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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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reused due to hygienic considerations. Therefore, the use&@fa] ;Fﬁh% 05
ingestible transmtters can be rather costly since each trans t q is only
operable for a limted period of time. Qther prior art devices which

transmt tenperature information frominternal body |ocations are described

rn the fol]awin atent docupents. 15 European Patent Application EP
476, 730 déé?}maﬁgé’?éu@y?ﬁlé?ﬁsf%? Ipaddiionemoyaiacglingers shicks avd ethepiavslathg an

enbedded t [ ] - nformation. United
Stat es. pat A EgRY Bttt e R b Dl ot on B
2,285,134 describe intra-vaginal tenperature sensing and transmtting
devi ces. 20 Unilhedar§t atsesicéa ttanperidSrod rddated Asbrdtes ariglitelse amsily nireeantesr byne
devi ce for q?nitoning ovul ation by taken and storing a successi on of.

t enper at urs@tly d5teries Ohismratye cxcilEions aRt o4 /the seprpirklrcangs anthadiminsirgtipn
devi ce.: Unj ri ) A i ch
' beed i M phintte PRl eSS nPRELAGREY A dBRRY pRAR ool
ext ernal deili uweally lehdréo dedped badlcathpleenpervaiwr Ehdrsfots) tisik Bestaf parasigtaerisk ned

range. These prior art devices are not ingested and are not used jnvasively
in the uswdlderelapingterapsiaarcorclaics diserders; sighp Sipse imvolvadiiy sirgnueys poviisalir e or
i nci sion qf..t] iR ttjioning of these or other
rreasurerre%tcu%j@?/ihggés@]teglégn%%\éﬁ#%m@%%rﬁgﬁﬂ,ﬁré& 11 JAN 2005 uterine, rectal or
oral temperatures is intrusive, i.e. is invasive of the subject’'s privacy;
and/ or causes d&oleguapleptenthesatmaiastitoding ingomAvarihihospitals eDarigy eurgery, a
retrieval; and/or is obstructive of the subject 'Os normal functions and
novenelit s.PaEsHte Telpiicatitied andasupiampda\arewyl 3&Gctp pverrthe opprtroftie
nonitor 1 i St - i co V. 0 . [
Femper at ur2PoEiE CREPE il Skt 88 Tfubed Bl SRR S CY e o581, i
a flexi bl aemperatut&mobiomdh@iehcbitdly id ineh JerAENe Ak Enit (U BRbustShadaaased
in a foam earplug 20, and a speaker 22. Foamearplug 20 is first inserted
into the exrdedingmn 15U gresgwlivdp serrne candition, thaeforein med sasessthenmust have

t enper at ure_-W.1 hi r |, The neasured tenperature reading is sent
t hr ough 1otﬁ?1¥\%§<1{g6 elggv}(a%#lge% c%{%'rcg;’%lergi)ni tor 12, where the tenperature reading is
stored and di spl ayed on a screen 24. \Wen a pre-set tenperature threshold

i s reashed, speBdeaise2df Mhy daensivnfl ipplicgdlityo of @uRd tdnpudtiien theSbigaakbnts One
limtation of this core tenperature neasuring device is that only the

subj ect offuEgher 1of 98¢ RMpEathnmEdUIing dexices dave Brendexelonsdi t by bespdalswa T~
In the evept..of nC rir n acute case. of pot herm a,
dovi cos. saapefles B teBBER AP ROl s PRLEN R BB T 3P0 Ao HERLS! " e
subj ect' s yudedhacianenihe pavieit, kwthl 83Be HoleH) the htilly BF HRNCAEm. CBlic egiFeRhat ur e
monitor 10 is not well suited to provide the T~ of the subject to another
noni t or i ngPTebR %y alap obhdpsasicdbtheerghi the vkerit ingptal dewn etor g esenhages.

measur.j.ng I S S.20 ear_tenperature.nonitor 10, is that they are
fppek L T B TR i e R R b T R e e
cunber soneushiglinauesed MbriGcAAngdikagnPHt (Ofthd pauBlteCtienc8ak, 1¥hiifthsive Edtkt her
connected to a nonitor of considerable size. The wires may interfere with
or hanper eMeciEpEe Measprige deniee subgldyprefoméd.e t he nonitor is an undesirable
burden. This is particularly true when it is desirable to nonitor the 25

t enper at ure of e subj such as a soldier .or_a co ructi
worker I’ suct L eREabteE RrB itmpBHRe BRaBrit Boof mainERib kSl
disclosed in U.S. Patent No. 4,844,076 issued to Lesho et al. The ingestible transmitter is

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



In view of the foregoing, it is desirable to have a system a?\ciﬁthod to
measure core tenperature that is non-invasive and non-intrus : Ntzmﬁ al so
desirabl e to have an inexpensive systemthat can be used continually to
generate consistent and accurate 4 11 JAN 2005 readings, and that can be

reused. Additionally, it is desirable to have a system which allows
noni t or i ndrapsmitise beforeswadlopdanse secend ol his limitasde flexibgiy obkhs use efsuchearan

term nal . . ry.of the | nvent.ion The.present invention

st hedampdan peaanr HIUREY pelautd et Okl lad REERE TREBe LENRAMLED |

system t o ni@shen® chedy tdkeilfd atiifd. JdetomdipubslphisnePRettirab@fs édnabt Bhe

present invention can be inplenmented in nunerous ways, |nclud|n% as a
lbe

process, aroistosgshor dengshy peringds 1of rimeabetayseciie dransmitist Kol noselyeaya beiimilemt i ve

enbodi nent s, of the present inpventiaon ar escrihed below.. In first
erbodi renta5f PordSi PERAl ven DY bh forelief Abopab e e s efrelembifbrea.
The t enpemnadasiirgnd RIVRIZE hitlhst bShstaDeforSIRRa Ahd tlithclResH AR, t eNperature of a
body cavity, preferably an ear canal, of a subject. A Fransm’tter coupl ed
to the sensor 10 receives the tenperature fromthe sensor and generates a
signal to trang¥iditiqually: Gepgempeiatee of foedsi andr ligquade carsymet dysthgraabject as
wrel esslxvflfé)n‘ﬂ%ige transmtter and uses.a conversi ﬁn algorithmto c?nvert

the tenperatufe € grndag iy & bady may dRflunge the.corq AempetaiE: WERE AN S et er
pr ef er abl ybtagddubRB g tHRAWS o SudhrURRANS. HORS®R 8 ¢uraYhnkiRendisensirther . 15

