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WO 2005/ 079530 PCTI US2005/ 005460 METHOD AND SYSTEM
FOR | NTEGRATI NG A PASSI VE SENSOR ARRAY W TH A
MATTRESS FOR PATI ENT MONI TORI NG BACKGROUND OF THE

I NVENTI ON Thi s application clainms the benefit of
provi sional application Serial 60/546,695, 5 f

FOIRA%Y5EB, 2004. 1. Field of the Inventi oﬁCTfFﬁ%’w“"s“G“
present | nvent| on relates generally to nedical

noni

m)ni*[ﬁrl ng s %ﬁh&ggbgpﬁw N%%I%AFRAY
net" for a pati en serve an anal yze the
physi ol ogi cal parm% SURD Gr PAL IneRENTRAE, in the
event of a 10 clinArcalTy signiiicant negative

condition, notify and report the event to the care
staff utilizing the existing nurse call system of a
hospi t Biis a;@iiezﬁblﬁ claiaislie tehefitiofmrevisipumh appdication Setid @0/5¢@695,
ens for integrating a passive sensor
grﬂeg%ﬁrgr su 61 a systeminto a nedical mattress used
a patient. 2. Ceneral Background and State of the

Art 15 WBHPF@FM’Y@QW?BU ents is an inportant aspect of
patient care in many different settings. I|Ina general

care fTRgireseft ivRhittbnQblals %Bi\ 11§ | medicar m&ﬁt@ﬁ@n& more specifically
rmnl toring vital physio i cal

ispnpdiedd ppuitorng sysehiof PIOSIMBE AR awevq%%'aafﬁﬁyé@g (§prea patienf that

baﬁm ‘Ehsef/RRIRDREREe Mb plB@folo%l’bﬁl ﬁ%ﬁtexs\émlphﬁaht Rfd, tlme event ofa
presence, or. absence of patient in a_ hosp i tal

a fePipallyi S’c%lf%"ﬂﬁ nﬁeflveeqwdlﬁm Spibrandyieperhihe e‘eeatowam %aéf

b eubgﬁge'ﬁnb gtiding! mﬁrs@cmpeéxﬁ lof £Rsfitad OSpbBiia IR thinbeitioR s@@Scted
hospital. If certain patients |eave their beds

t ﬁ%?eﬁha‘i'f agd pystepns g ItPEpIE A PasHa SeOL Y o ph a system titoa

t Reyaregl iR ess bied By BR4ticgNt Sstops moving in bed, it may
mean that the patlent is dying, is in a com or is

ff fr t t hat k

moverht CaFR PO SOCe B S%and requi r s

attenti on. Excessive npvenent may i ndi cate a seizure

or ot hionieringipatiants is @5m@ortang sepee pEations cfive in paity difftrent
&h{a%r 09 H24 g&? %86}% a{(dyon EQ%thefoi %ag%fé”}{l%ﬂl‘m%g wvital

ound-the-c
c @hﬂlmdﬂ signsesuttoaspéspiaitoryfre, besrtuatsl aed blontbpﬂessmq ipgbasic
t By &{ehtyo ?ﬁb%{ A L@Smﬂnﬁ@@%{%%en@%r%ﬁs%nféoif%%ﬁ%ﬁi}zgahosp1ta1

fr on‘ pat’i ent
i foed ﬁnﬂaii@ntonng mm mavement oi ghatbed oy alsg be banpficialtin ageneral care
r %a?d @:rh%éil gl%ﬁst of %B 1ta1| 'if(ieﬁgﬂgatﬁﬁ& rféa‘z@‘hl@lr bé(ﬂ' tﬁe rtm a risk of
nmoni t ori ng nay oné or nore de

s felingandépr injuring themselves Ka pah.ent stops moving in bed, it may mean that the

patient is dying, is in a coma or is suffering from a medical complication that makes
movement difficult or impossible and requires attention. Excessive movement may

indicate a seizure or other condition,

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 augmented by one or more devices, such as a



10

15

I WD 2005/ 079530 PCT/ US2005/ 005460 Dbedsi de

pul se-oxi neter, which nonitors pul se and oxygen

saturation via a snmall clanp- |ike device attached to

a patient's finger. The pul se-oxi neter nmay be designed
o sound an alarm if a certain pulse or oxygen B

th%%”ﬂ%?&Pevel is reached. The currently av‘%gq%‘?“é/o“:’““

systens and nethods for patient nonitori ng have

S ééxiddl pulse-oRMBAAGHIBEH Rédief pulte R gen nb@uh ¥ sﬂ!ﬂi clamp-
[1y“Conne c1

uire a ient to be physica
ng’%F f‘%‘ﬁc%ﬁtg%egtwanmﬁngeg uEle Padsepyimesten map b@ﬂ&;t&ded to sound an

PraRSE UK € céital Sulse RE OWIgEeMARANA o081 is de2h&f M t t ent

moni t ori ng. yS|caI connection to nonitoring

appar at.us _can ersome . and inconvenient for

patien %}i m’é?(?’f'@f ”F’ Tbsé'%fatf‘ﬁ@dt‘%eﬂﬁ’gﬁ fou petieplgnubionng kave soveral

s whdracaristibidin cammpit VRnslly MTepas a@aﬁ%ﬁt/tb e Eﬁ%ﬁ;aﬁyoconnected toa
X nfort., Attached, devi ces, ﬁa al so Ioosen hange
16’163 o

&5 YRS My, Sch s apptempatis oéﬁ@ssaﬁqu@”ﬁ@rm opictor

| iidtermitiendthonigoring. Pﬁ}&@ﬂ%ﬁieetlclimﬁ infoRftdrg apitus ca1|1 b? cumbersome
i ng .can

Intermttent m)n{}%_&r S%gto m ssed or |late
di* A GG LenigH dor paeants; soniptimes Jopding togatigat nonceraplispeen Fch ap yhen a
V @atjens topiovisal de@iat uab ﬂﬁs@on@f@ﬂ diAtthPBEddVRYs 18PN c0sen, change

ra Current vai | ab e systens generally do 'not
A ﬁ% g?ﬁ»/ ‘%%RF the Jless |oadingip Appocunate Fenigqring data.

a Eﬂmﬂmtmﬁﬂtﬁm@m nﬁé%@d 66218 QiaBR3R ARd SlverSOPHe dulmes,
et e absence of patient '

t aol 15 For
SRRSRBIY 2, Vﬁrya“%é’&g%&‘f’@s? %ﬁ’é‘ﬁ?"eﬂlﬂﬁfm&e K®g%t i ent has

I eft the bed. Relatively slight novenent, a
s i gni f Cozently meadiablt systenisrgenmal ot mﬁaﬁtof jm'elhti rkcﬁreﬁn@xtﬂoﬂ

t atie s suff ntI that
ooy, Atedilfy 304 Bl Saienl e B oot i ool
[ Wgr gawpk, wmpﬂﬂt abserice nhpedine Mioveingl bn b Bel coalkidndicakehatthe

Ry e Relor @b ey SIATRELP nor RO g ey i fgremen

wiot e dibe snﬂ@ndmﬁathaﬁilepmﬁtds ﬁufﬁcﬁémly stilhMhiSbink iedical prétem

DAk ey, SR UL Bl ng, o6 Bl e

rr19h$lgluﬁcanhmt1pmdiseornfost physi ol ogi cal condi ti ons and

- novement” wi t hout the patient or hospital staff being
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avar e Phust s haf e RER to HRMRY ?Esswg Hl%?ig ntn% Eﬁ%enas with sensors

chal | en&es is how to nount the'sensor
wiipt a1 effprdively Sigisihls! tﬂb@r%ﬁﬁ,twmwﬁhmmwne&hngheinthe bed

2 gﬁfﬁig? tﬁé gg 'E?E#:ét?eﬁf @Ere%ﬂ %Hgs[ﬁ@%oﬂtﬁ%ﬁaﬁeﬁtg Ipﬂjrrsuﬁo %mal
prenddionn alﬂfémfﬁmetﬁr\@lﬂwut ﬂj@mem hospital sipffdeing otvake of t’beus e

0 breRdhas Nz \Revet, %ni ﬁ?é‘cﬁmmlﬁ bsSb ﬂ&w {oyrRéu%?{hg TR &%tble&] fhaway -
ents used on car & esses 0es no
s %ttjﬁ flqes gelrflepspdethe properties qfﬂlm:gmamamm osdesp iswénos ahe de thin
and comfortable for the patient, that is held securely in place on the mattress, does not
crumple, fold, crease or bunch up, is cleanable using typical disinfecting agents uged on
healthcare mattresses, does not significantly attenuate or degrade the passive sensor
electronic signal, fits mattresses of different manufacturers, sizes and materials, and does

not affect the typical hospital workflow in making or changing the bedding.

The present invention addresses these needs.
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el ectronic signal, fits mattresses of different

manuf acturers, sizes and materials, and does 30 not
affect the typical hospital workflow in naking or
changi ng the bedding. The present invention addresses
t hese needs. 2 WO 2005/ 079530 PCTI US2005/ 005460 o
SHHHEP3O78F0t he Invention Briefly, in gener al PGIAfS3}P5/005460

the present invention provides a new and inproved
met hodgand, @"Iva%tn nt egrat| ng a passi ve sensor or
sensor arrgf/y a pa “lent's mattress to support
conti nugus passi ve nonitoring of a patjents'
physi oPsgile 41 saebirmsohe pqewngmseqﬂ@% Biovidps aguemt qud gmproved
" RRsiRlavia SRtk RF infh%rah@%@fd’sﬁbé ndof bedefisok ere{fiﬁto a%ﬁﬁenf Dabitress

noni tori ng accord he i nventi on doés not
r d@ EHPPert gentizpqus pessiye nmtmrmspf apadients pbysidjogicab eanididigns in a

R@Jgpﬁﬁfal seam@atpa@me thShitS AP rgsﬁiefmgfngeﬂ t§§1@ BRI m&k%ﬁsnﬁ@/

| owi ng the patie or sit
s iegadEng @ffh‘amﬁeﬁlpil tl@ns nejaefuirg dirgrd mtacblmrﬁ pfa {lq’r@e rtn ERAbIANL.
' R 'a%gtlaﬁ ﬁ\@oﬁiﬁ V\‘ﬁl eﬂsof@ &btéy% ﬂl@ﬁﬂleﬁrhe or sif,
carrier 10 sheet can y |ntegrate
w@ﬁhﬁwamftarhé@éfﬂd@éenbl y of a patient's hospital
bed, and which will maintain the desirable properties

of the TP, tBe {EAeﬁﬁﬁ@ﬁh@iﬁﬁ&ﬂ@ésﬁth’Gbrhﬁrt%l& mfﬁgad or carzier
ma??‘pltal personnel. to chan t he beddi ng_ or clea

t.he
gt oich e brogeurely wa%éatﬁfdﬁvl@wh%wéms asspwélypoga pet;ent's hospital

C el R0 whitaekin efaidiAemp st pﬂoﬁéi-ﬁékt JreR pﬁﬂéht‘@ﬁatﬁ@éé &&s@ﬁbly
totheto or .15 bottom side of the mattress

asgiert! 9‘”“’& Sospifalpessgnnel ip GEaélﬁﬁ e broriingfr steay b eHiess without
mainkthesterfoayerl et that fits over the original
coverlet, or alternatively, can be used to replace the

féLféL@%ﬁﬁ?ﬂvﬁi&@aﬂ shits o 28 ppSead MeEfHoR it e o thetop or

di mmm?methﬁ:&gmsmm fd dkirain dt dah@e ﬁﬁgt'at&h&thm a matiress
re, S

o e ol Bros e B8 cEiob 6y DRV e ool e

newistiag tevedste fitcat by ﬁtegrﬁﬁd o replaerount, addf&dsﬂan ot fmnihg underlayer

Sy e BT b7 Ao 55

pribs sxisting awvittteshmserty kvl dr integatddliab apewl raplacernent corer

-sheet, positioned on or within the mattress assenbly
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of a h (iﬁ }e?érreﬁ eflnd tﬁ[&:&:ﬁ’ (i Rfsor Wil o E:Fé é}?ég ‘ﬂw%ﬁ’tfofu%des an

I n that catlon e sensor 1S capa nDnI oring
t hearay af plemelec’(rih mmgla cloments andfmmesmag/miwheﬁfmm imgflapad or

??/émah'geg %lile)%{, @é%‘%@g% m? br vhﬁlﬁ} t!g% glgtgggs@g seﬁ*%ﬁfsc&ra s°p11§15ne8 inte grated

wi with ts sleemsvmiaes. dathatjncah&'m dhe sensor is capable of momtonng the pauent
through one or more layers of bedding or patient clothing, or the like. The sensor is
typically coupled to a processor, either by wired or wireless communication. The
processor receives sensed data from the sensors and processes that sensed data into & form
that is usable by a physician, nurse or other user. Any suitable patient parameter may be
monitored, such as but not limited fo patient movement, patient position, respiratory rate,

heart rate, blood pressure and/or the like.

