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TEMPERATURE PREDICTION SYSTEM AND METHOD
BACKGROUND The invention relates generally to improvements in
thermometers and, more particularly, to electronic predictive
thermometers for more rapidly obtaining accurate 5 temperature
measureiEdMiRE VA HRREIACOTON ST iBah Sy PiyERkdPds . It is common
practice in the medical arts, as in hospitals and in doctors' offices, to
determine the body temperature of a patient by means of a temperature
pACSENSMEgevice that measures the temperature and displays that
measured temperature. One such device is a glass bulb thermometer
incOrporatitignadidet gespahisivenpeicasnEo e assp apdstrorand
partiCAMRGESAdiAseNb kAl ales damBRraiuR salsd] vieallys heglass
thermometer is inserted into the patient, allowed to remain for a sufficient
tempﬁﬁ%‘ﬁﬁfﬂ?@%ﬂf‘fﬁ“@ﬁ%%?éntﬁBh’f@}‘}%8%&&5?%]tolfl?ﬁseﬁfﬁ%lrer%§%e§ter to stabilize at
the body temperature of the patient, and subsequently removed for
reddingpyaTadrcarp iy dsrprticthigsiAtdn heswklie b iudsr s HESHder of
detedii@d tmeigiityminpies. o Reen veninabiennparatine: maasieainant
rocedure usin lass, hulbh thermometer or the like is ot
o RS b S e B S e e B R e
a glastdwlb e rompsitioner Dot ca ARt BeSPENBHCUPYRYD ViFEoR tBit4caasts
and dOFFAILY M dpARERREHY SRR the thermemeter fasthe tegssannperion:of
.__Insertion in the b%ﬁ% gay nece sitate&he gpé{gjgagt.rr‘% %\Qge of medical
insertd UNA M8 RILHERY I P AN 26 ohy Measurement cycle. thus diverting

e
tempitreinatté tiohdmoometitde satidiss FUhbedydraiperiise 90 bethelipibisters

subsBIEA8Y A5B9Sy AR FeRth 2B RERGEpIREARYENBRNHAIRRNANR HQudlyBan

efror, particularly when made under poor lighting conditions or when read

the %%Mp%%@@gm@?e\?arious attempts have been made to minimize or
eliminate these deficiencies of the 25 glass bulb thermometer by using
teribe carea sk P ASFAl ESTREUETE e BIBFRE 0 6IH& AL PE8hjunction

heriithedirestueading plasticahihesnermgiendnstasmantatonT bnpaensech

e A A P e T RE S B P e et
infirfhitg)changedy woliage Sreoneresitoforibe desreertepeddihb s iggn the
body) %H? H@EAEHQ!@{H@&K%QQ ’pix%me ite 'Eﬁgdﬁz@ﬁp\éi@&{h&héﬁﬂg% relatively

long measurement cycle, thus diverting their attention from other duties. Furthermore,

glass bulb thermometers are not as easy to read and, hence, measurements ate prone 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 arc 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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30 signal stabilizes, a temperature is displayed in digital format. This is
commonly referred to 1 as the direct reading approach and while it
reduces the possibility of error by misreading the measured temperature,
it may still require a relatively long period of time in which to reach a
as thethltizeddiepgperatchenéatiigt imithes tpipedstiratt veadingyapprodots or
the BRARa BANNERIR flom Ihreedn.five minutes Rig rRAUIreefor abiairing a

temperaturée reading. 5 An inherent characteristic of electronic
reachaet AR R TRORS AP 1S o MGCRGISHHEINED dRtg RiveRBE S i mode:
anywiempesat dieofdfiediatyts avhiahilke yardapplipd Wipray utakeadng.

substantial period of time before the temperature indicated by the

theymamelsr dsareRiase dtalve afithe-actuaitemperatuse of ibe body
. measured. This lag is caused by the various c onents pf th
st A B Tt A BT S0 oo art T CLIBLE of 1B the

take body tothbpeind of stweddensbe [Seavetwktthdicamibonéntscamneméesénsor
reprdibnti@ Skith QR lisRueShihe fodvsandRMGRVYIERIS Ispuering:applied to

the sensor tip to prevent contamination ,betwe?gart‘r}?a‘;[s remgnt s#a@eggts.

variop, OB EAR O S RS PE BRSO S L TR BT ES e,

LOIufon Bneat emf)t 0
the boueroomecthpesivaveedescitbad ddficiencesdnsckedbetbrmpsdpiilze &

and (ETPSFAILIR ALIRHYE & BFIRNGRIORS SaRled R RIS HICHAR Rkt

estimation cirCuitry to” obtain a direct digital display of the patient's
contERBERBRI e BRY SIS PTBLbIRGS reihap eRflh SRRV Baltidht.
partidVithldis . approach, assuming the patient's temperature is not significantly

changing during the measurement time, the temperature that will prevail

upen. thermalstakilizatien ehihe Rigatanictiermemetervithdbe patient is
redicted from 20 measured temperatures and is displayed before thermal
T G 18 SRSV AR RSy T RGOS B G o bl

ion of %Fﬁlp rature
obtaig peirfatriigtdylispbitstingptiesthdemprad tchafrerdbarr dodreapeliod of
cquitIRGnCOMPUING ASH VRtYaRisana QCcesRthigsS Mptiables forRiRdicidhe

~ patient's temperature. With an electronic thermometer that Qﬁ%?te, b
LIRS AT S SR RRAp B 8° SFTREVATEAGR: I P TRR tron
therfahipdidtiremsasucknaenici haamplete o hiefbegathermarstalbiliZation is

meFHANEL Sl ERIR GG DR IS (dulied [onmERRN BMARL ThiHould
essen the risk that the patient would not hold the probe in the correct

priorm% ppdiction of temperature is performed by monitoring the measured

temperature over a period of time, computing derivatives, and processing these variables to

predict the patient's temperature.

With an electronic thermometer that operates by predicting the final, stable
temperature, an advantage is that the temperature measurement is cornpleted 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 measurement time and requires less time of the attending
medical personnel. Another advantage is that, because body temperature
is dynamic and may significantly 30 change during the two to eight minute
interval associated with traditional mercury glass thermometer
whicineasuemanisedicapicdetermiratbnoffertmpredisedyatizgalostief the
data %QJ%EET&?%{&”: Iélgggggéﬁ_r, a disadvanta_ge with_ such a thermometer is that the
accuracy with 2 which temperature is predicted declines markedly unless
e procss it and analvaie dLile. CAIR pIeacr A Redaimed
El6CHORIE thermoneters uélﬁg pre |C¥R/e-type processing and
detertaimpieranaseindatisr ArframiHORTaY IERTEEUES tFREPMISHST Eraggucer. The
therntRIIPSIAUASIERPRRAI VEHIABEHuGEH Thenp tirumsiomappreachesrtadinal
stable temperature as mg%) icaﬂa/ ith th%éag}aiggr%%ggtosf gf Egrrlpﬁl)ﬂear(g}gre
of te‘ﬁﬁﬁﬁt@‘éeﬁéé?ﬁ?iﬁﬁc\}gﬁll\és‘[ éov\yv LS TRXIST Boion of the
changemyperatelrd velyanpidlpcSurh setatpealiprasiyns icthattampratlird

grapﬁ%%%géﬁéﬁ 2 %ﬂﬂe@@piéﬁeﬁ‘ S53RalIeasuadiemnenature0 plotted

as a function of measurement time 22 and tem eraturehZ4 for a %leiggl
tempgRRTR fOR SHRIGHh DAL (S o Ao B0 & S AP BT iR FBPTG ThGicated
indichydihe thenmistotoltgsstihe attuakbtgmpearailr@6iqf 26 ofttivet dalsiect being
measied. Sgﬁ?sq Jhig l%%ge%rbép @oﬁ%&Xﬁ%%&%@té%%ﬁ%q{%t?@ﬁx%ratu re
ject's actu

“line 20to tiie  subjec al temperature line 26. It can be seen that as
subjaies PRBLIFRPRENEBIGIrGsES R BRTATS R TS, T HHE T IEPILHES
froml2pidlYiiRGre ARe Scfipatalin: tapldipaimeet fimatodditbeThenatacsf o t.

increase in the indicated.temperatireis keduced PEINGED UaRs & andde
The Eue ﬁlécfgsfelrlﬁi%r?tﬁ% ﬁar% g‘i?g aﬁ“é%ﬁ;’% nds toward the stabilization

temptaptye tinte gea R IRGtemsdrintetchn y BRI B B RTE R 45 TRATTRIGECANY
a5 theligeHSSeshahaver iRerpresamridnveniiondsilirpeted: inansystenieapable of

analyzing the temperature data gathered during an earl egodo
RSBV 0 B PN RIS AR o o] RPSEHeuRe e
meadimahtenioe ratunplcThet Preortiate nptd havel PeaskrigdeetEnHopmBs g
o, PLRLIAYE KARID LEMBSIAlY iRRhGNER 1408 )XHaR! dpta o that change,

and estimate the actual temperature of the tissue tha%fﬁ %:onta%tgpg the
CXirAH SR SRR St ARG e 0 A BaRR Y ATR I ETHRETEF SRS "SEARINES to the
contiissyatiemperatoret dapriee Apprdelohe useddomstreacapidfysebilivatts the
tissue temperature prior to the

, tissueiémper

A prior approach used to mare rapidly estimate the tissue temperature prior to the
thermistor reaching equilibriumn with the patient is the sampling of data points of the
thermistor early in its response and from those data points, predicting a curve shape of the
thermistor's response. 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, onc 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



thermistor reaching equilibrium with the patient is the sampling of data
points of the 25 thermistor early in its response and from those data
points, predicting a curve shape of the thermistor's response. From that
curve shape, an asymptote of that curve and thus the stabilization
equilibraipdoatigrereratiise e dbed IR I HTAIR KRS aBAEe pHE FIHER an
desc@¥BIRIe RERSIMRIEsIBYEieM, consider the heat transfer physics
associated with two bodies of unequal temperature as shown in FIG. 2,
one having a large th rmat ss and the other, 30 having a small thermal
magg,\placed;in. corny ¢t with each offrerat tinee= 0. As timgrgragresses,
the temperature of the small thermal mass and the large thermal mass 3
equilibrate to a temperature referred to as the .stabtilization temperature.
wherpl B (AR S RIESERTSIh Y STBDFE CaE I HEHG BN PP T(t)
=TR+(TF-ZR) 1-e Ir) =TF-(TF-TR).e UT" (g- 1) where: T(t) is the
5 terhpétr e reibieneos SsamsFeE P RS FelA&ion of time, 5 TF is the
stabilization temperature of the system, TR, is the initial temperature of
thergmallembodyenbisdimesfane shisisheotimne constant of the system. From
this relationship, when the temperature T is imown at two points in time t,
fort i%gxgxaartp le Tl at time tl and T2 at time t2, the stabilization
tempe‘ra‘fﬂre F can be predicted through application of Equation 2 below.
r~n1ZatT17-- T2'e” T2e-Tier (Eq. 2)t~tl ,zg 1-e T e: -e Further,
for'a> P Brisr e AT isfer system of the type described by
Equation 1, it can be shown that the natural logarithm of the first time
deHram Jesaelaten I BPrerhipR HaftGF RS A A SHEREN G S B & S BIo™- 1
10 exar@d Q| Quvsmbddit 1 (B 6Gn@)to, the stabilization temperature T can be predicted

through application of Equation 2 below.

