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WD 2005/ 055824 PCT/ US2004/ 040379 1 | NTELLI GENT
MEDI CAL VI J LANCE SYSTEM CROSS- REFERENCES TO RELATED
APPLI CATI ONS Thi s application clains the benefit of

WO 2055584 si onal Application No. 60/526, 612 FET/ESR004/040379

Decenber 4, 2003.. . 5 This aplpl i cation incorporates

0% 662, 006 N HEEIGRNY wgbrcievaCHANGE Bysamvon e

present invention relates generally to nonitoring
systens, and nore particularly has reference to

intelli ge%R@SQLIQEFEKEHUE@WREL%IWAWWCEE‘?O%I%e‘r

nonitoring 10 patients, autonobile drivers,

per seps Bdsih ' oF el YaMnder. A
change g gni §?ng aé)glgt%l gﬁ?ﬁgro ggi‘%r?r {)ﬁagg%d?‘ #ﬁ’hc? {’igngo, 60/526,612
fited Memmpert HRA03L. dr owsi ness, or other state that may . -

have i nportant consequences for that person or for

ot her.s. BACKGROUND OF THE | NVENTI ON Nedi cal nonitors

hav e’r%é @Rﬁf%ﬁﬂ’% E‘CPB’Pr%;{;)’ IefELpnce cqpamding V. Application No.

OWQGQ’QMﬁjtSJe%ﬁ}é]yJ ude patient nonitors prescribed by a
physician in a non-1CU setting. Wile typical devices

may be suitable for the particul ar purpose to which
they address, theyFEid QB THE ISVENIGON f or provi di ng
an invisible "safety net" for a patient that } wl]l
obs eFhiepaseant mvahijorereladesgenanlly to monitring\vsystensf arl more

cl.ini ly signific negatJ ve.condition, notify and .,
P?ﬁ%‘ﬁ?‘?ﬁ*ﬁé <5yiE 19 ’ﬁfﬁﬁ%ﬁﬂf&.ﬁ@w&w&l&? SY§temhpsedfr monitoring
diefits] AdbmSbiR¥drifek B
P pr obl em Tm’gglh convs_gg{ ?%Ea r?(r)e%giv@g%é ?%ﬁﬁlo salﬁgﬁ?lﬁgé/ﬁlgygn dergo_
a ¢haake plgailying adetepioration én cendititinga tndepiyrtgwaid dratvisinoss, or other

[ CUs dth h hi gh fal I
Stétét%eil rt] %?QY%?Q%@%PE?%E@U%}%C%@%@& I Fon O?Ifé’g‘étgﬂ%;m ors

are not usually connected to a renote alarm so |ocal

allarms sound, diBAOKGROUIDOPEIHEINVEXRTPRDN fam |y and
friends and the 25 workfl ow of the various clinicians

pr ovMédit@ rédifors RaveltRel 8 ise Fér m afd. 'R 31y 28 DGR nitors
..-made to nake al arns nore neani ngful . Andther “probl em

inclyde patient megnitiens presesivesey 7 physician ioemoadClllsetiing. | y t o
the patient's skin or body via cables or wires. This

g‘gg%@g @é@%l%ﬂ%zﬁ%&%@g%ﬁhgﬁﬁm plt).r%oye\Qo 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. Qutside the intensive care unit, these monitors are not usually connected to a remote
ajarm, so local alarms sound, disturbing the patient, their famity and friends and the
workflow of the various clinicians providing care to the patient. Many attempts have been

made to make alarms more meaningfil.

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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2 prevent disconnecting the sensors and al so creates a
danger of entanglenent or strangulation fromthe
es,. Additionally, these devices are relativel
W@%ﬁéﬁ’éﬁ% to purchase and soEevvhat conpl ex tBCT’l%20°4’“40379
operate, requiring a trained ndividual to operate

pr&%ﬁﬁﬁﬁdoﬁnegﬁnghhbssenﬁ)rﬁ aRlalex biphes hdangr 0P batangle@sst or
expensive and nore accurate nethods for noninvasive

stramguidtionifipm therdablss.i Addisipnallyy these devieespagealativsly expensive to

condi ti.ons and r rtin e . : | Sl i
ol 3R e BRI R et NE B flinee PR b ke
préﬂ‘é}quTl ON Briefly, and in general termnms, the present

i'nvention involves a new and i nproved 10 intelligent

medi cal vigilance systemfor providing an invisible

" s afldwg, anged exisionHRRIYSSs GEsYRAyIBreacpupisgRethods for
n iy 8 i e b R R AL g s
evaiisl Mapoinvettioe sddesdes tiese hed plessedor the care staff

of a health care facility, utilizing, for exanple, a

hospital's existi I so doing,

the invention extwéﬁgﬁéw&&& ity and

"reach" of the hospital clinical 15 st af{y so that .

t heiBrieflss gyl nggenerghtepms, fas pregent BpeEptr ivelyss pagwW apf duproved

GRSy AR i e

anfl eailyress peisin'srvitalidigns rOmy ivetheievent df aginicalty digni#ficant negative

vigil ance systemwhich is nQt anticipated, renpdered
cogiipn yall t@q@g&l@&ﬁ@ﬁ T8 8}‘3;1“-6??‘&8 srsonQfyihig fare igff of 2
il b 's Exi Ytem.
el SRl 380 Sl 41008, s . Jn o
dodn) deti imeetiion ey tends/ the fvigileaopt apakbitidy ansl "reash® of theilogpita} clinical
f limtation, the inveptj.o enerally conprises a
sta3b o AP D FFSORIGAR A 0TS SHOCHYRY ARPLeEr r ay (pl aced
under the patient) and to an existing hospital nurse

cal ITiYstRm Myventaf hab Hady bR adVhRagRnTitomadicamonitors
preferably is a non-invasive plezoeTectrlc sensi ng

méntionedheretpfore and imany apve deafpnes thas sasuld g pew ipteHiggnt medical

.array of sensqr.s _install ] t [ e SRT -
vigis® ot FORGLB saf St fly R, BaRRY pPRA e b n impticd by
$hd Wrict aktedial Aeinitdis eithidrnidng of @ndicdombihdtion thercof.
skin of the patient. Wthin the physical bedside unit
are a signal processor, and an al argw processor that .
neadiiapreseatly areferssderahodimantebyvay b example apd poj negessarily by

