6hd)bhospital
%ﬁg’hagﬁ&g&' be 1aqﬁ§?éer p?et ed to lint the scope
ofchhiRen éawest, iauharbadescwhoedhdin attiaby’ appbmtﬁt@eé%a
Addi tions or nodifications to any of the enbodinents
. degerdybed and additi onal enbodi ments are contenpl at ed
‘Wi thin the scope of the present invention. -32-
3. ClA\MRmk £ lﬂ%Ialﬁﬁdl %epeaﬁ Shuling FERIdEOcoupling thd jdistt with the

one patient, incldding:
Sensor through at least one layer of clothing, bedding or other material.

4. A method as in claim 1, wherein sensing the first and second mechanical signals
inchudes sensing the signals in a patient in a general care area of'a hospital, in a

long-term care facility or in a nursing home.



10.

11.

12.

providing a sensor device on a surface, the sensor
devi ce having at |east two piezoelectric sensors;
coupling a patient with at |east a portion of the

“senspr device by allowing the patient to lie, sit,

| ean, stand on or wear the surface; sensing a first
mechani cal signal fromtheszpatient with a first

pi ezoel ectric sensor of the sensor device; .sensing a
second mechanical signal fromthe patient with a

SRGAGH.PLERQSAIRL T [WhcrERDaipading tivedigitrisignathanclndes comparing
converting the first and second nechani cal si ls

| proserice s absens ebberfrsici gl With Bk 98 AseRsA g Seoed
fi.rst and second digital signals to each other to

d¥ghdle patient data in the formof heart rate and
respiration-rate; and providing patient data to a
URGhetRa8 86lintilaihb €, Wherehy donmparing thddigitaligmls Birigoninsludes
2.A nmethod as in claim1l,  wh devi ce

, reip the senso
" compainednelipnotihs fivtaimil Brbavaptyialdhs TREn, Figth 4

R B0 S OB

t B8 ondWIEINbT Bic ssorilielids thabdsogpalital chair, a chair

set, a chair back, a wheelchair, a baby's crib, a -
stretcher and a _gurney, 3...A pethad. as, in.claim sl
wAenethad e intlaiey 1; ﬁ%ﬁhsﬂw?@&&ﬂq‘%ﬁa’%lw& o SHEE‘W‘%]-’?P“‘S"“ ©
the - i d s‘f?&ﬁ LY EeihsicedfPhd patizat on the
bggaﬁﬁgﬁ%%ﬂgﬁﬁgygﬁgggﬁia . 4. A nethod as in claiml,
We@itgden sensing the first and -second nechani cal
signal s includes sensing the signals in a patient in

a general care. are f a hospital . - -
o & mothaten fr sioign 7 Friher relfige el bR 3 B} patient on
aﬁw]i Laim 1, wherein conparing the digital signals
i ncl udes conparing presence or absence of the first
signal .with presence or absence of the sea??d i gnal
A method as in claim 1, wherein the patient data 1s selected from fbegroup
consisting of patient motion on the sensor device, patient position en the sensor

" device, patient respiratory rate and patient heart Tate.

A method as in claim 1, further including comparing at least one of ﬂ}e digital
signals to at least one predefined threshold. o ‘

A method as in claim 10, wherein comparing at least one of the digital signals to -
the predefined threshold includes comparing a respiratory rate digital signal with

at least one of 2 minimum respiratory rate and a maximum respiratory rate.

A method as in claim 10, wherein comparing at least one of the digital signals to
the predefined threshold includes comparing a heart rate digital signal with at least

one of a minimum heart rate and a maximum heart rate.



13.

14.

15.

16.

17.

