; e3e. QLLMINF2Or P6PT. Q'\i =TEMPERATURE TELEMETER Background of the I nvention
1. Field of the Invention 5 The present invention relates generally to the

measur enent of body tenperature. Mre particularly, the pres i
relates to a system and nethod for neasuring tenperature fromﬂﬁmm@mﬂmﬂmty
and wirelessly transmtting the tenperature reading to a recel
monitoring. 2. Description of TEMPERAEIRE TELEMETERhe nmeasuring andf®15*

nonitoring of a person's core tenperature (Tc), also known as deep bod
tenperature, is inportant for a variety of health and safety W‘ﬂmyumﬂl’s
i s because a person's Tc nu | IfYRe Mivedl very nar r
the body to function normal ISBa P@ﬁﬂ@g%ﬂ nm‘té’Htib of this preswpibed
range can result in a nunber of tenperature-related disorders and ot her
physi ol ogi cakieRf ¢ithe Teventfon20 At el evated core tenperatures, a person can
devel op di sorders such as heat stroke and other synptons such as

exhaustion, cranps, rashes, and fatigue that nmay develop as a result of
over hedt i ng. AnTheopresambinvgntiory relates-gengiellyvterthe wasurementpd dody tevapesaiiee.

engaged i ctivi.ti.es involving high anbient tenperature di ant heat
cour ces, MY hiibuRRy, B PraefionblethGb 4 D bl aftue 85 Beyffe
strenuous pRhyelfRé fRGT A ¥bdy 85vif MdWBEKSHSERR{NR! 1Re t@nfteRbreteSRALRS 8-
Such risks are inherent in many industriés and professions, including fire
fighting, mthvetfocmpnitwingve nmilitary conbat positions, and construction
work. This is particularly true for workers that are required to wear

sem perneapl g or. inper.nneabl e protective clothing. At the other end of the
spectrum a?b'fﬁ?%rﬁpé{gg&g?ﬂ%&f’iamﬂp%f%erm a may occur. A 25 person may devel op
hypot herm a when Tc falls below 35C. In addition, hypotherma is frequently
fatal when Tc faldmeieligyadPirontoHidéSa Eﬁ)ﬁ@&ﬂﬁé&}é téhperSueerT )Y aREkBOWA adr ©

general |y susceptible to hypotherma. erly persons usually have a nore
linmted abddeptbpdy derdpdratute, doimpastant éori b araty ofihdaltheanbsadety aeasops. ombistie

beconi t her i f1. al.l tible ta hypothermia.
B dor |y ol EBHS RETAN'S vt Re qepief e Vi Pl FYIDY HBE B HBRIdRAT | o

infants a RSN ES11er r ; l her. i flﬁﬁ\%’rr
| ack of S[Il@gut aneousllga'?‘.ngIe%agralgﬁtopgsggmgg%ﬁ?ﬁg%@ﬁ Hr%%%er%ﬁ SEI eP%,n and ot her
travel er s éftedperatirdraslited)disbidetsyand lothvapRysiclogicall goblsms.cepti bl e to

hypotherm a. 5 In many instances, tenperature related disorders m ght be
easilygrevent ed by early detection of tenperature excursions qut of the

accept Bol e r ang®t elRvRteeATR IRREUIESS, DPErPHECaRIsY Blopiditordess airdsihset siokeur es
and treat t ti QIR e i a
rapid and@@n@?%’?&@éﬁ%%ﬁ.* %E%arlgpor’e?m{lés’ ?%Hgg«;tg?wdftiggg?%g#s%adt&?ggtfgof
devel opi nga resipesfadweiigeatiag.at &6 abhswialigr Bigh STiCihagevemassilt v déaded Refsons
strenuous physical 1o activity, have their core tenperatures nonitored. For
exanmpl e, t&EPsdhiLALIVIE IgPivg highcynbisht tempsEdyes. ladianDhedt fQuEces.gligly, a
patient's Jc .. ] nd | nkai ped.at . aroun [ ..t he _onset
oF m1d nyhiekByniii Bedef OnRL A Bt E R Mmool Y
exanpl g of highle stseephiblel RITREH atistr@erfOMBUCAriske dré iftRsdittial Manys indstéids and
Intensive Care Unit (1 CU. Because patients

professions, including fire fighting, athletics, active military combat positions, and

construction work. This is particularly true for workers that are required to wear semi-

permeable or impermeable protective clothing.

At the other end of the spectrum, if T, is too low, hypothermia may occur. A

25  person may develop hypothermia when T, falls below 35°C. In addition, hypothermia is
frequently fatal when T, falls below 32°C. Infants, neonates and elderly persons are
generally susceptible to hypothermia. Elderly persons usually have a more limited ability

to detect cold while infants and neonates are prone to becoming hypothermic because of

1



15 warded in an ICU are usually in serious condition, therefore in nost
cases, they nust have their core tenperatures nonitored. Because of the
extensive applicability of core tenperature nmeasurenents, a nunber of core
t enper ature neasuri ng devi ces have been devel oped. In hospitals, a
patient's core_tenperature is usually nonitored via atemmrmure£rME

i nserted igmerally sescepiiie taahiynothegmia Fdderky pasans usually haye apeorgdigrited abHisy
axilla or r . r C i 1 rough
fhe pati e EEE Mt IRhRIRE"RbIE e a8 bR e B HR R b BE o1
a tenper atthgie 1k @ Subditdesusd@t. | Bddgionealouilafy c1BSRRE) aRiess, UadiBlhkY tr&AIGSS
significant disconfort to the patient. Hence, a |less invasive core