Card £ cant ; c ! 'y .
AR 8180t 0501 ST S SIS s
arfayqphsed Qitled the paflient) amd @l Ay existimgdiospitah nuse eathbysben 9ia an

on_conmmand by the nurse, touchi a ey.. .
interface. The sensi%g array preferably?g/a 11011-?11\!&%%6 ppe%oglegtnc 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

ocourring,

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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WD 2005/ 055824 PCT/ US2004/ 040379 3 It has a nunber of
dedi cated and softkey buttons and control.s for
entering information, . setting up specific itens and

WO H08PHEE24 ng wWith the system The sensing arr &CTVES2004/040379
thin, piezoelectric filmor oBher simlar sensing

t echnol,o i.th thed in.soft.
it B e e gedth B Y niton® B kol 62 iRlipt fhi@rion,
setffial up Rpecifi®REns snDiterididghaihitheryaheet (and ot her
padding if needed), not directly in contact with the
skin of the patient. It can be thiﬂ'tbegr ted into the
mat thhesensingarayds a thin, plezqelesic HipRor b BHRgngYE teshmology,
. P r .
wifl st S RiRERBFe HRUAEY PR R T R F kil TPl plackfin the
patieak ﬂaedl,altnidel% tht botlojprsass @gﬂ calmeat p?.écﬁp'g gﬁteiedml) I m?t &érectihia contact
nurse, call feature is nade up Q rdware, soffware .
wighie EaBiof ihp RSBl 8 be gtegralerinig e malizgsh ceyegiebpf desired. The -
p . . : . Lt
il BR0 Ky AR oP ol b entbAThl) B0 ¥ RESAF R (b okitor the sate
of selfitatan ef & lvelyjcciodehtst rateublbed preaswie emhrespirationhretes.ensor
array signal fromanalog to digital format for

R R A S R g b
mRRGRN YR Aidy BRall&d inGROMSHAGr chi HARY. AichFpoBRsor is

“alarmcircuitry for local and/or renote alarm
madeayprad hagiwass asbsafverde thet aceppis.thufildisandeonvatsdbe balsor aray

: ndj i ises. Al al
sighft EPE et Sial bopPah Bh iR imeh! mafisShd Thf Harmppapessor uses
log18 SPinbAkter thaFﬁlaﬁﬁfeﬁ%h&eanam%ﬁh{ﬁaamenmegatwe%haiﬁsms |

medi cal vigilance systemof the present T1nvention can
ocparingatthen dchratessthe alarm chpiHiry &oti lnepl 9pd/oeraniaje alarm. Soft alarms

operators._of tor vehjcles ircraft or..other -
P B8\ e R Vs Pl i S b Rl caPfihiies, o plarms
md¥Dinteratk withahe Exiktigymnig: 2l systemdn sheHospitalot or vehi cl e:

the seat, seatback, headrest, steering wheel, driving

jacket, or .a driving cap, r npre sensors may b

| oc df eliernati veapbogiments; the llg%lg megicgl wigilgpeersgicm of the present
-] i-cL- | .
intHRHA ¢S Tbd &fagﬁea%r udd a‘iﬁ&hﬁng% g?s‘?%ﬁ:fﬁ{ oEPitoR ¥ hott Velicles,

a wrist attathnment or a nec
aircmfisaraher Teeices rfblr presont inventioshs istalled anemd ¢r more of the following

rep P RELBP I SHELS PegR et bR G SF oeh griging jaoket, or &
drividgedaBS Drdes DL Q&sor.ﬂﬁgy B 1868858 eack Q@ﬁéfﬂ%cétfgﬁ to provide for

_incom ng information and outputs data as needed.
impiqyied deadbacly sElervabanic ofpsatorsidy elso edrey & witist sttachmeent or a necklace

: r.noachi ng sl eep states or other potentially
wilhBuit i e

ysical conditions in order to reduce
- accidents. The sensors neasure heart rate, respiration

I at eTheeAsoi®MARE RERiGle tHaheniy MTbehRioBRBHWMRE 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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WO 2005/ 055824 PCTI US2004/ 040379 4 Background noi se

signals are actively cancelled out to provide an

accurate reading of the patient's heart rate,
WRWE/PRBTon rate and bl ood pressure. This candIWVES2DeHD40379

allows the nonitoring system4o operate effectively

in ‘ [ r .

| nf opAeker SROoR oA R dRUly ARETRN Bt D 1RBfide ap ageypate reading
ofthd patignt'e hedH rate) vPirkifun fatecand ddsodaredsntee I Thigedicellation allows the

medi ¢cal vigilance systen1tha%i_overcones many of the
mepprnGLHSieEsiosperteirctiyely ip highdarlgreund npise gpviroamets-

enbodi ment, the present invention provides an

| Nt St endoniRRtnS biso WA AN S URbE o QP! Ovi ding an

invisible "safety net" for the patient that wll

observe and analyze, and, only in the event of a

cl i nThaptegers imprnfiorprovides gaintel igad muididabvigilante dygteanidtat

10 report t event to the care staff. utilizing the
vy dihEHisomhes T AT SRR n & f urt her

preferred enbodi ment, the invention provides an

| nt e 4 BRIrdARMMGAIment] tBE bRRER iRatiSpiorRics @R IMENREnt medical

(moni tors) multiple physiological signals wthout
vigilancetsystemi for proniding an fonisibde *

i avent i pn pr.ovi des intel liqgent. edi cal. viqgil.ance ..
el Gy BRI n0 A ety AR iR S Rty and
repbRitReEvehl® thetaTRtaeMfili2hfy the hidpital's Wistink rhtd¥ dall s9$tem.

are tending to go in a clinically negative direction.

In a further aspect, the invention_provides an

i nt e # Gther prséried|iembogimeniciie inysniéon provides pe puellisent medical
Rl BRI b B R e

skifi ovntalets an intelligent nedical vigilance 20 system
that notifies the nursing care staff when a

consjstent]y negative situation is detected .via the . .
exi st’f ¥ arf&?%?é cgliaoriug%t FySRIEEn Rroyides Fykgligent n;q'}mal vigilance

syl a?aﬁﬁie?rg{(ﬁ ARy Glion tég&%?é%h&ﬁbrﬁl;lfg%‘érgﬁl%te?é‘are within

intelllge vigilance systemt
nerera tistismr laye teading tsgninrsé¢lingeally negativiedireckioni. ol at i ons
or worsening situation wuntil interventions are

_ . Thi . id 1 [ 1i o
oa o PyThgr bt RRBREpUPR RIS B heflaEot peih yisilgegeystom

tiatRpbith iHephosislogicabpdramefers 44 pRovidlestd trétiaco therhaver Gfe.