The sensor pad or carrier sheet may include any suitable number of sensors.

Specifically, any number, pattern, sizs, shape or type of sensors is contemplated. Where

3
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processor receives sensed data fromthe sensors and
processes that sensed data into a form that is usable
by a physician, nurse or other user. Any suitable
patient paranmeter may be nonitored, such as but not
limted to patient novenent, patient position,
r BORVIEBY rate, heart rate, bl ood pressufETAOIS460
the like. 30 The sensor pad or carrier sheet may
: %Iré‘ﬂ%b@&%eﬁsﬂt ta%hﬁu&‘d'ﬂ?ﬁ% se%gor%gﬂée, %19' com%ﬁweaﬁ&{ b1S8sb may
any nu ern, size, sensors i1 s
c ba v mlgrﬂh entbanﬂommnm&f §i7933Mom various sensors may be
Pg&%ﬁg@p@g&g&éﬁggmﬁgggg)g@&n two sensors are included

e sensor device, any conbination of sensors nmay
be used to sense signals and any conbi nation of
si gnal Shepiererigelris snsorswaghs fabricalph Gomaayrpiiebld matsrial. However,
Y
Db e Ruf bh R R oo i5hde T B RO, SRl B pr ot
F@ﬁbﬂ@ﬂPOBERWﬁmawﬁhﬁﬁéﬁk@acéﬁmgﬁﬂhent t he sensors are
made of polyvinylidene fluoride filmor other

pol ar i Eadmp ey sEmedtt, ht[@ Mhshi nity @& eRb&REd inG 1ReP BBkl foam in
In sone Fnbodlnents the sensors nmaybe enbedded in a

| S5relpron ot 4 padispitablo for cgahhng oniiermerod p Fatisnt. Ip apreferred saodizent,

f @te eRPhrrd)ds ABMtEON (RDsubthcsorB @ik Biier sﬁéét ar shfrsdelo@the pad or
enbodi nent, _the sensor array is nmounted on the

s GRFigTshogmay hPYﬁ Y uiibledimapsipes, Profprablis ihe dmensigns erggutticient

P a¢lalRw the p&Bdrichi@ier BRI W it %o%iéy,&b‘ E4tdd Rross a substantial
mensi ons are sufficient

di mensi ons. , Pr ef er abl

t §OLPPS ﬁ’é‘%&%ﬁ“@“&’ﬁ%\“ﬁ“&h@ Bpficats shoylder and lutiopks. sensor
array, to extend across a substantial portion of the
mat t r eOpticially,ditecsehsdt paieod cirkier sﬁ&t @i ﬁlﬂ&eﬁhﬂhﬂﬂdﬂﬂo’c&ﬁﬂe layer

raipoReR BitEeen e Pote of i BT o PRl appionBt pisBagtotestve laver

betilbewatehesistaitf ace of t he pad and the patlent
Typically, such a protective layer 15 will be water

o oy o FEMEP A B el i

t alkesripiion, taber} inrotjiastionvith the laecompanyingaingrings, whizhillgsste, by
anpl e, the features of
%9%%}&3%% Pﬁﬁfw%ﬁtﬂ%scrl ption of the Draw ngs 20

Figure 1 is a schematic view of a system for paSSI ve
pat i enPesesiption of thg Drawisgs ng the rel ati onshi p’ bet ween
an array of sensors, an anchor box, a processor, and a

di spl ayiguetavis & 8chematic view of a system for passive patient monitoring, showing

H‘

the relationship between an array of sensors, an anchor box, a processor, and a display

device,

FIG. 2 is a partial cutaway plan view of an array of sensors forming a pad suitable
for use as part of a passive patient monitoring system in accordance with the present

inveniion.

FIG. 2A is a top view of an alternative embodiment of the sensor array shown in
FIG. 2.

FIG. 3 is a cross-sectional view taken substantially through line 3-3 of FIG. 2.
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FIG 2 is a partial cutaway plan view of an array of
sensors formng a pad suitable for use as part of a
passive patient nonitoring systemin accordance with
the present 25 invention. FIG 2Ais a top view of an
al ternative enmbodi nent of the sensor array shown in
FWQ 2085079586, 3 is a cross-sectional view talB/US2005/005460
substantially through line 3-3 of FIG 2. 4 W

2005/ OFRP3R iPCHobSeARA éJkQ@e‘%%‘éQ n sibstnti ﬁrt}n% gnhnes -3A of FIG.
cross-sectional view taken substantia (@i i ne
3AA3A of FIG 2A. FIG 4 is an expl oded perspectlven
view of a mattress assenbly, show ng the sensor pad

Of FI GBIG. 3 i9dn skPlodbBsbepBslivh PicRiof & maldRidMseibly2 HaGfhg the sensor
Cﬁé}il to the outer surface of the 5 nmattress. G
5PP é@

r %P irgbces ip [z eing ﬁ%ﬁﬁhqdégécﬂa@g Bwiopipr surface of the
shewieeg anot her met hod of attaching the sensor pad of
FIG 4 to the surface of the mattress, using w de
straps ective view of a.mattress

assenbl y? 58 §§1?)9\?I‘?P§ °t§7’§t rfg PRATSHASERIP LG Fhovdng apofiierigethofof

S mmingmms‘or PAdaf FIG 1400 iitgugate ba g nfrebd) Gsifpide Sifaps.
using narrow straps. 10 FIG 7 is a perspect Ive view

of a still ot.her .nmet.hod

of attac h’?gié?%%’%grewr%g%éy &ggn ol ﬁsﬁmbiy’?% PV el gRget method of
ofattaching tiset sensos pad of FG.G m/aiwurfﬁe@ﬂ:a niatiress, peii SOV staps.
view of a mattress assenbly, show ng stl 1 anot her

met hodpy7 184 bAGRERG vidhFors Slafss £8Gm sfdvgﬁlﬁlhat a?tgﬁl%etim.d

surface of the mattress, using a ms
p@&f difeling {he sgusevpadiof ElGrdte the sufage efihbingtiresshusiigeby.et
anot her method of 15 attaching the sensor pad of FIG

4 to thes. 84s 4 peshetve Wity dTRlddARESassdily) Shiing MHEIOMRE: Rithod
ggket FIG 10 is a _perspective view of a nmattress

wHships heiserpripd St Aititbepurtvgnef theToal et HisingR Roehyane.
core in a coverlet which has the sensor pad of FIG 4
enbed dEIﬂ} Stihepabpective@iewl Ba rda’ctrds§as§enﬂﬂy,smﬁﬁhg V& avdtiddn®@ihod of -
a asse terdative met hqd of
eRcT o8P ﬁ%steﬂ%’r%r&)?fhg m"ég{ =8 %‘8\9’@ CE% URERE ROFMegpe or
t pecksensor pad of FIG 4 enbedded therein.

FIG. 10 is a perspective view of 2 mattress assembly, showing a method of

enclosing the mattress core in a coverlet which has the sensor pad of FIG. 4 embedded

therein.

FIG. 11 is a perspective view of a matfress assembly, showing an alternative

method of enclosing the matiress core in a coverlet which has the sensor pad of FIG. 4
embedded therein.

FIG. 12 is a perspective view of a matiress assernbly, showing a further alternative
method of enclosing the matiress core in a coverlet which has the sensor pad of FIG. 4
embedded therein,

FIG. 13 is a perspective view of a matiress assembly, showing yet a further
alternative method of enclosing the matiress core in a coverlet which has the sensor pad of .
FIG. 4 embedded therein,
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FIG 12 is a perspective view of a mattress assenbly,
showing a further alternative nethod of enclosing the
mattress core in a coverlet which has the sensor pad

of FIG 4 25 enbedded therein. FIG 13 is a
erspectlve view of a mattress assenbly, show ng yet a
fﬂ’ﬂ%@f"" 3 ternative nethod of enclosing th&CHESPHYSI60
core in a coverl et which has the sensor pad of FIG 4
enbed 2005 B T 5/

o 100 MEs Bedussi Yo O tadhichy e RO R g Ol o
sﬁmmgabcddsdbﬂ:mmlambfaﬁe md#Rkd@s cofe.enbedded bet ween

| ayers of the mattress core. FIG 15 is an expl oded

perspeﬁ@ Vi o}iﬁ gygéﬁeaﬁer@gﬁe‘%%&m ﬁ%myas SSRRWS BH&H'LE&e

sensor na cavity
rraftnsqr@s@, owﬁe‘i ﬁbva@dthbya qagipinitkrynaitress ciyk Suedby removing a
”PfoElE@ﬁﬁat&é%E@orgﬁfa%ﬁ al. FIG 16 is a perspective view
of a nattress asse y, show ng the sensor pad of
FIG 4 atta,ched to the surface of the mattress core by
anchorBG. H iga perppgctiveviey akppstiress pssebly; hawing fhesgpsor pad of
t@t@a Bbded Rthd fkfaYe &'Ltﬁér}ﬁaﬁ!rés@@oré-gy déngf. FIG 16. 10
FIG 18 is a perspective view of a mattress assenbly,
show ttress core . encased in a cqv rI et Wi
under | Hgiet ISP AeeueHEY festiRra Hew gk srstany lmew 176¢
nEl¢.rngss core and the sensor array of FIG 4 errbedded
in the underlayer, with portions of the mattress . :
s S et SR A Bpelul Oyl Bl R SRRSO NG ARl core
amsﬁlnya ocfveﬂét@uﬂﬂﬁ und;ﬂﬂager @Iat:eda:ietvgeen fife cairamllagaddlﬂnfanattress core
1 he t ncl
c%l\l/défglb etnsorﬁfr szgE ém?ge%g?dgpect [ véﬁ% Ew%l © ons F ?’\émapaeess
asssemblly gepasieaivio slgpwt the conslinatiowvienpalsi t i ons of a sensor
array and an anchor box attached to a coverlet. FIG

21 is ppesis a%@&ion%l'vfe‘ﬁ’r R onA e REHRGES aﬁ&ﬁg?&%ﬁgﬁ@e% §isi@hntially

coverl et. Description o
Erisogliineldt 1, sbertbe sttt dore is flly anchesedbjsthe apriedrt. ar e
provided for purposes of exenplary illustration, the

| nvent kN 20 f a9ERebHOSviER ofa MatirkRla¥seRblyTBloRatsnd ﬁIatlve %osmons
nmount i ng or i nt egrating a _passive sensor array, .

uSEHSIHT AR A0 aﬁih??'?%‘rﬁﬁﬁ@ed@rﬁ%"%]ﬁ ‘into a mattr ess
assenbl y
FIG. 21 is a sectional view of an anchor box attached to a coverlet.

Detailed Description of the Preferred Embodiments

As shown in the drawings, which are provided for purposes of exemplary
illustration, the invention is embodied in a variety of methods for mounting or integrating a
passive sensor array, to be used for medical monitoring, onto or into a mattress assembly
in a hospital or other healthcare facility.

