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TEMPERATURE PREDI CTI ON SYSTEM AND METHOD BACKGROUND
The invention relates generally to inprovenents in
woheternomsb er s and, nore particularly, to el ect POMiIUS2006/010998
predi ctive thernoneters for nore rapidly obtaining
accur atgalBRRANAIIE PRM@Ti@mssrﬁmm MEgHIHty of
pati ent rement sSites. 'S conmon practice in
the nedical arts, as in hospltals and in doctors'
offices, to determ ne the body tenperature of a
BACRYREGONTPY neans of a tenperature sensitive device
that neasures the tenperature and displays that
mﬁ%ﬁﬁ@&tkﬁ@ﬁfe@g%&aﬂﬁ%ﬁnﬁp&%nﬁﬁw ift SherSotheHrafisd, Prd
hernoneter incorporating a heat responsive mercury
pammzhrlmmo clharompradmgvaﬁmrm@m@ﬁessoﬁosmm oy obfaining accurate

librated t t I
tomp R BREREPOFY (het PR pEo iR pERbtahert Besd, 25° 4
remain for a sufficient tine |nterval to enabl e the

t elﬁ'ﬁ’@écﬂﬁxﬁé@pﬂﬁu&dlﬁ thd@edRheiBl adia hetmhild indan aoctobe offices, to
body tenperature of the patient, and subsequentl
detem@m)thg@oﬁﬁ ferppeapis Pt @Waﬁé‘ﬁl bé’dpe%‘é P & FeRCTatis Sgnilflﬁ% device
that ﬁlggisﬁge\é e iFﬁjggrca%le L¥a Sﬂﬁfapg HQf fgksupdd tEﬂ‘%Efaﬁlrg' oht such device is
m nut es. convent I ohal tenperature neasurenent
a glapyade ther@onsien rcarpglramg ztiudabreslbmrsfmmremry@plmmat fpands

and clpgﬁsﬁétg g J@}:f‘g‘l’[ Srgg@?r}?tghé%p%ét Felasich]%a L}tgpl&?ﬁ%ﬁhee g]lcagsr t%ermometer is
1nseﬂ‘:é"i‘lt 1hﬁ)nt}1§ %Mt CABRRY tdPRlSd fRY sUFRiert B¥heVihfetHie tdEnBBEhe

Infir to properly retain the thernoneter for
tempefaeum@é dmhmynq@mteprdd sabiliza sttheibedy fempersuissdyhe patignt, and

s e S PO S s SR b e f Bl 00 o
the AR tWwH e &iBRi thinatekent i on from ot her duties.

Furthernore, glass bulb thernoneters are not as easy

to read and, hence, neasurenents are prone to. hu B
r The conyapiions) [oARCIAIHSAReATRIREC HRISFE O SING f A1 G0

thenﬁ?x{ﬂgﬂr?% %)LS{E% 1iRE i gﬁe {m g%%rﬁ%rl?)?ﬁlghﬁga%eﬁeféﬁ&'es ‘Yaihl &Hﬁre

ave to mnirmze or elimnate these . .

meaﬁﬁ}éﬂleﬂtemfdtm stofw drhigfaglpatientbwhb caivet e netedrupby (i vimge of age or

i eratur sen3|n robes that are designed to . .

infirgyia) st BOPHIL SR G HELPOTRORRELT 101 e CFos SR PRIO Lo dsHiga o the
y'ﬁé@@a‘s htek BldnBdof hBdieNSesdfific] AN A kelafiel

bOd}Iele tronlg ?éﬁ%% tuﬂ% sens?tlvé gﬁlce suchgas a g

longtrheasniestent ¢ycle thmsiinesdngtheir ra@te@m fsam gther géesadprthermore,

glas%ﬁlig El%ﬁ%%g:m%% o%atlrre]%o gst ela%{/] ks re-all-crl] %n 13R&e meBsfOhbAY GreYProne to

human error, particularly when made under poor lighting conditions or when read by

harried personnel.

Various attempts have been made to minimize or eliminate these deficiencies of the
glass bulb thermometer by using temperature sensing probes that are designed to operate in
conjunction with direct reading electrical thermometer instrumentation. In one such
approach, an electronic temperature sensitive device, such as a thermistor, is mounted at
the end of a probe and inserted into the patient. The change in voltage or current of the
device, depending on the particular implementation, is monitored and when that output

signal stabilizes, a temperature is displayed in digital format. This is commonly referred to
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devi ce, depending on the particular inplenentation, is

nmoni tored and when that output signal stabilizes, a
woenpaovaisare i s displayed in digital format. TRCS/US3006/010998

commonly referred toas the direct readi ng approach and

as th¥\lird® réa{dn[geﬂiﬁ?@a%htaﬂ& WIHQ§ stirBldce$ $heQPos@hilidy ofdfror by misreading
m sreadi ng the nmeasured tenperature, it may still

the mees:}uﬁd @naaerca;um 1tm@éqywtlll<§¢rglllf§érﬂeb@\’db’ lpngrperiad afinahintwghich to
t
reachd:? %C%l}lZ?cg%g}pﬁ]éaltlég 6eagg{gfhp Fi% ﬁ'le::r’t& cglecﬁijéc 39182 fa§)€1%a§l¥8 ﬁghe

anywherd fr@ thieB b f%e aliritdseaeidgaited for dbbﬁmhg mgnperature reading.
tenperature reading. An inherent char act eristic of
el ectronic therm)materig Is that the

i A arfieEeTE shargterie clectramic tharme f‘dﬁ' B tg?t theyedity to
1nsta¥\ﬁh§ éfﬁfﬁ%s?lﬁegthg Pe?ﬂaoﬂregﬂ?ﬁslotf tﬁ'@é/ocfprqg VISR k@pbBed. It may

perio e tenperature indicated by the
take b hebysheotiat periddsof i edem tat ﬁem@erature IvelicesecUizy the thermometer is

reprasg R s Bq1ealonma R AT Bodnadhtl dif bR i EiRE by e

varidub @meﬂﬁ’é%@@oﬂﬁé?neﬁi&%éﬂt@?@térﬁ@heﬁ tinbadecheat flbWErdaR ehe stfface of
the tenperature sensor. Sone of the conponents are the

the body swtheti¢pperaivee ssiabar. Samhetof §n eomiionehis Ailly sSensABtiBythe skin

ot 8 S K6RSBR E-a B RS0 s bk

cont@RREAGE Betivael efeadigerend vilges.OThiy apprpact thatef@olpudvides.only a
One attenpt to overcone the above-descri bed
partigleoiwtioBnci es i nvol ves the use of a t enperature

sensitive electronic probe coupled with prediction or

esb‘n?ﬁﬁéxﬁ?t ol JvERbire ¥hd e?ooQQtd@Mﬁb@d difi@Bhcidl i d19¢s the use of a

di spla the patient's tenperature before the probe
temﬁmsuneesandrewb dqmdnucmrpbmttwptdd wiltke prsdicitientor eatinpdtionfgirguitry to

obta G disiET G ERALPRG0RaT t F netn b RIRE falpb pgbacted

equifib¥eurh STREMB YAt T ath ts! alp%)ﬁia@h( alsdunbiRg the fieie®d temperature is not
stabilization of the eleCtronic thernoneter with the

signifizentinehangingrduging theameasuremeahii e ce tamprsntaraihaiswidlpreyail upon

nﬁdé f’@l a]?f;f gliobef eeeééctar%rrrl)lr ei&erﬁ}o?n%lrt] o ﬁ{ﬂhﬁ%ﬁ&p%é@hﬁ%ﬁfﬂn@

measﬁﬁéd th’@eatﬁ)ﬁés Mistcﬁﬂpﬂ@gd bhtbremhaﬁnﬁl%dabﬂmﬁem Btaﬁlfaﬁledvhf many
a period of tine, uting derivatives,

pnowqyyﬁs@rﬁ@wtl%gfetev@?ﬁa ¢ BPorlgrmed By Wnttﬂ%%ﬁ’ﬁf%?ﬂs“f&d
temperaie Gt %@ﬁﬂ dﬂ & c%in?ﬁﬁﬁg’&‘érﬁlahb@sr REssimddhese variables to
oper at es icting the Tinal, sfa t enper at ur e,
predamﬂ'&f:bmﬁhmglempswtdmt the tenperature nmeasurenment is
conpl eted before thernmal stabilization is attained,

I EPRE TR TR
tempRAtbre B8 all¥ RRBeliNthbiBe ERFfcBRhreRRSIshiiedtnt Ricompleted before
thermal stabilization is attained, thereby reducing the time required for measurement. This
would lessen the risk that the patient would not hold the probe in the correct position for
the entire measurement time and requires less time of the attending medical personnel.
Another advantage is that, because body temperature is dynamic and may significantly
change during the two to eight minute interval associated with traditional mercury glass
thermometer measurements, a rapid determination offers more timely diagnostic

information. However, a disadvantage with such a thermometer is that the accuracy with
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the entire neasurenent tinme and requires |less tinme of
the attendi ng nedi cal personnel. Another advantage is
woheis/10Because body tenperature i s dynam ¢ andPQBS2006/010998
significantly change during the two to eight mnute
| i kAW theRahe PRICEIN -ﬁ{daaial sis of the
Wthh{ ﬁ%ﬁﬁ’g%ﬁhf’ %Sﬁrg&ggetgﬁfé%e%gn a@?}apl egﬁ{m natgl on of ers

data dAi®fcutdteiy pgrfdimaghost i c |nfornat|on. However, a
disadvantage with such a thernoneter is that the

urac t hwhi ch t enper tur S e

sy hriratee R s HRCele e Rk e o

detenqﬁ{aﬁoﬁfr?a 3RAHASE HeymReThOR f@@bera&h&cﬂeﬁplﬁﬂsﬂ/ettfaﬁﬂdﬂcmet’ﬁres
usi ng predlctlve type processing and tenperature
therndgoeapprorghésits fieal siahlel termperature sy FPEatisally svith the last increments
erature-res T

oSS PRI L ALSUESS Bt B ak s
chan¥ ddduishelatiogy rapmwe Imalt s tepfpetenmeeesiouseisshawy é FIG. 1 A

occurring very sl ow whereas the pajor porti.on
graph ¢femeas rtaflmrét%% 2 @1@“6% &4 Lneaen, ol S?Wfﬁg%‘iﬂt Ry ﬁéﬁlgh
tempgra{u%rﬁf Eat 1c£1ﬁﬁ91%l§t§r is%héxbﬁ’wﬁs aisclids&d aBoveltl@rtampPerdfure 20
nmeasure t erature lotted as a function of
indiched by tienbatmitiortag? ﬂ‘l%ﬂﬂ:ﬁlai temperagune i 26011t subjeoy peinal
therm stor i s, shown dlsc#ﬁsed ab

et ip i BB 6B FRATYSPBETHNE PR E LRI QTR LI 3o the

subjedfl H&{laltt@rﬁﬁ ﬁ‘ltré‘ﬁﬁe 16. ReaPbe of i Bk ﬂfétm&@mwlent progresses
nmeasur ed l ag can be seen by arln t he

frommesmmd tb,eth@mnatemt@relramélyzacr@@seﬁ ff@ns }Oe“é efweeh figes to to ti.
erature |.ine.,26,

The r@d?“erﬁﬁsﬁtm bl}eolafhggteglt e%{u)_%qs e%ﬁ? ({%6&?%1&@?% and t,, and the

Foma s
tempeRIRE 1At drRluAdpiedly owaed dasabilizavon ERpemidit Tiebwspmptotically

times tOtot . The rate of increase in the |nd|c§Ho][dL
as the Emednereased eYeN MRy ASHiHuERESROYS, HhssPrEsent Hiygnyion 1s ggcted to a

systetgx% cgaé)ta cof a ﬁﬁlgﬁ?é rtrl'lb Eﬁgﬂghé% chBPAE duffBff chil¢ penod of the

0 ure asynptotically as the
meadurdtBeritTof mﬁ@e,@meermmes t{-\andjuzsamdsmgﬁcrmg)the finphtemperature
resent invention i a directe {z} %é)t em Ccﬁ% bl etu% chanee
Jiempis have Deehie stamenigs g Qb Fr ot grgR ge»

extra%f"ﬁétx ol ggcl‘%‘ilgé hd TRAsME Gl¥BRual feﬁ’(pe@étﬁ‘ﬂ%f €he BRUYBRANS
and predicting the final tenperature

contddting Fﬁle thermnstoe apthst timedonplsforebe theamistatiacwially gigpilizes to the
initial, nore rapid tenperature change, extract data

. tssup SIARSTHETE change, and estimate the actual tenperature

of the tissue that is contacting the therm stor at

t hat pidriBprdaoi gsddad ehidte tdpadly bainmite tiertisaed tmiﬁeyature prior to the
stablllzes to the , tissue tenperature

herapprowsh g S b (U D wPLng 6 Bha @6 of he
then@hs 1, %5{ :ierﬁ% %‘ t;ﬁﬁste ﬁlgd ?113 %r(%géaséﬁﬁtss}géﬁ Ialhﬂ% a curve st shape of the
therﬂ@tdﬂs&e@ﬁ)nﬁd‘l €From that curve shape an asymptote of that curve and thus the
stabilization temperature can be estimated. To illustrate these concepts through an
example of a simpler system, consider the heat transfer physics associated with two bodies
of unequal temperature as shown in FIG. 2, one having a large thermal mass and the other
having a small thermal mass, placed in contact with each other at time = 0. As time

progresses, the temperature of the small thermal mass and the large thermal mass



therm stor early in its response and fromthose data
points, predicting a curve shape of the thermstor's
woesauds0 Fromthat curve shape, an asynpt ot e POT/USk@bE/010998

curve and thus the stabilization tenperature can be

equilfbidib 'EEF‘& f‘e‘ijx}pe;ra‘?uﬂelréqéﬁ%fl & & thbeSBilic efafr@USHe 8fhation
exanpl e off a sinpler system consider the heat

describiag gfiepropdyy 34 isdoHeswmci ated with two bodi es of unequal
tenperature as shown in FIG 2, one having a | arge
thermal mass and the i] er having a snml !l thernal
nass, placdincntatcg i th ch_otherjat time = 0
AsYt"(r%%szngT@Es)é 1-¢he tehpetbtufe) 6f the smal 1BLD
thermal nmass and the | ar/ge thermal massequilibrate to
a nperature referred t s the stabilization