a7 4 4
7 L~Te™ Te’-Te" (Ba.2)
£ P ) 4
I-¢e* et —¢*

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 -1/7 as follows:

dar 1
— = K- Ea. 3
111[ = ) K - (Eq. 3)
and also:
Te =T{y+7-T() (Fag. 4
where:
L T® 5
20 ol @ (Eq. 5)

where K = a constant dependent upon TR, Tp, and =,
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ldt) and also: TF =T(t)+r.T'(t) (Eq. 4) where: 20 z=-T (t) (Eq. 5) T" ()
where K = a constant dependent upon TR, TF, and ti, 4 T = first derivative
of temperature T" = second derivative of temperature Prior techniques
have applied these simple first order relationships to the analysis of the
tethpénature egudibiatigreietrge. In some cases use has been made of
thermistor 5 time constants established by the thermistor manufacturer.
Howeversqilthraetashaiguesuhave failed to recognize that the
temperature response curve cannot be accurately modeled as first order
sipge, s Agteimives py-the cemplax thewnedynamisinietactionsigtithe
patient's tissue and vascular_system with th%ah i%nic Rrobe cover,.

of thedgmearLR ¢ BPYBRIIR AV EyAR & Thermomater 1s praced in contact with

time dadytissseishchiasta feratsits mowfidorel0bxarplcal e e S5BRSEE urve

have ﬁ%ﬁ%&@g@ igp%ﬂ@ﬂ%b@ﬁﬁg%ﬁb%w&bﬂéﬂb@i@&ﬂatc@ thateled

tissue, by the heat transfer characteristics of the parti u_Ia{.tig,ng te)y the
es firgh PEAERRERSHS BB GTRINSAERE CoPRISt gﬁg?%?é‘%“%%‘%%%@?rém e tissue,
patierﬁrMibsyn_i’lﬁﬁI transdesythrougth the lp@trécaemm, s ashaiftl BELaSREN-

Whe SH[%"&%%%{IA&&&S ach of these laslarsi38sdnr iEn3affsstihe fowiofdpeat

rom thermistor and each possesses distinct 15 thermo ynam'lcz.
examgsathfcisPRIBRITHE thetfralaLRistamely sl HASHRBAEIRP RAE BTG

to thahaslQrs Bpadieet thadlewrefheakstpdbethemiston dndiadry bigrificantly

between patients, .in particular with and;body.compesition,khe

pmbefﬁ%%é“c@ﬁ%fﬂe%ﬁvbﬁ a’fﬁgsspeaﬁg?gag%%etrylof the strrgl}?:tures, cause the
througirtiparar eesEns dd adtHu iSRS IO R Fndiesbedilishs,frotors 36

n FiGharaeianstiasvoredianis pradisiable-imnalsopesnatdelsuch as that
__obtained 20 ysing riori factory-supplied time constant {ggjstor
thermpdynanic Qyiies g%r‘gdé%mg%ﬁqnﬂecﬁgas% Yave depen é%ydn t?:ezgg;s%%mption
factothag thféect the flow of heat to the thermistor and vary significantly between patients,

in particular with age and body composition. The factors, combined with the spatial
geometry of the structures, cause the temperature sensed at the thermistor to follow a more
complex characteristic curve than is predictable from a simple model such as that obtained

using a priori factory-supplied time constant of the thermistor alone.

Previous estimation techniques have depended on the assumption that the
tempetature rise following skin contact followed an exponential curve (so called Newton
“heating”’). Such a model would be accurate under conditions where an infinite and well-
stirred source of heat was available to warm the sensor, again as illustrated by FIG. 2. A
probe cover 34 is mounted over the temperature sensor of probe 32 which is immersed in a
large source of water 30 with specific heat and an initial temperature “Tw(0)’. The probe
has a thermal mass “M” and an initia} temperature “Tp(0)”. The probe cover has a thermal
resistanceA‘iR”. 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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temperature rise following skin contact followed an exponential curve (so
called Newton "heating"). Such a model would be accurate under
conditions where an infinite and well- stirred source of heat was available
to warm the sensor, again as illustrated by FIG. 2. A 25 probe cover 34 is
wheigolritdtrvvef thieeemperature sensor or probe 32 which is immersed in a
large source of water 30 with specific heat and an initial temperature
"TvgOling e prebeniasdhereamasembihiand anynitiahtermparature
cquiix O nTBE.PIORE coVE! ias a thermal [esistance, R nder tese ideal
Conditions the ffow of heat Trom the Water bath 0 the" eprob(é 18" ¢Ghtrolled
imngysife 18 patsguation: 30 TWRTP=AR (Eq.6) 5 where 0= flow-of _heat
Solving the differential equation for probe temperature at any time yields
an equation of the form following for egtobe temperature at any time "t"

following imnfefsiritBheiwéter aERIM (Eq. 7) 5Ea- 7

TPl P HnE@)aF O TG DS 69BStaR BEiBE NS RalHISS dSuct of
determined Iarg%y by "M" the product of the thermal mass of the probe

the Qg maise thrmETTedididh B OPITRPrEHE S DR BRI of this
simple model to the warming of a temperature probe placed in contact
with BPEertion Gt ods e o shthwams nerb r thansxilirsatebropirsed imt

conf@it thien 19dindedrent sapachy Afitbectisslgsio heummediatesegion @f the

nd for thermal resistance of the su i tissue

.. probe a essive layers of
g il et R S
resigieneie ofdhe auctivesiyrobretenh peret begiinarg agdsehdatfablay thendmmisdidies
to tHEGIRR Mrue@ntact with the probe has been removed requiring additional
heat energy to travel through 15 more tissue in order to reach the probe.
Thifh" Qﬁ hg t ner thus. has.g I_gnger "t constant” than heat .
energg%%&at%ég fﬁ)ﬁeﬂc’i ?%ét%n eéaburlgﬁec%rgsms’r%gzﬁg}%}igg}r%g}tqénfeo%%ﬁggl%m

conigeh Mt éhetrrehe Fas e e nted prratine adifdpende ¥ envemyriaie el frepiteh
moryaiktite &n&&h&é&ﬁhﬂ@i’d@@ﬂée ITRY “remote” heat energy thus has a longer “time

constant” than heat energy that has flowed into the probe from more proximate regions.

At any time “t”, there will be a ternperature difference between the current value

and the final value given by:

4|
dr 5 1 g
+ - R e M (Eq' )

eRﬁM

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



10

15

20

25

30

exxr dt=-1-~'gg) r R*M 20 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 teménerature change remaining to occur at ﬁny B[ﬁ
e

_ > nt in time. The
real HEs i S b PS PAS BREARTORSE FESlrEINERTEY FE8A predict

temmabjdriza"ﬂip hdenpesat, seshaedicgreadapirtotheihiprngimg hehtflowntial
SRR BELELSHES QLHAMN R gDty wader meas e ment-and I8 oximated.

measurement system itself, unlike a first order model. Prediction

Praqigcah Argsednsalidi b prb el dertidb i sad SBP St RaR Bt 8fifations
limisolyed inchrepdtivne yiekhe likelhtemperaturetisa:cion dhlatiénditates
thesl G PRI ARMPSIAIES AN AUCAERR S I IRENRIGUGR BTN
Use 0 equations with su stantlaf numbers of coefficients so that the
circafgpeustdie e d\euvacdn be adequately approximated. Practical
constraints limit the number of terms that can be employed and thus
impbselsolmits oftith ¢haicebila oyeoifsduieapprodohtay, oy twehisbratethe

mea@%w@é@{ﬁ@'@%u%f%sm&e RAVAIARSIS ARt Adahmaliermagn

relatively simple, low power, microprocessor circuitry is used in the

st oy KR BESP 1S 453, R R BT ARHAY FARSHHR SPARRU AT P HlEfop
availieily Sophisticated ohpalicakd&Vides, theguestioniof costhiastcberocessor,

wittCROSandY; 'ES&E)HEaHHHé?iI-sM@& WagtuersAQsitivectg keep ths sost.ef

‘medical equipment as low as possible so that they can be made available
avaijgble iadert/errery i A ser by PRTTarReA XIS Lt I3 RT R A PGB A
couRrBEpSFaimewitherpushdiasienaampstation alspeedn pithamughplargerould
sub ST 28 ST Re e YRIRPIS SRDRLCOUPHIAIRNR P R ol

performed Taster and many more computations could be performed, the
to ngoE sHBensT doseaskidwse il indieasednipro cbaSE PeWRIWEGR] efBcient
but BHESIARLAIY Bcase Me.seskal Agheyneneiar Andimay, conseaIsRte
the ‘mgke it unavajlable t(% m%ng/ cgatlgspt:sI : Irﬁygge%dé tg8§e skill lgdé‘ntgﬁi?“

ORI Y YRR S PP TR £ P BB A B T T O LG h RIS I 8F FBbust,
patiguturagsramderapidly executing algorithms, is able to provide

A need has also been recognized for a single thermometer that can measure

temperature at the oral, rectal, and axilla sites of a patient. Various factors may come into
play with a particolar patient that make one or more of these sites unavailable for use in
temperature measurement. Therefore a thermometer that can measure all three sites would
provide a desired advantage over the need to find different thermometers for different sites.
It should be recognized that measuring the temperature at the axilla site 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).



through sophisticated temperature data processing, accurate and fast

Q\?ﬁﬂécrt{';%ro?;rt@cﬁct%ﬂFi;%?%&%’é‘i‘ e(@éh‘lﬁ%\l@? hoh{;]ee %g\fgﬁ‘c%@lﬁ% bzﬁ?%f electronic
recog ized for a single thermometer that can measure temperature at the

thermorayay, sisificaarich sxiiie sitéss! o dpatiditovasrRanraChsis Mg coMmexiftolor »
electronl 2 MiIthRRAMHGY L PaLant thakpakaienadh phafeohithasesitesage of the

unavailable for use in temperature measurement. Therefor .
messur 4P TSFRERS 4t B4 S SRR YN BEAGIROvId e

measur@ARtRgEraNeidharaned to fiaddifferentthisimaleiehssfocadifferentzsitelsat a
need exfie S OMI0R (BCoANzZEd Al measHEg B RMRE AR BRI from
~site of a patien differs S|gn|f|canr?ly rom the oral and'rectal sites. The

multipi¢eifiserathre réispohseret acprobudongiid signalsneas inasesrissky mietica!
thermoAHE SR HQMINE A&l BRILRSIR) SRSy BueiItoiHReasHIRaLENS Sit@ Bivention

composed of non-mucous epidermal tissues with an underlying stratum of
fulfills Y_‘%th? pregiaad fiBeBurvature of the temperature response of a probe located

in the axilla is 30 much flatter than that of oral and rectal sites (see FIG. 6
SUMM\Q(E ﬁg%l_@yrﬁ O\Q ﬁlﬁg'ﬁal for an _oral site and curve 102 is typical for a