Preferably, the housing secures the tenperature teleméter to the ear canal.
The hddsi nepdirgsdiken mpaevay.al fartbermdrevback dfithe Lesht ansaittec sthat, it cannot be

Addi tionally, .the t erature _tel emeter preferably.incl.udes nodul at or,
coupl ed bariEdies i PUBRUS FOBRIrIE, g B S ¥t s e bfoTermtrs

Pref er abl yan b8 esth@ BRI Akt e ranERifkr i BﬁiyL!%%ﬁabfb t*%%‘liﬁ{ibéd?y‘éﬂédl BBtiher
supporting a battery to provide power for “the sensor and the transmtter.
20 In a preferred enbodi nent, the tenperature tel emeter includes an anbient
t enper at ur e sed¥ber prEr agalcvices whichrtinemit tereparanet informaiite froamipterzad body

tel eneter ,preferably includes canpensat j on _al gorithm which uses the

anbi ent tel%glpléﬁ?f?élgﬁcg%%%@ﬁé@%"é’vﬁgﬁgﬁ%ﬁ’oﬁﬁ?’gﬁg‘core tenperature for
changes in the anbient tenperature. The estimated core tenperature nay be
di spl aged on t hurémah t Ritent2 AppHcaion € EPNA7EMP HeldiMes Of &/Beml RHEBLIIHon @
met hod for providing an estinated core tenperature of a subject is

provi ded. drisstiereenbpredistipmysiby ansadeddadgemperempe seusar whichemits tbogerateei t y
of the Su%fo(:t tgoo generate a tenperature neasurenent, which is transmtted
wirelessly 6% Woni tor. The tenperature is converted to an 6 11 JAN 2005
estimated core tenperature using a conversion algorithm Preferably, an
alert is provi defiedhSfitcs"Rat@NDST A5 e6P @B ORIt KiRbdom DBhQW Application
predeterm ned tenperature range. In a third enbodi rent of the invention, a
t enper at url& Q&Séggﬁ digsriby sntepmyadginad taoviietdare sTiming anperratmittiog deviesret ri ¢
systemincludes a plurality of tenperature 5 telemeters. Each of the
pluraljity of t I rept.el Lhcl udes a sensor. tQ neasure .
Dempordt ure of Bpaaylesbiify U 378 257 et b RRiRtns Ardie REREEIs « ne
sensor t o ovekebi ebj hekdrerper ﬁbﬁﬁ% 4 IR0 dskiBn SENIGhperdfife LEANRMN LR are
generates a signal to transmit the tenperature. A central nonitor receives
t he si gnalsubiegetrdygioyniqadad tchan externalrdevicer of each of the plurality of
tenperature telemeters and uses a conversion algorithmto convert 1o the

tenperature to I rature. In.a fourth. enbodi nent of the
ivent o a ¢t S RHPE PR IS B R Rt g PorR Bl S FL et e
conpri ses cealBerRsditedt QeMPaSHIie and LAAREH At 451 6 28 ReFHalCRNideYif Fhe Bersstbl ect
and a transmitter cougl_ ed to the sensor. The transmitter receives the

t enperfat ulremperaire i outskieapredgiemyestbianges a signal to transmit the
tenperature. A nonitor receives 15 the signal fromthe transmtter

wirelessly. Theyte re .felemeter inckudes an anbient t erature
sensor to neasure gﬁﬁér?é)r? gngaefesean% élPa{n@FSg?A AN areot sed 1nva51vglr}mln the usual

medical sense of surgical invasion, i.e. involving puncture or incision of the skin.

However, the positioning of these or other measurement devices to measure vaginal,



Preferably, the tenperature telenmeter includes a conpensat i‘ao?h %"‘1%3@@5 hm

whi ch uses the anbient tenperature to conpensate the tenperature of the
body cavity for changes in the anbient tenperature. The nonitor nmay display
~_the tenperature of the 20 body cavity. In a fifth enbodi nent of the
invention, a nmethod for nmeasuring a body tenperature of a subject is

provi ded. HHEWENECHS @F 1963] i (RSP S ARSHS JRITWEVa 1eepBr &t @ the shPISChoBgvVacvi t y
of the subj - tr. Jr enept ich 1S W sly
Franom 11 PG of Saikel ST BEELE of &L e TR TR gD ek, ML B e
25 t he ambetrictive mPeicatbijeet’s forfmal AmpEnsaindeowh@atsi t hm t o conpensate the

t enper at ure neasurenent for changes in the anbient tenperature and thereby

generate a conpensated tenperature valye. The conpensated tenperature val ue
may be di spl ay&dre 7IemPERANDSRYLNEY fRHcess Feh SASa Ry AUURETEHEe SNYRIOF hiD

i'nvent i:on ;M EO@:FEH?Q arent b1 O f LNg tal -0t o,

t aken iSn é@%\%ﬂl&#@t fﬂon tﬁ’t gazlfgcgnpaﬁﬁ%ynglhjﬁ@%ﬁng]gﬁ ‘% pﬁ%#gtslﬁé%%ymmy of
exanpl e t hempriseica plodsiool 2 ichepledve ai icarpicc8 14 il 2JAMNiBIOCHrS1 6.efEabdser it i on
of the Drawi ngs The present, invention will be readily understood by the

fol | owi ng THdhedicrBprigesst epRiswr 18 sneasad ime f929m earplug 20h andye sRARkEmA- nitpam

dr awi ngs. i S: ri.ption, «Like. ref C r.al | gnat e
i ke str uc?tlﬂ)rh%’fgg}'éefflr%% ssglq‘!gislll—lgogﬁi%eéagtc%lfall l?g rsg Jggt' aflﬁzeglr%\%sg%?ﬁ;ﬁlgﬁ r%’é‘r &

t enper at uriee feRMpictaire Witlgntige Sarickhals m@trﬁéasare&QEkﬁﬁ&hiuﬁe fhdidglic sae tiabugte
telemeter in_accordance with one enbodi nent of the present invention.
Fi gur €03 iflexiide wiredé to mamitep Eb twheee thie demnprratyre rending mtsiered ped displpigd onp
accor danc i n odiment of th resent. invention. 10 Figure 4
T ust r a1 o8 Bha AvRar RO Groaiitul BRERYA ) AU spidkef o e

t herei n i RoafgaedanG®Rniva hr@ing sigAlodi ment of the present invention. Figure
5a illustrates a scatter diagramof Tee as a function of T~e based on data

obtained froma_ trjal conducted on one enbodi nent of the present invention.
Fi gure 5b il | uddneakimyatipnselihiseorel iempeatintst masering devitw iscthpriopnlp thersubjashs ed

on data 1 i Lihal _conduct on_one .enbodj nt, of the.present
i nventi on%f%?%%b@%%%&ﬁé Il us 0% AP éréayacoélgg ¥ Igt?y BPaYe" SWH%E%‘Qéheae‘feﬁﬂg n of

