; e3e*L"6T*uS11 JAN 2005 TEMPERATURE TELEMETER Background of 5.25 I ﬁ?ti on
1. Field of the Invention 5 The present invention rel ates & fﬁmm o the
measur enent of body tenperature. Mre particularly, the present invention
relates to a systemand nmethod for measuring tenperature froma body cavity
and wirelessly transmtting the tenperature reading to a receiver for

nmoni toring. 2. Description of TENFERAISREI BLEMEDER he nmeasuring and
nonitoring of a person's core tenperature (T), also known as deep body
tenperature, is inportant for a variety of health and safety reasons. This
is because a person's T wsmgﬁ%@'ﬂ@bpgﬁe\ﬂﬁ@hﬂoﬁ very narrow range for
the body to function nornmal Iy, e of this prescribed
range can result in a nunber of tenperature-related disorders and ot her
physi ol ogilcdlieldrofithehmvenfibn At el evat ed core tenperatures, a person can
devel op di sorders such as heat stroke and other synptons such as
exhaustion, cr s, rashes, and fatigue that may devel op_.as.a result of
over heat i ng. A%%W%W?“Iﬂngrﬁlaﬁesrﬁye‘@%ﬁo FhesmiPasursmeb af RODPEIPSTEWENgaged
in activity Iy i i i r.at i S,

i gh huri Gy DR S B TRl el «EERE 8 e D SE ARE hRRo B et

physi cal a&atparatuieefomrab@ty drvghlapd suisdaplyi thinemittnd deat teipsianade raadidguwoh ri sks
are inherent.in_many industries and professions, including fire fighting,

at hl et i cs fecgifer {8 menifofi#8y conbat positions, and construction work. This is
particularly true for workers that are required to wear sem perneabl e or

i nper meabhe YTyl I i At the other end of the spectrum if Tis
too | ow, I%S/[%%{sﬁltel ﬁ%\ﬁﬁg{/élgég%igp%r& 25 person may devel op hypotherm a when T
falls below 35C. In addition, hypotherma is frequently fatal when T falls
bel ow182C. | nf desneamennmpicisnan tbralgddral perypaissans tearpergerdTgdl dlyo kuseept i bl e
to hypotherm a. El derl ersons usual ly have re l.imted ability to

det oot coldRAPREITREANE, kg oEahakss ‘éﬁ“@tbb?g%%l?thc?ﬂﬂe‘-‘é@ﬁ‘ﬁ FGS#iPpot Hethi ¢
because o » 200 LEo o6l f LEdan,
mount ai n fglei&arlrlg%:a ;p,al?lﬁi %?%?n{gﬂgé%% 1%%1%? ‘?egv\}g#g%;u e?%ﬁgllr‘lé"é{ﬁ%? fd? tﬁé’ﬂbﬁ ?/ﬁ

ving chi

cl i mat es dmetiahsorsalsc ety tteardion biytpidt bé this presdribedamyeicas rasnttés a number

tenperature rel ated djsorders mght be easily prevented by early detection

of tenper é’?ﬁﬁnépeé@@l%‘i?rr§l"’6“ﬁ’s‘g§ﬂ5 ery pig piberphygiologhtad PFORGES- and” admi ni stration 5

of the appropriate preventive neasures and treatnents. After detection,

pr onptyst r eat menty dfialedprepel s, aheikonh Uit GRBRIA! Sich 56 A shok

Therefore, it is besate if pee%}sbgns a%’ aﬂ?ezi g)?hglgveﬁ%plgngetenﬁeratures-?e? at ed

di sor der s and gtier agnploosesucneobshadstion, stangisuesiscspindiadghe that maiy tdgyelbpue

their core telg?er atures noni tored. For exagpl tenperature nonitoring is
a

e, |
common i n hiSHE ©Of Werlsging, o An paripally high Jampaheva tespl ipgdnathor £arsaps
mai nt ai ne r; : : e 1 1dy; 1.8, ( ept
in cases %%lg%gr?gulgg%% ﬁf}%gtl g?lﬁ{ng;ﬁ%r?%? Iileeﬂrmgl;%1 mrr%{uéégbfr gc%l%ép%sag%g]f%t&én% rature
moni t or i nguimdihg sitict@plysical icontaet with és icbicSane stiamiout IpEyBicalBatiaitike are
patients i;/?r(iled in alf | CU ar e, usual lé in serious condition, therefore in
most  Asedushinayscrpdhle Hgheat Hisprdersor Susle misky areindsrembin torydindesingeaatdise of

t he extengj | i i:l L ty..0 rat r S . of
core t errpz)lrragtgﬁs?(gﬁ’rrég‘gﬁdﬁh% gﬁlrg e@g@g{g h%@éw %égaﬁﬂggvrgﬁ%%gfoﬁﬂ% h%og, ﬁ%"tgérg‘?‘{ a

pati ent' s consteictienp@iiat Mhés is patticuddrlyyrwdfor tworkels tha age tRRed & Weer fhaibe
inserted into a body cavity of the patient, such as the nmouth, the axilla
or the re@?ﬂﬂ?abﬁqﬁlﬂ@ﬁﬂ%@a&{e&f@t%ﬁ“@d@@m- al so be inserted through the
patient's nose, down to the esophagus. 20 Unfortunately, the insertion of a
t enperature pr I i ' ct. S I es

S gni T cant d1 Shonf orfer arlYr RELpeuhiE T, B WERALAAHSUTHT Ay SRS

t enperat umpersneasuyr devglogéwpotheinsia Wighl Ty fallshadow 88°C Aln edditiph,chypbthansiarie
tenperature neasuring device is an ingestible transmtter disclosed in US.

Pat ent No.freAugnly el Whay &e lalls belawB2EE. alnfanthangongfes eng elderlyaprasanstase i s
25 encaps L [ | |.ect t i ent Lensure
that the Cranaey pRede to ARt AR e oS Uil el o Bty Blsca ISUERET

t he subj ect demst coddvalhileinfahig ahd aBsitdst 86 painelte dstortingNOY6thBEhe RCARE of
tenperature is neasured. To avoid interference between nmultiple
transmitters, only one transmtter can be ingested at any one tine.
Therefore, the subject has to wait for the egression of the first 2 11
JAN 2005 transmtter before swallowing a second. This [imts the
flexibility of the use of such core tenperature neasuring devices because
there is a time lag before the core teggerature measurenents can be taken
and utilized. Secondly, tenperature neasurenents cannot be nonitored for
| engt hy periods of tine because the transmtter will not always be in the 5
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O her prior art devices which transmt tenperature inforn%ijoggﬁrg%
internal body |locations are described in the foll ow ng patent C nts. 15
Eur opean Patent Application EP 476, 730 describes a system for ovul ation
detection and prediction using an enbedded tenperature sensor which emts
tenperature information. United States Patent US 4,515,167 and United

Ki ngdom Pab&htacigbsibeatangousdat. olnzgditiog mauaiapy ganbess, ﬁlélﬁvaé?ﬂﬂ% ok EHI5E Rt ur e
sensing a 1§ 1l i 120, j .k ent US 4,676, 254
descri besqgra}feira%??‘gIl Iél#lpggﬂﬁ\éﬂ\?lgg% afl%)rsu#{)gr?%?%rt?% %@?}Fg%'i on by taken and
storing a succession of tenperature readi ngs which are subsequently

downl oaded to dn mxtyweimstncetevémeeraturd tedateBididoederPatightt bdJGastly O3 8vedibell by
descri bes a bab acifier which is used intra orally to detect tenperature
and transfRfly e @%Pf tegperAtag e FHEIOns av @lethe pogepiablfotangs &l sdminisipalekt ur e

I's outs d%f%@ﬁéﬁ)g%r?aﬁ%ﬂég i@ url@%%&ﬁr@itﬁngﬁts.aptﬁeg8&%&?0?1, g{o%dﬂ%fa&&%“ ed
and are not us I'nvasively 1 n the usual nedl cal sense o urgi ca
i nvasi on, willeusualiytehy ikong rapidh afhdl c@mpletel Beovew NTiRdrefolee itsik best ifoasordrat riklhe

positioning of these or other neasurenent devices to neasure vagihal, 3
11 JAN 200& devpping terpgptyre-shatest dipordangpuich ag those iy ol ved i sirgruiouf plysigak

i nvasi ve qf..:t] qJect! i X causes a degree of disconfort
during i n%gtrlgt/ll%grl%,a%liishgﬁgﬁl(sﬁtgélbgrgﬁ%?ser\ggﬁ?&é%d/ or is obstructive of the

subj ect's normal functions and novenents. Core tenperature nmeasuring

devi ces, such @reasmpRnpaimiane modiidri@g id Qofmmiohl i dibsgtatd Duorifg gueeryla are
al so commonly enpl oyed. Ear tenperature nonitor 10 conprises a nonitor 12
coupl ed td)a&ﬁnte%ngpﬂ%wn@are@ia@ddnwn@w@ d appyd AG'C toapysventehe onpetrafyaild
conpri ses i i f pl .- a [ -22.
Foam car pi g5 357 TRt BREEPE Mo R0 AfyrddRI o EREUE oe

Ther m st orterhBeratved mvasteh Hdipitdle iRdiaraat lure@sive Tat UL EICIA Baadde. palibs
nmeasured tenmperature reading is sent through 1o flexible wire 16 to nonitor
12, wher e YHded wandfAt areasyadlydn seriqus condjiien therafoss Bynesisasesrthay Bwpidwie 24.
When a prf}h@%orte‘? gr%i,gs%énqtro%%hol d is reached, speaker 22 may be
configure 0 sound®a warning signal. One limtation of this core
tenperature neasuring device is that only the subject of ear tenperature
moni tors 10 may Beavenofnhd \ext@sive odpplicsbibmn ol vord erift@atene Meagfrerdintd S5a
energency, faor instance an acute case of hypotherm a, devices such as ear

t enper at urBIHSH;of orq ferapesatyra e WIBE \iieviced thaee deggt deveéopsdbj kchospitals, a

predi canent,,: . EV. i e i r.cun nces, . ear _tenperature ponitor 10
e ot - wetligh BoreylaBaau, B bl bR GLGE BB SRR B RAF g
entity. Areidheaviy obiherpatibhthsichnisehd hdngl, teohallh eraRRiAe TRARHeAGre
devi ces, such as 20 ear tenperature nonitor 10, is that they are wred

syst ens udirARf taqBr piset b sngsrted hdwershotly estientts iness, ndowmyeloi éra eseithagus.

