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| NTELLI GENT MEDI CAL VI 3 LANCE SYSTEM CROSS- REFERENCES

TO RELATED APPLI CATI ONS Thi s application clains the
wheoshsis2of U.S. Provisional Application No. 6B¢BRS2064/@40379

filed Decenber 4, 2003.. . Thils application

i ncorporates by reference copending U.S. Application

No. 09/ 662 INMELKIGENTEVIEIDIEIAL VEGH.ANGE SMSTREMENTI ON

The present invention relates generally to nonitoring

systens, and nore particularly has reference to
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ﬂEQQQ@gg&qu@@@ﬁ dromslness or other state that nay
have | nmportant consequences for that person or for

ot hers. BACKGROUND OF THE I NVENTI ON Medi cal nonitors
havel Ibearplicatlmmcbxppramhy wptezense caggudorg UyS. Appticamin No.
r.s. |nc e patient nonitors prescribed by a
Oﬁ@s@ lgﬁts eﬂ 1’§ Yion-1CU setti ng. Wile typical devices
may be suitable for the particular purpose to which

t hey address, they BRIELIMOF HSEINVEANION or provi di ng
an invisible "safety net" for a patient that wll

obs eThegpradeslt imRrahticitrel abdiben&ally td Iﬁoﬁlﬂﬁj@@@fﬁnﬁf aridl more
clinically significant negative condition, notify and
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astfound in 1CUs) and thus have a high fal se alarm
staig fhat meyifi3veiennorant eansemicpess dar atnarson arfesethemsni t or s
are not usually connected to a renpte alarm so |ocal

al arms sound, digg, W%ﬁqﬁm Nﬁ} famly and

friends and the mo e vari ous ¢ |n|C|ans
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the patient's

While typical devices may be suitable for the particular purpose to which they
address, they are not as suitable for providing an invisible "safety net" for a patient that
will observe and analyze, and, only in the event of a clinically significant negative
condition, notify and report the event to the care staff utilizing the hospital's existing nurse

call system.

The main problem with conventional medical monitors is they are designed to
respond to rapidly changing situations (found, in ICUs) and thus have a high false alarm
rate. Outside the intensive care unit, these monitors are not usually connected to a remote
alarm, so local alarms sound, disturbing the patient, their family and friends and the
workflow of the various clinicians providing care to the patient. Many attempts have been

made to make alarms more meaningful.

Another problem is that standard devices require contact directly to the patient's

skin or body via cables or wires. This means constraining the patient's movement to
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skin or body via cables or wires. This neans

constraining the patient's novenent toprevent
wale@somsect i ng t he sensors and al so creates a PEnys2000640379

ent angl ement or strangul ationZ2fromthe cabl es.

Addi tional [. t hese devy ges ' iye
orep b SRt i S he A AT s L B trbaritoBER e
streghfafibil @@nd Rdicybied) aAddifloRIBY tefe Deviqee fateyrelatively, expeimsesho
exi sts for sinpler, |ess expensive and npre. accurate
pumbkdshadd séroewhasomiplesi to epeiatearediig hsHneoindhdus to operate
si?gni ficant negative conditions and reporting these
PIOR7R#its. This invention addresses these and ot her
needs. SUVMARY OF THE I NVENTION Briefly, and in
genghad, atreedrexists fier shinpleeritssienpearsivecmdinmre lavagate nmswds for
and i nproved intelligent. nedical vigilance sysfiemfor
oA ¥ Vi) BAM PIAPLSTIB 6l SISTERY TRetvecR AR GRLHHL Qo g these
evéid! ¥9&3n nﬁgﬁ.%@&e?cs_eyfﬂegéaﬁ&ﬁérne%.y in the event of
a clinically signiticant negative condition wll the
device notify and report the event to the person or
the care staff ofSEMNARYHOEZHE MEENTIQN utili zi ng,
for exanple, a hospital's existing nurse call system
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w intelligent. medi cal vigilance,s .chyi t
e B AR bl b OSSR B Ry 5B 1 o
doiﬂ_E?{Heqﬁivéﬁﬁoﬁl BYtefds thBQigllah&¥ capbbilifyesidcadacADOf the hespital clinical
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staff sostbait their pasetrees et bermergiefiepiivelpgppligd- of exanpl e and
not necessarily by way of limtation, the invention:
genekral | onpLi [ ] : :
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The sensing_ array preferably i

vigilaapp aystesn Mhichse Rt agcialem Gragen eﬂé’@ﬁ%n@ﬁéée'sééng gygn implied by
ang g% E}I{éﬁgﬂgﬁg él\r%(%%é n@bFsAYittr aRRBSP rPary hfihffdnitRersH t

ottom sheet of the patient’'s
hospital bed. The sensing array is not directly in

contlaatpresiently prefersidi emtafdimbng, pawap of exapinle prd nétaecessarily by

physi cal . bedsi.de unit are.a signal processor and.a .
i Of i isme e veph ersly somm oy Pat il Pl to @ sonsing
aryRpABEd dhdet itRipaRbhty afi @MHnf dxtin hBYRMAL ninSe call system via an

interface. The sensing array preferably is a non-invasive piezoelectric sensing film or

other similar sensing technology, with an array of sensors installed in soft padding under
the bottom sheet of the patient's hospital bed. The sensing array is not directly in contact
with the skin of the patient. Within the physical bedside unit are a signal processor and an
alarm processor that measure the data and evaluate whether a clinically significant event is

occurring.

The bedside unit is a wall-mounted unit with a display that becomes active (comes

on) when an alarm condition is enabled or on command by the nurse, by touching any key.
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occurring. The bedside unit is a wall-nounted unit

with a display that becones active (cones on) when an
wa@b@sisssendi tion i s enabl ed or on conmand by tPET/IB28€040379

by touching any key.lt has a rBunber of dedicated and

o ftkeybuttons .and controls_f Qr. .81 ornat

1o Bt o CRRE AT e RENET Bt Frard P R b i toPation
seﬁi)ﬁghs %eeﬂ?@ itS@E ghd ﬁlt@'éétﬁl\g With thetshétBm. pi ezoel ectric
fil'mor other simlar sensing technology, with an

array of sensors sheathed in soft padding that is
easiThg sensngamay ista thin, pwa@féwm%ﬂ{m 8r piReT gmilag sensing technology,