Tart basednfgahay,afod iiskinee Gnfacom disé bF AbpSROEHE RFiRE sAfleas bhadhpBRiuref t he
present invention. Figure 6 illustrates a perspective view of a subject

weari ng a MenisslQraie enade nweer othersad dbe dehiess’ swiredicanente Hysdiindess vadent he

present i ntion, 20 Figure 7 illustrates an at.omi cal view of. a ar
Pl i GO fest far et e maorioF 1358 ool Qo SRR HomE s e A R o
t he pr ese@hbjieme@hbmepm&m{@e%ﬁw_I ustrates a schematic of a tenperature
teleneter in accordance with

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



anot her enbodi nent of the present invention. 9 11 JAN 200% ﬁ;@ﬁ{?@ﬁi
illustrates an anatom cal view of an ear canal with a probe

therein in accordance with anot her enbodi nent of the present invention.
Figure 10 illustrates a schematic of tenperature telenetric systemin

accordance %iﬁh a further_ enbodi ment of the present invention. 5 10, 1 JAN
2005 Det aiPinde ¥ 113t cofhbereuspd Ardditemally ibphdermmblstte have arsyeems

tel emeter agl%’;s awmamngof ffle %E&%%gerﬁm?eg% aéﬁﬁ%l%%{ @%l}é&s%n%%nfé Hq[\é Aehinh? the
foll owi ng description; numerous Specitfic detalls ‘are set for In order to
provi de a thorough understanding of the present invention. It wll be
understood, 5 however, to one skilled in the art, that the present
invention may be practiced without some or all of these specific details.
In other instances, well known process operations have not been descri bed
in detail 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 eneter 50 conprises a sensor 52 enclosed in a probe 54 coupled to a
housi ng 56, which supports a nodulator 58, a transmtter 60 and a battery
casing 62. A battery supported by battery casing 62 nmay be used to power
sensor 52, nodulator 58, and transmitter 60. Tenperature telenmeter 50
further conprises a nonitor 64, which receives tenperature signals
wirelessly from15 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 nmeasure the tenperature in the body cavity (Th~) and generate a
tenperature signal. Sensor 52 is positioned near the surface of probe 54 so
that sensor 52 will be in close proximty to the surface of the body
cavity. This facilitates 20 the attai nnent of a nore accurate tenperature
measurenent. The tenperature signal generated by sensor 52 is relayed to
nodul at or 58. Moddul ator 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




may be stored and coll ated so that Tb~ can be displ ayed inﬂpgq;ﬁ@2¥$$l form
when pronpted by a subject. The option to display Tb~ graphicaf’ly owWs
the subject to keep track of the changes in Th~ nore easily. To facilitate
mobility, nonitor 64 may be 11 11 JAN 2005 inplenmented 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 alag@hﬁﬁnﬁ @hEQBV@ tﬁﬁFrtS t he subject when Thb~
exceeds or falls below a pre TernrﬁggirenperaéurE'range. The warni ng given
by alarm 66 can be auditory, such 5 as a beep, a string of notes, etc., or
vibratory. Al arfhe@feseaiin@éiB®nlHlsphegmasasas, frovidiiga @hipbenestelénigesanfa
signal s dependi ng on the severity of the incursion outside the

pr edet er ni"ERCG anpaysierte measys. 2 bedy frmeneraiticonit shgald diengprasristedithat dieal
O e Aibeliias Al 5
ot et AT FREnGRne bEBG IR b DR AR bRl B AR o

tailored to suit a spec S requir ry rovide
el ect riscalappirefugya §y8tcBRer @y Re SEAIVthELR , SEREH lidlehtivOSnBOHmEA R 0F el frédenbO | S
inserted into battery 9a5|ngw22. Battery casing 62 is designed such that

t he bat t edyveatpn pee desgitied beYoved and repl aced once the battery is flat so

that tenperature teleneter 50 can be reused. Many types of batteries may be

i npl emented toprovide r for the present invention. Far ex le, .two
"B Vol t i vl Sirde BTt or B8 PSR Chn R ok WprnerneraReR: dtr
Figure 3 iprdwsdd aras tempanpes aldmdet RLRABE 8rsedddP tb MmaLER £ ratifehofone

enbodi ment of the present invention. Tenperature teleneter 180 conprises a
probe 102 bedyisraty, sciarahbusi pay choal, 0§ agupjeeki Bl @ansimideri@@pleguptthe sensor

temperature telepeter 100 |nglud a nonitor 108, which receiyves .
t errperlglt urrgceé‘%én Fs %vr\llilpreéa%érg s ?’ﬁmf &%‘m & a?{_ka{ﬁgf‘f“gﬁteﬁ i Wﬁ P B ih $B%i ng
104. A sengfperdthés. @nfloRRSdrdcBivey BResitMh? witdlessRSR6h e itRh@nARr 8R4 usanal 150
as illustrated in Figure 4 to neasure the tenpérature (Tee) in ear canal
150. Sensépnvergion glgopighn del conasiethe demperamiy foaareestimaped bare 10RpgatuthaThsensor
110 will be in clo roxim f.the surface of ear cangl 150. This
faci 11t at 48 pitafing SPRHEH T ed5ies ot ifising oy Sivperaltsr SohuagH dhent
Probe 102 tpmymper.nol ded according to the ear inpression of a subject to
obtain a better fit. As an alternative, sensor 110 may be enbedded in a
pi ece of foamor any other nalleable material. Wth a better fit, probe 102
will Bé nore sdteifembly, g heusorgestoines dhe tehBperatire BRNeRO05 thana cabBD Eha wi | |
not be easj|y. di.slodge The .subject.. 1s .then able .car ut, vi gorous
activiti ezlo\l/l\n 5o I%{f’ %5‘%9‘%& ?ha_g?dogog%ﬁﬁl BecHL cpig- 4‘?\31?%5%’( ﬁ’@e@@pgﬂa{um _
measuring tdie@eteR HrofiPHIAL MERAS! U ahoduBatSENEEPIRT JKvERNSY stdddr BRI §h&1 NG
back to Figure 3, a nodulator, supported’in housing 104, receives the 5
t enper at utngntienl to famphifis dn signall Tefrabln dasinpetahee alpheteuiteludés ebateney
and/ or phase .of .the tenperature signal to a ropri ate wavef orm before
transni ssi'GHBg PR ?n%?ttfleé?" 9 PJ‘%H@ﬁipPB’FT gﬁg}?épspﬁ riagfhii TSP gnal |
transm tted mﬁreless%y bé_the transmtter, is received in nonitor 108 and

i

may belconvert é8 # Rrefered gnbedimeny (the Ttemppratury dalegietys| wpbdes)iagi embiopt on a

temperature sensor to measure an ambient temperature. The temperature telemeter

preferably includes a compensation algorithm which uses the ambient temperature to
compensate the estimated core temperature for changes in the ambient temperature. The

estimated core temperature may be displayed on the monitor.