t enper at urte apeadaving ghitly elivatds ardalsthsusceptibtectorhydothednian exanpl e of a core
tenperature nmeasuring device is an ingestible transmtter disclosed in U S.
Patent No. 4,844,076 issued to Lesho et al..The ingestible.transmtter is
encapsdl at ed i naA IREGCS JEPPOUSE FET ditsriest BRNhT PRy PGS BY o
that the U daB) I8 dctibh of ?eniﬂ%rétﬁ':% RERRNs bRCEE the r&cz‘!@i&%lér Fanf;@@f?d Q&lﬁin?s&ﬁti&ﬁ‘ken’
the subject must swallowthe transmtter at |east an hour before the

t enper at urdf thsappramiateprevéntiveBecause andirgatmestst rAdtes detettéom, peompidrebmgast ed

at any one tjne, the subject has to wait for the egression.of the first
transmitt e‘?’lllfo‘ésluéu%[]eé%é‘l’ Pmlﬁ[&@n&%@@quye&voﬂeprﬁ 7o 18 DEHA EPHRARELHSK he
two transm - Thi L.t : i.bl ) g :
tonper at urs Segagpink ipprh i R Pl hich o tee B e OFRERL ¢
t enper At uretivkpHavetieittcord Bitperatiats Menitdred.i zed. Secondly, tenperature
measur enents cannot be nonitored for |engthy periods of tinme because the
transmtter will not always be in the right position and will eventually be
egressed. As suRdf exprpley, temperatuigdRoMigrng s AYRMLNUR Aoty r PHANg 8YBe¥sa must
be pl anne ol eh i ihal 410 . enpenature
of Foods AP bar detennesh e inAfRated, Bdn SO0 IR b et SRAIE
gener at ed mpotheemiaq@yceptin tazks venkRcéd By o mifHMEHEh XaiPRSON BERIRE Hf

obtai ned through the use of such transmtters. Hence, the accuracy and
consi st enclgmperatuie moateingyin haskisals isalp apdnignsipe Caret Uit (I§Awd3askusefpatiends Lesho
transmtter isdthat ¢b cannot.. be reused d(ﬁg to hl?‘/3 i enic c?nsi derations.
Ther ef br e, VIR {587 dt UsTEHsPalbe Ut PESIONS CPREAR-1 herelore An TSt casefethey sutst y

since eachydveasidrd Rimpefat@@l thoAR6kabl e for a limted period of tinme. 15
Core tenperature neasuring devices, such as ear tenperature nonitor 10
illustrated in Figure 1, are also comonly enpl oyed. Ear tenperature

moni tor 10 conpBé¢csuss af thaiextensive applipdtelityt of anree tampesgturel heasugernerfts,exi bl e

wre 16. EarngtiweCS 14 further conprises, a.th rm'Etor 18len§a dlal‘;na1 f oam
ear pl ug 204G © cié’ﬁeeéwemﬂr.e.% D& d5issS 28vG Beqm fevelgpsde rinebPspiiely #he
ear canal ohicars %Q%ﬁ)ﬁﬁﬂ% 1§ $udfly bbrildRiA R aSKhipRratite phébe RERRANY £
within the ear canal. The neasured tenperature reading i's sent through

f1 exi btee vhady cheity of thematiemt, 4ilth astithe mouthe theeaniba at theerectemdi Tige tempstaored and

di spl ayed on, a screen 24. Wien a pre-set tenperature threshogld is reached,
speaker 2PTRRS BB é‘é?lf%f‘gl}?‘%fﬁteaothé?ﬁﬁi‘d e B3 "eFndeWn CRe the FFPRREEN of

this core ygRs r QS ' i |y | € ear

t enper at urg mnhﬁ%l?, %Srmrray cdo%aegél?lxéﬂnetg ﬁ&%ﬁ?{l@;&ﬁ@@%ﬁ}ﬁ r%:%{nn&{ ﬁégléa%g%t of
an emer gengyall§ aauses stigmciearandiscomfortc &s ehofpatigmiot Heenot,aa Beyv iinvasive ugdie as

ear tenperature nonitor, 10 are unable to warn others of the subject's

pr edi camen€MPEsABRKe Measugidg dgvige i highly prefgirethces, ear tenperature nonitor 10
is not well suited to provide the Tc of the subject to another nonitoring
entity,. 3 Ano i i.onal c t. I.Nng
devi cezss, such a}sﬁggirn%@ﬁ%?r%%ﬁ%nﬁr%%tylfé;}rﬂeg‘gj?ﬁgs&& ﬁgﬁ??ﬁ%&%ﬁ@@ﬁ@%ﬁﬂ%&/st ens
usi ng t herdikdésedsn OF.S.tHaenIDIOOY)84£,976 IssuddstoilRelidsteili FThé irgestibteFrhehfineEs t 0
have a wire han(i;i ng out of a subject's ear, which is further connected to a
noni t or of ensapy #iblaepdl 2ed swadowpd &y 8 svhject or aratiente viior pnsyre tatpBe t he

nobility of the subject. while the ni.tor .is an.yndesirabl e burde Thi s
e par t] curaingud Sl h ot Ifat e RN e B AR BR BT B e iR g 2
active subhgehnsniitteatasasBarbRouF bRlor®thedempiafurd g inhdBud@r ker. I n such cases,
the wires woul d becone an occupational hazard. In view of the foregoing, it
is desirable to have a system and nethod to neasure 1o core tenperature
that is non-invasive. It is also desiraBlle to have an inexpensive system
that can be used continually to generate consistent and accurate readi ngs,
and that can be reused. Additionally, it is desirable to have a system