. % r predictive thermometry techniques have

dhiefhcentithesaneul edautrobia therhibyaeinp sitviieantijcaness ekdagthod

for detéhﬁi;%ﬂg%%eﬂﬁﬁé}%%% g"%&eﬁplﬁw{k&mgﬁlm{uﬁﬂc@Q&H&}E@ure at an early

thermometer that can predict a stabilization temperature at an early stage.
sage i HEESTERERTDroLE L TIRENETh AP LA B s AR B T
adapt Lhawagteristicsiofding subjsctimdeiraersurerfientvalyl frarve to the monitored
remper e A e saamacas HETEN AAaNaN I NAs AECHECAANEEIIAL fnd
PeIEEd BkistS 61 a smg?e thermometer that tan measure and predict the
from thpatiesitisgenraure tropquiiuiipidesiresatytreh s aopthsobanrebeafibiect
is precﬁ&gdaxf”atﬁge%aﬁuG_Qeﬁr@dﬁg_@g ﬁ?g_@lﬁsfqg adngslicalythermameter thakigrmal
accurate, ¥§t comprises relatively simple, inexpensive circuitry. qu :
characipiiition U IMIRRESETBERE ZhTTHEL: SUMMARY BistiifiEy of the subject
and redNME NTIQN Briefly and.mgsnenalieras, precprasenhinventiongdovidesaate
. thermometer. and method for determining the temperature of a subject by
pmdmtbor%ga‘i)g%{?gge u&%ﬁ%’f@@@?@?ﬁuﬁ%Patal}fjeseantsgrh early stage of the measurement
process. Th(aT thermometer system and method of the present invention
adapt %&%P"&%eﬂ{e"}%%hmm%&g RiRle RafiRMSRKSO fil- aeaadshing the
curve to the monitored
temperature of a subject, comprising: a sensor that provides temperature signals in response to

sensing the temperature of the subject, the temperature signals varying in time; a display; and a
processor configured to: monitor the temperature signals; adapt a variable shape, nonlinear, multi-
parameter model temperature curve to the monitored temperature signals; compare the model
temperature curve to the monitored temperature signals, wherein the configuration of the

processor in adapting the model temperature curve comprises:



temperature data. The parameters are selected at an early portion of the
temperature rise curve and from the resulting model curve, the
equmbrlurp tempetature of thé sensor, and hence the subject, is
predicted. Ih this' way, the-predictie process is adaptive with respect to
the thermal characteristics of the thermometer probe as well as the
wheretmnatamyrandiphysiology Of thesabjeet; dndrrequiresirelativelyittie datas =
integer %gy*é ition. and gdala processing time while.¥ielding:accurater predictians. . -

of the equilibrium temperature of the sensor. One aspect of the present
s @ nuihefion provides & thierionete Tof dterfiifiy tHe "teipefature'of &

“range Sy’@lﬁ&hﬁ@mpﬁﬁm’gr a sensoi-hatprevides temperature SigRals i (sec' ) and

... response t% sensln the t«?mpera ure of the subject, the temperature
o1g o8 Tlhme war goto }? étf%\} LAY NN waed o make a nbhnlinest ok PO, (} *the
signals” arylngl fime:"a isplay anda processor configured to: monitor

curvanthefemperdtirersignals; adiarat:‘@wéfﬂ@ibfleishapé Hrordinearmultie, wheretn at
leas: cPATAMgISr modeltemperature curye to the monitored.temperature, signals; .

compare the model temperature curve to ‘the monitore temperature
the MOgRy FrRAISSWINET €I the 86n*fi@ﬁffaﬁéﬁtaﬁmémﬁrééé§§orliﬁf‘ad%\%ﬁh@bﬂﬁé‘%ﬁwém

mode! tEMPErAGCUEME 6RMPHESSHB:B it PGl Wt&fﬁlﬁml&;s}l@n QIER)E{.‘L
| i.s the e IIlmate of Ehe tem erature tapartlcula\ritlmq = ng T(EL): mﬁ !
e CARRRNEF SAfpid Hdex it fé “‘g at the first sample meeting S foﬁé K
the disfon\"\PredictioniSteat"qi ?*tsamumlﬁem@ﬁsefmnasper sample (sec): Ais an
"Offset" parameter ( T. or "C.): Bis a "span" or "range parameter ( "F. or
C.); Cis a"curvature " or "rate of equilibration" parameter (sec’): and Fis
al i AEROT S PEERSF (uHHE RISSYSHRAE Y B IR BN B MRS b she selected

first talﬂm&&a@auwp@éda@nﬁuéua%a@ theemRdelcuTye iodmake ithpiterfi then the
of the temperature data, wherein at least thie&s ﬂth

s Tl A VB HEURG R WioUR A pEFAILTE ALy doHsipl Tom
its caldietimodehteenperatuee Clrverltp:the monitored temperature signals; if the
differences between the model temperature curve and the monitored

temperature signals do not exceed a threshold, predict the temperature of
tHe SUHBjeerASRENEn YIS HARIRT VBTSN pASHTAE S BaRitaRd temperature

data tolGRPEFALURE- 10 a b erdisplayiwhesain dhﬁdjﬂl&ﬂ{@yr&!ﬁﬁ}ﬂbﬁ&aﬁﬂﬁi Reedictaek satisfy

temperature. In further e bodlmentgegﬂ E)r sor compares t
ata 1o pre

the mtﬁ%fﬂ‘ﬁé éﬁrlgﬂm&‘éqﬁﬂ?ﬁﬁ%f P8 g%tl 8%% ECt the teniperature oeT the subject.

In vet further detailed aspect, one of the integrity criteria comprises a curvature quality of the
monitored temperature data. In another further detailed aspect, another of the integrity criteria
comprise a slope limit of the monitored temperature data. In yet another aspect, if the monitored
temperature data does not satisfy the integrity criteria, the processor selects a different window of

monitored temperature data to compare to the integrity criteria.

In other embodiments, 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

fime frame,



first time frame to a predetermined integrity criterion and if the predicted
R A S fomy e, HheLiame s a0t Meeh e e HIM CRle iy
Processor excludes thie 8L Gme frame from- its alculation of the
of diffetemnpeeetadrérof thense bjest.phcotier enstiodimerntssitidedpitoneldisaletermination
of the CRNPARS 5?%@%@9#@ b dhgmanitred ipmneratid ARIBIE NLHHIYo! time
ar

criteria and if any characteristics of the monitored temperature data do not
frames gypiiyetHe hreg PRy ErrEd He pretusyprdbre RdbeSE the WAt BRsaide
emperdhgetemapeasiatdce of the subject. In yet further detailed aspect, one of the
integrity criteria comprises a curvature quality of the monitored
temperature data. In another further detailed aspect, another of the
ilteljfieyectiterimdoomprite arstoperlifritrofithe mmowittredhterhsbritusensathas
begun LYHEINOBALASREC RS MRS G JGMREIIULE ARl daES: RRLSBURN 1o

_ the integrity criteria, the processor selects a different window of monitored

includeiRpRPAHTTE WA TP eBIHpaTEr IS TrtBG Ty TARRACTH Blrgpect: the processor

determPRhgglimentssthespracessor manitarathertem pesptirey sigioals ayehiacurrent
sefond selected ti ame if the first selected time frame is excl

value ¢ ) mperatire 51 na% I m?hg CnRsSor ar .W?Gl 9\ CUIT }%V& US SXCeC s%dti@ue

dé SrF%lrﬁﬁg the ¥&hiperattre'or the st jed. EUrther, the processor selects
contacthecsiedd notiens frarsmes thotou Hakdpr thbdfirgttimevfrtime in one aspect
and in another aspect, the processor selects the second time frame to

overlap the first time frame. 9 In alternate embodiments, the processor

el HEPStHEPRSin PrdE SR Al SEP abpmitafty 2 PSRt SsleThtiinthe
emperiafpest ifthempeecesing ding: framenis excludedftara e detempboatipnvafing
. the tem]lo rature of t‘he subrlecthand the process r limits the_ number. of the
cmperER) Bt TS PR A OE T P Se G DAt o orne e
temperprgd etenmtinediperiod befobe tHamensolireachedtitperanriperatiscwinrature

%”ﬂjxhcﬁﬁ(lﬂitgifggr%p%@a%jimgﬁ’ heprPsesSAnLAsiermines astarklime:a

“which the sensor has begun sensing the temperature of the subject and

adaptirgs éhp PRt SR REEBER Y HETRISE frame to include temperature signals
occurring after the start time. In a more detailed aspect, the processor
determines that the sensor is sensing the temperature of the subject by
calculating the current value of the temperature signals from the sensor
and when the current value exceedsia tissue contact threshold
temperature, setJfH@'éférftﬁn%Whe calculation. A further aspect
of the present invention provides a method for determining the

where Ty (0 - 1) is the estimate of the temperature at 2 particular time = n -1 { F.) n 15 an
integer sample index initialized to O at the first sample meeting conditions for “Prediction Start™,
T is a nuraber of seconds per sample (sec); A i an “oflset” parameter { °F. or "C) Bois a Yspan”
or “range” parameter ([ °F. or °CL); C is a “curvature”™ or “rate of equilibration™ parameter (sec’);
and ¥ is a “time warn” factor {unit-less) that may be used 10 make a nonlinear moditication of the
curvature of the mode! curve to make it betler {it the curve of the temperature data. wheren af
feast three of the A, B. €. F wvalues are varied in adapting the mode! femperature curve;
comparing the model temperature curve to the monitored temperature signals; and if the
differences berween the mode! temperature curve and the monitored temperature signals do not
exceed a threshold, predicting the temperature of the subject based on the model curve, and

displaving the predicted temperature,

Other features and advantages of the present invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings which

illustrate, by way of example, the features of the invention.

10



temperature of a subject, comprising: sensing the temperature of the

BRIEF Lélgj(eﬁlipﬁl&m%?gr mperat §|gnals based on the sensing, the

‘—'——éemp’mmamm@a'rymﬂwﬁme monitoring the temperature signals;
adfapting egvariabe shrigsd anoniindarcrmenteparameter voaslemperadarse

showin H{é/ ?elt;ﬂ)é%m%Hgﬁﬁﬁ'ghmp%a‘%%&gpﬁl&xﬁm@ﬂﬁﬂaqmﬁlﬁ@ﬁ%@fhat

he processor in° adapting the model temperature curve comprises: B T
is in conppspith £-P4tighhere Tfit (n . T) is the esrumate of the temperature at a

padticulantinae 51 A thdll ol ds anviitagessampiedndaxneitialized o g duid
rs’ .sample meetln n futons For "Predictio tar, TIsan
v g AT A b A S eahee B o (et W te
heat flogpamvaet ﬂmﬂw"fmmmeﬁamdmdbﬂﬂ(:) C is a "curt atFaee"or tote ai'
qquiliblation. narameter (3e6r AR EdS Soiting U tlf@%f?fpé%ﬂréecﬁse) thatnr,

mat be used. to make a. nonlinear modification of the curvature of the g
Showingnlt BEUAS oStk TEBBHOF R Th TG B HTPL PLAL > o
other tiD&s QIR Q%bﬁb@&:@fcﬁ%&oﬁe@eﬁd&&l desiarenvatiedantiadaptingtthehut

model temperature curse compari the deIU mp .ralure curve,to t h
then flowaiE ey tom Har e Sighals ahd | tRE i é?lé?tﬁgfﬁ[é?vgween e Bl

devicesmodightemipe ituhe Ciraterandithe tohitorestbtemperatiretsignalaieio not
%%%IK}E@@%@'Qp&ft@a@{m%uﬁmtgﬁ%&@%@ﬁm}bé@f thesptikEas! Rages.
on the model CI.1l 1.4, and displaying | to predlcted temperature. Other

and INplEARGFES USR] 5%&(%1‘&‘@*@?8?%?‘%“6?@%9%@%% will become apparent
from the following detailed description, taken in conjunction with the
accompanying drawings which illustrate, by way of example, the features
of the invention. 10 BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is
a graph of a typical asymptotic response curve of a thermistor sensor
device showing the temperature equilibration of such a sensor mounted
within a temperature probe that is in contact with a patient; FIG. 2 is a
view of a small object having a first temperature immersed in a large fluid
bath where the fluid is at a second, higher temperature than the first
temperature showing the heat flow between the two to achieve
equilibration;

10a
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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
awdy o IR thEiFEIBOLG N BROB & SRS thrlIy ATIF RiTE Haltile, and
invdiion (it ddevides and things:that«tancdticttihefirawayl frpilitheitherfhistor,