' Siiﬂ(}lﬁ%iﬁ to at least one earlier digital signal
i nclu eg’: conparing at | east one heart beat si

of the di gi tal si ﬁnals to .at

6. Anethod as in claiml, wherein conparing-the
digital signals further includes conparing quality of

the first signal with quality of the second signal,
‘and selecting either the first signal or the second
- signal to provide as data to a user, based on which

of the signals has the besgyquality. 7. A nethod as
inclaiml, further including determ ning, based on
t he conmparison of the first.signal with the second
Sk od B BSSARL1W wiRh&a Reevidingtpatenalatetota wer inetdes
surface. 8. A nethod as in claimZ7, further includi

q _
dettivatingiamalaem pdsitthot lotst one digiel ggnalgiees pet %%ﬁi;ﬁaf"lcgt; cast

9. A nethod as jn,claiml1, wherein the patient data
igﬂ%}gp@%&@ﬂ@?ﬁ?ﬁqﬁhe group consisting of patient :
notion on the sensor device, patient position on the
SRNA&hod 8YinClainD Al fuethtr mekidingat ory, rate and patient
heart rate. 10. A nethod as in claim]1, fu-rs.he(a. ital sienal: '
i crohpatingpt deswsheird oitha digiiehsignals fo glleqs angpyrppfigital signal;
rsfig?(ﬂal s to at | east one predefined threshold. 11. A

od as in claim10, wherein conparing at |east one
Ofechiifi-ReGi theld ifilagRikat peparhbier pased efrthcicitpaisho of the digital
i ncl'Udes conparing a respiratory rate digital signal
wiighalde theeens erdhél%@fsﬁlah nimumrespiratory rate and a
maxi mum respiratory rate. 12. A nethod as in claim

1Q, ' 4, ﬁlgthéf LRASo KR ag lBen Hitgh tied trend in the
S}Rg%g@lga%ﬂ}ﬁgﬂ%r edetined thr egshgl d i'gncl_udes A

C iRt pagnRidenatthesat wedifiedalegaiigriaindai t h at | east

one of. a m nimum heart rate and a maxi num heart rate.

.34- 13.. A.neth in.claim: - ' i el L
pameliod ahoBER 44 Brei i S fe bR Uil dgnals o a

terl gls@_giﬁbg{dbgl si gnal ‘does not neet
t he a%&ieggteféﬁ% predefined threshold. 14. A _nethod as

| Bompaiing 4t ledshphbbeart heitgigalio & dmsbenRrir hraddratsignal; and
argparvs e o4 e a8 P Sl pitny sl

Pl RAIGRLEtr HRERIIRE b coRineioR = g0 gatife Heart beat trend
d%ﬂl éﬁl SI gifa toet he earlier digital signal. 15. A

mah B adeaativerespieatonyigndf ur t her i ncl udi ng activating
alarm when the trend in the patient paraneter natches

0 e e aE ok e My oy S BRIERE pARehd) 16 floMod

atprowdisiz muléiparensardevines.ieagh aenser §AAFS bR d@aﬁ%aﬂn%&
) S0 SR AP A s
: {cgﬁgilﬁé] EA MBS SpARIN With aPRadifa porfiegaf bﬁ&oﬂ@a s¢nsbeddvices by
allowing the patient to lie, sit, lean, stand on or wear one of the surfaces;
sensing af least one mechanical signal from the patient with at least two of the
piezoelectric sensors on cach sensor device; |
converting sensed mechanical Signais into digital signals;
c;omparing digital signals corresponding to at least two of the piezoelectrié Sensors

to each other to derive heart rate and respiration rate data for each patient; and



8.

19.

and a negative respiratory trend. 17. A nmethod of
passi vely nonitoring physiology of nultiple patients,,
t he nmet'hod i ncludi-ng; providing nultiple sensor

devi ces, each sensor device being. di sposed on an

i ndi vidual one of nultiple surfaces and havi-ng at

| east two piezoelectric segsors; .coupling each of the
patients with at |east a portion of one of the sensor
devices by allowing the patient to lie, sit, -|ean,
ProvidingHatentksbs cmapoﬁdmg ¢o Eh@rlﬁld@Eb patienis iihg uger at a
'east one nechanlcal naI @%% gf& lsvvlth at
|ooaynon lgsatign, bagedy EE?PWEl % each sensor
devi ce; convertlng sensed mechani cal S|gnals into

di Qddd & Jﬁ%ﬂ]ﬁl 1 C WG ik ehingibmlocatignl slected from the group
corresponding to at |least two of the piezoelectrjc