cunber.so wi.-re hanging out .of a subject’ ar, which is. further
connec@ed %Bgﬁl?r%%lﬁtgf Hclﬁerté%lng% %Ige%elraemgi 1?866 %a\ﬂaﬁ%@ RSSO PPRPE t h
or hanper dshgllyebidest sighificidiedissdmPat o W [RtikRe MHcEOR le§s afvddRdesdreabl e
burden. This is particularly true when it i's desirable to nonitor the 25

t enper at urtemperaiyic meesu@gsighice sxhigdsioreferseda sol di er or a construction

wor ker. I n such cases, the wires woul d beconme an occupational hazard. In

vi ew of the for i i te ] irable to have system.and..net.hod t
reasure core  dperatplectd S TanhaR bRalBe ByRkah T iFRRUMB R Ry ) o
desirabl e digcldsed en ans.i Faecnp BIdS 4 884,976 is8id B alcska bt 21 THS fheSialt trahkahilty 10

generate consistent and accurate 4 _ ,
25 encapsulated in a pill and swallowed by a subject or patient. To ensure that the

transmitter is in the proper location when T, readings are taken, the subject must swallow

the transmitter at least an hour before the temperature is measured.

To avoid interference between multiple transmitters, only one transmitter can be

ingested at any one time. Therefore, the subject has to wait for the egression of the first



11 JAN 2005 readings, and that can be reused. Additionally, 1&3 i@&desi rabl e
to have a system which allows nonitoring of the core tenpet W A05a
nunber of persons froma main termnal. 11 JAN 2005 Summary of the

| nvention The present invention fills these needs by providing a

tenperature teleneter and a nmethod and systemto neasure a bod%
t enper at urt@nsmittes hefaregsvisdlodpng @ escandd Thisdimitsibe Peeiddiy of Higalse pbspchaarde

tem . wlong esecgnds _
A e i R S R T T T,

i nvent i on radagurd@enisiche de AlefWhd bifilized! | Fetbn@GdpsRMte AkaduR@nditesabt be
invention, a tenperature telenmeter is provi ded. The tenperature tel eneter

i ncl udes anevteswk for denghysperioda of dimprebesruseethe firansthivigy wiHwiot plways dEan sl y an
ear canal,.. .subject., Atransmtter coupled tp the sensor |0 receives
The © oo ishl pERdh i QshERIY Bk kbl ety G e R B bt

t enper at UgeaskikfOdUvicRE nheCed Mﬁlﬁleﬁhﬁf&blﬂiﬁé|an&"tifrfél1%§éirbﬁn%f)@m the transmtter
and uses a conversion algorithmto convert the tenperature to an estinated
core tenperature. The tenperature tel eneter preferably includes a housing
to support the Aslsifgmallgndhetthaperehme of towds. antiSliids eensbingd yhéerobisihes
secures the ]%e er,at ur e t&l er[ﬁt %r to t he,ear ﬁ?nal. The housing is also

dYithe

or ef er abl Y Sh&pBgdt §opspee ady may juflucnse e CoiR AFperaif MERTIERRSS o

tel enet er opticarBRuh tRGsd @ Such FRIMIRE-O! Hefc@ UMk acbRESMRER chiife &S Pke and
the transmtter, to anplify the signal. Preferably, the tenperature
t el enéPer regsengsdekenanpavarer v fusthei drgwbank of dippbeshp igmemibitet iscthyt it canpblvs de

f th d the. ' ~ 20| d. enbodi t, th
Ferper at ure P4 RaNE S Phe R A e et drte [EndaREOPIEPREHER o an-
anbi ent  t @ERBE Atk @osthNEndeIBR irdtdfifterd ig bﬁg‘gﬁ:@fabwﬁf &hidhted pefl6d bR 2

conpensation al gorithm which uses the anb t tenperature'to conpensate the
estimated core tenperature for changes in the anbient tenperature. The

esti mat ed cor e Qtberputoaatrdsvieay whishdiagphi yeuparatutehie fammatiow from2Btermel Hodecond

enbodi ment, of. the i.nvention t.hod for, providing an estinmted core
terrperaturl%c‘gL nsaargﬁlﬁfcé’@feé f%ﬂlﬁ?%lgie‘ﬂaﬁ?at?ﬂtedoﬁﬁ?’ﬁ%t& begi ns by measuring a
tenperature froma body cavity of the subject to generate a tenperature

measurignent , Whugdpdaf Pit@ﬁtsmﬁ ligion el 836730 (Rs@bePN (Qhtem! B& LOUBLHAL U e
is converted to an 6 11 JAN 2005 estimted core tenpefature using a

conver si onletcaen mrchprediptien gpiablay embaddddeemperetype esrisdedhishemitstempenties at ur e
exceeds Orinff al Its bel ow a predeterm ned tenperature range. In a third

enbodi nent™Sf £He8"i nvention, a tenperature telemetric systemis provided.
The tenperature telenetric systemincludes a plurality of tenperature 5
telemeters. Eadhiell $@espbaédl USY481516TRAAUHAG KQhEIBR Patert NEPMHRESOrR
sensor to measure a tenperature of a body cavity of a subject and a

transni t t &8 éagplléd dessribh entrevagiral tampesdwiosensikpanddnpemétting deficesm t he
sensor. The transmtter generates a signal to transmt the tenperature. A

central, nonitor. Lvesyth i Lrelessly fromthe.transmtter .of each
of "thepl ural | W SlETRIAR 78 102 2R S Eb G A L ATtE RIS BT B PR i Chm
to conver tovibitibheby ey ahdr Sofiflg A BSEds8BA e6F GahFerh@PPeEAliNEL wHidh ard ourth
enbodi nent of the invention, a tenperature teleneter is provided. The

t enper at ursBbseareiktdsrndandpd fsasexderselnisyicet o measure a tenperature of a body
cavity of a subject and a transmtter coupled to the sensor. The

transmtter regej: h romthe sensor d_generates. a signal
to transmit thﬁl%éﬁgsé%tgfgétgﬁgiﬁ3ﬁoéﬂ ‘%é%ré]?e\?élzba%g_ﬁaﬁgﬁgi S “?Ii‘”}'e
transm tt erallyi fedesd | t¥mpdiafird aAP @Al @ JigheNB LarexkdfAUR AT tRdTRieAtd
tenperature sensor to neasure an anbi ent fenperature. Preferably, the

t enperlat ureMPYREFRIs Optsided Rraeaiermineshegsat i on al gori t hm whi ch uses the
anbi ent tenperature to conpensate the tenperature of the body cavity for

changes in the | ef ture. . The nitor y display the fenperature
of the 20 body "Iggé’él ?13& 4%@?‘%#% n(e)%nc%?t%ﬁ? 8 ﬁé‘SF%ﬁVﬁP‘i\/’Sﬁ{méhﬁﬁ?ﬁgd for
nmeasur i ng neediedl seh@NPLrsatdice iabastors Uk abtoliBePpvthdethr Heaidebnqre RRgi s by
measuring _a tenperature froma body cavity of the subject to generate a

t enper at uFOWRYSS ke mesitioniggi efhthese o o8lea 9rdagurement deticésnty measureyagingy . An
anbi ent tenperature is neasured and used with 25 the anbient tenperature in
a conpensation algorithmto conpensate the tenperature measurenent for
changes in the anbient tenperature and thereby generate a conpensated
tenperature val ue. The conpensat ed terrp%rature val ue may be displayed. 7



A
11 JAN 2005 O her aspects and advantages of the invention 317rﬁ§%éﬁﬁi
apparent fromthe followi ng detail ed description, taken in conjunction with
t he acconpanying drawi ngs, illustrating by way of exanple the principles of

~_the invention. 8 11 JAN 2005 Brief Description of the Drawi ngs The

present invention will he readily understood by the follow ng detail ed
descri pt i OHFTINS: ESHL 08 Oral JamppraRireshis 1BEEHYR asy ISHg Ve Wwwinls sulisck HpYaat e
thi s descri.pt.i [ : . I ' r ugst .

ol ement o. gy SAuses'd AplnE S REEPUHTTRELE MEMANIE UL Bhich Whr js
Fi gure 2 idbbtnsdtivabétheaubrebeaedrinal Aflncholsemden@leticatst el eneter in accordance
w th one enbodi nent of the present invention. Figure 3 illustrates a

perspective view of a tenperature teleneter in accordance with one

enbodi nent of (48 PEEPERHUT nPEHITIBE. dovicasi $Ufle 38 P (QpariEE dprrdieht Hhi cal
! f ° . i e
oot fent SEAFRIE P 1, el aBeCcddinhh PnbBEE) A eABERRGE Highitds b one

di agr am ofcompeis@sa anohnitoc 12 @buléd To-en kagiate 0 dataafloiiblaiwies 16 Barsieder 14l
conducted on one enbodi nent, of the present invention. Figure 5b illustrates
a scatter THithgycampasesTRderRistr {l§ gaedsed e fopm eaplig 20p andiasreaks Bt Biared

froma trigghGoadHCh s RO NG, TR TEIA ofh LBEePT ARERIGIINERLE AltagELOUT &

5c illustrat'es” a sca Iagramo ~'as a nction o ased on data
obt ai ned fik®tangpetaninel wittdndiucéedadl. e BEdReRH TeRpertfurd RAIRESS et throwgnt i on.
Figure 6 i]lustrates a perspective view of a subject wearing a tenperature

t el emetfer ﬂeﬁib&wéfﬁdéﬁ@@qmtphl%w@eé@r@@&mmawmre@éi@g pre¢wedhend divelayedom a 20

i il ical vi f | with b
Fure T SHLYLIE! 2930 PR b BBl St 220

inventioncoﬁﬁguﬁ@uﬁxmhﬂuaﬁﬁﬂhgﬁggmschenatic of a tenperature teleneter in
accordance wi th anot her enbodi nent of the present invention. 9 11 JAN

2005 Figure 9 illustrates an anatom cal view of an ear canal with a probe
i nserted ther eiPng Hmiatasy olathisecont tampastticancasatng dendes isohat ondy pheegbinct

i nvention. cFi gl Il I hematic of t.enperature telenetric
systemin Oa gcor é‘ﬁ)ﬁ%aguﬂe r!nyrﬁ{or Efb %%aya co%%emgﬁﬁy monitor hlngnafc. In ﬂtle eve?l?o ain
15 emergency, for instance an acute case of hypothermia, devices such as ear temperature
monitor 10 are unable to warn others of the subject’s predicament. Even in less urgent
circumstances, ear temperature monitor 10 is not well suited to provide the T, of the

subject to another monitoring entity.