Wlﬁ‘g d e%rré}gogft %31%0&‘59 gﬁeﬁﬁ}% gcﬁ{]?aﬁﬁg @ggéllsfg:l dneld e?ﬁ?ﬁ?&ced in the

y I n con | n o e pati
patitnt@dedherdenthe Hottbeckhiestt (and dstheﬂ'wdﬂrrgsﬁnmd\%é) et dirdcfly in contact

wﬁﬁﬁ%@%&ﬁﬁ%@ﬁ%ﬁ'@ oft e B BB PIed o 116 TRy Aov et ifdesired. The
m§ﬁ1ﬁ>trﬁl§%&stéﬁ 7 5f28er® invenSoPings Els b8 ubRBihichk: T’i‘% & mBhifR9he state

ress res iration rates. e nurse call feature
oﬂrslamdna offa sabjebtavid hearerats d»tdodmr@smdmd atspimaon mtes.
connect to a nur se call system al ready i nst alled in

t he hospit al car.e cili The SI ro ssor is
el iRiste bl RS S byl Hand i, o0 2Bl SRR gbneot to o
n@@caﬂ%?&‘t@ﬁﬂa?reﬁ@ﬁrﬁ%‘ﬂ%@ in i haphifl 8Ne fa’éﬂﬁy a’Fﬁé 41®rocessor is
di gi t'al format for subsequent processing. The alarm

mpdeamecsfst@rdwme end seftware dhateedeptss buffiess pad eonvers therseneps array

det { t
S0 e SRRt Rt PRI | Bt o s
logi%'T@hﬁ)nﬁbﬂih@%;aﬁ%éteﬁ%@ﬂéfﬁnd@étm’ﬁﬁn@ﬁﬁ&nt Pndg@fio¢ Eondition is
adverse trends before an energency condition arises.

ocaluring) &t then aefyates therakarm cifcutinytios lasgl and/grgematesdargy oft alarms
t th [
mfl%'@ esrr?{lle{)] Irepo Iagggl ttr%ll S I;Efm% ah%%?ééygf gondl ?8’1{, %‘-fgégs All alarms

i*gen ical vigilance

mBy REQBEt Wit/ temfing atrsbealbsiapineth thehospiral.as a
noni toring systemfor operators of nDtor vehi cl es,
alrcraft or, ot her devic pres L nvention

i nst & alisgnatize sHEoGMSHEY Séd\ﬂte ehirge %Vﬂ@lapg@ m#gﬁ 8f thy present
1n\(zﬁ{tﬂlfn \ég B %h ted i uSERL a nﬁﬁﬁ&%&&steﬂ?ﬁg Bﬁ&ratoﬁéﬁﬁﬁto? Yehicles,

rivi g jacket, or a driving cap. One or nore
aisoeafs or sthemdevives | Ehapaadent mnveation angalidd ihenator orere of the following

pro e for i oved feedbac vehicl e ratar .
e af S PRI oo SeatSrehrashitesh Seofnew BB Ehfthpacket, ora
dI}?‘Hh tay %rbﬁee&stﬁ&% sefd¥s ﬁﬁ?%@ I¢cated ih BEHY, bﬁlll RchfigiPrbvide for
I nformation about the patient to a central processor

mmroVetd ﬁevdhack h&he getiicle @perator neaydiior dany aowristiattethygent or a necklace
ﬁ% q gx The processor
with built in sédsors.

The sensors in the vehicle transmit information about the patient to a central
processor built into the vehicle via hardwiring or wireless technology. The processor
analyzes the incoming information and outputs data as needed. The vigilance system can
be used to alert drivers to approaching sleep states or other potentially hazardous physical
conditions in order to reduce accidents. The sensors measure heart rate, respiration rate

and movement of the vehicle operator.
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anal yzes the incomng information and outputs data as
needed. The vigilance system can be used to alert
walei03053824 0 approachi ng sl eep states or ot her PCT/US2004/040379
potentially hazardous physical4 conditions in order to
reduce accidents. The sensors neg@#Le heartk{at

. e .
r es HRFLETPER! HatteSignRls A5 PETISHY CBESTHEOY &pPigVige an docurate reading

of B aafnﬁfs 3@@& kgt Qukangh SRe ShPBIRLE prtksuraCThid@bNcellation allows the
caricel 'ed out to provide an accurate reading of the

manétbiing systenh tmoperata efectivelpinrhigh barkegrpuad apige snvisenments.
pressure. This cancellation allows the nonitoring
systemit.o.oper.ate ef fecti [ b hagkground noi se
envﬁ?mm@?{lﬁgﬁ olrﬁ‘f“(gflﬁ(g%l?do%&lgmg %o recorded and
avai l abl e for study. The present invention provides an
i nt gihkipgeit ifRditionlprosi@sl ariaellipest maditdlatgitmee systeas that
many of the shortcom ngs of the prior art devices. In
overcpmes mepkaf beishertormngs ehbe pras@htevitfent i on provi des
an intelligent medical vigilance systemfor providing
an iyl ?éf@%@d grﬁ?&ﬁﬁﬁénﬂ?ﬁ{ "prfeééflt D EntRALIr8AHed 4PinteMigdnt medical
observé and ana yze, an(f, only in the event of a :
vigilanoé syateny fosipgoviding antinvisibket "safetyowtidior thematigaitthatywidlabserve and
report the event t he .care staf.f ytilizing the .
enRlgaat o5y EERE Y oha ey Pty BpipBpgpotify and
re r?tfh]@ leb &l 16 RQANRAT utilififg HRMRRPHAS cRisANE A@Se 84ll system.
I ntell'igent nmedical vigilance systemthat observes

(nmonitors) nultiple physiological signals wthout .
di r dute feither peefrred embodimeat, the inventieaPrevidescinyatelligephmedical

Jd.nvention provi des an int ' t [ j di :
vigglREE R b ot e S bR R R G st A But dirco
skid@inbRt the paraneters are within normal |imts or are

tending to go in aclinically negative direction. In a

further aspect, the invention provides an i ﬂt elli gg.nt ..

medilaart  futhensrphodipent e lﬁ&%ntweyesw@est%me 1gent medical vigilance
sy&g%s‘th?g a%giy%?é thP ﬁ{f@ﬂﬁzjg’cﬁﬁlsc AR RIR IR thel fobifetels ard'Gifhin

over tine’ Tnyel a Urther aspect, the i'nventi on
nopmaMitl#s ovare itetidalg to gerih archidically negatjive ditediony st em t hat

notifies the nursing care staff when a consistently

negativ Ituatiop i s detected via. exi st.ing nurse

car ingyiGrtBen asbest he iRt erigor ey i inte Geght et Bl y{RHERCe system
thASREGs the PBysi A1 S04 FARanRs 64 iafl@ Proviids AttRInt 08 ¥ SRdlitingd.

vi gl l ance systemthat persistently rem nds nursing of

continued violations or worsening situation until |

i nt inveshe fwther aspscts thedavettion pravides aagpleligeptwodigesigiance

sylstré}netlhlaé r%?ﬂites %dﬂu(r:sﬁrllg G 's%a%ﬁen a consistently negative situation is detected

via the existing nurse call system used in the facility.