Wher?’e%%‘? gl%qf]e@perﬁﬁge 8 {!PﬁtSP’&ﬂe atéogg i Bisfﬁﬁcl%]toﬁioi %ﬁr}emess i's
as follows: -fi T(t) TR +(TF - TR) il -- . \==TTF

5 - -t IsTthe stabilizRion) tempetdrEaf thtsysbay e: T(t) is the

tenperature of the smaller body as a function of tine,
Tp is the stabilization tenperature of the system T
i STk hethenmitialabmperapee af theematletrdysmal | er body, t is
time, and t is the time constant of the system From
this relationship, when the tenperature T is known at
t woisiioienerd in tinme t, for exanple T at time t and T2
at tinme t2, the stabilization tenperature Tp can be
predi i ion of Equation 2 bel ow.
Fu?%ﬁgéﬁ%tgpﬁgﬁgpﬁp%y???it order heat transfer system
of the type described by Equation 1, it can be shown
t hBtont thes rektionstlip. vizparthe rempstaterled #ikngwntat ¢go points in time t, for

0 orgigS PSP 55,4 SRS R U Py e
-T . . 1 =- L (Eg. 5 K =
thm%%‘n%}pgﬁ%tggé%%g%%%g%ﬁwT , Tp(agd tzl" :e¥ ier st :

derivative of tenperature

bl [} L1
TI,-Te®™ Te’-Te’
- b T b &

l-¢ ° e’ —e®

Ty (Eq. 2)

Further, for a simple first order heat transfer system of the type described by
Equation 1, it can be shown that the natural logarithm of the first time derivative of the

15  temperature is a straight line with slope equal to -1/t as follows:

ln(-c—lz—) =K 1 (Eq. 3)
dt T
and also:
T, =T@®)+7-T'@) (Eq. 4)
where:
20 = o (Eq. 5)

where K = a constant dependent upon TR, T, and 1,
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T" = second derivative of tenperature Prior techniques
have applied these sinple first order relationships to

woheocanad3ysi s of the tenperature equilibrati onPCUUS2006/010998
In sone cases use has been nmade of therm stor tine

caonst.ant.s .establjshed by the therm stor manufacturer.
Vie ésffle%YE}uVFI’?gL?énﬁeé i ques have failed to recogni ze

that the tenperature response curve cannot be

agcurat&lddrmeeleasd t@apdritusd order since it is

determ ned by the conpl ex thernodynam c interactions

of the patient's tissue and vascul ar system.w th .

hgpeisrlenipresthave srrbied thssp Sgple B 05{566%&‘%%8%? bk e
of the&élﬁﬁé}%?é uilirafAG Rk, 18 soRiRlcasdk sk hik Beed yndde 98 termistor

such as a person’s nouth for exanple, the response = .
time coHstugts established b theliherntigsopmysifactires Howgier alb hegg,techniques

robe in relatio o that tiss
nave B Goreringes ead Bt (s pip o BHE oo o R ler i htieted
as firsh }Sﬁibe? Bin€e RHOBSGANET bydthe comBlex2ertivdinsrip antataetonshy the
probe fromthe tissue, and by heat transfer throygh be st
patiertt Tseispuadrel weerdarrsystempvishthe dygiepicIBObeCOVEE smmnﬂ%ro e stem
FIG. 3. Each.of the | ts th&\&h f
Wher tLB We@fnoﬁl&gelr ¥ 1?13?%&9?1 gorgtﬁéé[&ﬁn[@%g tgs'gu ’ g?ch hépag[iefsrgss es >
examfleSthe REdpohkteduiasy aefetted by dlel ghiysisali pladeuttinhef thherabelin relation
resi stance and heat capacity. que bi ol ﬁ?bcal f atglt A Sienic
to thaggssuef ks thethaal tranghr ehrardrsafistict,of e PRISSHIRT BEs5P> Binge AR
SICWIEY ' | the R&Uk] Midl B howt frinsége
prObeacn %%!jglﬁ %%g@ﬁe on&'S @'ﬁ'[eﬂrfggéctﬁgrrnst, © corlrlbi nedwvvi th rt he
througPétd Ebbgeasi ity anf shafe36 tas ixshomesn FEGud eEadheof these factors 36

i t d.at_the therm st
in FIG oA BiFest P Bt S0 g Sherny upc et Posiep s nef
themfogir%lm&gfmgﬁ inSER g WerkiPiesidhad ARThasEApgciey. pThcdbiblogical

ory-supplied time constant of the therm stor :
factosl IRuffecPrteviavusf ket forfhe themmistas saf yawsigmijernd Seires pafients.
) t he_ass tion.that the. r ' i :
in pagioh SOt S SPGB B pakae B e neP PR tpady

geon%?td? The HRARNIrEY cluse BieaBmpetande kensed htdhbd theanistorde éollow a more
under conditions where an infinite and wellstirre

compeuchasacséristie suridhandy Rradigsitle fromasimptEodd fugh 25 tﬁata‘?bﬁained
usinga)gl glf:zjolfzﬁéét%)fgltﬁ%%})g%/d FhScoffstart oPHRRErRAMES aldde.i S mount ed

ure sensor or probe 32 which is
imrersed in a large source of water 30 with specific

heBfevand estimativrt teeiniquesrheveadeperdedfu ty assumptiop thab thenas
a therpal mass "

! s "M and initial temme re. " -
emprraatigrBoloves ARt BNHr PEGHERRNEA Chile eq gfigiNewton
“heagﬁgﬁ? Sudfaln&RIFbi1i P8 Scduife ha¥y hditions wheemntihfenivedrelrwell-

ath to the probe is controlled by the sinple
stirrebdomtdecof:heat was available to warm the sensor, again as illustrated by FIG. 2. A
probe cover 34 is mounted over the temperature sensor or probe 32 which is immersed in a
Jarge source of water 30 with specific heat and an initial temperature “Tw(0)”. The probe
has a thermal mass “M” and an initial temperature “Tp(0)”. The probe cover has a thermal
resistance “R”. Under these ideal conditions the flow of heat from the water bath to the

probe is controlled by the simple equation:

Q= =— (Eq. 6)
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=1 : (Eq. 6) K Kwhere Qflow _ of _ heat Solving the
differential equation for probe tenperature at any
woizows/197abds an equati on of the form foll ow ngPEomUSLiw6/010998
probe tenperature at any tine "t" follow ng imrersion
wheld 1 QL FOHRIFT e TP(1) =Tw (0)-[Tv (0)-T p (0)]m e (Ea.
7) " The "time constant” of the thermal rise is
determined largely by "M the product of the thernal
masslvidg theelifi¢rettal @gehtiol Torl piebd Reatperdtureas ks ame §iedds an
the probe cover. Application of this sinple npdel to
equatiog ohdhertory feowing doribe arobe eppespEreAt ABE dmen T BRloRERe
imm‘é'fsﬁ%i%t?@%lteﬁm of the body such as the nmouth or the
axilla fails to account for the finite heat capacity
of the tissues in the inmedi ate regi on of the probe
and for the thermal resistance.of-'the successive
layers of t14$8ldBYyr HniNg O € der mal Bdafer and
proceeding to the_inner siructures. | articylar, as
e r bu obfigun of tedhornar bids deteriaied KRB RE M the Broduct of
the thefRA n@k§ of #81pP6be MdCRNiRCtheMhdl Rediin 0P R BB BRRR
renmoved requiring additional heat energy to travel
t hrough nore tissue in order to reach the probe. This
"y ieatianeefithig samply madeltoagswarnhiog g€ e temparatursopsbeaptated in
an..heat ener that has flowed into t.he be fro
con(y 3000 Bore DY e S5081suIFR o, R op® i lata SR e
finitd ht & Eapdcady T ehediifshey ia tigcintigddie fedi BreoCUE HEdHe analfoiehé fiérmal
.the final value given by: Thus the limts of Equation )
resispancg ofHigefuceqsaive gwﬁxsaf tisgdgsinning with epjdermal aygeandgroceeding
toth@fim%‘?%{}%l&}ﬂre%.or‘Si dering that the "rate of change" of
tenperature 1t predicts remains a constant proportion
of the tenperature change remmining to occur at any
poilmparticulat, e theTprebseagpetahee afcogased) Asatdrans ere ifrmneddate region in

nmeasur enent stemthat can predict. stabilization
conipeh it CERES HAAeEhiF RIS A Bl iRy oy through
mor€ AR GH BFded td felclPthe PRdHR, AR ReH¥tct RERTenPRSIHIEHR Ao “time
the nmeasurenent systemitself, unlike a frrst order

consigsdéthan beatdingrgydhatthas Aawedisso Hevsobreompnespsedmateatgions.
use sets of sinultaneous equations solved inreal tine

it g | 'Cagsr gin?e ‘Ltj’,l?ﬁﬁlfﬂ\é V\;lﬁ%'g%rt&hoﬁér?tufé Ffefetd get%&%gle current value

ates the stabiTizati enperature.
and shecfred shluk givendly: t echni ques require use of equations
w th substanti al
4| i
& ! Eq.9)
= — q.
eR‘tM ReM

Thus the limits of Equation 2 to model the complex conduction in body tissue may be seen
by considering that the “rate of change” of temperature it predicts remains a constant

proportion of the temperature change remaining to occur at any point in time.

The need therefore has arisen for a measurement system that can predict
stabilization temperatures and can adapt to the changing heat flow characteristics of both
the body under measurement and the measurement system itself, unlike a first order model.

Prediction techniques have been proposed that use sets of simultaneous equations solved in
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nunbers of coefficients so that the shape of the rise
curve can be adequately approxi mated. Practi cal
woanstwaiznts |imt the nunber of terns that caRCDAIS2006/010998
enpl oyed and thus inpose linmts of the accuracy of
real 8HERo $RRI QEEQ?] Sempethiufe RBye thi¥an SRRt BNBation
solution of these equations is not a trivial matter
tempeinasnrer dlodtei suedepsisl, sptletechroques sewnite use of egrations with substantial

ircuitry is used. i.n the thernoneter. It is al .
nonsi g e 05 T R e P S € e bedbafiBumprprimated
Pracfi®fl tbidttatiaé Behit e hembeds\e@RIhatlchs b uppldyed affl (iR Sinpose

must be constantly kept in_m nd. Manufacturers strive

limis@f pheegscuney elowich eppreaelics aFuapimers Hie epsnpugationsl solution of

thesP RRLBY15 380 4 R e PaRAPEENR, AGP LB RP slcipfiRescor
circligy geusep irothessermonwitdrh much faster conput ati onal
speed, with nuch larger nmenory size could be nade
avai | apl e so that, conputati gns coul d be_ perforned .
f adiis A5 AQEIHEYY M & IS AR BFIS CEb PV B8 PR isated
mediAEAAHES ! th® Gukiof F Eof hEBe co%'dfhﬁtl}r REHt§A2End."Manufacturers
processi ng power woul d substantially increase the cost
strivefto keapttbe nentref medizalkequipment as kfuaadsyibleetocthptithey can be made

. vai |l able t ny. patients. .l nstead. those skille
a8 R B Tpiy PEDY R NG Ry HRRER S i peessor
withdticH fasterieiinpdigidieespebd Mwitigiuch Begamidintoryand coald il niade

executing algorithns, is able to provide through .
availplshioshitcamaytation erwd be eerdermed pderendimylly e rompetations

f i cti . patd - g
couffl8 pefiSimdl B flEbRth & cobl il R in e SR BHRR LA B pyor would
substdisiallg acremaigroest @npkemionicteraind iy wnadquentdy trake itamnavailable
axilla sites of a patient. Various factors nay cone ..

to mapy gatianky 1Rptea sqss pkitled e gdesirg a R sRoRakE thgh S gt ofticient

Q | RV ad aplasy &HRE Hfgﬁal' RithRRPR 846 Brovid
bm{r%rig% grfé?r%%t‘ﬁ%r eS?’:a?%#e a th%?igglrret el#t t a% can rregsur egroVl ©
throagh sdphistieatsd teasperasuledlapy mocaising, agestateenhddfdst pnedigieonafdipe

.the need to find different thernoneters for different
PAlUSIEMPTRULH oy d be recogni zed that measuring the

tenperature at the axilla site of a patient differs

si g0hdddarntlsy bE&PAcbHazal Bt a singleltBeh®imetént tB&. cal Ageasure

tenperature response of a probe to the axilla site is
tempeyaiiisat theaerel reatalnand Pk Wies of # Bai ke Voriays fapigry BaY gome info
P 0L B Do 5 TS L CPASAA s
tempéra@tdnmeatirénadnt.y Thérsfue s theiemeter that caremedsutdal three sites would

tenperatyre response of a probe located in the axilla .
Droyige R el PAYHEREeLER s Bt ATOR AL BB R fObdierent sies.