Referring more specifically to Figure 1, there is shown a generalized system 20 for
passive patient monitoring including a sensor device 21 having at least two piezoelectric
sensors 23, coupled with a processor 24, which is in turn coupled with a data display
device 25 for providing physiological data to a user. Generally, the sensor device 21 may

be coupled with the processor 24 via any suitable connector 26 (or multiple connectors),

6
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noni toring including a sensor device 21 having at

| east two piezoelectric sensors 23, coupled with a
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di splay device 25 for providing physiological data to
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c gﬁc%ear 8 ce%?ei, Fite h\g%%?s% g]gsglgtp Tor ﬁ]é %ew%aﬂgr ?r%ﬁrngz&)le connector 26

c mmée tsed f@woquiing ithel pirdgedser szo.mﬂﬁhe datsJispldy dAﬁce 25. In a preferred .
2 30 PCTI US2005/ 005460
B Qa8 i dBASO it Samg S Befioce i il esnonor
s bt 2bwaich hmus&csi@al @fditiomyy drethes eectdaic cnmmpjr suo}g ad deireless
24 dat,a, di..spl d
5 pl'1 i gr regpgoce%sﬁ%\ﬁalsdo Irl%%hfe 5 gd tglélieg g?sﬁ%evsecc iys%&lgta shown) of a
c dnuq.plltekbytany fivablp camesivar Iidpréferreligibodimeat) deqitoceisor242ind

citbely PRYe b e o gl Al ocoscor

al so may be coupled to the existi ng nurse call system
( not sA@imapelestricsendop gqpetally adiyasarsirain ghugs i measorercbuizeoin stress
e I
@1]6 RERE e\ﬁ/jle%gte g@éggélﬁgg% %E%P g % 9%1%?1’?]6;& (;co élé%t?o data useful for
10 b @d@ﬁnd@mmmmlg A p}lﬂrelzcnef sl sehpreenseringeied edn ayraac ﬂ“lse gggsor

a [ r
o 22k} ol OPE  ABRAR ol 1AAARAH b WiRRs o i
t anayement o patcﬁat'%bosls,éh&memdpcmq&nm predice pemil eegingpl voltage

oAk YR RS, S BE AL B ey

n@ﬁep%adaﬂlytm@smp fiirées &omche matiend's bedyydansyd by the gandise cyd, the

15 12 ns§o oy o7l ?éle Lagg og@xt sﬂngwal ?‘109%‘?%“.‘ ¢ an 1(1? é?eg&e%gﬁtgﬁv% voltage

i sidnelatinelysisfs petfermed oy thegs siguplsiueis digital erocwams tgchnigess to
e i
o er P Ep S, SRS e ot e Bl logR g EREBHE Mrelo types of
C épﬁpﬁ@rmmréagemt@vhﬁs uged dpany adnapy bpcapgethey can m@tsgﬂms:gnals of
Il?téfe&@ilon{mg %Hlt a}n&gqxs Rl 83&6&1& @figﬁﬁr gﬁg g&rﬂllc't Wﬂh the sensor
tage SISI'S
20 siagnnpga. u%etnﬁgg iingt deebndpntomlsmeﬁﬁc ple@hmntﬂfe@soxs in active areas to
S i nterest from ot her
pﬁg%lg %‘ﬁ‘é#lcaloaﬂélﬁ%na s and noi se. These types of
sensors are_advantageous when used in an array,
becaus Brefah)y, sagh nicwpdectuiensor Byibg yrayds a thipfmgsadepf o m
t hRnRaklient ﬂa&ldemnﬁﬁpoﬁ;hfer Rt #s §Blazed Atingd WBSorBAPmanufacture

contact with the sensor 20 array area. Sensing i s not

SigehtonpYprtagadd. fMer@P]éE@ﬁ‘ﬁ%tthedﬂc’l%‘é‘ﬂﬁé éﬁﬂscwrﬁﬁ $tifve

25 a rafigdmdr® so SR WEed Rfce i%bﬁefd t@@l@!h’ﬁ&kﬁ@ talveise d&'fe@ér@é ﬁabv)éen the
each pjezoelectric sensor he array is a th | m
deRsusface and the bottom surface is created Silver ink or metal foils typmally are applied

to the top and bottom surfaces of the sensor element to allow detection of this voltage.

For a full description of the pressure sensing capabilities of piezoelecitic films,
their use for sensing patient parameters, and methods of processing the signals from these
30  films to generate cardiac, respiratory or other signals of a patient, reference may be had to
a co-pending application commonly assigned to the assignee of the present invention,
Hoana Medical, Inc., namely, U.S. Patent application serial number 10/301,524 entitled
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pol yvi nyl i dene fluoride (PVDF) polyner that is

pol ari zed during its original manufacture by a very
strong electric field. After polarization, the

nol ecul ar structures stay in 25 alignnment so that,

when force is applied to the structure, a voltage _
diYf? BPEHEE? pet ween the top surface and the W‘%ﬁ?ﬁs"m’"““
surface is created. Silver ink or netal foils

t VipleGiadsl s Mefo f?)!r Pfsgive T Fl oﬁlﬁﬁngnﬂle@%{réi’ﬁﬂ E% 6% taow

of the sensor e ement to all ow det@&ction

vamblighed asi . Ratemi Pybligative MNop2004A1 1445 dndups W5 200pthe full
S &fi2id3ste 6ARBPE lshbdeb7 1n0fm %ﬁ&%f&?&éﬂcé c films, their
use for sensing pati ent paraneters, and net hods of
processi ng the signals fromthese 30 filns

gener at'd PEXoH$ &B‘)te‘i‘ dhssERser gFay 2d is dopigesd t%b@ﬁ&P%edé? thg Paﬁeﬂt'

p 6btelil Qiler tliﬁfoﬁbﬁ@ﬁ&t 'Eﬁd/n&%a ﬁ]?e.@t domtadt vﬁﬁl {REPHELNG skin. The array is
ap |cat| on commonly assi g{ne to the assignee of . the

Eﬂ‘iﬂcﬁuﬁf&@?ﬁe?%%f’f COPPJ%*Q %}% ProgepRer “m??élwﬁf@;? in vy, is

bd RRAiSEHah OB aﬁ%fu'sl%i teR (Rot@RsWh)l §Pkthin th
2005/ dgﬁgso PCT/ US2 031005460 %w cegt%an ) e

N#H%%%unﬂc?f‘ I signal propsgsor anl anabmgEtcessey thatfogethgr measure the data

Noy i h@ kendbh 31'1%991?& evﬁﬁﬁ%@’wh@ﬁl@dc%ﬂﬁﬁh icant dvaii @ \Wcourring. The
Publ i cati on No. 11045 on June 1 2004) the ful

di bedsigasupitanayb ewmaélrm@m@rvé mithiadata ﬂmlma%@avd@ activated when an

I efi RReRARHAS eﬁbﬁﬁ'o?b&?‘éo‘énrﬁ‘@ﬁi%?a nhii€ ﬁﬁ%&&ss@f 1&1%24 3‘h°ave a
deS| ned tq be attached to the patient"s

6t afSadicaiedeand seffiey Rutons Androptsels fog éﬂ@wmiﬂméﬁww@ﬁmg up
p%eﬁﬁ& {tetnsSHhll PhterddiRg Hth ﬁié systern. eﬂh%ﬁfsesuuqeduw 1&%&%&%@

or coupled tq the bedsi de processor unit in
t LﬁOﬁwaﬁes'md eablipg ogornsotio éi‘l‘é:liﬁ? el sytem ﬁ]éeaéhméﬁdl%dtlllﬁ-‘& hospital or

hagR) halitynuhsq %ﬁ@bﬂocéébibﬁ Mcfiaed haShv g siivh4i ﬂlait d36epts, buffers
bedsi de unit is a signal processor and an _alarm

pravd &ewsts the sNsIGEaY %’eﬁl%&g@@eﬂ?m digitalformat Spsplhsaquent

S §iF8dRksid, MY ﬁﬁﬂ?@¥@§&@§6§ 193¢k &fonfto monitor thgl_ﬁahent's parameter
C||nlca -signitlcant event I s occurrin

fepmife yhena pespiie copdiiinmn i ercumming. &nﬂ%en aglugigy the alam

dléﬁé f&ﬁo&ahﬁﬁ/dr&t@ﬁéﬁw ed when an alarmcondition’
is enabl ed or on command by a nurse. The processor

unit 2 nunber of di cat ed sof t key

but t ondd SR PRRHEIE BoPHeoR TS 0 AP I CORPeLsnorfly

updigiad signefls mggdsa Imat thie gaiiicnt 18 manmm otd thdwubiags, e i is not in
re | ncl udes har dwaj e sof war.e

The ur S. ,
R B et B B Pattop i Btine Bcopap s b A, 08 ggother
| mﬁ‘rmldin@t i ;ﬁ'di&ssbﬂ&ﬁvdt@ an@larrh $f (r8dpratofableiof the pdiidt falls below
oce.s 4 i ncl es har.dware and soft war
© HE R R R e prothes e R LS o Cm TaS, Loyt ggpther
2 1e1:sboghmnt,&1re<pmomlaf Rfvites ialhint af 2 Heort rand oﬁtﬁa"l;aﬁbihiﬁwlﬁm a
r OCcessli e al ar rocessor, use 1.C
PRI Bt B o Bk R S RARL bR e Bhgr ffPdmAnS, an starm

demey e stvadidNarsy d@ﬁ@&tamna:f@lmwd oRBurk. SSRCeiboimntslsbund an

then tuates th arm
‘aelarmai% a negative tren occurs, such as a negative heart rate trend, respiratory rate trend

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. Preferably, the alarm is activated locally and over the existing nurse call
system within the hospital.
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circuitry for local and/or renote alarm 20 In one
enbodi nent, the processor activates an alarmif the
conmpari son of the digital signals suggests that the
patient is not noving on the surface, the patient is
not in contact wwth the surface, or the patient is
moV® HYEREBssi vel y on the surface. |n anot hefCT/US2005/003460
enbodi ment, the processor activates an alarmif a
respir
P! Rk & Bl AL 201 kB R e o "
r aQ@ﬁgmmopexr nwmigeriedividdallg rnd di mefetion toteheh qtﬂ:encﬁssmple as
ac ram, Lt _a hear

%eﬁﬁ%féﬁ olgllvi}%@é %'Jg{hﬁu?%s?{ Sy 51 1;1?%1%01%&6 f}jgra? a{)a(g ?e. st e1ght
rrapaezmhvthe sansorrekenents Pharctnpet adiaat d:lldﬂl&itﬁﬂb], to aacha:ltlar ima veriical
may. . | .vated. i f any ¢ [ ation bov .
e Y et foo ek SRR DS B, o RS A E o i
t r Bat dlongatmestpnglﬁm htnasp;nomgalmtwmthﬁw mheabysthtaeqnai-ters of an

respir [a atien ot her
[ PR "R kot b 8 Sty aRER o8 B RS i P bciBoted o 0
t haitdfle pumece&smsrtha{t cortrineticafps theiscessr digrel oaitd beddidedmit24i(fig. 1),

e e e e e e

ovemwtettad oe%n&ttomdrbuntmsmﬁbds byspfitfesn pﬁdﬁing BO mhh as neoprene for

ho -I t.al 1079 30 PCT/L US2005/ . .
Biehbimeds (Bl 30 Shadpaite et pEE St PR aifre ary, i

ar magxteﬁ‘ﬂal rm;sums?samm Sawgmch pdegm:mtnpmmms outerrsbfacs protecting the

i ndi vi.du n, relation to each,’ ther For

o St oy 336 ofilof e B ha 8 B Sl b8l acttionat

ar elegln@l isoiadjoxi, ﬁthle cokealbhickiressof tiof seador palasiay witgdidally between 1

ol o b CarBRRRR e TS Bt BB R B e

e xpeuimf epprexdimhtelyahisp tw&ﬁheimehy tweatyrfaqn'enchbdg iange ebough to span almost

hj
st PRRSs B0 ol B0 88, Bkt @R b d Rt
q umttoekss IHdesial, additonal s&mm’a O5ENSD m@semebﬁpoaﬂhmd in the bed under

|nI gt‘f erm ais 29 ' are connected to
iy Ao ath Rbnlb B AU Peb MU RO RIS ERT o0 o0 1

SI gnal to the bedside unit 24 (Fig. 1). 1In one
0 enmbodi nisitamatizelries sxamplificdin S AA-34, eacltserion cloment 28 in the array

se

R o
nebydingan pprovidea si ) 4 Fll SensoByevig wﬂbﬂﬁwgea yoe .
th Setéc‘f?efdt Kﬂﬁ@%% A GRGE %%bﬁkgrl&%r nﬁﬁhﬂgé g?/ Iﬁn(a k@¥ace bfa urethane

an exter Isture r|er es an

i mprarierishest bpadbesivesnaftedess fen d avniangd prefeeablslessdan 00 pm, thick.
the array fromfluids or other contam nants and al so

provi di Mgilpse @Eﬁbihﬂe@fhﬁd the &h&# bhd &%mﬂe?ﬁkaﬁhén@éﬂts d'ééb@:bed may be

overal | thickness of the sensor array is typically
befastlE Ranglled and cleaned, and are suitable for p acmg in the patient's bed under the

sheets to form part of the patient's sleep surface. Because the sensors are not directly in
contact with the skin of the patient, they can be made more compliant than an array that
depends on direct skin contact or specific body position or orientation. This allows the
array to be more easily attended to or infegrated more closely with the mattress surface or
interior, as desired, without necessarily being built into the bed or mattress in a permanent

manner. Instead, by using the locations and methods of attachment described in greater
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15 Mm - 7 mm and preferably less than 5 nmmthick, and
fornms a flexible, thin rectangular pad of
approximately thirty two inches by twenty four inches,
| arge enough to span alnost the entire width of the
bed, and to extend across the patient's torso from

SHOPWOTS¥ 0 buttocks. If desired, additi o RET/USRPRBT4E0

or sensor arrays can be positioned in the bed under

t I Nkt Or.i.

