DEVI CE AND METHOD FOR PASSI VE PATI ENT MONI TORI NG
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the severity of hospital patient health pfoblems increases and the number of patients
overall increases. Thus, hospital populations continue to increase and hospital
patients typically reéiuire closer monitoring than they did in the past. A significant
and expanding nursing shortage, however, makes increased direct patient
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example, when a patient undergoes a surgical procedure under conscious sedation,
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settings where continnous, accurate patient monitoring is impractical or impossible
using currently available systems.

Current systems for patient monitoring do not generally provide for
convenient, constant, around-the-clock monitoring. On a general care ward of a
hospital, for example, monitoring typically consists of a team of nurses circulating
from patient to patient, at three- or four-hour intervals, to take vital signs such as

respiratory rate and heart rate. In some hospitals, this monitoring may be
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provide only for intermittent monitoring. Physical connection to monitorin g
apparatus can be cumbersome and inconvenient for patients, sometimes Ieaajng 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, ntermittent monitoring can lead to
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methods for monitoring multiple patients simultaneously. At least some of these
objectives will be met by the present invention.

BRIEF SUMMARY OF THE INVENTION

Devices, systems and methods of the present 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 monitoring” generally refers to the fact that monitoring according to the
invention does not require direct attachment of a device to a patient. Generally, a

patient is coupled with a device of the invention by simply allowing the patient ke
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- the surface. A first mechanical signal is sensed with a first piezoelectric sensor of

the sensor device, a second mechanical signal is sensed with a second piezoelectric
sensor of the sensor device, the first and second mechanical signals are converted
into first and second digital signals, and the first and second digital signals are

compared. Finally, patient data is provided to a user based on the comparison of
the digital signals.
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sixteen, eighteen, thirty-two or thirty-six piezoelectric sensors. Any number,
combination, pattern, size, shape or type of piezoelectric sensors is contemplated.
Where more than two sensors are included in the sensor device, any combination of
sensors may be used to sense mechanical signals and any combination of signals
from various sensors may be compared to provide patient data to a user. For
example, a method may include sensing third and fourth mechanical signals into

ﬂﬁrd and fourth digital signals, and comparing the first, second, third and fourth
digital signals. |
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FSJ ?gﬂrl}%ﬂt@ ﬁﬁgpfc?)t S nnn 3 %reg%}pgl}erp\@/g& %ﬁg{ﬁ%ﬁgﬂ%ﬁ&%&%{;ﬁﬁg one
qeizhaloves E\tHe@ Bigh#t @5 %M’igﬁ%f 89467t béﬁﬁ Rgnlwgﬁ{:}éﬁtt I%B]mgnals

\Mhthqantlty, qual i I nformtio
SIqUgHEN or 1Ffmmebnanq:mmnta Opeohally, @ ahetbodma also

f 0 ed near a patient's chest t
eTIGR dcRERRhe AR b RE Gamtbanisnmalt trayer moto igaal ypssnce or
qetasendeyoft thapadier ofike R8RALe STRNA Ietﬂoﬁ‘%ﬁ%ﬁ?ﬁtgglsﬁﬂgd% flefermining

posi tioned near the 10 patient's rig o)
efBeRiOR AL the patienttondhe srfaeer i ncl udes sel ecting one

Iy t | d data t
oo - DU ol fhont 8 refhog Safeyian sovpias e mlgigsats nto a
ast it t hod
cleadt itk gesups RbAESFIRHRAR & Qt%%ﬁw%gg %@%}a{%%el%oﬁ%a%og,@k

may al so include determnin
dt af%mﬁe@rm%mlﬁe@mam ,nophxmteoh tepatent BPEEHGE R schite ddewce

gﬁt eﬁ:ﬁors]:ff%g tgg gern{;gg&etvll%zzggfe& Pfgggg%}/je}t#g wfgﬂila?igmuheirt
g?ﬁgﬁ afllp:lgnfﬂﬁ)é Qg?g?@?qgﬁﬁg ugé Pﬁy@ﬁﬂ&o& 1Y QLSS the digital
signals to at least one predefined threshold. Such thresholds may involve any
patient parameter or combination of parameters. For example, one or 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. In 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 a

combination of signals may be compared with multiple thresholds. Where

thresholds are used, providing patient data to a user may comprise activating an




| east two groups corresponding to at | east two patient
paraneters. For exanple paraneters may include but
are not limted to patient notion on the sensor
device, patient position on the sensor device,
patient respiratory rate and/or patient heart 20 rate.
Optionally, the nethod may i ncPude conparing at | east

on igital ..signal o at | east_ one predefined
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a mn{.rtquﬁnrespi ratory rate and a nmaxi num
r By ear haat trefith e iegativietyostiinatony trendier sometuabingwd thereof.

rate dipgi:t.al .81 conpared with at | east

one of Pgt‘%ﬁrﬁaﬁdu’%gﬁé%?ﬁ%&ﬁ? OWTBWH@“S&WHB&P%‘M@,IG form. For
otexempls, greviiding patient dEMhaaddngise ey |

conpared with m[jl_tinp_l e thres#g:lrhgg.ac%agi?gaa&%r%gﬁdo?%@e
arr@mpagsen ‘Efrté?/ Higitabsigrals. dmsomia eabbdinmentss providilg patient data may

e RepE: 08 RBosiiin Bt B Bt oubesiwedniona

t lembotimhents, provading haeeH AiaTE Alus : .
actng‘t ed if a neggtive trend i%rlﬁ e@gg{dggwdlggg%srpmmy

n.{ﬁt‘é oh dEiRafentya heartragy of mF??]ﬁm afﬂ)ﬂbth, Ihmsollﬁb&ighbdhﬁ&t tnts, such as
s W earlier art bea .
. Iizgﬂ gélerge?%%gregﬁ'?zg gﬁ%&%ﬁ 1L bwgrte%(jars Z’aug,ltltdd};ﬁ%a @yrsing home,
witultipe phtients #re Spomi @k ' i i *

p s dre i@kl ﬁmﬁltﬁ%h§y?€ﬁg &?gv@engﬂ%ugﬁtyd&?a a

activated if there is a negative rend,
nEYAPHIPE PFRdding dawra) acommbndpcasiome Faekaimpdd, iflgcommon location

t J ) b vi ded. t
28y Bfude, B85 BB AP PR REeBPno fsplop rsmiiar gt

peetges it witeless lmndhelo Apvics Snakistiiatl i -
the conparison of the di gi taSIMg?lg%glcgﬁS?heéghrr(g&s;gm%ﬁmng

&f884i ments, providing patient data may 10 further
conpri | dL0g. a position . of the patient on the
sur f aé‘z QH%Q% Sﬂé&’gae%g’t?ﬁl‘?& RESSIVELY BIPNHPHRE Phitsiclegy efamultiple
tpatients Sedude YirktiabuidR e ORI ' e of
the patient, a gart rgatge gf St@ﬁséﬁggﬁ?ggn %ﬁitﬁ)&?%&h\cﬁs’ each
SEHOT éRERINMERE 81 leasi ¢to piezotlactac gemers EacloPtha pagerf isd

%gﬁ@,b& With At oot 41 ngibh B ohe of Enefsgrgslolr It:lcta\yiceosrbyI z{]llc:?;virrl]g;,rJ ga?clhnp%tient
to lie, sit, lean, stand on or wear one of the surfaces. At least one mechanical signal
is sensed with at least two of the piezoelectric sensors on each sensor device, and
the sensed mechanical signals are converted into digital signals. Digital signals
corresponding to at least two of the piezoelectric sensors are then compared for
each patient; and patient data corresponding to the multiple patients is provided to a
user at a central location, based on the comparison of the digital signals.

In yet another aspect, apparatus for passively monitoring a patient includes a

surface for coupling with the patient and at least two piezoelectric sensors coupled
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mul tiple patients are nonitored sinultaneously, and
provi di ng patient data 15 conprises providi ng data at
a common | ocation. For exanple, the conmon | ocation
may include, but is not limted to a nursing station,
a display nonitor, a digital ager, a wreless
handhel d devi ce, an existing nérse call station and/or

a or.i room. | n.another aspect, a nethod of
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cor resposulhgubimbnts A8 bulfR Bt PAAAR! AY LaSopt, the

sensors are then conpared for

pREY BRY campEse drleass ponbiyagott aJrEEBilﬁeTm‘fohmiIﬂdt&iaga'[‘hﬁﬁieﬁoék@cmc
PEQN r.at ceptral |ocation, based on
CRb e e dipdibd ol ot fiFiee & apviganip payen fanevibting
aspaitbringppapaicns Supfcddas i ' . pati ent

[ nclyg{?es@a %O surfagcé_ fo;ﬁ g%‘{%ﬁ“?%git%% Hﬂ]?eﬁlgngg’[ PeRt
affgLetimenk he supfscphesdiiensions © alensthe surtsenh o po$itioned on at

i ] i t | t h |
ol ohBBe 3hiR S A BRI hoct B motlonns G coupniabrgelsurgical
t precgivez osdet ebiisctous SEERios. ﬁ%th&%ﬁdfﬁ&ﬂs,%ﬁsé?ﬁseﬁs tfle

one, nechanical signal into at |east one

sfugiRse P tie Séﬁﬁ?ﬁﬂimfgmﬂ;ti@he@brll aicgbat & bed for monitoring an
A t I t two
R 300 AL ERHimEhs. pierbises Gh e surtpesrmay allovy tuasurtace
tthdve |patitiondd orfa bed i :
epatitiondd orfa béd fr n@cﬁﬁitbﬁﬁgﬁlge FRIRL £ ﬁcﬂﬁ%&# T Rusing home.

pi ezoel ectric sensors wi processor (
conne&ipdienally, gheappdestusiroay fvthet inetndehahpitd emaimng:at least
n

d iding th tient data t .
ARG SPe Rrite ¥ previdh 1 praudeivs ier beween fiequripagiznd the
ierg XByfit wiath ' t
F“';Z‘? yptly, Suh o dtdhuh PiRChe W CRIRIES SofletipB s the Shtatn

a _
1rsladen gbleastivmy cpenagiasfosestnatimotht bseagtutit ek sitfaBYand the

i ttern, for..enablin
Mﬁ&%&st Be connected with trf]e conngctor in order to monitor the at least one

mechanical signal of the patient. In some embodiments, the sheath is disposable
after being used to monitor one patient,
The piezoelectric sensors may be fabricated from any suitable material. In 5
some embodiments, for example, the sensors comprise one 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

30

lies on the surface. The mechanical signal may include any suitable signal or
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nmonitoring of a patient. Surfaces may have any

sui tabl e di mensions. In one enbodinent, the surface
has di nensions to allow 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 sedation. |n dther enbodi nent s,

di sgehsi f.t .surfac 0 al]ow the surface to
be pos#%b%noggl%hgﬁa%@r‘? Bn%PmSO nf Welugphstress rignalathermal
i rifigirads arldforsicondticafpabiRer enbodi ment, di mensions of the

surfaCfF y allow the surface to be positioned on a
bed fo 1%$ttceml‘1’¥@0rtan@ speendennnéotoramap spiiddr! angTsuitable

n j i;onal | t he apparatus nmay further
i ﬁ?ﬁ%%‘?-o‘gﬁgﬁg%ﬁb%?lf%%ﬁ% B?tﬁicﬂﬁg*%fow Bt dCqmpepIMinfome
L o o maneliig a0 derefsR e bk b BU R BR HE S

surface and the 20 patient. Typica , SuC S
wicPTEPHEe fapabinaiden of wired aigbweelesesynntdtersshe@idembodiment, the

| figd e connector .for, connecting the
PRl LI P BB B Bruoe Ggier et ognios device

c ditianbed taltheiprdresdve vROHB EE$tQonhd G 1S, i t
e nmechanical signal %%fo@t%#gh%gfp%% fhﬁ’@gnsorhas

ag I ea% o%n

sOTfE Withodi FE#IRle. When dlsandter dsvide Bpoaaditel toaht rocessor via
b TG j one patient. 25 The . )
pi ez osetl%e%g%rx‘ltt%’ Q}é nrys? glr%sa?wa)bget?%{ﬁ’i’}fe&?{g}f devinaiaafa type that is
sedmptibée with éd grbeeskdl #d/or DB BERPGH i |
exanpl e c{ihe sensQrs conpri se one or g?rrﬂgl%?e‘gf:gﬁms been used. In
rf‘f&%@’@/‘? Herts, the fisyt FG@}dcmmna)Sﬁhbv ,ﬂ¢tiv¢te1 tie ts@;s@»afbbﬁce, based
R i ceran. i scs pi ezoel ectric foam

The serﬁéﬂe g‘@#@e‘@ﬁ@%ﬁﬁ%ﬁded on a flat surface of

a bed Genanillyathe lpea%isop ity PR6 (1A | ' : .
pat i.el}: g%% be nonitored yv\r%en ?Eg@éggtﬁ?tg%la@g%l%agge %’ﬁm orm
t‘ﬂ‘él:B %fg _ .Foa‘lﬁéawée,rmﬂientaqlna}ég Ik pomjdéchie) aivany an alarm.
IHi -10- ¢ nation of signals, but in
aneTE Snibodiutar tlﬁéri@ioﬁ%lfggr% Vales a8 plgpmi the(caupagiFon of the digital
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and second connector, may I nc e any su

8%%‘5”6‘? the sprface, e therpatiditie moyitgdxeessireiesh Gesuafage. In
S SOSRERL e S S o il S
Connector e, I n one. enbod mam R4 Pb e S8 e
H’E’Qe ined Igmmp&ajprydeteeht yetgneihehembediinéRe 8 processor
BRIV afSYirf8s o heart rate of the patient falls below a predefined minimum
heart rate or rises above a predefined maximum heart rate. In other embodiments,
an alarm may be activated if any combination of the above occurs. Some
embodiments alert an alarm if a negative trend oceurs, such as a negative heart rate,
respiratory rate, patient movement or other trend or combination of trends. In some
embodiments, the processor further provides the patient data in the form of a patient
respiratory rate, heart rate or both.