Another problem with conventional core temperature measuring devices, such as

20 ear temperature monitor 10, is that they are wired systems using thermistors or
thermocouples. It is inconvenient and cumbersome to have a wire hanging out of a
subject’s ear, which is further connected to a monitor of considerable size. The wires

may interfere with or hamper the mobility of the subject, while the monitor is an
undesirable burden. This is particularly true when it is desirable to monitor the

25 temperature of an active subject, such as a soldier or a construction worker. In such

cases, the wires would become an occupational hazard.

In view of the foregoing, it is desirable to have a system and method to measure
core temperature that is non-invasive and non-intrusive. It is also desirable to have an

inexpensive system that can be used continually to generate consistent and accurate



with a further enbodi ment of the present invention. 5 10 ?gﬁ%@%@@%
Detail ed Description of the Preferred Enbodi nents A tenperatu el ter
and a nethod to neasure a body tenperature are provided. In the follow ng
description, nunmerous specific details are set forth in order to provide a

t hor ough under st andi ng of _t he present invention. It wll be understood, 5
however, ferddes ad fhabgan Re dersedy Additippally.Hé ipdesitable tp fpun i opcway hisk
practi ced aYYb\SVF EJ ofhe Rdrk t&B Q@? o%B%&hfb'ePofp%% Ak nlg'm%kngﬁnlnal
i nst ances process op I ons haveé no een descri I'n det ai

in order not to unnecessarily obscure the present invention. Figure 2
illustrates a schematic of a tenperature teleneter 50 in accordance with 10
one enbodi nent of the present invention. Tenperature tel enmeter 50 conprises
a sensor 52 enclosed in a probe 54 coupled to a housing 56, which supports
a nodul ator 58, a transmtter 60 and a battery casing 62. A battery
supported by battery casing 62 nmay be used to power sensor 52, nodul ator

58, and transmitter 60. Tenperature telenmeter 50 further conprises a

nmoni tor 64, which receives tenperature signals wirelessly from 15
transmtter 60. Probe 54 is inserted into a body cavity, such as an ear
canal, under an arnpit, in a nouth, etc., so that sensor 52 can neasure the
tenperature in the body cavity (Tb~) and generate a tenperature signal.
Sensor 52 is positioned near the surface of probe 54 so that sensor 52 wll
be in close proximty to the surface of the body cavity. This facilitates
20 the attainnent of a nore accurate tenperature neasurenent. The
tenperature signal generated by sensor 52 is relayed to nodul at or 58.
Modul at or 58 varies the anplitude, frequency, and/or phase of the
tenperature signal to an appropriate waveformfor transm ssion by
transmtter 60. Monitor 64 receives the tenperature signal wirelessly from
transmtter 60 and 25 displays Th~ in real-tinme. Additionally, the
tenperature signals received by nonitor 64 nay be stored and collated so
that Tb~ can be displayed in a graphical formwhen pronpted by a subject.
The option to display Tbh~ graphically allows the subject to keep track of
the changes in Th~ nore easily. To facilitate nobility, nonitor 64 nay be
11 11 JAN 2005 inplemented as a watch to be worn on a wist or as a
pager, which could be attached to a belt or kept in the subject's pocket.
An alarm 66 in nonitor 64 alerts the subject when Th~ exceeds or falls

bel ow a




predeterm ned tenperature range. The warning given by al ar? @Q‘gﬁ?rﬁﬁg
auditory, such 5 as a beep, a string of notes, etc., or vibratory. arm 66

can al so be programmed to enmt different types of signals depending on the
severity of the incursion outside the predeterm ned tenperature range. If
i nformation regarding an individual subject's physical conditions and

abilities is available, alarnggfng B?th@iﬂﬁr ﬁili P suit a specific
subject's requirenents. to Ar%a'rreifyy-ro—;rmge—&-ectri cal energy to
operate sensor 52, nodul ator 58 and transmtter 60 is inserted into battery
casing 62. Bat tRheypresasi idgerfidni fillsdB&cgiaeds BusbHvidiata ehpehirt @lymeanarien
easily renoved and replaced once the battery is flat so that tenperature

t el enet er BYh¥hANDEYS U dNeawBity? bydeterareraiaiet eltisheuldele tpredigied tishiteal t o
provi de pfp‘P&%ntf Rreﬁéi‘o%lg{i £ BE Mhpl NSRS %nplﬁnﬁlglﬁ)ﬁ?)éﬁagﬁ,lt ﬁ‘{g!&dvll_\r?%é% 25@"945%, 1 ver

oxi de batteries have een - successfu _ _ ustrates
a t enper atappsratug) £e@icat, alldice dr aGEARGR NSl iy eafiee ABSHMERR f @fe gri®nt
present invention. Tenperature teleneter 100 conprises a probe 102 coupl ed
to a housilmgniion ampydescriiedyoelse wire 106. Further, tenperature tel eneter 100

i ncludes a nonitor 108, which receives tenperature signals wirelessly from

a transmtter or in. _housing 104. A sensor 110 ncl osed .i n.probe
Pz 1 nsert i £ AT EirBRa el b2, SRR ace el Pl eteD
neasur e t peodiéserat ustpdrdiee) tddm@al incRidad a lsefsor 36 ME&Hurk 1D tdndprek ARt &L Cl 0se

to the surface of probe 102 so that sensor 110 will be in close proximty
of the subPdy&awfy, @apicrahlyain egcanglnof afsubiect. t At eansthideratoupledrteribe sénsar nor e

accur at.e Lenpgrat ure asure t. Probe 102 be ol ded accor.di to
the ca? ir%f%"reté‘%éi s ]éoe%npésr"’sﬁrﬁj ﬁrew”?@e SRR g GERTaps (1 (el 8 BT AT ve,
sensor 11Qerptatdee. eADRGHRE fd&ei@e@tk@cﬁ%ﬁhfl WiRAEKRS rS&ANhOtRBEMARE hedht& a
material. Wth a better fit, probe 102 will be nore securely positioned in
ear 12  FONyAoREDBrigunad comGriathd tepératmot toban esisndtgd dirs |tedperdtureThEhe
subject is_then able to carr t.vigprous activities w thout fear f

di sl odgi né%ﬁ’%ﬁ%‘“f é‘g?mFtﬁr t%%%ﬁgg'cé%c%&%ﬁ 473’8&8% ng FaRorty e?Fﬁ‘é‘Prafl'&‘f él?%i gnal
i s gener attpdshptepensor 110. Referring back to Figure 3, a nodul ator,
supported in housing 104, receives the 5 tenperature signal fromsensor 110

and adjusts the anplitude, frequency, and/or phase of the tenperature
si gnallst o an appelerbivatiee hewseissasutseftbs tenpesatare tebimptery théveart campbnfhe er to

noni tor 1Q8. .The tenmperature . si | .. transmtte jrel.essly by the
transmtt gl_r%,uslln % %@%ip\%fgraﬁh %ﬂ‘%[]gar ﬁiﬁé%ﬁnﬁrﬁﬁ@a b\g&%ﬁ‘ﬁ‘?}'@ﬁ?’eﬁleitﬁWBer&mﬁ? gi tal
form Tee_télém%tféﬁn{t@f&iﬂlﬁYﬁ@luﬂbQ!at Fhd 1By, Acipill BREAEnL i SR agnd thd qui d
crystal display (LCD). As described in the previous illustration, the

opti on of tunspiteyitnguipdéy e aghel Breferably, shsiompeainirabdlenetbioinchuigessa batephi cal
di splay i s advant ageous to.track the. history of changeg in the Tee of a
subj ect . NBRTTB{O TEBPEREs APATY ' ROVIAEEWT fi Sascaston A6 thelurputie
conpensation algorithmto performcal culations to conpensate for changes in
anbi e t enper at u PTEIFERS) cmbodimpnt; She damperaligy telemetaipinekides avpambENT 108

Lo measur Genfali S ol TR, A ol DRen! DR SORENSHNE S0ualar) fAm LS, 201 e

to performthe appropria ufations to generate a goo Tee.

As an al t erefatablyeinchides Tagdins@Baivh asvithhs Ghih heeahednMidditdapthareas
canal, for exanple, in_ or behind the external ear, at housing E04.