I gegairmverfen? Ssm%gg%ﬁytc%? R% als}yea?t'i} ,A%g&gggﬁﬁﬁ%ip%%%& g[‘@ ed

2 KitBot repdecimgStenmtire kel enesitresR3 in the array nmay be
connected directly to the surface of a carrier sheet

33 by

o ov! oAl BPsBrepaR Ha £t R 8 BB Pt doheand 2
mmarﬁes%@@mb&a@ #39‘31%1113@@&3 eseablyhypieaHz hisa foun pore Pgrounded by a

WEﬁJr@uf cBvetlel) faaﬁ'*l ogg W dﬁl@u&ﬂu&ﬂﬁm %Eﬁﬁtfl%%atgé ﬁm@nc and

uret fane carri esive nm €ss
n&ppliedhel tbv ém@eeﬁan@lﬁae@@r ammz:@ Ulep:aﬁfress dspaeibly. ZBhelcpverlet

\QAP%IIamr? gg ment s %gh}%ﬁﬂg%gl% Jﬂﬁg t e asi Iaga%an %Ifﬂg%regsl cgfe In most
c Ic@asn &, comalgt mwwla&mbﬁeea@ﬂ@ cﬁctsch poendi th@corwﬂh@mpm praipilay

LQ?lea BRsi® o‘ftﬁ]h‘}n%f&s%{et 2k c&vt%ﬁetpgﬂcﬁ a%t as

S| ee ace ecause € sensors are not- airect
C amoap@xmmhlhmph@wssb@mﬁms usnblly wiaed down, withgsymicidas lbé:qm&eepmg

rgorﬁlgfﬂ%He% %aﬁeﬂ%n a%fe b@% Sﬂe&gtelt%l&%&] Qn%etg By Hzlt Eﬁa%{s a:ce

I'n contact r s EC Ion or orientat

' Tmpscauy ploond ccvmeth@mamssayveﬂgt @smmcaseamumngrerhmremwlytmde
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I nterior, eS|re
b lmalut!faﬁtmeotq aqbasme@p@rbamm ltetw;@s thergoerlgleanddirecnte, plmﬁmm

I [

N L S
PETHosride 59 e0sued thedeamedre. bel ow, t he sensor array can
be easily and inexpensively retro-fit to an existing .
bed Mﬂd&@&aaﬂcemta%%s&{a SrvBitoh 1B MBrkeor PRI Jr CARS: shédt

will be appreciated that a typical hospital_ bed
c GFsbYascdiopatively ARRnitarfge @ﬂe%phmgl%g@%w ang, movement is

NReiueel affRed tb@l%%o@&&?m%ahéﬂ?& Safileds BRAHE, fo%fﬁliaiﬁéﬁl coverlet -
surrounded by a vvaterproof cover| et typl cal |

ofPlaged SRy oves thsmatiress Ressblyror R A Addiionsl eheisig iajerigosed

S bRieb:Eahe mat&eeﬁco?@mrc@&eﬁeﬂﬁﬁ&é ﬁ%ymoﬂﬁ&d@ap@ﬁén iRfisel Mer
mat tress assenb| The coverlet nor has a_bot t om

pdhashests preathspbe %lbﬁtaqéw%hlfhi%rﬁoab@wﬂeﬂwdha%m plgtaff. This

c Ql'eﬁﬁale' ;ﬁd @é&ner%ﬁe%@%seniﬂ?ﬁs G&ﬂﬁﬁhtﬁé for 8 phiRRl BHGAR k@ ok bed
is closed around the core with aZI per or simlar

a@éﬁ@ﬁh@?ﬂn"@ﬁﬂﬁb’ deplaysd o g aarigtyyel déﬁfer%qﬁ brapefimedicsl maress

ThaeaMBEhSnterffth&d WiliRe @birediRatResd ProyaRay per meabl e
noi sture barrier, is usually w ped down with
germ Cknd ensé eb 0 ?n%gtegxeem%hge%mﬂ(} 4, a sensor array 21 prowdedmthe form

of a separate freestanding pad or carrier sheet as previously described is arranged to be

f b BLEALAL Rely % P86 oé %%@@%ﬁﬂy 24 éﬁ%& by the

placed directly against the fop or bottom surface of the matiress assembly 32, on the
outside of the coverlet 56. Such pad or carrier sheet may be protected by a covering
envelope or other protective layer (not shown), or may be protected by the bed shests
alone. The pad or carrier may be permanently or removably cornected to the matiress

coverlet surface in a desired location in a variety of different ways.
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personnel between patients. Wshable bed sheets,
either fitted sheets or flat sheets, are typically

pl aced over the mattress coverlet. In sone cases, an
under |l ayer, typically nade of a stretchable |ow

wei ght nmesh or gauze, or a thin polyurethane film is
sWOEPISE®Wy the manufacturer to act as a v&pHPS2005/005460
barrier between the coverlet and the core, preventing

or o diEgeEminaarTels S iEmeryF Rebrd s SRt S0 s

C @M&Ein&h aﬂﬁﬂw& Bfyerf d@ @ dodé-sldedl adheaaive il aiag Be siyiplibd beveeen the

e e R
p Aldh& e has tme Nibiafila@gi fekctively GécutifiBe faicbr RMYISTERE 24 ® the

secur,e i xed t cover t

> EovrE Ruldieiss O b St sheeb AL R RVt S be 4

S gg\_teﬂed % f&\&epladebﬁnmt'épﬁi@.sg raﬁ@ﬁd 10i12] lre)leas@]inbei' Gandd applied to the

addi ti S er dis et.ween t

P o esb 8k 51k of s Sy bR fseeB of hendlins mEne] Mgt of e
f lsédsofad Br daicidt Sleset budste i is itlhed beBE matessot her  beddi ng,

subst anti all'y hidden fromthe patient and hospital

ff. h
cont or A8 e i et o g3 S R AR p b
abenniea} bedespmdaie e in)heni eptheyithesinrbaskivg r Suithhle pdrmanent

" i EPnidRES i BN R IR WEBRE, Eedthik MBlMne B

0 rs&hegbmhamcal boedeamilsdpoea!ble suck hGtitchingar sevisgoef tha pad pr

d arate f.r '
st R Pt bk & ool o RO et Rk ARFRS
aWﬂﬂ@@ﬂ fastenboms, orpiravidiug alhiplefriction iagefhordietviche the ppd arcarrier sheet

bot t om sur.f ttress assenbly 32, on the

ou &% ovelel? Oé‘a(r:e(}e/aégi:ﬁ %ﬁggn uch pad or carder sheet

may be protected by a covering 30 envel ope or other

pr ot ec apeliemyide ngilend, shiewwin FI %5r5 -retlpe sresqppest ercmaigr spet 21
I@%% Ft&f{o%he RBLREAE ﬁslﬂﬁg@,é‘ﬁ {Min 0g3 aﬁé % lﬂfedeIG 5,

per nent or renova nneet he Matiress

C OVide steaps pma@@ thﬁm@es@éﬂm patoricaEiat sh@ﬁ 2»‘1 Ay bg apsitongd fefun

d'thEﬁﬂfﬁtBuﬁﬁa s ang{é{ fRsQsdnily %Oag% chéﬁggad or

For exanpl e nexpensi ve net
atorEiehshepi21 |asa1w am baitpm saecaf theapaties eem@y ﬁay’éhe HEpS

2 SO or AUERIIE ok R BRRC B! hERRRLUSEANLLG they

e sensor

t vén befoshetbassegnaents thad jain toe@themnth bagldesshapl apdlpop ﬁ‘éelcro TM)

M558 o HEELL Yl S Sl kg ingio

c angtiresp fibunder thomatirsssend predich] in plagpbaiibesweighi mf the elaﬁress and the
ﬁéﬂt efﬁ a%@thé@e{s EQ&&%&@&‘& g@é d, ﬁﬁ:?dvt stezbs SEEIMARId80 the

e ase |1 ner C f
comers of the pad or carrier sheet 21 may be oriented in a multitude of ways such as

laterally, lengthwise diagonal to corners of the matiress, or a combination of the two,
effectively holding the pad or carrier sheet against the mattress assembly 32.

Aliernatively, as shown in FIG. 7, webs of elastic or stretchable material can be used that
extend from opposite sides of the pad or carrier sheet to provide mulii-directional support,
such as webs that capture two corners and the shared surface such as the top two corners of

the matiress assembly. Altematively, a system of large and wide straps can be used. Such .
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exposed tacky side of the adhesive backing for ease of
handl i ng, storage and transport of a sensor pad or
carrier sheet before it is attached to the mattress.
Al ternatively, permanent bondi ng agents can al so be

used such as gl ues, epoxies, 10 chem cal bonders, and
t O3PS n [ eu of the adhesive backi ng. SGTIUSRA0E003460
per mmnent bondi ng met hods al so include radio

S R Snna P R AbselP U3 o e o

s Skedtiohs dfghﬁtraﬁﬁmmcc@ﬁorith enud theaecuriogmeiheds listked @boviepsuch as

the coverlet for,.a t hrrent Qr, usin

L PTG TR G S ReY. e et YRR, ma it fo e
f combis ofrthe niattrctoaaentdyl, wek s thbee shach 0 FIGH 61, roviie eﬁhandﬁ
and t‘ﬂ%%}?’ (%rlet for a releasable attachnent. In an
aPPEPR P et hod, shown in FIGS. 5-7, the sensor pad
or carrier sheet 21 my be attached to the mattress
assenbinyeBdother aspeatghestensappad oAcardarashgst 2T ineyibs pladed Githis, or

\(/:Mé]fg(%r é%fo?%ﬁv%gﬁéf%{t&ﬁgdbté %Ba (%]al%t{e%% %g«%nlﬁ% totlgfd tﬂ?getdo or c?rfler sheet
argaingtl the oo veplair sui-fagd of ﬂammads assdnblndR, tHﬁem asshbwyn BJZFIG 8,
S % 6?0%@0&196: {l? rqlotmms' a%gl 1 % c&'%:[a il th 16%ks n%ﬁ@%%&%ﬁ? ofthe

of bottom su I'ess asse .
s trrdpcarrizashebte? 1 (nottshmvﬁ m iF[g_ )8 swdwmhﬂng thepad obaor stkeaitbetween

£ B 1S LR M TR 35,80 S Blofhr Blpelt i #16. o, the

h pedk oranactick shept Zlmmaemwmat ﬂlsmﬁmssassmnblysm thheof fabric

g'rf%mgé % Iﬂo I{&%IP %@foge ﬁ t;f%)a%e %.h‘.%t € c%]seg %l{ LD e@g&% ki gbluy or carrier |
hehett amil aiibas thelpyd oﬂtemnes}géttto ha‘msetted asitremesd tiaphtanep@tng 48

L e
oror beakrang iloOQ [{¥etcroP) fasteperpthe pad fa'mamdr shectzambd madeelectively
Wa¥Rovahfe Stﬁe Lgctk?tr o eJn)élop!e e’ﬂ% protedh %L%E #&% ncﬁ'l the{ Iﬁ)gkeit o envelope

corners o on’ of
ef4emty heefoymdiaif dnylgutaﬂiempranbl or canﬂmalhem oﬁhﬁaialag&"ﬁmbw having

FHEn SRS R e LA il U SRR 0

ugelethiianc Batedsd) orpdiéct trsappesd be:as:ned e’rseebﬁ‘or{l tudnep waten ib100¢

%fétp%tg?agrbg \éé]ﬂ&l cﬂ"Hlet atlgﬂt% B& cg 'm?cﬂglx){ }ﬁe‘éﬁ&ﬁ& Ex’thgr on the

suc%ﬁas web cor ner
s ueif sideordotitm side pfthe matpeetsmsembhrn FheprofectiteHayereanthesemred to

<358 L P AR A il o

P@Eﬂ@@ﬂ%ﬁﬂ% A ©®ne ghivadpsentyshe pyacative layeimaydedisposableand used

L7 RO o B 8 e ORI e

s queiedtivg layet 400t podkicsdrenvedipe 4é poﬁdjbehlsatto hold a sensor pad or carrier
sheet against the surface of the sheets or other conventional bedding, instead of the '

matiress coverlet.