Tt sHovRPod TG gnPr ML Endadtintfy the CerhfordtuRt 4 %@ §:8fla & of a patient differs

significantly from the oral and rectal sites. The temperature response of a probe to the
axilla site is in most cases much different from the oral and rectal sites. Due to the fact
that this site is composed of non-mucous epidermal tissues with an underlying stratum of
fatty tissues, the curvature of the temperature response of a probe located in the axilla is
much flatter than that of oral and rectal sites (see FIG. 6 where curve 100 is typical for an

oral site and curve 102 is typical for a axillary site).
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oral site and curve 102 is typical for a axillary
site).Wiile prior predictive thernonetry techni ques
woavw/1athsanced the art of el ectronic thernonet PgT/US2006/010998
significantly, those skilled in the art have
r eGPRIN gt prdidtive tRRdnididyl tbchdxdues Bafeidvanted tRS ik 8NElEctronic
thernmoneter that can pr edl ct a stabilization
thermemgtiy steuficantly, dbose gkillpd én thgartdrave reogpizeditheheneed still exists
for a%rhegécg% 1ec\rl$§ | gg‘?&%ﬁlt g}eg?cgggtaﬁj)hlgaﬁor?&%speraﬁ% att an ear yy stage

of tHerm¢RsORARUT H10EdE wherd e ureaenn tondiisistana migd dh)aractdnsﬁassof the
been recogni zed that a need exists for a single. . )

subje ANAeHREEBHICEAE VA SOFEBISRTUESTARTY [ FIEaTIEEMeHe %élé‘iti%’ﬁ%ly’ét has

beert 1%9‘19 iAddUh& afr{eggbﬂédstfi)lf’é ﬁng 'ett}?e?moﬁiégi‘ 2R ch eQfurd B }?redict
oral” rectal axi tes. Further, a need exis

the fatientds wegeraare fiver mottipiesites hakch ias a];hof:t]meaﬂrai regeal, and axilla sites.

onprises.relative l e, ensive circuitr
Furgie R nrGERNT o Ptcica DefReSiich SRR Mners: henomseimlerively
simp¥, ihEEpehSVENTISRY . Bflh&%'vé!ntﬁﬁlcfulfﬂlsgﬁék@ mBédst B Wherd.Ne
present invention provides a thernoneter and net hod
for determning the tenperature of a subject by
SUMMAR ¥ QI §HE MHEN' s tenperature at an early stage
of the measurenent process. The thernoneter system and
netﬁmﬂly@mdtlm gengrad sams, ﬁhﬁ\pmpmdnvmép@rwéﬂsrﬂ theezgmeter and

metho d?tgxq#ﬁ nr?g,' tﬂgte le} t &f B%hg}?&tbg%a(ﬁlgﬁﬁér%l %u‘gggtm

efnper
temmata{mzttamalay ﬁageecbﬂ%tﬁé méaairemantqabdeys P DHief ﬂheﬁn@ﬁetteh@ystem and
tenperature rise curve and fromthe resulting. nodel

methqg fcthe presens girention adapt & appiEeat Wedelseniapung @wlc,tmle paagpeters to

fit a%&%?cﬁ&g t&ﬁﬁ@hﬁ‘oﬁtoréd%erﬂg&gfu% 8§ta JI“E i)zﬁlaﬁleyg?sy are tsgl%cted at an
ctive process 1Is adaptive wt espect to the

early pentlmsalof d’mﬂempd:retulrcsnsmmé arichfzom ke resmiﬁng maoebdeve she

well as the an and Si oI t.he subject,. .and
cquifBjlt BbP g Sh/BF L Pt P hepredhOMRCL it prsrtciy T Lpid way, the
pred%t%epi&eeglstauﬂgﬁlwlhﬁre I%c%lt £ me t%umlta@ac&&ﬁa&s%ﬂ tags of

the equilibriumtenperature of the sensor. In one

them@nmtdr@mlwp el asdlnﬁear@tomh engphysimdogy of the bubject andaequrires

evaluated Qver I e of
relalf 508 et SiabiBich S G aRuER PP NPREE Bhvmatcs,
predi®@asN 0 IRIHquiliBEGAUSRApeatirf 6f MEaBidoy.e Characteristic of
the thernoneter system and nmethod i n accordance mnth
the inventjion, nultiple sites on patient may .
medB gpe detailedAspeds wgmi tl%@lfﬁ@ﬁté{s@me PWVéEuﬁ%mdﬁé p@cwéypwally

evalfag 399! 2 BHOYL S Tuds E?@E’@%l‘értﬁ tt%'s% @{eﬁ ahﬁ’toﬁﬁ@aﬁ’@ﬁ’@@f to

sensi ng the”tenperat e su
meas@rpenatBeceussiof iz slaptve chagadteristit u’étheAhqmmmkemystem and

tors : . . . . . :
methct))c{] fn accordance with the invention, multiple sites on a patient may be measured with

a single thermometer.

In other aspects, a sensor provides temperature signals in response to sensing the
temperature of the subject, the temperature signals varying in time. A processor monitors
the temperature signals over a first selected time frame, determines a selected
characteristic subset of temperature samples of the first time frame, provides or "fits" a
model temperature curve based on calculations of a set of nonlinear curve fitting

parameters of the characteristics of the monitored temperature signals and based on the
8
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the tenmperature signals over a first selected tine
frame, determ nes a selected characteristic subset of
Wt)erm;ﬂnmulre sanples of the first tine frame, PCOWISABSE/010998
or "fits" a nodel tenperature curve based on
modePeuri, FrdEs t&fteﬁpéﬁﬁlr@H OBkt ER AN 5 Wiof€ déthildd zpsgect the
parameters of the ¢ aracterlstlcs of the nonitored
processopediedtsithe fgstqm framn &obaas@memnodq eeavaing beforecthe sensor

ts t e subj ect
reacfi iy fostp sl T e} Eneh e SRR e iftpPinfppiges o
provideathe middet@ vé { td@ldﬂﬁté 9 Predfstion lof (i te@beraturé bethe8asect. In
reaches the tenperature of the subg1 ect and uses the
anotherrinpiecletailed agect the pragesprcarpatss $ba wogdel eurgdo thgemonitored
i AR S A SRR AR E S Sl W rgpempprppecios
the subjeeCt tenhifeatpredioms ﬂtermcdfﬂrpaﬂve gnd klfs,phny@l &l I emotkertmork ldetailed

nDnltored tenﬂﬁraturf data and . if the differ nces do
aspefb theOEROTL NP KRBT Parametest deleaiped gar qfggion to
comg eﬁﬁgffsét feffl @@a“c A é"ltirgeaf flﬂi@h&ﬁ@f mggﬂecte&' Eﬁb@lelaﬁhgameter In

Isplays 1t. I'n another nore detail ed aspect, the

anomeme@mtmbdmbws timpmedel ;pamma@etrelssd umompntmmbﬂfm tetrimgs

sel ect region to, co an of f.set ern1 at_ is a
relo@f 5 e piaE e SR Y i Ot fofited SpPRin R apdcpfpr employs
a i@ befORY the SR Af kiRGheRERE Predibtim WRAEY thb@pRean ofS€term

to conpute an offset termis related to the curvature
that paa Hingsy éynctipp of fhstspleetedrprasiciearamptesl aspect, the

processor enpl oys a time delay before the start of the

seI Chi

I‘{? ?ér@%g Q%;?eg{s ﬁ’l u n C Jlég g otwé}{aiglgglg ﬁnetac‘tg 8&% Zfﬁﬁngt STt selected

firstpﬁiicﬁff&xhe tto a bredbterihined irasgritg tdterivheng ifthe pedictaiomppe@sire from

éhe nonl i near curve fitting of the sel ected flrsﬁ %ine
the sk ffamp Jogs PtERRSE B ARIREIHYI RIS thy PEPGeseqr iegrudgsdh first ime
fran{elaf‘?orﬂ @@hﬁhﬁlﬁoﬁ SR téhrtufd Gthé E'@bt]édt rst frame does

not neet the integrity criterion he processor

excludes the first tinme frame fromits cal cul ation of

t hdn aeetper %qucrtethg prqcnssoscmpmes the aspeststad dhe mopisered temppgrature

rocessorfi ore

datat Sy frike g f y; E‘F’éaﬁf%’ﬁs s o& ! 1?1%31 %rﬁlg ‘fer?peg?‘]ture data do not

satisFh ﬂ{eﬁﬁte%ht}séxﬁt@ﬁa Qhe IBIJGQesWHOEQﬁQtChSE Qmﬁtwr%dﬁma tedl@perature
not satisfy the inte ty criteria, the processor does

of thectubipst Inhiet fxther desailadeaspect aneef thenintaeaty siiteds compprises a
cur\rcaH{% gﬁ&l%ty of t%er{loﬁlﬁéd]t%ﬁllpgﬁtﬁé ldgtq ity Qﬁcﬁfler fﬁﬁ r?{e&atllgg aspect,

la CO I Ses a curvature
anothbeofitha uﬂt@glﬁgi ch&ma&bﬁ@m@a siapahrrhtmf&hmﬁheﬂorﬁd tdohygerature data.

detail ed as anpther of the integrit ri.a
In yelonothes aspec |1 emqnﬁpﬁegaqmms@%ﬁiﬂt%g @PE‘F ghtesrity

cnté}ﬂlt the rﬂr@céé?ér dggltg E%ﬁff«ﬁ'érﬂ%hdoxk/f tHRtﬂ' t&ﬂg@rgture data to compare

tehperature oes not satls e inte
to therintegrityacriteti@ pr ocessor sel ects a d| fferent w ndow of
nonitored tenperature data to conpare

In yet another aspect, the processor monitors the temperature signals over a second
selected time frame if the first selected time frame is excluded in determining the
temperature of the subject. Further, the processor selects the second time frame to occur
after the first time frame in one aspect and in another aspect, the processor selects the

second time frame to overlap the first time frame.
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to the integrity criteria. In yet another aspect, the
processor nonitors the tenperature signals over a
woeeaeewnd7ael ected tinme frane if the first sel ecPed/usS2eue/010998
frame is excluded in determ ning the tenperature of
t hen 8 BRiaB6it asp&di! thB PFocedsBEmBIRGE HF e P86t 8ighAR o98COMHrality
time frame to occur after the first time frane in one
of diffcprant selegied timedrrmaséf tha ppreeding time fpreribexoludsdfrent the
h c ' 0. QV £ .t
detep RS O e borlBenish I shio B bk el gl mompeg of the
plurslepé tiaie fraenesirgtdiotedoahoss optuitiag withinh pebdéfeemnpt period before
selected tinme franes if the preceding tinme frame iIs
the sengqr gepshes the frppraatyes &rths $biGchbn of the tenperature of
the subject and the processor |imts the nunber of the
Pl alyirteferRlashdciBnd %1%3@3%1’ RAUHRERY st iRSEwBERYAE dABor has
within a predetermhed period before the sensor
begunesmosieg theltempenapee af e sulgécttane teumpesssor selects thie fifse timetframe

to i 88 Bt SN S e T o e HioE® ftigeiistdb, the
procesidl 8sikrn@nek thBEthB sOGe5EREnsHR) ®6 tmpdigutd 6iShe bivjEctbyane

to include tenperature signals occurring after the
calcylatipg theicyerent vilue efthetegmwesityre gizaslsdrom therfengor saé sden the

et S RER Ul BEOR R RRSAIR, SOF o TRECE o

the dofutibioat ure signals fromthe sensor and when the
current val ue exceeds a tissue contact threshold

tenperature, sets the start tine _ based on_the
cal I§F‘?t61i?? aﬁi?ﬁ Yaniages 9:"?%% P%%“té’a‘(ﬁélﬁf”é&é]é %S?OI’E%@’PE‘YW from

the RUBKEIY dekANAREEQPDvh | thkdHEE LBRuARRA Wil e RBbMPSying drawings
foll owm ng detailed description, taken in conjunction

whicki illbstrdte baceagnglaxpinply, thedwitnigs ofttieghvanitionst r at e, by
way of exanple, the features of the invention. BRIEF

BRIBESTR IO oF TP BRAWWESGE! G 1 is a graph of a

yptcal  asynptottc response curve of a therm stor

se r,device show ng,the erature equjli.bration of

SudTCa! SR Aot el b Dt Fuf L Rk eRor
devics shdwifi® Heacinpitatilte 8quRbiaBOH of fuckea séndod nibutedWieHin 8

smal | object having a first tenperature inmersed in a
tempegptyee #rpbe dhabigtim coa¢tavitthepatient:d is at a second,

hi gher tenperature than the first tenperature show ng

th e . t . i . .

o Bi N B HRRD A il B bRt ure fmmersed n a lorge
fluigpbaik edwrecthe fiwabignat agecohd, Highep eanappenaterechamthe first temperature

showing the heat flow between the two to achieve equilibration;

FIG. 3 is a heat flow diagram of the process of measuring the temperature of a
patient, showing heat generated by the internal organs, spreading through the major blood
vessels and other tissues, through the probe cover and other devices, finally arriving at the
thermistor, but then flowing away from the thermistor to the probe shaft, through air, the
handle, and through devices and things that conduct heat away from the thermistor, and

even to the operator;

FIG. 4 front view of a portable thermometer having two probes, a probe cover, a

display, and input means useful for measuring the temperature of a subject;

10
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patient, showi ng heat generated by the internal

organs, spreading through the major bl ood vessels and
wothwriotdisssues, through the probe cover and ot RET/US2006/010998

devices, finally arriving at the therm stor, but then

f1 oy '0is AWRYCK! i RN alsh Qe iR bdordMick RethRi ARG 18 K the
through air, the handle; and through devices and
inventidmiys dethaminingribie tempeeaitreanfaypatiewpefdie finkleagmiliration afrke
even to the erator;. FIG 4 front .view of a.portable
temgSH s RRPEPT WMoY HGTOWe" (P snlent UEoppbyetichon pr g pafiens
tempiékfidledMsediichnaiRistof TEBRSG atucedaid obtainedBafH ¢diglititigon;
tenperature of a subject;FIG 5 is a block di agram of

a Sﬁt emin accordance with principles of the )
i n¥EptQ 15 gt chpek bowing teaperdire dageathenng apd PECHHINIE
I . . . Qr.

prodf{fih@afia s RYinE Rpiriild kcGal UNFERECELANR AN

the patient's tenperature based on anal ysis of

t effff@rashome edaemplaghbteaporsd chivEooia thgunisidysertsondgvicd Bowdng its

is a.flow chart show ng, tenperature data gathering,and
curv ok SIS G TBBUCEerh ) QSR R R BRGS0y & Second
line 4} tARFQHAAGEas M dnibnR SPALASIAY sttdshdwin e tHat &e;culVGare Bf the

shows exenpl ary response curves of a therm stor sensor

respeisgilie ashowklgry site is grughdess shanagt theearpléeetalivites;

nmeasurenent at oral and rectal measurenment sites and a

se [ .