whi ch allows nonitoring of the




core tenperatures of a nunber of persons froma main termnal. 4 Sunmmary
of the Invention The present invention fills these needs by providing a
tenperature telemeter and a nethod and systemto nmeasure a body
tenperature. It should be appreciated that the present invention can be

i npl enented in nunmerous ways, including as a process, an 5 apparatus, a
system a deviBzeawe oalynetdshsnidesrataalbel ingestdd ateaing robe dinme nhes sudfject lhes pr esent
invention are described bel ow. In one enbodi nent of the present invention,
a t enper Yl éort Beesasession; of Hicolird dernsmptier ¢ sioyer srallow g [2epreprd 9 AvPifdes a

sensor ?ntgy‘t?ﬁgh'&eb&w%&ﬂﬁ%rt%;ﬂa%gﬁ%tte?é‘. m?ﬂ{s 1ﬁﬁﬁ§{¢°ﬁex§‘?iﬁ§p&eﬁﬁe-us@é)%éﬁ‘{hzm tter

COUp| ed to Sensor recelves enper a rom sensor

gener at egoft drgftbtute0 midaditiy tetib® bedmaes aheteeis A fiReelagebefors ehd/@srd he
signal wirelessly fromthe transmtter. The tenperature tel eneter

pr ef epabltgmparatiredmsasyranaanéd fafjen oas bppiitized heewadkyo tenapriatiigemegsaremeints er .
Pref erabl y, e housi ng.secures the t erature teleneter tq the ear canal.
The. hous I B¢ O OISCE IS Rl HBrereearsy th BaBa Tt hot a1iays

Addi ti onglliy id Hgttﬁ;mr%h%wml&eh@aﬁme Qlorddell eAgRLoh, HRAChadsSsRn HBAul at or
coupl ed between-The sensor and the transmtter, to anpltfy the signal.

Pr ef er abltgmpdriterc megserag deveces ahshbe plannsdciaficteband dnd ttinerdyachandgighg f or
supporting a battery to provide power for the sensor and the transmtter.

The receiver preferaply includes us conversjon algorithmto convert the
t enper at ure toA‘défltboé’PEy’t BfIPRIAME Og?‘é’%éraé‘allﬁul snePnspngd ¥ e sYPIGFteds; s

di Spglﬁye@veﬂ”asaﬂlms g%-[e%étéH by W+§%Eltﬂg¥ tiﬁfﬁxeﬁ@é’ HeV&re tél}'r@)e?atglre%ge{s[lf\eﬂlents

enmbodi nent, the te ature te i ncludes an anbi ent tenperature
sensor t obtmrdulireuglnthaniot efduch epanitetst dlentbiahe awatacgand cedststatol wf thecl udes
uses a conversign algorithmto convert the tenperature to a core

t enper at fifadingsiaken ey asrp faither dlrandack ioé thedeesip ipnayider isihat ingsanetde. 1n
another  elROSUIPRY hyYierdid orlsERRINE N Thére 7, MRS ulO8s RUR YAGHMe FrafiBhiffters

can be rather costly since each transmitter is only operable for a limited period of time.

15 Core temperature measuring devices, such as ear temperature monitor 10
illustrated in Figure 1, are also commonly employed. Ear temperature monitor 10
comprises a monitor 12 coupled to an earpiece 14 via a flexible wire 16. Earpiece 14
further comprises a thermistor 18 encased in a foam earplug 20, and a speaker 22. Foam
earplug 20 is first inserted into the ear canal of a subject. Thermistor 18 then measures

20  the temperature within the ear canal. The measured temperature reading is sent through
flexible wire 16 to monitor 12, where the temperature reading is stored and displayed on a
screen 24. When a pre-set temperature threshold is reached, speaker 22 may be

configured to sound a warning signal.

One limitation of this core temperature measuring device is that only the subject

25  of ear temperature monitor 10 may conveniently monitor his own T,. In the event of an
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.



25 tenperature of a subject is provided. The nethod begins by neasuring a
tenperature froma body cavity of the subject to generate a tenperature
measurenent, which is transmtted wirelessly to a receiver. The tenperature
is converted to a core tenperature 5 usi ng a conversion algorithm
Preferably, an alert is provided when the tenperature equals a
predet er m ned Anethpe pablane withrcopeéntfonal duee tenirodtiremeasofing devicesy ewdhi sn, a
tenperature telemetric systemis provided. The tenperature telenetric
syst em i A fraeRerEuLs) Mogitpt  Opfis t Bahdheyt arse varade pYsierhe rusingEhermisfors g
pluralit r NS sSor ure a

M’lC%O#O g‘%‘g af g ‘?nc Fltlgrpga %4 &Jg@t%e‘tl&%% & g\pe 2 w1%ef haNd 10%&1t 8ft o t he

terrper ature o n ear cana sSub ransm

sensor t guyjesRi e whithes ﬁﬁ‘ﬂ?é?b@ﬁr&b’&@édftb%bhﬂors@m&ﬁfsrdeﬂb% §1Eé:1nq1ﬁbtw1?ers

gener at es a Si gnal to transnmt the tenperature. A central receiver receives
the s$ gnaiaywnteefeefsswsh pr damphe ther m@brhtytqir thof subgach while Hee phanitaf iis ynof

t enper at ur 0 O her cts and advant of the .inv nti on
w1 DocHEEHABHEoT 1 TS Ho MBI SGRn  Cacr AR ot ISEEFION (BrmOop iR ee

conj unct te%bemtﬁﬂa 3 Q&%rgaajw @Gct%é‘é" R@fier bil b USh&RlBg WAV I éucﬁxaﬁp' e
t he principtes of the invention. Brief Description of the Draw ngs The

present casegniid wiresnvbild hecaneasah bgcupatdmalshmrdi by the follow ng detailed
description in conjunction with the acconpanying drawings. To facilitate