In still a further aspect, the invention provides an intelligent medical vigilance
system that persistently reminds nursing of continued violations or worsening situation
until interventions are successful. This aspect provides an intelligent medical vigilance
system fhat extends the vigilance capability and "reach" of the busy clinical staff so they

can spend time where it has the best clinical effect.
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system that extends the vigilance capability and
"reach"” of the busy clinical staff so they can spend
wo 2evs/09dses e it has the best clinical effect.|nP&mnosives/040379
aspect, the invention provide$s a sensor systemwthin
vehicles that alerts operators o _dangerous..,. .
phy 37 BT aspectdia e RRESA B0 Sl Vithin vehicles that alerts
op SRR So/Uangerdhé hhyjsiolbScARBA!SnLEY \pmqatim?aﬁr ele/opeTaiaaaability to
and ot her "advant'ages of the invention will become nore
opapisaaquipment safelyhe f ol | owi ng detail ed descri pti on,
taken in conjunction with the acconpanyi ng draw ngs,

whi il lustyat f: . h

e IR B BB R AT b L et om e
folldvaig dethilbd déscHpaen, aaReafin tdrgunctigh Ivditicihe aocunteaniying drawings,

system of the present invention. Figure 2 is a block
whichidlugirate b wey el spapls, ptyrss of thegiyenton; s 5 dj agr am

showi ng progression fromnormal patient condition to

negative evenipfl pRYGEIPTESRAVS THE DRAWINGSS a tine

plot of nultiple paraneters, show ng vari ous paraneter

vi olgat ] bifincEnOHitGrimy dyStelbt thP bfesent invention.
par AR5 FRh P bFine e i ik e of P pfhsent nvention
s a diagram showi ng various configurations of sensors

i n Figwhi2ds e bldok T drid oDESGRbEI fanet@Rs THE PREFERRED

EVMBODI MENTS Figure' 1 illustrates an intelligent

medi.cal vi.gi l.ance syst.em 1. whi ch. conpri ses..a bedsi.de

Ui HIBATE 2 GTHRGHCR 510 SR LI ar iy O Raigpt SRR t
nepReRAEhOMDInuARGe@ons. t 0 an existing hospital call

system 7 via an interface 9. Wthin the physical

bedsi de unit 3 are a signal processor and an al arm .

pr odégwert is hél@ner@ats‘efrréul%nb rezameterssheving ¥aTiouUg Rataster
ViCll %.icg}ixsca%ldla}/an%ilgg]ic“ cant event is occurring. The present

PRVERT 61 ¢an 50 be used as a nonitoring systemin

vehicles. The bedside unit 3 is a wall-nmounted unit

Wi t IFigurdissip haptifle phainche atinmdalsde tshowir{gralams logi.  when

an alarmcondition is enabled or on command by the

nurse, by touchin ny. key.. It has a_.nunber of . )

dedi KFEH 18 AATAEHT RBYV BECRHRL R ERGHEPDPEepgs in  vehicle

entering informati on, setting up specific itens and

i nt er pETATOEY HESCREPEICN O MIE PREFERRES EMBODIPMENTS

sensors can be used, it is preferred that the sensing
arr Yomre 1 illustrates an intelligent medical vigilance system 1, which comprises a

bedside unit 3 connected to a sensing array 5 (placed under the patient) and also to an
existing hospital call system 7 via an interface 9. Within the physical bedside unit 3 are a
signal processor and an alarm processor that measure the data and evaluate whether a
clinically significant event is occurring. The present invention can also be used as a

monitoring system in vehicles.

The bedside unit 3 is a wall-mounted unit with a display 9 that becomes active
(comes on) when an alarm condition is enabled or on command by the nurse, by touching
any key. It has a number of dedicated and softkey buttons and controls for entering

information, setting up specific items and interacting with the system.
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be in the formof a thin, piezoelectric filmsensing
array sheathed in soft padding that is easily cleaned.

WO Roos®538kaced in the patient's bed 11, under tPET/DS10000A0379
sheet (and other padding i f néeded), not directly in

con 1 h f ot ient
oo ik viedo U boten SieBama et RRD Enreiiga Ry i asing aray 5
be H‘tﬁe ot 81 &he eptlez%EIeétriEQTHn%hmﬁg Bl shERghed i &fft ﬁzf&dﬁng that is
feature 7 is nade u har dwar e, software and cabl ing

easily chaanedclt is pxlacewemrt B%leo%ﬂ fedshls Hedar dhg lofipyn shest Gand @Ehef

oo s PSS 0B PR RO B985

ma@%feflﬁd GHafkdGMOBRY fpadalhg ufidersies battonayhest Gf\z&batfehﬂmbed
analog to digital format for subsequent processing.
Trend infornmation is recordeg and avai| abl e for stq[
The The abrsespb feabws 7 15 5ede 19 g hatgyarey s WS A Cabling o Yonnect to
e 8 aati ve
e S b L b e
circuitry for local and/or renote alarm Soft al arns ,
may The sighial proeessoris nedeup ofitiardwers andesodsalyethet ascepts, buffers and
- emergency situation. arises
coR TS A B Rioe BUEL FrifRIeR iR RS Blocbusing.
Tréﬂ@ﬁﬁmﬂnqﬂon R @b6rReBalBavailh1agramayhowi ng progr essi on
fromnormal patient condition to negative event and
nurse response. In all patient nonitoring devices with
al arlis aidrm proegsseraneslogic th araritonthemeramaten teends ppddetermines

h _and Iow
wigh ity bl SRS fep il by ARGy o tocal andlo
reth€RQldrfh. [Bdft dlamsdtnby Belutilretihe repartedivemes troydsabeyors st pency
of means. The caregiver responds to correct the
sitgationiseh. One probl em caused by such alarnms is that
of false positive alarns - those alarnms that sound

bec ??‘i'%.ﬁg HNGoREh saﬁhﬁl?a%ﬁgﬁ%rﬁ oP ﬁ%ﬁﬁgmﬂﬁ 339@658% ¥t th@ I‘esent

t ha not assocl ate a clinica
inenéioh. Flguros dker dibgramoshiotming progrepsion &om Mmsbpguenheondltlon to

alarmlimts may be set close to the patient's present
nes%trvaﬁé@%frar\ﬁauﬁﬁ@rewesec| oser these are set, the nore

likely it is that a m nor actual pararreter vari ati on,

pat i1gnRii &ﬂﬁé‘!ﬁqﬁéﬁl‘toﬁ?ﬁlg Qelieés with BRims fHRiuser caniskd "Harde ealatrﬁﬁhmlts -
neasur e arameter surpass the set alarmlimt. Fewif

theseyhigh mdﬂommlamramtqﬁnmts thafdwhempasseds moH egaserihe alarm
indl cetlhon %{«‘;%51 e}nta%or];el tlotb%rtrla?l%mtted to the caregiver by any number of means. The

caregiver responds to correct the situation. One problem caused by such alarms is that of
false positive alarms - those alarms that sound because the set threshold is passed
momentarily, but that are not associated with a clinically significant event. In order to
monitor the patient closely the alarm limits may be set close to the patient's present
parameter value. The closer these are set, the more likely it is that a minor actual
parameter variation, patient movement or other signal "noise" will make the measured

parameter surpass the set alarm limit.