‘When a water resistant protective layer is used to hold a pad 21 against the matfress
assembly 32, the external moisture barrier that forms a part of the sensor pad may be

replaced with a stretchable mesh or gauze material, that fits more loosely around the sensor
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tenporary or permanent bonding. Straps or webs that
secure the pad or carrier sheet to the conmers of the
mattress assenbly, such as those shown in FIGS. 6-7,
provide enhanced 5 positional stability. In yet

anot her as ect, the sensor pad or carrier sheet 21

ma
b osz th| n or under a protective |ayé’FT%1§-'f°a%‘W% 0

to the rrattress assenbly to hold the pad or carrier .
s 856
agglgl%ﬁ)? g&ﬁ%ﬁﬁgnﬂﬁgwﬁﬁ‘pi%&?%gﬁ e@:fa?ilsﬁgs E{ngﬁ t%ﬁttolo The
prelersssistens prassrEve Wpervay bdyeada dispesgtleandalpes naymeare be pleaned.
that covers the exposed side of the 10 pad or carrier

sheet 1R rhRt aiRoNRe érﬂbo'ﬁingent SemphBALIWFIGL.NG- 3D BaGurQfray

carrier sheet between the |ayer 40 and the mattress

aixtbedory oEthe aed @tcarmienshepiprarionsly desedhed, ay hapiperaicd inte the

9coveh&. TRA¢haQMhe ﬁﬁﬁéﬂe@ b ﬁ{iﬁ@hg & céﬁﬁnﬂbﬁaﬂbﬁb&le@@ﬁh B8dw coverlet
t he mattress assenb % sheet fabric formn

a cqstiniag the sensphASIEY ﬁ%awmte mﬁﬂl@ch’& A%t%h‘/élﬁc% Segingmygiiress
PeREARY ith ke cﬁﬁgn@ha%(réﬂe%ay seeundfwah kXA n@@ d

or carrier sheet to be Inserted and _renoved._ through an
0 PERTCHFORE 01 PVATIRH GG dpcrspr 41F9%- Be@w@vmwe%méwaﬁé a
BYufh@ ot i@rdaftfe w@&ﬁ MRS of & Mnbihaddd, AIREHIMRy hifdkBing tHeleover or

hook and I'oop (VélcroTM fastener, the pad or carrier
s hestletdy e mattrpss cThossd mext ingledon mnpernbmné 1qop Saptemprs (for example

p%ie?otmp br ﬁaays.emasch tﬁmMIQépﬁeéﬂléﬁ@cAv@y&rcoéé1et #ttid Dfress, or

pocket or envel ope for med any suitable

nrhf &xthaing avd klding ﬁlﬁlcp‘fﬂﬁ Obqovwbt Epy| the lpﬂsm@hwﬁt}teﬁaw&gfor

S QEBpile gL &R, &fing\Bt &fps! €Si st ance, such as TyvekTM (a
non-woven hi gh den5|ty 20 pol yethylene material) to

protect, t ,Senso or carrier sheet from.urin

vat er , 63 jon g5p Laghiy GIBP‘P?’QP orepYRrigt vche Tremedinl mops Pineape

0 ﬁaateﬁi@ld Pith hﬁ%ﬁa@nﬁ&ﬂta&t&ﬁﬁﬂefﬂmh & Bi'd@@ﬂbn&inﬁétﬁﬂe fatetiflon the
top sjde. or_bottom side the mattress

o PBRES P T oy 5y B dmvged Rebroot RS tHa FoPaLinatts,

C wemh lad théxeealsd fbgetﬁﬁ}to acﬁld tHa @rriEih Ipnd@ Ad ISztsle@heai@@Mﬁg may be
suc S orar r manent n on

o FEFBE P SOV Eha B Slob ooy P oL i e oo g i dgegeton
uskfbe aid disaTof el dpeing iPatibiedds ard tBE mombds ToRsklgyw, or the
like. I'n an alternative enbodi nent, the protective

| ayer ket envel 44 .cou t

hol d aﬁlsensor 8’%’“ Sg%“rmr ]in:eF?@ elghaeze?p aggmﬁgljg?%g t0 élose a seam
S e ﬁhacaweoér cbhales bt €Tls coverot éoverlat S61men bonsmmf tye dialwcsgﬁo 64 that
N T e
agippersd togkthermmng oalysone, 3@0 a:sthmn‘mﬂgs 2erriatineelyg ab shomlln FIG. 11,

PP S T e Py P Bl s S otiB SR SRl s
nmadtheritlah ,ontalsmlb ahd tised todlese b oascdryumd ilepednkte oSihe battond Rrface

68. Hook and loop (Velcro™) fasteners, and adhesive tape are also suitable for closing up

overlapping seams of an opening in the cover or coverlet.

In another aspect, exemplified in FIG. 12, a large opening 70 is provided at the
bottom of the coverlet 56 for receiving the mattress core 35. The perimeter of fabric
surrounding the opening then may be gathered together and tied, to creats tension in the

coverlet and prevent slippage. In one alternative, an elastic band 72 may be threaded
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WD 2005/ 079530 PCT/ US2005/ 005460 el enent s,
potentially inproving sensor signal characteristics
and patient confort. The water resistant protective
| ayer can be nmade di sposabl e and does not need to be
cleaned. In a further alternative enbodi nent

e VORI in FIGS. 10-13, the sensor arrayCTTRp3g5460
formof the pad or carrl er sheet previ ously descri bed,

MRyl g ‘Iﬁﬁl ¥ §f th€lover b E&veff@t%/*&%ull the cover
achreved b e conv ntlonal cover
arﬁ)@ww@det@nﬂo@ahcaﬂmmﬁaa hghﬁgnmsemgé nb@ﬂothﬁ;rrabtgmwemmng may be

| r L

oy e e e bl Aot Aol SEO N E i R il o

b elraststring imeiach mdtredlamtladm vftbeegeningw mat tress cover

or coverlet containing the sensor array. Both

5 alter nﬁﬁe‘t’@ﬁnﬂ{&%ﬁ%hﬂez&e&lphﬁém e1G. a8, sﬁhﬁs%ﬁ%'u\é&l to tension
H%? al'one or jn combination, for renovably attaching
t

QBT coyferlatF6 appad femattzss spse 3ot thewnderpide ob theggver or
I %#&Q_@r N?Mah@,pﬁrsuaﬁmkx 800nARRnb AR fNRIRd b Ods B ¥PI 0 in

Vel cro or straps to attachthe new or replacenent
c dhesoveor sovpeetin g Zigpag Rectetopsiashionde permi) thpftas T4napd hence

angls fRk:Ur BevelbBC1o®R Y&ikiolkd oY &Y o théRun c&%ﬁeﬁé&ﬁe@ﬁn place.

the mattress using, for exanple, elastic, Stri %
10 ¢ |Brpferablyrthe sivpes esagrand pass|teeghesserics of eelctrdipayd aloas the edge

My iRl RPRR@d, nore than one 15 material, such-as a-
patient contact material on one side and an underside

material on_the posite side. The_sensor arra )

be di spb¥La SRR megs (3P s e BHapd 16 thggdide of
artBe édverbrseatiechntig@ideRide bPthb elatiretsHad adtierM td fhe BE@ERne to

At | east og}e 1[fenln rra%{ be resent in.the cover or

c ATBFTER SHRP L IEnERR IP%%%“P FrOR CRerletiuseRge it Ccor e

i nside. The location, shape and size of this opening
15is var E:adobreseaﬂypm&n’emmpmt)ﬂmdmveﬁuonj cashplified in FIZES. 1$1and 19,

o aFc SRR B e 2R o &t clhRacd hap SRR 0P PR
ThHetvwwmn te coverletﬁﬁeanﬂ dlic ibfitrermyore 6513'1‘Iﬁetun¢efrlaywus Ih'aj'ewb!y_ #HBbin
Ohucbhah AR PRELE PR LaeL G, AO0Y a3k [ BHLs Sudess

N tress or-are " zZrppere
t oagpelokﬁdrbyaihmgerbn(fyGom Thamnsmr patclm@éaesattd:h&l to the inner or outer

20 A BSO8R 0 5 o SLUREHS e
o rfon gteelihgthe E@s@-@ad at daerier sheatyo e cava]etﬁﬁ dhi apsegknient may be

nd th er t he
R S B b Rgh Wb s b DB oo
acHee®r wreaytaa pem&gml pius thereof. tAdivkmetitady, thel sasbnagrayan be attached to
over | in eans
o o5& PR UocEATE: 8/an AR RRAN it 1180 G flocisting pderver.
25 | aAtehing dwi sagoﬂ@ralysn the undarleybr ain Helpeprotion theaump frotheoisture and
C D6 r%lg?este%c ag?zfngfg cPr%g erl a/uquthe a&dlt[fa Q}%%S,)fc malienai')’bsetween%he patient

and the sensor atray,

All of the approaches described for attaching the sensor array to an existing

coverlet (FIGS. 4 - 9), for integrating it into a replacement or additional coverlet (FIGS. 10

30 -13) or attaching or integrating it into an existing, additional, or replaced underlayer
(FIGS. 18-19) have the advantage of integrating the sensor direcﬂy into the mattress
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15

20

25

30

30 surroundi ng the opening then may be gat hered
together and tied, to create tension in the coverl et
and prevent slippage. In one alternative, an elastic
band 72 may be threaded 13 WD 2005/079530
P 005460 either fully or parti al
%%d?%@gg&edge of the cover or coverlet, (yycb‘ S?Oldgﬂ'g&“
cover or coverlet automatically into a tlght
Qa6 LRRRIFRMe all AR RRG a'b%%ﬁgﬂ{vle Shanfedi e dTatnRP
threadgg%tﬁiougmgqg T Jﬁ ég%% tﬁ string 1s
nﬂﬁﬁﬁm%yh®ﬂWﬁéﬂﬁF@@@ﬁﬁ@ﬂYv|a a drawstring to synch
and reduce the size of the opening. 5 In yet a further

al t er N 4 fether@MBHTMb:] BSlschSor Ehrly ok pr&%ﬁtmnﬁ@)&n@%so be
used to . tension the cover or coverlet 56 around 't he

maktegrass Wibip dhegaatirespcqrg iselinaibesyyerleing themaies cog, by
c Q;‘éﬁﬁbﬁgg the adyubidid thy e:dting tHaBRSs e, 8F b'/); CP iﬁ@ array between

arranged to ext end acr oss an openl n e cover
orth%lae@ﬁﬁse?re@?ﬁ e fapgr h@@wor'msgﬁthe%%swcawebn to

permt the straps 74, and hence the cover or
cover | G’bn ext@plb, asteﬁmjhﬁaeﬂ T9@QS asl-150thb edraly leiﬁhy%\pﬁbed)xﬁlthm an -

COVel. ecurely | | ace. ferably,
o RS B eS aE Y e e iay e 2. 86 Ch e bt ebelFaalesef Rt make
zé\jlnmmge cltolﬂ@(FE(d.t ?a) orcty cfahalgcmket@o oﬁ@eﬁm}; @ithe t@e&t@? ﬁhﬁﬁa
er a ernatl v ma e.a che .
GRS e T Ao £ %%?P% %{?31&&1%90%?? 1§ foamed by removing
u md.—eﬁmgdar Blbck mfmtehmemn aaﬂfaaamltsﬁﬁam QorkTEhepad of dabive sheet
nSI (0] I N e cover or

chi ev
?? %EP“IFE EII}EGPOF ”ﬂﬁ P Psgcad boryding agchors or sang; ip fhe same way -
prirdt @rffce@andbp 9ad orQbrrich @bt RMERS é.tﬁéhed QxREPItiifld Refatdbf the

Tl e P B s B R

t ecwral gl dngkuifable mdnstdﬁee tﬁabid @arriedheet %mcwﬁl the opening.