they can spend tinme where it has the best clinical
effect. WD 2005/ 055824 PCT/ US2004/ 040379 . 5 In anot her
aspebt yeteduarthenaspact.dhe pventiorayoridesssigieligant medigal vigiance

S)YS%HI ﬁia? ﬁoﬁﬁ%&h@hﬁfsﬁﬁ care staff when 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.

safatyineth for therpitinirthat will pbscrve and



. operators to dangerous physiol ogical conditions that
woul d inpair the operator's ability to .operate
equi pnent safely. These and ot her advantages of the
W?ﬂ?ﬁéﬁ'ﬁ‘?"aﬁ wi || becone nore apparent from the PGI/US2004/040379
foll ow ng detail ed descriptiod, taken in conjunction
Wty SCRPERARY i n AN Tiass a seBbrCdysich] WithindleRicldd¥hat alerts
way of exanpte, the features of the invention. BRI EF
opBEBERIORIENEMoGF phiydio DRl cNGE i fsghatevaul i smpaid ttegperatats ability to
the vigilance nitoring systemof the present
Opf &Wﬁ%ﬁ‘?’msﬁeg};re 2 is a bl ock diagramof the system
functions. 10 Figure 3 is a diagram show ng
Pr 0gmRsSAIbthéiiviehFm of BRtiheMtiof SAllbbédie idre 4PdRint H8m the
event and nurse response. Figure 4 is a tinme plot of
5 follewing geteilphdeastipbers taken dnporgungapn 3G the regeinanying drawings,

vi.olatign nd a m kL ogi ' is.aultiple
P AREAR P Bt e s B B, ' s gure
6 is a diagram show ng vari ous configurations of
sensors in a BRIEBIBESCIRPTAINEYF THEGRRERWINGOF THE
PREFERRED EMBODI MENTS Figure 1 illustrates an
i Nt igirg@n§ a ﬂﬁfgl’aﬁ@ bf the ¥ diRAELMEMEIIE systeitd b e present invention.
conprises a bedside unit 3 connected to a sensing
arrg%( 5 SQI aced under the patient) and also to an
- exi JhgHE 2Hoa plackidiagzim ok (hespstem fygchions i nterface 9.
\1) Wt hin the physical bedside unit 3 are a 20 signal
E pro . . P a a) -
o BTYIRIPE P RN BRI RPRERSEOR foliPhortiR ptich: LORAAAL 8
negatoweravemand Doesecpegwast | nvention can al so be used as a
noni toring systemin vehicles. The bedside unit 3 is a

wal | nmount.ed unit wth di splay 9 that becones actjve
(comABHTEAyS a#iBHe Rint ol SRR o P g g Baagpte
viSlefemRgd RrkNgeeur se, by touching 25 any key. It has
a nunber of dedi cated and softkey buttons and controls
for entering information, setting up specific itens
and Higitre 54 muligplopatametes aloys tabdg, shewpgebrotegizd
PCTI US2004/ 040379 6 Wil e various types of sensors '
can Bl t ] r
15 o BT cderkd SROE Vh e OBk o RS A A At R
array sheathed in soft padding that is easily
cl eanBHTAILEDSDBSGRERTION OR S HIHPRERERBEIEMEBODIMENTS
: the bottom sheet (and other padding if needed), .not
£ di r ey liitlusieadsamtinlligent hedichl vipilahced higtepat  veluith cdibprises a

SRS sensi n_<t:; array 5 . . _
bedside unit 3 connécted 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

20 - signal processor and an alanm 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 a2 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
25 anykey. 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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5 may be incorporated into soft paddi ng under the

bottom sheet of a patient's bed. The nurse .call

feature 7 is made up of hardware, software and cabling
WP3ISERMEEt to the nurse call system al ready PRIMUSEM0GE40379

in the hospital or care facilifty. The signal processor

IS RS W oy i

buf f'er se g%ﬁggg%g??iﬁ?ﬁgggensor ’ gssr g{/&%egﬁgﬁﬂp‘?%e%smg atray 3
beam tHedgrrh of d g} pibzdetuctrind filhosensing sagy sidatipiddn es8 ipadling that is

10 Trend information is recorded and available for
easgbfm;g?ﬂmghétlapép?é mtgeegwsg‘zﬂgﬁhwsg?rﬁ@ Botignishest Gaother ‘

BBHE efeRlied)! S0 WreBil PuftR She WREBS theHEGAL i
pacon F%eoneé)éﬁgﬁrurrl%g. t then eact uat@g%ﬁ%@ﬁaﬁgﬁﬁ?ﬁsmgamys

maxy recncdrpyratedl intoowdll paddhicomdentberbotomlshesthof Spbtierds hedrs
may be utilized to report adverse trends before

emer.genc si,tuatign arises. .15 Figure.2 sho .

s onamgintse gl dPaiectis rAdeB A BBTIYIGE 5 G ed o g to connect t
thPRBSEOI sysRUENTAP indElI 48 the HoSpifal Gk BAEAMIBROW N

progression fromnormal patient condition td negative

event and nurse response. In all patient nonitoring .
devildesignal progesseris mavde upsdibardyvare sad soflayade that aeoepts, buffers and

S limts - those hi.gh,and | o ingl.-esparaneter. limts .
copyetts e femisor ity ena) fom alhedo AifL Rl T Sinsavent prgessing
Trehdid@rnfien iPReorided Bed hvARBRIfE #Edy. 0 the caregiver by

any nunber of nmeans. The caregiver responds to
- correct- the. situation. One problem caused by such .

al arlps slagm pragesser usegjogic toguoniioy thepagameler trenls #ad determines

r - r .

iR H Rl AP CorfH Ao REFRHAE. | Mfen bl MRS el BRI T8 36eal andor
re@bicrilaal. | Sofsalgind mapbe udlisgdito réporpadyerse t@nddbstbieoeméngency
.patient closely the alarmlimts may be set close to
SIPMIONSEENt ' s present 25 paraneter value. The cl oser

these are set, the nore likely it is that a mnor

act ; : ;

o O B A O SRRl O R pent
invantipas Figune3 set diapmnnsHowing progeasion fiamyneinsd petiant eomiijon to
del%y or. addi ti onal grocessi ng ot her that the
NEEACSYERLANGWEY PP W put e the average of and di'spl ay

the paraneter's val ue. There have been many 30

-at t giRlipatientRasittrigldeCice iR Glhamy (ef usHedh set "MRk@' alarm limits -
alarms in the intensive care unit. There WO :

gsblow sogpteperomierdiudsibat, when paggpd,ovill cause the alarm
. d i ed +t ing.until a ¢ i
infFERRAC RO 530360 b ot B s s, e
catdp@ved ¥éspohdsatb cohectdBy sitdation. Day prebléheasRt byatgealadns is that of

exceeded. In an intelligent vigllance nmoni t or such as
falsp pogitiee dlamps 1 thoshplarmsthatsound begagse the seighreshold is passed

(D

- 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 limat.