Addi t i onalcPyiPensale the sstémated oreriemprragy farrbinges is diesonboridomperainre Zhe
variety of i I nditions,,such as.dry bul b tenperature,
relative r?ﬁ‘r%ﬁg%ﬁ%@é{"reg%ﬁ%t‘@é%%‘g‘Ya?Edlrs@,?‘y%%}e?“ "B @hper ature, and sol ar

radi ation. Additionally, the present
25 In a second embodiment of the invention, a method for providing an estimated

core temperature of a subject is provided. The method begins by measuring a
temperature from a body cavity of the subject to generate a temperature measurement,

which is transmitted wirelessly to a monitor. The temperature is converted to an



conditions, such as heart rate, blood pressure, blood oxygén satur

and el ectrocardiogram (ECG. In addition, the present invention may include
a mcrophone to aid the subject's hearing. 25 At present, rectal (T~e) and
esophageal (Tes) tenperatures are the nost commonly used indicators of T-~.
Conpar at i iélipategcore lsmpenaae upipg g ceptargion skeqrifhay Rigfesablysamalert srevided t he
present i t i 0 i imate T~ in
bcoupat i onyoin RriethiEtReodl of (EbORR, SprelRBhN UnbeRpke Rk
environnments, where tenperature related disorders pose health and safety

ri sks, Tee is ruch thiod eentenveaitest thHsS3 invehfion] AN t20Peramnd télemstricnéystedi ie t o
nmeasure than Tre and Tes, or tenperatures at other body qgrifices or
cavities, MedAehs the W@@Pﬁﬁlf%rtg%ﬁl’?m syelemuielydes | & plaghty; #f demperatime
cunber so I Ji: i LB m niomal g

pedi nent e e it nf o SHPAREOE - RpE R R il Bendcl Ffifasyre o

t enper at urtempebefRbEr bilyatair ofC&RabjebPIndC aURRsBER couplePab thieREnsef taor mal
bi naural hearing, that inmpairment will be limted to one ear, and wil| not
af fect hedfssiis (0§ tempegtue frogpfhe sanjasnpiedtansmities| gspereics @ dignal de traesewt di ng
to the cur i ti n_be.readil upted i.n,a ar canal wth Little
or no- i nveas Bl £ Be Rl R0 Akl MRAAE it Ty 20 BR NRinal et o

i nfecti on eabiesf temPank df ferhf@atuitSlchics AMbuded s bhAsiOh a%blﬁﬂmﬂﬁwdoﬁeéﬁi n

ot her body orifices which secrete greater t0O quantities of nucus. Te is

sel donily Ubetmmpratietean eyimaledbragierperatirer esear ch due to the difficulty in
obt ai ni ng accurate neasurenents. ldeally, a tenperature neasurenent should
be nmeasured as gl i -t he.. ni ¢ ne.. : ver, +Lhis
poses a healthIgﬁgggg?§P§8§§%Bl§g£gﬁé?§u%§gggagﬁgggﬁ?%%F%?ﬁ% %@ﬁ%ﬁh?@e
menbr ane meypdetupt el@edetdonifrisas 8 iseleot to MIRMES b RnprABfeSEh BRBIcadity of a
partially deaf as a result. As such, the tenperature T is usually measured
al ong t he s#hieckiila transatiderdcounisg|tp dmiemsore ggutanemitter seagiies the lev@eEbre t he

alidit [ a neasur f T o establish the .
Vol ati onsnio Baf SerlaP 4 SRk PSRN o Yoot Sy SR PR, Sy acceiver |
USA) inserthesigddl feen e inSinSttcr SThcldstlyO ThE@erhRGhiurd tefeaitdr thdb@Rtah Ralbicke
tenperature (Tg) was neasured through a tenperature sensor pill (CorTenp,

USA). A priebeeriafiregenserdamecasyicten agbeeng tepaptiratenst of t he present invention
was inserted by about 1.5 cminto one ear to nonitor T, whilst a

conventional T~ r nt device st. Technol ogi es, ,.USA inserted
into the other Pergfe ?i}%lrl ’ﬁnﬂgit?%?er?%e %eiﬁf%%?ra?’ﬁﬁéesl A %0%@68%%8}1 %%%%?33 1.°f125 A
trial was gendus beBidnd témBdrbtiBd i cohpERafe RlOBhpIrREcasf FROAOERMy for
tenperature, 70%relative humdity and 800 Watts per square neter (WW2)

of si mul at@angss|igrthe jambpicnt itenperaie. t Ade tmordtor sudyj displey We tentestthrsdofi the
nilitqky qﬂhf%rw made of 50% cotton and 50% pol yester. During the trial
the trial squ%c3§ were asked to walk on a treadm |l at a pace that
corresponded with 70%to 80% of their heart rate reserve (HRR) 30 and were
allowed to consune #ahesmbédEkNt of ethe ThRentkl; Anfetfo®ffofanbasiast s Weidgct
were 14 11 JAN 2005 recorded at intervals of 15 seconds, 1 mnute, 15
seconds, dA@PIBiERebaddbieckFppovided! yThenmethod beking dysedasatingra nperagire

subj ect's hed .39. and .r ined at oy above this te rafure for
2t east " 1 il B0 B el € hiEd BBt el RGN ol SEE Shichae

si gni fi cangiecléPptyv@nsmittial b @3Sordiforn AQ- &%i&ﬁ%er%lﬁ&ﬁﬁ?e AMERERALARNS:d Rl of
error. 5 10 15 The rel ationshi ps between Te, Tre, Tg and Tait were anal yzed

with tHe Pbarstiendriegpeatuyd et ca@opeeitinn algorithn teveomipensefd dut enipemtirenear

rel ati onship hetwe a,pair.of variables. Pearsqn: s correlation (r) ranges
from o ¢ ahBatEEFRrty BEGE e A i o e dh ey St p owmprsela
rel at i onsheppbaiuneetué. "ehdeimipbat¥@ldnifelfsre vRluithA deVdisdligla, POSi tive
r-values indicate a strong positive linear relationship between the pair of
vari abl es. The data obtained fromthe trial was used to plot scatter

di agrans. of Tee as a function of Tre, Tg; and Tait,. The scatter diagrans
are useful for evaluating the nature and degree of relationship between the
variables. Figure 5a illustrates a scatter diagramof Te as a function of
Tre. The scatter diagramin Figure 5a indicates that there is a positive

| i near correlation between Tee and T~e_ Figure Sb illustrates a scatter

di agram of Te as a function of Tg;. The scatter diagramin Figure 5b
indicates that there is a positive linear correlation between Tee and Ts;.
Figure 5c illustrates a scatter diagram’of Tee as a function of Ta,t. The
scatter diagramin Figure 5c indicates that there is a positive |linear
correlation between Tee and Tai. Pearson's correlation (r) between the

N L Y o Y M B o . ~ o " o N .

invention may be integrated with other sensors to neasure ppgs&qugmsal
on



N - Nunmber of data points 15 11 JAN 2005 A summary of tf ﬁ@ﬁﬁuteg
r-values is displayed in Table 1. Table 1 Pearson's correkl di (ﬂm bet ween
Tee, and Tre, T~; and Tart Tre Tgi Talt Tec Tre 0.91 0.8Z 0.87 Tg; 0.84
0.85 Tart 0.95 As observed in Table I, the r-values between Tee, and Tre,

Tg and Tart are _high. 5 This inplies that even though the absol uyte
tenperature r e&&ﬂﬁg%sl’ﬁgﬁ &nf} cﬁd"f‘rﬁégeéa?fet,hetlﬁ‘ée%‘ﬁan‘ﬁ’i% g‘?CHmPr @pageyt L%‘é?ﬁ‘?j theyr ¢

are inta WLt . e e T : hﬁamﬁy : J%yy '
correlatigﬁﬁﬁgggJ?ggﬁ?Egﬁgﬂtgﬁb?ﬁB%%gé%ﬁk atloﬁ&%é?aggﬁﬁgpp |F§@?W§%&

var i abl es illinttatingby tvag ofigraepietie et ipbsnftieinpaitionof vari abl es, further

cal cul ations were conducted to verify the agreenent between the pair of
vari abl es. Perfect agreenent is only attained if a data point lies on the
line of equality, that is, the line of best fit drawn through all the data
points on a scatter diagram The agreenent between the variables can be
measured by conputing the coefficient of determnation (r2), which

i ndi cates the percentage of data points, which lie on the line of equality.
A summary of the r2-values calculated fromthe r-values in Table 1 is

di splayed in Table 2. Table 2 Coefficient of determnation (rz) between
Tee, and Tre, Tg; and Tart Tre Tgi Talt Tec Tre 0.83 0.67 0.76 Tg; 0.71
0.73 Tait 0.91 16 11 JAN 2005 The results in Table 2 indicate that 76%
73% and 91% of the data points in Figures 5a, 5b and Sc, respectively, are
in agreenent. The significantly high r and rz values reported in the
current study denonstrate that Te is indeed a valid indication of T, that
is, that Tee can be used as an indirect neasure of T. 5 1In a preferred
enbodi nent of the present invention, a conversion algorithm having a
regression equation is used to estimate T, Tre, or Tg; from Te neasured by
a sensor. The regression equation can be obtained by performng |inear
regression on the data points plotted in a scatter diagram For exanple, a
| i near regression perforned on the data plotted in Figures 5a and 5b gave
rise to the follow ng prediction nodels: 10 Tre = 0.795 (Tee) + 8.507 (2)
Tg; = 0.808 (Te) + 8.095 (3) Monitor 108 with equation (2) progranmed
therein would display a Tre of 38.7C when sensor 110 neasures a Te of 38C.
Li kew se, nonitor 108 with equation (3) progranmed therein would display a
T~; of 38.8C when sensor 110 neasures a Te of 15 38C. Alternatively, the
conversion algorithmmy be used to convert Tee to Tre by addi ng the nean
of the error (MOXE) between Tee and Tre to Tee neasured by sensor 110 to
obtain Tre. To obtain T~;, the MOE between Tee and T~; is added to Tee
measured by sensor 110. Using the value of the MOE between Tie and Tee in
Figure 5a, that is, 20 0.81C, a Tee of 38C would correspond to a T~e of
38.81C. The conversion algorithmcan al so be programmed to perform both
types of conversion, that is, fromTee to both Tre