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



10 display 112 such as a liquid crystal display (LCD). As gpgcggggﬁ}gn t he
previous illustration, the option of displaying Tee graphically is g SO
avai |l abl e. Having a graphical display is advantageous to track the history
of changes in the Tee of a subject. Mnitor 108 preferably includes a
processor tqQ execute a conpensation algorithmto performcalculations to
conpensat &Sfippted KarFgEdPEIFtERHIiEa e cOBYRIEPR plgeathy afisTerally, Tnalart isqapdded nay
be coupl e i @qgi " . i t, the
conpensatS@%%éﬁgg#%%ﬁﬁ%%%X%%Fggfgﬂ%g?@or ]Fﬁﬁ&gﬁ%$g§¥@§P§HE§?%§1ations to
generate a good estimate of Tee. As an alternative, the Tanb sensor can

al so be | ocat ednouttbirdleenithgieait ¢iited invietiorgXanphperature agleietticngystehe is
external ear, at housing 104. Additionally, the present invention my

i ncl ude seWRYHed 1 o The dstaperafirg gieleatefrio fsysiome Eudsh nk itwrlivo 8 temperatureg ych

e At ur SRR oottt Ay 6 GUEL S o A ABE RS RIF 1o Mlld ey

be i nt egr at@feratird odtahBsdys enNsr & & GubeaSatde a MFayShiied Totgled GONHE se0S to SUCh
as heart rate, blood pressure, blood oxygen saturation, and

el ect r ocarr@¢edy kg tempespturg frogydictseaser. tHe el densralss i2ongnphyo iraeintile a

m cr ophon I e j.ect' s.hearing, .25 At present .. regtal (T= nd

esophagear TRl o ST InchidE ek uE ik Bk STk g s b of "7
Conpar at i watly of (he plirslitg dfe&pdraeepteRieyery @Tuder dic6deRdioRhigdrithniRvewnest t he
present invention provides for a nmethod of neasuring Tee to estimate T~ in

occupatli orfh¢ tesreratigdo e estighdedcarhéerepesitest i s active). In such
environnments, where tenperature related disorders pose health and safety
risks, Tee is rﬂi%*}o%%rgm&?&%%p{ §Mthe dentidit ataly %Qt%? t%P%éte%%?Prlon}cfeH.s e to
neasure than Tre and Tes, or enperé%ures at’o _erf%oé@ oritrces or
cavities, tempérafde tdi@nstadionsprizes AREHSOr tdIRGANESa kdmpetathRSS d VB JavRy 8N4
cunbersone and allows the subject to continue with mininmal if any

i mpedi nentsubEChydnmiranpueresounled ia theuspasirorhe tmnmitey eaekiss theetempergture

t enper at ur e iN_an_ear_ canal c e.sone 5 inpairnment of normal
bi e al - e e bR o P, SRR o BN s e ie Bap R HvEr ot
af f ectisheaht Bignalfrdh ﬁ;&tdﬂ@ﬁimhire?esﬁl?mlé%ﬂ#%&ath% {8¥BIckdrGnd6Ids 68 2pHeai di Ng
to the current invention can be readily nounted I

_ in an ear canal with little
or no i nvdsmperagire sansonipimeasyregh antheens tappseatureand with a reduced ri sk of
i nfection when conpared to the insertion and |ocation of such devices in

ot her. body ori fy ich secrete eater. t uantities .of nmucys. Te is
celdonty used thRRl e (ARRHEhE, FGRH b b A thinstgh AR Bk Ty 1
obt ai ni Ng 136€ Wi bAbMERAILHBERALS to lcd8PEhte thel RIMRIAINMT & RASMEIRMy ohoul d
be nmeasured as close as possible to the tynpani c nenbrane. However, this
poses a hedppgesandhe ambisnt iempera@ra. hdhe meniwr demydisplanahe tdmperatwisasf the
menbr ane q%é_bg. ierced by 15 accident, rendering a person deaf or
partially ar*48"a result. As such, the tenperature T is usually nmeasured
al ong the ear canal instead. Applicants' conducted a study to evaluate the
validity of Te @saafifhréBEali@chtasuhe BiverdtichNth tfetB6d a0} i BBasiABe a bod

rel ationship between Tr and Te. T~ was neasured by a rectal probe (YSI,
USA) i nserle@geriire @fuj swbicst & promjdeilnthe method dregins bBameasoring estempatatizo

t enper at ur T S asured thrqugh a tenperature sensor pill Tenp,
UsAy - A priit 1 kol EaPRARE SRSt et el gt R WOBHCF on
was i nser tidclbdslyeRidnitting t6 BrhdHi@r.OR® BicrhteIPEthfusd is meabliicdhd dsed with

conventional T~ neasurenent device (Quest Technol ogi es, USA) was inserted

into tHe dhaambient tewpamBie on at pempeansgémaeigedthin to kempehsate ar tepPesifure25 A

trial was conducted.in, a clinmatic . chanmber progr at 35C anbi ent

tenper at o BORYUSHRE R e i P R s R A (RGO CREIEFES AEvRPITRdy 2)
of simul att@lﬁiF&Q{Lﬁé vEAUIUTRS é@Rpendfted iduetdiindlvaRidh 8Si¥Rifac! othed in
mlitary uniforns nade of 50% cotton and 50% pol yéster. ring the trial,
the trial subjects were asked to walk on a treadm || at a pace that
corresponded with 70%to 80% of their heart rate reserve (HRR) 30 and were
allowed to consune water freely. Te, Tre, Tg~ and T of each test subject
were 14 11 JAN 2005



recorded at intervals of 15 seconds, 1 mnute, 15 seconds g 10 _seconds,
respectively. The trial ceased after a trial subject's Trgg §9 5C

and remai ned at or above this tenperature for at least 1 mnute. The dat a
coll ected was then anal yzed. A statistical significance (p-value) of |ess

than 0.05 was deened an acceptable level of error. 5 10 15 The
rel ati onshi ps HedRegts a“%raél"ar’lf@geérﬁf 5i ipvepdion ‘éi‘r]r]ap?f'?&? Frerent Aenbde son