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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alarmlimts can be spread nore widely than in
conventional intensive care unit nonitors. 5 This is
done because the patients being nonitored nay be

- WOy heal t hy and nobil e conpared to typPCHUSIOEN40379

pati ents. Because of their high activity IeveI t hey

ar?)gllsl ble?é %S%%%ﬁ%iasy%gﬂr ﬁtﬁhééa&%r ory r at a\élﬁéggloatslde

thPr2$s tﬂt@gratea R the exient dfalicdedationtbeydridthe eettcrang’éhu gxceeded.
the clinician wants to watch over these patients’

conditiqn, but a wants to avoid fal se pqgsitive . ;
al arm@ntm@thgamsw&mt Fronfigs fuches thy ong msed i, s ipFrting the "hard

aldy p?gtgll rﬁb‘trelvﬂﬂgl Ahanti %o HER intEMRY Efre nhil Sronitors.
|n| CI an I's st it ef est e etecting negative
Tlttﬁ fnttme |bﬁcm1beﬂmqjat1mt$ baing ntma;tomd mayéma‘elaqmlg Ihleylthjoand mobile
treat_ or

comp&ﬁfa“s oAl TGRS o Pocis nft‘ﬁm?tgip%twﬁy et ey bR atot of

gﬂfr’trtéfzﬂﬂﬁr n@a&%@vﬁal Xr Iaﬁl&étﬁ?uch A8t ffe, TN 2 briaR)r ¢ rate, blood

ters, show ng various paraneter violations an
predsara;rtdrmytratureticgduae activitySetcs Tlms tthlepihmcpa:r was & walchower these

ol @3 ivadliopn Bt o bl SRV e BSERE i Bricfaehe pyient
ca?é woﬂ&fo@v SHStht Bdingd AdBukioBk be El@'p‘éﬁerﬁnﬁoWeggkr ﬂIerUIﬁnman is still

pur pose of the new al arm schene is new
mtetnaaﬂhnlddmcnng hegativéigenslsdw sysitienizso dheyl qamrea&t qﬁlcblardh treat or

t t hat | ] tch t t
BRI PP Ui BB ng the ol d i gl ¢ ~har &

I|mts This differs 20 fromjust noving those lints
9 2nl S5BoWaNG usealdrinMirhi® paihHdraBedriiivns. bPighre 4 is a time
the HR and RR values (in this exanple) be outside the
plelosfimyplitiple parametin; showing asioua paameter Vioktions pnd plarm lgic. Figure

5 ol ngh b Bk ot i, (PSSl erm

I|mt but still within the hard limt, then the
"sof T4 agdoatplish aﬂm]rdﬁcedTi’esl:@nsa thehmatitotes e prestnt imvEntipurtes two or
4. 25.The, paraneter

over by such an al.arm schene
maregdifiict plam dgyt v e SRR JHi PR of Ky Fapsscheme is to
se! ﬁ@\g sHoMsSw oA TR evlt)ﬁb fiapd 1ﬁﬁ’i‘i’s ﬂ%aé!?ﬁ&rﬁﬁte@%%@ w111 catch a

S|gna nol se, t|on etc.) can also be included in
patiehtss Wogeming cowtigort Justoee erqstsmgﬂteeald: binglechiid) lweits. difiediffers

Ry e bt S RIGH M e
arfd RRVahB8\ih 188 ef téiﬁﬁlS) b Shtdife PRYSA Ninfisltd Mitictte thiSAfkuh, NIf cither the

many systems. This nprovenent could take the form

HBtora‘m lfgllsmgtsadaﬁﬂtﬂyé hmﬁf, ttwp;ﬁh@dm sounds | If&aotl:gthﬁ R agd RR fall

ousis s e b BesbRORe g MG Foof) Rammynoumdy i s

b@,pﬂégcﬁgedﬁ}tlgﬁelm mt as fol I ovvs G ven one or nore

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 ( noiss,
motion etc.) can also be included in this logic scheme fo 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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measur enents of physiol ogical paraneters (e.g. heart

rate, respiration rate, blood pressure, tenperature,

et Cdss?/ whi ch require an al arm when the nmeasurenment is
WO QeB2%f a range (or band), a fuzzy |ogic PGHES2004/040379

function can be defined as fol3ows: N1 5 A = F" (p.),

an ; [1RA; Iof

par anBfldgicLoHOGRA L, HR3E oot (R By ormore
méasmehients d¥ (physiblogicebparapeiemiteige heat rai¢, gespiratidn rdtqrbigod pressure,

teéhé:aﬁ%g{e?c{.})\% Icﬁg%i@?@%a%ﬁ%\ﬁgﬁnoﬁe Er)?eraml}gpaég’biito%?side of a¥ pange (or
bapf), bGhky Bahtype fu#gﬁ@ﬁ Bl bEARRALS ROy | ncreasi ng

or tH "<="p and nonotonically decreasing for
tLr <= p <= tLh 10 The sumof N different

Gt 2t S Fetonl P AR B 8 BN AL FerpOera

above) H&scribed further as follows: Wen A >= Ta,

- sigda®s, ahdh BeiSIURAE finRtibe Fii)F6r dach gﬁ@.ﬁlewi’br sigaall S

typically set to 0.5 if any weak (or soft) condition
(or conbination of weak conditions) is to cause an

alarm |f|fdoip<dst to [L.0 a strong al arm condition
fromat | t < | ol ogi cal paraneter is required
for the 1 9%%’?%%?%%% .. If.it is desired that the

al arlipd7l y0.sonde: wibstuPhyswith dig additiopak comsiraintsthatF(p) wst be

or above {up(fa)thQpLeLoy tLI(n)), then Ta can beset

to N Thi thod can al §0--be used when the same

physi ol ogitbdPT Bar®net er Js neasured by multiple neans.