this descr t on, li ref erence. n I e nate |i ctural
el :a?rent 2 I5IOF IQUF%{ %k ﬁ? fQregqing. é%‘sa‘yeéﬁ?ﬁ%?ﬂ ﬁ f?éagssﬁaqm ?‘é‘ﬁﬁ@%ﬂ’f‘&? éfllJ%‘FFFt or.
Figuie 2.4,k &g;lﬁefréthf‘estggt S BRI dsfveCrt B élseo”@e%{réﬁllért@hﬁ&‘é %FE nenkl'ile @g&&ﬁdance

wi th one enb the present I nvention ‘ustrat

per spect ihdecan el contimiane It(ﬁgweﬁaté ebigtdre and AcARn o kehdinge, atdithat@as be

enbodi ment of the present invention. 1 o Figure 4 illustrates an anatom cal
vi ew of shr Additanally, tihisdesirahle to rhgécr @é@st@rnewéliqh llpwscimerigrigeofheh one
enbodi ment th n t| an, | ,justrates a scatter

di agram o?re%f eraqul%s?ﬁ%c ?1{8%0(?? rISons ase gm§c1“z;14”fallalobt ained froma trial
conducted on one enbodi nent of the present invention. Figure 5b illustrates
a scatter diagramof Tec as a function of Tg, based on data




15 obtained froma trial conducted on one enbodi ment of the present

I nvention. Figure 5c illustrates a scatter diagramof Tec as a function of
Talt based on data obtained froma trial conducted on one enbodi ment of the
present invention. Figure 6 illustrates a perspective view of a subject

wearing a tenperature teleneter in accordance wi th one enbodi nent of the
present invention. 20 Fi gur% 7 iIIustrai ej an gnatom cal view of an ear
canal with a probe inserted t wi t h one enbodi nent of
the present invention. Figure 8 illustrates a schematic of a tenperature
telemeter in gﬁcorda ce w,t hgﬁ\”?&her enhodi ment oft t he Pre%ﬁnt ti nvention. 7
Figure 9 illust¥&FSEHRYANQE S ERTSC PFEth P A g EIRETIAF Ieuet B

i nsert ed AdIRIEIRY bybt@E GOMARGE Abddy RYehfireeNPHLNE e HprdchRed iHRS Y
invention. Figure 10 illustrates a schematic of tenperature telenetric

syst em i praemomdenoa gdant be amplentehted @nipovérmentvags, inbledmgesseatprocesgrdn on. 8

Detail ed Description of the Preferred Enbod| nents A tenperature tel eneter
and a’ metRRdatS aAYalSHy & 45Vise 8y 2 Msthnd: é%?@?awentpwwemwf ths presentowi ng

descri pti . r . | fjc details are set forth in order to provide a
thoroughl*érlwéﬁtr:*té\{r)]lléj an %bzlé)%g?&towé present invention. It will be understood, 5

however, to one skilled in the art, that the present invention nay be
practi ced w t louhe smbediorentdflthefprdshetsiavarpien) 4 tanpebeitadel tslemleter 04 prewided.
i nstances, well known process operations have not been described in detail

in order THE{CTRRSTHATSEISTSIE incjudsd 8 SERET IhBPUESRIFMACH WAL 8 carsageled a2
T ustratgged FCORRLS BlpRdtCHRIEALY &L BXGbGPeralird BoRGROLHRAEHAM t

10  generates a signal to transmit the temperature. A receiver receives the signal wirelessly
from the transmitter. The temperature telemeter preferably includes a housing to support

the sensor and the transmitter.

Preferably, the housing secures the temperature telemeter to the ear canal. The

housing is also preferably shaped to fit in the ear canal. Additionally, the temperature

15 telemeter preferably includes a modulator, coupled between the sensor and the
transmitter, to amplify the signal. Preferably, the temperature telemeter includes a battery

housing for supporting a battery to provide power for the sensor and the transmitter.

The receiver preferably includes uses a conversion algorithm to convert the
temperature to a core temperature. Preferably, the core temperature is displayed on a

20  monitor coupled to the receiver. In a preferred embodiment, the temperature telemeter
includes an ambient temperature sensor to measure an ambient temperature. The receiver
preferably includes uses a conversion algorithm to convert the temperature to a core

temperature. The core temperature may then be displayed on a monitor.

In another embodiment of the invention, a method for providing a core
25  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 receiver. The temperature is converted to a core temperature



1o one enbodi nent of the present invention. Tenperature teleneter 50

conpri ses 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 may be used to power sensor 52,

nodul ator 58, and transmtter 60. Tenperature telenmeter 50 further

conpri sesisingn®Boiiv@fsiot algofikich. retirabdy drenlpariatproeded gvieh shaviterepasatey from
15 transmtter 60. Probe 54 is inserted into a body cavity, such as an ear
canal , ursdels anredetgpnined (GORETFBIE h, etc., so that sensor 52 can neasure the
tenperature in the body cavity (Tbc) and generate a tenperature signal.
Sensor 52 is Lt .t .of p S . S r.52 wil
be in close pﬁg%trﬁntg 9‘% Slg?ﬁdelmsegf?fzgéernog I%fcﬁlé ab%ﬁ?’%éag@rft %.le%cs S& g%‘l?ll It at es
20 the abp@id®NITIRY t@npRE@raGEldmaiR bRINETALMIE HRRRAIRIEST tenlfi@ature
tenperature signal generated by sensor 52 is relayed to nodul ator 58.

Modul at ottelg8etgesr iFagh phtheaiprlityddemperaigiectalemeteanucideph sensonto measure a
tenperature signal.to an apppopri.ate eform for transm ssion by .