sconsistisg bba sarshotatian, adiypls menifged 12t} Baeghd Wireless

rrespl I‘ﬁtl on rat Sq%éa foo?Fle%R‘)&géf%m and - 35-

dddgvise & Spondrng to the nultiple

'patl ents to a user at a common | ocation, based on the

Lius GF pabsit 81§ rlotitdriig sspagieat, she @aramslmchdmgas in
m 17, wherein the common | ocation is sel ected :

famnﬁmhémgxwpbﬂg@ﬁﬁﬂbﬁpﬁeﬂﬁf a nursing station, a
nnnlt ‘
IRt pRapierls Pl RREOghn 18 JAG8 REScRaehak one
%@éﬁaﬁﬁi&éﬁs&ﬁﬂ@éﬁ&hyﬁéﬁmﬁom toring a patient, the:
apparatus including; a surface for couplin tgﬁ“
papicestsor eouplehwithithe pisrecledrie £e1spEs OB HRAYR 31%%5 & one
with the surf ensi
sﬂ@ﬁ@?u$ﬂ6ﬁ$?ﬁ%f ﬂﬂ?@%?ﬂegg%?gégssor cogg?gﬁﬁ@?ﬂég&%

pé@ﬁﬁ? l«,&ffgpbﬁdﬁg% AHeSatlledst e yREbdIOgrE kmsats tbeelstt thagensors
anl ca

' into at | east one d|g,|talé |
- anththe h@hedtymhty hetart rdiegindapspiragam rale Bgpla &g, B??dfOﬁ geriving

20.

21.

22.

to the at.|eas i ezoel ectric sensors to sel ect
ﬁ@aﬁﬁﬁﬂﬂ%gWh ﬁpf% hi gi best quality heart rate and

M AL O oﬁf&%ﬁﬁhﬁ%ﬁﬁeﬁ@kc@ﬁ@bﬂﬂd&gwﬂhﬁtﬂe processor;.

a|n|ng to the patient; at least a first connector
fgﬁdcoupllng the piezoelectric sensors with the

‘processor ;

at least & second connector for coupling the procés‘sor with apparatus for providing

the patient data to a user.

Apparatus as in claim i9, wherein the surface comprises a flat pad ada_,pmd to be

 placed on a bed under one or more layers of bedding.

Apparatus as in claim 19, wherein the plezoelectrlc sensors are disposed along the

surface in a pattern to facilitate momtonng of at least one of paticnt body posﬂ:lon,

patient movement, patient respiratory rate and patient heart rate.

Apparatus as in claiﬁ:l 21, wherein the pattern comprises a grid pattern including qt

- Jeast two adjacent rows or at least two columns of piezoelectric sensors.



23.

24,

25.

' 26.

27.

28
29.

30.

and at |east a second connector for couplfing the';
processor with apparatus for providing the patient

-data to a user. 20. Apparatus as in claim19, wherein

the surface conprises a flat pad adapted to be pl aced
on a bed under one or nore |ayers of bedding, 21. .
Apparatus as in claim19, agherein the piezoelectric
sensors are di sposed along the surface in a pattern

to facilitate nonitoring of at |east one of patient

06 hd in@eimpH, iverreimtivesmeface iprnfigatedita bpipegigRsH on
rate and patient_heart rate, 22. A rat us | 8 c1
dediomgamey imenionpha Paidnt fha 58%1’3%? 3%%‘%%?‘6?‘% fheility or

' pat't.-'erﬁ i ncludi ng- at | east two adjacent .rows or at -

| BEEPS MR8 °col utms -of pi ezoel ecnic sensors. -36- 23.
Apparatus as in claim19, wherein the surface is . . '
CAPdrays adin daike ] fdsithérineldmg savaerresrtaghshaih fop contaming

tréls 86 . ; udipg ety cBpia ”
e oo A L

i : conneclor,
Cqslﬁlttﬁ? Rfuﬁe&tﬂﬁ‘%ﬁﬁ%é Oheat Richides §Sleadt @Ak s

east a portion of the surface to :
DERMEG R 1hE SlrEfdei rastibayenndettdneish thersbeathviaiths shepth-surface
the patient, wherein the sheath inc] udes at o0&
stromtttos i drdertocnemitnriiac at 15p) ORR EICET i él%‘ﬂir acép -
nust be.connected with the sheath via the
sheat S OANGHLRN 1he sREAREs diposatile bfter bdirg ased to
I‘ggg%muo%ég&rrtg‘g]%%?cgﬁﬁsi gnal -of the patient. 25. .
ApRaltet oif pakien®d cl ai m 24, wherein the sheath is
di sposabl e after being used to nonitor one patient.
26. Apparatus, as .i