SEFRO gt RERShAL B RS SRR AL B AN o
delagta prbdicaon $tharandi gredicsomemhplete it haaccatdahbewith aspects of the
. oral /rec%al sites; FIG, 8 js a tenperature graph
invegfigfnorRyedict the rpeeaiie il @ SLAFES hol d, a prediction start

delay, a prediction start, and a prediction conplete

POIFNG. 9 [} AGEON H8MG CeibdritupSRRedsToRhed BEdiFRMANEAOBS defected Al,
predict the tenperature of a subject; FIG 9 is a set

Bi, apfl Crpdesimetessrirebeansgd avidutempsratuse detd cogves pf # splgeat tg @it 8 model
of selgected Al i nd...Cl .parapet er. u iih g
cursB i B BFAAER S oy, il ARG, 8 ol g subjec

curve to the data curve and when fit within limts, to

pr €0i3c10 dhoevs tcarpeditahgl b endalkl tehpesiilit eaive té-héualifestdslata
.curve fitting a nodel tenperature curve to cté$l
Poingp 8¢ fetermyiaing throflifferencembriyesretial MR cihe 2af epe efbeactual

. AL Ve £ o .
dataéb%?ﬁgf, e0bd hald 1%9@@%’1{%12 ttfgé:ﬂo@ﬁq%ﬂrv_@ fha% Etgac%gféﬂé\lﬁie 92t @ the data;

s, to be use mning i curve
has an acceptable "fit" to the data; FIG 11 is an _
enFBGgelispacnlapdedtfae afdhptemperatee grapplof FIGFS ehovging the final

tissuF QR R pOR Uik b B e B pE e shef e te
startt d¥@r&di@{ch safpRy; @fd ct i on sanpl e; and

FIG. 12 is a data flow chart in accordance with aspects of a method in accordance

with aspects of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following description, like reference numerals will be used to refer to like or
corresponding elements in the different figures of the drawings. Referring now to the
drawings, and particularly to FIG. 4, there is shown one embodiment of an electronic
thermometer 40 incorporating novel features of the present invention. The electronic
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FIG 12 is a data flow chart in accordance with

aspects of a nethod in accordance with aspects of the
wonresante3d nvent i on. DETAI LED DESCRI PTI ON OF THEBCT/US2006/010998

PREFERRED EMBODI MENTS In the foll ow ng description,

thenhdnkletef ed1R4i8NE ProbE AR F& sen¥thk khdtemysathré of 4 efi&ted ﬁ’aﬂ bike
corresponding elenents 1n the different figures of

patleph & batakPhrpstcdheicondiaters déve the mae badudp afte tagrsnometer. The

I I [
oo B A o o s LTS e B BBLCRTARS Db
therrhemttor emtaihs theeleptrizabeumponeaistand powdhapply of the thermometer, and

| ect.r oni ¢t her poneter contains a probe 42 for sensing
also ped lénlﬁzé?ié?wgo SHHYIRE SEIPSEAUA VAR i BEMgRgssages, and a
first g@qyde\%hnff G iRYnis eALUG! ‘ﬁro?lltﬂ?f's&/ cH IQ@atQ@béloﬁqgé( d1§ns’lay A

he thernoneter. The’ pr obe has een renove
MOIE ewitgle S$vid alsofliaovnded htethenfiiont praonat) 56 dhihe medimbbdydty sefect the site

t her ter ns the el ectrical nen nd
and R B Bk Tt el et S pte SR bRRED Frabaeihe
chargbtéiirkiay obditek afe BhsiBERY UGS fé&’fﬁféfa’%ﬁx‘érrﬁea\éﬁleﬁﬁﬁt qAGner ror
. or alarm nmessages, and a first input device 52, which

embodimeny, $hedMODE switchrproyides ﬂlemeetmnswé CEBASE QRABW W FAST
h» 5 Qyid h
AXIELARYY o MARFRBEAN o8 ol ol P T il e o

thermerh&ed amf is pheeeistha giotddepdsiivpdnited én 8 &leH G0WT€he main body. In
propriately so that the characteristics of sites are
accoacgﬁ%ff wih &he RIGenhembtipentaPig Brobe isigrhsiised for mpagyang a patient’s

ot SEERYS e TR RIS el gt

measiegerd. ﬁﬂ@b@lo% i$ an hygi¢nideaveni6l ot plecenteat averet mobeaivefore
i SﬁPﬂ“ he stored position inserted in a well 60
Cont?f?“f' d ?tff’n ody. In accordance with the present
enbodi ment, one probe is to be used for neasuring a
paRbﬁﬁﬁngStoCH'[@I 5.2R6 bRk i 3fatn LENRANRIHARA I ARKkIEdRnRL her
probe is to be used for rectal t enper at ur e
CompRIGEIFrad PER fbmbMlmn%ﬁmhem@oraﬁelr%mmp@rd@we’v'ltlsasm@s of the

prese%I ﬁﬁ&ﬁﬁgﬁ I?\fl? :t{errn eﬁ[ut%) gﬁfﬂ%g %Sro% .I%sjpceggtlé.ri% as%gt‘ng}% in response to

the t@ﬁpaataké sensdmngammuxehﬁﬁm I'THeire ale® 8366 € jsrobd c®RE 62 located
enbodi nent of a thernmoneter 40 in accordance with

betwaehBenatient apg éhepﬁe%%Oé Rt ﬂ}eer%‘?ﬁ i [Brihe qase vihergrethgimpistor is used as
the téﬁ%@%ré@en%roﬁh%&es? Ay % @oﬁzifggl %g?es'eﬂtaﬁ%ﬁ@lﬂtﬂé & sﬁs?ance of
durln sur SO

tenperat ure sen ere
the tleerimsgter ztﬂulethmfmhmrepmsentatﬁ@ dfabasededempesnrt h@he altgnelet

ML T L,

digit8l faﬂﬁltf@sr ﬁftﬁeﬂ;}a&e@gng 8y ‘hﬁgﬁﬁog LRUBHANANENG 2 TH®nalog-to-
rest s anc e of

digital converter is connected to a processor 74 that receives the digitized voltage signals

and processes them to determine the temperature of the subject being measured. A
memory 76 stores the temperature and time signal data, along with algorithms, so that the
signal data can be analyzed at a subsequent time. Once the signals have been processed,
the processor provides a signal to the display 78 to display the predicted stabilization
temperature. The probe includes a heater device that is controlled by a heater power
source 80. The processor controls the probe heater to raise the temperature of the probe to

a set point once it is withdrawn from the well of the body by turning on the heater power

12
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the therm stor and therefore representative of the

sensed tenperature. The signals representative of
woenpaovaisare are anplified by the anplifier 70ramaStdeenios9s

are converted into digital formfor further processing

sourfd/ Sitharnsat péint B+{hiedity3°E GIVERLYH Bhit ofBer t&lﬂ?eratures may be selected.
anal og-todigital converter is connected rocessor

ActivefingifeivicBeapbles thetiemprrgfurd measuirgianh §Ectpumel the thetmometer.
This%(v‘?t‘c‘:ﬁ ?ssﬁgfe&ibffm&c%eﬂ%gﬁﬁ‘lk%%eéﬁéest&gg?%{a@ﬁsg%h @ rehldFat of the

probb enmaraatall}eeraablts ttheMResufnent. dAtp@weﬁ bwpidly 82 idprovided for the
algorithms, so that the signal data can_be anal yzed at

power Iseﬁé%,%ﬂ}e NIy SROMPOAES- t%@csﬁcgmp%ctm&% betyegn, the power supply
r 1
s b g RO e IO 1R {Bp A n Rl hose
skillebimpbe att wedl uriflostgndebeh ¢connketdbas. a heat er device that
is controlled by a heater power source 80. The

cQ o S t be er. to raise t
P e ASEPTEH e bR it BT O BRI i iR g
embwhhfédt’ ﬁhVMG’ 50this I8 €orithidirable bﬂ?o&ﬁd})‘ll}byme&h&hﬁﬂ/ ’mehf‘ ﬁctually
heat er power source. Such point is typlcaIIY
Comprse, rgolepleduﬁmotw@ﬁ'lqeénﬁ@ mog@se@r ‘Hepay eoryplisecmplgiple processors

i e AT
he Q6L SR SRSk S ARLSIRERELY Sy tsgppm o
thos¢ skipedeinahea bit yhdt oaﬁdnednmmm&onﬁ haypeahalesd PIGOR wel |
such that renoval of the probe automatical ly enabl es

asurenen power. su s.provided for the
%@ FRAbeY & FIG. e ng@%ﬁ% it &t ancgrbqdiment of a method
in adé@f@i‘ﬁﬁ@et WRR SsRelsWe et ihGiBRWRY SHOWRP Bllﬁng RGthithe data that flows
conponents are not shown to retain clarity of the

among thesy. r'Htei tasks rhaywemeoneunssdy okinl dequerica, mdesomettasm shown may
r.st an

h th
not 4P SRk PO EHE miARraRenSoBicata! PRHS Py O TBY docs no

impl§ 3B Qi vidh sbdudnbés.coftroltdat Sctivatioflard AdtWBbW AL VIfls diagram.
purposes only. The menmory 76 nmay actually conprise

mul tiple nmenory devices. The dor ocessor 74 mmy conprise
mulThe Plesmprsies Sy is infiializadeq0 andkdats i thgtempprature sensor
ti i 1.
L A
they rm:ﬂtlhém Gizttied92. Mty fideringdepends &1 e fHter Rgfegonden gnd awdelo

. FIG 6, _general functions (tasks).of an enbodi nt of
implEmgie o HOPTE et ARl OTs 4V SR Of i og /ST e
soph?s*ti%at%a @i\l‘{@rs BhPRIust Tk ﬁﬁeﬁﬁtté}nﬁ&%ref ARG PR b e
tasks may run concurrently or 1 n sequence, an
procs&smemtcakiu@tmgoxmedlatyd temperatmeddr i Onpeanpacdpitabld ealculation of

arried em A data flow
predggéis teWBFr F‘-ﬁﬁﬁ?ﬁ l&‘?’?né%a%lu\fé{gddf‘?que’a@nce control and
activation are not shown on this diagram The
t har generliesd &ﬁb@cﬁﬂibhtsof ianthéana forZaekifg teamitrAaledrédi@ivnt fofeach

tenperature senso
of three oral, rectal, and axﬂlary sites will now be discussed. Operator selection of a

chosen site determines a selected set of control parameters and thresholds for use at that

site.

Overview of ABCE Nonlinear Multi-parameter Curve Fit Prediction
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begins to be generated. Wen sufficient tenperature
sanpl es (data) have been acquired, they are then

woi2bieawado 92. The filtering depends on the fil Per/uSyPe/ 10998
order, and nodel inplenented. In one case, a sinple

b OXG Rk atidY OF ﬁﬂ:%lc{ti@ﬁ%if 'ﬁ?ett@ﬁlpieﬁtdi@ 8k dBinB8 FutiRY Bme (such as a time
sophisticated filters may be used. The filtered

at wiignthe seitsor wouldthe expedtedto have dquilibrated Witl egpatientisiemperature)

T TR TR
filterB& Rt e shihple§ (A7 $RdayBbcBfrind faimeing tis@iRtontact (see FIG. 8).

enbodi rent of a neans for making tenperature

predi ction for each of threg oral, rectal, and
axillary sites mi,l\_npw be ®iscussed. egyat or

sel ecti on of a""@/lﬁo en sitaedst@ m nes (ga's | ected set
of control paranmeters and thresholds for use at that

whergj t e. Overvi ew of ABCE Nonlinear Milti - par aneter Curve

Fit PredictionEstimtion or prediction of the

t i i W€ af 4 i mas = {1 (B);
at W ot R uRaERr AR LE ol d PROEAUERnST =3 10 (P
equilibrated with the patient's tenperature) is

per fsoannegtnsafiple index mitadized fn@ afrtherfirst sarppleanestiag conditions

nodel (Equagti.on 9)..tQ a sequence of filtered

t enper a%grgreglﬁﬂﬁngaI?a "wi ndow') occurring follow ng
tissue contact (see FIG 8). where: Tfit (n t) is the
est [srad surabertofigedontp pércsathipts @éc)p particular time t = n
t (OF); nis an integer sanple index initialized to O
at the first sanple nppeting conditions for "Prediction
St Arip the "pifset” p r9fof)sseconds per sanple (sec); A
is the "offset" paraneter (OF or 0C); Bis the "span”

Or B'j§ 39EpanP dF AAREST palcBfret®f (P& 9C)E 1s the "curvature”

or "rate of equilTbration" paranmeter (sec *); and Eis
the "tinme warp" factor (unit-|ess) that may, K be used to
makeds thenowivaiedrorvoe pf ewilitsptioar’ parencier(ven uk andf t he

nodel curve to neke it better fit the curve of the

te tec A PN ' j i
o TRCHECALE 8 GAFIDARLAEL A, e hpcar
wi ndow imodifitatibh dfahevarrdatbye afniee medd woeveentmakanpbetter fit the

(one second (%Vﬁra e of teﬁg sanpl es, see details of TAD
conput at§6Ye ¥ %W%ﬂ%?ﬁ%?urte Bpdel paranmeters are
reconmput ed.

If the fit achieved in the first window does not meet criteria for prediction, the window is

"slid" forward by one measurement sample (one second average of ten samples, see details

of TAD computation below) and the model parameters are recomputed.