In the case of, t neasurenents of the same )
@dpersﬁﬂa%?%ﬁwtﬁla <T e 2 monom@flv Srereqng fprtu<=p <=

trost likely be the same for each neasurenment and Ta

could be set to 1.0 20 such that if either device

exceeded the tHIlimts, the alarmwould sound. The

al arFaesuod of IN differppicphiybiatogicat bizey lcglitcfu)lcﬁmqsbmp be used to establish
T L S I

>Ph SHS alahi @b ahdsCatherris® @ldoeShét. )Ta is Bpicalyddebo amifhgr weak (or
set individually for each paraneter as soft high an

sofp rondition fer apmpinationef wagl conditigng) i foeansp en elammadeTa is set to
LGSl A8l 5 B850 o BRShf Mprn tr e

par are Xt end
alafd e $duad. T igldasing thit the aldaf onWodad WHeh F@diological parameters
PCTI US2004/ 040379 .
are at or above tm(n) (or below ty(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.

Ty
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9 The sensitivity of both the "hard" and "soft" limts
al so may be inproved by delaying the alarmuntil the
j.tor determnes that a signal has passed a limt
wo&ﬁ&’%”{%ertai n length of ti ng% such ag 10 seRoHYs2004/p0379
this way, nonentary changes ih a signal having no

cl i Thesdnsisivipof beinke tpad! daé "sgirainsits alSo M BE Smbroved By
di agram of the present invention installed in a
delgpang theglanpmtsl theapphigessletcrpmies that 2 sigpalihanpassed 8 tisrit fof 2

cerliFleRERRE Bind B0 eEs SRR REmBARRLES of Slect 3 Gt

toring s or operat or

| havaig 0o éitticad sigaifivancalemitedgnordhie sensing array of the

present invention is installed in one or nore of the
fo;%.ovm ng. regions of a notor vehicle: the seat 13, .
se 153 diggraghad dhe prosens I¥eRiondnsiMisd) in po/chipl. Thegntelligent
- -I r
meliP8l Skildhte offlnf of hefbathi i fin e ol pO g HRES rRHI o
mopitariglystenr for operatoesiofl metdbeatiiclesT hizcruft lor other Apdcat The sensing
ma I|so catry a wi. st attachment 25  or neckl ace 27
aregy, 4B, BRepqET egBﬂ%b‘ﬁm%w?egyg onerpromeke f dhe following fegioppef a
bGbR: it od ty] u y egt :
ol VAL 308 134 sonlta@h 13 HeRlo RN epdrls W) 20, drlynacket 21,
or ddnindng e4pidp. Pnoor mpresicass aB8ystieghbwlocaed i eabh @eddral location to

rocessor, a es, t incom ng .infornation and, '
profid e afed tedtitle. e VRS Oredrep iaL s 58 s eaehment 25
or d4Rklae Y Qith bakilt ULIeRsdr@r@PRr 0achi ng sl eep states or
ot her potentially hazardous physical conditions in

order to reduce accidents. The sensors can be
confhayienear apgys ieths velicly tiansinié inforyfationahowitthbe patientipa central

. r hrati r.at e,, bl 00 r re,. .
profSnel @il 816 i FRRE oo b 1 B0TREIE £F @lfrosios. e
provésbircinglyepetha iomidf i forftatibh kEEHGpES daRk heédedd ThE Vighhce
in vehicles uses simlar alarmschenes to those in a

sysksaspmibeiuse i dlpr griversde rpprearhing rnep stakssgi ather pptentially hazardous
' . (o [ t e readi
phy3iEal KRNCHEFSORER 1 0loc Ry 5 S BE AT, GrilRe ™
medniesa vaietedl piraroetess] huwhas hbat raf) sh@aticigratey Bloepkdsure,
OE%rate ef.fectively in high backgrqund noise . .
lemRRRA TG RSO R, 408 raovsieRt fiihevehidle ap@ntor.n&be myeligmsn
mobe appar gnt ?gﬁ{c%tg?ge ski |II e% [ n&tﬁﬂgeéatpttmtj eéltl a?/lg?@tgzgemg'
modi fi cations can be nmade without departing fromthe
s pi Baokgrowad sioisp sigphlstaneadtivelycancslied daido pdovide gm adctiratesreading
tended that. the.invention

£ Jimted. t. b
of thp GpesglEnmER T Cpvsio RS prmsiess sthisereilion AlloNs #7
moditbrind&ystel tdloperate effectively in high background noise environments.

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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1. A nethod for nonitoring the physiol ogy of a person
and providing an alarmto warn of an undesirable
ondi tion, conprising: placing adjacent the person a
W %@%éﬁs%g of sensors configured to detect PCT/US2004/040379
physi ol ogi cal 5 paraneters of % he person; detecting
WElah: nor e physi ol ogi cal paraneters of the person
with said sensors; converting the detected paraneters
into signals; assigning an upper hard range of signal
val ues For ehewethr siosifpriag theamhasrelogy of 2 ey ridgraviding an

I r - si.0nal. ..wal ues f.or each
p %“0{2’2{6%85’? g’g glrl(gér?g ?%lg ;cgﬁ%}&ﬁ sﬁqa}?f‘ﬁ'é'gan upper soft
r angpledingidiHeant thepetesn Hplueality BEsHBRE comfdied &8 Redt ??ysiologicai

each physiol ogi cal paraneter, wherein the upper so
pPagmgters of the paise®d to be a predeternmined v=j downward

depa range; signin | auer
Sor ¢ Ceidhng BBl PRATOIDRACh 806k o ML P B pl s
for eawlertig e dolcowd patanietsraliis Signalwher ei n the | ower

soft range is selected to be a predeterm ned 15

upwa AR NSt hatgrregecof| signal valugsdor eash ehysinlgjoal parameter;
t | : ' i od.of. ti t
' "3et erm %e %loﬁiﬁr %Eﬁ ‘?’%%‘2‘1 SZ%%:%T‘; s{é}lu%nig’? E%‘%‘ R %ﬁ?? IBLA(%”%J pg‘ﬁﬂleter;

act i usignigg anugpeasoft ringe ofisighdlaalue® BElo®i tBE appdr hatdradge for each

har ,r‘.aerdge, and ctivating an al arm when at | east two
PRysiagic ena’éaﬂilfﬁefawgswm thg hgaer sofigange iy prlegied todee mpredetermined
dSW AR Hep RGE ¢ ' | al arm incl udes

acti vat-ieﬁg a%og‘}gi%gﬁl}g?rﬁa\?\%g%%g’t | east one signal is .

i N aadsigning alvger safib cange bif vighalnglies abdve thé Rywer halkrangé for each
t tt\éﬁ) signals_are in_a soft range. 25 3. The
fl

| east . .
PREqIagiC t5h Yherguthe lowersoftyangeny sderted torha a predetermined
up W B 1RE HotPAll: 1wertard g using fuzzy logic to

assess the significance of the plurality of signals in

r el agnabyringattleast tvee df the dignelstoveomparind of tinfdie desdrhiak ®fwhich

claim1 erein each said plurality of sensors is 30

r%%ﬁ??%ﬁ%%lséﬁa@t?@cﬁ“gt he same physi ol ogi cal paraneter
of thfivaahs Aalamm whif alRhAQMe Afontl i ﬂlard%’%%e? 'ﬂlgﬂ each
of said plurality of sensors is configured T0 detect
mul t fqdiveting a1 slaan wheh ptleastdyb signalsareimet sifisrange. t he
person. WD 2005/ 055824 PCTI US2004/ 040379 11

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.