Pr oduct DB l.at @ﬁ@

bet ween qual rmgq{eslaglrelaa ﬁ&s‘k{oé’eéa\rﬁg%gp crOc:j:)r re Igﬁﬂgﬁth%ra{egra ges frlg to
-1, with alwadatieg by wai of axdingsé thegprincipdsicfchic jpoaitionve | i near rel ati onship
between the pair of variables. Simlarly, high positive r-values indicate a
strong positive linear relationship between the pair of variables. The data
obtained fromthe trial was used to plot scatter diagrans of Tee as a
function of Tre, Tg; and Tait,. The scatter diagrans are useful for

eval uating the nature and degree of relationship between the vari abl es.

Figure 5a illustrates a scatter diagramof Te as a function of Tre. The
scatter diagramin Figure 5a indicates that there is a positive |linear
correl ation between Tee and T~e_ Figure Sb illustrates a scatter diagram 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 diagramof Tee as a function of Ta,t. The scatter
diagramin Figure 5c indicates that there is a positive |inear correlation
bet ween Tee and Tai. Pearson's correlation (r) between the different types
of tenperature rreasurerrents 20 was then conputed with the foll ow ng
formula: ~XY _ ~X~Yr - N~I) ~Xz _ OX)2 ~YZ _ OY N N where X - Tee (O 1

- Tren Tgi O Talt (C) 25 N - Nunber of data points 15 11 JAN 2005 A
summary of the conputed r-values is displayed in Table 1. Table 1 Pearson's
correlation (r) between 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-val ues
bet ween Tee, and Tre, Tg and Tart are high. 5 This inplies that even though
the absolute tenperature readi ngs were not the sanme, the changes in Tre,

Tg; and Tart are in tandemw th changes in Tee. 10 15 However, because
Pearson's correlation nmeasures the strength of a relation between a pair of
vari abl es, but not the agreenent between the pair of variables, 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 t@"ﬁdg&g %@'ﬁnts in
Figures 5a, 5b and Sc, respectively, are in agreenent. The signifi tly
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 In a preferred enbodi nrent of the present
invention, a conversion a'%éfﬁ%%ﬁ%gﬁth@%%ﬁ@ equation is used to
estimate T, Tre, or Tg; f - The regression
equation can be obtained by performng |linear regression on the data points
plotted in a sciict presetit agwattionFotll eheargddy wndetsimdr by efe edHowingpdethideédred on
the data pJotted in Figures 5a and 5b gave rise to the follow ng prediction
model s: 10esgrption oy pofyungign ;wigh sy agopmpgnyiag odmpgngsTe) To @c@%@e(@s
Monitor 1 i b f i isplay a Tre of

36, 7C wher seuan Ttk Al RHRTRRE SR Bl Qe BPCTY 156 vt
equation (3) programmed therein would display a T~; of 38.8C when sensor
110 neasures a Figurefl illisti38€.a chht@itioailiceeleynpetdnae aumwer.si on al gorit hm may be
used to convert Tee to Tre by adding the nean of the error (MXE) between

Tee and Tre to _Jee sured by sensor_ 110 to obtain Tre. To obtain T~;, the
MOE bet ween Ted'@fif ﬁﬁ‘,lsqaéeséo%g?fnﬁt@ algbicHpSEre (elgclee Msaseordagse With ARE t he
val ue of tha N8t WeehesthEndlfiofce in Figure 5a, that is, 20 0.81C, a Tee
of 38C woul docorrespon??%so a T-e of 38.81C. The conversion al gorithm can

al so be progranmed to performboth types of conversion, that is, from Tee
to both Tre andigige.3 illetrated hpdahedive dése roif hedmpbauee neymber appidoatint®
obtain a coﬂ\éersi QI:R) al gorithmin respect of any body cavity, such as the
arnpit or HEC difpgitef e RIFSSHERVERIOB gure 3, housing 104 al so supports
a battery casing 114, in 25 which a battery, such as a pair of 1.55 Volts
si | verjgoxi de bahfgei£81ustis R M&%ﬁi%ﬁ%iewhgf B gleE%na'l SvifiLYRE 6k th%e%&g
provi des power for sensor 110, the nodul ator, and the transmitter. Battery
casi ng 114hérenlindemrdanbeawitbrope eabodignaioof thi peeswttihvemtipab 118, which assists
in the opening and closing of battery casing door 116. 17 11 JAN 2005
Figure 6 illustrates. a rspective view of subj ect 160 arin

t enper at ur e telﬁéﬂg?gzta 1EB§fa?%h%mtqeth% _Qf [ ?‘Sn£ g@&?@PHéﬁﬁe {RPSFg %@tf’_‘
embodi mentobefindd ol LS ANonERYEI bl G enfidShaY o%%pr\é‘éynFﬂwb%id?ﬂ. aced behind an
ear|l obe 154, is coupled to flexible wre 106, whi'ch extends around the top
of earlobe 154. This arrangenent of housing 104 5 and flexible wire 106
secur es housi ndg'1gwa Sballusitytesca sqdier dingraa bdWs. iscafienctibured Tebawdtoardaid0 t o
access,  the,ear canal of subject 160. Eigure 7 _illustrates an anatom cal

vi ew of at‘i’bgaéli‘ed Hark Ui't‘)l(?oﬂﬁ?‘]llcﬁe Orbﬁ“l?beén@%?m?q@émeéﬂeftelﬁ‘&‘rné@qun accor dance

w th one enbodi nent of the present invention. Probe 202 is coupled to a

housi ng 204 | oqahed Scrllgaf@be sci@fr didersl BIT204 PHelALRARIY,S YRRA dnSdfa

obtained from a trial conducted 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.