{r ansm ¢ FRRPEHHr A g BT PoRattie Fpha traplien snplso dhFerie Iy, £ om
transm ier (B0, Atre?Rof R RYSorTPEht RrahGRlitet 1gBReratd A LibRNA0! ¥anshli€ the
tenperature signals.received by nonitor 64 may be stored and collated so

t hat Tbc temaperiteredi A péranabckeeiveraregeiagsithe signdlovimleshkyrrgm daptredmityer @f sadbj ect .
The option to dis I%y Thbc graphically allows the subject to keep track of

t he changéﬁheimu“ﬂigw ePRETARES telpmeiess-f acilitate nmobility, nonitor 64 may be
9 i npl enmented as a watch to be worn on a wist or as a pager, which could
be at;tached t b r ' ' y C [N

mon; 001 64 al O PRectE s aledfhes T B hEalial BAMYEbme ol ToPul

pr e- pr ogifelloveeg tdetyiled alesurptivangken Tiheonyandtiongwh \tke atyonglaaying Grawmgs,be
auditory, 5 such as a beep, a string of notes, etc., or vibratory. Al arm 66
can al solbhstigtiegbawaral exmple thegirmeiplesof thejpeantigh. si gnal s dependi ng on the
severity of the incursion outside the preprogranmed tenperature range. If

i nformation regarding an individual subject's physical conditions and
abilities is available, alarm 66 can be tailored to suit a specific
subject's requirenents. 1o A battery to provide electrical energy to
operate sensor 52, nodulator 58 and transmtter 60 is inserted into battery
casing 62. Battery casing 62 is designed such that the battery can be
easily renoved and replaced once the battery is flat so that tenperature
teleneter 50 can be reused. Many types of batteries nay be inplenented to
provi de power for the present invention. For exanple, two 1.55 Volt silver
oxi de batteries have 15 been successfully inplenented. Figure 3 illustrates
a tenperature teleneter 100 in accordance with one enbodi nent of the
present invention. Tenperature telenmeter 100 conprises a probe 102 coupl ed
to a housing 104 by a flexible wire 106. Further, tenperature teleneter 100
i ncludes a nonitor 108, which receives tenperature signals wirelessly from
a transmtter 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
nmeasure the tenperature {Tec) in ear canal 150. Sensor 110 is |ocated cl ose
to the surface of probe 102 so that sensor 110 will be in close proximty
of the surface of ear canal 150. This facilitates the attai nnent of a nore
accurate 25 tenperature neasurenent. Probe 102 nay be 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 piece of foamor any other mall eable
material. Wth a better fit, probe 102 will be nore securely positioned in
ear 10



canal 150 and will not be easily dislodged. The subject is then able to
carry out vigorous activities without fears of dislodging probe 102. In the
process of neasuring Tec, a tenperature signal is generated by sensor 110.
Referring back to Figure 3, a nodul ator, supported in housing 104, receives
the 5 tenperature signal from sensor 110 and adjusts the anplitude,
frequency, and/or phase Qf .the ten:perature signal . to an appropriate
wavef or m bef ore transni sdHdal Beserptic hedlrawmgsnit or 108. The
terrperature SI gnal, transmtted wrel essly by the transmtter is received
in nmonitor and ma .be conver din I h

di spl ayed d| gl IPE‘/‘S 1gven ’BHdWQL%ﬁyreﬁé‘gy s‘ﬁ‘gﬁgg’é’g bYl B&faﬁ%‘?%t gﬁtal%i spl ay
(LCD) . Agedenfibh bR chfjuhfiforPreM aHs AdcbMdhhahd Odtawid}8. OPT Oﬁcmftatéj' @Rl ayi ng
Tec graphically is also aval | abl e. Having da graphical display is

advant agelestsiption tlikaakfetdnee himatmalsyesignath fikgetsudturat dlemdes. of a subj ect.
Monitor 108 preferably includes a processor to execute a conpensation
algorithmto perform cal cul ations tq conpensate for changes in anbient
tenpefat ure ( TasHs§ | iNsiraics 2 panveaHery eﬁ‘a‘ﬁmlﬁéraﬁ"dﬁmoé‘ﬁmio noni tor 108 to
measdre Tanb. Wth Tanb as an input, the conpensation algorithmis able to
performthe aWéLﬂﬁQ'lﬁﬁs?ra&Qla%Hﬁéﬁdthb? o EmPSARK A lferRet S0RGc ST iR R neT€C.  AS
an alternative Tame sensor can al so be | ocated outside the ear canal,

f or exanehbopdintenoof the prasenttilmeenéxh.er nal ear. Additionally, the present

i nvention may incI ude sensors to neasure a variety of 20 environnental
conditions, s g %/ bul b tenperature, .relative h%ﬂg di%‘y., %I oge

t enper at ur e, “r% | fusteaieset BERETve NIFVS B & PRI (lPmeAgiain; FE6AFGRISS,
present inNMEMi B Hﬁé(er}?%f{h%&?%%ﬁﬁﬁ Mohh other sensors to neasure
physi ol ogi cal conditions eart rate, blood pressure, bl ood oxygen
saturation, and el ectrocardiogram (ECG. In addition, the present invention
may iincl ude a Figwee dptimseatto amiadatbhécﬁ whigve atf” an baaraminabwitBSa Arober msarted,

rectal (T~e). and esophageal (Tes) nperatures are the nost commonly used

i ndi cat otkergin lq'accotﬁﬁﬁ‘ﬁFaWﬁbPO"eF‘?bOdFmﬁmi%f the present f1vegliht | y used i ndi cator of
T~. However, the present invention provides for a nethod of nmeasuring T~ to
estimate T~ | iqMg) . I'n
such envi ronné@l@%g\aﬁfelﬁ%q%taz%{gégga eH{ %Y\g? S%F@Sﬁ%&g?gq})oﬂsﬁe(ﬁg%dgﬁ and
saf ety r iobtatned Feom h sriahdoidusdencme \eatbodmicnt of the present invention.