In another aspect, a disposable sheath for containing at least a portion of a

sensor device for passively monitoring a patient includes a flat surface for coupling
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attached to the processor via the first connector or a

nunber of tinmes the sensor has been used. For

exanpl e, when the sensor device is connected to the

processor via 10 the first connector, the connector

may detect whether the devicelis of a type that is

conpati ble with the processor “and/ or how many ti nes

t R MK sed. l.n .some enbodinents, the

1 7 o pR et 30 A€ R R Rowtifls (PR en s iesH 2 aeiope the
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atunpaice s panalityafeisor deviespedchlsensor Hedite RhvibH§ s%‘?ace for
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e ee £ g PO A b TR g ed pinao Ppaystom also
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ve a edefi ned maxi num heart rate.
%%V%Me ableast oae meghaniesd si@mhgum aadesasf mgital signal and
e : urs. enbodi ment s )
e Pl s A E Rt To ot i el s ewo pigzaelectic
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it A : §: of ..a ient respjrator
. .?g%rlg?iﬁhagg;ﬁ:aﬂ}sgﬁbb%?l%% ﬁ;_e plaﬁergﬁlgﬁa;{g]: thgé:ﬁlé@[gie p@hegt% t0 a user.
& vpimeibodinaity) thie Eyﬁ&ﬁ&ﬁdﬁhﬂﬁd@ﬁ%@ﬁé&: Iﬁm%%’fttﬁﬁoﬂzgﬁ{res of

ﬁ'ﬁ 30 senspr device for passively rtoring a pa
APpifais depqrihedalipYaace for coupling with the patient

~and at |east one housing for containing at |east a

ey

portion of tIEREEEN MR OF* I S, -wat er
resistant i nwgn%gl meTit boﬁj‘ﬁ;@ﬁ@g@ i ments,

the sheath includes at |east one connector for
renovably connecting the sheath with the apparatus

‘ e ieal b . . . S
b, Bps sl e shematd dbya GGHRLONY paliNE SIBRCELRDG G,
ACPINAE o egnbpsimensrof ileepresent 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 device, according to an embodiment of
the present invention.

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

Fig. 3A is a frontal view of piezoelectric sensor and transmitter for use in a

sensor device, according to an embodiment of the present invention.
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physi ol ogy of the patient. |In another aspect, a system

for passively nonitoring nmultiple patients conprises

a plurality of sensor devices, each sensor device

having a surface for coupling with the patient and at

| east two piezoelectric senso_rla._coupl ed with the 10

surface for sensing at |east one mschani cal si gnal

from a Rigt3BRta frdiigl S
q;oce%sors each %?‘g?gg]g@‘lﬁ%gﬁfﬁ&g T ﬂpb‘%é?ufg%%é?nsom as
SPitie 34, gecardingdonn embbliment of hepresehEint@®aRani cal

SI gnal Fi 1{& t .one,digital signal and for
conpar i n% gjgf“t qm i s rEa E%P@@p%ﬁ%ﬂfrdgvlcg, ipelotingfa shbath for
athollding thetsoefapé BZDEERRIdCHS: s'gﬁﬁﬂ'? ?f‘ Ia'lg(s :ige dat a

pertaIE atothe atlent I na
i ncl udé¥s- tis p dlask di ShmeMnm@lwb:@dessbﬂﬂ%r BRfbssing

pr. S ect h processor with a comon
D SRR Rieoldihe B BURaR o e dud ot asteatioor ¢ he

mul ti pFe. S&tﬂlﬂﬁw&hﬁ B sY I odi nen
this system my inc ude gﬁ{/ngoanllgg%}ﬂafb 1%5§gyé$l%omtor1nga

f BAYFHLAColing lwenappudimes of deqrédendinabmic. BRI EF
DESCRI PTI ON OF THE DRAWNGS 20 Fig. | is a schematic

di agr aeTofl B PESeRIFPOR 7S
accor di ng nt=o 3 J
Fig. 1A is a schematic diagramof a system for paSSI ve
nmonitoring of nmultiple patients according to an
enbodi nent of the present invention. Fig. 2 is a
front %PEVI ew of a sensor device, according to an

[

enbodi mEPressat nglttqm@epﬂﬂﬁﬁ provideseiziices).syib@s an@ﬁfeﬁlods for
vi ews of _vari ous enbodi nents

: t
FEIREPRYGe bSO Fonite rPé“%IBSs\P&ﬁamﬁuQUIéWEMmmmldems or any

tdikerpesssanl gtdiRITtjeRRns ﬁir%ho%ﬂdofﬁ{t&lﬂé 15 de alé%a/ vg:es generally

electric sensor and transm

§E§E a Wpt@“@ﬁ‘lw‘@ atdeasorvarpierdedstidieitins &k 16 @nsing one or
&? é’ﬁ qn qﬁ_-12 Fig. 3Bis a frontal view of a
ace 5P A2 ps B b RIosesser @m‘aﬁb thessensor device

%@ro&%smgfr‘ﬁébhﬂmeﬂ s’ié?zaﬁrl? %@{i’%{ ﬁ%@é&v 8%@ r es nt reoupling

invention. Fig. IS a
Beessriwithe a dﬁwce {tipnoyiding hieeddia t®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

comf i itoring i i i
| ortably wear a sensor device. Such monitoring 1s "passive” because it does not
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hol di ng the surface and piezoel ectric sensors of Figs.
3A and 3B. 5 Fig. 4 is a block diagram show ng

el enents of a processor for processing signals,
according to an enbodi nment of the present invention.
Fig. 5is a rom;diagran1shomn?g a nmet hod for
passively nonitoring a patien according to an

endegolird@iRdctiof tion.. DETAI L
DESCR! P AR R Bing s tP RS o167 paent. Tn essence,

- précRasient may efien bamgeitered ukivg de ok @R i68/6r s RYShE e

ssive pmonitoring of one or nore
;19 t enw“agl?Qt W}é&?ﬁfﬁ"sre AR et » ewinifering devicaisyn place.
o &a for om. o ring
gty ety RrSF BT eof ol 18 TR s more

desi red Devi ces gen

h Ao aihefpté amthtx/\bﬁqdllgzazﬂlcaﬁtséms@ PaBEH Phfanidirs AR08 Ge
OREa@Re ‘Mg@r e mechani cal signals froma patient, a
proces dpf BAUH ERVR 98 Og@ﬁ%’ﬁhlﬂé\mw& met(hﬂds and devices of

: pﬂmas&tiw HBCRANGRs ba i %ﬁle& td 2 %@%’ b%e wg lgigfppgsg}easmce

ag}e means for coupling roces
Y gt becdiiddent be@e@tatbaddhug,t \hﬁhmsmeat duShi®AIGt thY §k&S,

-mul ti aor. devi ce d processors may be used to
noni tg#]e%%%taf prEopatie ?fsor} Réramiers ve eombipations efgmbameters

e e BRI

ey, forexaupleppatisntpositien a&l?@%m@tﬁ%ﬁ@h@dblﬁl bed is

h the d
| 5‘?*?%‘?&&% % GRRRhY hafen EEomiaiory Ste sndleheactaimmapisobe

BGHiLdrbE QR aifctcA 303 RONBbd b EHIP olﬂa”' Bady ng

ignal with a first pi ezo
ttﬁ@p@r&@ﬁganfb@imngﬁmndnpganhm ant/for theUB@mPANSH s QMbly e sensed

h tient
R PR oo il fa ﬁw%a;?aéleﬁ:?@?igéﬁémy be

med
| rergre?fﬁd I:ﬂna?/lgﬁgiltﬁﬁaggﬁnﬁ allnﬁéoB ovP gm?qﬁ%? g‘%@ tF(S’F p}pdn%le,

E%H ltiplgtpatientain Zbgmmgaltchm& aoed mf&nﬁo Fialilgﬁ gzrl]tﬁév\x}trt] Iugiri] a&gé 2 Ss,g¥g1ca1

| i.ke agai nst a sur
glé%@g%rglug a%ﬁ Pt seggu% Q%Iilfﬁlt%/mt@ CIRIp¢Iwyrabinorwperating
S600S, Qlur 8 h6ifle oSHA s SSI ve" because. it
does notﬂg13 ePequ?rtg&gl red ?ﬁaﬁé P%% 1P§eﬁn&tf}f§8ﬁl?  fome
thggre pgtient dasyi hmmommrbdiléimﬂhﬂ? N perddh B8$ 8B ¢onitored while
lying on a hospital bed, a conventional bed, an operating table or  stretcher or
gurney, while sitting on.a chair or wheelchair, or while lying, leaning or standing on

any other suitable 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 user in any suitable form. In
some embodiments, data is used to activate an alarm, For example, an alarm may be

act;vated if a sensed signal from a patient goes above or below a predetermined
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a patient may often be nonitored using devices,

nmet hods and/or systens of the present invention

wi t hout even realizing that a nonitoring device is in
pl ace. Typically, sensor devices of the present

i nvention may be placed under .gne or nore 5 | ayers of
sheets or other beddi ng and ¢ sense pati ent

PahAIREIAN . beddi as \wel] as a_patient

gown or gt§ ﬁég?ésg o? r?feggt“’%tﬁ@g* %%e‘im%a“&ﬂcﬂ’f Qatet paragieters

t Heudhraseeriratoryrege, $@amk ratSRad BEAY RbBOAEHedOa B defined definition
i nvisible" as well as passive, since they may be

"I v

hi A AR ERL D st fikgy, Inygthatiembedisesats, datamayrbe mrovideg on a
[ i 2EReT f nunber of rameters or
cgﬁnﬁltr?gt@? ons’ o af)%r@gﬂrr(g g{?theﬁasqéq %?ﬁfi% rﬁ“ﬁ’;@i@‘?ﬁt& data

oyt ieausedimbath netivaness SlarRNd BRVIRASUS RSy oh 4 ridifitor. An
, for exanple, patient position and/or )

enpodi

n H‘Eﬁaﬁ QBB erothe ke may pravide & as@dvittCaformmmaion\about one
D Bhii ' nd/or -heart rate may al so be,
o tored o it s BeALE 2PE e 28 st dyret gaplay monio

c&radibedoaatedinta, cobmmiyn nireiHp&taAorof a&ﬂﬂd%ﬁ*amgﬁtél Yo provide one
rature, /or the like may al so suitably be

t d
sgﬂg‘gff’ oA (413 aﬁbﬁfi%} withiipfoypmption regandingdiatienss shroAglyout the
: : . e
S, B 55 4y )y OO 10D e o

sui t abl e person or peop
epeafifoled bothrat e edsidpand ana sedtrl focaSSE Maly GRGSuRMGR Of

a_h 1t.al . a patjent undergoing a surgrca procedure
' u‘f?&lgﬂsg%ﬂg E‘i’rdﬂg‘”g%d?thﬁf sielogical idatatts onmommorensees cyntemplated,

j : ' h or | -t
o o pon S E RO ot Y PR Y wgiel raEamrplos

thaafhéld dedicqsadriteelikeT®or B FIRROSEO bEMs patdH |aé%1|iéﬁtioﬁ the phrase
LSO rr{gy be ponjtored whi I“e l'ying ‘on a spl_t.a1
b&d" p& rxine oh dismay devige opeana @y meanbioe pooviding

Y., L itting ona chair or .
IRy EDRaRt Bita G hIE el 2l oF oy« BB o affemsgdamonicor, o

any oBeheuitabid medise surface. Therefore, although the

fol |l owi n gescri ption often focuses on the exenplary
enbod t CofcoioTysentsiang methedspfehppresem iiseatio may be used in
g -8l or ward of a .hospital, this )
Gy Sl B o (B SRS oy Gacdicing ang oae like. Tn
- shoentiodivtent) eniltile pati€iteen b @ehdril dard ﬂ@oﬁﬁ%ﬁfos?fta%g