i.n ¢l aiml9. i n... ' from th
_ phepaansesin claiald o?"i‘elﬁué ea]%z‘é‘)?%gﬂcﬁg{r:ngb? %gregsf %)egtned from the

h9Hdd | ployfinyliviene fluoride cable,
C A0l oANHONAGANEride il doyiinbiions uoride cabl

uoride cabl e, piezoelectric.ceramc
dFi‘:eQ&elaﬁﬁc pemmoe discs pid plegeglectiy foafhpar at us as in°
claim19, wherein the first connector i-ncludes neans
faor detecti.ng,at | t RS Sleaf€fiir detectin
campratngs R e 19 SHbcdf itirgPolntBanfluchiEey Bleadei aetecting
S PRk HR GGGy At asst devine. colfled Apfiethapuescsser and 2 number of
claim 27, wherein the fast_connector further includes
memmsthe sensac devige hagbsRasednsor devi ce. 29. Appar at us
as in claim19, wherein at |east one of the first
connector and,l.Ne,-5eqad; b&nettoe hurdes imcludes means. for
wi MRS ?ig%%ir]nﬂﬁ@r S%P%g%fat us as in clai'm 19,
VaRficithgtthe s@isocdsdos. provides the patient data by

.activating an alarm

Apparatus as in claim 19, wherein at least one of the first connector and the second
connector includes a wireless transmitter.
Apparatus as in claim 19, \;\?herein the processor provides the patient data by

activating an alarm.



31.

32.

33.

34,
33,

36.

-37- 31. Apparatus as in claim30, whéerein the

‘processor activates an alarmif the digital signals

suggest that the patient is not noving on the

_.surface, the patient is not in contact with the
surface, or the patient is nmoving excessively on the

surface. 32. Apparatus as -g7a claim 30, wherein the
processor activates the alarmif a respiratory rate

of the patient falls below a predefinéd m ninmum .

[ APt 0f § dlaite3@rwhdreighabroressar prtvetesian sk tha digital

respiratory rate.

33. Apparatus as,in i 30 ys
wat g i et SAGh i ke O e e BeoaL ot in

rate of. NGy dhlafedal Ry ioRiBaaicRes feburfine.
h‘é‘%&a(“f??g relﬁ%r rgllcg’e&sr a g\?eea pr edef1 ned ,rra>!?ierrum heart
rate. 34. Apparatus as.in claim30, wherein the

P e e o
B T B o o PR B4 s e
S e ey B ont ¢or g ml tiple

Cayiastns asicsiasea8ovhosyn e proppin FiTpies o eipp e Bt at

ppbssanben s Reli iaroBsP iR f iR} oo

sg&kmmh%@rﬁachani cal signal froma
. patient;

a plurality of processors, each processor
coupled with one sensor device for converti. he at
| Aaparabises i eladn 30amhereih e Hfﬂ‘%ﬁ‘és%fﬁﬁﬂe‘&sﬁm%‘prgs ed’f‘ﬁ%‘it data
sigpal,. and.f or..an ' digital signals -
caf&%éﬁ%%&f%gm?%ﬁgéﬁﬁ ggy%ﬂg'at | east two

"piezoelectric sensors to select the sensors, with thé. _
* higipesitusgiedh claymii@amtherein Sreapracesserforthen mAvidgs the patient data

signals to_use_for deriving data pertaining to the
péa therfprm gha pafie 158t e connect or coupl ed with each
processor for connecting each processor with a conmon
aﬁbp?;_rseény $orlfaSsi PEID vheifginghsulpipld patienid athe sydemtiheluding:
mu

tiple patients to a user. -38- 37. A.systemas in

' ¢ lagilanaligy, ofiseyozidevichs gark SSPRETHTCCUBTENE are

di sposed 0 the .sur ] = ern to facilitate
noni t of aﬁ%ﬁfoqpé%&%géﬁt%g{g?%%t' body position, - -
pati enty W5 PhezoBRL iR Yenb@s poupledwythrthe surfhed for sensing at
patient heart rate. o )

least one mechanical signal from & patient;