Figure 5b illustrates a scatter diagram of T,, as a function of T, based on data

15  obtained from a trial conducted on one embodiment of the present invention.

Figure Sc illustrates a scatter diagram of T, as a function of T,, based on data

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.



measure than T~e and Tes because it is |ess invasive and cunbersone. Te~ is
sel domy used by thermal physiologists in research due to the difficulty in
obt ai ni ng accurate neasurenents. ldeally, a tenperature neasurenent should
be 5 neasured as close as possible to the tynpani c nenbrane. However, this
poses a health and safety risk as there is a danger that the tynpanic
menbrane nay BiguRi eriltedralyy BcCandenical VRRAef lafigad cpedlSwith depoberingeaed i al |y
deaf as a result. As such, the tenperature Te~ is usually neasured al ong
the ear Waredl injaseardanse wipinogn embodisirabief thel PecsenturNention eval uat e t he
validity of Te~ as a surrogate |0 neasure of T~ and to establish the

rel at! onshi p 1%%%(\36 o Jlst? tc‘;?‘snél:I s%ileerr,rl}atllro%t ergﬁ?estéﬁe%getrg_%s tdry (%rli g‘l: opc'ia% & (yst,

USA) inserte cent SRS erec ol Nt st na
t enper atwrtﬁa(ﬁ%e}emsmmsumeptéaémumhnaoﬁerrper ature sensor pill (CorTenp,
USA). A probe in accordance with one enbodi nent of the present invention
was inserted by about 1.5 cminto one ear to nonitor Te~, whilst a
conventional Te~ neasurenent device (Quest 15 Technol ogi es, USA) was
inserted into the other ear to nonitor the tenperature in the other ear
—{Ta,~. Atrial was conducted in a climatic chanber programmed at 35C
anbi ent tenperature, 70%relative humdity and 800 Watts per square neter
(Wrri z) of simulated solar sinulation, and the trial subjects were
clothed in mlitary unifornms made of 50% 20 cotton and 50% pol yester.
During 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 reserved (HRR
and were allowed to consune water freely. Te~, T~e, Tg, and Ta, ~ of each
test subject were recorded at intervals of 15 seconds, 1 mnute, 15
seconds, and 10 seconds, respectively. The trial ceased after a trial
subject's Tre reached 39.5C and renmi ned at or above this 25 tenperature
for at least 1 mnute. The data collected was then anal yzed. A statistical
significance (p-value) of |less than 0.05 was deened an acceptabl e | evel of
error. The rel ationshi ps between Te~, Tre, T~, and Ta,, were analyzed with
t he Pearson Product Monent Correlation (r), which reflects the |inear
rel ati onship between a pair of variables. Pearson's correlation (r) ranges
from+1l to -1, with a value of +1 indicating a 12 perfect positive linear
rel ati onship between the pair of variables. Simlarly, high positive
r-values indicate a strong positive relationship between the pair of
vari abl es. The data obtained fromthe trial was used to plot scatter
di agrans of Tec as a function of T~e, Te, and Tai,. The scatter diagrans
are useful for evaluating the nature and degree of relationship 5 between
the variables. to Figure 5a illustrates a scatter diagramof Tec as a
function of Tre. The scatter diagramin Figure 5a indicates that there is a
positive linear correlation between Tec and Tre Figure 5b illustrates a
scatter diagramof Tec as a function of Tg,. The scatter diagramin Figure
5b indicates that there is a positive |linear correl ation between Tec and
Tg,. Figure 5c illustrates a scatter diagramof Tec as a function of Ta,,.
The scatter diagramin Figure 5c indicates that there is a positive |inear
correlation between Tec and Ta,.



Pearson's correlation (r) between the different types of tenperature
nmeasurenents was then conputed with the followng formula: r 15 ~XY _ ~X~Y
N ~~x= - a-Xx;=~ ~r _ ~=N ~~ N where X - Te~ (C) Y - Tre, Tg, or Talt (O N
- Nunber of data points A summary of the conputed r-values is displayed in
Table 1. 20 Table 1 Pearson's correlation (r) between Tec, and Tre, Tg, and
Ta, T~e Tg; Ta~~ Te T>~ 0.91 0.82 0.87 13 (1) Tg, 0.84 0.8S Ta,t 0.95 As
observed in Tabl e Detailed Deseniptionef the Rreterred & dimentsand Ta, t are
high. This inplies that even though the absolute terrperature readi ngs were

not the sarre he chang n Tre, d Ta,t are in tandemwth changes

in Tec. eﬁempﬁ@{:“a{ﬁst@lep?&?rs%‘fﬁi g E‘Sﬁ%"gl tor ISASHE o8 (PdX (EMBCRWe i h of a
rel ation n he
pai 1 of ﬁ?% PP R qnhe KB LR bk L e BHE SRIENoTh HRER

agr eenentprbeidees lthdrh@ghpanderaﬁndmg ifbihe spredeat fimadntiagr ernwiit bbSurQ]I&stooaIL t ai ned
if a data point lies on the |line of equalit that is, the line of best fit
dr awn % hrlm@weran@ opp skidigd 4n flg Attsthehths rresen é}veml%rgmmbeméctygéé@Mf 10
betvveenthev b ury b i.n he cqeffici f

det er mi nation’ ( P?tl e %Clﬁﬁzﬁ gt%%gﬁlgﬁ%%% ag%1 f(?owofla?F cﬁss G %ratmﬁ%i ch
lie on thewvkidye wen /bl YIn detSiV T BITYerOhot! foCufirkc¥hril goo&@hl‘éuihét}%@sefnf om t he
r-values in Table 1 is displayed in Table 2. Table 2 ef ficient of

det er mi nanvariofr' -) between Te~, and Tre, Tg, and Ta,t Tre Tgi Talt Tec Tre
0.83 0.67 0.76 Tg, 0.7l 0.73 Ta,t 0.91 15 The results in Table 2 indicate
that 76% 73% 1. % of the dat pi ts in F| [es ... 5b and 5c