Few if any alarms use any delay or additional processing other that the filtering
used to compute the average of and display the parameter's value. There have been many

attempts to measure the inadequacy of such simple alarms in the intensive care unit. There
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used to conmpute the average of and display the

paraneter's val ue. There have been many attenpts to
wore@s05is24 he i nadequacy of such sinple al arns PET/URE04/040379

intensive care unit. Thereare7al so nethodol ogi es used

argsemgioiociangd PelayRudiie M acsThudris AndPRREE outside

thé_jl%ﬁ%@f Batbe WARdhd Q)&eﬁ‘t%tf thePd@eation bR}GREME det rhilgediB exceeded.
I ntelligent V|g|Iance noni tor such as the one used |n

this invention, the "hard" alarmlimts can be spre . .
mor énwh deEligentangiiance moton sush as termngisedia tblairﬂévqalﬁpﬂ, the "hard

h
) G P SRS RRE o O S RECO i monicon.
THORWPShE Yedalsd thpipardntd Kdihgaionitoied mBaavhtvelfy hiehighy and mobile
hi gh activity |level they exhibit, a lot of Yarjaﬁgi i t'é' .
coppateridp Evmieal dGH aetionts. aPCsasaeiel Sigh Ao Vi Ievehihey peipit a lot of
Va{‘lg]?c’ﬂ \;’ @ttﬁ&}{{r{: Qstu? d P %raﬂ{e?e?§ Sich asthgﬁp?a{t@trb’srp?mto‘f t4E,3flood

clinician wants to watch over
préd@ﬁtfeeteﬁqieraemfescarmam mtmltgnetcb hus It]mchmm&mwﬂxﬁs dvwiatth over these

al se positive alarns that t th
DGR OB ERGP AR PEBTS tﬂggmél?fjaﬁse Bt {i Pihe patient
':15—.2\)0% w drd&he FdeNhgd AR dulodk bi the 'pﬁﬁ@r{temvéﬂ" the clinician is still

tecting negative trends in the patient so they can
inteseatet] in detekiing negativewmendsin theqiatientesoghey, camoeast guickbyte treat or

#) ens. Figures 4 ?nd 5 show the use of alarmlimt
aVB‘é% CEPSRIOLF FEIOPE RFRIM qure 4 is a tine plot of

mul tipl e parameters, show ng various parameter

vi ol@bhe8 4 aafg SBbRITHR hRUFGlark 16t Paids drfdl znydﬁtmls ©Figure 4 is a time
paraneter alarmtable, showing alarmlo

plmmtlpbmasanww,rﬁbewmgew@ng earatrmer mgtmﬁ a@ql alap logic. Figure
i_nve t tinct alarmlimt
’3 ' glr’]f&?&f%’i‘eg%rﬁ ht%gle’r#é“gﬁﬁ ﬁgélg l%ét he new al arm
schema is to set new threshol ds wi thin the previous
" harDs adcofiplish @balencdd rpgioass tier modisdr ofithd prest invantion has two or
patient's worsening condition prior to crossi

m@qedh@mbalénn hertpaiysiand plgorithins Hhemepeserd Hif l}e&g glarty scheme is o
sel R H&eéﬂaﬁ Itﬂlﬁ]tﬁ leﬂo%e %g@’%ﬁﬁ@ P’ftrr%ﬁ%th%r éllldt Wil Satch a

require t otht RR va ues
pmm'mkrﬁ)selhng ocetiditicteptidreo safssing ithei @18 singlel 'hiatd" dingitst his differs

| f th t he HR R f al t d
O I O B R AR 0 PV S e ST i Rpgh the HIR
r{dieﬁnl]k tvglﬁlé§ gﬁ hib Qﬁmiﬂé)t bd dlﬁ%l&e th*élébftflﬁﬁl'té to %ﬁlﬂﬂeﬁhé A8roharfither the

n the "soft” alarm sounds. This is best
HRes ®R fdld outside agharé lithit, Thee thaslame seumsls.c fhotlethediR gnri:RR fall

oS5 ARTR S5 538 T P s, i

béapai'eseﬁlsaﬁﬁtfqgu@a.sed signals ( noise,

The parameters covered by such an alarm scheme are not limited to Heart Rate and
Respiratory Rate, used in this example. In fact non-parameter-based signals ( noise,
motion etc.) can also be included in this logic scheme to make it more clinically valuable.
In addition, the sensitivity and specificity of the "hard" alarm may be improved by using a
more-complex algorithm than just "did it pass the limit?" used in many systems. This
improvement could take the form of applying a number of approaches including but not

limited to neural net and/or fuzzy logic.
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notion etc.) can also be included in this |ogic schene

to make it nore clinically valuable, hi addition, the
wa@emsiosisgd ty and specificity of the "hard" al apor/mezoobet0379

inproved by using a nore-conplgex al gorithmthan just

| o uReBRR ouh e PRUET o B R PTG ke AR
mé%&g?ﬁ@ﬁt?%@?ﬁﬁsmlﬂglbﬂ aﬂeﬁnaws (88t hbdrfake despRaticiiiabd, buﬁid pressure,

| ogrc. Fuzzy logi ¢ could be applied to
temparaillreastcf)ovhldw\@qum? ¢ plapmevion the n@awa@gnfelﬁ@ﬁtssd@f a range (or

SIO|O i cal ters te resplrat|on
ba&g{ &é:@ﬂ?éon?a&%ee(}%{nﬁa %01 c. whi ch require

an alarn1mhen t he neasurenent is outS|de of a range

(or ), a fuzzy | ogi c type function_can be defined

as fﬁo1=| W (%), 30 Zlaem Guthrfupefjon, hesed joadhlitfegen parameters or

functiont based on N different paraneters or "=0

n ' r each

s\ 5B «B0Eh AP FOlich SHBBRRRIEEbPHE ST0 o)

= O, forTLh< p <tH , with the additional constral nt

that F(p)(lmfslt Iaeu> 0, for tnk p teh 1, forp >t Hh

nonot oni ch b @ |ng for ti <= p <=th and

nonot oni ckl %g for tu <= p <= tLh- The sum

of N(pl) #f €0, ot Tphgqs( th og} cwith thezelditiongli confteaiatt thaipreuust be

be used t | i n |l arm equation (See al arm

truth funzTﬁoanboégaﬁ%e cribed further as foll ows:

Wien A >=ITdor p hémal ar m sounds, otherwise it does not.

Tais_tplcallysett005|fan vveak{l soft)
m@mﬁ@m@alg'nnqr@asm@f% it &C T b %m@n@@mﬁa y éﬁ@?aﬁl@ fostu <=p <=
{,cause an alarm IfTa is set to 1.0 a strong al arm
¢ondition fromat |east one physiol ogical parameter is

required for the alarmto sound. If it is desired that

t he Eeasum @iV diffpemhydielogial Bizoy hogicfihctimsaar be nusedatoestablish

anER, <CPRGh (e HBEmOEHh BTGB Ob A E I FRECEahioTows: When A
>=PTY $hOLREh SHnRAGBBRSSE it 0D SERS UaSE tiPcdily dot B & 5 TBAYSweak (or

soft) condition (or combination of weak conditions) is to cause an alarm. If Ta is set to

1.0 a strong alarm condition from at least one physiological parameter is required for the
alarm to sound.: If it is desired that the alarm only sound when Physiological parameters
are at or above tyy(n) (or below try(n)), then Ta can be set to N.  This method can also be

used when the same physiological parameter is measured by multiple means.