to nodul ator, a transmtter and a battery casing having a iqttgﬁy Si ng
door 210. A sensor enclosed in probe 202 neasures Tee in ear é 2 00 and
generates a tenperature signal, which is relayed to the nodulator in
housi ng 204. The nodul ator varies the anplitude, frequency, and/or phase of

the tenperature.signal. to an appropr.iate wavef orm before transm ssion, by
the transm tteFigHe %HE&SH@G%@&. W@I{s@nﬁéwa?fu% e& garaf Withn p JWoRSs Inpeyted

transmi { t egkrinigheSadaobWith Ao EAGRMd v o HEGRE NEthdph, @ Tecel ver and

preferably displayed on a nonitor. The sensor ocated close to the
surface of probe 202 so that the sensor wll be as close as possible to the
surface of ear Fguwrall0200straldsi ssdhagiatic pitamsperdiereaticaietrivesytstenf irnacrordance
accurate tquefa ure qgﬁsure gt. As di scussed previously, the sensor is
al so pl ac&gHLEBHeTephedL nﬂgﬁ 5 Pfeeent BVE¥Spani ¢ nenbrane 208. Probe 202
may be nol ded to an ear inpression of a subject, or enbedded in a piece of
foam o any other malleable material to obtain a better fit. Figure 8
illustrates a schematic of a tenperature telenmeter 250 in accordance with
anot her enbodi nent of the present invention. Tenperature tel enmeter 250
conprises a 25 probe 252 in which a sensor 254, a nodul ator 256, a
transmtter 258 and a battery casing 260 are encl osed. Tenperature

tel eneter 250 further conprises a nonitor 262, which receives tenperature
signals wirelessly fromtransmtter 258. Probe 252 is inserted into a body
cavity so that sensor 254 can neasure Th~ and generate a tenperature
signal. Sensor 254 is positioned close to the surface of probe 252 30 so
that sensor 254 will be in close proximty to the surface of the body
cavity. This 18 11 JAN 2005 facilitates the attainment of a nore accurate
tenperature neasurenent. The tenperature signal generated is relayed to
nodul at or 256. Modul at or 256 varies the anplitude, frequency, and phase of
the tenperature signal to an appropriate waveform for transm ssion by '
transmtter 258. 5 Monitor 262 receives the tenperature signal wrelessly
fromtransmtter 258 and preferably displays the tenperature in real-tine.
The tenperature signals received are preferably converted into a digital
formfor display. Additionally, the tenperature signals received by nonitor
262 may be stored and coll ated so that Tb~ can be displayed in a graphical
form when pronpted by a subject. The option to display Th~ graphically
allows 1o the subject to keep track of the changes in Th~ nore readily. To
-facilitate nmobility, nonitor 262 may be inplenmented as a watch to be worn
on a wist or as a pager, which could be attached to a belt or kept in a
subj ect's pocket. An alarm 264 in nonitor 262 may be used to alert the
subj ect when Th~ exceeds or falls below a predeterm ned tenperature range.
The warni ng given by alarm 264 can be 15 auditory, such as a beep, a string
of notes, etc., or vibratory. Alarm 264 can al so be progranmed to emt
different types of signals to indicate different tenperatures. If a

dat abase of an individual subject's physical condition and ability is
avai l abl e, alarm 264 can be tailored to suit a subject's requirenents. A
battery to provide electrical energy to operate sensor 254, nodul ator 256
and zO transmitter 258 nmay 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 telenmeter 250 can be
reused. Probe 252 of tenperature telenmeter 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
anot her enbodi nent of the present invention. As described above, probe 252
conprises a sensor 254, a nodulator, 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 nore accurate tenperature neasurenent. As
di scussed previously, the sensor is also placed as 30 close as possible to
t he tynpani c nenbrane 302. Probe 252 further conprises a battery 19 11
JAN 2005
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casi ng door 266 and a door pull 268. By using door pull 26% gbj\%ez@ casi ng
door 266 can be opened to insert a battery or to renove a. t t 5y.

Al t hough door pull 268 is depicted in this enbodinment as a string with a
knob on one end, it will 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 SChe%%#hﬂeﬂﬁD#Q?ﬁgﬁﬁh%HQMkﬁP€@ﬁﬁ+é&lﬁdﬁkﬁﬁhﬂﬁﬁsin accor dance
with a further enb : re telenetric
system 400 conprises a central receiver or nonitor 402, which receives

t enper at ure si guaksipwiatuet aslshigtcl ramh a peiodl jot yheaduré enpedaticwperhwbkened er s
404, which are used to to nonitaor .the tenperature of nultiple subjects.
Tenper at ulEC¥idede nit the Eolloydngs pserption anygeds spefiile detpils argseifRrthimgrdgeta ces
406. Each . [ [ ' . s r Lvel pl ed
to each téﬁéﬁ% grHﬁ%@ﬁﬁtﬁ%?ﬁéﬁﬁﬁ%ﬂP?%ng%ﬁ%ﬁi“%%QF@?abﬁ§£ﬁ§%%‘?g&ﬁﬁggray
Th~ i nsr edlowlev e t@bna skitled & thD S, GaNtheadredvanidventictDaly beqdra@icpd efitivabl y
equi pped with an_ alarm4l0 to alert a supervisor when Tb~ of any subject
exceeds orsomg|qrsllned] hgseaspesifis rdstatls e Mriotwes lastanses ardl knavanpecesseippetianur e
telenetri %a§<¥§1t8‘t§rgeé119%e§c%ﬂ)ege1 I(E@?éi? 1 r%)tl‘gé:li‘ Illor{ %I ! aétCGS%QI%W O e&?renﬁe%esaenpunber
of persons need nonitoring, Tor instance, an | I'i"a hosprtal, ére T~ of
a nunber afvepdibhents nust be nonitored at any one tine. Tenperature
telenetric system400 is also applicable for mlitary purposes as it would
all ow a commander to nmonitor the 20 state of each sol di er, depl oyed. O her
enbodi nent s of HigEei2illasitdiesy sihematie of piemmperetuicotolameie Xkin dceerdpgeetwidh ar t
from cgnsi der.ati ification-and practice of-.the invention.