and Tg;. The nethodol ogy descri bed above may be applied toﬁaﬁtgﬂ'm
conversion algorithmin respect of any body cavity, such as the ar%@ﬁt o]
the nouth. Wth reference to Figure 3, housing 104 al so supports a battery
casing 114, in 25 which a battery, such as a pair of 1.55 Volts silver

oxi de batteries, may be inserted. The battery is coupled to and provides
power for sensor 110, theﬁﬁ‘l@i’%@f‘igﬁéﬂotﬂiﬁe%@ﬁ%sier- Battery casing
114 includes a battery ca J ; which assists in the
opening and cl osing of battery casing door 116. 17 11 JAN 2005 Figure 6
illustrates a (espesditveveitenw ofll cbes ulddet undeltovdabl nfc t fotipeimt detailed

tel eneter 100, shown in Figure 3, in accordance with one enbodi nent of the
present i NFERIAIGA. THAwRIWgHam vithnihen agcompeprag damings anleafacopge 18us s
coupl ed t 1.pl i i C op of earl obe | 54.
Thi s arra(r?ljgegeérl’;@?lﬂto H’o} e\#gﬁgﬁnﬁ%ggglggmf %r%l %ﬁ%@%?gﬂ&#?%ﬁ%%&'secur es housing 104
to subject 160 and allows tenperature telenmeter 100 to access the ear canal
of subjsect 160.FigirguriBustraidslaushvaitiesalaar engienitire alomoew of an ear canal 200
with a probe 202 inserted therein in accordance with one enbodi nent of the
present inventigon. Prgobe 202 is coupled to a housing 204 | ocated in earl obe
206. Housi ng 2048F &rBRSHRSy asﬁffgifa?tifso%ﬁ EEPREEIF Mlemctenin segprdanqerwith gy a
battery casiyvagdidiadybPfhe r&%ﬁttiﬁ{}%l%ﬁ?i ng door 210. A sensor enclosed in probe
202 nmeasures Tee I n ear cana 6 and generates a tenperature signal, which
is relayed to the nodul ator in housing 204. The nodul ator varies the

anpl i tude, fredugme\s, illasiitesr a phapectot Widve of anpmipatatire talemeat it accardance
appropri ate _waveform before transm ssion by the transmtter in housing 204.
The t enperdHtons &y ?nt\fdﬁ%lﬁrpr?%eni@v?rﬁt%m tted wirel essly by the
transmtter, is received by a receiver and preferably displayed on a

i o. The. SRRk 4 itdsRaRk A SLRRRHOVERSSHE |8C Babl WRPYHE0Z iRBnidal
the sensor will be as close as possible to the surface of edr canal 0.

Thi s f aci Ilthereines atdvedaate aiithroar embbdimambo Btha peaseaitisvdneioper at ur e measur enent .
As di scussed previously, the sensor is also placed as 20 cl ose as possible

to a tynpanic nbrane .208. Probe 202 ma nol ded to a ar inpression of
a subject, or ﬁ%lgagédu}lﬁraﬁesp‘i‘ é@éﬁeﬁglaﬁr@é‘%"gﬁ}%‘?ﬁ/a piEen Iﬁeéﬁegp% i al
to obt ai N BtRd Rim hittia] Gh@E&1 Gh dild dhidddhes o? IRGREMR] infeftfond tenperature

tel emeter 250 in accordance wth another enbodi nent o¥ t he present
invention. Tenperature telemeter 250 conprises a 25 probe 252 in which a
sensor 254, a ruglut botlugiaes a statigndivgtane of I58asam duratibatdlef,y basadiongde260 ar e

encl osed. mperature .tel epeter 250 further c rises a nonitor 262, which
recei Vés t%f?g@@f‘f}?&%?@ﬁ&?@tﬁ?%ﬁ’@s@ dfr%‘?ﬁo? RSOt WVCBIERL  probe 252 s
inserted into a body cavity so that sensor 254 can neasure Tb~ and generate

a tenperature Figpalsc iBeasds £§éhﬁk§diag€aﬁ bPTedasCd ARRLBR o NG, Bl AR
probe 252 30 so that sensor 254 will bBe in cf‘ose proximty to the surface

of the bodptatesdi frgm aThilgonducted on one embodiment of the present invention.

Figure 6 illustrates a perspective view of a subject wearing a temperature

telemeter in accordance with one embodiment of the present invention.

20 Figure 7 illustrates an anatomical view of an ear canal with a probe inserted

therein in accordance with one embodiment of the present invention.

Figure 8 illustrates a schematic of a temperature telemeter in accordance with

another embodiment of the present invention.



18 11 JAN 2005 facilitates the attainnment of a nore accu@qng ﬁe rature
nmeasurenent. The tenperature signal generated is relayed t¢ g r 256.
Modul at or 256 varies the anplitude, frequency, and phase of the tenperature
signal to an appropriate waveformfor transm ssion by transmtter 258. 5
Monitor 262 re tenperatur]ﬁiy%nm relessl fromtransmtter 258

i
and pref er abl y%ﬁ%@f& af}BlS’FWSS EBrPRRIGLeIEN lea) £y fRpa ! it f drpR et
si gnal s r ge&LNSH a@loRdRESHRhARbYeCORYRTHES df@ﬂe&n@seﬂ{ Bivk@lod Orm for display.
Additionally, the tenperature signals recelved by nDnltor '262 may be stored
and collated so that Tb~ can be displayed in a graphical form when pronpted
by a subject. 'ﬂﬁglr@pﬂiibnstta@escﬁ sqhkestid o tampepdtineskleyneatid guwend m sdverdandy ect
to keep tra the ch es Th~ mpre readily. To facilitate nobility,
noni t or 6@%6“@6 @Wg%&‘gjdg%gre%e%v@ﬂt@‘b be worn on a wist or as a
pager, which could be attached to a belt or kept in a subject's pocket. An
alarm 264 in nonitor 262 nay be used to alert the subject when Th~ exceeds
or falls below a predeternined tenperature range. The warni ng given by
al arm 264 can be 15 auditory, such as a beep, a string of notes, etc., or
vibratory. Alarm 264 can al so be progranmed to emit different types of
signals to indicate different tenperatures. |If a database of an individual
subj ect's physical condition and ability is available, alarm 264 can be
tailored to suit a subject's requirenments. A battery to provide electrica
energy to operate sensor 254, nodul ator 256 and zO transmitter 258 may be
inserted into battery casing 260. Battery casing 260 is designed such that
the battery can be easily renoved and repl aced once the battery is flat so
that tenperature teleneter 250 can be reused. Probe 252 of tenperature
tel emeter 250 can be inserted into an ear canal 300 as illustrated in
Figure 9. Figure 9 illustrates an anatom cal view of ear canal 300 with
probe 252 inserted 25 therein in accordance with another enbodi ment of the
present invention. As described above, probe 252 conprises a sensor 254, a
nodul ator, a transmtter and a battery casing. The sensor 254 is |ocated
close to the surface of probe 252 so that the sensor will be as close as
possible to the surface of ear canal 300. This facilitates the attai nnent
of a nore accurate tenperature measurenent. As discussed previously, the
sensor is also placed as 30 close as possible to the tynpani c nmenbrane 302.
Probe 252 further conprises a battery 19 11 JAN 2005 casi ng door 266 and
-a door pull 268. By using door pull 268, battery casing door 266 can be
opened to insert a battery or to renove a flat battery. Although door pul
268 is depicted in this enbodinent as a string with a knob on one end, it
w Il be appreciated that door pull 268 can al so be any device that assists
in renoving probe 252 fromear canal 5 300. Figure 10 illustrates a
schematic of tenperature telenmetric system 400 in accordance with a further
enbodi mrent of the present invention. Tenperature telenmetric system 400
conprises a central receiver or nonitor 402, which receives tenperature
signals wirelessly froma plurality of tenperature telenmeters 404, which
are used to to nonitor the tenperature of multiple subjects. Tenperature
telenetric system 400 includes a plurality of warning devices 406. Each of
the plurality of warning devices 406 is respectively coupled to each
teleneter 404. Central nonitor 402 is preferably used to display Th~ in
real -tinme on a screen 408. Central nonitor 402 is al so preferably equi pped
with an alarm4l0 to alert a supervisor when Th~ of any subject exceeds or
falls below a 15 predeterm ned tenperature range. Tenperature telenetric
system 400 can be inplenented in situations where T~ of a nunber of persons
need nonitoring, for instance, an ICU in a hospital, where T~ of a numnber
of patients nust be nonitored at any one tine. Tenperature telenetric
system 400 is also applicable for mlitary purposes as it would allow a
commander to nonitor the 20 state of each sol dier deployed. O her
enbodi nents of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention.
Furthernore, certain term nology has been used for the purposes of
descriptive clarity, and not to limt the present invention. The
enbodi ments and preferred features described above shoul d

10



25 be considered exenplary, with the invention being definggjp%%égﬁ
appended cl ai ns. 20 11 JAN 2005 CLAIMS 1. A tenperature.tel€e ;35
conprising: a sensor to neasure a tenperature of a body cavity of a
subject; 5 a transmtter coupled to the sensor, wherein the transmtter is
to receive the tenperature fromthe sensor and wherein the transmtter is

to generate a si gnﬂetéﬂe&;%ﬁﬁr' étibﬁ%ﬁﬁ%f@feﬁ@d EnbodifRiisor to
wirel essly receive ; he nonitor
uses a conversion algorithmto convert the tenperature to an estinmated core

10 t enper at ur e.A 2empbretire nplefmatcdr adt @ @BRbAT toamenare tebody tedpératuds avdier ei n
the body cavity is an ear canal. 15 3. The tenperature teleneter as recited

in cl ai m Proviged nerthe fHoming AepcHP L SURGIAUS spephofetallhare senfosh 13 Aeler ke
t itt : i j i t . - I t
the ear - o iyt HeloddiCull@ia g Be) Be IREURE INIRUOECERT BILEE BRLSTRIET [0