Foopect i vel y. Pge e b rennfe B et FFi gt in e R 3
reporfoed dne e dfiiéd: %@Eh&én’é%t dRERNS. r?érﬁpérh‘lﬁ%e tERmdteét Soflﬂﬁ%s@s ¥ @brsr
indication of T~, that is, that Tec can be used as a direct neasure of T-~.
14 52 enclosed in a probe 54 coupled to a housing 56, which supports a modulator 58, a

transmitter 60 and a battery 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  transmitter 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 (T,,) 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 T,, in real-time. Additionally, the temperature signals received by monitor 64
may be stored and collated so that T, can be displayed in a graphical form when
prompted by a subject. The option to display T,, graphically allows the subject to keep

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



In a preferred enbodi nrent of the present invention, a conversion algorithm
having a regression equation is used to estimate Tc Tre, or- Tc, from Tec
measured by a sensor. The regression equation can be obtained by performng
| i near regression on the data points plotted in a scatter diagram For
exanple, a linear regression perfornmed on 5 the data plotted in Figures Sa
and Sb gauplemseed @ & Watch 6d bowongops edistod ara pagde vdtichleanldbOatfdbed Tea) +
8.507 (2), Tg, .= (Q.808 %Tej) + 8.095 (3) Monitor 108 with equation (2)

pr ogr anmeR$It O &eRs 1A hEotnbiects BRFkeY a T~e of 38. 7C when sensor 110 neasures a
Te~ of 38C. Likew se, nonitor 108 with equation (3) 1o progranmmed therein
woul d di spl ay : W (g s e =

Al ternativel y,&%%%ng?r?v@?glggﬁ a g%l?[ﬁ%l ms#ag/egbgmg@g{ﬁf %Sé%dgﬁo\;efrg{ls ﬁglgw td T~e
by addi ngpré-heogimamedfrerhpeatard thgé. MIURE Wahingegivdie by angmT6€ chi® b emdh®gsur ed
by sensor 110 to obtain T~e. To obtain Tg" the MOE between Te~ and Tg, is
added 5t o seh-ag hewk agtrig ofa1ekesy cte5on Yibrateny| dyatn 66 gan also be pragsarvioed ket ween
T~e and Te~ in.Figure Sa,. that is.. 0.8 a Te of . 38C woul d .carrespond to a
Te of ag By rererR s RO siebiISonshin il ey Smd et wslh W Eer s o m
bot h t ypgsoghmaRa\@hpéraiire falas. IfsnfofhMni8garliPghatildivid8alansjedds phyktal
net hodol ogy descri bed above may be applied to obtain a conversion algorithm
i n r especonditioangndradijitiesaniavyilabde) alarss6d tan by taploteddp sutier specifia.subject t h
reference taq Fi %ure 3, housing 104 al so supports a battery casing 114, in
whi ch a BEIYEMFSsych as a pair of 1.55 Volts silver oxide batteries, may
be inserted. The battery is coupled to and provi des power for sensor 110,
the ngdul ator,a %laﬁexw% Broae iddusdal cRatlsl abYopeRnd Réhsdd 42] Rl & Battery
casing door 116 with a tab 118, which assists in the opening and cl osing of
battery dmesmgted60ns nkérted2iftFbajierecBing 621 sBattdrg saang6? spdasignee suitethanf a
subj ect 160 wearing tenperature tel eneter IO(i’)1 in accordance with one

ebodi merBe BAUEEHEATHHSRIBNY AN ane FEPias SPefythe datieryps il sodhay|teBRGAMER| nd an
ear | obe i l,ed f 1 exibl i i -t he top
of earl o%%ér{lgizf.? Sﬁf#g ]faerrregﬁeélérreﬂr%n é?p%ﬁo%%%tggfsoﬁﬁgﬁ% ﬁ%ﬁ? ee@i(ggﬂq,\}é Jr1e | 06
secur es houst fig thArdsentSnnaneioh. FoP erumiblal thovisss Sohadilatiusddd batesmes @tvel00 t o
access the ear canal of subject 160. Figure 7 illustrates an anatom cal

vi ew 16f dsersiccesshnly impbemgritad- a pr obe 202

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 ear 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

10



inserted therein in accordance with one enbodm ent of the present

i nvention. Probe 202 5 is coupled to a housing 204 | ocated in earl obe 206.
Housi ng 204 preferably supports a nodulator, a transmtter and a battery
casing having a battery casing door 210. A sensor enclosed in probe 202
measures Te~ in ear canal 200 and generates a tenperature signal, which is
rel ayed t@anhhesormdulidtit be Basiulsdlodzed 0 he bhilgedtusitHeatable té@birg Sut Yigorous
anpl i tude, frequency, and/or phase of the tenmperature signal to an

appr opr i a3 viley afibers fsam of distaglginganeld K¥ion by the transmitter in housing
204. The tenperature signal, which is transmtted wrelessly by the

transmtter, i ecej ved a receiv an ref erabl i | ed on
oo tor e SBBE BRI B BRI LT St el Y ERON B

the sensopefdhrldy Bfckaso GHigHe RSaP@S&IIRGE glq)fbh@d SiHI hasegofl 08 akecenRR! the 00.
This facilitates the attainment of a nore 15 accurate tenperature

meas ursemetlamperagirg sigoalSoad sgnsew 1 duaridyadjuskseths empbrudestredusncypland/etpase of ose as
possible to a t ani.c nbrane 208. Prqgbe 202 may be nolded to an. ear