RO EYE R0 NG QRGN ke R mﬁowgﬂf;g%%%&%mggmm%ter

aving two probes, a probe cover, a display, input means useful for

temﬁﬁé%ﬁgﬁrh%@eﬁ?é taAbpEY StlF R AP LG SRR e f Reforei sy iliseioBiagram of
a system in accordance with principles of the invention for determining
the HEpérafine dfa panieing haforsiina Heq gibestiarial prrecctsitpiiature

pre@ERSOLRf 6 SysStempdthntha PatisniaHouah Rpediction ofthamatient's
temperature based on analysis of temperature data obtained before

oL A ekl BBl L AR RP ALY B ORIALAID

rocessing for p ng and displaying temperature in accordance
curphefep et e AR RHtBFI T Gt a8 67 eREMRHIRIAF Fetiss ARG 7<A8E of
lineddhREDISHOLSEBSORARMCe: shawingyitseQuovaily endotiiempearattits the
resERSHESMENt 3hatal and etal mepsuamentsites And.a second line for
temperature meastrement at an axillary site showing that the curvature of
the_10 response line at the axillary site is much less than at the oralrectal
sitel = E° BB AR AR GYARR iSRG s SR AR RO
delqyredistibnistarirtdsld y, fagdicihcttompizictpaEndin redisticrvcmpets pimt
invéﬂtﬁ;ﬁ%ﬁ?ﬁ@rﬂ&%‘é’@n@z?&%ﬁféo?fa%jé@t\,’e”tion to predict the temperaf[ure of
a subject; FIG. 9 is a set of model temperature curves formed by different
set elected Ai Bi, and Ci parameters sed with te rature
A i S B e e A SR,
Bi, findvitrparsimeiess to prosictviib wangeue fatopunecs abfeetirtgo o snodws

cursMy e i a-reade R pe e InHNedQRatbah e AR atandQibis:t;
and determining the differences between that model curve and each of the

actyql; daig RoiNts. 1906 Meed R dSimNIRe dHbeRadsl SuRasan
acceptable "fit" to the data; 20 FIG. 11 is an enlarged part of the

poingsm e dgreigRg ot ERenecs Koty thid fiRdF! (e ed At CpBnEEd in
datdheipre dicliesecindiabawingtienpradinlion wiakdalay-arabibefit to the data;

FIG. 11 is an enlarged part of the temperature graph of FIG. 8 showing the final
tissue contact point used in the prediction, and showing the prediction start delay and the

start of prediction sample; 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

11
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start of prediction sample; and FIG. 12 is a data flow chart in accordance
with aspects of a method in accordance with aspects of the present
invention. 25 DETAILED DESCRIPTION OF THE PREFERRED
h EMBQDIMENTS In the following description, like reference numerals will
RETERU R e P BRE DICCETRIBp S SR TR AL 7 Ars e ehtifigures
patigfitheodpawimgsicR efemridgchowdtbititee dranings Jand particukarhete. Fic: 4,

probtpﬁé? ﬂ§e§|}%%0ﬁml§%%@%&f)ﬁ§ﬂl %@%59@ %d@(q efﬂr%%? %roé(? of the

incorporating novel features of the present invention. The electronic 1l.

e R B R SRR AIR P A e 6T S RO G e Bralirenemster, and
also$electichpaioabiesppatig Empadyrconnecied by conduaions44:te, ha a
: [ e.thermometer. T rQ as been removed.from a
st S R R R OB A

y
MOpEniaited e etsepresidssridbnEnts ravgl Soweismmimbetittie werhionister,

and aRthoIASPriRssRginplay il ior-disalayinraiapperelyte yaturs and error or
t input device 52, which in this case, is an

rm.me es, and a fir
char o B e R S S B oo
enbpilgpiae dhatdDF o pa pevEB ofthie st bod\F S Seldoh the St Tand

Axynesrod of pracessingdira temparaise dalasnr e apRPRtiately so that the
characterigtic of site%are (%glnsidered during tem%ir ture measurement.

theripoter I BIOAMB e HHE B E QRSB kiR Ldlisnarieagy:
acCOtfMST VAR AE PrefeASTIbAKILInARY: bard A BT uRE GT Akdskisgegadent’s

oral REQRRi PSS dRclled Wil dhedhepnemeterandisshaws i thestared

position inserted in a well 60 of the main body. In accordance with the
meAHREREHE erHEGHIMTENE, Bl giTBlse 08 o Bd WSk 181 PheuLrRIgbs prdtient's
contgrawghchaxillant. temperatures and the other probe is to be used for rectal

temperature 15 measurement. Also shown is an hygienic cover 62 for

plaprz]@a}ﬁﬁgqugr@ Prapeibsiag aRaIINERe PRlRALIREIREEN] tO FIG.
t CK dl

5é etsblg liagram gener lly shows major electronic _components of one
co B G SR A S TS RO HcH AT OE R LB AERE T Shebe
presqidgeentinveitiovnibhettermeesatyiepsendor tdRprovidedstaln perafungse to
the (SIIRRIAIR £6RBP BSOS HRMP SRS SRR HYIIRG. MRRSHEARIERk

There also exists the probe cover 62 |located o
between the patient and the sensor of the probe. In the case where a thermistor is used as

the temperature sensor, these signals are analog voltages representative of the resistance of
the thermistor and therefore representative of the sensed temperature. The signals
representative of temperature are amplified by the amplifier 70 and then are converted into
digital form for further processing by an analog~t§—digital converter 72. The analog-to-
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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between the patient and the sensor of the probe. In the case where a
thermistor is used as the temperature sensor, these signals are analog
voltages representative of the resistance of the thermistor and therefore
representative of the sensed temperature. The signals representative of

soute SRR A 8 BRI ipHIAY The Sblifar o2Bes frariseivure ponbefdd o
ActiRbtaigitakiorneddsiéu rthesppoeessingaby areanalegdns digitaticonvertes. 72.

This's J%ﬁtali‘ﬂ'?i%}‘é%ﬁb‘ié%@it&&’@%t‘ﬁﬁ‘?ﬁé%&r%@ RIS 12 R RIRGRRSON SR e

receives the digitized voltage signals and processes them to determine
prohp, afamisally FaaBlerBeShERREE B g hRORSET FUBPIX SRs PioNded ferdhss the
poviamgeikaifine: andolimesigaalitlaspcalnewvit b Rlgasihms, e tbatikRepply

ignal data can b alyzed at a subseguent time. Once the signals have

S SR R R R B S
skillgiS ol a8 et b dnddestsihpiik atoiectniperature. The probe includes a

heater device that is controlled by a heater power source 80. The

pro&éésmlr_ﬁmtrblsr@ prebeihedtertonaissstitetenperatucelaf the probe
embiRiAGREPRIOL ONGR it ﬁmmqrﬁwppmépsn\%?'@& thea00 »é%ég LRGQN

the heater power 12 source. Such a set point is typically 93F (33.9C) but
COmBTHEMBIIE FAHTIY 54 Be T BEEH AL ZRAR A KRS EeTs-
The temperalure 15 easurement fulifiossiofitherthieshymdteril bhippwiiehds
osPURIBIARARGARA WD (RS PreR%. BOfAg BRIV ithal remova) of the

probe automatically enables the measurement, A power supply 82 is

prayided for the 5 pawer needs. of the various companents. Specific

Com LSS Bt Ak e BT R, D oL eI FEMaHES e ihod
in assieeenctoshairpaltrnit/tiof thenllos tmtibnyvhovenewithobe dekilled flothe art
amoElhUpIgTRIARMSHENGRRARGHERSy AthaugRthe SlackRnic REHIHN S,y

thermometer is shown in a particular embodiment in FIG. 5, this is for
not 1 HEARGA PRIFSBEEIGHIYeRHE FARIOAY Y s saiciaty I3 terpsact
implnedtipiévatemexyudevicestrdihequatestarardnviajicanianss dugtiphe

processors. The user interface 78 may comprise multiple switches or

disgi?meﬁmﬁusae@m@@r@%ﬁmmg% %'?Qé@r%@t@é&é%@%ﬁ%@%&mor |
.madifications e made to FIG. 5. Referri w 1o FIG. 6, genera
beg b R R e e Sl (e D Bt
they aspiherstdfehd favaitidittaregsiepevds afoihg Wit tire.dedarthad fievig 15

impBSHAC (NGB TS [ASKS SR IR SARGHTRNAGISRAVEAGR ARF SOme

tasks shown may )
sophisticated filters may be used. The filtered termperature data is then used by the

processor in calculating a predicted temperature 94. Once an acceptable calculation of

predicted temperature has been made, it is displayed 96.

A generalized embodiment of a means for making temperature prediction for each
of three oral, rectal, and axillary 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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not run during a particular measurement carried out by the system. A data
flow does not imply an activation sequence; control and activation are not
shown on this diagram. The thermometer system is initialized 90 and data
from the temperature sensor begins to beage,nerated. When sufficient

terOPR LS AP RAOT ALY APE RGP LR JErFey BB ey 4rithe i fifted
at whi2h Thedilteringutiepangscand thaditer tyjieaorterthand modet immplemented.

is pel &ﬁ?d%%sﬁr SJ'Pzﬁlﬁi?a%i‘fé?cg%5{%%%%%@%%8&%9toQJ&%EEHQJ G

sophisticate fiiters may | ¢ . temperature data is then
filteyzddermyratac prEEEsSLEr TR HIRURTES (S eralark &£ Ehde an
acceptable calculation of predicted temperature has been made, it is

displayed 96. 25:A.generalized eribodiment of ns for making
temperature pred’ft(tion )?or eachn ef-thtée oral, re&c%?,?and axillary sites will

whellow be discussed. Operator selection of a chosen site determines a
selected set of control parameters and thresholds for use at that site.
Overview af ABCE Nonlinear Multi-parameter Cyrve Fit Predicfion 13
E B eH o0 TR o2 TEE T L S HETHE ot e e (such
as a time at which the sensor would be expected to have equilibrated with
thé? patfeifetaripelatine) 14 igarrdrin8 diuhrHiii G RbIRERF conditions
multi-parasn@tedimadel :@Eguation 9) to a sequence of filtered temperature
samples (a "window") occurring following tissue contact (see FIG. 8). 5

T, (Hthd hadder 8 (Eard} peldhplritec); where: Tp (n 1) is the estimate of

the temperature at a particular time t = n (r) 'c (F); 1i is an integer sample

indg&i@éiagg&q!%ﬁgtg}qoﬁ@@nple meeting conditions for "Prediction

Start™: 10 ti is the number of seconds per sample (sec); A is the "offset"
parametey (F qr C); B is the "span..or "range" parameter (F or C); C is the
"cu%séﬁlfreﬁ 3?"Pétef%]1ggq%ﬂ%?§err;{u%§ra eter (see -1); and

10
C is the "curvature” or “rate of equilibration" parameter (sec ™); and

E is the “time warp” Tactor {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.

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 setof 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.

14
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E is the "time warp" factor (unit-less) that may be used to make a

nonlinear 15 modification of the curvature of the model curve to make it

better fit the curve of the temperature data. If the fit achieved in the first
~ window does not meet criteria for prediction, the window is "slid" forward

by gne mgaglggmmgméimple_(pmégqmguw@?ge of ten sgiyplgs, see

predic

details of TAD comptatithelow) and the model parameters are
whef&computed. 20 For each of a number of discrete values of C and E,
model parameters (A, B) are computed using linear least squares

op&g&!z t{iotrgemcel;[pvcg%sréT Ssglolgttiggtgret of A, B, C, and E that achieves the
mini SSm squarea eror méastred as the difference between

madel curve values and the window data element values is termed Am,
BubEhis Bd B A3 tRsR\VARE6W. If this value is less than a defined
threshold and other curvature quality 25 ("CQP' described below) and
sloBeit didiferis ¢mtArdowSlope” also described below) are met in this
window, the parameters ABC are used to predict temperature using
Eqwatitre 1@mbelofiscdehdsprieghed(sifiy= Rrediet®h -SB(Crosinirdo (Eq. 10)
[+71oraCm where: D(C,.) is the "curvature adjustment factor"; D(T) is the

"time afjustmenifagterss isdhewHselGon &3t I MHTWREOhe
seconds .Iaﬁsed sincte Pretglictei&) Start occurred; and n ti is the number

of secon smi efﬁtélrlpul uroet,mrgTaE e to Start of Prediction, when the

Eemperature is to be estimated. It will be noted that the exponent "E" for C.