[ nvenfyl on .assie.t forth in the clains. Patien

REHNEor PAYITEE simpdipnenush ievirdede continuosemohitongy without

RdulrAf e %Eéﬂce lop a-h%%lﬁﬁ%@ﬁeanﬁg?%gggﬁsagpd t %ﬁllﬁ; 'sgieedgidtef)Such a

activate alarm

. monitoring system may be used in anty suitable floor, ward or area of a hospital or

clinic. In another embodiment, the physiology of a patient undergoing a surgical

“procedure under conscious sedation is monjtored. 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
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30 activated if a sensed signal froma patient goes
above or below a predeterm ned -14- threshold or
represents a negative trend, if a conbination of

patient paranmeters (such as respiratory rate, heart

rate and body notion) neets algredefl ned definition

of a negative trend, or the [i I n other

e phoeht iR Sri moni t or, .f or

o oy aoring SR g b 5G4 b el Rimpiae Fororing

eﬁﬁﬁﬁmﬁréh@régmdwgwp&mmynamfwm& subsyloRhd3. B@ﬂéz&éﬁtp% e
ead ay on a nonitor. An alarm

di spFm ﬁ{a%’:" clyge IPHJéIH?ff W@S?Féievvﬁﬁwdj@uhlplmmocwsm the latter
| of Gt AIRARAN P Bfist BPRIEOLaLlad B U f%dmg patient

patients. For exanple ar m an
nﬂ%mﬂ%PﬂCWOMWrmat&domm@mmn nurSI ng station on
a vvardltz H‘Péﬂt to provide one nor e nurses
at tha guter @ Sysema90 rf@fgaﬂssiwﬁgatpmtmmutgrmg

t hnmbgh@tﬂhd&af@salagoﬂ’&rvﬁ:e Il(ﬁ l‘%‘ilglgl at RIR9 ne@ztgélecg}c:ﬁpﬁé 202,

be prow ded at- a patient's de or
bestuplesk witlha pm@pd é04rwhieh isincemtcoapled O4@td @ita APy device

| e f di
ot Etor PRk BiesfclOiis Tt tra v ocpsealls: sopsor 102 may be
cnprdplidt ﬁ@cess@zuﬁﬁ ﬁﬁ aﬁ% Qi Bt 1l Pfoo ' cal %gl? gonnectors),

via one or nore digit agers, vvlre ess
dugh a®a cefile twie, Mikedess Fﬁmnsmhmr pithpdike SS1ﬂillaI“1I9| gnPah@Ble

: %gﬁé‘lf)ﬁ%%{/ 1 0§ é’{}ﬁl}%ﬂ&. uq%gga %pgmg{ggcgpgssglé igﬁ)w@jtmdg%sma; Eiewce

HogsAay @Bﬁeﬁ%hb@ﬁin@erﬁ?a iHelale ﬂﬁﬁ ?e%s&@ Iﬁg’r mgh ;ﬁ%mogessors

F@m tor, an alarm and nitor,
4d/ OAQNIWPIE displayaleyicsy $06& For aminpi[etxfi@lﬁﬁl@flﬁatiehﬁ may be

p(% ntlo %%be used in sui t esettlng
1% %%?PBS b patient COE?WQ@E;?O ﬁé@@&rﬁtﬁéemmdﬂevlce

ube ﬂm e ebod a&r&gﬂ ts, on
a genesr al caroe%??rggse 0 ospltiallrai r%‘gﬁi%dg {;

- AeRrate pme@pnmm avtglelisloghdr enfbodihales €0 @é&ﬁﬁ& dewces 102

urring t he pr esence of

FB ot Mt enash Broses R b afcs emmm a
m]hﬂ@f pf&@é'prlj.Oﬁpﬂl ?g&lﬁ&%}%&?éra? [luﬁlé?gr %E\CP 01 A \Hltll?e another

floor, ward or area
BRTSOR OF Progssar h@hm,aytlktﬂuqlﬁa/sermlabﬂbdt @ﬁcfﬂaﬁééﬁ%‘l computer.

i,LNg, a sur 25 procedure under consci ous
%igrggatr g@yﬂﬁﬁc‘?éﬁééﬂaﬂ%‘ﬁm{? 98¢, copmsnasndisplay mvsiton ddarm or

nopitor..slee
lfhf:] fli'é{E tG%dt \%%gxﬂﬁﬂéﬁfi% H@gu e ;ﬁlﬁg g‘f‘ﬁ&[’le RIAmS d1splaysp di g%al 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
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 1. In some embodiments, for example, sensor device 102 alone is

provided to a user, for example if the user already owns processor 104 and display
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sudden i nfant death syndrone, residents in a nursing
honme, long-termcare facility or skilled nursing
facility, patients being transported in an energency

nmedi cal setting, honme health care patients or any

ot her suitable patients or non-patients. 30
Additionally, various enbodi mAts of the invention may

be, add to existing -15- patient nonitoring systens
aﬁdﬁ)’ quﬁrﬁﬁf plerpateys, gﬁ)mﬁat&lﬁ Brocessengnst disnlay doncdsoAnoter

S WHHRAENEE of fedh e ticRh Hacty gr, subsystens.
For exanpl e, one er?glggeflﬁg%t%%%gggﬂg? L@%m}ﬂﬁ’}? @ processor
s @fdohn aéd-pu procestbr 104 fop bearmle,aB8spriseNBfthatd & har®fare

l.ch al ]l connect to an existing nurse call station
w’s lée}hﬁ“f‘% pe B?fg%%i [QidRGXHE spmpater edsidemonisomor tholike, to
NpEGeSe Rt ﬁ)cemsg) ' | .nd. N Fi gure
1,@ a syst &m 100 gﬂ%ﬁ%ﬁ@gﬁﬁ%ﬁ%&ﬁ‘%ﬁﬁ \cl)ypé'n us; alttiongh

s 8Yster|100 ineduded ssnsar devisot 02) gvicessol 984, RHIROIA cd BRSInd
Lc sensors 202, coupled with a

o BB BRI 10 i o oo dimenis pibec prcimenisumypinlada fover
dempleat o @¥diGBnal BEnEME wREOY "%B%%“nggl%%% &If%gi cal |tg§}n% ontion.

to a user. Cenerally, sensor

wFesh ofithe wariors eldvents af the ynveniibmslowicRIMESEEAris HeQribed in
r'r}ylloé%te lge:innect ors), such as a cable, wre, wreless
trans ?{ O%r the like. Sinil arly, any suitable

S ot refiaeoR o Ko 181a FHEbANG HBiERae husterd 101
naytablydneladesranly mupiber efsemonsdelias 1024-4 MBlyGruRHRE 86 BdcSssors
devi ces 106. For exanpl e,

oA eBpaitniag oo @sishas eoslmmemaniozardbubkyind any
asivepot b6blec R 1 TARIOSHS, 18 o BRRLAL SRR IS SGE

102, In sone enbodi nents, each senso
dlsuiseei03a-n maytte conpled vidpat@t@oR HRRESHE hnd Bt piMdkdser, in
i.n. ot her enbadi nment I'tiple sensor devices 182 may
(& B35 D& FOURIES W ?él%ﬁd‘b‘i*ﬁf‘c% In stilbather embeditientst oreror

' | I £t 104, nmay include
opa s rxesorgmal Hap Bl Bl BIRGARR eo kY TR Seh T
poHtiplodigifal pagers shigital haddhehy/ddvivek UdeltipleBBhiic of Hellike. Any

ch.as a gentral co er. Simlarly, display device
?@%‘E%éo% 8%“?%&%@?%%@0@8@@ d?‘lgrnnmrmggtoé H8aym 11 10a-
hhadlds | ' opprise tiple.,
al ar #iss{p'ﬁ i‘%g%‘:gs%?@ 5‘{]‘3’?“?\3@1?&5@%{@?‘1 'SF%Ree@l’%l H&BB%%H- or
t he | Comecinu)Bavimriltns P esthpmitay @hitss hREhd AR cBBYling

i nclu &ie. .
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
p;ocessing 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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“hardware, which nay be"added to” an exIs

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 multiple conponents in various enbodinents.
Some enbodi ments of the invention are provi ded as
pay;t | f syst 100 shown in Figure 1. In sone
eﬁ'ﬁr@‘%é?%%ﬁt%é)fl“ﬁ?f aEPBISEEaﬂsCQH%‘?FFOTdB%Y beatlg o deteniavhiastype of
3Gepsondevied 102 has bsehlcouhifd ' ser alread

lS B?%?H&?klg{cb%of ![1(?4 %?U(Sm%ﬂy tlmesy the

owns pr.ocessor 104 and dis evi ce

alSERYR dEYIGR 102 beaspbach ubed, mrhethes therseasd ddiiee 6 istRMipaaBle with
e invention includes sensor

' . Of T
o B8eass B RO IR i Syt B et copRectarmay inelsiea wred
promestion vleonk Qa8 s GFAky SHPLLBMIEALEIALE 106iould be

b8BT HEOhD T, Shat ahy corinestiort mesnsunay belseddor coupling various
péféﬁﬁﬁﬁ;'d}qhgéwgg}}ggg‘{regﬁgl ved from sensor device 102.

Thus, al thou %00 i ncl udes sensor device 102,

- pr oceskeferrifpnowl icBlgay 2 eMis6Ldehis: W%%ng&rﬁgaﬁéiﬁéq%&ég %‘r more

110 in one enbodi nent, other enbodi ne
f BAEGelectie panspts 200 digpasad adong a mirfroeM1S suilt ihatthe sensors may be

d i f. the | tjon. FEach of
- TRREAIREy o OB ARRARRRA R 1 uient drecbiseisar 206 meile of any

1sikes shigpec cortftpdiratton] PatBBiaPordgE Bikk. @@rle?ﬂl’}yé chthhseﬁggfz@%n ce

now to Figure IA a nulti-patient nonitoring sy

- 1PTPTSES PiaBPSIestre matheial. dnynanyeorbodirherte NBOMatkeMl 6RE is the

IR PR DR Bt OEACOE PP apohplcsmsiiory mofergies
| dokbimidnaTynat I 8y B v gfbgﬁcgfég batndPiflted 0 PyBE fiim,

I her enbodi ments, nulti sor
023 Fablaypisrockasinit estamictdisca andiompiezpeloas $ovim. M6k cbfairic

: [ rn,. .y be coupled w th display
RAAGEAS 08 oo renelt et us it oy wiieli saape, wize and
wohfigyrhgorp 1o 6658 efrbodi¥ents, AR 1|tn i hRLe
di spl ay .devi ces, such as f%ﬂ i Plf%%éﬁng%m#ﬂ%ésgléﬁﬂgzabne
ar Q%lblﬂ%fﬁmﬂEILtH PY&F eabde. Imsdrhé pingod’ilmiﬂnits; @%IIZS@fS 202%omprise

' C .nat i nsor devi ces 102a-n,
Kot TR o YAl e Yacushen embpsiopento snsene202 may
dompiaycisteltircefindO8y, biuaf 08t &AL bFPUDE oS S90S ar or
any other suitable shape of flat piezo-ceramic materials, or any other suitable

materials. In one embodiment, for example, each sensor 202 is paper thin or thinner

- .and has a width of about 6 inches and a length of about 9 inches. In other

25

- 30

embodiments, each sensor may be larger, may be only millimeters in width and

)

length or may even be on a nanometer scale.
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,
rectangular 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




Connectors .108a-n, | 10Ca-n may conprise any suitable
nmeans for coupling sensor devices 102a-n with
processors 104a-n and for coupling processors 104a-n
wi th display device 106. In sonme enbodi nents, for
exanpl e, connectors conprise wred connection nmeans,
whil e |n other enmbodi ments omd8or nore connectors are

ZEm E‘OJ% 3255) connectors 1l Ca-n between

Senso) e@e 1§95 20, apitiple pészestansic s 280 lm)usbda In Figure
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gar ryi ng or Crﬁ]p?r%agtcglls‘g {’?r@%ﬁ@tﬂﬁﬁ@llsnﬁgr egempleein pasmomng higher
5 Sttt G e i

processor. For exarrp n a Sse

V\F‘Fﬂn?&l‘ o6k a8 disecityOinden 7 eheri of BpRiTaf fo HOMRR T 2hi0,
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sen ﬁ%{ e{/eﬁ% diﬁﬁaﬁaga %Q'eﬁl Rigup Fd, e piezorleqirio bmasgensors

1040 aibusodrtys i BEolbd: 02 has been
used, whether the sens rbe}%\gﬁ%t%hﬁébgo iafion apf
t?@%mﬁﬁeqwmmaybhesddi ke. Such a smart connector

10 My i red onnection with conpl enentary

~ pl ugs Wﬁd{gﬁfﬁe %mgfﬂﬁ Biee; PiRelstisic, Semﬂﬂrfsm%geaieiaﬁy act as

BT sdupesito a¥eMBhged 19%&6:& eﬁ&f‘ F%ﬁ%sft ?tgehsge gﬂr}é g@ﬁtyDetected

used for coupling various enen

i Skeeghaggaes may &mh&gomfmtedm Bagulidt i?usePEiToPpatiiY nbBitoring
nore piezoel ectric

| u t
BRI Sl Ry against oo s oty b o

SERSHEERIIRBYndR: assi vel y.coupl ed
with aga pat ' ent nsdé;hgﬁQg %‘g?@é%ﬁ;ﬁ‘i‘ﬁ Eg%asglfeng’ﬁ frow; cg or more

15 ofhes senseEdQ2pen teisang sermoeddvide 11?2 tc{l@etbrhzlﬁﬁ% wish %éiﬁt}’ent is
i ezoel ectric materi al

ﬁaﬁﬁoﬁ‘ﬁg%rgﬁ %é\g q}% ﬁlg:tgg?lpgq 18 gadng and/ercthe fike.\Brpansion of

a@humt\sybngimnélﬂﬂ%dd&ﬁ o Iﬁ}% ) e? Bgﬁ ﬁg&" Elgarg lgggqte;ctlar% stress

material or conbination o
P%f"éllﬁﬁ anagr pore pmodleam eis619 20Y sﬂ‘ubhm urder 6Vh¥ar Jeient's