, In the case of two measurements of the same physiological parameter, the F(p)
functions would most likely be the same for each measurement and Ta could be set to 1.0
such that if either device exceeded the ty limits, the alarm would sound. The alarm
violation type (hard, soft, etc.) may be differentiated from each other or not, depending on
the needs for the specific clinical application (ICU versus General Care Floor, etc.). The
alarms may be set individually for each parameter as soft high and soft low or may be set
by using a fixed percentage, such as 10% within the range of the hard limits for each

parameter. The logic can also be extended to more than two alarms if needed.
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In the case of two nmeasurenents of the sane
physi ol ogi cal paraneter, the F(p) functions woul d nost

WO Raoslogssbe t he same for each neasurenent and TBCT/US1004/040379
be set to 1.0 such that if eitSher device exceeded the

t ligmts, .the al.arm.woul d, Rd.cn rmviolation

typel syt S S8 o AR EURY B h@iufpiefea by
deBFady 1Bt BRFm @htiDMHe mEiE1e Qeteitined thbhesiped dgs H&sed BEmit for a

specific clinical application (ICU versus neral Care
cepthipdengtizpEtimne, snigh ag |1gvsm9nﬁ€ay1n6bls ey, memontagy ghanges wya signal

each pa ef. sof t . hi d soft |ow or may be set
hagly}lgurhsoiCﬁ‘éﬁg%l%(lggg%c&c@ér%éégﬁguch as 10% wi t hi % t he

range of the hard limts for each paraneter. The | ogic

can Figwe 6lie adidgended tHepresenteint éraiontingialiddainnmsvehicle. The intelligent

needed. The sensitiyvity of .both the "hgrd" and "soft"
medieal vigilanessyrigpber %@F%@@dnwhag P%}}/F*ﬁgygﬁ sdatsd farape o1 o
m{n%ﬂ%r{ﬁ%:}gét% AL S HoREST thdtat vahictéd Qﬁ‘&raﬂ%ﬁ 0213% ?gﬂc& The sensing

ra certarn length Ofltl nme, suc
arsged tittspredent triviestiovalg instaitednn angorcineregeshe follavgngregions of a

havi no,clinical significanc an be igpo . . Fi.gure
el wOfeig G st B¢ e bali | S SERTreR M oHentne Whe 39 artifjegiet 21,
oredH it Eeap 3¢ OMM & thbBQBhsoFBRhFsdhay bdiokaRe t SachIRARAS location to
the present invention can easily be adapted for use as '
pravide fiértimprongd Soetbeci. f Blre ahinlaoparatonmagmatsorcans i veliss gftachment 25
ai I'C{é ft .gr tﬁTtbhglf1 devi ces. The sensing array of the
or gnecklace 21 WEROUTHT 5% &8 - ed i n one or nore of the
fol 'ow ng regi ons of a notor vehicle: the seat 13,

s eat NaCdenddr. arf9aill 186 belidle thanit infgridiiel abdft thd hatidnd o a central
jacket 21, or a driving cap 23. One or nore_sensaor

pragesagr<Orhalt beo thecwehicde Vi hauivririge Ak prvireless?} toghpelogies. The
i i ve i cl t . .
GV Bt s hTRICRA [ RHHRRGH and BRGHE ot & BOEE il yigilance
syslethcdnbiel dse tdalsg risiversas apprsachiiipeslesprisaies @ardthgrpotantinlig hazardous
vehicle transmt_information about the patient tfo a
physicek cendiiione Bxaider tegediseiapcienty Thesapsers crpby pepfigured to
e .
R Ty e p B elsr e s Ao B P p AL P rad Bopd prossure
temptptirs, cdatiac agpuendaoveiivat of the Velicle opystarmThamtbldigent
use to alert. drjvers to.apprqachi sl eep states or .
mipringSpiEm indehif o ey WBllY PHyLICEEmSR Py Bidiospital sciting.
order to reduce accidents. The sensors can be ‘
conf BEKKERANHQOIRATIHAR e ¥MveRUnellcRJLAMRIIBVide af d6dir@s reading
heart rate, respiration rate, blood pressure,
ofitherpperatiods measuediplysiadegipal parametarsy Ehis ganasilatioreallows the
vehi cl e operator. T i.nt.el.] | t Joonitori.ng system.n
ety SBELE g AfeckPiayip b BhelBp (S BhRs!
hospi‘tal setting.
While a particular form of the invention has been illustrated and described, it will

»

also be apparent to those skilled in the art that various modifications can be made without
departing from the spirit and scope of the invention. Accordingly, it is not intended that

the invention be limited except by the appended claims.
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Background noi se signals are actively cancelled out to
provi de an accurate readi ng of the operator's neasured

w@byosiosiseyi cal parameters. This cancel |l ati on aPCDWS20051@40379

nonitoring systemto operate é@bfectively in high
Wb?ﬁkﬁ%ound noi se environnments. Wile a particular form

S i nvention has been illustrated and descri bed,

it will also be apparent to those skilled in the art

that vari ous\ pethollifserhbeifsingahe PRysiBlOgy ¥f 4 festn and providing an
departing fromthe spirit and scope of the invention.
Aelendp mgryof gn undgsirable ¢ondiinge SOMPEINE:he | nvention be

et HOECpE GBI e dehEn ARG LS AP oothia e et fhysiological

papirastestiofgheapereédnar m t o warn of an undesirabl e
condi tion, conprising:. placing adjacent the person. a
pl urateating one semers RYSiphe gieal pammeiers gt g person with said sensors;

physéo‘ﬁl\rg%%%e ﬁéﬁa@ﬁrﬁe@& ih&)%ié]ﬁ#?on; detecting one

or nore physi ol og paranmeters-of ‘the person with
sai dassigningras;uppearived tingg of kignaletabmes dat qael physi@ogicaliasameter;

si gnal s; . assj gni an upper hard range of  si.gnal
val URSISRHIE QBT Eﬁ%ﬂﬁe&g iseaﬁla\@g?e&?f‘éﬁgwﬁ Physlgaiclpagameter;
| owefssdaind mafpger Ot Bhehét siddl Y&Red Blow @ upper hard range for each

physi ol"ogical "paraneter; assigning an upper soft range
phykiodd gjerd Ipanaaietarswhetiowhe hppeanppkk rargaisisalestagtotbera preddtermined

hysi gl.0gi cal .paraneter, erein the upper soft range

qu\@ngaéﬁéigﬁaéﬁn? g‘gﬁletﬁguﬁ?eé&‘ﬂ H¥fied downward departure .
f r omssHRinsRPBH NS THran 38 8Lsi gl YhRiB Abva thORier Aldlrange for each

range of signal values above the |ower hard range for

physisto gt} pavamstst cetherpiarthertomesr sofinangeiinselérted tobera rredatermined

ran i s selected . to be r edet er m ned upwar d
upa’éaﬁgﬁfw? FS%@%&W%\?\%’P&% 4 range; anal yzing at

| easinalyingOdt 163etwed GBE SighME bvér NRIHoddf Gineltb Weteh@ine in which

determne 1 n which range each signal is situated; and

rapge pachisigngl iasitmatediidhen at | east one signal is in a

i s B M e A

wher gotivatiued arvalhing g/ham aelleast fvo Bighhld afe iacisoRatmgey a hard
al arm when at | east one signal is in a hard range, and
activating a soft alarm '

2. The method of claim 1, wherein activating an alarm includes activating
a hard alarm when at least one signal is in a hard range, and activating a soft alarm

when at least two signals are in a soft range.