For each of a number of discrete values of C and E, model parameters (A, B) are
computed using linear least squares optimization methods. The solution set of A, B, C,
and E that achieves the minimum "sum squared error" measured as the difference between
model curve values and the window data element values is termed Am, Bm, Cm, and Em
for that window. If this value is less than a defined threshold and other curvature quality
(“CQI” described below) and slope conditions (“WindowSlope” also described below) are
met in this window, the parameters ABC are used to predict temperature using Equation 10

below.
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For each of a nunber of discrete values of C and E
nodel paraneters (A, B) are conputed using |inear
woOeeast10zgoar es opti m zati on net hods. The sol ut POWUS2106/010998
of A, B, C, and E that achieves the m ni num "sum
squareg error" nmeasgred as the difference between
modeka.dur 9= dal- { HeD (@, NddOdat By el ement  VEHUEB
is termed Am B +'@ﬁ'gfmd Em for that window If this
Wher\éalue is less than a defined threshold and ot her

curvature quality ("CQ" described bel ow) and sl ope
condi tions ("W ndowSl ope" al so descri bed bel ow) are
meD(CR) ik thes"cuivathosadjustencpafaatoet;er s ABC are used to
predi ct tenperature using Equation 10 below T nt s A

+ 140 ¢ +D(CJ + +D0 (,Eq. 10 wher e: i
t hé(Tﬂﬁg%%l?eeadé‘gﬁ(tl\é\é?trfggwl(f gct or')' ; mD( T;Er ies Pg](e:nzt : fre

adjustnment factor"; DO is the offset constant; wis
t hp, b effs@fcosf@nds el apsed since Prediction Start
occurred; and n t is the nunber of seconds in the
future, relative to Start of Prediction, when the

t eMgé thenymeber of segonds edapspdringePredictign Starhecchgeddngdhat
the exponent "E' for Cm (see Eq. 9) has been set to

" 15 eihs RS uRHROSH s‘é@«‘g{ds e ttﬂ%: fgturé;chlaﬁpé"@)‘S%n Bf‘]ﬁf&'&ﬂ:&i@ﬁ,rwhen the

I
enbodi nent, It may be set to a value other than "1" to
nor e pr emEatyrefis to behmstinatdl curve to the curvature of
the tenperature data. The tenperature data is tine

tewif DL she Pk FE vl 2eRe: Aol et R L0 S e

embbdihRhCOIFIEE 1 @dHoWe$d1aW aBothengabafitet, @ty beGHf 16 value other
such a curve has tine as one axis and can therefore

than 3)l's b peretpiecisphy fibthe arodel eunye tethewarvatme of g seyapgraturedata.
[ r : i fi Y r . .

e PRLRER LK PR B IE Lo B oo R e

point @njrac.aWhee the daea pihia asnihtdreorinbeted taoshew efeaipeedurt dats

a,'time warp" factor since it alters the nodel curve
“curyey, él!l(.‘ihl an%lrgeglp@éi_me\;gr%elﬁégst arlp:g can H&qeefﬁ{e also be thought uof gs a time

curve. This exponent “E” nonlinearly modifies the curvature of the model curve to more
precisely match the curvature of the temperature/time data and is therefore referred to as a
“time warp” factor since it alters the model curve in a time sense. Varying the exponent
“E” to more precisely match the data curve would require more processing time and

power.

The model curve produced by Equation 10 predicts the rate of the probe
temperature when being "warmed" by contact with tissue. The design requires higher C
values for oral/rectal measurements compared to axillary due to the difference in heat
transfer at these locations. A rough comparison is shown in FIG. 7. The graph line 100
presents a typical shape of the temperature response to the oral and rectal sites. The graph
line 102 presents a typical shape of the temperature response to the axillary site. It is
apparent that the curvature for the oral and rectal sites is much greater than that of the
axillary site. Some control parameters and thresholds are also different for axillary vs

oral/rectal mode. These differences are described below.
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"E'" to nore precisely match the data curve woul d
require nore processing tinme and power. The nodel
wounosgopiseduced by Equation 10 predicts the raPeTal200h010998
probe tenperature when being "warnmed" by contact with
i er, € nHoRls VAG 51 B@RChaE bEB) HESmAifed (A, B, C, and
oral/rectal neasurenents conpared to axillary due to
D), théremd iof frerrenn ¢henrbelrered toaketimmedhe preditioh of thieiegngibriam

rough gonparison is sho Lo FIG, 7. The graph line
ey AR s Bo Ry 5f SBe o Ahdsdsprivs By B P iPeen 681 or recta
meadufSRMN il Q vallR I1380 seidelds BeY Bk chletSfor ANExiliIRRedsiRhent.
102 presents a typical shape of the tenperature

The jegelp ohsndving eqiasioaxd0l(Tasy:) il ghen|be thesequplgaivam tempssatuiche
curvature for the oral and rectal sites is nmuch

gr r [ . :
o e BICh PR g GoREE I tor Sithdh oy HRRRf BRLA e
prediatioh vich msy adselif ped tvien thede terihie Sikedli D{@)ie admsaraadgustment of
descri bed bel ow. Further, once the various val ues of
the o f actors have been determined (A, B, C, and D), the
time of n t can then be entered to determi ne the
prediction of tpgeagilibd um tenmpefst . As an
exanpl e, the valgg og T%Otéeconds #g@'ggpentered for
an oral or rectal neasurenent while a val ue of 300
whet¢econds may be entered for an axillary measurenent.
The result of solving equation 10 (Tpredict) will then

bent he. Llibriumtenperature. The factors D(C),
D(%lfpelasﬁag}&)&ﬂag%npensate for minor systematic errors in

the prediction which may arise in part when the E term

i sCfis gecbstibae)l viabieasdociatal widld fhestmalagt sofm sgharefeoom

D(C) Cslope - C(Eg. 11) where: Csiope is a

canstant: .C.is the estimted val ue associated with the
D(W%Wﬁtag&lg@ﬁﬁ?%uare error. D(w) sinmilarly is the form

D(w) Tslope . w (Eq. 12) where: wis the tinme el apsed

since Predicti op(#t=amry,{eeconds) at(Hdge2)ine the

current wi ndow i s evaluated; and DO is constant which
wheies ysed to renopve bias effects of D(w) and D(C) as

wel | as

w is the time elapsed since Prediction Start (seconds) at the time the current

window is evaluated; and

D, is constant which is used to remove bias effects of D(w) and D(C) as well as

minor systematic offsets statistically observed in population studies.

The range of “C” values used and the values for the “D” terms have been selected
based on actual temperature tests of a wide, randomly-selected subject population. Based
on those actual temperature tests, all of these values have been set to optimize the
performance of the prediction of temperature for this wide population of subjects.
However, as is apparent to those skilled in the art, the values may be changed depending
on test results with other subject populations. It should also be noted that some or all of
the “D” terms may go to a zero value, depending on the actual data measured. Further, if
the exponent “E” for the “C” term in Eq. 9 is used to control the curvature of the model,

the “D” terms may not be needed and can be set to zero. The “D” terms are used to
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m nor systematic offsets statistically observed in
popul ation studies. The range of "C' val ues used and
woheooviatazes for the "D' terns have been sel ect edThasmwd/010998
on actual tenperature tests of a w de,
providé @ﬁﬁ%éfmﬁ‘%{sgﬁéﬁfbr%@ﬂﬁgé oPAP Wkl Qftve @ﬁ@@ﬂle%&ﬁéﬁh‘% €E” is set
actual tenperature tests, all of these val ues have
to onbgasrin gt 1Q.oTlnip empodiendnh ef settirfarheraxpanent “B He ope end ssinghe

. of tenperature for thi i de popul ation of subjects.
linea e FEPS "2 1 loweibe (g OB YashpPBass yet oS Sefirae
predichién dahies may be changed depending on test results
wi th ot her subject populations. It should al so be
noted that sonme or all of the "D' terns nmay go to a
z et shagsfipateddemppiaturg isonitsidrethg Loy High A’r?%%&qylrlgal.tsa the

. i B f o brpEd. 9
B SRR Sop kM g T,
“Cortianoms Mayiteorirtg Steteli éetdie dtagenid vdach the tisetonwtereioes notlpeedict the

"D' te e used toprovide some conpensation for t .
R S eI T WP RS O Gu Moy rafeg Sith
the tdrRp?RtBre F3hd Suthcht. BRpentitl Sofilb afitbBMal Site SRictdd)Sordth®, fluid

t
exponent "E' t0 one and using the linear "D' terns was
couplingiraaid peeskwwapplidk thde mapi dakedrom Heegiosighiseinuigat yi el d
accurate prediction results. |If the estinated

t egper, i s j | | G icti

| Rt Bl obftar RS i R, EhEH H @ bredioion
procéss e WHsarthé pobe si2ibrenicoed figmShatmtrimehe" Welty s (setoBIS. 4), it is

Monitoring State" is the state in which the )
typicaHk AhioReY BRDIERISTRERASS. e Hicchrobh BealeRoRIes SuRmdy 80 (SR ET1C. 5) is
. J . K | I,

st ST brili 1) RC KRN TRAES: Pl By it ptfhe Bshe
heatddelme hickinayg o carshdoe savrad] dagreed ansli dseillsel patiedarly dithaptobe cover 62
. fluid gouplin a ressure.applied, thig may, t
is nof fr@ﬂm@ﬁ Paéhg B%B?-gﬁﬁe iohe fRer 152 gy o . en he
probl WRthG@ber i8 PREEAIHEStRE Fhth tBsRNthekEMpdiBRLLFQS fRm iHRRetpoint

prediction process. Wien the probe 42 is renoved from
surpassiagiTissue Gloptact Thsshold 482 ¢ansimgrhacheatgr to slautiodf. t ypi cal | y

at room anbi ent tenperature. The probe heater power

su 30, . ELG,. .S i | nai

o DBietp B pieu g bl Ao b H GosPldir i s Wfi0o mo
tempRfzie cRetiiig Tibdlie CdntavaTheviasls fsliwesldwes fiked) agreesparient
_oscillate, particularl %ﬁi f the probe cover 62 is not
timegslayt dde galay peeersisd if thesavp femmerateedplly Relpw dhe ‘st eoptact

: ?\hferp : s over is placed in

Thre%%or%{igggoﬁ){,m&? ﬁu{l ssuer%&t@ ?1@{ ?@ﬁﬁ@rﬂa@ afrie rises fromthe

set poi nt surpassing Tissue Contact Threshold 112

cabsginginghvdtihtbatrew stmplehugetiog tritebe fer PrediatiowAtapf 114, raw

temRFf;r' drlce%t@%\gﬁé )‘% gfotcksI ot ff &8 ra]l%r!agse ea%d%Yorgae ]gr% ltl(lzllqg aft farrgub ?window)

116 of ten filtered samples. Each such average of ten is referred to as a "TAD"

(Temperature Averaged and Decimated). If any TAD value is less than the maximum
TAD value recorded by more than 1 °F (= 0.5°C), the instrument state is changed to

Continuous Monitoring State since loss of tissue contact is presumed to have occurred.

The TAD samples in each window are used to compute a curvature quality index
(CQI) and a Window Slope value. These values, together with the Sum Squared Error
(SSE) must all meet specified criteria in order for a prediction to be presented. If they are
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tenperature exceedi ng Ti ssue Contact Threshol d
followed by a fixed, node-dependent tine delay. The
wdebmy07aso ext ended i f the raw tenperature fall BChEISEMG6/010998
the Tissue Contact Threshol d before reaching the
not tidt eAbkRBSV AL WG RsHhieti A9 fol RRE! MMhe AW hile trbieeacR Waccessive
sanpl e eting criteria for Prediction Start 114, raw
secondispddert torthe ssimpition Winddw cankdshoeldesy Tl valve iy vash ontil

., Sstored producing an .array..(w ndo 11 ten.filtered

citnef 1 e esPi UFLR gt S Bifandedauthy b oplym gl of

windoWAMak NemveinabweehaSbesgachedand Deci mated). |f any TAD
value is less than the maxi mum TAD val ue recorded by
nore than 1 OF (~ 0.500), the_instrunent state i

) : . S

chibretmal gviedy saeahsdapidiitsorith §- & areWandreelppg kalggs do not
B T P e O G b el 4
threstolall RISE. i If thiis (s@deksfah) thea thi¥ pretdietiGh fpe thalfinel wikldewes made,

val ues, together with the Sum.Squared.Error, (S nmust
othesiiipe B st n st pioafe BOMTGI Ao GHNS S Sar e
predicBoR thaP s RL-qubfifidd) giytha hRIAR e A BnpeAtnis RSQALIBO the Low or

wi ndow i s for ma.dq as follows. The TA[B_vaI ue for each
Highspredietieni imits dboindtrimentggainatisally rarsitionsde therContingovs
M atnd t ol dest TAD value is renoved until either a

OnLREReR¥ %l i ndi vi dual wi ndow predi ction is produced or
t he maxi mum nunber of w ndows (MaxNumW ndows) has been
r egeveed otel cofdttidnsnahy isitivde wansitionefaein el Pedittion so BSE,

CQ, and W.ndowsSl gpe val ues do not_ achi eye specified )
Conginross femitering pate- t Higsesemdgions §ee et i fheyoH¥aY joytines conirolling
I . [ :
the {EQRP AR e Brok HTCALE e Focliee b in FIG-
12 forsompittenest drelr duissiibetdredsewbsteriurtienspdacifaagoni on i nto t he
Conti nuous Monitoring State. For any prediction that
is oth (]vvis.e u 'f'eg ni e_gre%i ted tenperature

Temperal nd Ligct linits, the

instrunent automatically transitions to the Conti nuous

MoThé BstriGesit sahles SExBagd fromthe tepgReitticpasha@myplifier 70 (FIG.

initiate transition fromthe Prediction to the | )
5), awg digitaliy cenveeh this v alhg a0 millisprendkingssyrls- t Fesrrdfigieacysand noise

e tis L

suppissioloin? 200 Rlfecc (A& <ML e okl I g blc
averdgeeiecinate [Byuation 1B) @ prbdudeditennmmhiet avamgsd decimated” or “TAD"

descri bed el .sewhere in this specification. Tenperature
Smﬂ@%?%?ﬁﬁcoﬁﬂdntﬁé’éisnati on (TAD processing) The

i nstrument sanples a voltage fromthe tenperature

probe anplifier 70 (HG

TAD, =) T} nios (Eq. 13)

Jj=t

where N is the number of TAD samples/window, and where the first sample of the first
TAD is that sample after the Prediction Start Delay 118. Prediction Start Delay in turn
begins with the first sample exceeding the tissue contact temperature of 94°F (34.4°C). If
during the Start Delay period, the raw temperature falls below the Tissue Contact
Threshold, the Prediction Start Delay Timer is reset.