Gl‘fa]e I%lsrgl Cy i scs and pi ezoel ectric
| 8706 12 %"r?“& Strggs Cﬁﬁ&q@r axkthe sensed changes may be

.20 pravessedio datéringhd Fes? 9§~ra§:' ﬁéaarﬂ%gq Il?%ﬁ g@%lérrn%fni! Et,)qlgposmon

soma enbodl ment s
e fike.dWiany other possible measurements, some of which are described

furl:he,r 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




or in conbination with PVDF cable. In sone

enbodi nents, sensors 202 conprise rectangular, flat,
thin pieces of PVDF film In other enbodi nents,
sensors 202 may 20 conprise circular, triangular,
square or any other shape of PVDF film circular or
any other suitable shape of fil8t piezo-ceranic

' or _.an ther suitable materials. In one
e oéjud%%?‘? SWC@gﬁﬁm@PS@Mp@m@r 1ROE piesesufesiliéhiifoam
ormatiiflNelas i . abqut i nches and a
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- 5 sedsat b RISvi 3 each havj ng. a
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di fferent configuration of sens

f pafiestver erhyeanyLither sRifBle tridans. SRBEG6S, B JotsFink RELHERGN is
| Bri U8 e Ei\ﬂthree PVDF film sensors 218 are used In
~ conbl nat 1 o ait FesGRedEmgit of thegnveantiomiagd skeodCnotbaiRteBtteted
.cdimit 2scobe UERE 17y ' ' onfi,guration
whi ch _may cg?'rpri se oe%gs%gﬂf%f%ﬂrﬂ%%g? gPRﬁ“P?‘gFléme%m es.
I n Fi disamepmbedimént, eembﬁd@icaeltm‘ihﬁludéssﬁﬁfagg’glzﬁ%rvﬂﬁch has a
are

|- | aFi.qur e P filmsensors 218, 2
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Concont 1 are BeddBiAbaRl stllr A6 i FOiseEEh o semsos

concentrations of sensors I

. MI@HWI ARYa-bewhithamtyememqrise ah @lec@icalRh& or Wike, as shown, or

o0 hi.gher 5 concentrations of sensors in a
%gélf“tt“lhg% \%hq%?eégsﬁ %afw ohthgdikechinally.iis sk einpotlimdnes
sturltiplg @ensos i hest of a patient
T oot Maukef A b Bl I R sl iRl
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ed...Thus, .it can clearly be seen that an
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btheriebodidenld Aty 6@3@@8{3}% n?&ﬂ# gqutcgugll. u éégzo%éqcm sensors

Gi, ezoel ectric sensors gene

Hb geeces 3o 84 decatempietsd $uc$1tdoag§ng€ﬁ1§§ t:sﬁpﬁﬁeg@r‘{ﬂgfgsg he

| 02 ..Detected stress changes may't
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20 taBnligion WeaddUmR ' dy weight exerted
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Yipanaime form adesation vethin erfaeaned af Whith$h&kép@fate transmitters
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Any suitable size, shape, thickness and overall configuration of surface 212,

housing 210, pockets 208a-h and sensors 2022-h maybe used. For example, some

25 embodiments have only two piezoelectric sensors 202 with two accompanying

pockets 208, while others have four, eight (as in Figure 2), sixteen, thirty-two or
gny 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




15 ot her sensors 202 on the sane sensor device 102, to

determ ne where the patient is positioned on a

devi ce, whether the patient is noving and/or the I|ike.

Expansi on of a patient's lungs during inhalation or

the beating of a patient's heart may exert stress

agai nst one or nore piezoel ect4d-c sensors 202

posgitioned under or near the patient's chest. The

s erffisgg“rf%ﬂéﬁ FU¥ QHCE shapeh sier 5 ypenefngasors, an detoastseebinFigures

Cch2APHS THBYSREMZD - tern.ne respirator
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of piezoelectric naterials,
U. Snbaaiment it Ayl becmlvaumgbes itahaiawoQISER, 008 @Nirhd hefng

25" [ve Physi.ol ogi,cal Mnitoring Systens and
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sensor .. . .

mayshave 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
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transmtter 204a-h, which may conprise an electrical
lead or wire, as shown, or alternatively a wireless
transmtter or the like. Finally, in sone enbodi nents
mul ti ple sensor transmitters 204 nmay be coupled with a
sensor transmtter 15 connector 206. Sensor
transmtter connector 206 gene"rlally acts as a conmon

co i t he ezoelectric transmtters
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2098igakie mtérmhmsenlﬁana@&ﬂnfbrﬁm@ﬁ in &roﬂgglc?, aEplymg
ments have only tvvo zoel ectric

%r? é‘?(;llt §g92‘5§ SW%“FP %o Thes émﬁmw'd lﬁgn@om;mmnez @8nerally be referred

Ot £"Jaav 6 2 ght (as in Figure 2), sixteen,
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o, s oo o
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c s on
ﬁﬁf@géé%% gglc Haq%ﬁra:l gﬁadﬂgat ch gfﬁ c? g:ﬁ‘@&g a7 opapigg for

fallowisgasenssr 20210 mplédw\/\ﬁtlhﬁ a Tp%@ket'i'og U@ﬁezﬁngs%aﬁ‘g%o allow

ot her .shape E? [ zes or types of sensors,
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deffdian ugh nawlregﬁﬂmonmmoﬂ@mtma toQasit@rough

I f
S0 0 5 AR il A R B T 0

deFigiire 2seich Ipnghet 208 ni®’hab€ ofe Spdrfich foiff.g&,wﬁféjﬁ?éa%e of 8

wo sensors 202 on surface

g%g)a ﬁﬁ%ﬁ{‘ BRe epeningslor a@@vmg@a.is@ge obatérmgur #shshfter R, In one
PROBdEARL 08 S of 0B ng Ri6ss thi Becyidiiey, scese 02, so tha
emsgg?om?\a/w?g b;g‘;“gfgﬁi?? gcﬁtriggug%[am&g {):%/Usséf@ﬁp%x{‘alfowed to
glé{gerhwggwéhe PRtk ReS r$t) thatt lgpwaﬂjok&mms'?@ﬁ wHl @hiais BNSI8EsS
mmem Qﬁneﬂﬁlgg may allow sensors 202 to be reused while disposing of
surface 212, in some embodiments. Alternatively, and more preferably, openings
are used to place sensors 202 in pockets 208 during fabrication but are permanently
sealed after sensor 202 placement. In other embodiments, no openings are included.
Any other suitable configuration of pockets 208 may be used.

In some embodiments, multiple sensor transmitters 204 may be connected to
or coupled with one Or more sensor transmitter connectors 206. Sensor fransmitter

connector 206 may be located anywhere on or around surface 212 and will

generally provide for more convenient coupling of sensor transmitters 204 to
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hospital bed configuration. Any nunber of rows,
colums and sensors 202 may be 10 used in any given
enbodi ment. In some enbodi nents, it may be

advant ageous to use PVDF cable, by itself or in
conjunction wwth PVDF film Foqr. exanple, in one
enbodi nrent PVDF cabl e nay be "<ed around a peri nmeter
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t $feuctwre heving atfivet didwH02iaan a sgé)lﬁ%é@mg.zglfongnhegﬁ@dcﬂgent, such

210 .an ckets 208a-h may be conpri se
sth ﬁhﬁﬂﬂ'eﬁﬁa‘?é)’ pean Bd ciesaiitursed amow) vieat@hhedtion afdiglond edge,

et | noG] vl cetinion ESHEInR
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Tepveddimannt mhpirclide a simile e /ABOI R,
housilﬁ&f:égio and pockets 288a-h corrprlos%y%rgrﬁggldgsl]%%ta'bthat
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34rfa ed.as_ surface 212 and an
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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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device 102 is positioned under a patient on a bed,
chair or the like. In some enbodinents, surface 212
may al so include extra paddi ng, of neoprene or any
other suitable material, to enhance confort of a
patient |lying or otherw se applying weight against
surface 212. Thus, surface 2123may sometimes general |y

be ref efnied ‘10 to as a  pad" or "sensor pad." Pockets
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transmtters 204 to a essor y
déaensions for surface 212, sensors 202, housing 210, pockets 208 and the like are

contemplated,

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 connections or the like. In other embodiments, processor may comprises a

circuit board, a computer chip, a software program and/or any other suitable
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Referring now to Figure 3A, a sensor 202 is shown
separately with a sensor transmtter 204. As shown in
Figure 313, two or nore sensors 202a-b and 5
transmtters 204a-b may be coupled with a surface 212
havi ng a housing 210 with two or nore pockets 208a-b.
Wth reference to Figure 3C, ¥ne enbodi nents of
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coveringeareag PrRIAGESAPY 1 (rin gomg smbpdiments commpiriseea stand-
2 1o dkveRn n@ézzc an ui t abl e.
confi gur at f_(ﬁalgfcgnd siozugnﬁﬁ,gﬁrsr%)%%lr hel 9 gg%ﬁvléﬁ‘riﬁf ggq?growde data
melP @risedl, while dmothenembadinehts Rocessde 104 Lsmplifs YA dd-on device
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a water resistant sheath 302 to pro
afegragunally varzdle gain differemtinl amplifies mbined10 0 dFEMI filter
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dpalle 412 Pl o d et heaseaneloean i 64 B comvertr
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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
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
memory 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

serial communication module 434 and a glue logic field programmable gate atray
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To assure proper use and/or to prevent reuse of sheath
302, sone enbodi nents of sheath 302 and surface 212

i ncl ude conpl enentary connectors (not shown) for
creating a connection between sheath 302 and surface
212. Such a connector may be any suitable coupling
nmechani sm such as an el ectr ot coupling 5 neans, a
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| P ?’ g/% g?'ﬂ)g gﬁ 15 gatincidgd Jor gxagpleyinsasieyeehodinenie dequisition
s middateet(21dd phedesd . the l.ike. .

rrﬁy have any sui t%g g@?ﬁ%@?_ﬁ%{% éf%ldggg ﬁlggr"%}ﬁ Bstng
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7. h figuration, . 02
SRR dckthe® e RonGRld s smphosiont tecpmyesor Eboown
Qandizhasbed TH Fsfr ﬁi@gﬂ{w ' |

‘however, ean_g any@gﬁﬁ ?gébﬁ)&ee [ eﬁf;:}ﬁg%géﬁfgﬁfygg@ %}ggldﬂoj’be
sekapeted 2o imitibe s¢opg of 10 inpewticatia a@PSagnd the |ike are

cont engl d. ferri again to Figure 1, sensor

Govi o B pRRibned Ry Hpcle” Hcristi) Mg bnarally rppeptieweror more
Techahicgl fi ! ' e, means, for .
recei ving 25 né%iﬁéﬁ{léggbggleg%g?éﬁgygé%g%g s Signals to provide

atisRalaado ai users Ens exanple robess@nBay redave R chfZcdl Qenals in the
[ sui,table s or device) and processing those

2%’?1 gf Iér%s&lrep?lwga élgﬁgl{g ?réyﬁ SengeR devics l&aeSgnh sipiads arceenerally
bty SRSt CRERARE A AT 893 R kg o
A8 Blogpelectric senser20ofsensor 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 Jeast one type of signal is compared between multiple
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404 may include a digital signa
E‘ esisnalsgnanbe cQIﬁﬁﬁB@ﬂbegregate or define a respiratory signal. Again,

such methods for processing signals, any of which may suitably be used by
processor 104, are described more fuily in U.S. Patent Application Serial No.
09/662,006, previously incorporated by reference.