It Wil el YR % SERITERL B *9% G (R £6- MBSO 8 FIGP 1% However
embidiarotid & badlteenrteitinayther setttalnvallicrnthér shand'1ilte otenre

than PIOGSEIAILINGPPHELEYNEIR NG RHYAIHES QLINE dempalaliie dafa. The

__temperature data’is time dependent, that is, each data point was taken at
The tempespBee Fétit HGPeOTFRnt A v SIElIBIAREHEAY SBEEE show

poingif@inecrahye thatata points are interconnected to show a temperature data
“curve”, such a curve has time as one axis and can therefore also be thought of as 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. Itis
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

oralfrectal mode. These differences are described below.
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"curve", such a curve has time as one axis and can therefore also be

thought of as a time 15 curve. This exponent "B" 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

sincdheaieice the YR eliveiiie AR SIS A tRERed R pBnen g
D), e moateiecisalyhndichibe datd: euniesweubtreadire Mo egpnicessing

ti nd, power. 20 The model.curve pr ed by Equation 10.predi
e A P W (AR AR B Il
meagigepentTale asigherelieschangherr by areek b oradlerd aeastiFeRtents

The EQMPaTeslvia pedliany e g e wiffelanseda beativkiapstenridhese

locations. A rough comparison is shown in FIG. 7. The graph line 100

Presems &.yBies! siapeatNg SIA ShRSRORSHIAL BRI and

rectal sites. The graph 25 line 102 presents a typical shape of the
Predieip SR BPE APSHEL T THEBRMEAT SRS e R dpfSalriS A thet Atk gameaiate
the ffomthe oral and rectal sites is much greater than that of the axillary site.
Some control parameters and thresholds are also different for axillary vs
oralfrectal mode. T}b@@djf!igpgempes are desgibed below. 15 Further, once
the various values of the factors have been determined (A, B, C, and D),
whedhe time of n <r can then be entered to determine the prediction of the
equilibrium temperature. As an example, the value of 180 seconds may
beéntelrgg{:@nr %gtpral or rectal measurement while a value of 300
secoffdls may be entered for an axillary measurement. 5 The result of
solying equation 10 (Tp,s;ct) will then be the equilibrium temperature. The

factaPts (B VAR B B R SRS T R ST SUSASREATRE errors in the

prediction which may arise in part when the E term is fixed. D(C) is a
D(whpiggladjiishn &t the form: D(C) = C scope C (Eq. 11) 10 where:
Csrope is a constant; C is the estimated value associated with the

smallest sum squak¥versoF.{w) similarly i<Egelfirm:

where:

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 I2(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 “B” 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 zere. The “D” terms are used to
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D(w) Tslope w (Eq. 12) 15 where: 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 statlstlcalan observed i |n p lation studies, 20
ProViF SWIR B IEH OB oL S A d RG] FHD P 150 5 R hte 5B
to orgelechdth. hasatioandetdialdemietaty theteogisohi Wi’cie ommbdnrﬂ%éiected
Imea?upl’ e H%%Bﬁ‘d Rased: A0 dhpseaciual naperatite iepts.allaf these
ave been set to optimize the performance of the prediction of
Pmdf%‘f‘ﬁf‘)é“'r%‘ﬂﬁﬁ'e for this wide population of subjects. However, as is apparent
to those skilled in the art, the values may be changed depending 25 on
teSt teasedisnaliv tomraryutsiscuboditaibrs oft SHEBUECicirpd itetithat
instrSRRHE NicihefatRarkidensns m@m@m@zmmﬁﬁg gepending on the
actual data meas red, Fur thert if tﬂﬁﬁ)&gﬁ %nt Ele or hegs n%:t ted;@t[l}l
CO@@I% %E(Q,Bf]i‘(ﬁ' {4 e%urva Ur& of thie mo fm?n efms may not be
tenpregdedizhdsohjedy b dttomdasivpfentDistesiis ar’élh}éb@ wuiBhrsdigeth
the é&g&%?ma{a%%f%é%mggﬁ @t thamedal Gurve-ubendhesxpaaent

Is set to one, as in EQ. 10. This embodiment of settlng the exponent
Coup@gténgﬁéeéﬁ%e agﬁ%ﬁ%h‘&lﬁ L RS st fver the demands
on the processor yet yield accurate prediction results. 5 If the estimated

terfierhitireias i thie PR Srerrghlp radicanfeire offiee mediclifnt

procBdslOWRSCRH 680 S LIQNEHVEEI COMY MkIDUSMONHEIINGSSEadEIGT AR it is
ontinuous onltorl State" ﬁ]the st tein WhICh the th§d nﬁaé?rsgges

typiﬁ% IV SHERER TR RS tem ARire o S eaéé%&olﬁg %Plsymp femains

actnamd/bla fqnhaihaéaethb Ferradrolitl twmpemm@bmmlgebﬁ%@mbe

heatEFOREAANG 9&&%&@@&%@ SileseleeiasteCommachaflyid 40 %gpﬁegar@ad
pressure ap ied, this_may gﬁﬁe from tHree to e%w E%]nutes ‘!&

M e e S o

proberetkssvalihpiethe ip ralneidt it tewveydd fropetiermdsra fremt thevediba gt

surpRBFt Sk dbiscOrRical Ay f@@i&&@&@%é&me%ﬁwﬁ The probe heater
power supply 80 (see FIG. 5) is

Determination of Prediction Start is accomplished by detection of the raw (100 ms)
temperature exceeding Tissue Contact Threshold followed by a fixed, mode-dependent
time delay. The delay is extended if the raw temperature falls below the Tissue Contact

Threshold before reaching the Prediction Start condition.

Beginning with the raw sample meeting criteria for Prediction Start 114, raw
temperature samples in blocks of 10 are averaged and stored producing an atray (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 instrament 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. H they are
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activated 110 bringing the probe temperature to a target setpoint by
means of the probe 15 heater, but it may overshoot several degrees and
oscillate, particularly if the probe cover 62 is not mounted on the probe.
The probe cover is then mounted to the probe. When the probe with
not 1agjy @ FYESpIEERIAYHIABhia i WRh delievind Rehpbr Kidhe fRe ek Siprerave
seco@ipaiidtdsupassingidestedcoiactht kieshaldl 121 ealssingotid edter to
... shut off. Determination of Prediction Start | lis ion of
s R B B e
windeife (et Bymarfivder b erebeapertisft time delay. The delay is extended if
the raw temperature falls below the Tissue Contact Threshold before
redttingrh evRdodidtionGtaraed iditin. BdgimdiRg ndit She ¢ aalusadiplet
achitNEGIRE GG Ua Sl PERAIgofk Bt Hhal Ah JAMBEERIPER $3FARIAS IN
blocks of 10 are averaged and stored producing an arra)@(wmdov% §5
thresholdl G ot Hifbiell SKATHTEY: BRLHSHER SR AR Srtdna Yaeme s 18745 a
othelfTHEhd TRamperatteshiiverage thaficnbeoun Mediolima VA D'vadue is less
predm?{ﬂl EH% @%ﬁ%@ qEélBé’c?lH%E Q&Q‘?&l %wﬁﬁu@%rb&tﬁd%ﬁ@é@’ome

instrument state is changed to Continuous Monitoring State since loss of
Highjpedictomiigdidhsiastmaata pRricrlburrasiepetr RD N BIE®in each
Monvbngl@weaee used to compute a curvature quality index 30 (CQI) and a

Window Slope value. These values, together with the Sum Squared Error

(S§§kﬂ%§ﬁ§|ﬁéﬁﬁﬁb§€$ﬂﬁ%ﬂtﬁEH%ﬁﬁsﬂiS@ﬁ@@fJ@{e @%@ai_aﬁy R tée
¢ resente N t ey are not met, a subsequent wi OW IS Tormed as...
Conalias MRS RS B LHESF BN AR D SO e AR S B ine

the Iﬂsti‘nmaﬂmmﬁm_dwham_bﬂaéw IﬂléstfiTc;j& Eha_/&hxmisme Mbeedre nhifbv_ei ndilg.
12 rgHigseRsiRdividral yindowpredichian i Rreduss or the maximum

number of windows (MaxNumWindows) has been reached. 5 If the final

Temwéna%)r\év A%errgached %di'tsa %S /%SQI magd.Wl dow_SIope. value§ do not
the final window is

compared against a thresho’Id FSSE. If this is successful,'i[jllj%jeﬁrﬁéfFIG
predieiRsHHmGTH HRERALE XA ST REHRRE 4 AT -

5), atranigiiﬂgly mﬁozéh& iﬁignﬁhmmmm mﬁmmmgcsmw@rlﬁmyfﬁm'edmm thatis

supp‘BéEk%}Q,"ﬁu%_?d{?x!.hﬁ'ﬁ%%:d&ﬁﬁ?"&’é@? IS IEMPSIAIIG IS QuIside-BR bawer 10
High prediction limits, the instrument automatically transitions to the

averggsHesimaier (Bquation 13) to produce "temperature averaged decimated” or “TAD™

samples at one second intervals.

N
TAD, = ZT,-‘+N-{E—1} (Eq. 13)
=

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 tumn
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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Monitoring State. Several other conditions may initiate transition from the
Prediction to the Continuous Monitoring state. These conditions are set
by the software routines controlling the heater and monitoring the probe
for failure of the thermistor. They are shown in FIG. 15 12 for
complelenesbanchdescs beduetsbyeheirniprifsts padmr Be8hse Fethperature

SOUfCBéV'?ﬁ%%iyngi[%q Lecimation (JARLresessiRg} thadasieimeanisamples a

voltagefrom the temperature probe amplifier 70 (FIG..,5). a jgitally
avert thpalfests ‘tﬁi’éﬁx‘;%ﬂ[iéhé?uﬁ@d’?ﬂﬁﬁ%‘é%ﬁﬁji%ﬂ]rgfle?\%?g? grlaéfﬁélegﬁ(%%g%%;noise
seconSURNIRESIOMs the O millisedoritb(t afvspieiptdsatng preifisrediwith a
equilily imple boxcar 20 f'ﬁ’.«?srgc%%yﬂx%‘ﬂ{@t?ég&(éﬂy atioR 1R R AREUEEn the
témpera ure averaged decimated’ or "TAD" samgles t one second
instruieteinhisme Tikd: thegergiliRes 27 (g P r WHIBHS Nlils&lﬁgor‘ci Limber of
comp&%l%&éﬂ’%?%%\?éi%Q@g/wgﬁ%Wh&ﬁ@ih&sﬁhstmg;ﬁtmeghsfg@?Bﬁ%l?hat
sample.after rediction Star . tg2elay in turn
and Ccﬁ’grbg}éﬁ&t\?ﬁﬁ S S r{%gﬁ?} éx%ggcﬁlr%égﬁfég{isstgeg%%ntfgt temperature
magnitdB4FE (B4g@jbiitarirgneiaiSeart Delay period, the raw temperature falls
below the Tissue Contact Threshold, the Prediction Start Delay Timer is
rasetdRredictipatind oS afmples Seleesche 1 BEPHET A BRITRTGHC

estmates \fxeosn{c requently contain adifagis Asisingdaamnseyeral ASpsiegseskaeh

system and method in accordance with aspects of the mg}%ﬂygn ttempt to

(see DingkreiasaatEles b aipades this RSO ERSIIRL L rERHGH of input data. In
winddhafust oW sesansniolowiag dissuecontasttegition wHects e #HErobe

(skid) Egﬁ}tmé%gﬁ%o%ﬁﬁcﬁlﬂﬁ ?a&%?ﬂ@@&%%&%%éﬂ@%ﬂ he sooner the probe

(+) h .
a ISSue after removal from. the instrument, the more likely these

effects are tg be present. Varigtion. in the. positl <RV ion of
Lo thEhsrBse walir ﬂ?\‘ﬁ?@sgfﬁﬁs\%?i‘étsn?ﬁg { %?rsﬁg(ﬁ%z&?gg%(cse betwésti:'%’?\i tissue

14). BRtlcaveninistafecishoibvtireshapbiveasbohdimil eyt raisn@ilve

wind§W gstgs%d to determine whether a prediction should be displayed or whether the

instrament should make a transition to the Continuous Monitoring State when unable to
make a reliable prediction.