3. The method of claim 1, wherein activating an alarm includes activating
an alarm using fuzzy logic to assess the significance of the plurality of signals in

relation to the hard and soft ranges.

4, The method of claim 1, wherein each said plurality of sensors is

configured to detect the same physiological parameter of the person.

5. The method of claim 1, wherein each of said plurality of sensors is

configured to detect multiple different physiological parameters of the person.
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when at | east two signals are in a soft range. 3. The
nmet hod of claim 1, wherein activating an alarm

WO p@b0sEse4 acti vating an al arm using fuzzy | ogi BCT/US2004/040379
assess the significance of thalplurality of signals in
relation to the hard and soft ranges. 4. The nethod of
claim1l, wherein each said plurality of sensors is
confi gyred tiheGediRsd oftdMAmSE REhcRY SHelcAErS Ale dORLiBFRY % detect at
of the person. 5. The nmet hod of claim 1, wherein each
ofleastating pitysiokigdiea) paamstenstslestadsirorn it grore donsistingtod bpart rate,

oLl o, el e mERGT IR Shike i

are configured to detect at |east two physi ol ogi ca
paraneters sel ected fromthe group consisting of heart

rate, respi raeinetibedefclaip bodicprie s rragesiadsigaphyalies,are assigned |
ga%am?ﬁge%g‘}& gz]fnsﬁs%ﬂac Jelgwﬁe Jrethod of claim i,

'ues are assigned by a
heal th care giver and can be selectively varied. 8.

The nmethod of clajm 1, wherein the upper soft range is
aut omat cal [edasthed P havherein fsagper sl angs i amagically

ag@cte(ﬁgdr‘?ldﬁ[%% 18%9&1% ﬂﬁ % Fel et &Peﬂc%tﬁ%és%f th8 ®wer limit of

upper range, mer SO ange
a theoupmiet harldlrynge hmi:ﬂle dower shftrangeris argutpmatiballyi selectedtto hgve an

aaﬁmrqm? RS SRThaF fauss o (o St himigidhe oy hard.

cparameter is assigned a different soft range. 10.
The nmet hod of claim 1, wherein the magnitude of the
upper soft range differs fromthe magni t ude of the
| ower oft r |tor|n t he

th
phyei oPogy diednesied o dhihh AiesR andlP AR EE Ao s gifferent

ofsofkfariggdesi rabl e condi tion, conprising: placing
adj acent the patient a plur al | ty of sensors configured
to detect physiological paraneters of the patient;

detect ijjg o Hhe meiiod 6t A, %he?élﬁ ‘?ﬂe &Qgﬁﬁﬁé BF e ﬁneq{ 3& Soft range

patient W th Sensor s, ’conve
p i fere frofiSthee Miagn&udéd the lower soft range.

11. A method for monitoring the physiology of a patient and providing an
alarm to warn of an undesirable condition, comprising:

placing adjacent the patient a plurality of sensors configured to detect physiological
parameters of the patient;

detecting one or more physiological parameters of the patient with said sensors;

converting the detected parameters into signals;

assigning an upper hard range of signal values for each physiological parameter;

assigning a lower hard range of signal values for each physiological parameter;

assigning an upper soft range of signal values below the upper hard range for each
physiological parameter;

assigning a lower soft range of signal values above the lower hard range for each
physiological parameter; |

analyzing at least two of the signals over a period of time to determine in which

range each signal is situated;



assi gning an upper hard range of signal values for
each physi ol ogi cal paraneter; assigning a | ower hard

WO 200g/53304 si gnal val ues for each physi ol ogi cal PCT/US2004/040379
par anmet er; assigning an upperlxoft range of signa

values belom1 he hard ra f.or .each .
phyéF ) g@ﬁla \glﬁ&aélleastatglgl égﬂgﬁﬁ x alhg{/éliang Bft range
*n \éﬁla}lﬁﬁl VRGME 1dabietwlosald At th 4 BSRmMEe  angach

phyS|o oglcal paranmeter; analyzing at |east two of the
s i guehsnneE@ting ap eetivatedotlarn] iees heglth senerpapvidor thropgh elpre-existing

nurg.{: C?]ig g’gﬁ‘a hg*}lﬁ@fet a"éllth%ﬂ activating an al arm when

ard range; activating an
al ar m when at Ieast two signals are in a soft range;
and communi cating an activated alarmto a health care

pr ovi d&2. t hiTbemst dmf élaﬁmlét Vhereinackizating an alysy E\‘H‘ldes activating
Qr{%%éa%éaihe eé}:zglle\:/ag{ c?n é‘l ﬁﬁ{ ah%?d aﬁgg aﬁﬁtat?@\gatﬁ% acs

allarminclddes acti va

hﬁh&lailaémw@agnﬂé aﬁeaﬁatsoﬂmmmgnal isin a hard
range, and activating a soft alarmwhen at |east two
signals are in a soft range. 13. The nethod of claim

11, wheg ei nrgagfafly of @laﬁimﬂl {Xfﬁlaﬂ ea‘afl of §41¢ gflﬁaﬁ@ of sensors is

conflgured to detect erent physi ol 0gi cal
pediigatel o defect naltipds &ﬁhrenilﬁhysi‘diegmaitﬁamﬂnabérs of thierpetisbp.
wherein't he ranges of signal val ues are assigned by a
heal th care giver and can be selectively varied. 15.

The neghod ‘ﬁu[a Fﬂeﬁio@ oft1aitghar Wh@rehhﬁe lt'ﬁ%% oB8khal rv@lﬁ@@ are

is automatica selected to have a lower limt that
i sssignpd byt athenith mard gper emheande sslectiney veried. | i mi t of

" the upper hard range, and the | ower soft range is
automatically selected to have an upper linmt that is

a predeser mryg %e&ﬁ{dmlﬁaq 19%vhiteen B RGper soffirkng is biX@matically
| ower hard range. A et hod for nonitori ng the

pheleited wdaveh lawgehmkﬁ thagisch predataningd parcentagernitie lnstien limit of
ra It

o theRibar B ot SigiRE yier G LR AaaRdic Ry 3P o e an

t @pptetimet thabissl piémérﬁﬁlhedwmge lo$ t1ef uppBeliparoF oy lower hard

range.