Prediction Window Sample Selection
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5), and digitally converts this value at 100
mllisecond intervals. For efficiency and noise
weuppriexsion, the 100 millisecond ("raw) sanpl 6TAIS2006/010998
pre-filtered with a sinple boxcar averager/deci mator
(Equatjon.13).to produce " : d
el g ion B S PRRER M R SRS RO cyera
source%‘.ﬂ?ﬁfsﬂtérﬁ ahdBethdaine accofdahédwith rppeess/ ofitinciowentanmchtighmt €
e

iTst sanple of the first TADis that s | e. after
avert thiefEateell wt126k toREh OPUNIZGH SaRStioR, S TR H6A- B BIPLrRiE By

secondTblhe P el Lo L o B o

equiliﬂgbti@orﬁél?zé sﬂ_?pb.aTh@aC)gintedthftp_klfahber@r;ﬁarﬁﬁbelﬁeﬁftgr éeq.i(a\{a.ﬂ &om the

el ow e llssue ac esnol d, . |

instrurgenty e DEATR P 55 PUCS R &L CRRBAPE: VIR AU Bl Safp snd/or

compr@?slitﬁlc&j e Eb%%: Bl erQeit thi RkiatvaflBs SN mafl fesigtagod batween tissue
con |

aln aftitacts arising fromseveral sources. {Lge
and cceyst'Binis affectsrbothdle shapa of e dbarmal oquikibraigieedrye gpd thie

invention attenmpt, to avert the effects of artifacts
magnifye &F%@F%%&C@BF%}C{FF'M of input data. In the

first few seconds follow ng tissue contact, residual

efd slestorhitiche ths eftethefatdisegommys,afid dgorithirecomputes multiple

equilibration curve shape. Th ooner the e
estimajemniret §mei widewsaash CHRSRSREIOT ’éﬁ??ﬂ‘@%?fn@méﬁ?}ﬂef fich
(see b@kﬁ%@réﬁ%l #Itd hes ¢, §idP&f Rtdhfind PhbiBerth&8gitate Mo @partitular

position and/or conpression of the probe cover
windoM fshsutthisie S predietidresr wiehdrhes mahsureadng wamday Basifeetvanced

~_tissue and cover, This affects both hape of the
(slid) o Eherpgkt @ﬁﬂmnigﬁ%]? iVGfHet:‘ﬁFe&?é‘n‘gﬁas k& O%lggtﬁ |8’[ ude of the
equi libration tenperature. In order to mtigate the

L ht%,%ﬁz Rh1iH04RE nSAiE eStheWid@k Sami SduarecEmpuISSE) (Equation
mul tip

e estimates from"tine wi ndows" e cansi i n
14). bfthe casewetbrathetinal windparpesaindds reagt E@%Y%E%Of%e fifal
. .diagra FIG .12. .1 I L. ;
vina T B Gl yah e PR Pp IR Db et e
instriRhSE LK@ MaRé a Wasifi&T totthe Cortisuous Meortitoving Stale when upgble to

advanced (slid) to the next incom ng TAD val ue, three
makerpeliplels peadictio8nput ed. 1. The first qualification

nmeasure is the window Sum Square Error (SSE) (Equation
14). In the case where the final wi ndow permtted is

reached, theSSBE Yau®, eff)the final wHaHdW is used to
det erm ne whet heri=a prediction should be displayed or

V\,hgt her the instrument should nmake a transition to the
for iSnuous Mbnitoring State when unable to nake a
reliable prediction.

2. The second qualification measure is the "Curvature Quality Index" (CQI). Its
purpose is to detect artifacts in the window TAD data that would cause the temperature
curve to deviate from a normally concave downward shape (see FIG. 1). Beginning with
the third TAD of a window, each three TAD values are evaluated to determine their
nourvature”. In one embodiment, the second point of a series of three must have a value
that is equal to or higher than the average of the first and third points or the CQI will be
considered to be unacceptable. If any of the triplet of TAD's in a window fail to meet the
curvature criterion then that window is not usable for prediction and the algorithm must

advance the window one step (one TAD).
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SSE = (TAD - Tif (Eg. 14) for N TAD s. 2. The second
gualification neasure is the "Curvature Quality | ndex"
wWOCe)107d30d s purpose is to detect artifacts in PO®US2006/010998

wi ndow TAD data that woul d cause the tenperature curve

to deviage froma nespal |y cave downward shape (see

FI @0h)= E&gmmmgﬂ%hﬂmﬂd—'“ ; TAD, of| a wi nddii. 15)

each thre@ TAD val bes areZ2eval uated to deternine their
Wher"g:u_rvature". In one enbodi nent, the second point of a

Series of three nust have a value that is equal to or

hi gher than the average of the first and third points

or wtibeheGallebd the bstiroaivai wiaded rirmifefromacoapimbigdowd
any of the triplet of TADs in a wndow fail to neet

the curvature criterion then that wndow is not usable
f o ip hscskies af KA G "Snefol AR fhe sl BRARREIYRG (0

W ndow fRéWiRRwsAg.1TAD). -2 (t ti +TAn CQw =
iflPOSITIVE\ + -1 + +1 - TADk+w (Eq. 15) where: wis
the index of the estimation window running from1l to

NoteNbaithe Gise SKTLVE" taperapny irbieatest thatAbihe abie ingidel e parritheris to the
. .. TAD i.ndex UL N .+ . .
rightli Boi IS et R8N b Syl A YR i pdialivd 9635 pb{Rleed to the

sumli Taé AQItVakiefor thREsdey biust dial brdbds then OQSTTired®Ild int order for
will be added to the sum If the value is_negative, it

the esimatstirora deiveanovindew s ke usrddo erydugea prEnmediagsimwplasicAdow

sk equal or less than CQ Threshold in order for the

estimate froma given window to be used to produce an

i mredi ate di spl ayed prediction. 3. The third

3. quahe flichquatificatasmeasuiess theslageaf ¢heowindow (WindowSlope) which

.. (W ndowsl i.ch i i mpl t . .

i sifgp broruna b Bisf ekt fnERh the TSR e Bt B ip gachuwindow.

If th¥W EO¥kceells thRQinidK1epeENEQRUS thdhahé htttwitOp el BSMctbd or
then the next w ndow nust be selected or the final

the firiahwandoswevalizatedd. W ndowsS| ope = TAD (NunifADs - 1) -
TAD (0) (Eq. 16) where NuniTADs is nunber of TAD

aui Lo e Rt R R0 o “hated 167

where NumTADs is number of TAD samples in a window

pred

WindowSlope has been found to be quite helpful in the case of a subject who has a
very high temperature, such as 104°F (40°C). In many cases, the temperature data curve of
such a patient has a very high slope initially and could lead the processor to predict a
temperature that is much higher than the subject’s actual temperature. In accordance with
the WindowSlope feature, when the slope is too high, indicating a possible “hot” subject,
the processor will wait for a subsequent window of data. Subsequent data may be closer to
a point where the temperature data of the subject begins to be more asymptotic and a
prediction would be accurate. In one embodiment, in the event that no window meets the
criteria for immediate prediction an alternate opportunity is provided once the
LastWindow is reached. The SSE of the final window is compared against a threshold
FinalWindowSumSquareThreshold. If this criterion is met, then a prediction is computed

for the final window.
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very high tenperature, such as 1040F (400C). In many
cases, the tenperature data curve of such a patient
waasoeaowsoy high slope initially and coul d | ead#CThis2006/010998

processor to predict a tenperature that is much higher

Estirﬁa%%ﬁﬁ&%s%bj ect's actual tenperature. |n accordance
e hdowSl ope feature, when the slope is too
hi gh, indicating a possible "hot" subject, the
pricpodace an dsiimatd, an £efimationuvisdeiy atist b eeropetst byscquiring and

Subsequen may, be,cl ose [ -
proa s BBl 40 ST L OB T e B feromin
the fidpMaRERES &, B%hdeC p§ @@l et teryuablidadiobenasees, HSE, AQL, ank

_enbodinent, in the event that no wi ndow neets the
WindowySles a for i rmediate prediction an alternate
opportunity is provided once the Last Wndow is

re . :

agarne® ard Upeminesind et Ry MEpo I ARRATER), but e t0
the nbhilisearmiatuee bDBquasionst, C dnddihmasteaidiermined bysovmwping g sum

souatgf] oot Treedh valHe BEE b BFORE Atidw ‘et paouo R Sogd Thycing
A ant@ GRS BHPodRch Hhe A s en Bh8 ngﬁﬁl‘é%i'r&/bﬁ’o‘ sEyphess bhextound

the TAD"sanpl es are processed to determne the fit _
suffigemtdereheass CAE fBymarfihie rasgemdiposslsle tvaksesy e raréadardrdy site.

measur es, . SSE, . an ' . . .
he SRR Resa T dionc Y BBty SHE AL R el AR uBpiponcuctiviy o
use dnk $Bee 09T, Edtdguds0 Wiiike the axillaneasessiag oveerafefagedtdton 9,

C and E nust be determ ned b%/ conputing the sum ,
condgefifaiyeuses prdstinchandolawgr aee el 6fE galugs. é%d)nﬁieﬁmoﬁb}n?nﬁ & order

= o . .
to deferpinet R sHE B, BHrt I iy OF (BRI BBl o A SR he C
valudsemd H ie edto aufatiecifemt atdisatvd osdedC FIG. P possents fhandatermination of
range possi bl.e val ues fo particul ar body, site.
the At Ui G bl RSB B e P SR R goch of
fifteérfé hi el ik A de PRI R lan & B tMks tadd t-RelBR sORFsqudRERrror for
of C, E values. Wiile the axilla, possessing |ower
eachalibe &yelirezlong withutstassaciajed A sod Bppaginegtersovitiathg 10 wesé prror is
r.ange of E val ues. I n.one enbodi ment in order to
usedd’éf%gp?ﬂ%el%&oe?ﬁalpg?e tﬁﬁpgeglc?qcﬁtglalpgl}aguggls of constants are

constructed for each of the C values and Eis set to a

valRL® 904ndavies. a0 Prdssntotechiiduedtl acddr@ncd withesesthisoditent of the

~ determnation of the A B, and C paraneters in the
invepiiensiarithielnthe dnodch femprRUISICYESdS Brecisely ditta theaofpah jemperature

mea%darérggrnlg?ig% Sp\éﬂlty e?malﬁfd. 1 | L FouRSRREL %%go@h,aﬂpoﬁwhich arce applied to

and es the sumsquared error for each.
the athal €mpetanae ahcangemichhddts soias 486 shdvedinfFlghd 0BIn FIG. 10, it is

araneters with the |owest, error s .
shov!?n that a model curve 128 avgng certain parameters A;, B;, and C; has been fit to the

data points. The errors e; through e, that is, differences between the data points and the
model curve, are determined, and the sum squared error is taken. In one embodiment, if
the SSE of this model curve is the lowest, it is used as the model curve for the temperature
data of this measurement. Any well known least squares estimation routine can be used, as
is well known to those skilled in the art. In an alternate embodiment, the two values of C
producing the minimum SSE can be determined. From these two values an intermediate

value of C is determined for which the SSE is computed. If this SSE is less than both the
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used in Equation 10 to conpute the predicted
tenperature. FIG 9 and FIG 10 present a technique in
weacewridzizce with an enbodi ment of the inventi ORCTMS2006/010998
whi ch the nodel tenperature curve is precisely fit to
initia} two Sgk Yalued, BABRGE Rl Lol BRPHIRIS &epé%a uREl Ak %SE' dither falls
9, vari'ous curves are shown, all of which are
belova P Iacmjtabt@ thtesheld buedasesioplecenser e rreas urenent data
points 126 shown in FIG 10. In FIG 10, it is shown
. that a el. cyve 1 havi in paraneters A,
Tiss -Q?o C Boec tar? estart o % poi nts. The errors
e through e6, that is, differences between the data

POTHY tsma fichit dfelerdeh of Tiswes, Caitact datpeiposaed danthihing total
sum squar ed error is ta

I n one embodi nent, i f the
predigien gme it defingd ge fhedims el ﬁleﬁg lasheaw (GHwstatuep tsamgledééénﬁgto
excedd e Ff‘?s@ﬁelzc&fﬂz{c\f Q‘hfégﬁ?lhrﬂfmg&% 6 a PRdRetRhn, tﬁhsc'sample will be

nmeasur enent | east squares estimation
rahmedubmméwdﬁhamqﬂmsed as is well known to those skill ed
in the art. In an alternate enbodi nrent, the two val ues

of .C produci the m SSE ¢ d i.ned. , Fr

O Sh O Sl S S B E AR o B B
(raw @@xhsre@) neste tHak itk shmplREoBSkinig STC equalt @dalld Beléhi s SSE
ess than both theinitial tw SSE val ues, then

It
Tlssuegloa@éﬁlmshplldethgn drecEG valpe inysaeit @@dlaﬁw is haffed exgEreset and the
f 0 es
pred b S Bl oL ARARTRAR Bl Sl SOPR G0 AT
Restart of Prediction The tinme limt of detection of
Ti ssue CorS8GR & T+ PredigSeedetdy det er m ni (hig. 10t al
prediction tinme is defined as the tine of the last raw

R LR R R pe—

faunfgr&%\ﬁ tHeOTssubObstas@RRIsBo 111D, Babgeqﬁ@mwdﬁﬁam T&S 11478 fdad with
anpl e. The Start of Prediction sanple (SOP) occurs

assocﬂ@ued oclhting ipdexdr &t SpHewing Rigdietatasilelqy Bl ofsamipkes) theNot e
tdf ngol
Stambrfe écﬁf &olﬁilé% rogcg rfs Qch sospfﬁlgﬂ: gﬁl ef%%aga%p% oLf tﬂé |f1§sstl§?3ll9w

prediction is halted and reset and the pred| ction
Losssifdligsuel €oamcresteaidns. Thus the i ndex value of SOP is
defi ned as bel ow SCP TC + PredictStartDel ay (Eq.
8 and 11, the first TC
" issdionGE g OF Sont et b BioL 594 i DD SRAESC
ThlsEbﬁ&ﬂ@%e%ﬁeﬁ%&%@fﬂ%&plc%&ﬁ%QHﬁ% le¥s thah 'tlﬁ@llnaﬂ_lﬁlum TAD
is found with associatéd rel ative index = 1.
Valugbylacpwsnignﬁlgedl ctStartDelay 118 of sanpl es, the
StartPrediction 114 sanpl e occurs, this sanple is the

fi FRS. ﬁapn8V1ﬁeso£ dztltla1 %o ({1§§ra;1_1%|8ul)led to a diagram of a graph line 130 of

the temperature response for a temperature sensor used in a predictive technique.