N ]
SSE = (TAD, - Ty’ (Eq. 14)

i
f=]

for N TAD's.

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 tbei_r
neurvature”. In one embodiment, the second point of a series of three must have a valoe
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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magnitude of the equilibration temperature. 10 In order to mitigate the
effects of noise sources, the algorithm computes multiple estimates from
"time windows" each consisting of a fixed number of TAD samples each
(see block diagram, FIG. 12. In order to determine whether the estimate
fro%élp%g% i \ﬁ'ﬁ@ksuita@@ﬁ%p@ggiorj or whethef thes
measure window must be advanced (slidy o the next incoming TAD
Whe\_/alue, three metrics are computed. 15 1. The first qualification measure is
tRe window Sum Square Error (SSE) (Equation 14). In the case where
the finalfwjndow ermitted.is re,aahed, the SgE Vflltue\rof g'nal window
is UL S HEEEFh AR SITRIHEE SR REEHE BT B S EVES B whether
the instrument should make a transition to the Continuous Monitoring
St ieRmhapt T hareEms fredicibidoorgsgon HAD; -T )2
(Eqg. 14) fordNVIAi 2NThe second qualification measure is the
"Curvature Quality Index" (CQI). Its purpose is to detect artifacts in the

Not/Ming aw 'iflﬁv@ Sl th %bwaai%ﬁ&% iﬁh(e ;tﬁﬂmmFlG %&Eﬁé&%&%&@c%&&%&{ﬁ%ﬂ
. . anormally concave gownwara s se . ..beginnin ne
SR G A A R e gt

surntHEe CErvalter®!: dacoméndonbouinegnt] théesedend Roihteshadarisdeofor
the JHEGMMFLRANE.2 WRlUE, ID8L IRaaal e highshtan theayermge of the

first and third points or the CQI will be considered to be unacceptable. If
Predig{iedf 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 30

3. advandbitheuplinigaioomnesstepygsirrDy the Nuplomp(VipapS pgstyyhich 7

is sitfBQ StTNEe@ #hel Erketicd hetddak e ibEsh dlB) ksthmiirere caisvhgoindex
of the estimation wind wrjﬁgni %rq@nléo NumWindows N is the number

if th8 fv?lﬂ\begcr% 5 V\tl & élémwt r?gat the nex% window must be selected or

ingex runstrom I to
the final window evaluated.
WindowSlope = TAD (NumTADs - 1) - TAD (0) (Eg. 16)
where NumTADs is number of TAD samples in a window

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

ternperature 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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5 NumWindows + N-I Note that the "ifPOSITTVE" operator indicates that if
the value inside the parenthesis to the right is positive, it will be added to
the sum. If the value is negative, it is not added to the sum. The CQI
value for each window must equal or less than CQIThreshold in order for
Estigid a8 m a given window to be used to produce an immediate
displayed 10 prediction. 3. The third qualification measure is the slope of
thelwimdawe(WicstiowS] epejtivtaicin s rsiowpiysbbapaten cs! theadifferen eed

pmét%sé %&@%@J@@W@%ﬁ&i@@@ ladQw- i dhevalueexaegeds

the limit SlopeThreshold, then the next window must be selected or the
the B PIRRGBV eDattidied® TSR WEIGE S A HRIM PACS LY TAD (0)
WinflagShpy. where NumTADSs is number of TAD samples in a window

WindowsSlope has been found to be quite helpful in the case of a subject

wha Rasmaverr-RighdpmRg iait eyskish A A04 (406ds INSAANYICARES,
the temperature data curye.of such a patjent has a very high slope initially
e RS 1 P ERLar T P S B e R
squanigleaptifareible lisjeé (s Bendeiindmpraii ey anacoondanteonitbepinging
A VBN 088 (SRR tWDER NS SIGREAS IR hiabsindlicaligeRassIbIe

"hot" subject, the processor will wait for a su sec%uent window of data.

sufigighidB GURNTE Gadk MO8y WEERoeBRS! RSB VHere'the REHBEPARTYE &ka of
The theugubjé ctdvegihstoifésnotly asyhptotichidedy predistionwouldcheity to
use GRGUFAMLAR ane.cRIbadiment Iithepventihab e wiedousmeets the 25

criteria for immediate prediction an alternate op;gnortunlty is provided once

condpri Vi GRS RS IARE! R SSE Bttt ORn BERP RSB SEE

to dagaiist A dhliﬁhhxleh ﬂmbﬂé&doﬂ@mﬁqwﬁhmﬁﬁ;ﬂéﬁ%ﬂﬂe@on is

vanehABED & Riediction is comphiad: J%J&l%&?bg}@%%-tf%eoa%é!-m%&%ﬂ of
Processmg To procL]uce an estlmate, an estimation window must be

the 0P pRetEP B BRGHIHhGaREseptcHbeHB e hbeaegerRDsgarfadh Mext
fifteth e TARSIMPIaSARIBACLSse G i daleuningl the fihpatanetarsiAns: @ad

eacr= T HRLES M1 SHal Al e AR e SR En G R &l ne towest error s

used in Equation 10 to compute the predicted temperature.

FIG. 9 and FIG. 10 present a technique in accordance with an embodiment of the
invention in which the model temperature curve is precisely it to the actual temperature
measurement data points. In FIG. 9, various curves are shown, all of which are applied to
the actual temperature measurement data points 126 shown in FIG. 10. In FIG. 10, it is
shown that a madel curve 128 having certain parameters A;, B;, and C; has been fit to the
data points. The errors e; through eg, 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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5 WindowSlope. A and B are determined using least squares estimation
methods (LSE), but due to the non-linear nature of Equation 9, C and E
must be determined by computing the sum squared error for each value
of C, E and finding the C, E values along with cot-responding A and B
initialae 85 odueinthth @ minihonthSmerSefareEitd n S SE'SSH ¢itsebn

belofPW0EL10 SHIfIGIRRL IR Ghess: bo kiR, a finite range of possible values
for a particular body site. The mouth and rectum have sufficiently similar

rissAISIRNKRRLION el condctl g fise one range of C, E values.
lle the axillla, possessing lower average eat COI’]dUCtIVIty, uses a
distinct and.lower range of C, E values. In one embodiment.in order. to
e FHIRE AR £ GFIED e ) PO RRIEAS Sl SR or
predigioh ofithie €fkEd/al tesiand Blis isetriy devaicretofcanEndiRd med varied.
excebd@Srigsenis.themiaiinination.of ey Bpaitdeparanelersdwihe.

present embodiment. The processor selects each of fifteen C values with
referied 410 85 (5tEd RERG B parameters and takes the sum squared error for
each. The C value along with its associated A and B parameters with the

lowestSarbpiiSreidipn Tl tiserl octyte SrHpiaahe frdsietey mpepture.

(xaw?sanggl%s)ma&e #ﬁlﬁf AR RESEN fcﬁlé%hgﬂquh Y ' f a;imgef@man@ewvith an

._embodiment of the inyentiqon in which the model temperature curve. |

i T o R LA A oS TP e Y e,

pred@tiparibusiclanvestate Showine kot el hpplidae «tislastual
temperature measurement data points 126 shown in FIG. 10. In FIG. 10, it
is shown th&OP madet euietu28Idasng certain pdtaméiers A;, B" and C;
has been fit to the 25 data points. The errors e; through €6, that is,

m tdifferapras beiweemiha dadaipeintsiand thet meds-enne@ure 122
.determined,.and the sum squar, reor is taken. In.on diment, if
falh?ﬁeé%%%?ﬁs%ue@ (l:}t tI'hres O?(‘tlﬁq%e g?lli)s qlxtteiisl%Psaé%nal e[t‘ﬁ q@?xs ﬁun ’thl%or

modd cuiveid the Towest, as the model curve
assotimctbrolpevaindex dalta ol ihisnm Beedint® ydael sdry $uedl bmpiam tegast squares

Stmﬁéﬁ]&%ﬂﬂf@k‘%@&%&@, eethiAse s WERKnownitothase skiligg in the

art. In an alternate embodiment, the two values of C 30 producing the
Mssrg'%? isyrg§O§ch%@t9§igetermined. From these two values an intermediate
| e for which the SSE is computed. If this SSE is
less.than both the 21 initial two SSE values, thecr{lI it.is used or thiect%(riocess

is @ggﬁg@l[}ﬁ},me logt alsomepaint prior o 4 prediction bemng comp

This condition is detected when a TAD sample occurs that is less than the maximum TAD

value by a preset margin.

FIG. 12 provides a data flow diagram coupled to a diagram of a graph line 130 of
the temperature response for a temperature sensor used in a predictive technigue.
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 fo 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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below an acceptable threshold or ceases to decrease. Tissue Contact
Detection. Start, and Restart of Prediction The time limit of detection of
Tissue Contact for purposes of determining total 5 prediction time is
defined as the time of the last raw temperature sample (100 ms) to

exdEedi eI ysoRs B PRACPTIH PRSP IIC EPHPRTREGRE S e REGsEERetion.
procddd ISﬁ@mﬁg\ﬂ{hbme @m@d&a@&t&k@ ﬂiﬁét&amﬂlea&rhe héariet Regdigtion

ample occurs llowi dlctSa sam raw samples).
ihresls{iog%g é[% ananslalitr%rV ?fgﬁ) 2]%, '? eqéalgs or I¢ %r%ebdl#mn O CessIng

comrn@méd@mamhmr@ﬁmméﬂﬁ ﬁqésffl@l \vRBd sheessanplseigietiontisdialted
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SOP is deflned below; fOP TC + PredictSt b%) 17 In the

to dISTRHASIE' S ?“F?é SR t“‘t‘iﬁ‘@“‘ﬁr“’t‘er@afbﬁ’ﬁ%“ o é\ﬁ"
hredigrivpyerditioresed 2bdadirfdiddbe taalisdmeContactTtieshold E1Rsue-

comé@ BRESHSENHY BnALIS, hlddeiRund itk 3 AssosiatedJelatvaindes =
1. FoIIowmgﬁpredlctStartDela y 118 of samples, the StartPrediction 114

Monifartisid Bl %‘W?gﬁﬁﬁﬁ?‘é‘%@%ﬁédﬁ‘?ﬁ%‘&’rﬁbﬁ‘&%’f%ﬁ‘é%ﬁlﬁEh‘ESE'B of

indichisstie Contact Detection Tissue contact may be lost at some point prior
to a prediction being completed. This condition is detected when a TAD

SamHple RagIE Haﬁtej;scba5§tﬂa&@sﬁa&m&&mﬁmhm[foﬁﬂe\@m byapreset
lAﬂQa{,Qﬁ “n;%gé%gst egdaergg)dat 1 flow dia &alrr%coqgfanéo a diagram of a

grap e tempe ure response 1or a tempera ure sensor
windgaesdfin amppediotiveredchpiguenotismpdedtore bafpsles By sHbwiagiduts

of ";Jf&cii&%@ﬁﬁpﬂdiﬂ%ﬂ&i%ﬂb@aﬁhlmlib%@gﬂ% it embedimentw
During the interval 134, the heater brleﬁ%/s the temperature of the 25 sensor