PN
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6. The nmethod of claim1l1l, wherein the sensors are
configured to detect at |east two physiol ogica
a s selected fromthe group consisting of heart

“Kggﬁgag%géspiration rate, bl ood pressure, ten%gpﬁv%w@wmmﬂ9

moti on, and noi se emission. 5'%. The method of claim

1, wherein the ranges of signal values are assigned

by a health care giver and can be selectively vari ed.

8. The®bmet hdle gtethod«if glaim lwwhewsimthe sensopywre comfigurediogiztect at

[ L.cal | 10 le to_have a |lower .|lim

R TR LA Bt B R B e Cim S Btaipe Pl ot e
ofespirdtionupebloba Pﬁbsﬁtﬁ@,ganp@ﬁﬁiré, Aeotioa\\aid féd erhRBER | S
automatically selected to have an k-j upper |Imt that

is a .predeterm ned percentage of the upper limt of
the lower h . 9 thod of .claiml, . )
wher ei :1}6 eac Eh%glregﬁﬁg% grc lalizg Lk %—%ﬁle P ;é‘?lgmq Vg@&? gre assigned
r eyngdealftOcard Siwer@midad befselettirichy variedher ei n t he
magni tude of the upper soft range differs fromthe
magni tude of the |l ower soft range. 20 11. A nethod for
noni t ogi ng [ 0 I roviding ..
an ol St S nReSOT LA 15 e SBher 30 B s Subiharicany
' cealgntédsiorigve plavedriniathabzerireddempadd Ridentagh lof € Totw¥r limit of
of, sensqrs configﬁred to detect physiologica

HpRerdad pepid e fouier sofbmnge saiamayicalis seiectadlodhave an
pm@f ﬂhﬁﬁ& 1 nt;‘l?ti;l 3 . ne I
Sensors; %ghs‘rtihg tggp @?@%@% pgﬁgﬁgﬁgégofﬁ?gowerhmﬁ‘
sfagpal s; assigning an upper hard range of signa
val ues for each physiol ogical paranmeter; assigning a
| ower hard range of signal values for each
physi 0b.0gi Cohe RRIBABEElaim 123BLEH dagn gﬁ}aﬁﬁ&g fis assg{é&xet‘! a different
range of signal val ues bel ow the upper hard range Tor
esdtrang® physi ol ogi cal paraneter; assigning a | ower
soft range of signal val ues above the | ower hard range
for each physiological paraneter; analyzing at |east

two of10.he Thamaihsd OF Ehird 1 PRAEER tAE nlabiBudebrI8E B578 SR
i n_which range each si gna is situatgg[?uvm Epptk S6ft range

2tfisysgrss the spapniude obithe fi range. o

1. 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;
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12 activating an alarmwhen at |east one signal is in
a hard range; activating an alarm when at | east two
signals are in a soft range; and conmunicating an

wa0esatRd al armto a health care provider thrBUBNS2004/040379

pre-existing nurse call systEnwithin a health care

faci | rein

act i“\‘/’h{’%‘ﬁ’@ @ﬁ}%%lﬁ%ﬁg‘%gg sa@aﬁ/sa |]ar]%ifj‘I B8 g’r d alarm
whe ncbatastal@iewhingn Mast two digmald 1@t th 4 868 Qangaﬁﬂld
activating a soft alarm when at |east two signals are

i n osuhunicaingen agijvaiel alqrnbt%hq@bta caife pep ey thiough a pre-existing

e e By aBh TRl ydf’I forent. physi of ogi cal

paranmeters of the person. 14. The net hod of
ctlaim1l, wherein the rangigs of signal _val ues are

as si gnd@. by The n@ﬁ;qdwf el 1d; wherchmstivaiing e slamg siclydes getivating
15, 15,
Bt e Wiy JERE o0 i o180 Pl B Bl S6o0 alarm

| @oveh at icaitttwh Bighalk Sredin prsefietusgeni ned percent age of the
lower Iimt of the upper hard range, and the | ower

soft range is automatically selected to have an upper

dimt §#§ﬁ3 e f ﬁ?ﬂﬁﬁ .
[imt oflg théﬁl owe ar gﬁlglc}rlf g%g%ﬁf%@h%ggmﬁtp%ﬁrg Eiksors is
meonfigured® debet phitiplodidgyent bhysiglogisalpasamictprs of e pegsemn
alarmto warn of an undesirable condition, conprising:
pl aci ng adj acent the person a plurality of sensors
confi gyyed t iQl r
t he pe:ison e?lﬁ%tl ﬁé@%‘g‘ @F%&gj‘b éé}‘(%?ogl a?‘al&gam
passigreddiys lofalth bare péves and vart e sshictivelgivaned ;

“converting the detected paraneters into signals;
assigning an upper hard range of signal values for

. each physi Olmgln?e@lh PSRRI B, whe?e‘é&ﬂﬁ:?igpgr s%ﬁ!faﬁgém%fcﬂhamany

range of signal ues for éach phys ogi cal

p aclacted o hava@ lawsn lgmt tigpt ana prsdeternsioéd peraenjagaodt the frvedr limit of
| ues b Wthe hardranef r
S g dreg b iBE lpiet s0e Fee iy s HomaREHsleptensp pave

Ofupﬁéﬂﬂait tﬁﬁ@hstbﬁﬁea&aﬁﬁném&@\e@e T Luppan Bfif Sth@R&Er 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 detest 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;