. a plurality of processors, each processor coupled with one sensor device for

converting the at least one mechanical signal into at least one digital signal and for
analysing the digital signals corresponding to each of the at least two piezoelectric
sensc;rs fo select the sensors with the highest quality heart rate and respiration rate
signals to use for deriving data pertaining to the patient; and

at least one connector coupled with each processor for connecting each processor

with a common apparatus for providing the patient data for the multiple patients to

o user.



37.

38.

30.

40.

41.
't peocpssokeiotat fleist endoef] HyeramOR GHER, A SHIROT,

47,
_ the faor f a_ pat.i ent rt rate. 48. A systemas.in
clpépﬁ‘?tég'}ao%%‘ft&aﬁ%ﬁ% east one connector connects

43.

38. A systemas in claim37, wherein the pattern
conprises a grid pattern including at |east two

adj acent rows or at. | east two col ums of .

pi ezoel ectric sensors 39. A systemas in claim 36,
wherein the surface is configured to be positioned on
a bed or gurney for nonitoggng a patient- in a '
hospital, long-termcare facility or nursing hone.

40. A systemas in claim36, wherein each of_the

‘SAR$EEmSh Chimis, ehapirthopitdockaaicoeniare ajsrdimosed algng the

via a wreless cgnpection.. 41. st.e [ Lai ace
SFiTon Bt & PRAGERLS B ROTiIRTEgH AL epes ot g e 1R position
of el ' Sire MiEpdHenth&ear) al ar m
g%%e%ﬁpgﬁgﬁgéﬁﬁ%sg?ﬂogﬁ Ieeast or?g di gi tal- pager, .

at | east one handhel d w rel ess devi ce, t her net

an | ) o
cAmgetetn arip chaim| 1, shetein S HMEET] GERIGS argﬂiﬁrﬂa#%éfml“dmg at’

.connect i

n. 42. A syste RSP BiSRel bR €hdoreach
orcastwo FLACER,IPYYS SF ngregégé%s%&rc S prsgé/f:B %S’etehe patient - -
data by activating an alarm 43. A systemas'in claim

4Risywetﬁf £ i e@m@fwﬁfhtﬂ% piemataict ¥ @ﬁlﬁg?wtdﬁg bg pg_si::ioned on a
activates an_ alarm ] € conparl s or - e al gl .
sbegher miraes s saenitoniag 2nabeptip; ag?ﬂspﬁé] ﬁ? TR f%‘%i‘ty or

the surface,. the patient is not in contact. wth the
sﬁ%%&ﬂ%er the patient is noving excessively - on the
surface. 44. A systemas in claim42, wherein eachv%g

t Mesypleut & intcfainf 36 vdeesin ench ofthic venses devieesdp spynlpq with one of
respiratory rate, of the a{ii ent falls below a ,
pHEREPEESERTS Y qs%g?ﬂtfeg B%y rate or rises above a
predefi ned maxi numrespiratory rate. -39- 45. A

S%&S 0n2Ss b IShABEN WirereintiBs &i IBast a0b cainettve cphnects dacly of the
(0] r

ocessors activates the alarmif a hegrt rate of
' ‘ﬂﬁﬂ’r?ma%\‘flfﬁ at least -

rate or rises above a pr fd.n ' 2art.
s6me RaipLosier 48 1t i YGRS DT Bl Bofhection, n
P et %(n%t: ;0% 96L55 unbl dfnhibionpr ovi des the patient

data In r}}e t1‘lorm of a patient respiratory rate. 47. A

systemas in claim42, wherein each of the pluralit:
ofA gystare 8s b ¢lafny Bﬁmherpmﬁchg tttqéuﬁggfx %tsgro ors ipﬁm}fdes the

each of the processors to a common al arm system and
Whe ki a8 ehclafm Ub ewhereeah of tipr pluialitss offerogessgrs activates an
acti'vating an al arm based, on_-heart rate

. lor.. ..
' exdgrinr theoromparisor of the digilals ggesty ﬁ)%p ﬁ:ﬁ fﬁrapﬁxirt Jds not

patients. 49 ¥ 188 i DotSh¥oMatBwithVaRy Rirfacé, R the patient
cdﬂ%ﬂgﬁpéﬁl‘?ﬁ%w’eﬁgﬁgﬁ%ﬁﬁ% g(-)@)k(li sft}el ng al arm system i v _
a 1D aRRidAExcel iy bRTRE Qafwef aci | ity or nursing hone.