1 to 35 f tiowketr, 20 oaerPilled il ghadaDG Gleqireat piveakidienag et pricicae Mathiouand
the transmtter, wherein the npdul ator is to anpli fﬁg{lhe signal. 5. The

t enper at ure@meer ekepicthesgsspeaidictdstnilisn Tawjhes pestaices |veglivknows progessfaperaiens
conprisin t [ for . pQrtin ttery. erein tery
is to pr o%ag%l@g b%%%l/vedrég#gjre H'?l He&st%lflglgro %eﬁ (?‘h@) réaﬁgsr?‘lx?ly\é\ébsc ° T‘F%‘ug%eé%%{

t enper at urigvdngbgnet er as recited in any one of clains 1 to 5 wherein the
nonitor displays the estimted core tenperature. 21 11 JAN 2005 7. The
tenperature telenmeter,_as recited in any one of clains 3 to 6, wherein the
housi ng i s shagdeired Hlugtrates & pehiematic ehad¢mpaatgre trlpmataseinacoerdancs| ket er
as recj.ted i - cl al ns. 7, +~further i Sd an. anbi ent
Cenper bt oroae SR REE of InCuBil intehfond, TGt ERIRbu S oa AR e

t enper at urs. er¥losddén eiFped 84 Woeple® e AHIREINA 6, Sidieehppbrts hahsdBatof 98t her
conprising a to conpensation al gorithmwhich uses the anbi ent tenperature

to conpen rnemities 08 apd pehadigry casing 62. A battery supported by battery casing 62 may be

used to power sensor 52, modulator 58, and transmitter 60. Temperature telemeter 50

further comprises a monitor 64, which receives temperature signals wirelessly from

15  transmitier 60.

Probe 54 is inserted into a body cavity, such as an ear canal, under an armpit, in a
mouth, etc., so that sensor 52 can measure the temperature in the body cavity (Ty.) and
generate a temperature signal. Sensor 52 is positioned near the surface of probe 54 so
that sensor 52 will be in close proximity to the surface of the body cavity. This facilitates

20 the attainment of a more accurate temperature measurement. The temperature signal
generated by sensor 52 is relayed to modulator 58. Modulator 58 varies the amplitude,
frequency, and/or phase of the temperature signal to an appropriate waveform for

transmission by transmitter 60.

Monitor 64 receives the temperature signal wirelessly from transmitter 60 and

25 displays Ty in real-time. Additionally, the temperature signals received by monitor 64
may be stored and collated so that Ty, can be displayed in a graphical form when
prompted by a subject. The option to display Ty graphically allows the subject to keep

track of the changes in Ty, more easily. To facilitate mobility, monitor 64 may be

11



core tenperature for changes in the anbient tenperature. 1 !]@ d for
providing an estimted core tenperature of a subject, conprisig:

nmeasuring a tenperature froma body cavity of the subject to generate a
tenperature nmeasurenent; wirelessly transmtting the tenperature

measurenent to a npnitor; and converting the tenperature sure t to an
esti mat ed l@Bie@“‘P&qﬁl&éraaWP% 19,89 WQ%O%BW%F of &P BAgGH SThifhE01 09 $1A0BRL bt hod
for providj i , enperature as recited in claim 10, wherein
t he body ?g&%{%@gtgﬁgmé%gﬁ%gggﬁe{12_ The nethod for providing an estinated

core tenperature as recited in 25 claim 10 or 11, further conprising
provi di ng an alfer alawhe® inheotitorpeEr sltus éhcesubpet shen Thatidcsedsedrofalla below a

predet erm ned tenperature range. 11 JAN 2Q05 13. The thod for

provi di ng Pé?f{jeéf‘é’{“im (ERPEIghee f"g‘ﬂ%ﬁer OYENIRE Sl pyerfarith 66 3R Braudiorgisipts 10
to 12, fur O‘m%ﬁ' I i i drh B 14,
The metshodars:‘al g{ree%r oV ?Rgﬂgﬁé,?&.%ﬁ%ﬁdggr gﬁc. errpe?‘ﬁailtaqu%ﬁea I%%I?ée&é{o%rl]nlgny 5
one of cl alifferedi0 types 18 signakhésepeadinpr bisithg sweastyr oN ghannantivendutside the

tenperature, wherein the anbient tepperature is to generate the estinated
core tenpdietelfrEinefls temperalyse FaEtr o Lt dMfaraationc regprdingyan o dvidyal gsulyect’s
plurality ﬁ&si&ﬁ%ﬁﬁﬁl{oﬂg Gnd %i)lﬁﬁ%at- ?Sre?&(aﬂm%,r Shth %@chn %fe tﬁitﬁﬁ*ecﬁ) |tcjtyj Elﬁlt 'atsé%&ﬁc
tenperature”lo tel emeters conprises: a sensor to nmeasure a tenperature of a
body cavi tsybgett’areguidgraaits. and a transmtter coupled to the sensor, wherein
the transmtter is to receive the tenperature fromthe sensor and wherein
the transmtter, i s to generate a signal to transmt the tenperature; and 15

a cent'fal noni tPAEY, Bclioyile: Hlectued] FRETE); 1OcPREUE FoRSop s OGNS ARG of
each of t letay ) i

o tor LoRRRRHEE 0L il R bR S S v R o e W R e
esti mat ed thobatdrg ppebadasile reriéved Hnd régdgdroake the Haekgietlat & Sysiksifeatire

recited in claim15, wherein the body 20 cavity is an_ear canal. 17. The
t enper at ur@leRelcE mét $ancbe yaisedn Manyclypesal peftericaimayLe implemenisddadrode t he
plurality - t ef..C & [ : port
Phe. sensor aih TTREe Bt bk Bk chibiorbv SIBINEPHLA SRS i Bve

t enperat urteet shcesmfidly itplérhenter 25 canal . 18. The tenperature telenetric
systemas recited in any one of clains 15 to 17,

Figure 3 illustrates a temperature telemeter 100 in accordance with one
embodiment of the present invention. Temperature telemeter 100 comprises a probe 102
coupled to a housing 104 by a flexible wire 106. Further, temperature telemeter 100
includes a monitor 108, which receives temperature signals wirelessly from a transmitter

20  supported in housing 104,

A sensor 110, enclosed in probe 102, is inserted into an ear canal 150 as
illustrated in Figure 4 to measure the temperature (T) in ear canal 150. Sensor 110 is
located close to the surface of probe 102 so that sensor 110 will be in close proximity of
the surface of car canal 150. This facilitates the attainment of a more accurate

25 temperature measurement.

Probe 102 may be molded according to the ear impression of a subject to obtain a
better fit. As an alternative, sensor 110 may be embedded in a piece of foam or any other

malleable material. With a better fit, probe 102 will be more securely positioned in ear

12



wherein each of the plurality of tenperature teleneters f%&]gﬁ m rises a
nodul at or 23 11 JAN 2005 coupl ed between the sensor andk f\i itter,
wherein the nodulator is to anplify the signal. 19. The tenperature
telenetric systemas recited in any one of clains 15 to 18, 5 wherein the

central nonitar displ.ays the estinmate re tenperature. 20. The,

t enper at uﬁén%lgléﬁ,ﬁﬂﬁ g‘ﬂﬁ}ﬁ%é‘% %%%ﬁa@%fge?-eﬁﬁ? HBIGR) LofhEn aple dp SR oWl iggous,
wher ei n t%ﬁn%sswﬁ_ﬁomea%@a%%ﬁgmgb&oueqoﬁ.he ear canal. 10 21. A tenperature
teleneter, conprising: a sensor tO neasure a tenperature of a body cavity
of a subject; a transmtter coupled to the sensor, wherein the transmtter
is to receive tlhéhd propess atf um@stnnpnT 4 e tergrsdure sighalviserenenateitey tensorsiiiot t er

is to gen te a signal to transmt the tenperature, 15 a npnitor to
wi rel essl ?ﬁ?%&nggh@ $1GHaI3-f § RPYHECL r sibeRited di ; hopstheahOhnisceiyes the

tenper gt UriGnFERRAY sik:oi TRAP MR (A Afllts! BTRED AUE hreinoy T BEYLEARSE 8 U ©
telemeter as recited 1n claim2l, further conprfising a conpensation

al gori t hmthvhicotperssas signel @ndn @propriatpesaiftimebéforeciompainsanedyt the t@osmitter

t enper at ure of 'thﬁ iody cavity for changes in the anbient tenperature. 23.
The t enper@fE°t et er as recited in claim2l or 22, wherein the nonitor
di splays the tenperature of the body cavity. 25 24. The tenperature
telemeter as regjet@hpbAnfO¥i th%srﬁftt%ﬂrﬁiraésshgb)?ﬁle ﬁ‘ﬁ%ﬁt‘?ﬁé} ﬁs.h%cﬁg&i §Pr
uses a conversion algorithmto convert the tenperature of the body cavity
to an estimatied 16dmed maybe canverted B4 a digital Jodd. 2NO 5 tRén difplayddedipeal Bt air £

t el eneter dgs re(fi%ed in an;i_ one of clains 21 to 24, wherein the body cavity
is an Qar ®igy 11% sygh 29 Tiamid evaieldeslay Gdellr As deasstbed dni e aprayipyes,

further ¢ IS j - 0 - r : ] :
wher ol 1t Ao ahe B Al eliiTY R kO TE BB MG Retth PR RB L
canal . 27.disphey it edyetatousotekle tetitstogoichaideeth the Tanyf asuejeef. claims 21 to
26, further 10 conprising a nodul ator coupl ed between the sensor and the
transmtter, rein the npdulator is to anplify the signal. 28. The
tenperature teCHEE] Ogé)fgfosr@ﬂyeladilﬁewosmoro@ Xpeitea compepsation alegrithpe
conpri si ng holsi I a2  bat } h attery
s To prog B2 e SRS (& BphRlnsalaBRLh DR B o tofup Bt ey 1155

t enperiit ursensoelneayebe comsed ec irte@dtor 108Ny mesurf Tehai With2S, 4, as2, inphgrieé n t he
housing is shaped to fit in the ear_ canal. i .
compensation algorithm 1s able to perform the appropriate calculations to generate a good

estimate of Te.. As an alternative, the T,y sensor can also be located outside the ear

canal, for example, in or behind the external ear, at housing 104.