R,



physi ol ogi cal paraneter; W 2005/ 055824
PCT/ US2004/ 040379 13 analyzing at |east two of the
signals over a period of tinme to deternmine in which
WO 2H58582ch signal is situated; selecting signgEU$2004/040379
the upper ranges which are ind#easing in value and
si g l : I . 11 .
el Uaighih ot S (RN ERBRSoWaReriBl B RS B8lelifin h which
rafgd echetnsligeidkated;s in a hard range; and activating
an alarmwhen at | east two of said selecfed signals . i
ar e §clpcHng yepals gnibe upper rangss WhighAgg ingreasing; i, valste and signals in

th &ir{]}lﬁ%&%@%ﬁ@aﬁi@hw&“ udes activating. a

ard a en at [east”® one signal is in a hard
5 r angeetivating acilaneatvhowg atdlesobhe shidisalectd sigyerds @tin ladant range; and

two signals are in_a saoft range. .18, The nethod  of

ol 2 PR BENEFcHaImh W AL gt 50 o %r%qt%%ﬁl%eﬂ%@ﬁé%ﬁ@ﬁ Fange.
configured to detect nmultiple different physiol ogical
paranmeters of the person. 15 19. A nethod for

moni t oA7ng fThe nptiycd ofl cdajyn I8, wheypir anbivatimglapalauh dichgiea activating .

alarmto warn of an undesi.rable condition, conprising:
o PR )R o, 00, SERR) i 12 1 EAse A actigpitg ol lerm
10 C Qtch Gt 188 v siERhRGle RNYDIRGhAH, cal  paraneters of the

person; detecting one or nore physiol ogical paraneters
of the person with said sensors; 20 converting the

St IR R O uclet i R BBl Ssor i
PROARRIrE fo defbBirBiNip¢ dEick@NBhydIG1bSicAlABEN & brs T dperson.

val ues for each physiol ogi cal” paranmeter; assigning an
upper soft range of signal values bel ow the upper hard

range f.qr each physi ol ogi cal paraneter erein the ..
15 ppar 391 AR IotnPRid R BEFRERISH oS mdPovding m

d afunines astePfdr idesirdbiedndfionpe@hipiiiel range;

assigning a | ower soft range of_ signal val ues above

t he Plavies adiagant themgesongyplesabty of sprsorsotondisiead to detect physiological

Eggagﬁt y@;grei n the ower soft range is selected to
PHEH progél‘éet 3

erm hed upward departure fromthe | ower

har ddeteunigg on@ bednyzd plgysllodied phratieterodf the pesbs Rathsaldhsors;
a period of time to determine in which 30 range each

200 s gngfnvpRng iﬂ%‘-ifg‘t“é?di?d RAREMSBTS Y ioREalst uzzy | ogic
F unCldsineQnaRpEr 1k Ritlge WF LiBhdl valde@ R %ach physiological parameter;

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

e

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
25  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
30 range each signal is sitvated; 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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activating an alarmwhen the sumof the fuzzy |ogic
functions exceed a predeterm ned value. WO
2005/ 055824 PCT/ US2004/ 040379 14 20. The met hod of

W& HOHP3P824 wherein a first predetermn ned val ue PCT/US2004/040379
activates a soft alarm 21. The rrethod of claim 19,

mfaeeln a{? ms e‘g@@ﬁiu? oﬁ%?%}%[xgll gf\g% a\nr% %t's Rﬁ%ﬁ' 03 eet? N%ue activates a

r asugega@h. Signal values are assigned by a health care
gi ver and can be selectively varied. 10 23. The net hod
of clairm 19, wherein the upper soft range is

aut omathcal | t imt that

't et For o it HELOGPEIehR 10 Ferfin 1B iriideBpa value
hadctivhiepgdardaialni.he | ower soft range is automatically
sel ected to have an upper |imt that is a fixed

per cent age of the upper limt of the I ower hard range.

15 24. 4 etk Blod 0P Balifl 1 b \Bndr LYY Aol vBues are

person and providing an alat

uraisighedibl @ heslthtiate giver anlhqanibgiseigoiiehvedried. adj acent

the person a plurality of sensors configured to detect
physi ol ogi cal paraneters of the person; detecting one

-or nor exphysigl %g{h‘aﬁlof el rﬁ'ﬁt \?%ecfe ft?é %ﬁ“’? &8 9‘;{]1 \gomatlcally

- said sensors; conver para
[ rﬂeincmdgtn mlase a hﬁﬁr@mhﬂlaais pﬁﬂed@fsrwﬂﬁgd of A8 B lﬁfil@bf the upper
Iugs for ph snﬁl ogi cal paraneter, one _of the
ard rmief %w“f eolbrange Is atfematiqelly S‘?}ﬁ'éte‘il m@e.astmer limit

° Uﬂl&tr is _%@B&S @fégntﬁgﬂfe f%]\?\g?pérm?of tha 1

nge;
assigning a pair range signa v ues ? each
physi ol ogi cal paraneter, one 25 of the pair belng

above t ot her h that .one r e i s an outer range
and theﬂgt hef DP%@CEF ﬂ%ﬂn%ﬁ@rp%a&ﬂ@gy Ogﬁé’leSﬁEPﬁg d groviding an
| &g fd"@atﬁfoftaﬁ enaésaaeﬂe%oﬂaiﬁan %olﬁgﬂs@ . g. of time to

determine in which range each s s situated;
act i placingpdiacentithe mmﬁrem phiralite af sensore cenfigratd tosdetert physiological

and 30 activating an al arm when at | east
P%A%‘%gefggﬁﬁﬁggp%ﬁ%n’. n an inner range. 25. The nethod of
cl ai TeRbting1es Rinford phisalbobial ﬁatﬁét&fs@f'tﬁé‘ﬁéf%smth said sensors;

activating
converting the detected parameters into signals;

assigning a pair of upper range signal values for each physiological paralﬁeter, 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.  Themethod 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 areina softrange. - -
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a hard al arm when at | east one signal is in a hard
range, and activating a soft alarm when at |east two
signals are ih a soft range. WD 2005/ 055824

WOCHISUSH304/ 040379 15 26. The nethod of cl ai NPEI/US2004/040379

wherein each of said pluralitylSof sensors is

configured to detect nultiple different physiol ogical
paraneters of the person. 5 27. The nethod of claim

24, wheeei n Hivancthodefclaitn 24, griatein addbess saldeplulis) efteskors is
by a_health, care qi,ver#?nd %be sel ectively vari ed.