Hgﬂ%ﬁég{%ﬁ%ﬁﬂ% Lot g%ﬁ i trétg% W §f§| s}aqn%ggéggnts inside

f isbtied itSshﬁﬁtmtég‘ﬂded 18HtC Tas erehwulﬁ ien 60 itedricd intd bdavedifohal
The ensorlga ng&uﬁe atIach to the inner or outer
PP SEETET R BB &2 ?ﬁ%ﬁthe core 35 using

any of the methods described as suitable for

at t achilmggt taimghes eltesictivep@udt shnwn);theisarsmsﬁaé et caprier slwet 21 can be
c T r e hi d. Db ;

" BAfel Bhowelh o B LIVAACTE e PG 8130 R Uit B oo top sideof
u rth@mla&ymcom@n vmibe undprddee The gat‘sm'rcammr shyet 2% cawrbei satvegi talihe

p t NSQL

o ek T3 o s Rt 6, Sifah 0 o e SAMORSly
adtsclasehaitachmuiembthgdearedppopdataver t he eX|st|ng

under| ayer. 25 Attaching the sensor array to the

under | gyge 8&?&? cﬁ'ﬁgﬁh&g tQ % g‘}%laﬁ\té% s%{a[l é%)a ? Eﬂcf%gr'aﬁst dd& Siitable

and provides extra
admthcinbmﬁattachyw sAbffmmele,rmwenmmabmvamqeshp@tﬂll ey be

mechanically attached to the matiress core 35. FIGS, 16-17 exemplify the manner in

which small barbed anchors 78 may be placed through a sensor pad or carrier sheet 21 and
set into the matiress core to secure the sensor pad or carrier sheet 21 in place. These
anchors 78 may be removably or permanently set. Multiple locations for anchors 78 will

likely be needed, such as at each comer of the pad or carxier sheet 21 or around the
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and the sensor array. Al of the approaches descri bed
for attaching the sensor array to an existing
coverlet (FIGS. 4 - 9), for integrating it into a .
repl acenent or additional coverlet (FIGS. 10 30 -13)
or attachi ng or integrating it into an existin

a¥@HPOFE or repl aced underlayer (FIGS. 18"3'{‘%552%%‘\9360

t he advant age of integrating the sensor directly into

2B i o Rrte A dple Do Ay et on

ch&hg&@cwfth@mmwow t hout replacing the entire
mattress assenbly. In a further enbodi nent, the sensor

array Rfla.ttgg Baddr&asit shlaé'i\f%%ﬁlﬁl'ﬁ t]f@as‘ﬁalﬁl o9 cgﬁr mh?ﬁee\gfaﬁﬁe@d
withint attress core itsel , ei't her Yy [ acin

t W@%ﬁe%%ese ere andfye sgcurﬂdéwhedmthﬂgls tiwéxﬂaﬂdrab«;ﬁe\ﬁmam

5 t hgweie bl féﬁla@&ﬁén’i Eoverldt & £mattbss @yrep‘?ﬁésé in@ﬂli@&aﬁﬁfosme elastlc '
arra%ébet ween the mattress core and the top or otto

p oY 1B gathers.SHEpSHYRaZeYEs coverl et. For exanpl e, as
exenplified in FIGS. 14-15, the array 21 may be placed

}M t hi nna# b@)éplﬁ?du]gt@i t@&ﬁerséjt%ﬁr ﬁﬁ&@?eaam mlga %fﬁﬁ{fo&gimgee n

ayer 0 oam other naterl a al nake
ﬁéﬁegﬁf@n ﬁlsseaw&‘zﬁm%iﬁ of ecesading figpser SpesRis dabgrogpsebled and
ORftadHRg djsﬁefefﬁm& 8éRraleky t@ﬁe%&esﬁé&%ﬁhﬁ:o&ﬂbﬁ@ b4 th&@attrBR assembly,

sensor d,or carrier sheet 21. Preferaply, the pocket

10§ Jathgrthapehe PR iingprodomsd seapRy GRher BirscHicg fwever, use of the

Mefad bt @Jmefr SR8 SanelpfiaeRs pdpet llaﬁu@@%uazﬁaﬁhg of th9SnBR @leﬁ{ents
carr|$ can be secured within the pocket b¥
G&aﬁlmlﬂd caliigls removal or

useodee tugirplGhRPogordhe septor fijops, il

t Rifghckeht 6B RAr BYayA heMaitfed dsheMbipheet can be
attached to the outside surface of the coverlet.

Pr ef bl 92 of t | d f.rom.th
Cor o1 L SR 18 BT i S e
15 ornoendctisy thaﬂro@essmramrm the sa]hﬁ@tad oﬁzaﬂieﬁﬁheet 210 Ittohesy be found that a
e nti

L S e L ek
t hcﬂbceisvbr 24 ardirthe sendoe GI i that actidehtal fHieapilied & the dbike Zﬁhﬂay damage
i B8 L0 o T B8 T B 3B k. 1
al theprnasent meez(hnm,tthesﬂ&owleﬁx may besabed g firmpkychttadhingenh mhehor box 27 to
20. d twe t 1
20 ¢ 35Ehevale SR e PTG, 2B e AR ERR0 i gatepg o
si tﬁepnof:essd:r ¢ tortht tmmlsbo&aﬂ eo thet aocidénind fomﬁ @piied ¢o thd bable 26 are
e secu

p 94 i gr s h to the,

ad] pSraiteS e o557 Ft 516%"‘ %"é hP%. Bl PSE“"%%”."“E‘?‘ orflg sensor

vvaa}rayai)ﬂtelﬁlAs exémpli’&dm EIG Pl sheyancithic bod DBMal @inipaisdniEnking 106
ql% 196 %h?cgeoge et & tﬁxu.=: an enclosed box with an internal space 112. A printed |

25 circuit board 110 is mounted within the internal space, and the connector cable 26 is

arranged to extend from the processor 24 (not shown in FIG. 21), through an aperture
provided in the lid 108 of the anchor box to the printed circuit board 110. The connector
cable 26 is further arranged to extend from the printed circuit board to the sensor array 21
(not shown in FIG. 21), passing through another aperture, preferably in the bottom surface
30 114 of the housing. In a preferred embodiment, the lid 108 may be configured in relation
to the housing 106 so that, if the ld is placed outside the coverlet 56 and the housing is
placed inside the coverlet in juxtaposition with the lid 108, the lid 108 may engage the
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10 o

If the pad or carrier sheet 21 is relatively small
bondi ng and straps are suitable 25 nethods of
attachnment. Alternatively, the sensor pad or carrier
sheet 21 maybe nechanically attached to the nattress
c % FI GS. 16-17 exenplify the manner in

*m’g?ﬁ%d anchors 78 may be pl aced throuJﬁTgmgﬁ%@gwo

pad or carrier sheet 21 and set into the nattress

C q{oﬁsntlé)l d%%ﬂtra%nﬁﬁ‘ﬁt 18 %&ﬁ% a@@aged%mfe@ﬁcf vFJﬂc%Qﬁ‘ﬁBg #he fibBo of the

pl ace. hese anchors € renova

pépﬁ@théﬁﬁ hejwegathe 1ig 108 |ap¢ e h@tﬁ@gﬂ%@ the thesaneliay bex Z&is held
Wlbe A3 %h pLhdeRhndBrBReFRL

o Bl A Bl g Rl w2 LB Al Qe
20@6%@79530 PCTI US2005/ 005460 perineter of the pad or
carrier sheet. It wll be appreciated that anchors 78

My  be Feed the Foregdiiig, & Will BESpREiatel GrafBE ble@RSinG&liRn al'ﬁsws a
| arge pad or carrier sheet resenbling the shape of a

c GRRERYEFERPRECTRFISELEEY taboigearater intorn paticaisanalizies g griphs of
S eftisrad whys bREsPIRCERTR SRS RRMIISIROME o i’l@éi)l’[ﬁt sEt%ﬁE I THe tidn,

5ot{| \(t\)l cover or replacenent coverlet to a fmatt
eél

lofRRRoEs T eomyfardablectaribe peisntia heewsdtar%hid@n fmtqﬁlgthe

g aahiedt Snd Sdspitd Stafl Whezi‘ﬁ%@t Fhe sbdsoMintakntdd iR RBLBETe BldBkties of the
that .the sensor array used in _any of the foregoing

pifress yelsase @gﬁedﬁaowdawahmdéang tmppled gr erepsedpy the
ehﬁﬁ@ﬁhngﬂg@mgﬁ@ assenbl ed and attached discretely
and separately to the correspondirig portions of the

mattre 10.rather th
o BB PSP 87 B Spedfefemton,
ofit mmsopadppmenc frthoselof Sﬂdﬁ@iy skillthdd @hrfbouk AGLITCat O fRIbe made

reI t|v i oni ng, of sor el,ement s, rovi de
0 to‘f?ggr? %E’tﬁsg‘tngﬂf{fﬁ@etc’ YRS ens or flol s,

and facilitate ease of renoval or attachnent of the
sensor array to the mattress assenbly. In yet another
aspect of the invention, an apparatus and nmethod is
provided for 15 connecting the processor 24 to the
sensor pad or carrier sheet 21. It may be found that a
probl em sonmetines arises with regard to the connector
cabl e 26 extendi ng between processor 24 and the
sensor 21 in that accidental force applied to the
cabl e 26 nmay damage the connection to the sensors or
di sl odge the sensor array 21 fromits desired

| ocation. In the present invention, the problem mybe
solved by firmy attaching an anchor box 27 to 20 the
coverlet 56, as shown in FIG 20. The connector cable
26 is arranged to extend from the processor 24 to the
anchor box 27 so that accidental forces applied to the
cable 26 are
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transmtted into the coverlet 56 via the anchor box,
and are not transmtted to the sensor array 21
itself. As exenplified in FIG 21, the anchor box 27
may conprise a housing 106 and a lid 108 which
t oget her define an enctﬂéfg%gﬁélyﬁth an internal space
112. A printed 25 circ *110 is nounted wi thin
the internal space, and the connector cable 26 is
arranged to extend fromthe processor 24 (not shown in
FIG 21), through an aperture provided in the |lid 108
ofi- t he Aasysteny fop Begratingyergssiva sensorinte aped oaipgor gontinuous
- .cab .1s further arranged to extend
pmﬁ“%&%ﬁﬁ@ﬁggé??hﬁg%ﬁéksgﬁgﬁéboard to the sensor array 21
( Bhsshleaensor forfthéaitozihp,a asisst; ng t hr ough anot her
aperture, preferably in the bottomsurface 30 114 of
t AENaHERE oS a0y a preferred embodinent, the Iid 108

i ' Wol¥H he housi ng 106 so
?ﬁé?, FfQ@ﬁ%ﬂ##@ﬂﬁgﬁg aagg out%%ggﬁ%he coverlet 56 and
t vbeteiruthie sensos is gitacleddoithes¢odrerléthe coverl et in
juxtaposition with the lid 108, the lid 108 nmay engage
the 16 WD 2005/ 079530 PCT/ US2005/ 005460 housi ng 106

Wht h aTaeapstdr bf bR ¢ hvBMBinAhS 86Y <8Rt MRRABLWPRY¥H of faterial
trapping the fabric of the coverlet 56 between the

sealed togeth@godnlit thpsertsoridieregety@6nso t hat the anchor box 27
is held fixedly in place on the surface of the
coverlet, with the beneficial result as descri bed

aove. The Eyssth bielafren eghéreth the kensbt s aliectzp 6 @ inddcedf the

t hat the present invention allows a passive sensor or
coverlgb py g amadheyive d28e i ntegrated into a patient's

mattress in a variety of different ways to support

conti nuous passive nonitoring in a hospital setting.