16. A method for monitoring the physiology of a person and providing an
alarm to warn of an undesirable condition, comprising:

placing adjacent the person a plurality of sensors configured to detect physiological
parameters of the person;

detecting one or more physiological parameters of the person with said sensors;

converting the detected parameters into signals;

assigning an upper hard range of signal values for each physiological parameter;

assigning a lower hard range of signal values for each physiological parameter;

assigning an upper soft range of signal values below the upper hard range for each
physiological parameter;

assigning a lower soft range of signal values above the lower hard range for each

physiological parameter;
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detecting one or nore physiol ogical paraneters of the
person with said sensors; converting the detected

w@aroaieises s i nto signals; assigning an upper hBCTHURZNGI0379

of signal values for each phydBol ogi cal paraneter;

assigning a.lo h ran Si | ~val ues, for.each.,.
oy s Bhe 1A o 5% B SRARE o i R of N8 gl rmicn
raffe &dcBRadnaVidlsitesedel ow t he upper hard range for each

physi ol ogi cal paraneter; assgaging a lower soft range )
of ~ stedsking vighels én Bisawppen 19BZISOWEEh HgARcrpasitgeinfveluesmdisignals in

th2 IS e is%ﬁﬁcﬁﬁéﬁ%rggﬁ'ﬁﬁﬂ}a}%i ng at least two of the
St g 0

hal’'s over a perio ime to determne in which
r anggctivaidy & dmdh when i lebtloael said edlecttd signasls giialashakdirange; and
t he upper ran%es whi ch are increaging i n value and
si gnaftiyating am@amy when phlsast svoRT said selectedbeiprals pggn assoft range.
val ue; activating an alarm when at | east one said
sel ected signals is in a hard range; and activating an
al arm ifien &hemesldd dfvlaiaf 16 aildree hettatidg an ghaahsneudes activating

in.a soft range., 17. The nethod, of claim16,. wherein
a@thavfi%l?% WA 3 leAThopA SIEdds 3 parg 485 gand 3cLivatng 3 sqff alarm

WRARNAE 1h§3Fh s ‘ilssirgﬁﬁiscjfﬁrahge.a hard range, and
activating a soft alarmwhen at |east two signals are

in a soft range. 18. The nmethod of claim 16, wherein

h of  sai I it f ' figyred t ,
et ect W 1RaRfed oY dim Bhyarbo st piinabel & spoor s
t RBnAAIrE@td dekébt i1tk AEEkr&R HLhYRBloLRA] Maﬁl&@rslffﬂigﬁé Hrasy/

of a person and providing an alarmto warn o
undesirabl e condition, conprising: placing adjacent

t he per,gon lyrality of sensors caonfigured to detect..
physt ol'gi cat Hstioiet Belitertie RE pRuTelaey St baser iy REding an
OlaldiIte wiky 5f &1 @eesiddblP ssrahdit edmpfisihfte person with

sai d sensors; converting the detected paranmeters into

si grilreing adiseeph thegpeaspn piparalifine fhensprg eondtgusgdfaadetect physiological
.physi ol ogi cal paranmeter; assigning a
pq\f%&gtr%%h(gf?%e feg%%lé of signal values for each
phy sd@taipigdat opaloddrpliicloges ipginitgera 6f thePRfsof ¥fith addhg@sors;

of S(i:o%rgfgll'tin\éatlllleu c?écfecbcgcll gav}lartnte]t%rsuig oesrigr[]a?sr; d range for each

assigning an upper hard range of signal values for each physiological parameter;

assigning a lower hard range of signal values for each physiological parameter;

assigning an upper soft range of signal values below the upper hard range for each
physiological parameter, wherein the upper soft range is selected to be a predetermined
downward departure from the upper hard range;

assigning a lower soft range of signal values above the lower hard range for each
physiological parameter, wherein the lower soft range is selected to be a predetermined
upward depérture from the lower hard range;

analyzing at least two of the signals over a period of time to determine in which
range each signal is situated; and

applying a fuzzy logic function to each signal within a range;

activating an alarm when the sum of the fuzzy logic functions exceed a

predetermined value.
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physi ol ogi cal paraneter, wherein the upper soft range
is selected to be a predeterm ned downward departure

wo e@si053824 upper hard range; assigning a | ower BOF/US2004/040379
range of signal values above tihe | ower hard range for

ange 2L samBerred SN (5 SHBEH REM BTl ed Vel actvates a

dep@ntype fromthe [ower hard range; anal yzing at
| east two of the signals over a period of tine to
deternine i n which range each signal is situated; and

appl y| Zz n_to each,signal w thi
PP angdd- ac e RieRianrs) Wik s RESHA P Rimtir 13
I@gﬁ@kguﬂﬁﬁdgmﬁnexceed a predeternlned val ue. 20. The

met hod of claim 19, wherein a first predeterm ned
val ue activates a soft alarm 21. The nethod of claim

nar d" gy m 193 MR CAISREIS LT ey BE A il
I assiiged Oy ashegmabam@hman@em sl agrieelylyyried.heal t h car e

gi ver and can be selectively varied. 23. The nethod of
claim19, wherein the upper soft range is

- aut omabical by, t%@(ﬁ%lahﬁl efbid ﬂl\é@]#)pli Mraﬁé@fs ahﬁa tically

fixed percentage the |rnt
r agigeed anithve hdowenianit slodt tis & ﬁmgbpérscrmgemfme ]oa)lei' l&mlt of the upper

S GRS MR 9 aAngS HrapioateRly FRried th o 7 eer limit
28hat £y ﬁﬁiéﬂj&rééﬁag@%@ kHeQs, pg@iglntnheof REVRWRl Y r&{gga person

and providing an alarmto warn of an undesi rabl
condi tion, conpri sing: pIaC|ng adj acent the person a

plurality of, se r.S conf

Physi oPdyi o) TEPR e Bpa st e PG U8R Stppessan sy mipding an
Oﬁlaﬂfﬂ%“&hﬁf & Meﬁ?dblep@drﬂﬂﬁinel‘:&nﬁﬁsﬁ e person with

sai d sensors; converting the det ect e paranmeters into

si grilpeing a@]gq:egln thegersop ai plurslityafisensorsenpdiguiegrialdeteat physiological
si ol ogi cal paraneter, one of the pair

pagaép%tarsbogltlge/ﬁeir%og ot her, such that one range is an outer
I angetédtitlglone oPinded pHyBidlkical parameters of the person with said sensors;

converting the detected parameters into signals;

assigning a pair of upper range signal values for each physiological pararﬁeter, one
of the pair being below the other, such that one range is an outer range and the other range
is an inner range; .

assigning a pair of lower range signal values for each physiological parameter, one
of the pair being above the other, such that one range is an outer range and the other range
is an inner range;

analyzing at least two of the signals over a period of time to determine in which
range each signal is situated;

activating an alarm when at least one signal is in an outer range, and

activating an alarm when at least two signals are in an inner range.