28Nt in driert srulidpls drorant PRiplORIcal prrameisesrofdly person.
range is automatically selected to have a lower |limt
that is a predeterm ned percentage of the lower |imt

of 1020he Ufpencthad df claing2d, vdieckin fie rangsiof Siphhl vahitg Qre

IS aut tically sel.ect ea to, haye an upper limt that

| 2ssionalhica RealiGar 5 GO CHLRS SACKENEY IR [ mit of

the I ower hard range. 29. Apparatus for nonitoring

t he physiology of a person and providing an 15 alarm

to war 28of adrheuneibed oEdlhion 24 ndietdin the upprpsdfsiange isatomatically

plur al i of sensoyr.s.for .detegting. one or nore .
tefet b < IBREClEidRY 1F pEeeRiupd Betbentage o the lower limit of
PRES@SROhardQ gy wi@dletlsw&%ﬁ%ﬁge%@Qﬁtoﬂﬁtiehgtﬁélectedt have an
paranmeter into an information 'signal; and"20 an alarm

s yipperrtimib thed iaupredeicinunedparbentdpe of theowseo limit dfdhalosmenhard

S m being configured to provide one or nore
FRR

wherein the processor is configured to perform
steps including: receiving a designated upper hard

" range of signal values for each physiol ogical

par anef€r 2B\ppEEENsfon oaiiorey e phetologyef a persdn mathpreviding an
of ;.S .bhysi ol ogi cal paraneter;
rea%:az]:n\%B %ar%g%zlggﬁ%c%g %bjé’ﬁ%bdgfo% ST TP 3% ofp si gnal

val ugeplubalitpof sdneors dipduticckiap dné an@erd physidspical parameters of the
physi ol ogi cal paraneter; receiving a designated | ower

PE¥% range of signal values above the 30 |ower hard

r ange i QLss6AGIAHINR G cORefitlac R g&g&@{l ﬁ!\nrgn}%%? l(l}é% L Ht%naﬁqn'

| east™ two si gnal's over a perio erm

sigmal; 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 designated upper soft range of signal values below the
upper hard range for each physiological parameter;

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

analyzing at least two signals over a périod of time to determine in
which range of values each signal is sitnated;
' activating the alarm when at leaét 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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whi ch range of val ues each signal is situated;
activating the alarmwhen at [ east one signal is in a
har d range; and activating the alarm when at | east

s are in a soft range. WO 2005/ 055824 1/652004/040379
PCTI US2004/ 040379 16 30. The praratus of claim 29,
further conprising an interface for connecting the
alarm systemto an existing nurse call systemin a
heal t h ¥ar e Tlacappataius ofSkih 297 fistlep pamatisiag af itbi@idd for
29, Wwherein the processor is .housed in a bedside N
rfertieqing B alamisyRenngan FERtnp BSE 71 Exrerh i 3 Beeltiaare facilty.
The apparatus of claim 31, wherein the bedside unit
further conprises a display connected to the

Sr oc Ies e f ofheippptatns afg:lqimyélgi, whegircthle pdadd ﬁsmﬁmmsfd in a bedside
I.SP ek n 10. aut ica actuate en an alarm

con ‘r?‘?‘@ﬁ“&%ﬂ? .Sl‘%’f&ﬁ%rg’ﬁé’ﬁsgflus of claim 31,

wherein the bedside unit further conprises a display

connected to a processor for displaying physiological
data, t¥e di'Bappatsdismd claim|3dcwherin/thabedsidd edit Byrthencomprises a

ttendi ng_h i 15 24. . Th t :
o A ot Jo kg BiSeRioR isEptayiy sl i Lt Fhehoptay being
aragymaAellpaaeatal wWhich ad a@Mbhdition 38curd Ne appar at us of

claim?29, wherein the sensors are disposed within 20
beddi ng for the person. 36. The apparatus of claim 29,

wher ei 4t he Q . S6.N0oN-i nvasive..sensor .
for mod 5 pi@‘%on“i’gé‘i"’f-“%i"g%i?é‘?‘g”rlr‘g ereyl %5??3%“% gguprises a
ofdisplesyi dvnREctedde] FioBedsBEfos aﬁﬁrayﬁlg@hzsibrbgi@h aad, thd d&fﬂa being

| east. one | ocation selected fromthe group consi st né
ofSCigCkeRY aqtivated dty anetigading bealdecaroprovides  vehi cl e

headrest, a vehicle steering wheel, a driving jacket,

a driving cap, a wist attachnent, and a neckl ace. 30

38. Thé4appditetapparatus@if alaimh 29, whbeinahe sédd6rsRir@ 6888Bled in an
is |located in a vehicle. 39. The apparatus of claim

2§ay paclesed wiffan 86¥eIE. (ransnit the detected
paraneters to the processor via wreless technol ogy.
HOANA- 69906 | P EA/U S

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-mvasive

sensors formed of piezoelectric material.

317. 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.



40. The apparatus of claim 28, wherein the alarmis
Hom\Iconfi gured to alert a driver of a vehicle of an
ABPPachi ng sl eep state. IPEAKIE apparatus of claim

LT 200 Sl e et BeF sengoLpianeppnfigured to detect at 5

15

| east two physiol ogi cal parémreters selected fromthe
group consisting of heart rate, respiration rate,

bl 46d Phreswppanatys of clapre 28 wikereindthe slame iswohfigiiredochlert a driver of
enent of the persqn. 42. The apparatus of claim 29,
| aveﬁﬁgerogaﬁam@aﬁq%%glgwﬁps further configured such that
activating the alarmincludes activating a hard alarm

when at |east one signal is in a 10 hard range, and
ac thlv athanpparasisiof chiim 2/ wherginghe serasts atenonfigurad losdetect at

e SR B B o8 oS o e

resppetiownitg bissdprestireddmpdRturdRiabask @ltpitlaad lﬁﬁwémeﬂtl)f e person.

24, wherein activating an alarmwhen at |east one
signal is in a range requires that said at | east one

si gpal L1, oo Is 1.N
per Coar s Aathulsbe il 2020 REelithe BrochlsG sihlf Byt poch
thataﬁtitatimigrllhe dlanﬂﬁlggrderidctivm i iaehqirdat}irm\nﬂi_ weticnrag least oakdighul isina
en_at .l east. signal s in a range requires
ha‘-"f“ﬁ&%‘*@&ﬁ 4 ating 3 spt plagm oty eastata signal %Eea‘P&%Pﬁﬁwf’-
for a predeterm ned period of tinme to activate said

al arm AMENDED SHEET 103279.1
43. The apparatus of claim 29, wherein the sensors do not require attachment to

the person's body.

44. The method of claims 1, 11 or 24, wherein activating an alarm when at least

one signal is in a range requires that said at least one signal remain in said range for a

predetermined period of time to activate said alarm.

45, The method of claims 1, 11 or 24, wherein activating an alarm when at least

two signal is in a range requires that said at least two signals remain in said range for a

predetermined period of time to activate said alarm.

AMENDED SHEET

103279.1