154, 055U SR RER PR P PP RTSTERHY "EBB R AL 6B Bt the
desctibediebeanthotihreghold i 365 2lis tasetWEi(@4.4C). The graph line is
shown in FIG. I1 traversing the tissue contact threshold seven times. Due

to Bopiatl nglﬁaﬁiﬁmsmﬂw@imm@@eﬁ@mﬂdﬁmg@ L DeRME
winddW RS SEVENHLIMS TAGIE fisRUR e AR RIeRRald s S osRdu3?
value. Specifically the results of three comparisons must all be true in order for the output
of 162 to be true causing the present prediction to be displayed. The three inputs are
formed as follows. The SSE is compared 158 to a SSE Threshold 160, the CQI is
compared 164 to a CQI threshold 166, and the window slope 168 is compared 170 to a
windowslope threshold 172. The outputs of the three comparison 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 tumn 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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The start delay operation avoids premature commencement of the
prediction process by requiring that the sampled temperature must
remain above the tissue-contact- threshold for at least an interval (
typically 0.5 seconds) before prediction processing commences. Even
compé’r\ﬂﬁ?ﬂb I lﬂ@r:ﬁ)%ﬂﬂfﬁggﬂﬂﬁ;%ﬂf]ﬁ@arﬂldtﬁﬂﬁﬁlﬁ;@éﬂ iﬁ@ﬁ@lﬂﬁd&ﬁd{i@{tﬁtﬂ;@clalldS g
. below the tisspe-contact-threshold, the pradiction process is aborted an
Whe‘hglétﬁfﬁl?ﬁé% }S&lﬁk{rﬁelgg%ﬁd%%?lrﬁslr%%v en.or If the sampled temperature
arggin exceeds the tissue-contact- threshtold as dis&:t ssed a%ovg. Should
£ R B SIS AR P ST B i SO B PS EHRYESAOT for one
operalfffuite; thanGdeiisaw tdndaticay trarisitionod keeitre QdstirUsashen
true M Q'&%é{ﬂﬂoﬁt\%t%oé&mﬁlo%%&%%@%ﬂ@% Bignotifisationeandhehanges
fo the Isplay 10 indicators. Once sampled data excee%}sﬁtte, dowr logic
AND gais S SYSBTHHBBREE 1o Rl P8GR P in 82 EHE ™ RS VAL EL SR as
154, Mlashesharceanpuieer aa firstiinddwigdandl it sObséouentplomeevs if
temperature prediction.cannat he madebam, e digst windRundine
the fopaSeh ﬁess’?df"'ﬁ?et%?cﬁemb rtﬁn current window" 146, SSE 148, CQI 150,
windggseurealyieingerbivr Psdistion MFdEeBHRRLp e SR Y56 QY e
statePErformed from the TAD values as was described above. Logic is shown
in FIG. 12 for these functions. Logical AND gate 162 is used to control
whather the.Redision ik eG4 ariudgey isusadang pesented or
~ whether the window must be advanced b%on TAD _Xaltu]e%.)fsllgg\%glcally
including FREGHRESPEHNTATBHHE BRETTRCATBE tlie TPETd&EF fOrthe output 20
probe0fiifRatenbrdiiasoaelsingtitiey plebehtqredictivhltgibeodisplayédudthe three
Inputs are, gormed ?&?xﬁﬂlh‘?‘éﬁ?mmﬁ 515 GomRared dn8 ¥R SFoutside
femp | Fé%ﬁ%?gl’{%?f thg QI is1 compa??d 164 to a CQI threshold 166, and the
a perppifdownetol¥d-168 is compared 170 to a windowslope threshold 172. The
outputs of the three comparison operators 158, 164 and 170 are
présentecvaithainpl OfoANSegkte the Pratciediempratiwinden hashesh
wind&@zaﬁ%%’ lﬁedd% $64. %5%’@»_%%&&9 pliedato M@ﬁ@ tﬁ@re\/ﬁhﬁm@lhﬂlﬁput
prediction of that window is dlsgrj\é/ed or Rrﬁ%sfgoglto the %?gyréu%gfé in
from i ARG?i BRI S St HtiERTHe et AND B4t VTS R ool ) M
anotiaRamMiS i oot phe diblibmperotlis e bidtdadfimainkéridoiP tovieh user

sroLSRBLMALRASTIS SRk A4 Rseiliealy the results of two

comparisons must b e true in order for the output of
In accordance with the above, there has been provided a system and a method for
accurately predicting the temperature of a subject. ApproXimations of the temperature data
curve are not used. Instead an actual curve is fit to the temperature data curve to result in
increased accuracy. A non-linear, multi-parameter model curve is {it 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
~provided to avoid the use of misleading data, such as from heater effects, subjects having
very high temperatures, and loss of tissue coptact. 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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30 gate 178 to be true which in turn will permit transmission gate 184 to
pass theprediction to the display 196. The two logical inputs are formed
as follows. The FSSE 152 is tested by 23 comparator 174 to an FSSE
threshold 176 and the final window state 154 is assessed whether true or
fal%@ilthievioglifetnei g shdramssieimve am Bl it erzgdsevaiegdogival
also GORGHIORSIMAKASIRGID@EEAURS LHARSiHaf: of thsuNEpament Sropeing
state to the Continugus Monjtoring Statte %18§.t hT Qﬁrlog[icalﬁor&g?%% 1§6
and sgfipe e VR APAITSHRSH 18 the R o e S AROTInG State. TS
excepinpytsengpackdetheagntput of AND gate 182, which in turn receives two
~logical signals, one from the final window logic 154, and the other from
the inverted 180 output of comparator 174. The logic implements the
following test ". . . if the FSSE is greater than the FSSE threshold AND the
final window is currently being used for prediction, then transition to the
continuous monitoring 10 state.” Additional inputs to logical OR gate 186
include safety and reliability tests including checking for abnormal initial
probe temperature 190 immediately following probe withdrawal. from its
well, inability of the heater control logic to attain adequate temperature
rise 192 and determination that the prediction from the final window is
outside 15 a permitted range 194. Also shown is a gate 195 for
presenting the predicted temperature from the current window 146 on the
display 196. However before this can be done, there must be an input
from the AND gate 162 indicating that SSE, CQI, and WindowSlope are all
acceptable. In another feature, the output of the AND gate 162 is
provided to an inverter 198 which 20 provides a signal to Advance the
Prediction Window 200. In accordance with the above, there has been
provided a system and a method for accurately predicting the
temperature of a subject. Approximations of the temperature data curve
are not used. Instead an actual curve is fit to the temperature data curve
to result in increased accuracy. A non-linear, multi-parameter model
curve is fit to the temperature 25 measurement data. The multiple
parameters are selected in dependence on the particular temperature
measurement data itself thus adapting the model curve to the particular
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temperature situation at hand and thereby making it very accurate.
Safeguards are provided 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 30 being conducted
by processors having limited processing power yet is able to provide
accurate predictions of the subject's temperature before equilibration
@tours. 24 While several forms of the invention have been illustrated and
descrived,JiwilhAle9.Paannatenl ihatuatious maelfigations can.ha made
without departlng rom the spirit ‘and scope of the invention. Accordlngly,
it ismot theepdedithastsinventiendeilinsitedrexesst by appenigade of the
subje qug&%@éagﬁlm@l als Suthermameler for determining the temperature of a
subject, comprising: a sensor that provides temperature signals in
FespBIEecty sensing the temperature of the subject, the temperature

sighalsvandngdn-time; a display; and a processor configured to: monitor
the temperature signals; adapt a variable shape, nonlinear,

multi- p%@té@%ﬂ%ﬁiﬁmﬁéﬁfﬁlﬁe curve to the monitored temperature

signals;&@mparne:e madehtempernatui@cpuvetadhadanienagdaiure curve to the
temperature signals, Wh rein the configuration of the processor in

Sapg tﬁ@lﬁ?&ﬁ%ﬂe‘té jérature crve comprises: B T.,>tia, r) = A + 1
n-.CL whgﬁalmhfafﬁ-(mé) isitheestimaies of thedemperaturenateaspacticutals,

tlme t=n Fa iS.an |n er sample in exmltlgllzed tq 0 at the first
ﬁ‘liﬁllél 71.113& 1. Oi ?E‘QCQSE} T in & d})lll’l“i e mod tcmpua HIre Curve
2o mg"con Hons
COHlpI‘lS-
. B
Tjg%ﬁlw = A }‘mﬂ-fm{wj—
wherein:

Te {n - 1) is the estimate of the temperature at a particular time t=xn - t ( °F.);
nis an integer sample index initialized to © at the first sample meeting conditions for
“Prediction Start™;
t 15 & mumber of seconds per sample (sec);
A s 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™y; and
Eis a “time warp” facior (unit-less) that may be used to make a nonlinear modification of
the curvature of the model curve to make it better it the curve of the temperature data,
wherein at least three of the A, B, C. E values are varied in adapting the model
temperature curve,;
compare the mode! temperature carve to the monitored temperature signals;
if the differences berween the model temperatuwre curve and the monitored
temperature signals do not exceed a threshold, predict the temperature of the subject
based on the model curve; and

provide the predicted temperature to the display;
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"Prediction Start": t is a number of seconds per sample (sec); Ais an
"offset” parameter (f . or C.); B is a "spanf'or "range" parameter (.F. or C.);
C is a "curvature" or "rate of equilibration” parameter (secr); and 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, wherein at least three of the A, B, C. E
values aresatied ifsatiapting thefmadelidtemperattwereurve; compare the
model temperature curve to the monitored temperature signals; if the
differences between the model temperature curve and the monitored
témperaiur é:sigratsidoo otaexceediadhrdshold;epredictithadempigatude of
determmg 1%1% l@ﬁ%f@%@éﬁ?ﬁ%&”@@ %il@g%%leﬁ%r[\ﬂ??f%ﬂgé)E%\!\!g%itg ?flgrl%glci{gl%d temnperature
temperature to the |spfay; 26 wherein the display ohsp ays the predicte
signalstémiperaturen 2gThedthgpnometer of claim | wherein the processor is
further configured to determine the differences between the model
temperature curve and the monitored temperature signals through a sum
shuared BidEBOTKERE I btER O EldIN TRsereinsthet proeessapl to

determivERRr GoRAGMERYLHQ etatming.the difiarances-henyeesn the.medelemperanure
temperature curve and the monitored temperature signals by means of

signalsinShimPed EHTINAIRY HRes Wb SEHTISoiReq ErFo S Seletaifg BRE s 0r more of
the part¥@FRQf the parameters. 4. The thermometer of claim 3 wherein the

processor uses the sum squared error in selecting the A and B

parameters given the C and B parameters. 5. The thermometer of claim |

whereinmthelprocassor s fuiher configured tecdeterniaerthe differenees:ror in
.between the. mode|[ temperature curve and the monitored temperature
selecting ﬂ% E aﬁg% araigiers glven%he anc?fﬁ,a %aaametgrf. P :
s?gnals Py means of surrsquared error and uses the sum squared error in
selecting the values of all of the selectable parameters.
5. The thermometer of claim 1 wherein the processor is further configured to
determine the differences between the model temperature curve and the monitored temperature
signals by means of sum squared error and uses the sum squared error in selecting the values of

all of the selectable parameters.

6. The thermometer of any one of the previous claims wherein the processor is
further configured to:

monitor the temperature signals over a frst fime frame: and

select a second time frame within which to monitor the temperature signals in the event
that the comparison of the model temperature curve to the monitored temperature signals shows
the differences io exceed the threshold.
7. The thermometer of claim ¢ wherein the processor is further configured 1o select

the second time frame to overlap the first time frame.