Additionally, the present invention may include sensors to measure a variety of

20 environmental conditions, such as dry bulb temperature, relative humidity, globe
temperature, wel bulb temperature, and solar radiation. Additionally, the present
invention may be integrated with other sensors to measure physiological conditions, such

as heart rate, blood pressure, blood oxygen saturation, and electrocardiogram (ECG). In

addition, the present invention may include a microphone to aid the subject’s hearing.

25 At present, rectal (T) and esophageal (Tes) temperatures are the most commonly
used indicators of T.. Comparatively, Te, is a less frequently used indicator of T..
However, the present invention provides for a method of measuring T, to estimate T, in
occupational settings (or where the subject is active). Tn such environments, where

temperature related disorders pose health and safety risks, T.. is much more convenient

13



20 30. A nethod for neasuring a body tenperature of a su jfct 2mri si ng:
nmeasuring a tenperature froma body cavity of the subject C}%!e te a
tenperature neasurenent; wirelessly transmtting the tenperature
nmeasurenent to a nonitor; neasuring an ambient tenperature; and 25 using

the t t Tt t tion
eor Dt bmah 1hS iERRH B R f e, D et b BRaHT o Brothit Sy S PTERE R
anbi ent t QAPGEAMER a3k VABRELBY nB8hERLSIA ICRNP&NRAU B Erfc‘iTBﬁﬁl?éréHn?e x@d ue.

25 11 JAN 2005 31. The nethod for ‘neasuring a body tenperature of
subj ect agllowsithesibjact tl @intmeOith umittme: iCanypinipsdingndicemiranl mgverhents and

conpensat t enper,at ur al ue. .5 32. The thod for neasuring a body

t enper at uﬁﬂr‘% rrg éﬂ%‘ﬂs@} %&SFé’élattE‘HpFrﬁwE‘? gﬁ}f‘?ﬂ@@' 1B angepr cpgal opd CUBHHING i ng
conver ti ngmb%néﬁfwc%ﬁf Bind&AP Hézﬁﬂ%”iha& ?rﬁg§ nﬁéﬁ'v@iﬁtlf‘edhﬁ%@ td SH&)%""EﬁH e
using a conversion algorithm 33 or measuring a

t enper at urvallofot affsetlijeetng asthe edict edt. i & témpe&amrmhmfm:dlmmcs&ding tBZhe
wherein the bodé cavity is an. ear canal. 34. The nethod for neasurin

body t enpéPHEHrBYHHIoR e deadilydnouisd e ar sagal arith Kifle oF apigvagionies t
further copRLisiPGHP LAY e d

val ue excgggs }iro f al I S Jlte)g[l’ %\gvdg&lﬂ?edgdgér%nzfﬁg%rﬁ?eﬁ%gﬁa ﬁéﬁr %énglgg?gcgg& %g

JAN 2005 TMERAIWEoJﬁbEWTERhA&&&&@cm Atlrieermﬂy adriffces tvelliesb@etel greater

provi ded. The. tem%erature teleneter includes a sensor 5 to neasure a

t enper'8t urBHICS QT BMCUS anal of a subject. A transnitter coupled to the
sensor receives the tenperature fromthe sensor and generates a signal to
transmt the t & Riddnfly j m t he
tranam tter and oen Rrayreal B b SRl ARG DErBLa0Plul BB o
an est i natobthiong eadcere madasuremekisguride2ly2 7 .tAhverdut< mid¥urblicABGibIAd Abk . A8

. A3. AU. Af Y. AUY. A8Y. iA\Uv AUY. AU. A, U. AU. Ag<. AU. AU. A<. AUv. A8. A8v. AU. A, UY. Af g<" >
Xq. measured as close as possible to the tympanic membrane. However, this poses a health

and safety risk as there is a danger that the tympanic membrane may be pierced by
15 accident, rendering a person deaf or partially deaf as a result. As such, the temperature

Tec 1s usually measured along the ear canal instead.

Applicants’ conducted a study to evaluate the validity of Te as a surrogate

measure of T and to establish the relationship between Ty and Te.. Ty Was measured by

a rectal probe (YSI, USA) inserted 10 centimeters (cm) into the rectum. Gastrointestinal

20  temperature (Ty) was measured through a temperature sensor pill (CorTemp, USA). A
probe in accordance with one embodiment of the present invention was inserted by about

1.5 cm into one ear to monitor T, whilst a conventional T., measurement device (Quest
Technologies, USA) was inserted into the other ear to monitor the temperature in the

other ear (Tqy).

25 A trial was conducted in a climatic chamber programmed at 35°C ambient
temperature, 70% relative humidity and 800 Watts per square meter (W.m™) of simulated
solar simulation, and the trial subjects were clothed in military uniforms made of 50%
cotton and 50% polyester. During the trial, the trial subjects were asked to walk on a
treadmill at a pace that corresponded with 70% to 80% of their heart rate reserve (HRR)

30 and were allowed to consume water freely. Tee, Ty, Ty and T,y of each test subject were
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| PY71109& ()-!*, .$10%& ()-!*, 4 1 Jan 25
C$109& ()-!*, $109%& ()-!#, $109& ()-!#, $10%& ()-:chCO ! PY7! 103, 10%

U8 ()-f|#10% U& ()-3! 10% U& ()-6#Y10% & ()- 10 10 10>109%& ()- Q dEbCO

I PY7! 103 10% U& ()-3f!10% U& ()-#10% U& ()-3!10% U& ()- 3s!10% U& ()- 10%
U& ()-d@tBbCO ! PY7! 11 398 1094JU& () - 36#10% U& ()-3!110% U& ()- $10%

U8 () - 3\ 10% U&4 summagyogfitlee gomputedymyatnes ipdispleyad ingbablgel () - 1 30! 10940U& () -
3s-10% U& () -+ 10% U& ()- *$10% U& ()- 3|'!110% 3& ()- c;avVK@ !PY7 10 U 10

U 10 Table 1 Pearson’s correlation (r) between Tec, and Ty, Tgi and Tay
The Ty Tat Tee
Tre 091 0.82 0.87
Ty 0.84 0.85
Tun 0.95

As observed in Table 1, the r-values between T, and Ty, Ty and Ty are high.
5  This implies that even though the absolute temperature readings were not the same, the

changes in Tye, Ty and Ty, are in tandem with changes in T.,.

However, because Pearson’s correlation measures the strength of a relation
between a pair of variables, but not the agreement between the pair of variables, further
calculations were conducted to verify the agreement between the pair of variables.

10 Perfect agreement is only attained if a data point lies on the line of equality, that is, the
line of best fit drawn through all the data points on a scatter diagram. The agreement
between the variables can be measured by computing the coefficient of determination (%),
which indicates the percentage of data points, which lie on the line of equality. A

summary of the r-values calculated from the r-values in Table 1 is displayed in Table 2.

15 Table 2 Coefficient of determination () between Te, and The, Ty and Ty
Tre T Tan Tec
Tre 0.83 0.67 0.76
Ty 0.71 0.73
Tar 0.91
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$1098& ()-,--...... xmbCO " 1098& ()-v 108 108
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108>1098& () -! @J_ $1090808&' () -! @9%$109%9808&" () -! 6#$10%38&' ()-1777*8, 8 8.8/8
- 8xmbCQ  sefsor. The regression equation can be obtained by performing linear regression on the

data points plotted in a scatter diagram. For example, a linear regression performed on

the data plotted in Figures 5a and 5b gave rise to the following prediction models:
10 Te = 0.795 (Tee) + 8.507 — @
Tei = 0.808 (T,) + 8.095 — (3)

Monitor 108 with equation (2) programmed therein would display a Ty of 38.7°C when
sensor 110 measures a T, of 38°C. Likewise, monitor 108 with equation (3)
programmed therein would display a Ty of 38.8°C when sensor 110 measures a Te. of

15 38°C.

Alternatively, the conversion algorithm may be used to convert T to T by
adding the mean of the error (MOE) between T.. and Ty to T., measured by sensor 110 to
obtain Tre. To obtain Ty, the MOE between T, and Ty is added to Te measured by
sensor 110.  Using the value of the MOE between T, and Te in Figure 5a, that is,

20 0.81°C, a Te of 38°C would correspond to a Ty, of 38.81°C. The conversion algorithm
can also be programmed to perform both types of conversion, that is, from Te. to both Tr
and Ty. The methodology described above may be applied to obtain a conversion

algorithm in respect of any body cavity, such as the armpit or the mouth.

With reference to Figure 3, housing 104 also supports a battery casing 114, in

25 which a battery, such as a pair of 1.55 Volis silver oxide batteries, may be inserted. The
battery is coupled to and provides power for sensor 110, the modulator, and the
transmitter. Battery casing 114 includes a battery casing door 116 with a tab 118, which

assists in the opening and closing of battery casing door 116.
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W1re 106 which extends around the top of earlobe 154. This arrangement of housing 104

5 and flexible wire 106 secures housing 104 to subject 160 and allows temperature

telemeter 100 to access the ear canal of subject 160.

Figure 7 illustrates an anatomical view of an ear canal 200 with a probe 202

inserted therein in accordance with one embodiment of the present invention. Probe 202

1s coupled to a housing 204 located in earlobe 206. Housing 204 preferably supports a

10 modulator, a transmitter and a battery casing having a battery casing door 210. A sensor
enclosed in probe 202 measures T, in ear canal 200 and generates a temperature signal,
which 1s relayed to the modulator in housing 204. The modulator varies the amplitude,
frequency, and/or phase of the temperature signal to an appropriate waveform before
transmission by the transmitter in housing 204. The temperature signal, which is

15 transmitted wirelessly by the transmitter, is received by a receiver and preferably

displayed on a monitor.