In addition to filtering signals and comparing signals between sensors 202,
processor 104 may process mechanical, analo g signals received from sensor device
102 in any suitable way. For example, in some embodiments processor 104
compares a given signal or signals to one or more threshold levels and provides data
to activate an alarm if the given signal is above or below a threshold. For example,

thresholds of minimum and maximum amounts of patient movement in a hOSpital ,




nodul e 418, a flash nenory nodul e 420, a static RAM

nodul e 422, a non-volatile nenory nodule 424, a real

time clock nodule 426, a joint test action group

(JTAG emulator nodul e 428, a digital input/output

nodul e 430, a AD synchronous serial comuni cation

modul e 432, and i nput/output @ynchronous 30 seri al

coggwg{r %%iim%n nmodul e 434 and a glue logic field

progr anmabl ey FITRY0 resguatppyiaiRy, efavindmuh3ad mgganum heart
V arfated WA AP el 168 ' i mipated or added .
Wi t hout departi nrgg}?’?cgr%o{e%gp E{:b%g%sog#b{?ﬁgmgpag%weggomapauem

i kA oursisie oreawe masei phihy tirdholds, proepds6E 104 flly provide data to a
402 and pr.ocessi ng nodu?e 404 1 n

A |
| 2 g‘%g* € LFE‘I?:E‘?QH% a§u1 3?%?%’?@@1 Hgaalukngemsferebnsiments, @ombinations

10

15

30

profeResivldslifdy be %t%ﬁxa@é%ﬁﬁﬁgﬂ@bﬁgg? %r{gg]i:gs%oﬁn ay be

suj t abl e energy supp
cotsHeed sush thas thwilbonlpicmate abmmedrctioaiil i bamthe paddi®s respiratory
t

li 0 embodi ments:  power supply 440 is no
| 8 Ll bR Bne BB e g hrot el brdopuiadiont aat
miichestwldt Qh e BlA GRS . rovi ded
f&r use with existing SE%% ?m%#é@sgﬁwmﬁﬁ?ﬁwgsswﬂd the
atke aepycontannlated a Fpuhemose) pp yr mbks srevholdd nks AlBfhatilely be
cggg b;gr %gﬁag:fl € of 11 errboql nts in which acquisition
s B UGN Of O 10d, sHohhes thrihrasbolds predideired”
| fortaliigration) &f Be &4; LECuit rds. _.chips or
the. like to bo Siey J‘t‘%agggghﬁlgt&&?ﬁ%gcﬁ G OB HEIPr gach
ottidys priéent, forrepenaal aage fleotiafe. hokpid or iffe 1akou! d
agai n %ﬂ%ﬁgﬁgafi zed that processor 104 shown and
described I o garesLliprogser 04 mayansluderprodessingtsignals to
oproyideaeupiratiayiksle B ' to limt th
scope _ofmi)t he ?‘nvgn?‘iygﬁﬁﬁa%égtr?;g a\%&? ﬁ@lﬁ@%ﬁgﬁqx b&r{gawdec?as
bieFRfAlpNE Berminuge, beas beats fdi4nigerenale Yigh&GRIVSSwoklEa Rhe or
'Wﬁ\?eregﬁgg ni cal .si.gnaths from sensor device 102 and
pr ocesses T HE TETRITLPLS. tgarhpesy patior ihgtlikener anytcahercuiable
Usah, PdtiRht R%EER elve mechani cal
signals in the bfﬁg?d?n‘fiagfﬁg_f gl;sg g;@ﬁr{vﬁ%#glg @V@Wﬁ‘fﬁe ?W“Ch as
g@rrrungel/inodon.clocioniof siaival 8 paticht EHEHR baypédon a hospital
R4Sk ¥ed g’éﬂperclgl?eg% EI a a multi-channel circuit,
each chanmnet .t % BPsRgnensiongd prayi@slie loer parameters may
aodeméedddredfang i lhteri neans,,.such
R L cne PRt SR AR e B biead
fPluss resgiratoty tidale/olpme bedsp tegperature 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 data, 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 provide for storage, display and/or
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software, smart algorithnms and/or the like then
filters the signals, for exanple to renove background
noi se and the like. Signals are then converted into
digital 25 signals by AD converter nodule 416. Digital
signals may then be processed by various neans. In
some enbodi nents, as described8urther in U S. Patent
Appl | clat(i“cl)n rial No. 09/662,006, fast Fourier

B19RE RiFnta ARy énteryplsbwich as evkry BO seddnes, every minute or

enpeAikERRE: I e - ' nal ysi be used. Still

ot hefrfiilk ’enbi%P#é%%%}aEg%SaS%srﬁgWﬁ | R0 ther gerigh 30Stored
meddtonisy batiowolvad@diod c&ﬂﬁﬂtﬁ?nﬁﬂﬁoﬁ?ﬁﬂt’éﬁ ﬁamgqag&fsmrage
signals, at | east one type of signal Is conpare

be%i)(lf&r?f ARY pthst Sitabls: hasiwars er seftwire lanatiomTn aR6thepémbodiment,
S aR6&k j : I chani.cal. pressure, .

C ﬁgn g ngsiilqurﬁ gfosv}@m%ydagéé nctgé(rp?%ﬁlec’? agga‘fmumqq off apre-existing

s AT BY ySROR surh @ alenpial'sdriviecal] s#dn. J0, a‘é@@ﬁ?f{ hﬁ? Be Wcated
s!agﬁgdss rragifjal | ow processor 104 to provi a use
Wi E@t Ppide gaghahaspial raemypier eommembimea tall station and/or the

- POKE!IQARGIRR eRHRERe seﬁizlfﬁqq Zelwv;}g tﬁgsfatqtpge%g@ rgfq%g?;gipager

is noving on sensor device

presakiesomndheldsienives viadeitles th@smiswlagt her al |l patient
not | onPhas stﬁfped or _has gone below a predeterm ned
| evel , TTQREPY LUARay neludeany switableemoditoe b0 for sogplires

o TR b ro R S8Rt o 5 oS b encigector

t he8 wiak eompuise @ winerllconnectiOn i WRALS d&ﬁﬂe&i%n%’fﬂ&ﬁ{e@gor?fbda
nal relating to respiration may be selecte

t he_si

f O&ﬁﬁ"ﬁgrs@ltl‘g » 9 BlefigalRpupprtionity hr slarmusabtenyor any other suitable
r i i [ L. V..the. highest, fidelit .
e, PRy afftlen oh@hl MO E AR s MGl dicaigs. it
i shoylsirtssi ungletshod thatglysseinsf deiedek bitd RIS BEdte ft&Bfnvelton
ﬁ%é%g&ag&s& ble as well for one sensor 202 to sense a

AP sensepdeviestQR aidpredessardenichil @hesd may provide
ot .S 15 t t .
catid o dhe b ik BRAC S hmALievice. Bt dieet P SBecsgiomss

as dafmothenerabodimentsCORPIRY de@be DEY i«ﬂaﬁ Be PRAARLS ef % HYA¥ed in
or a

al so al Iégw processor to determ ne at “portion

REERHACERYICE og Huthesamgdstice in whighpeocessoy S08livhgoisad. For
AT P o U o387 e

signal froma tirst senso

pracesaot 184 aivbdisplay Idevicy 106 HcinditP¥Ealams hh®298%en for viewing
onent that a

rﬁsspira,tora/ co I A
physiological data. Alternatively, in other embodiments processor 104 may and

display device 106 may be separate pieces. For example, processor 104 may be a

~ bedside unit and may transmit physiological data to one or more central and/or

remote display devices 106. As discussed briefly above, display device 106 may
include one or more devices for providing physiological data pertaining to one or
more patients to a user. In one embodiment, display device 106 comprises a bedside
alarm which sounds when a patient reaches a predefined physiological threshold. In
another embodiment, display device 106 comprises an alarm and a display monitor

or screen for viewing physiological data pertaining to one or multiple patients.




20 mechani cal signal froma second sensor 202 | ocated
under the patient's left foot. These signals may be
conpared to segregate or define a respiratory signal
Agai n, such nethods for processing signals, any of
whi ch may suitably be used bygafrocessor 104, are
described more fully in U'S -ent Application Serial
No. 09 006, previously incorporated by reference.

25 In a fﬂ) ay Sigvics 10p et herlgealedyaising Salmablﬂzhmaxmn Tor example

or S0 BB A e us RERR i Pl atencs o
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f VAT WS may; V’ % BYrea physician or ather esod iqwexéive patient

h st or

D blol gt BamCinblel, 1 sit S Bb R mRhS ifentita may e

outveilaide ome perstenztmbmt pnfer,t ledbéla ?ﬁﬁ@% #8the I‘Pi!fk@%asé cufd4
atoa user in the formof an alarm

ga"%gfl@%? ‘Pﬁg 3H%’?Fﬂet I Hus oy formortimbsanios pombmatmmof displa§

ofd pm:pgrg exa m ni mum heart

rat teliaiaﬁr eshoégl%rr%%l ’Pateds%i ﬁ &co&ej[;gﬁ ﬂ}etPa'{?SEPi IYPRifoy | vy

cause Wl&rmffacnae\lw mrF1g1ﬁre|SQb gt SOV dc8EKdir%; to one embodiment
rate falls below the threshold (f

t
f ﬁ%ﬁfa‘l "8‘%‘}-/?8 Spia iéffechfdéﬁ ceummgs patichiowith a satser dev1ce 502,
t Bélﬁﬁﬁoélt %as%% Iﬁeéﬁg.'ﬂﬂgf él 1 gthseluﬁcalglgltltgogsgrghg%}ﬂﬂ fg? rg{fnchanlca_l

activation processing an

Feignaldntoypagientodata 506 amt ot iaimsihe pase v
bﬁ%f’fl)o f ] xEd by a manuf a%?ure@sof bprggggtggégﬁg%dg @Jﬁﬁerally,

TS $PHRS éé’ﬁ%?fﬂé"’lﬁ’r the sensprideviead2, sénsor ddvice 102 is provided

P&k b & physi ci an

ook e, 88 10 40 B e A BRURDE e,
gRsut abt limited td @bospithl I@ed‘l Qephiehliondl bk, eanl é}éFa ingltobin table, an
furt her ﬁ%’ ctl ons of processor 104 may &l

& iy dedot sitige, Mfé@due%¢1m table fm;erﬁmunya

'tﬁﬁééd E g@%{ [ OV ded
respi r aﬁlgdﬁ g Q%Igsrm%g %E@zﬁ‘ﬁh Sgse%lf ﬂgl%aér o,pther chair,
A Qair! seateatnal/cx fohuir bgclg al wHERICBAIr, a baby's cnb, 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
integrating sensor device 102 into the surface. For example, sensor device 102 may
be built into a 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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wave representing respirations, heart beat and/or the

like, or any other suitable form Patient notion or

position nay al so be provided in any suitable form

such as an anount of notion, a |ocation of notion, a

patient position mapped on a hospital bed or chair,

or the like. As has been nenti3®ned previously, other

p tanﬁ%ers may 20 al so be measured and provided, such
k5 Jbes - PPREOE devce £@%F mpybe provided orbinyaditahle burfime by any

r ' te ure and
t??rlgg]?lg?ﬁaés (aaﬁdél éﬁ%@\ ﬁromtqﬁ%sqqgg aﬂ&g‘ﬁ?’fﬂmloéf erring
to Fi géloepling tirgatissrsie! thd e¥isee ddHee 5‘@23 éﬁfhﬁ%ﬁﬁ@e&ﬁlowmg
aﬂl‘% froma patient and processor
h%@%t’fé‘gtq §th lsay pretiemmdsernply weighboppressard agdirtsathe surface
t vi ded. In sonme
uébz‘b‘g%"?ééf%nf’f%‘ RGP IhaR R S8l SyenloeBingoiganing or the

sdﬁtplcympns&ﬂ aile&lemhlﬁ o@ap@sfiv@ niorRofing X isfick pp°a¥|§ Oﬂmt even
e enpodi ment, for exanple, process _

118 B g s
| 1¢‘J°2rEl & qu se@sefidenica 02 i praseat andsingenié is nuteasqmmad \ attach

a o} t hen acce
CBBORaEE LB i 3B B RSB aovis
| fedrasdlombpressire duffsy pﬁlls@bﬁnﬁ’é@rﬁ@&ﬂk R84S anBhL nd the

13&%@ al s royl de for stora di spl ay and/ or
q&&? ACte, pireat @ttaq reat pfbrg orsmate cmuoeymy

3 atﬁ.;@lgonds every m nute or the like, over a period

of several days, several weeks or any other period.
30St orSmsmgan&l:hmxtaltmglﬂm?ﬂ%H?@oﬁl pfi Hhﬁﬁg at least one

noni.t or portabl e or age eV|ce or any
offiepanical 1 Egﬂﬁé’v ik pldGast @n%FIC%sQfﬂQQm gensoneftthosenstindevice 102.

aqehd Bssor 104 vides data |n
t he E!fqg}[yrh%ﬁ Qéyd% | vatq Br8te %E’béﬁ A eRperatyrg mgnal an

alcansticsyignad oy asyl omeﬁmtablh Qﬁébhhﬁbal%lgﬂﬂ Sﬁngﬁk bos g@ﬁ&ﬁﬁg sense
‘%’@h a.systemmay be |ocated at bedside, outsi
h

PRSP ARy ghvendhecharigphpgramaiers butoahy sensabsoiutentthanical

o I t b {
el Brme ctdintodf S8l RS S fhoors 20 S e ladacither
mesiditve signdB\or clesabsbiceWf @i SaE ok BREADIE SH Abosili%e pressure-

E}ocessor 104 may_incl ude an&zswtab e corinecto
fornecougal Bdetpntestiasng senson 202 ofseasoedavicef 102 and neséssgre-

O SR R NG TR
¢lat tlecpatient is@ositioned over the former and not the latter 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 embodilﬁents a first sensor may
sense at least one mechanical signal, a second sensor may sense at least one
mechanical signal, and the sensed signals may be compared. If the first sensor, the
second sensor 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 least two piezoeleciric sensors 202
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conmputer network, an electrical connection to an alarm
syfhen1ﬁr an¥ ot?gg §uiLabIe ionneftgon.dThuF,
al t hough system in Figure i ncl udes di spl ay
device 106, it 15 should be understood that systens,
devi ces and net hods of the prg ent invention may
sui tably include sensor device'102 and processor
deyd efsak [OVi ata to one or nore =
pre- x| S?l?i H%gglos‘p 1356338‘_% S@@ ?gﬁll%mes;i’&@‘@ﬁﬂ_@g mgelheaical signals
e pr o ded. ot her house e EloSRAR Rk 86 IR s e
t g"';é oche dgecribed abﬁyqé@atﬂmmlr be;:( pﬂﬁ/dx_tetdiﬂmd 1|$;rﬂg@?a§dlanﬁ%tivaﬁon
SBHP .de box-like unjt couple 0 a

s_er? sor dteh\‘i‘/‘?s_él glcﬁ%gé By T fre Pt W@Be@%?atqlﬁ@tﬁﬁﬂdfor heart rate
Sicﬁfﬁﬁﬁ%‘;ﬁ? o ooy oy e RAENELR B et B gloRon o
e REYHPHESe1a, FespBaeny ratepdatardiparmatt ordhslikay devi ce 106

may beyggRa ' . For .exa e, processor 104 nmay
e o bbbl Rigl s (ALY desky/Br atioge e uiando
LSWVLCE?‘TB““”E;, o Seumao nald 52 BB B Hl Bl eseripion of
dEPPREIEHE 1wyovideddonerempley purpmseeonlsand esodldhot be
PR AR ! lcal.data pertaining to one or ]
mor e pat | gn{%ﬁ{ﬂ% Sg ﬂﬂes‘gtlrthe Y eﬂ'ﬁ%‘l B?I?Féi_rﬂl,th%?@@@%ﬂ claims.
IR
t H BUs arqconieraplaed véthio therseape oftiihe pheayntdewingien 106
conprises an alarmand a display nonitor 30 or screen
for view ng physiol ogical data pertaining to one or
multiple patients. -29- D splay device 106 may be

| ocated at any suitable | ocation. For exanple, sone
di spl ay devices 106_arelpositioned at a patient's
3¢ds:de gr in a_parlen: 3 r?on1 In otrer Snbodlnenas,

I splay device is |ocated at a common | ocation, suc _
as at a -nursing station or central nonitoring station
on a hospital floor, in a hospital ward, 5 or the

like. 1 yet another enbodi ment, display device 106 nay
conprise one or a plurality of nobile, wreless
devi ces, such as digital pagers or wreless handheld
devi ces, which may allow a nurse, physician or other

user to receive patient physiological data renotely.