8. The thermometer of claim 6 wherein the processor s further configured to setect

the second time frame to not overlap the first time frame,
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6. The thermometer of any one of the previous claims wherein the
processor is further configured to: monitor the temperature signals over a
First time frame; and select a second time frame within which to monitor
the temperature signals in the event that the comparison of the model
temperature curve to the monitored temperature signals shows the
differences to exceed the threshold.. 7. The thermometer of claim.6
wherein the processor is further configured to select the second time
frame to overlap the first time frame. S. The thermometer of claim 6 )
Whereirl #&"SFEREEEET i€ #IMINEF COMIGRIEIS SBIBLE TReTSBdGREHTEsoT 1s
further Fanmede:-net averae the firstitime fiamendé % The-termemeiarefianyiterion
...one of the previous clajms wherein the.processor is _further configured.to
and 1T g S aketh & BRI BT/ S ittty o S BraQ et Snied hitdbhey critsrige ™ e
proces@n@d:it thepredictec dem perature frofatheocurve ditting deesn eineat the
corn erir%_t_ rgrity criterion, the processor excludes the monitored temperature data
PO a prediction of the subject's temperature. 10. The thermometer of
any one of claims 1 -8 wherein the processor is further configured to
comparg charaglsristies of e maniiored tepberae, daia 0 IntegH iy
criteria and Ifany c aracteristic of the monitored tempe}ature data does
configuret satisfyrtive itegtityistiteriaththexprsvedsompoes rotaiseotheemonitoteda and
if anv Eﬁﬁpﬂ%ﬂgﬁr@(g%@ ;&%Rﬁ%p&ﬁ%&%&%ﬂﬂ% r@at{érgqgg mﬁf‘%{'@ %ﬁjﬁlﬁcﬂ:—éﬂg criteria, the

~ thermometer of claim 10 wherein one of the integrity criteria comprises a
procesgRiriate e gual e shehBoaTeniorsdemperaty r@w%@aﬂlfzs%mﬁ@r@ﬁéﬁrﬁérﬁ@wbject.
of claim 11 wherein the curvature quality is determined by the existence
of a section of a curve based on the actual temperature measurement

ddlta thait'is learsisrePfortist i BEHRaISH 6f tRripesattrerthatspprises 2
curvarGRNEAYR dawnwardid34 Thethermometer of claim 10 wherein one of the

integrity criteria comprises a slope limit of the monitored temperature

data. 14. The thermometer of claim 13 wherein the slope limit comprises a

maximurmsippendifaifer of claim 11 wherein the curvature quality is determined by the

existence of a seciion of a curve based on the actual temperature measurement data that s

constdered for use in estimafion of temperature that is not concave downward.

13 The thermometer of claim 10 wherein one of the integrity criferia comprises a

siope limit of the monitored temperature data.

14, The thermometer of claim 13 wherein the slope limit comprises a maximum slope

Hrit,

13, The thermometer of claim | wherein the processor is further configured to
compare curvature quality of the menitored temperature signals to a quality threshold and if the
curvature guality exceeds the guality threshold. the processor will not predict the temperature of

the subject based on the data forming the basis for the curvature gquality comparison.
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15. The thermometer of claim t wherein the processor is further configured
to compare curvature quality of the monitored temperature signals to a
quality threshold and if the curvature quality exceeds the quality
threshold, the processor will not predict the temperature of the subject
based on the data forming the basis for the curvature quality comparison.
28 16. The thermometer of claim 1 wherein the processor is further

qenfigured fo.compare.aslane AfdbemeniiredJemperatue Signals doa

slope threshold and if the slope exceeds the slope threshold, the”
compais eSS W RORPrERicERS e psTeltaTe o ftHesUbjeciNa sed oigrore
exceeddaiadRuning theibasisfor-the slepercomparison dufsHhathermomsier: 0hsed
any one of the previgus claims wherein one of the multiple parameters for

on the 4R ASRIRSAPHIGEEITOSEY BYIREPPBRESSDN is a curvature index. 18. The

thermometer of claim 17 wherein the curvature index is constrained to a

family of values appropriate to a measurement site. 19, A method for .
erenmbit e TR RAGRe 1L oG TG EHGRGHp e molpl

paramdenperdure of the suhjecizarovidingtemperaturewsignalsihased on the
sensing, the temperature signals varying in time; monitoring the

temperature signals; adapting a variable shape, nonlinear,
rhalti-parametenmodel ¢€ mperafure cuveito thieramonitdredsternperatuteo a

family DOV l?esV%E‘;g& n g configuration, pfithe processor in adapting the model
temperature curve comprises: T;,ira] =t where Tn, (n . it is the estimate

of the temperature at a particular time t=n - t (F.): n is an integer sample

index inliglizedta, 02t ihe fitst sampls mesting capditionsfar; Frediction

Start”_|is a number of seconds per sample (sec); A is an offset”

parameter (erusraye Bfidasdpait or "range” parameter ( F. or C.);

providing temperature signals based on the sensing, the temperature signals varving in
time;

monitoring the temperaturs Sign&is;.

adapting a variable shape, nonlinear, multi-parameter model temperature curve 1o the
monitored temperature signals, wherein the configuration of the processor in adapting the model

temperaiurs Curve Comprises:

o i
Tadit Th= A+ e
’ Ven-T-C8

where
Ta(n - t)is the estimate of the temperature at 2 particular time t=n -t { °F.}:
n i8 an infeger sample index intialized o O at the first sample meeting conditions
for “Prediction Start™
t 15 a number of seconds per sample (sec):
A is an “offset” parameter { °F. or °C.};
B 15 8 “span” or “range” parameter { °F. or °C.);

~ G LN 44 i : Ve -1
Cas a “eurvature” or rate of equilibration™ parameter (sec™ ), and
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C is a "curvature" or "rate of equilibration” parameter (see '); and 29 Eis 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. wherein at least three of the A, B, C, E
values are varied in adapting the model temperature curve; comparing
the model temperature curve to the monitored temperature signals; and if

the differencesshetweendbenedel temperaturerswiva angddhe menitored
temperature_ signals_do not exceed a threshold, predicting the

temperZAEIEHIHR SUBfRTIBARED rithE MGt EdRVE2 Snt RNty teve of
predictee tempeatatureiaz0. The method of claim 19 further comprising
determinjng the differences betwe . model temperature curve and

the moRIETSE B BR BHETe S thioU SN A S SEtro SHET TS s gl
methad:ofctam:1.9 wherein determining the differences between the

model tem eratu(gel curve and the m ‘niﬁored te{nIp rature stigrnals )
COMBaring 1%(}{210 el lemperatule cyurve o the oo @% wemperatare siegn ES and_
COMPpIrises taking a sum squared error and using theé sum squared eiror in

séleetingoone orimoreniitheparametersi22 cthe méthedrohalaim Rinperature
. further comprisipng using. the. in: selegt
sTHSthSr Comprising. Ysing the sym squared.ertar e SEleHng NEA AN B del
S Spgrg?hg?é'res (gﬁ/{egr‘% ﬂ%% C glnglE [[)%ramete Se. 23.eThe method of claim 19 rmede
curve; figrther comprising determining the differences between the model

BRLrAlIE.quve.and fhe menitored temperature signals by means of

sum squared “error and using the sum squared error in selecting the
values of all of the selectable parameters. 24. The method of any one of

ciaims 19:23 furthey comprisingiimonitesing.thedemperature SignalsoVetween
a first time frame; and selecting a second time frame within which to

the mORRhHEBP A HSARTADTE iGN FFrth aRrEHt T At CBpatis o FHered error.
model temperature curve to the monitored temperature signals shows the

Sé&f : :s;%éelglg%to e@?ﬁ%@gﬁ?ﬁ?ﬁ%@%g%} 3{@155&%%@5 @%grggc%&rgu%gen the model

temperatare curve and the monitored temperature signals comprises taking a swm squared error

and using the sum squared error in selecting one or more of the parameters.

22. The method of claim 21 further comprising using the sum sguared error in

sclecting the A and B parameters given the C and E parameters.

23, The method of claim 19 further comprising determining the differences between
the model temperature curve and the monitored temperature signals by means of sum squared

error and using the sum squared error i selecting the values of all of the selectable parameters.

24. The method of any one of claims 19-23 further comprising:

monitoring the temperature signals over a first time frame; and

selecting a second time frame within which to monttor the temperature signals n the
¢vent that the comparison of the model temperature curve to the monitored temperature signals

shows the differences to exceed the threshold,
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selecting the second time frame to overlap the first time frame. 26. The
method of claim 24 wherein selecting the second time frame comprises
selecting the second time frame to not overlap the first time frame. 27.
The method of any one of claims 19-26 further comprising comparing the
nonlinear curve fitting to a predetermined integrity criterion and if the
predicted temperature from the curve fitting does not meet the integrity
criteriothexglindingrthieimonitdiediterdperatiuecdata fromia:predictionef
.. the subject's terﬁ~ erature. Z;ﬁ. Tpe{_mg[hod of any one of claims 19-26
selecting Pk SPRBIABRSInG BSHparing? thatacteristics of the monitored
temperature data to integrity criteria and if any characteristic of the

quonitored lemperature daa does nol salisM IR DIBAR R orvpriscs

éxcluding the monitored temperature datafrom prediction o

selectinghperatudaiofdiersabject! 28 Bhémbthicot ek 28 wherein one of the
I?'}.egmafl% NEIA,50MPE Eﬁe%i%ﬁ%ﬁ&@%ﬂﬁ%e?%%ﬁ?&gﬂggﬁ%%aring the
temperature data. 30. The method of claim 29 wherein the curvature

nonlincgualityei§idetetirminseibipmhence isrance of & sectivhl shareetra-pasaacsure

from m@“&%%ﬂ% mperatytg measyremeni.datathatiseansideresth forus@perature
estimation of temperature that is not concave downward. 31. The method

data frogh @l BRI BAWRE FEICBRIEOF IREISTEYRtY criteria comprises a slope limit of
the moniioredtemperaiure.dataad2. ikhesmethod-ehglaimSdowbeneain the
slope limit comprises a maximum slope, limit, 33. The method of claim 19, |

characiiitet CORFIMSIE ESHIFARTE SiratLie BT GTItHR" AGfidpeharactenstic of

the molGiRREratkEe SigRals: 1018-quality dhreshaldandit thercuesatuieguiaityonitored

. exceeds the qgali,ty,thre_;k#%ld, notﬂpre.dic{ipgxth?.gqgnperature of the

temper g A BTG AR Gata FE TG tHe “BAsIS for the curvature quality
comparisenndiod bednethoddwdictainm b futthercomprisingacompariig a

.. Slope p{ th?d’nonitoreql $ ,mrpeerglgurged%it%nals to a slope threshold and if the
C‘“‘””‘“&%g%‘“é ceeds the’s 015%3 Aréshold; not ‘predicting the temperature of the
stibject Basedtonithécttata I rmiingithédbasisforethessiope deomparson 181

existence of a section of & curve based on the actual temperature measurement data that is
considered for use in estimation of temperature that is not concave downward,
31 The method of claim 28 wherein one of the integrity criteria comprises a siope

limit of the monitored ternperature data.

32, The method of claim 31 wherein the slope limit comprises a maximum slope
hmit.
33, The method of claim 19 further comprising comparing curvature quality of the

monitored temperature signals 1o a guality threshold and if the curvature quality exceeds the
quality threshold, not predicting the emperature of the subject based on the data forming the

basis for the curvature guality comparison.

34, The method of claim 19 further comprising comparing a slope of the monitored
temperature signals to a slope threshold and if the slope exceeds the stope threshold, not
predicting the temperature of the subject based on the data forming the basis for the slope

COMPArisoi.
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35. The method of claim 19 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. 36. The method of claim 35 wherein the curvature index is
constrained to a family of values appropriate to a measurement site. 32

33, The method of claim 19 wherein adapting a variable shape, noniinear, mult-
parameter model temperature curve comprises selecting a curvature index as one of the multiple

parameters for the nonlinear model.

36, The method of claim 35 wherein the curvature index is constramed to a family of

values appropriate to a measurement site.
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