50. A systemas I n claim36, wherein each of the

' l ed with ' devi ce..
gcessers Lo SOuml el i SOUTIR, 0SBt R s
PehLal NGl b B hOb&idR EiRMctow b ipfedeBintd afinimum

udrng a nursSing station on the general

c Hegpifdt9QraRf oraisch ebpictapredefined maximum respiratory rate.



45.

46.

47

48.

49,

50.

: 51.

52.

51. A systemas in claima48, further including a
plurality of displays, each displtay being coupl ed

wi th an individual one of the processors, and being

| ocat ed adj acent one of the patients, and wherein

each display is configured to display patient data on

a nonitor in the formof tH@-patient's heart rate and
respiration rate in .both nunerical and graphica

form 52. A nethod of passively npnitoring at |-east
oAsypatn ain olaiwsd2alicsgin 93@5@%? BlRgEy of BrQsestory gratyates the

with reference to,the. L na.. dE
sebartn i Bl O it SRR SERDRI e SR S pimtt Npart rate or
MHbdsl dbofe RPrdRALEd HlaREh@Abicattityteas her ei nbefore _
described, with reference to the acconpanying

drawi ngs. 54. Apparatus for passiyel nitoring.a |
DAL syefemm s b 4 TAFTeIS Sheh & e e SRy L SR PETE bR
referen . , i ieNYi B A system

 BroY %§§%ﬁﬁ9§/&ggﬁt?%ﬁ%%w tqiﬂ%rlgﬂ%pati atory . SY: o
substantially as herei nbefore descri.bed, with

r af §eRces Incldiied2 odengnrgengf tepliralty. of provessase lusther
Met hod For Passive Patient nit.oring Abstract
DEmVé‘l@,th%%‘%e@ﬁéatéﬁ’él%@efgﬁ‘Bdgb aﬁ?ﬂg\??toll?gﬁégtgl ve patient
noni toring of such paraneters as body notion, body:

PASiystedas 7SR 86 QideréinltRe A1dANnb eadriector bonndeasaick of the
noni"tori ng generally involves a sensor device having
aprdcessors tomcqivepn alaemtsystons end srhsreip panli efdbe prpcgssors

 presadaregs i o yang onlspm et SR RFbIRGHAD, RSl

dgﬁﬁﬁigy%aggho@r?%%@gkp%gﬂ@ patient to-lie,. sit,

| ean, sta he surface. In one _
enbodi nent, nultiple patients in a general care area

" ofA systus ps fratlammyS peheromt the gemsnap He $XEEEYISA pfe-existing

e e s

criteria or has a negative physiol ogical trend, the
SYS LRRRARY iélhiny 86 Swhredl daicinof the processors is coupled with a common

display device disposéd at a central location for displaying data pertairing to the
multiple patients, the central location including a nursing station on the general. t

care floor of & hospital.

A system as in claim 48, further including a plurality of displays, each display
being coupled with an individual one of the processors, _amd being located adjacent
one of the patients, and wherein each display is configured to display patient data
on a monitor in the form of the patient's heart rate and respiration ra‘Fe in both

numerical and graphical form.

A method of passively monitoring at least one patient substantially as hereinbefore

described, with reference to the accompanying drawings.



53.

54.

55.

40
A method of passively monitoring physiology of multiple patients substantially as

hereinbefore described, with reference to the accompanying drawings.

Apparatus for passively monitoring a péﬁcnt substantially as herembefore

described, with reference to the accompanying drawings.

A system for passively monitoring multiple patients substantially as hereinbefore

described, with reference 1o the accompanying drawings.