The sensor is located close to the surface of probe 202 so that the sensor will be as
close as possible to the surface of ear canal 200. This facilitates the attainment of a more
accurate temperature measurement. As discussed previously, the sensor is also placed as

20 close as possible to a tympanic membrane 208. Probe 202 may be molded to an ear
impression of a subject, or embedded in a picce of foam or any other malleable material

to obtain a better fit,

Figure 8 illustrates a schematic of a temperature telemeter 250 in accordance with

another embodiment of the present invention. Temperature telemeter 250 comprises a

25 probe 252 in which a sensor 254, a modulator 256, a transmitter 258 and a battery casing
260 are enclosed. Temperature telemeter 250 further comprises a monitor 262, which

recelves temperature signals wirelessly from transmitter 258.

Probe 252 is inserted into a body cavity so that sensor 254 can measure Ty and
generate a temperature signal. Sensor 254 is positioned close to the surface of probe 252

30 so that sensor 254 will be in close proximity to the surface of the body cavity. This

18
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(- 10 t?le subject to keep track of the changes in T, more readily. To facilitate mobility,

monitor 262 may be implemented as a watch to be worn on a wrist or as a pager, which

could be attached to a belt or kept in a subject’s pocket.

An alarm 264 in monitor 262 may be used to alert the subject when T, exceeds or

falls below a predetermined temperature range. The warning given by alarm 264 can be

15 auditory, such as a beep, a string of notes, etc., or vibratory. Alarm 264 can also be
programmed to emit different types of signals to indicate different temperatures. If a
database of an individual subject’s physical condition and ability is available, alarm 264

can be tailored to suit a subject’s requirements.

A battery to provide electrical energy to operate sensor 254, modulator 256 and

20 fransmitter 258 may be inserted into battery casing 260. Battery casing 260 is designed
such that the battery can be easily removed and replaced once the battery is flat so that
temperature telemeter 250 can be reused. Probe 252 of temperature telemeter 250 can be

inserted into an ear canal 300 as illustrated in Figure 9.

Figure 9 illustrates an anatomical view of ear canal 300 with probe 252 inserted

25  therein in accordance with another embodiment of the present invention. As described
above, probe 252 comprises a sensor 254, a modulator, a transmitter and a battery casing.

The sensor 254 is located close to the surface of probe 252 so that the sensor will be as
close as possible to the surface of ear canal 300. This facilitates the attainment of a more
accurate temperature measurement. As discussed previously, the sensor is also placed as

30 close as possible to the tympanic membrane 302. Probe 252 further comprises a battery
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Figure 10 illustrates a schematic of temperature telemetric system 400 in
accordance with a further embodiment of the present invention. Temperature telemetric
system 400 comprises a central receiver or monitor 402, which receives temperature
signals wirelessly from a plurality of temperature telemeters 404, which are used to
10 monitor the temperature of multiple subjects. Temperature telemetric system 400
includes a plurality of warning devices 406. Each of the plurality of warning devices 406
is respectively coupled to each telemeter 404. Central monitor 402 is preferably used to
display Ty in real-time on a screen 408. Central monitor 402 is also preferably equipped

with an alarm 410 to alert a supervisor when Ty, of any subject exceeds or falls below a

15  predetermined temperature range.

Temperature telemetric system 400 can be implemented in situations where T, of
a number of persons need monitoring, for instance, an ICU in a hospital, where T, of a
number of patients must be monitored at any one time. Temperature telemetric system

400 is also applicable for military purposes as it would allow a commander to monitor the

20  state of each soldier deployed.

Other embodiments of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention. Furthermore,
certain terminology has been used for the purposes of descriptive clarity, and not to limit
the present invention. The embodiments and preferred features described above should

25 be considered exemplary, with the invention being defined by the appended claims.
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a sensor to measure a temperature of a body cavity of a subject;

5 a transmitter coupled to the sensor, wherein the transmitter is to receive the

temperature from the sensor and wherein the transmitter is to generate a signal to transmit

the temperature; and

a monitor to wirelessly receive the signal from the transmitter, wherein the
monitor uses a conversion algorithm to convert the temperature to an estimated core

10 temperature.

2. The temperature telemeter as recited in claim 1, wherein the body cavity is
an ear canal.
15 3. The temperature telemeter as recited in claim 2, further comprising a

housing to support the sensor and the transmitter, wherein the housing is to secure the

temperature telemeter to the ear canal.

4. The temperature telemeter as recited in any one of claims 1 to 3, further
20 comprising a modulator coupled between the sensor and the transmitter, wherein the

modulator 1s to amplify the signal.

5. The temperature telemeter as recited in any one of claims 1 to 4, further
comprnising a battery housing for supporting a battery, wherein the battery is to provide

25 power for the sensor and the transmitter.

6. The temperature telemeter as recited in any one of claims 1 to 5, wherein

the monitor displays the estimated core temperature.
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5 8. The temperature telemeter as recited in any one of claims 3 to 7, further
comprising an ambient temperature sensor supported by the housing to measure an

ambient temperature.

0. The temperature telemeter as recited in claim 8, further comprising a
10 compensation algorithm which uses the ambient temperature to compensate the estimated

core temperature for changes in the ambient temperature.

10. A method for providing an estimated core temperature of a subject,

comprising:

15 measuring a temperature from a body cavity of the subject to generate a

temperature measurement;
wirelessly transmitting the temperature measurement to a monitor; and

converting the temperature measurement to an estimated core temperature using a

conversion algorithm.

20

11. The method for providing an estimated core temperature as recited in

claim 10, wherein the body cavity is an ear canal.

12 The method for providing an estimated core temperature as recited in
25 claim 10 or 11, further comprising providing an alert when the temperature exceeds or

falls below a predetermined temperature range.
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14, The method for providing an estimated core temperature as recited in any
5 one of claims 10 to 13, further comprising measuring an ambient temperature, wherein

the ambient temperature is to generate the estimated core temperature.

15. A temperature telemetric system comprising

a plurality of temperature telemeters, wherein each of the plurality of temperature

10 telemeters comprises:
a sensor to measure a temperature of a body cavity of a subject; and

a transmitter coupled to the sensor, wherein the transmitter is to receive
the temperature from the sensor and wherein the transmitter is to generate a signal

to transmit the temperature; and

15 a central monitor to receive the signal wirelessly from the transmitter of each of
the plurality of temperature telemeters, wherein the central monitor uses a conversion

algorithm to convert the temperature to an estimated core temperature.

16.  The temperature telemetric system as recited in claim 15, wherein the body

20 cavily is an ear canal.

17.  The temperature telemetric system as recited in claim 16, wherein each of
the plurality of temperature telemeters further comprises a housing to support the sensor

and the {ransmitter, wherein the housing is to secure the temperature telemeter to the ear

25  canal,

18.  The temperature telemetric system as recited in any one of claims 15 to 17,

wherein each of the plurality of temperature telemeters further comprises a modulator
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19. The temperature telemetric system as recited in any one of claims 15 to 18,

5  wherein the central monitor displays the estimated core temperature.

20.  The temperature telemetric system as recited in any one of claims 17 to 19,

wherein the housing is shaped to fit in the ear canal.

10 21. A temperature telemeter, comprising;:
a sensor lo measure a temperature of a body cavity of a subject;

a transmitter coupled to the sensor, wherein the transmitter is to receive the

temperature from the sensor and wherein the transmitter is to generate a signal to transmit

the temperature;
15 a monitor to wirelessly receive the signal from the transmitter; and

an ambient temperature sensor to measure an ambient temperature.

22, The temperature telemeter as recited in claim 21, further comprising a
compensation algorithm which uses the ambient temperature to compensate the

20  temperature of the body cavity for changes in the ambient temperature.

23, The temperature telemeter as recited in claim 21 or 22, wherein the

monitor displays the temperature of the body cavity.

25 24, The temperature telemeter as recited in any one of claims 21 to 23,
wherein the monitor uses a conversion algorithm to convert the temperature of the body

cavity to an estimated core temperature.
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25. The temperature telemeter as recited in any one of claims 21 to 24,

wherein the body cavity is an car canal.

26. The temperature telemeter as recited in claim 25, further comprising a
housing to support the sensor and the iransmitter, wherein the housing is to secure the

temperature telemeter to the ear canal.

27.  The temperature telemeter as recited in any one of claims 21 to 26, further
comprising a modulator coupled between the sensor and the transmitter, wherein the

modulator is to amplify the signal.

28.  The temperature telemeter as recited in any one of claims 21 to 27, further
comprising a battery housing for supporting a battery, wherein the battery is to provide

power for the sensor and the transmitter.

29 The temperature telemeter as recited in any one of claims 26 to 29,

wherein the housing is shaped to fit in the ear canal.

30. A method for measuring a body temperature of a subject, éomprising:

measuring a temperature from a body cavity of the subject to generate a

temperature measurement;
wirelessly transmitting the temperature measurement to a monitor;
measuring an ambient temperature; and

using the temperature measurement and the ambient temperature in a
compensation algorithm to compensate the temperature measurement for changes in the

ambient temperature and thereby generate a compensated temperature value.

25
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5 32.  The method for measuring a body temperature of a subject as recited in
claim 30 or 31, further comprising converting the temperature measurement to an

estimated core temperature using a conversion algorithm.

33.  The method for measuring a body temperature of a subject as recited in

10 any one of claims 30 to 32, wherein the body cavity is an ear canal.

34, The method for measuring a body temperature of a subject as recited in
any one of claims 31 to 33, further comprising providing an alert when the compensated

temperature value exceeds or falls below a predetermined temperature range.
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