In still other enbodi nents, patient data may be
avai | abl e on a personal conputer, handhel d device or
the like via a secure




10 connection to the Internet. Thus, any form nunber
or conbi nation of display devices 106 are
contenplated within the scope of the present
invention. Wth reference nowto Figure 5, a nethod
500 according to one enbodi nent of the invention

sui tably includes coupling a p%%ient Wi th a sensor

deyyr " EI g at | east one nechani cal signal of
th ' , cessing the nmechanical 15 signal
into patient data 506 and providing the patient data
to a user 508. Generally, before coupling a patient

with tihe s LEE; sor .devjce 102 |

b ovi ded  anmethof 8 begivel mg IR B ikl it e methoa

stBpIangmy i ncl ude any suitable surface, such as but

not limt eai&tgo a hospital bed, a conventional bed, an

oper at i¥1gVFE8H Steﬁiﬂré{é‘“&ﬁ On&sHHed, the seasriradevice having at least two
5 dosibadeléen®f fdngss; @ Procedure chair or table for

performng a 20 procedure under consci ous sedation, a

~dent i stcouplisiga paticat withpi leat agdadisn 6 the khRbr &3l -
Cf}?aiéi[entsts 1 aFg/or chfi r back, a wheelchair, a be;%)g/alfs’owmgme
cri b, a st Bb CHly Si3Rd grphwgarghe surfage) i ke. I n ot her
enbodi 88l a £ ; arable,. in the fo
of a govvn}ﬁ;g fisllt]}e%gg%%d‘snﬁg a%lt‘%ﬁls%{\ﬁésﬁ PEFOgIfeiip sgnsor of the
Peevsoddatic&ensor devi ce 102 on the surface may
conpri se si npl aci_ng  sensor. device 102 on the
10 Surt acgenéwgr?ﬁx?’ﬁ{/@ﬁ}@“?@ sigiad yritht 4 segor@ pisovelektsic smsor of the
1@&nsoptieviédie surface. For exanple, sensor device 102
may be built into a hospital bed surface or a chair
seat ofomyasing theifissomed ssrbnd nfeeRdrical sERAS ito FBMI £8 stQnd
nﬁ}’itgf igﬁ vi ded under one or nore |ayers of material,
Ueh a8 en a sensor device is placed under one or
nore sER@iasi ' within .an envel ope-
or duvet-_Iaiflkgrﬂlé%glggg%dnéegogée@%ﬁl Sl%ﬂa‘zscélﬂdbel ow a
15 cushi dprowding siant duta toeusesBasell ok She de s8R 08 fe digital
dsq ﬁacle 102 may be provided on any suitable surface ]by
g %ui tabl e means, without departing fromthe scope
of the invention. Coupling the patient with the sensor
devi ce 502 generally involved allowing the patient to

lie, 2sit, Almethodbs BidMImN, $BeRRPIg siEiY Bgvi% isﬁir%@@@ §g a

the surface 5 on which sensor devic

agai ns
sglggﬂ: i?&??ﬁdcfé‘ém tly goqup poRfistingiof aibogpitdl ®ad atg:doan bpérating room

i . el ement of . "passive mpnitoring,"
. e SRR R 3 RGP eHte Dot oF bl i et ghaic fohospital chair,
ashas ceatdeviadebat®2a whedd § ) NCE ek bl t
e etz edIEIREE AbaBPElcrth, Woretdhel Snd'Q burney.

3. A method as in claim 1, wherein the sensor device further comprises a

flat surface having means for coupling the at least two piezoelectric sensors with the
flat 3 surface.

4. A method as in claim 1, wherein coupling the patient with the sensor

25 device comprises allowing the patient to lie on a bed on which the device is provided.
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sensor device 102 to patient. This is in direct
contrast to currently avail abl e devices such as bl ood
pressure cuffs, pulse-oxinetry sensors, nasal canul as,
ECGs and the 10 like, all of which require active,
direct attachnment of one or nore devices to a
patient. Sensing mechani cal si-tfials 504 generally
conprises j at |.east ope . nmechanical signal with -
at | ea§ét o%glﬂ%ﬂuhg‘g geindleim i %E?@BFOBPII%’HBG 9@@@8 withethe gensor
1dice deaipeised dllowiAg BRPEENSH Qﬁ%h_a%)ﬁilr 'oﬁ%lﬁ%ﬁth% device i
pressure signal, a tenperature signal, an acoustit
FGKGEd-or any ot her suitabl e nechanical signal .
Sensors 202 typically sense changes in any given
mechani cal paranmeter, but may sense absol ute
mechami cal A nidiBEPASInI dlai SO By ] . Signal s ..
sensed by sensor sﬁ%gzcmaryfay ’i @Fﬁ@gb%@m & $qupling the
S qagER véitothe sensontiseughent déashors Ignel of chiing)RABIE, oridthed
ResLhidve pressure- change signal is detected in one
sensor 202 of sensor device 102 and no pressure 20
change signal is detected in another sensor 202 of
sensor device 102, it may signify that the patient is
posi t T-oned\ meérodtasdn tlabe; whegkin@hsinpehd st S1d SRPET

that. respirations or heart rate of the patient
g“%éh%‘é?aﬁ&g&%lﬁ §8‘6‘PH§Férsetl%g pideass gueinbia steess sigeal, hahdrmal signal

gmﬁpgcoa&?osim_/or the like. Thus, in some enbodi nents
a first sensor may sense at |east one nechani cal
signal, a second sensor may sense at |east one 25

mechani cal signal, and the sensed signals may be

conp g'] ed. & lfle'?lﬁ@ a$ 1y elping énwherpintsersing e divst B@FRO6ndr

no signal, than this | ack of
@E%ﬂﬁgﬁﬁhﬁ%%%cﬁﬁc@%a PenTHeBR stenals dh e prien an peenqraleare area of
alespitalpirea lengrernPeQ6 E5Gh b3 ' | gnal s 506 has
been descri bgd in detai Il@g)govgm&%orng'l y, such

processi ng 506 i nvolves at |east converting nmechani cal

signal s t igital. sjgnals and_ conparing signals

bet Wg en ag qleég%‘fag%&ilﬂ%gd’g}eé%lﬂ peRsingthe Sirss andzecad- of

BEhamcaldest : i (6. al sQ. i nvol ves, )
e SR el Bl Vet oina p spepical

processi ng nechani ca

15 peecsdigamdencanstious sedRiai di ng patient data to a user

20

508 has al so been descri bed above. Data may be
provided in the formof an alarm activation based on

t hregfpol dy lahtgrd ch .as_patient .notion, respiratory
rate and/or l{ec'gr Sq}% gt@ﬁ £, futtér cOmprising:
sensing third and fourth mechanical signals with third and fourth

piezoelectric 3 sensors;

converting the third and fourth mechanical signals into third and fourth
digital signals; and

comparing the first, second, third and fourth digital signals.

11. A method as in claim 1, wherein comparing the digital signals

COMPIISEs comparing presence or absence of the first signal with presence or absence
~of the second signal. |




5 criteria. Data may al so be provided as quantitative

or qualitative patient notion or positioning data,
respiratory rate data, hear rate or the like. Wile

the present invention has been fully descri bed above
inrelation to various exenplary enbodi nents, it

shoul d be understood that the-#bscription of

enbodi yent s, i s provided for exenplary purposes only

and s hf(;% d “hBEod 25 ¢ Slaine A br wheseinicomprring thelbgicd ojpmals further

t ENpRee BoIPRIRSAGBFES j(n: th ended_cl ai ms.
Addi e ong Dpaise AR ol %ﬁ ?f%tgligﬁfi“@? a?aﬁgy Sf hsdeai signal.
descri bed and additional enbodinments are contenpl ated

W t hi & t he ,scope of the present invention. -32- WHAT
|'S CLAPNEDA Bethed aninalaign iR, dtrtherssiludhy setectineas ihBgthe Hirst

) one i t ho onprising. providing a
se%?cl)P de\?i&?gdﬁgﬂg} é{b&f’g‘?& as aﬁt&%%gﬁ%rbaa pe é"’l'ﬁ%h/@frfge signals
5 dhas|teesleatst quadity. 5 pi ezoel ectric sensors; coupling a

patient wwth at |east a portion of the sensor device
by allowing the patient tolie, sit, lean, stand on
or wegs th 8. Sensj.n first mechanical signal
with g&'fi r‘gtﬁ%ﬁ‘;e@%séfléiaﬂ?‘i ’g‘gﬂ%FO%PH%I%de@@n@mg, based on the
¢ewipersonld] thefisst Signd vigs AR AeLG RN \ Rl L
second pj ezoel ect rgi C sensoreof Fﬁ%ﬂaﬁ?geﬁé%c%n%g\%%?o?the
PR PRithiswideef i rst and second nechanical signal s
into first and second digital signals; conparing the
first and second digital signals; and 15 providing
patierd. dX setHddas WSk eﬂ]'t‘ﬂ co risan. of the,
((jqiégi tal signals. 2. AIHrrgta‘nod grséqlﬁgprgfng)%twgﬁeﬂ%mmd
10 fhegatientamrthelafase. i s provided on a surface sel ected
fromthe group consisting of a hospital bed, a bed, an
operating room table, an exam ning table, a procedure

chai reor wapbfiodds AeAhnSY, Pwﬁgrééo%ipr%in%ogrg :.llgl?llg tl?ehc?ilgirtél signals

into at least two groups corresponding to at least two patient parameters.

17. A method as in claim 1 6, wherein the at least two parameters are
selected from the group consisting of patient motion on the sensor device, patient

15 position on the sensor device, patient respiratory rate and patient heart rate.

18. . "A method as in claim 1, further comprising comparing at least one of
the digital signals to at least one predefined threshold.

19. A method as in claim 18, wherein comparing at least one of the digital
signals to the predefined threshold comprises comparing at least one body motion

20 digital signal with at least one of a minimum amount of body imotion and a maximum
amount of body motion.




20 a chair seat, a chair back, a wheelchair, a baby's
crib, a stretcher and a gurney. 3. A nethod as in

claim1, wherein the sensor device further conprises a
flat surface having neans for coupling the at | east

two piezoelectric sensors with the flat 3 surface. 4.

A method as in claim1, wherei85coupling the patient

with t?& sepsor CﬁS .devi ce conprises allow ng the

pat i entVt o NELRPLAY B GlaR 1ihwhbreimheorpavinget feast one of the digital

peiRviaM €6l the dnclaiml, wherein .
co_‘uggl ing t h%g%eat Fgﬁrggm{oﬁ%@@sg 2 ﬁé%‘P AL 4 TeSPIER ARy TRt cligital
aFIE8%) Wigh eihleags ane efia ininmint respiroShald andh MMtichint Aepiratory
gﬁa\féce is provided. 6. A nmethod as in claim1l,

erein coupling conprises coupling the 5 patient
wWith the sensor through at |east one |ayer of
cl ot hing, bedding or other material. 7. A nethod as

Sin cl @lm 1A withodias i elaih 18, WilGethidostpail a§1%§§?§geé of the digital

rrqcrggé\ni Ctﬁl Si %{gal s conprises sensing -at feas

stPRY oG pradetined thegshald cgu@nlaql:s ctmlmariaﬁh adman $ite digital signal
Sy nﬁﬁfulﬂ inclaiml, rein sensin

t hgﬂfQ% lfg%%gﬁgfé\econdﬁﬂ%g%ﬁéﬂq :ggfa ’éﬁ%‘%gﬁfgﬁfﬂﬂ?-ses )
sensing the signals in a patient in a general care
area gé a hospital, in a long-termcare facility or
in a narsi AgPeBaas B claimmif, Mddreis providihgpaicht d4Res §nSer

i ] d d hani cal " si gnal
R PO ATatld L R A5 e R e s aisnahes got et te a

10 desstions mradlefinkd thiesitgg@ur e under consci ous sedation. 10.