25.  The method of claim 24, wherein activating an alarm includes activating
a hard alarm when at least one signal is in a hard range, and activating a soft alarm

when at least two signals are in a soft range.
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IS an inner range; assigning a pair of |ower range
signal values for each physiol ogi cal paraneter, one of

w0 b@sfsi8e4 bei ng above the other, such that onePCHO§H04/640379

an outer range and the other fdénge is an inner range;
anal yzing at |east two of the signals over a period of
time to determne in which range each signal is

situat eg; aqtkwithdDofdlaiml 2, Whefeedth df%@lﬂtplﬁaﬁtysdf%‘@ors is
Is in an outer range, and actlvatlng an al arm when at

| é@sﬁgucrmbtosieg@@‘amltmle different physelpgicalmpeametsrs of ffles person.
nmet hod of claim 24, wherein activating an al arm
i ncludes activating a hard al arm when at | east one
si gnal 27s i IThe nhilicl sfalgm, 24 Rtherin theatmdtg oflsighbllvailes bre
when at |east_ two signals are in a soft range.26. The
nessned &y achealthcoe iNgr apéran kesalechivelyagedl ural ity of
sensors is configured to detect nultiple different
physi ol ogi cal paraneters of the person. 27. The net hod
of cl a8 24 Themestiesdoft dienr ) gésreind theiuppeat softadangsisanwmatically
assi d by a health care giver and can be sel ectively .
v aFIPRE Ve Pl RBkRiSARaS %Prgﬁ?ﬁplzameaia@%%gq b, W‘fm of
S [ u
e B AR R R B ROl Rl have an
| upper lomit thae 1&medetbmnde& ancpntagaod thehuppleo limit ofdilfi¢t lower hard
rgg&g is automatically selected to have an upper limt

®is a predeterm ned percentage of the wupper limt
of the I ower hard range. 29. Apparatus for nonitoring
the physiology of a person and providing an alarmto
vvar n o29an uJpesitusaot montiendig the nvhysmlngy o persomand providing an

raI|t of .sens rs];orlgﬁ}ec ng .Qne or nore
4 d?%gfmb%? HiEbly conglitiqhy COMBESIAS: 3 processor

c 0 nf 4 ATy bPsenBoty €6l debRbillg Bfd SChBRE HhkidIBHIGN phrdinRteddlof the
i nformati on signal; and an al arm systemin

-

peEsRETUN| cation with the processor, the alarm system

bei nagpl%gggsl)lgégn?%u}e(a t8 Egﬁlxjegteeagﬁl 86’[85’[6&[85,1%111%‘26? 418 an informatiqn

signal; and

an alarm system in communication with the processor, the alarm system being

configured to provide one or more alarms;

wherein the processor is configured to perform steps including:

receiving a designated upper hard range of signal values for each
physiological parameter ’

receiving a designated lower hard range of signal values for each
physiological parameter;

receiving a deéignated upper soft range of signal values below the
upper hard range for each physiological parameter;

receiving a designated lower soft range of signal values above the
lower hard range for each physiological parameter;

analyzing at least two signals over a period of time to determine in
which range of values each signal is situated;

activating the alarm when at least one signal is in a hard range; and

activating the alarm when at least two signals are in a soft range.
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wherein the processor is configured to perform steps
i ncl udi ng: receiving a designated upper hard range of

wa@saksseal ues for each physi ol ogi cal par anet ePCT/US2004/040379

receiving a designated | ower H#&rd range of signa
val ues for each physiol ogical paraneter; receiving a
desi gnat ed upper soft range of signal val ues bel ow the

upper f3ard I"Hreg@pﬁ@fus%a chirp 2y sfuethend onabri ey ﬁﬁi@ﬁe@face for
receiving a designated | ower soft ranPe of sig

v&PuResting dhe alaps sygato Al pisiRggEse epll watom in a health care facility.
physi ol ogi cal paraneter; analyzing at |east two

signals over a period of time to determne in which

range afl. valTiesppaatusoif glaith 20 swhértinahe frocasbt aioubd in a bedside

the al arm when at. ] east one signal is in a hard range;
angit ’Lé‘F Qﬁ%ﬁ&?&%&%@ezﬂb&ﬁﬁ%ﬁéﬁﬂéw-l east two signals are

in a soft range.30. The apparatus of claim 29, further
conprising an interface for connecting the al arm
syst em3Ro aThexippariatuy off ulai:m 3d:a\k/hersiyxstheheds[deanﬁne@hhbr comprises a

re facilit The ar at of .cl ai m 29, whe :
C Risp romaetiid o prnegtsor ot e La e TSIAEcH dagha isley being

a'aﬁfb&ﬁn@ﬁl}aa&ﬁﬁe& Xhett BE2BRH OMitiGLocchRe apparatus of
claim 31, wherein the bedside unit further conprises a

di spl ay connected to the processor for displaying

e oat & wharheaoaea AF s Pt ettt Bodsgly ngt Bk comprises o

aiRplAt dosndte o ﬁﬂo@é'ssoﬂ’iﬁ?ﬂ@plﬁyﬁlg PhPEIRLRE] 8t fthe d1s$lay being

further conprises di ay connected tG a processo

f oeleetivehy @fiﬁlVﬁ'@d&m%ﬂe ngﬁbalﬂmam profigledi spl ay bei ng
selectively activated by an attending health care
provi der. 34. The apparatus of claim?29, wherein the

sensor g4ar e E&%ﬁﬁﬁhﬁ@ off Blaff 26 Wheteidhé QB6ks\Wrd dNsénBled in an
coverl et.. The appar at us of cl.aim 29, wherein the

s BHIY FIc ﬁseé vithipasederlgtt hi n beddi ng for the person.
36. The apparatus of claim?29, wherein the sensors
conpri se non-invasive

35.  The apparatus of claim 29, wherein the sensors are disposed within

bedding for the person.

36.  The apparatus of claim 29, wherein the sensors comprise non-invasive

sensors formed of piezoelectric material.

37.  The apparatus of claim 29, wherein the sensors are installed in at least
one location selected from the group consisting of a vehicle seat, a vehicle seatback, a
vehicle headrest, a vehicle steering wheel, a driving jacket, a driving cap, a wrist

attachment, and a necklace.
38.  The apparatus of claim 29, wherein the processor is located in a vehicle.

39.  The apparatus of claim 29, wherein the sensors transmit the detected

parameters to the processor via wireless technology.
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sensors formed of piezoelectric material. 37. The
apparatus of claim29, wherein the sensors are

WO pmsabised i n at | east one | ocati on sel ect ed fPrPCNUS164/040379

gr oup consisting of a vehiclelgeat, a vehicle

seat bac ehi cl e, head vehi steen
ohael A o AR AgSER R STl g8 SpsiEc fladh i fafbured to alert a
a@h@@%ﬁwemﬁaefaaw&caﬁ@sle%? staldie apparatus of claim

29, wherein the processor is located in a vehicle. 39.
The apparatus of claim 29, wherein the sensors

1ot odd t cchitapagy et CHRTEATk AR A S RER ARSI to decc

V\ﬁaereastﬁwbpbﬁyﬁngmal Par@@Bietstieleetd tfond LS drodp @dﬂsiéﬁhg of héurt rate,
vehi ¢l e of an_ approaching sleep state. 41.

aﬁ@arratl%ra&, biqogli prpssure, (RRweEAH et ¢radige ﬁ@t@utsar@rr@ovement of the
gg shgured to detect at |east two physiol ogical

raneters selected fromthe group consisting of heart
rate respiration rate, blood pressure, tenperature,
cardi ac output and novenent of the person. 42, The

appar atds of [ heappaabis of Glaup @?nwtlﬁémﬁh%E%@%?Pr tssfuﬁher configured
fug, H‘%ﬁt SR fh%%a%fﬁQEclﬁmt B¢t :%k?latﬁa?@ afaﬂﬁ V@Heﬁ 'E]east one signal
|nc es actl tlng a hard al arm

siigyimed hard rangeaartdaactivatanpopesofiralamawhev ait least t\ao sngfmls ateanm soft

when at | east two signals are in a soft range.
range.