Temperature samples 132 shown as dots in the graph line are taken each 100 milliseconds
in this embodiment. During the interval 134, the heater brings the temperature of the
sensor to a target preheat temperature typically about 1°F (= 0.5°C) below the tissue
contact threshold 136, in this case 94°F (34.4°C). The graph line is shown in FIG. 11
traversing the tissue contact threshold seven times. Due to a start delay 138, TAD
computation processing 140 does not occur until the seventh time 142 the tissue contact

threshold is crossed.
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Loss of Tissue Contact Detection Tissue contact may be

| ost at sone point prior to a prediction being
woaoplietad. This condition is detected when a PADUS2006/010998

sanpl e occurs that is |less than the nmaxi num TAD val ue

byTie §:@ ¥6lay HEMLOn avdida pré%aﬁl&@adxﬂ@@n@nféﬁt 8 thk ¥diction
di agram coupl ed to a diagramof a graph |line 130 of

procasp &Y reqiienathat hesawpled sempesatuee m@ﬁﬁ@rn@mwbevesféangmum@ct-

aned BT PLIELE M RO 0 F PERSEF LI SOBLE s

commithdek. SEQOMdBen thid bunditRmbiosktiveied, shonld lthitgsaiﬂ;ﬁed tetrpetatlre fall
134, the heater brings the tenperature of the sensor

beloy @%tl%saﬁﬁe@taﬁrté#ém e t@ﬁﬁ’&d%ﬂtl@ﬁ @ropE3 I8 abpjedepid pemphing resumes

fo dec ase 9‘%‘1{5??%2{“50%&@@68@ aﬁ&fb %%lﬁ ?gggsgggf/\h%%gﬁu‘é {bétt&i

threshold\es rdéscngpet] abotd. sShioeldabe Bzanptledl ngehoic roewvered treessue-

Due t art delay, 138, TAD co ation rocess .
contapegild FRstons SUaHEAHE Mo% HeAlGORITHS (ARt G bRke Continuous
MonlthS8&StakOREAGE: W11k 888@hdd 'a§d1ﬁfe%%@at}'c§iﬁarﬁtd%ﬁgé§ &b 8 display

operation avoi ds premature commencenent of
indicptoegli cti on process by requiring that the sanpl ed

tenperature nmust remai n above the

: ;éﬁgeg .T,' q‘f&yﬁ%@éﬁtg gic%%@soﬂhg tx%&%—c%‘ﬁtac? @g«gshﬁﬂl fjop {h%rrg 1reQ1 tlme the

secon proc

TADcwilmssNsiesvn dsvdashashad colpsted dna fikdt drindsy $44 arﬁflmesdbsequent
shoul d the sanpled tenperature fall below th
windopws df @ tegpsr afuie-nreh gigigiaanotibg andsledenre fheofﬁsbwé@ys Tihg functions

of "p?ﬁﬁéttt&%g fi'fbgn SaRa WAJWPSIUBES S 948 eégf fﬁd‘ @S@E%Q ffal Window

tenperature again excee
154, nd imeoﬁnsmla«:bnﬂact%licakedalhperﬁbmredfmadﬂmﬁbi\l[é valShoed @ag he

led t er.at.ure n e ed the tissuecont act -
descR RLge o CPBR oo AGIa: T4 e st Sickats ommt | Gal 1 y
transitioned to the Continuous Monitoring State

t opgibar ANDt %}ht@ﬁ@% ngdded canelbiblRtnethd preaictiomfrafthe current
changes to the display indicators. Once sanpled data

windexcie sged anskpresentadenr pdisthse thervrindaw arust bordvapesd gere ByD
Valué $§601 c@ﬁ -[ @kf 40%31}%@ Q(?I}Alg n.g 1%%1&( Al beatrgfe 18%??6%%89&6 Iautput

seque
of 162EtﬂnﬁrtﬁieLUaﬁsmg adiprésenrpredioniat totte dmﬂsyeﬁr (ihie three fﬂpﬁ&t are
wi ndow, The_ functions of gr edict tenp fromcurren

formggl ag| Eahlowsq The SSE is gomperesl 128ty 2 SREH h16§1301df1169al|he\ﬁ%éw
com}ga?%(;n l?fﬂg) Al'ggi tlﬁF:shBichéGe afr Pl g%hdc}\? glgﬁé 86@ s coﬁ%&?é@r@dﬁo a

ues as was escrib ove.
windeohaiupeitive HdBl 1712 Tlor outpnas ef thaiote omsparison operators 158, 164 and

170 are presented at the input of AND gate 162.

If the final window has been reached, a distinct set of rules are applied to determine
whether the prediction of that window is displayed or transition to the Continuous
Monitoring State occurs. Logical AND gate 178 is used to control transmission of the
prediction produced by the final window to the user display via transmission gate 184.
Specifically the results of two comparisons must both be true in order for the output of
gate 178 to be true which in turn will permit transmission gate 184 to pass the prediction to

the display 196. The two logical inputs are formed as follows. The FSSE 152 is tested by
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Logi cal AND gate 162 is used to control whether the
prediction fromthe current wi ndowis used and

woresantad or whet her the wi ndow nust be advaneed/us006/010998
one TAD value. Specifically the results of three

co i son I tr (y] r f the. o
compagfong b gh s s peeohelgdinpd e L RERb Rl S F SRR
whethditSRIRYASk, tHiB SodikHl 6@nhlNPLIES sét €0 ADIDRaed38f ol | ows. The

SSE is conpared 158 to a SSE Threshold 160, the CQ is

conpared 164 to a CQ threshold 166, and.the w ndO\{v

sheripenl kapical sorditipnsraay arsg thas causgitRasiiien op e RS BUREYE §

172, . T f + bk I ' Q& o1 wh
operatipdgtatq g CoRHbEEbIRE R AR R RARAOOR ML when
true ca@igdsarahbition It tHen@orftinnahs Mnitmimgiateb & inpuaninibide the output of

distinct set of rules are applied,to determ pe whe .
AND gaie L Bhahich InGRIToReCT R RGBSt Si Bygane RS e
154, a % gflgi&tl}ér%bntl thelilferfaanish RUSUS oMM R4 bN 745t Bl elogie GhhpRements

al AND gate 1/8 is used to control transm ssion
the folbdwihp eespt ediilthi 518 Sris gigetetithay theES FE thaesheld il the fipple

., user display via.transm ssion gate.. L sl dhitori
winao i o oA o B RS b dhione
stateOrder for the output of gate 178 to be true which in

turn will permt transm ssion gate 184 to pass the

P nadionrispes 1o BieihOR el opidemTry sngepicy BRE °
inclucﬁ)@/gg%e nggggl{,\‘;‘bé}%g“}i&elq@ﬂl }%:r§’§£te £20e1190 Ihbheanely flowing

s assessed whether true or
probe fratisieawdl Hioen 1to gietl pinalsilignafithe keatdrsontselibgicdo AN gaequate

178. S | 1ogical .conditions, i hat . ‘
I ML W VT Y e T
apenﬁgg&%ﬁ%gq%j\/bni toring State 188. The logical OR gate

n true causes transition to the Conti nuous

Monitoring State. Its inputs include the out pu]?t of . AND
gatle den inkigete 199 fouprsendes theayediGisd lFgPEaTeirgR dhecurrent
. ,on romthe fi i.nd | & ) t ;
wind§ 54 DR b 15 OB SLOR. s e n oo
from IHRAXDI B FETERtR atiethbos SMWEQIY atdBindowSlope are allrecdiBsie. In
is greater than the FSSE threshold Dthefinfi\b ch
anothey fealove, itee uPWIeaithy ANE g Le%is ProRdsst ORndpYSieT PR e
Lransjiti | bp@ri ng state."”
prov s Tl B Al Gl dn AR B R 00 186”1 et ude

safety and reliability tests includi ng checkiaglg for
alinacembaricaivtittathe pbotee therrtpe batnuprovideo ajsypred aada yethod for

oot e LR TSR VST OB e s
curve ﬁ@g&r B! Enstda38n L3R PRRvEIR R idineaérnpdratubadiath berve to result in
pre

Iction fromthe final w ndow is outsjde
increased accuracy. A non-linear, multi-parameter model curve is fit to the temperature

measurement data. The multiple parameters are selected in dependence on the particular
temperature measurement data itself thus adapting the model curve to the particular

temperature situation at hand and thereby making it very accurate. Safeguards are

vprovided to avoid the use of misleading data, such as from heater effects, subjects having

very high temperatures, and loss of tissue contact. The approach provided is capable of
being conducted by processors having limited processing power yet is able to provide

accurate predictions of the subject’s temperature before equilibration occurs.
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a permtted range 194. Al so shown is a gate 195 for
presenting the predicted tenperature fromthe current
woiobawesd6 on the di splay 196. However bef or ePChiUS28/M10998
be done, there nust be an input fromthe AND gate 162
o i sy otk o i i rioniite B WORRERY it iyl
also lgedpparkPthbisvapiony nthelifidat ossncanrbeendderwill @Bt dépactingfromi thiespirit
a signal to Advapce the Predictio { ndaw 200. . | o
and sgReoH Ao iEwowd P AGreriBgye oGt e a iBveiiondy limited
exce@%ﬁ%@%ﬁd&i dekhod for accurately predicting the
enperature of a subject. Approximtions of the
tenperature data curve are not used. Instead an actua
curve is fit to the tenperature data curve to result
in increased accuracy. A non-linear, nulti-paraneter
nodel curve is fit to the tenperature neasurenent
data. The nultiple paraneters are selected in
dependence on the particul ar tenperature neasurenment
data itself thus adapting the nodel curve to the
particul ar tenperature situation at hand and thereby
making it very accurate. Safeguards are provided to
avoi d the use of msleading data, such as from heater
effects, subjects having very high tenperatures, and
| oss of tissue contact. The approach provided is
capabl e of bei ng conducted by processors having
limted processing power yet is able to provide
accurate predictions of the subject's tenperature
before equilibration occurs. Wile several fornms of the
i nvention have been illustrated and described, it wll
al so be apparent that various nodifications can be
made wit hout departing fromthe spirit and scope of
the invention. Accordingly, it is not intended that
the invention be |imted except by the appended
clainms. What is clainmed is: 1. A thernoneter for
determ ning the tenperature of a subject, conprising:
a sensor that provides tenperature signals in response
to sensing the tenperature of the subject, the
tenperature signals varying in tine; and a processor
configured to: nonitor the tenperature signals; adapt
a vari abl e shape, nonlinear, nulti-paranmeter node
tenperature curve to the nonitored tenperature
signals; conpare the nodel tenperature curve to the
noni tored tenperature signals;
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and if the differences between the nodel tenperature
curve and the nonitored tenperature signals do not

wexewad’aot hr eshol d, predict the tenperature oPCThs2006/010998
subj ect based on the nodel curve. 2. The thernoneter

of claim1 wherein the processor is further configured
What is glagmed iSei ne t he di fferences between the nodel

tenperature curve and the nonitor t ur.e : o

SFohal & st do e bRl SPpSiEBPE Rt omprising:

: %?én@&%ﬁ@ﬁroﬂﬁ@&ﬂeﬁfg@ﬂa&n%i%h@is fin tdsporsens segivingtthorngkrature of
a

e processor in apting the nodel tenperature curve
the sulgjectpthiedemperaurd dignals varying ip ioe; $fere: Tfu (n t) is an
esti mate of the ttﬁ,nperature at a particular timet =n

5 t 2 PEeyssORComiieUedithy o her sanpl e index initialized to O
at t hepfdnitst ths asmdeeatt@aigrags; condi tions for "Prediction
Start"; t is a _number of _secondf,_ er sanpl l(sec%[f'tA ve
s an e sgantie e mlipet. Bhligbyramele; ogelERRani ou
Fog{ﬂg?%qr@t%%ﬁ%ﬁéra{u@é:sigﬁalpc); Cis a "curvature" or

equi rat1on® paraneter (sec 1); andE is a
"tine wampirefiacmodel temperatussairve tosthe mopitpred ieraperaiyre signals;
make a nonlinear nodification of the curvature of the
10 mB&| curve to nmake it better fit the curve of the

tenmper af ME Qiffldt Res BetwlOietHehEs WP MR RFat®E cOhal aimd3he monitored
wherein the processor is further configured to

dedreperimes digraldid iecacred s theshaldrprediet the gapperature of the
tenperature curve and the nonitored tenperature

sisngﬁ?t a?f%tﬁﬁgwéllap%%ﬁ'squared error and uses the sum
squared error in selecting one or nore of the

par anet@eShermombee of biafmuneieeein ofie proadssords fkréres configyveed to
processor uses the s ms%gﬁred error in selectin E@e
rjhogrplehe .