15
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A nethod as in claiml1, further conprising: sensing
third and fourth nechanical signals with third and

fourt pi gzoel ectric, 3 sensors; converting the third
and f%%rth&%e%%ﬁ‘i‘sc‘glclaémdn&!fgwr fempasingd and fourth

20 di gbraparkighiabadi o\ i pg the first, second, .
t hj rdl anéjb fod’%t h df%. ta|tﬁ§mg| in%#“gg“alsE’afeassfoneemflefgigﬂal
signal; an ' ,

recognizing a trend in a patient parameter based on the comparison of the
digital signal to the earlier digital signal,

24. A method as in claim 23, further comprising activating alarm when the

trend in the patient parameter matches a predefined negative trend.

_ 25. A method as in claim 24, wherein comparing at least one of the digital
signals comprises:

comparing at least one heart beat signal to at least one earlier heart beat
signal; and

comparing at least one respiratory signal to at least one earlier respiratory 6
signal;

wherein the negative trend comprises a combination of a negative heart beat
trend and a negative respiratory trend.




11. A nmethod as in claim1l1, wherein conparing the
digital signals conprises conparing presence or
absence of the first signal with presence or absence
of the second signal. -34- 12. A nmethod as in claim
11, wherein conparing the digi%gl signals further
conprises conparing quality of™“the first signal wth
qual i t yg of ond si.gnal . 13. A pethod as in
claim12, fAu F‘?"ﬁ@"?&i‘% |°fi’é‘%ﬁg WhHSTeIL PRONIIRG Pafisnt daie td 2 neyr
sicgmptisesractinatingenQNenshAB8@ by § Q) bi 8ty 9.8
user, based on which of thenstl%gna \séhg@l asg?@aggg?als.
quality. 14. A method as in claim11l, further
conprigjng deternining . based on the conparison of
the fifst St JIFAICNES ThCli 28cwhwdingrgyiding patiestatatetoaruser
ahathier eorfpridel Proldihl 8 Mosi face. 15 _A nethod
as in cl aﬂlsm 14, fur?hﬁ’“@g‘&%ﬁﬁlgﬁ%&g PdPEiaG: a
position of 10 the patient on the surface. 16. A
met hod,gas i,n claim1l, further conprising grouping the
> di gi t %8' Si thod jap inclaim P@ashereinprayiding patient data to a user
CREthesRAHBY pidi atdient parameters. 17.
A method as | h cfcglltl%!i ?%?ﬁgﬁg?%?%oﬂtﬁ%pﬁenlt'east t wo
paraneters are selected fromthe group consisting of
pat i egé rmo‘;ri on on the sensor device, patient 15
‘posi t ¥én oft M¢HRod aninwlainiedl, eeheraiabrowiding pafink 4410 %Y a nser

FatiBerd ' heart rate. #éa A nmethod as in claim

1, furtﬂig&a Q%:éolﬁ‘ghdgl%n%ﬁe%ﬁfﬁgrqf PAlepkast one of the
digital signals to at | east one predefined threshold.
19. A nethod as in claim18, wherein conparing at

| east3Gne dmathesd abiigictaih 1, sihgrid fetad 1dabeorRReehd dshrises

0 i ses, conpari ng at | east one body notion
10 SRER et BB RSO Bilinecsentsises wimprives pravding data at a

aomovh 3dbcdirgly notion and a maxi mum anount of body
notion. -35- 20. A nmethod as in claim 18, wherein
conparing at |east one of the digital signals to the
predef,i ned threshol.d conprises conparing a respiratory
r at e%fdi' gi ?%ﬂneth"d as in claim 30, wherein the multiple patients comprise

multiple patients in a general care area of a hospital, ina long-term care facility or in
a nursing home.

15 32. A method as in claim 30, wherein the common location is selected from

the group consisting of a nursing station, a display monitor, a digital pager, a wireless
handheld device, a call station and a monitoring room.

33. A method of passively monitoring physiology of multiple patients, the
method comprising:

20 providing multiple sensor devices on multiple surfaces, each sensor device

having at least two piezoelectric Sensors;




signal with at |least one of a mninumrespiratory rate
and a maximumrespiratory rate. 5 21. A nethod as in
clai m 18, wherein conparing at | east one of the
digital signals to the predefined threshold conprises
conparing a heart rate digital_signal wth at |east
one of a mninumheart rate amf-a naxi mum heart rate.

22. A ng | 18,. wh di t t
i ot 0 Pl Bl s Suifors i) Gk phioaicd ons whe soior
oact ond preder wantraatist e P bufRE ok eaflne o the

| east one predeflne t hreshof
cl 2HHCES: further conpri si ng conparing at |east one of

the di Is to t ne earlier digital
si gna: %ﬁﬁﬁ Ig%gﬁﬁ%fﬁ "HHCE S i"Yiﬂ’aaté%I‘SFé’mg Tléﬁ@in;oelcctric

Sbasaambrmnnéiwt&ﬁﬁmafekrﬁ:@n of the 15 digital signal to
the earlier digital signal. 24. A nethod as in claim

23, fu PPW@FUWWCL‘JDngh@maE sighalnint@biaitm M@ﬁ%ﬂs .t he

trend LBy ranmet er mat ches pr edef i ned
negative P %}glrﬁ%ﬂ gﬁ% g{Paﬁ:% FrsPopdingfoaf %ﬂaﬁﬁ tyg of\ikrepieraelectric
c cepsrs fog eadh pagiast; apge of the digital signals

conprises; .20 conparing at | east one heart beat signal
to at PEXiingpriicapdain éprrbepanding eathe mmlgphlpanam@ to a user at a

t |t t | t
10 CRERBLIGALS, aEarhn BRR R i el e

negative trend conprises a conbination of a negative
heart beat 25 trend and a negatlve respiratory trend.

- 3?- . mel:ahtsd‘oapassrvew mbﬂitdm@ﬂ}?’h@h? Y DPaitidtomprising:
patie 0. a_pser rises activating an alarm
basedn%sngﬁﬁeé Bﬁ‘? ﬁgégp fentigital signals. 27. A
et hodht gt o nt data

s ocﬂlé‘idae%ﬁuc YASGE ALYl s ug%,?

to a user further conprises pro ISFISRS at least
t P paghiagienl signal fiwns thef adient;

15 a processor coupled with the piezoelectric sensors for converting the at least
one mechanical signal into at least one digital signal and for comparing digital
signals corresponding to the at least two piezoelectric sensors to provide data
pertaining to the patient;

at least a first connector for coupling the piezoelectric sensors with the
20 processor; and

at least a second connector for coupling the processor with apparatus for
providing the patient data to a user.

'35. Apparatus as in claim 34, wherein the surface comprises a flat pad.

36.  Apparatus as in claim 35, wherein the flat pad comprises at least one
25 layer of a resilient foam material,




5 28. A nethod as in claim26, wherein providing

patient data to a user further conprises providing a
respiratory rate of the patient. 29. A nmethod as in

clai m 26, wherein providing patient data to a user
further conprises providing a art rate of the

patient. 30. A nethod as in cl'a’m 1, wherein the at

| east e ' onpri.s O nultiple patients and
wgfr ei %ﬂpr %ﬂﬁ%s ba i Hap REHhibE iPiagelpptogisenot are
ddisposat] atongtheTBmaca ih 8 afd i - in_clai

30, . wher ir% the multi p?e&%rg??gﬁﬁgat?g{%?tpggg%ﬁﬂﬁlle?sgpgeg%
pgiﬂfeél h ngyl P S&“@@H@F@\t meaewent; patient Ieﬂpilﬂ'ﬂ@@i fagd andigatidnt heart
| gg-termcare facility or in a nursing hone. 15 32.

A nmethod as in claim30, wherein the common | ocation

is selected from the group consisting of a nursing
5'st atiqn, a display nonitor, a digital pager, a

wirel é§s  Aapamisas declaie 37 aviabin (56 Ptted caRBrifs two or more

kR | L 00 33. A nethod of passively nobnitoring
pﬁf/sci gtlfg‘g ‘%‘?"%&H‘i PP %at i ents, the method
conprising: 20 providing nultiple sensor devices on
nultigle surfaces, each sensor device having at |east

two pPzoehpparatius asmdans3s, vhbreik . _
gefnkJ 19%@ Al I} at |.east a porti ger% g%é%odﬁtgﬂlof t es%é gk@glpattem
evrce 61?/\16&? |tg’waﬂ510%‘§é'ﬁwﬁ and alpast w0 celnmmis bf plezadiectric

s¢mog, on or wear one of the surfaces; sensing at

| east one nechanical signal with at |east two of the

pi ezoelectric 5 sensors on each sensor device;

conve4ii ng sensed mechani cal signals into digital

si gnal's; §7§ 1icimad4, whoreal dineasioes pOMEisiEade0 By the

y i tric . f h
per it Rl S R e O pontivms i

the nultiple patients to a user at a 10 central
| ocatj on, based on the conparison of the digital
si gndils. . Apparatus as in claim 34, wherein dimensions of the surface allow the

10

surface to be positioned on a bed for monitoring a patient in a hospital, long-term
- care facility or nursing home.

e
15 . 42. Apparatus as in claim 34, wherein dimensions of the surface allow the

surface to be positioned on a chair for monitoring a patient undergoing a procedure
under conscious sedation.

43. - Apparatus as in claim 34, further comprising a sheath for containing at

~ least a portion of the surface to provide a protective layer between the surface and the
20 patient.

44.  Apparatus as in claim 43, wherein the sheath is water resistant.

- 45. _Apparatus as in claim 43, wherein the sheath includes at least one




34. Apparatus for passively nonitoring a patient, the
apparatus conprising: a surface for coupling with the
patient; at |east two piezoelectric sensors coupl ed
with the surface for sensing at | east one nechani cal
signal fromthe patient; 15 agg)r ocessor coupled with
the pi ezoel ectric sensors for™onverting the at |east

0SB ERRICE R R o viheSei o e B ORBRiRs Wi the
t heheath Vg &ﬁish&ﬁ%ﬁ-sﬁfﬁ%ﬂﬁﬁtéﬂ ih o?&4138 ?C}nlﬁtgr @E%Yiegs?t Cot%gtr a

pertaining to the patient; | east conne

f omechsnsal signallof thy ptiont ectrl c sensors with the 20
processor; and at |east a second connector for
coupling the processor with apparatus for providing

the paki enpp ?ﬁﬁﬁ‘lstag ol 3 v&%?er%.@‘ﬂgar al i)gi(sﬁposag]g a?tem)lemg

34, wherein'the surface conpris

5 M@ghkamgsﬁqnnnemaUMaJn135 wherein the flat pad
conprises at |least one 25 |ayer of a resilient foam
material. -38- 37. Apparatus as in claim34, wherein

th ' di d th
(e paeock st e A B AL e
lfl@asﬂlegnmpoéonsisﬁhg enpolPadyliRae ifflofiRe fila! ¢cﬁW1ngi§HéﬁgEﬂ5nde

E%}Il ent E’PEI ratory rate and patient hea
& RBTFRF SCUK cggamig discapnd pigzosMntriefoant.he pattern

conprises two or nore adjacent, flat piezoelectric
sensors. 39. Apparatus as in cl ai m 38, wherein the

pat t ef8) COoNpYatHeSasdn Yk 3aa€vhé‘{e{h th%%ﬂ{fﬁde%h B&}va&edl onkila

two adjacent rows and at |east two CO
10 iﬂféﬁf@ ef abed. and whemein the, at msmle Bpganialisged of meqiaaem may be

gt 0 surface allow the
acevﬁigﬂﬁg g%?uﬂﬁ C€ east one of a crib and
.a bedfor noni toring an |nfant. 41. Apparatus as in '
cl ai m 34, wherein dinensions of the surface allow the

49.  Apparatus as in claim 34, wherein the at least one mechanical signal

comprises at least one of a stress signal, a thermal signal and an acoustic signal.

50. - Apparatus as in claim 34, wherein the first connector comprises means
15 for detecting at least one of a type of sensor device coupled with the processor and a

number of times the sensor device has been used.

51.  Apparatus as in claim 50, wherein the first connector further comprises

means for activating the sensor device.

52.  Apparatus as in claim 34, wherein at least one of the first connector

20 = and the second connector comprises a wireless transmitter.

53.  Apparatus as in claim 34, wherein the processor provides the patient
data by activating an alarm.,




surface to be positioned on a bed for nonitoring a
patient in a hospital, long-term care facility or
nursing home. i 15 42. Apparatus as in claim 34,

wherei n di nensions of the surface allow the surface

to be positioned on a chair for nonitoring a patient
under gO| ng a procedure under -¥bnsci ous sedation. 43.
Appar in claim34, further conprising a sheath

for c tal p,p@rag;(s as I“éﬁlétm a3 pwheeisrthe procesosantivatee theoalarm if

) r r he surface and the
%0 “g‘;’???ﬁ?‘ﬁ 45 U SR BB b aent ik vy hion the

th tiltSPa/tmnms ORI ammt with4he slRe! @t
heat h i ncl udesS at | eas],:lt:’tbg nenh%]é&!“'{%hén

n.t he
%\stshveb'?‘?g’fé E‘%‘f'ﬁﬁector and wherein the surface nust
be connected with the sheath via the sheat h-surface
connector in order to nonitor the at | east one

5 mac haﬁﬁ.c al Apng‘a@ls a®fn dlkigh Pﬁt\ﬂrlfe?élgl lée&o %F&r 2 vfte?%lglaﬂad‘m ifa

rein the sheath is ter

ée%’é‘ét?f Y @tﬁﬁﬁﬂlﬁ&at«l% éalbahqlcema Ppretefinéd prmiatusrediratory rate or
Biley iezoelectric sensors are
sel e%itoggaq rom e gr o‘%BI%SB%OQW@ of pol yvinylidene

fluoride film poI yvinylidene fluoride cable,
pi ezogl ectric ceram c discs and piezoel ectric foam

48. a%ﬁf@rﬁgs gsrin @laanrﬁf33 Whem?eme gjﬁ()jdeb@r gc&mﬁﬁ%é glarm if a
0, surface_of a be an erein
R agf’fg%e (?fetgg ?ﬂ]éiﬁ]&’h‘f % Bredefiggibminimuticapaateantisangbove a

10 pedeﬂtfmdjm@nﬁﬂny\ﬁ@&ﬁa{ge patient lies on the surface.