Fur t el o L <Hitindtl o e MY I ERLD LB BT S5 s B R0
descri pti s @lctsed ¥n 2g36bd164 chplkd 16 . HOASinpr s MicH Suppbits @Mmodiligor 58, a
enbodi nents and preferred features described above should 25 be consi dered
exenpl ary,rapsmKter 98 andadrttcorcaiaicfg. dbbitters sbpparied tappéadetsioediZmay b 11

JAN 2005 1. Ate atu telLeneter. conprjisi ©a _sensQr._t.o asure
a tenper agtﬁ%r?t(ia%g ngerb%eélflggg%ir{lgl ui?toﬁggu%ﬁde%ﬁsn%@ élol? aﬂgﬁ’?rf‘ © ieg%‘?tgd o the
sensor, WieftRérNcdigridet aN&iBnitbe164] Svhich E&%%yqe&?&aﬁ%@%hafs%ﬁeﬁeés@fnﬂdﬂe
sensor and wherein the transmtter is to generate a signal to transmt the

t enperidt urtemsmigr &0nonitor to wirel essly receive the signal fromthe
transmtter, wherein the nonitor uses a conversion algorithmto convert the

| . 2. Th 2.
Lol Bt er a1 aARe [t 1 B Ui B o e e sty R S Bt i

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



15 3. The tenperature telenmeter as recited in claim 2, fug?er Eﬁm ising a
housing to support the sensor and the transmtter, wherei h‘g‘ ng is
to secure the tenperature teleneter to the ear canal. 4. The tenperature
telemeter as recited in any one of clainms 1 to 3, further 20 conprising a
nodul at or .coupl ed between the sensor and the transm.tter, erei he
modul at or WPWW%W%P%O 89 YRHY On B Wriphar dSARAECA NG ?%‘I@ﬂ%?‘é‘"’r‘:ﬁﬁ‘imﬁ’eci ted
in any on f i her conprising a battery housing for
supporti ng’eg"é% é{rqs}}e]s\k%)%rcéfﬁg)ﬁ{é battery is to provide 25 power for the
sensor and the transmtter. 6. The tenperature telenmeter as recited in any
one of clai ms A1 elafin Géhermomitdriel atorts ther subljespivhys Tihexoesds orafallsl belowea
tenperature. 21 ., 11 JAN 2005 7. ']ihe tenperature tel egeter. as c[.ecite in
any one ofPFedcHirines teRPEratufp BgPn IR VARIISiShEn by Aprih Bl cihds pYdiaRy.1HEN ear
canal . 5 t t&l eey; =TT ' [ 3to
7, fur tshe?dsc?-(?r%g?’i f%fﬁgé gﬁﬁg@ ’iegéh’t teﬁlrr%ter (t é?%}nsﬁ%dgﬁlgda%ep@?ggg{%% tt%hé(ia]ﬁt
housi ng t dlifferesiutgpeanofasiznelint dépempimpadrtbe @verlifeof elpenatsive dedidergher as
recited i ?Pﬁ%i aim8, further conprising a to conpensation algorithm which
uses the cEHminednFERerAiiE  F8I8e0nble ARIGTRAtIONe Iegatding, 3B JindBAdIAl eWRISEES ur e
for changeskiBaldauRiRE &R bHIBELALEIe! o ARERAE o 20reR O UL PeA
estinmated ‘core tenperature of a subject,” conprising: measuring- a

t enper at ursabjecidsneguibadsntsavi ty of the subject to generate a tenperature
measurenent; wirelessly transmtting the tenperature neasurenent to a

noni tor; and cofg erting the tenperature neasurement to an estimted core
t enper&t ure usi é’age‘é’o o¥idselegtyenli SRTRY P0oDPIate FRESOREZh SRPIEOM S ondli ng

an esti mate 6o shSIRREALH S, BRdr§ Ehdifsgh N I WEd;

cavity is anseare cang}m.% % n?%e rrerﬁh%%ﬁ?g%' E%{é%geﬁ%]ggg%hgg%ﬂ%ﬁdgﬁdggf%

t enper at urtke hsttarg cart dledsily 2dnetediamd kpladedohee theriiaktedy is dlapsd hhngmpeayireli ng

an alert when the tenperature exceeds or falls below a predeterm ned

t enper at urt@lep]gﬁ:@éo emp be reused. Many types of batteries may be implemented to provide
power for the present invention. For example, two 1.55 Volt silver oxide batteries have

15  been successfully implemented.

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



11 JAN 2005 13. The nethod for providing an estinmated cor%dtge r E re as
recited in any one of clains 10 to 12, further conprisingk |Sﬁg%}§ﬁ]§ t he

estimated core tenperature. 14. The nethod for providing an estinmated core
tenperature as recited in any 5 one of clains 10 to 13, further conprising

measuring an ient te rature, ereln the anbient tenperature is to
Goner at o rcAE JoP et ivah SEh P casti i GEcH-o ha Sibiogt eibge ABle  BTEPETRETPES

System COMphiBLNGifol AT dilolinl GIRENBOUr € tel emeters, wherein each of

the plurality of tenperature 1o télfemeters conprises: a sensor to neasure a

tenperature of a body cavity of a subject; and a transmtter coupled to the

sensor, wher ei dntihepitocess fingdasuringsT4d.0n teageraeretsignat srgeacmtedry fensm itlbe

sensor an erein the transmtter is to generate a signal to transmt the
(rjgeg@ Bagkyto ‘3’3

t enper at ure-TEHE c EFWE| 3> nd PGP FIRRRTIGE 1R nPusingn AP+ wisceives g from
the transmihbp&hef sisdk frodf sdldsr Plondld shmerat erein
t he central ir;)mni tosrlg%geso a“conversi ondd'g%ggpftiﬁm@gg’c%% S{‘@L?‘E%Bt %B%?gture
to an est ithateetpecabure signaper at appeopribe. witedorte bgfercatansmidseineyethe inansyisitem as
recited in clai mhéq's wherein the body 20 cavity is an ear canal. 17. The
t enper at ur'@o2ya &ic systemas recited in claim16, wherein each of the
plurality of tenperature teleneters further conprises a housing to support
the sensor and fiiqekhaRfil ik t4IShAlD JidciRE) B8 { e iVGE
tenperature tel emsteei3 to the@eérﬁﬁgS cgna’%}?&i%. g%tginggﬁtéﬁbgsgfe?g%@n&ri C
syst em as maufor ¢68 hmd avay berenwaited ietd asligital faml 7T.. wheeedisplagahdighaltyhe a
lemeters further. conprises a_mpdul ator 23 11

SAN 2085 CBised Bethan 1 NGUELRSER RPN E-CPansh CRrboqHEr GFieRets

s T eot ted uieBaR TR bbdort SFuShIENTE T, ptan OB P IRE kR SRR SR, o
di spl ays tdisplayst rdwinegecnrte tiaelpertadtonyel cBihged ietht AypeEtaadubieet.t el emetric
systemas recited in any one of clainms 17 to 19, wherein the housing is

S nor b relob S TR SRt oavsegien Srsmp et g "
E Lgns M t 1 §f nGP E4cliRidSo %&ﬂﬁ&fsate%@élﬁh@estiﬂ%ﬁbﬁ%?éﬁilﬁetrzﬁ{lrei Gy A el ve