THe t hiThe sydtdraxi blain $ ewhearci the eersonfsattbcist do & eurfadeef the

ati.ent to he 0 nd, are hidden fromboth the patient
COW“EHH“B%%ﬂPﬁﬂ?Sg?gﬁgmﬁﬁ@ﬁﬁFh use. The sensors naintain
the desirable properties of the 10 nedical mattress

yet are rugged enough to withstand being crunpled or
cbeasedhbyysi¢re of plaim dewhersin thh sensar isatiachedtp peurisps of the

cove b A BRI HRERAPRE LS SRR OByl

weldif, Wi ghoRidIWeldikiz) dndtHeat sewliaid. ous nodi fications can be
made w thout departing fromthe spirit and scope of
the invention. 17 WE CLAIM 1. A systemfor

i it egr Fiple ggst@m RESRIN S , whefll thk BRofisREdcHed 1§ YRRFde of the

cont i nuou
coverlet using an attachment method selected from the group consisting of sewing, hook and

loop fasteners, and high friction.
7. The system of claim 1, wherein the sensor is attached to the coverlet between
a protective layer and a surface of the coverlet, the protective layer being attached to the

coverlet,

8. The system of claim 7, wherein the protective layer forms an envelope that

encloses the sensor and allows the sensor to be selectively inserted and removed.
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passive nonitoring of a patient, conprising: a passive
sensor for nonitoring a patient; a mattress core; and
a coverlet configured to surround the nattress core;

wherein the sensor is attached to the coverlet. 2. The

t f [ L. [ t let i | ud
P or o Bt sibieme T dpint oufestindatuags ot 4 Acet Ao sraps.
the strhRelEREL MR Ared3o eXRRA EMELEBrOindthd hittidoss WhR € hbld!the sensor in

__sensor is attached to a surface of the coverlet using |
positicm wheteis sonee dfithent least twWhstransare farmed 6 sdgments jained épgether with

h ' h f I
oo SRTEE 4 BAEHSLBheuR AR RE S locplfef o
claim1l, wherein the sensor is attached to a surface

of the coverlet using a bonding nmethod selected, from
t e gr Shesystam pEelpigy 9.ovheraiaithe ¢avereidirsy lengthvisp gimension and a
1r | v . .
ateral i TG ofg PIsE O, 5P ARy bR fe o O ST Loty
aroundfhetdoeerlatoverl et using an attachnent method sel ected
fromthe group consisting of sewi ng, hook and | oop
fasteners, and high friction. 7. The system of claim
131 whegfl gysEé?&‘ oPEIHPY, WherSntAE BRIk Ohds REIGAUBY dRormers, and at
bet ween protective |ayer and a surface of "the
least twostrapsadxtendeom thet seosdraed engame adpicery catressodfdbie coverlat
coverlet. 8. The systemof claim?7, wherein the
protective layer fornms an envel ope that encloses the
SEMNSOr TRASysAnh BPElafl €, WRASEIthd SoRelcb@IfRIeS hi 6pdhing for inserting
inserted and renoved. 18 9. The system of claim1l,
the copeh éhreedoeni¢idneludisg o zipperepigurasdosenl de opeaing, whereby the coverlet
st.raps,... the r bei n onfigured to extend
suiro ﬁ?ﬁi:%eﬁ%e ‘g{r;%lu%% Ogg%n%%tstefglgés core to hold the sensor
in position, wherein sone of the at | east two straps
are forned as seglgjents j oi ned taogether with .a

J . .
cohnectlb Syiire et eain | divhepnghotpPens BRRiened i fdatipngr the
cover@'ﬂg dx328 sﬁﬁﬁﬁrﬁﬁ'ﬁgf%loné%‘ he% nﬁé{%xﬁee(@ 88 nGhflsEwRen MRS EMet
the coverlet has a | éengt se dinension and a |ateral
surrowhidgrgresioon, and at | east one strap is a continuous band
that extends laterally entirely around the coverlet.

14.  The system of claim 12, wherein the zipper is positioned in relation to the
coverlet to extend substantially along an edge of the core when the coverlet surrounds the

core.

15.  The system of claim 1, wherein the passive sensor includes an array of

pressure sensing elements.

16.  The system of claim 15, wherein the pressure sensing elements include

piezoelectric sensors.

17.  The system of claim 15, wherein the pressure sensing elements each have two

opposite surfaces, each surface being protected by a foam padding.
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11. The systemof claim9, wherein the coverlet has a
plurality of corners, and at |east two straps extend

fromthe sensor and engage adjacent comers of the
overlet. 12. The systemof claim1, wherein the

c
coyer | defines .an ening for insertin he core,..
ERE CovbE FEteT ALPGH o SROTBSEE PIEDHRY S B ol b fisgosed
upon PELALNhect VIR cBRIEr KRRt Bemg bitfdhed SoHHeQUs St he core when
the opening is sealed. 13. The systemof claim 12,

wherein the zipper is positioned in relation to the

coyxerl gt ext S . al el -

81 nd b Cprt e TR B P onboEbBRR b8 RLBBbs soppinuous
passiveBorerig ol 4 patldi®, conghemeof cl aim 12, wherein the

zipper is positioned in relation to the coverlet to

e& PayIVesORr dorpanifaping|afiigiedth edge of the core when
tPgR&&yggb t surrounds the core. 15. The system of

c a|w1f, &rein the passive sensor includes an array
of coyarkes surrandmgshematiteasremtsandl6. The system of cl ai m

15, erein the ssure sensing el enents inc]ude
pﬁ%i‘%%f bf?“rl?oélt’f?ég‘ig?t&eeﬁ*ﬁe M HeS\FOTARIRe £ 15,

WoRERIDhE REndBF RSBHERdSS B diflleAkfiFENt S each have two
opposite surfaces, each surface being protected by a

foam paddi ng. 19 18. The system of claim 15, wherein

car ol hE st of it APy FAFO g bS5t Rg B pentB ey of

materfaP¥RIddabgetdt to AoRMEE SelisbOfrrdyth@egbéivey a passive
sensor into a bed to support cont |1 nuous passi ve

nmoni toring of a patient, conprising: a passive sensor
fgy mo 'i‘gé %&J{}ﬂ of‘clﬁﬁx{l b8 hereift tH@getnégrsﬁ aﬁ&’%l%éi 1R SHREPthe
sirr oundi e nattress core; and an underlayer
underfagsi dsipeitiedieé. ween the mattress core and the coverlet;
wherein the sensor is attached to the underlayer. 20.

The system of claim19, wherein the underlayer
| B] Ud§He kYerh BY Blafin 90, wHBLRIh&len36iak 8HadiRI®S B SrfAR of the

hold the sensor array therebetween. 21. The system of
underblyer wsitigds barderginathpi eclsead from the gtavpciesisting of radioffeeguency

weldir?gf, u‘it?e%onic welding, and heat sealing.

23.  The system of claim 19, wherein the sensor is attached to a surface of the
underlayer using an attachment method selected from the group consisting of sewing, hook

and loop fasteners, and high friction.

24. A system for integrating a passive sensor into a bed to support continuous
passive monitoring of a patient, comprising:

a passive sensor for monitoring a patient;

a matiress core;

wherein the sensor is embedded within the core.

25.  The system of claim 24, wherein the core includes a first layer and a second
layer, wherein each layer extends substantially over the length of the core, the sensor being

positioned between the first layer and the second layer.
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under| ayer using adhesive. 22. The system of claim19,
wherein the sensor is attached to a surface of the
under | ayer using a bonding nethod selected fromthe
group consisting of radio frequency welding,
ultrasoni ¢ wel ding, and heat sealing. 23. The system
of claim19, wherein the sensor is attached to a

spig.f acenofystdieof MRREDS AVIRIrei Sl pikatns Airindd YR PbrtidRloT @k core,
sel ected fromthe group consisting of semnn%, hook

the sensod bting positienadrwithin thenpbcketpndiooveret b a laver oAcerggpatenial which
1 E@r i ntegrating a passive sensor into a bed to support
closes 7@?%% us passive nonitoring of a patient,

conprising: a passive sensor for nonitoring a patient;

a mattress core; wherein the sensor is enbedded w thin

t 3% corbe syptem ghelawy 3f.aHheseindhasensads atiprbed fha syréace of the core

' irst layer and a second |ayer, wherein
byapé%%h% 5§gﬁbéxtends substantially over the | ength of

the core, the sensor being positioned between the
first |ayer and_the cond | ayer. 20 26. ,The system qf
cB& m 34¢ syitran ef plagn & cwlaareindle snsais plached i ¢ g‘B%F‘CSPQ the core

byar&ﬁ HY Sichot N€ Sensor being positioned within the
pocket ang covered by a layer of core material which

cl oses the pocket. 27. The system of claim 24, wherein

t sensor is.attached to.a surface of,the cor a

ot arisahErei5aE & pher b SPRIER ety e piress
assemb}BnIAATR": dose Ald AedR el RirRdubding AsrcdRé, shillesysiefconitistng:

réenovabl e anchor. 29. A systemfor securing a passive

sahgwting bavangyiit epesEng; assenbl y, the mattress assenbly

PSR SO N A I R AR A i

space @@ viadlisdalscthe opdniigeir ed to seal the opening, the lid
and_hqusing toget her, defining a space when the |id
sasireuit beard pesifiorpd Withip ths §pa%o0ar d posi ti oned wi t hin

t Q?ir% Q?ﬁl@ ;ex%nfrliingsffon? Al Brc i b8 188 Jn@tRd8 aGirb&idr;

boar or connection to a processor;
a second cable extending from the circuit board for connection to the sensor;
wherein the lid and housing are configured to capture a portion of the coverlet when

the lid seals the opening, thereby holding the housing in a fixed position relative to the

coverlet.

30.  The system of claim 29, wherein the housing and lid are configured to produce

a snap fit connection to each other.

31. A passive sensor system for connection to a mattress to support continuous
passive monitoring of a patient, comprising:

a passive sensor for monitoring a patient; and

a coverlet configured to substantially surround the mattress;

wherein the sensor is attached to the coverlet.

32.  The system of claim 31, wherein the sensor is attached to a surface of the

coverlet using adhesive.
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a second cable extending fromthe circuit board for
connection to the sensor; wherein the Iid and housi ng
are configured to capture a portion of the coverl et
when the |lid seals the opening, thereby holding the
housing in a fixed position relative to the coverlet.
30. The system of claim?29, wherein the housing and
331 ar eh&QRtdn9bf Qdint 91 RIRHE he #nSAEPR aftddhed ﬂm Qtice Bf the
to each other. 31. A passive sensor system for
coverlgtorsingna banlingmathedseleetsd fiom e grwimt consistingefogdio frequency

assive.nmonit.oring,of a.patient, conprising: a passive
Weldltggeﬁ%ﬁmfl%we%ﬁg’tag Pﬁ%}s al ient; and a coverl et
configured to substantially surround the nattress
wherein the sensor is attached to the cover]et.