15  deteringrile Siffoamanilveeing MECRIY© Mg aAafet e 8T
temp%%‘tﬁ%%?ﬁ%%{@?%ra% nf%q%hfgd?ed@ﬁer ein the processor is

3. The thermometer of claim 1 wherein the configuration of the processor in

adapting the model temperature curve comprises:

B

T F—_—
1+nezeCE

ﬁ,(nor)=A

20  where:
Tp (0 * T) is an estimate of the temperature at a particular timet=n-*1 (°F);

n is an integer sample index initialized to O at the first sample meeting conditions

for "Prediction Start";
1 is a number of seconds per sample (sec);
25 A is an "offset" parameter (°F or °C);
B is a "span" or "range" parameter (°F or °C);
C is a "curvature" or "rate of equilibration" parameter (sec 1y, and
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determ ne the differences between the nodel

tenperature curve and the nonitored tenperature
woeigwab®3by neans of sum squared error and useBCThS2®6/010998

squared error in selecting the values of all of the

LS B ST R B g, o

nmoni t or nidikfidatiopef thicwneranirg ofihs noodet cavé ko mrakd: itipetter fit the
frane; and select a second tine frane within which to

nDnltorCF%@‘#QHﬁ@FQF%W%P@@@naIs in the event that the
conparison of the nodel tenperature curve to the

i t orggl heIRIEAEIR 1S B \PhdeidBYBrocBRoflisifhRli@Re8Sgired to
exceed the threshold. 8. The thernoneter of claim?7

determiertbé differenqos bcte@smﬂxeumodehremrat@rewprwédhq HOBIEPTEd ¢

d, ti f f
oy SER0 Bl P LPaRiSH Tt DR g S B,
seleclitd biesr raoRfdrghe pdatheesel ect the second tinme frame to

not overlap the first time frame. 10. The thernoneter
of claim1 wherein the processor_ is further S(t:l%nsfulngur ed

t o coanreet EFROTHN Ol 4 WhereInY e PIOSESSPHUSe squared
error?r[ gq&% %@gdand'ﬁ ?%Ellnt:'t\érs dnBhb @Ml z!ufamEfé?s predicted

era ure fromthe cur Itting do s not neet the
|ntegr|ty criterion, the processor excludes the
momi t or Bk thermpemneteuofelaimt hwhersin the prcedﬁsset isdhrth¢r qopkigured to

subj ratur 11, . The 1
deterWﬁleér@F r‘iht?ﬂgn%?g’gte‘ée%ﬁ’ 1o4e], etnPPéz“rrggroen I gur eatﬁ% 0 cglr)r%gr e
tempEiaffr8 6igRhls BYirkean9 bf §unesdiidiedfor dnd asaenaiun squddderta@ in

integrity criteria and 1f anycharacteristic of the
selecting theoraduestoé aP of éhewd@cwblre@a@@&erﬁot satisfy the

|ntegr|ty criteria, the processor does not use the

m);nl t or g fh%H?&ﬁ%PSﬁchQﬁf ﬂwﬁ@reﬂ{ {@d :p‘f\c;cegﬁf id ﬁﬁﬁ&r @hntib&red to:

he sub | €c er nonet e ai m
Whmbﬁ]rtdsr the engperitine sngmlahsg]vet yficst titrerfrane engr i s es a

curvature ality of t njtored. te rature dat a
T elorhS SebE R EPe BT SR (OB a, S O S giedn e
evenFihal ﬂhE%oh%alqﬁined'f%@ﬁngXG ]IBE?atﬁi%' SlreO AN noRitsRA téBPerdfure
a curve on the actua nPer at ure neasur enent

signdashewshhe differensas fodwcead thethregbeld. n esti nati on of
terrper ature that is not concave downward. 14. The

T er Imjh% i oﬁllsfj‘er g% c]ITJnm\Mf] %glleﬂ} ﬁ’lg% c?{esgoli] % fu?tﬁx@rgé'éintﬁ%ured to

selectt ﬁi@%@é@ﬁdﬂilﬁe gah®.to overlap the first time frame.

9. The thermometer of claim 7 wherein the processor is further configured to

select the second time frame to not overlap the first time frame.

10.  The thermometer of claim 1 wherein the processor is further configured to
compare the nonlinear curve fitting to a predetermined integrity criterion and if the
predicted temperature from the curve fitting does not meet the integrity criterion, the
processor excludes the monitored temperature data from a prediction of the subject’s

temperature.

11.  The thermometer of claim 1 wherein the processor is further configured to

compare characteristics of the monitored temperature data to integrity criteria and if any
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15. The thernmoneter of claim 14 wherein the slope
[imt conprises a maximumslope limt. 16. The
wohewrmonsoer of claim 1 wherein the processor PET/US2006/010998
further gonflgured to conpare curvature quality of the
nmonitored tenperature signals to ual ity thr.
characigrigte Pt Panulove Grwegis Ay caxoud iyl b, e
procests&r E208bGuse tAEmPhR&RE $ipatdthie dAet topre€litiGhe tdgerature of the
~tenperature of the subject based on the data form ng
subject.ne basis for the curvature quality conparison. 17.
;rhe thher nonmeter of claim1l wherein the processor is
t her, canf i qur I :
t Uhper BeEREvPBER of S TERAEH QP lpd ey PR CbArscs

a curvatuePGuaaXE 6RMS ridiftosddapepthestahd, the processor will
not predict the tenperature of the subject based on

185, Thdhe HErRBRBLEPT BRI AN ErBr VRGN P Cpmined
by then%igtér{%le e QAL AR F 2T ub R babdifor @B lab i gRemie@lre teaturbient data
the processor is a curvature index. 19. The

that it domsidered ferusofin eétimation®f wrepesitarethet ig npicangre davgsard-s
constrained to a famly of values appropriate to a

sur t site, 20.. A . . .

{ diper dreRergprEier R plate TE it Bhe SORERALENG Gl R compries
a slope SRESRhY htorMbrddemperajueedatpr ovi di ng t enper at ure

signal s based on the sensing, the tenperature signals

varying in time; nonitori the tenperature signals; .

2ddpt i HeahrmomsHTO Sl A4 SRR HEOPe Y COPR s apimum
sloperffﬂ%ﬁl tenperature curve to the nonitored tenperature

Ssignal s; conparing the nodel tenperature curve to the

moni tored tenperature signals; and if the differences
beittwe e rTHehbemmaedtertof eppémdt Whesein (Rs/RrO§eREO% 1§ durihsicopligged to

t enper at ure sj | s _do. no - -
comppRaRPEPRGuEnY B droep P e 30 ARy tyeshqld and
if thePRABrS MRy eRdoedd MR dielityaktestold; thd pro2€ssbrwilhmot predict the

conprising determ ni n&étdhe di fferences betwee

. n the .
temperethet of rrpehiectihageder the daidores Hsrhapts iedthe SHYaMAE gpality
Si .gnal s through a
comparison.
17.  The thermometer of claim 1 wherein the processor is further configured to

compare a slope of the monitored temperature signals to a slope threshold and if the slope
exceeds the slope threshold, the processor will not predict the temperature of the subject

based on the data forming the basis for the slope comparison.

18.  The thermometer of claim 1 wherein one of the multiple parameters for the

nonlinear model used by the processor is a curvature index.

19. The thermometer of claim 18 wherein the curvature index is constrained to

a family of values appropriate to a measurement site.

20. A method for determining the temperature of a subject, comprising:

sensing the temperature of the subject;
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sum squared error. 22. The nmethod of claim?20 wherein
adapting the nodel tenperature curve conprises: T T)
wé006Bov3ere: T (n t) is an estimate of the PCT/US2006/010998
tenperature at a particular timet = n t (OF); nis an
| NpRYRIInG RAPetatird @%?ﬁal_sﬂﬂa&ddadﬂ e ersthelthRttethP&raturs Siknals varying
. .sanple neeting conditions for "Prediction Start"; "t is
IntUgenunber of seconds per sanple (sec); Ais an "offset”

pa B .S a "span" or "range"
pa@@%@ég%gie%er%g%l%%@ a "curvature" or "rate of
equi | i baddpting vaastderstape, f@Ri@edr, muihParkmieter todel @@hperature
5 war p" fat%wgunit-less that may be used to nmake a
nofLVAELIhe MARtereddemerraine sigealSur vat ure of the nodel
cur ve t gofBifithe RRULIREmbb fank b BurG U kY -
t enper ature data. 23. Thréﬁ)metu&od o? oc'l%g%lirﬁ %?%tgrrn PR
designats;rindg t he di fferences between the nodel
tenper atyre.curve and the. nonitored tenperatur )
si gnal STdBnirieEhges bR o S B Lls PR PP aad he appigpred
t hengerans@umnel dmoPExdeBd & BhrBeHold) $red@in@ thdRheepftulh th
pargrﬁirjgters.ig&. The net hod of cl ai%m 25ngurther era ©
10 c ofiiecs Pargd @aithymedel cyve squared error in sel ecting
the A and B paraneters given the C and E paraneters.
2551 The [ ar. |8l .
dotsr m mogepd e 20 bl AR B IPne differences
betweemihe maidet enperanere ancletand tiomohicsred tengyepati@tsigmals through a
s{l}%rrla s by means of sum squared error and using the
SUm & ed error in selecting the values of all of
the sel ectabl e paraneters. 26. The nethod of claim 20
f upt.her TROARIHoE 0P BLaiR0IviREdiR 9ddptia &%@Hﬁtt&hﬁeéiu%aiﬁe
over a first tinme franme; and sel ecfgl ng a second tine
15 comprsgfte wi t hin which to nonitor the tenperature signals
in the event that the conparison of the nodel

tenperature curve to the m)nitorgd tenperature signals

shows the differenfel:d0=—Cx¢ hr eshol d.
o o) itnereCt

where:
Ty (n * 7) is an estimate of the temperature at a particular time t =n * 1T (°F);

n is an integer sample index initialized to O at the first sample meeting conditions

20 for "Prediction Start";
T is a number of seconds per sample (sec);
A is an "offset" parameter (°F or °C);
B is a "span" or "range" parameter (°F or °C);
C is a "curvature" or "rate of equilibration" parameter (sec '); and

25 E is a “time warp” factor (unit-less) that may be used to make a nonlinear
modification of the curvature of the model curve to make it better fit the

curve of the temperature data.
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27. The nethod of claim 26 wherein selecting a second
time franme conprises selecting the second tine frane

woaowverdsap the first time frane. 28. The met hedTak2006/010998
claim 26 wherein selecting the second tine frame

C ri ses_sel ectd t A i

coar | LR R 2 R Wt iR Bk G dotwcen the
modeR@mipefatiie cusennd itsl monimaap@nipacptith eignals lcompesestakivg a sum

fitting to a lLlaredeterm' ned i_ntfi?rj ty criteri o,ﬁn and ift
squargch@TqsrangiUsEANG B EFUIFST o i FRIEGTREORP PE IO G P tﬂ& pglggcters.

not neet the integrity criterion, excluding the

mpRi t orgd L SANES S PRtBel JoMPriiny @it 0im@hudrB@ error in

subject’s tenperature. 30. The method of claim20
selectingrthi ér arcldBrpaiagictegs givepteihandchapmeetars.sti cs of the

nmonitored tenperature data to integrity criteria and

i f,.an har act erd st.i it
o2 USRS A BB
betwe@H ¢haichond ttmperififd d@veshd Bepemnitotadactptratuie signals by means of

prediction of the tenperature of the subject. 3f’L.HTPE
sum squeee @ITeF ard BSing o syREAwAEd e Brckening the ¥giues f all of the
i ' nprises a curvature quality of the
SeleCtgr%lﬁh%f)E{rnge&&?'enper ature data.32. The nethod of claim3 1
wherein the curvature quality is determ ned by the
exiost erle méthad sbdain?0 Hifrther compssitgised on t he act ual
tenperature neasurenent data that..is.considered for
ngr?lwr’é‘gttﬁ?r’&fq%ﬁt‘if? SiERAS 8V Sl ré% g A ﬁlg concave
doupwaséla sédnd fikR feidwihiafwibtiaiomdsitomies hipeanereaignals in
the integrity criteria conprises a slope limt of the
the eveohttab thecbormpansmefihemgdeldemperaturheurie ihihg nyniteres; trmpgrature

. rein t I l.i m 1 58S a maxi mum sl ope
Slgnars?sih"?’? ?%65&% 638%:[? ﬁ%%gegfﬂ?eg%s%glgo further conpr !Osi ng

conmparing curvature quality of the nonitored

t exper arhy ethbd bAtisint 86 svheredd sdgctingmestmiddiantraint commprises

curvature quality exceeds the quality threshold, not
selecing teserongt trﬁ%fr@@ﬁﬁ%i"éﬁ‘ﬁg‘l’éh%ﬁrsf H@eéﬁ%‘}eect based on the

data formng the basis for the curvature quality

cogpari $RhmedBd of PRI BE kPEred sciéindtRdsebfid Kk frame comprises

conprising conparing a slope of the nonitored
selectingtiersetondting famk o 1ok eyedhppe fitprteanbraeand i f t he

sl ope exceeds the slope threshold, not predicting the

t enper re of .t i . b

t D bast it fitopisl Bl 20 Binch B850 LR AN AL QbR curve
fitting to a predetermined integrity criterion and if the predicted temperature from the

curve fitting does not meet the integrity criterion, excluding the monitored temperature

data from a prediction of the subject’s temperature.

30. The method of claim 20 further comprising comparing characteristics of the
monitored temperature data to integrity criteria and if any characteristic of the monitored
temperature data does not satisfy the integrity criteria, excluding the monitored

temperature data from prediction of the temperature of the subject.

31.  The method of claim 30 wherein one of the integrity criteria comprises a

curvature quality of the monitored temperature data.
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37. The nmethod of claim 20 wherein adapting a variable
shape, nonlinear, multi-paraneter nodel tenperature

WOorosa0DIBnpPri ses sel ecting a curvature index aBCoOMS26/010998
the multiple paraneters for the nonlinear nodel. 38.

They met msinethoalo%mrﬁmmﬁf&ﬁ fheldev ke \@AbkTyas HBE8%nt$by the
constrained to a 'y val ues appropriate to a
existemes sl nenetmn of a@rve based on the actual temperature measurement data that is

considered for use in estimation of temperature that is not concave downward.

33.  The method of claim 30 wherein one of the integrity criteria comprises a

slope limit of the monitored temperature data.

34.  The method of claim 33 wherein the slope limit comprises a maximum

slope limit.

35.  The method of claim 20 further comprising comparing curvature quality of
the monitored temperature signals to a quality threshold and if the curvature quality
exceeds the quality threshold, not predicting the temperature of the subject based on the

data forming the basis for the curvature quality comparison.

36.  The method of claim 20 further comprising comparing a slope of the
monitored temperature signals to a slope threshold and if the slope exceeds the slope
threshold, not predicting the temperature of the subject based on the data forming the basis

for the slope comparison.

37.  The method of claim 20 wherein adapting a variable shape, nonlinear,
multi-parameter model temperature curve comprises selecting a curvature index as one of

the multiple parameters for the nonlinear model.

38. The method of claim 37 wherein the curvature index is constrained to a

family of values appropriate to a measurement site.
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