15 sensor may be coupled to monitor 108 to measure Tayp. With Tam, as an input, the
compensation algorithm is 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



tenperature fromthe sensor and wherein the transmttere&'ﬁs{gt E ate a

signal to transmt the tenperature; 15 a nonitor to wrete W ive the
signal fromthe transmtter; and an anbient tenperature sensor to neasure
an anbient tenperature. 22. The tenperature teleneter as recited in claim

21, further ,conprisi.ng a conpenpsation gorithm which uses the anbi ent

t enper at u raéld 585568%5&’1‘25‘[ Iéle?sﬂ{ge %ﬂn hl %u?reteﬁpeﬁaﬂge%?}oﬁﬁ@ahﬂ%fﬁps €hanges
in the amy,eks, QRS W &indr mbieh, LREREE 3 MNess iRVARRE Sl 8finb&SIhEdnd N
claim21 or 22, wherein the nonitor displays the tenperature of the body

cavity. 25llpws tthebjehperaatiovewith neinetanf ay impedinett ionamgal ooeeméntshiad s 21
to 23, wherein th ni.tqr uses a conversion algorithmto convert the
t enper at uﬁﬁr‘%’f‘mﬁ’hg\lﬁgﬂ%h Hst?la&e%‘Heré@ﬁ"? FFE?I%?}GTC‘&E_@ ¢ pRal ARy QusQIPme 11
JAN 2085 ZRpaithgnd SMREHAL anﬁuﬁaﬁh@%ﬁ?Eha?%ngﬁﬁflérﬁgviyrbea@%itgﬁl?o Bhc Cdrabits 21

h a nal . 6.

to 24, wherein the body cavity Is ear C e tenperature
t el enet er vad noteffe@hennng inathmoffsr efirurA hampeasiogr tekehietricaddvinesicogrding t6 uppor t
t he sensor and the transmitter, wherejn the housing is to secure the

t enper at urt8 ER) BHERUIR (2B bereaddiymetiied In acar pheal pathldtlaon ne IRwsieldhe as
recited in.aR% 9@%@fsuﬁla@t', Mhd 3l & ?e%ucéwhgg%rf iﬁga?ﬁé?mlie@' @&nn;gaégqf"i’y'tﬁ‘é or
e er he ul at or

coupl ed between the sensor and the transmt , erein isto
anpl i fy thesesliggnahd 18&tiofthe tetpdedtasrdn béleeriotigrorifives adhitle detbteagigatone of
clainms 21 to 27, further conprising a battery housing for supporting a
batter, HEREIG ofABBaittery is to provide 15 power for the sensor and the
transmtter. 29. The tenperature teleneter as recited in any one of clains

26 to 29, wherep nitdy kOO Shesld el s c : 30. A
net hod for neasur ilSng ;ng?fy teﬁr’rper atglﬁégs%)&%été%f%&c &ggérrg)rlﬁlgiadﬁgca%%grguri ng
a t enper atobteenifig oacarabo dyeasareineytsof [Hédlys ubji@aperhtftrg eneikaictcat tshoparsé ur e
measurenent; wirelessly transmtting the tenperature neasurenent to a

moni tor; FEASWER 4g Clase arBPEe (e seympanie; mepyans Herayer: His pestperisaith e
measur emenf,q anfy D AADLERL it £ ﬂ&?%e?é{ﬁ{te g;‘:y@ﬁ%ﬁg@g&ﬁ%% @1;13)”%:9 rgﬁ%rpe'@ by

conpensate t he t enperat ure neasur I en
t enperlat uraeciderd, tenderiipya gemnen deef gt paaigB Al eda teRerad ticd, wal ts@perdfure

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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11 JAN 2005 31. The nethod for neasuring a body tenperature Qf a sub
recited in claim30, further conprising displaying the conﬂe%sﬁi’écﬁﬂﬁ
tenperature value. 5 32. The nmethod for neasuring a body tenperature of a
subject as recited in claim30 or 31, further conprising converting the
tenperature neasurenent to an estimated core tenperature usjng a conversion

al gor i t hmreepsdedradnispialiorf Fosecapdss dmningtea 1Hsespnds A 1 weendss respestiBplect as

recited i -an cl aj .30, t j i | S.an ear
anal - a R ANYeaRRCa Rl UL Eicths' . B L ald Ferhfiel Afisbi 848
recited ineapdta@rei@fat dtadi Mmiddtel OTRS dath WollbRéd GFMidnSinalyzpd.0W eliafigican
alert when_ the corr&(_ansat ed tenperature val ue exceeds or falls below a
predeterm 1 cC

d s qapppervlv) of fesn gan 0105 wes deemed IpRCEOBBICTEVPPRATURE TELEMVETER
Abstract A tenperature teleneter is provided. The tenperature tel eneter
i ncl udes a sensgr . S e ratur f an [ nal j ect.
Atr angn‘i tter (S:’lgll‘}pII%Ieatctil(c-;{lE'(r)ﬂie ggt‘gg%lsg?‘”rmgtg?‘vaé@ faﬁé’él efr%%pﬁ%l?’%%u‘r%ghg f?%%e%%aﬂ
sensor an®rgde Mdmént Coteliidn (P whichn@fkdts thelidcarpaitainghi@ . befwésdn paiF of
receives the signal wirelessly fromthe transmtter and uses a conversion
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éect as
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25 N = Number of data points
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Table 1 Pearson’s correlation (r) between Tec, and Ty, Ty and Tay
Tre Tgi Tant Tec
Tre 0.91 0.82 0.87
Ty 0.84 0.85
Tax 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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glﬂ 1%00/?@'&( §2 T ?rf U T3ble 23ipgigpphe that 76%, 73% and 99/0 of the data pomgs) In

Figures 5a, 5b and Sc, respectively, are in agresment. The significantly high r and r°
values reported in the current study demonstrate that T is indeed a valid indication of T,

that is, that T, can be used as an indirect measure of T,.

5 In a preferred embodiment of the present invention, a conversion algorithm
having a regression equation is used to estimate T, Ty, or Ty from T, measured by a
sensor. 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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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
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transmission by transmitter 258.

5 Monitor 262 receives the temperature signal wirelessly from transmitter 258 and
preferably displays the temperature in real-time. The temperature signals received are
preferably converted into a digital form for display. Additionally, the temperature signals
received by monitor 262 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

t0  the subject to keep track of the changes in Ty, 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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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
1s 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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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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3.110%& () 14. The(rzlethod for provigh)ng a)n estimated(c)ore 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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wherein the body cavity is an car canal.

5 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
10 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

15 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.

20 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

25 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.
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claim 30, further comprising displaying the compensated temperature value.

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.

15
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