THe sySheswstim ef elpimm 31, whprsteibg senser isatigehed;te aaﬁnffmahe
coverh MRS oy oy SAUSEL Bl PBUIESLING oS popk and
loop fasten@rsS wid high faftidlhe coverl et using a bondi ng met hod

sel ected fromthe group consisting of radio frequency

wel di ng, ultrasonic welding, and heat sealing. 34. The

syst emppf S}%@ BY Adim w%ﬁéranttn@c&%né%cmaemoqﬁyag omatenal

a surface of the coverlet using an attachment het
sealedgegetidrad hbldahe sdwsogthegpetv@asi sting of sew ng, hook and

| oop fasteners, and high friction. 35. The system of

claim 31, wherein the coverlet includes two |ayers of

g er i @The sydh 86chRE S Nekerbia thokdhsdHi8 afi&he@ ko the coverlet between
t her ebet ween. 36. The systen1of claim 31, wherein the

a protessive &ayer andia surbive @f ths coiverleiolepraectistigess heing attached to the

Coveﬂ@{otectlve | ayer and a surface of the coverlet, the
protective | ayer being attached to the coverlet 37.
The systemof claim31, wherein the coverlet defines
an_opening for inserting the nattresgq t he coverl

i A& udil AgSwstem phelpine g by Wigipiadhe e vsalst defiies apaprmig for inserting
the mAPELCRY chi&et ﬁf&‘flﬁﬁﬁ%ﬁ z@#ﬁf Bt g@ﬁtﬁer fﬁ%ﬁlﬂ%%ﬁe&iﬁthe

opening I's sea e syst em of clai h 31> wher el n
coverlehairmouds the madtisess ovifen ghir epbning ide¢dledk an  openi ng for

inserting the mattress, and wherein a hem surrounds

t he opening, the hem

38.  The system of claim 31, wherein the coverlet is configured to define an
opening for inserting the mattress, and wherein a hem surrounds the opening, the hem
containing an elastic band configured to reduce the size of the opening when the elastic band

is allowed to contract.

39.  The system of claim 31, wherein the coverlet is configured to define an
opening for inserting the mattress, and wherein a hem surrounds the opening, the hem
containing a length of string configured to reduce the size of the opening when the string is

tensioned.

40.  The system of claim 31, wherein the coverlet is configured to define an
opening for inserting the mattress, and wherein straps are arranged to extend across the
opening, the straps being configured to reduce the size of the opening when the straps are

tensioned.
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contai ning an elastic band configured to reduce the

size of the opening when the elastic band is allowed

to contract. 39. The system of claim 31, wherein the

coverlet is configured to define an opening for

inserting the mattress, and wherein a hem surrounds

the opening, the hem containing a | ength of string

ceNf i 9UrRdsivOsdnd tehfor SbifcRbn IPmBRRE PGu cddiBuous

string I's tensioned. 40. The system of cl ai m3l1,
passivemematoring h€a patient,| einprisingonf i gured to define an

openi ng for i.nsert.ing the mattress, and wherein straps

aggasﬁ}vgﬁﬁﬁsé’a f?r(}n%g(l%ogﬂ@ a&%ﬁugﬁtsa? e opening, the straps

bgh AehesRBNdyeH h@ALED td £6HERe b theSeAr 8r diAchBAR M {1 mattress.

when the straps are tensioned. 22 41. A passive

sensor systemfor connection to a mattress to support

ng{)l NYRY ass%ségﬁs\(/)f‘ PR 9 Efaﬂ'g 4?,f wherBALhE Mnsor sgsttem in?I_udes an

c ri st ng: "a passi Sensor for’ nonrtoring a patien
array @hste@Orexdhsifg vRnleaer attached to a surface of the

sensor for attachnent to the mattress. 42. The

passi ve sensor system of claim4l, wherein the sensor

syst emni ety - j :

oS ot PR B S 4 S AR plelflne senyips cloments
includeipdrzetlectrio@egoesssur e sensi ng el enments i ncl ude

pi ezoel ectric sensors. 44. The passive sensor system

of claim42, wherein the pressure sensing el enents

eagn Naue phitheQBRA? ki et W ERGBI2, RRGBINTHE pREQrO &IndFhg clements

protected by a foamPpaddi ng. 45. The passive sensor
each haye tweropifost ainfacee, caglhsurica being pmts@t'ﬂde by sdepsp padding.

includes a carrier sheet to which the pressure

sensing el ements are attached, the adhesive |ayer

basng Tat paghedehsdr ket df tlagth 48heRéreindhic pdRivcpassd ikludes a

_sensor system of claim4l, wherein the adhesjve | ayer .

carrief shegt iowrhick theguessasssnsing elements a5 #icheds Bipadhpiige layer being

aumm9%9§§é%§Hﬁmbﬂ%?r' 47. The systemof claim1, wherein
the passive sensor includes a sensor array disposed

upon a carrier sheet attached to the coverlet. 48. The

syste f claim47, wherei.n the._sensor arr is )

atbachdde P ReSERTOE ST of Bimal, Fhapmdhe efiglyR fyer is a two
sided 3HR8R/e\¥8m having a removable protective layer.

47.  The system of claim 1, wherein the passive sensor includes a sensor array

disposed upon a carrier sheet attached to the coverlet.

48. The system of claim 47, wherein the sensor array is attached to a surface of the

carrier sheet using adhesive.

49 The system of claim 47, wherein the sensor array includes piezoelectric

sensing elements and pressure switches.

50.  The system of claim 47, wherein the carrier sheet is formed of a urethane

material.
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49. The system of claim47, wherein the sensor array
i ncl udes piezoelectric sensing elenments and pressure

switches. 50. The system of claim47, wherein the
arrier sheet is formed of a urethane material. 23

C
5 The, system of claimA47,, erei.n the .carrier sheet
"3 L.at { B BEH4D ORGP Al WHRKEiP AN EATHET RS iC BUShPRIO alggher
surfack BRthelddGetd! o tRht RO8S e sheli i RAPEEIRIWERENNE Bfverlet and the
coverlet and the mattress core when the coverl et
mattressicoreo whets thehepverdet suerssndsghe magess Tore. syst em of cl aim
47 wherein the carrier sheet is attached to the
coverlet by welding. 53. The system of claim47,

VBRI ei The §yea 6f blRinh B? wiIRRHPheafritY sided i MMabR t8ftheédcoverlet by
pol ari zed polyner film 54. The system of claim 1,

weldingher ei n the coverlet includes two halves and a zi pper
configured to join the two hal ves together around the
mattress core. 55. The system of claim 31, wherein the
P83.Si VEhS eyxn of clain 42 swhersianemyorsinrthy sendbisqreasade fipmied of a
.a carrier_sheet attached to the coverlet. 56. The
polarizgdpalyme fils)- aj m 55, wherein the sensor array is
attached to a surface of the «carrier sheet using
adhesive. 57. The system of claim55, wherein the
sBfsor Tae sysgem of tlated, whezimahe covarlet inskdss tvgp dlessentl e zipper
and pressure switches. 58. The, system of clai m 55,
confighpieh Bt s ety CEth o i HBHRGH Sdkevr ot hane
material. 59. The system of claimb55, wherein the
carrier sheet is attached to an inner surface of the
cbfer | dhe sptem Dhelaig $1 ewhertindhapassiys sengaeinsiuges pecnsor array

. carrier sheet, | ttached to t coverlet by welding.
dlsPo%a.uP%'é‘c@%f %l?ﬁeg?@aéﬁ‘%‘%#%tg%fmwg ‘ein sensors in the
sensor array are forned of a polarized polyner film
24 62. The system of claim 31, wherein the coverl et
i At udd e sYHeIR &f ¢lagn gﬁdwgerglinﬁb@ﬁensor array is attached to a surface of the

carrier sheet using adhesive.

57. The system of claim 55, wherein the sensor array includes piezoelectric

sensing elements and pressure switches.

S8. The system of claim 55, wherein the carrier sheet is formed of a urethane

material.

59.  The system of claim 55, wherein the carrier sheet is attached to an inner

surface of the coverlet.

60.  The system of claim 55, wherein the carrier sheet is attached to the coverlet by

welding.

61.  The system of claim 55, wherein sensors in the sensor array are formed of a

polarized polymer film.
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configured to joint the two halves together. 63. The
systemof claim?29, wherein the |id and housing are
configured to capture a portion of the coverlet along
an end of the mattress. 64. A passive sensor system

f use With ttr stos ort .cantinuous

B8 t 0Tyt al s Shovie e G R BRES ALt a zipper
conﬁg%ﬁi’%@ mﬁf@%@\%ﬂaﬁv@sé @y for monitori ng a pat i ent

sal i]) bei ng di spgsed in a patient's bed on a top

surface of the mattress under the pat| ent and on the

OE#tSihg a cgfﬁrl eﬁ%r eé%}PIEKIF Isc%l/ m of Clgaié%nlfﬁg%redto capture
aportﬁﬁ@ﬂﬁ%%&@ﬂet%g%@nﬂ@ﬂl&hbﬁ@&s 66. The syst em of
claim 64, wherein the pad is disposed on the patient's

bed under a bottom sheet. 67. The system of cl ai m 64,
rei r Xe L
WREL el B S uPLEEORL SR LF pSEURRE (ERIRLNS B continuous passive
momt&%ﬂga'ﬁwpaﬁiseﬁt,eﬂmpﬁsmgal m 64 wherein the sensor is
prot ected by soft foam paddi nrq W t hi.n the pad. . 69.
OR

TR @1eZgedtic smser anbgdgad %s%de mangoHng p PRiiEN, BidRadhsing
disporh i/ RRAUADE 5Et G o, RIEC Y o PGS ipdch the pelenE ] e
outsideofinectertt.t 0 the sensor for nonitoring patient data

fromthe sensor to determ ne whether a negative

condition is occurring, said aI arm processor being

CBYP! eqnt Gystdin BRIk, AHARECGRD ﬂ%@bﬁﬁééﬂ% layer disposed

activating an alarmon the nurse system when sai d
bememgmpad@ngmanﬁmn occurs. 25 71. The systemof claim

70, wherein the alarm processor activates said alarm

if a heart rate or respiration rate of a patient

f 86l s et ey¥ten bT it 63 Nalic@eiarthepalie dispoEad onLthe phitddn€s bed under

72. The system of claim 64, wherein the sensor
abottoryihedr s patient parameters selected fromthe group

consi sting of patient novenent, patient position,

respiratory rate and heart rate. 73. A passive sensor

S$3t enmihé syssam wf tlhina 64pvhareinghd pieseebapiiid seneortdompoisss a

si.ve oy s . .
polariggds polymer film with piezoelectric properties.

68.  The system of claim 64, wherein the sensor is protected by soft foam padding

within the pad.

69.  The system of claim 68, wherein the soft foam padding is surrounded by a

moisture barrier.

70.  The system of claim 64, further comprising an alarm processor connected to
the sensor for monitoring patient data from the sensor to determine whether a negative
condition is occurring, said alarm processor being coupled to an existing nurse call system for

activating an alarm on the nurse call system when said negative condition occurs.
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nonitoring of a patient, conprising: a piezoelectric

sensor enbedded in a pad for nonitoring a patient,

said pad being disposed in a patient's bed on a

bottom si de of the nattress assenbly. 74. A systen1for
nsar jnto a bed to

cohi bt 8ET ! forior e BimaeRGreaRyctvRRS id alam it

heart 2Rk SiGon ?&t@@@@ba‘ﬂ’enﬁf’a@ 8Elolod miRiuhOfatd @ aBoPdh hRinum
a mattress core; and a cover configured to surround

rate. the mattress core; wherein the sensor is attached to
the cover between a protective |ayer and the surface
of the cover, the protective |ayer being attached to

the COYBE sy st o PEIRiL 64 JWieerbin Yy sehedrthéigtoddipatRAvEdraneters
t hat encloses t he sensor and allows the sensor to be

selectesefremithe gioyp carsisting®f andent mayswent, patgent position, respiratory rate and
heart rate.

73. A passive sensor system of use with a mattress to support continuous passive
monitoring of a patient, comprising:
a piezoelectric sensor embedded in a pad for monitoring a patient, said pad being

disposed in a patient's bed on a bottom side of the mattress assembly.

74. A system for integrating a passive sensor into a bed to support continuous
passive monitoring of a patient, comprising:

a passive sensor for monitoring a patient;

a mattress core; and

a cover configured to surround the mattress core;

wherein the sensor is attached to the cover between a protective layer and the surface
of the cover, the protective layer being attached to the cover, the protective layer forming an
envelope that encloses the sensor and allows the sensor to be selectively inserted and

removed.
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