15

49. Apparatus as in claim34, wherein the at | east one
mechani cal si gnal conpri ses at | east one of a stress

Si gn? t her mal %g and an acoustic signal. 50.
Apparat us Ad’gaﬁ'aﬂlscqs 13 53ybereinrthe prockssos furtenpesides the -

[ROERT AL (KB :bSh ting. at | east one of a
type of sensor dgﬂ?%étggl%% i O FH- t he processor and a

nunmber of tines the sensor device has been used.

58.  Apparatus as in claim 53, wherein the processor further provides the

patient data in the form of a patient heart rate.

59.  Apparatus as in claim 53, wherein the processor further provides the

patient data in the form of a patient position on the surface.

60. A disposable sheath for containing at least a portion of a sensor device

for passively monitoring a patient, the sheath comprising:
a flat surface for coupling with the patient; and

at least one housing for containing at least a portion of the sensor device.

61. A disposable sheath as in claim 60, wherein the sheath is water 2
resistant.




51. Apparatus as in claimb50, wherein the first
connector further conprises neans for activating the
sensor device. 52. Apparatus as in claim 34, wherein
at least one of the first connector 20 and the second
connector conprises a wireless transmtter. 53.
Apparatus as in claim34, wherdiln the processor

atient data by activating an alarm

provid th éﬁ | :

- 40- 54~ Ap§ SRAgablg shaath &3 iaickaima0, further includimg at least one
ProdaREReH foRfdmdiAb I i.f.the conparison of the
digital signals s g%%lgfgcstgllgﬁg?lﬂleﬁ%] ‘?Siglf ﬁ@%pfugtqs‘ggr passively
nOVPHYTISS phitgologyr Wherein doneequiagiteniheh: (b Phe apbafdti Afchws the
vvla%E _tre s§éface or the patient is noving _

eXCRYEIG &7 Ve Brit atrd o apamiior thesphysiology o thet pasients i n

claim 53, wherein the processor activates the alarmif

a respiratory rate of the patient falls bel ow a

Spr edef bhed Arspitemfor SEPVERURGMtRRE Snldfinleld
predef.i.ned maxi num respi rlgtory ra?e. %%1?1}/?\21%3?'3‘?%%5%
i APUPHPIAE53, wherein the processor activates the al arm

if a h .patient falls below a,
or oder | REatchiof oot SRIAR,ooEh honsf Sicasihiaine 10

predef i ned nesurfacetdreauplinghRh R DatiRPFAL US as in
claim 53, wherein the procgzzlsor Zpurtéhﬂgr provi des the

patient data !ﬁ?‘ the formof a patient respiratory
rate. 58. ASpdarS:HO Riezoelckicaenospsouptsk with thetmurface for sensing
processor further provides the patient data in the

10 oatieast oge petheidal BRALIsR RS aidR, 59. Apparatus as in
clai m 53, wherein t%g pr oce?go%ﬁfurther provi des the

pati ent ciag in the formof a patient position on the
sur f ac & PleEIty0olprepesses) eack pesessof coupbahtvith onagembr device for

| g ; j sor,devi,ce for passively.

| cahenR O LB bn AR BRI sl RS U gt an for
s urciuepeing dligita sighhls @omsr_,ﬂan&ihg 1084 the £N¢as Rv&bﬁ%ﬁé}é&m
one housing for containing at |east a portion o e
seFE¥YS pRrpride dagyperiaining fpohapatiengtamdt h as in cl ai m

115 60, wherghd ohB %oﬁ&%@&r%ohﬁle%ti&reagh processor for connecting each

processor with a common apparatus for providing the patient data for the multiple
patients to a user. '

64. A system as in claim 63, wherein the surface comprises a flat pad.

05. A system as in claim 64, wherein the flat pad comprises at least one
20 layer of a resilient foam material.

66. A system as in claim 63, wherein the piezoelectric sensors are disposed
along the surface in a pattern to facilitate monitoring of at least one of patient body

position, patient movement, patient respiratory rate and patient heart rate.




resistant. -41- 62. A disposable sheath as in claim
60, further including at | east one connector for
renovabl y connecting the sheath with the apparatus for
passively nonitoring physiol ogy, wherein connecting
the sheath to the apparatus allows the apparatus to
be activated to nmonitor the phy®rol ogy of the patient.

5 63. system for passively nonitoring nultiple

pat i ent%g -t RSYSGRY 48R C@éﬁﬂ[ﬁé yihpgin the phiteralcomprisés two or more
seaa?;& | or device conprising: a

sur a%%tgfﬁgfrﬁg%ﬁﬁ%%e\%&%} " the patient; and at | east

two piezoelectric sensors coupled with the surface for
sensing_ 10 at |east one mechanical signal froma

pati enP8- a PIsystamiasyn gkaimp6dcwheminsthe pattdm POMEEISSA grid pattern
c - WM sensor, devi for converting the at

| ggf;ﬂ ﬁg‘ﬁ‘ a@@%&ﬁ’i"o@f‘“&ﬁ“&ﬂ% afif af gyt t‘f"%&%‘ﬂmﬁﬁé’%@iﬁpﬁlﬁ‘Fm
Ssisgmsats.and for conparing digital signals

corresponding to each of the at |east two

pi ezoel ectric sensors to provide data pertaining to

t he pa@ ent, and 15. at t one connector coupl ed

_ t J eg .

Cwith edch gt SEEYREF I Jping Binwbareinglimansonssf sae s ace allow the
W tstirfeceas BERasiaBR &1 Mled Ly tient data.
for the multiple pati eﬁtsgﬁ?%sgytlgﬁeé}gj %ﬁgd %?g)llos gé’f:ﬁnggn infant.
in claim®63, wherein the surface conprises a flat pad.
65. A systemas in claim®64, wherein the flat pad

conpri®es M sysedshs ﬁf@aij@S,lvﬁ)é‘féifl ﬁfrg%tsfoﬁ iok itk?enstutr{ggg Mow the

material. 66. A systemas in clarm erein
10 psustase febe positienedsorasheairfor dionjiosegla paticanth 4 Respstdl, @eterm

[ rnto facilitate nonitoring of at |east one
o&rgg#?gﬁt%r%ﬁ?g BOIS-ti on, patient novement, patient

respiratory rate and patient heart rate. -42- 67. A
systemas in claim®66, wherein the pattern conprises

two orf/lnor & syagpaasintclaifol 68, wheR1081n%Gkiohs of BIRSQSce allow the

: surface to be positioned on a chair for monitoring a patient undergoing a procedure

under conscious sedation.

15 - 72. A system as in claim 63, further comprising a sheath for containing at

least a portion of the surface to provide a protective layer between the surface and the
patient.

73. A system as in claim 72, wherein the sheath is water resistant,

74.  A'system as in claim 72, wherein the sheath includes at least one
20 sheath-surface connector, and wherein the surface must be connected with the sheath

via the sheath-surface connector in order to monitor the at least one mechanical signal
- of the patient.




68. A systemas in claim®67, wherein the pattern

conprises a grid pattern conprising at |east two

adj acent rows and at |east two col ums of

pi ezoel ectric 5 sensors. 69. A systemas in claim®63,
wherei n di nensions of the surface allow the surface

to be positioned on at | east on#3of a crib and a bed

for m)m{g oring an infant. _70. A systemas in claim

63, whef®in %t AoRclaim T hevhamein fiveshanthdndispesable after being
SU{i§eda8 nichiBLoROSIkhoned on a bed for nonitoring a
~patient in a hospital, long-term care facility or

nursing home. 71. A systemas in claim®63, wherein

di mansio70 S g;sthe surface allow the surface to be

posi ti offed OnSYAEENES 1n clam 6 wheosin the phegoalebeittsensors are selected
u ' r.e .under, copsci.Qus, sedation, 15 )

[ DRBRAAL BB R BB e i G SR PP Givis lidene fluoride

temas 1 nN°c

 heshidy pleaoclearit aérainiodiads aldgisiocfcRRY foh@n Of the
surface to provide a protective | ayer between the

surface and the patient. 73. A systemas in claim?72,

wher ei B+t he th i.s wat resistant. 74. A system

as in ? I7'ai mA%gﬁg%?éﬂ%Fﬁ%ﬁ%, g’ﬁ‘%‘&!‘ht Pﬁ%ﬁfﬁﬁfégpmvui/eéama flat
onserfaée sihetdd) asdwhaes ®eap r.ej .
surface nmust be connected %ﬁ%tﬁnﬁ@&gﬁlﬁg@ﬁgn\%éﬂ?‘ﬁg‘a‘tlemmay be
s Feaiored whepctde patiens tieoon ithe srfdee. t o nonitor the at

| east one nechanical signal of the patient. -43- 75.
A systemas in claim72, wherein the sheath is

di sposapl e ' . itgor one patjent. .
T T norst ey Btk B WA AL bOkes? Be BRchca) signat
105 epmpriscsat teastaine ff edtredsr signal etherei RiggeNGiddn R8uslc sienal.

pol yvi nyl i dene fluoride film polyvinylidene fluori
5 cabl e, piezoelectric ceram c discs and piezoel ectric

foam #y. s.i.n chaim 63, erein the surface

is pr ovgizdegﬁ g%%a'??% g’tdalgh\%’a‘@éer%‘fl eagm%fg‘,‘ew SFRSOnABREsss coupled
t Withame lo detproceesdre ohanwislessédmgbidf the patient may

be nonitored when the patient lies on the surface.

80. A system as in claim 63, wherein the at least one connector connects
each of the processors to at least one of a common alarm, a common display device,
_15 at least one digital pager, at least one handheld wireless device, an Ethernet

connection, an Internet connection and an intranet connection.

81.  Asystem as in claim 63, wherein each of the plurality of processors
provides the patient data by activating an alarm.

82. A systemas in claim 81, wherein each of the plurality of processors
20 activates the alarm if the comparison of the digital signals suggests that the patient is

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




78. A systemas in claim®63, wherein the at |east one
nmechani cal signal 10 conprises at |east one of a
stress signal, a thernmal signal and an acoustic
signal. 79. A systemas in claim®63, wherein each of
the sensor devices is coupled wth one of the
processors via a wirel ess conne#-ion. 80. A system as
in claig 63, wherein the at |east one connector

connect® eAtSHIM thi@ Slipek geherein eachtof|templuralite obproaessors

o g o o RO TR B PR g0 Y Pl eaiotinea

demijmunaresgitdtenymete ot oizeesiove A, préedefingd ﬁfaﬁﬁﬁurﬁ%b&b%fdr fate.
and an intranet connection. 81. A systemas in clail

63, wherein each of the plurality of processors
provi deg thg t. y activat an alarm 82.
A system as’ | ﬁ a%rﬁng?mn\/ﬁewgﬁ?%%h nghetmErablFquafapxp@eg;sors
Dfacfivacetsaism 12@ hagit kat8beepafedt! Al Beldw bfed efmc% minimum
j}n'parl son of the digital signals suggests t
P Tte 08 TisgsAbON® @ Praglefined mexisnnmh hemt rathe patient is
not in contact wwth the surface, or the patient is
novi ng excessively on the surface. -44- 83. A system
as in gbai nAg steM@'i@bEuﬁ%‘ihwﬁé §I
pr 0cessors ac%l vates the alar mﬂe@t‘%ﬂ‘r})éggﬁglﬁhﬁ%h Ofaﬁf‘%cessors
usths peitidesrthe patiens dite limthesfopm efl aphtied respiraion: fte.
respl ratory rate or rises above a predefined maxi num
respiratory rate. 84. A systemas in claim 381,

wher ei gg each s?sfteﬂl he nP#lHirn?Ei Ly Iem% &ggts @ ?%g][niyéﬁtprocessors

activates the alarmi ear rate

10f fyrther peavides shepaivef dateth theforthi 0T a Paaint héat At 1i ses
above a predefined maxi num heart rate. 85. A system as
in clai m 81, wherein each of the plurality of

proces ovi ges the patie data.in _the

formof ‘a pa§| gg,.?gg %‘p‘%?%gﬁr‘yﬁefaﬁsa%@n &‘%P@V%it&ﬂf REOGEFOrS
- cluiher Bovidsh efegiatiearddta B tht B&mP

10 further pr(f\e/l?des t he pati entbittjg a{ielhgpt %?ﬁml%gs?{ﬁce

patient heart rate. 87. A systemas in claim 81,

wherein each of the plurality of processors further

provi des the patient data in the formof a patient

position on the surface.