Pror eost dhe et el O SmpugtPHEIoT PEoE BAnPUsryy ey oRHfE

mal | eabl e, 848k fhgt o obtain a better fit. Figure 8 illustrates a schematic
of a tenperature teleneter 250 in accordance wth 20 anot her enbodi nent of

the present invention. Tenperature teleneter 2SO0 conprises a probe 2S2 in
whi ch a sensorTiz5#mparatmd sigaplhtrap§bitted wirclesty by ¢ie @&8ndtiet, & tratived yn casi ng

260 are enclosed, T erature teleneter. 0 further conprises a nitor
262, whi aRopifard 08 gad érCSPYﬁr@dé‘i‘taﬁﬂl%‘t%ﬁ?‘E}-ggs WL?I} Sy et Ggttal Do 258,
Pr obe; 2S24: 1.4l r Nt G: .a; j at re T-~
o o gelibiay 1981486 dofl i sl Al BACHI L AP Seahad M BRTHBERELI S 1o
surface oaflugravbe, B&2pton dhéitplagngdr, gtaghivdllylis BBoiamaitdbds eHpviog agriphidadb t he
surface of the bady cavite(/}.t This facilitates the attai nnent of a nore

r

accur at e Hgtpeisadvantageeusiorteagk tic histaw efcharpgesinthe Tsi ¢ffaubifher ated i s
rel ayed to nodul ator 256. Modul ator 2S6 varies the anplitude, 16

frequency, a”%BHib"f‘c?rEi oﬁg)ﬁésfgq&tbb:iﬂplgg%f y%césismleé%&tgg céﬁgé&@ﬁ%@%@owf orm

for transm ssion by tr nrtor 2 recelv nper at ure

si gnal W tb@laBih Yalthlafidis tareiptisale 3bhamgds pr afisieahbypetatipd €1,5).t BeT,,
tenperature in real-tinme. The tenperature signals received are 5 pre?erabl y

convelst edsensor gnay 8 gotpled fto rmpetitor 198stel myasurgidicti WAl T,y R ént ipperthe ur e
signal s received by, nonitor .26 be stored. and.col.lated so that Tb~ can
e i spl dyeierigt SR & oo P R Tt st SR B et E bpdd on o
di spl ay Thtmateaphrcal Ay ahlt@nstivdeh eneSED] 86ksot Cak 8RB el ReKe@buishie wbaages in
Tb~ nore readily. To facilitate nobility, nonitor 262 nay be inplenented as
a wat ch tagnefonskempln, ia owbelind the external gager, whi ch
Additionally, the present invention may include sensors to measure a variety of
20 environmental conditions, such as dry bulb temperature, relative humidity, globe
temperature, wet 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 (T,,) temperatures are the most commonly

used indicators of T,. Comparatively, T, is a less frequently used indicator of T..

cC

However, the present invention provides for a method of measuring T, to estimate T, in

occupational settings (or where the subject is active). In such environments, where

11



| 0 could be attached to a belt or kept in a subject's pocket. An alarm 264
in nmonitor 262 may be used to alert the subj ect when Th~ exceeds or falls
bel ow a pre-progranmed tenperature range. The warning given by alarm 262
can be auditory, such as a beep, a string of notes, etc., or vibratory.

Al arm 262 can al so be progranmmed to emit different types of signals to

i ndi cat etedipfefature m¢lated mjmerderupass hedlfth andiGfantidbade iomuan monelcorveniaht to

subj ect's physical_ condition and abi|ity is available, alarm 262 can be

t ai | or edMedsuEgiban 4. 2Ad Tepspaise itds lesginvrdneptdcumbesicery to provi de

el ectrical energy to operate sensor 254, nodul ator 256 and transmtter 258
may be inserted:] I t.er i Iy i.gned
such that t he?tﬁell% Egel((ri)(;}ﬁ%ta%s%%éy ggéﬂggprg}gs(r?r%\eggﬁe{ﬁégsreg%ﬁgglgégg%c%ﬁ l‘ﬂg@blgt tery
is flat serainhgl adaritenpessatdhientd. el RIFRILET a 2kthpeaifurbemeausatbnt Piobrl 282 of
tenperature tel emeter 250 can be inserted into an ear canal 300 as

i 11 ustr ameasured 5 gofeeaspossiplgiip shotyimpagist mambeanan Hovevenitiziaposdsenhagithear
canal 300 with probe 252 inserted therein in accaordance wth another
rbodi ot Bow R 2 i AVERES HACUE' GubpROBahERRGa Y, b sRasls
CONPri Segecaieht ReeriBP4, pefsolRide] & Pdrtialdy HEANS W fehiff. ADduch, Pl lefifpérab@si Ng. 25
Probe 252 further conprises a battery casing door 266 and a door pull 268.
By usi ngTgddaousuplly meamgsd deng e gacapiligstdasbr 266 can be opened to insert a
battery or to renove a flat battery. Al though door pull 268 is depicted in
this enmbodinment as a,string wth knob on ope end, it.wll be appreciated
t hat door pul ﬁp@&ngaﬁoﬁﬁhécgedoé Sé‘r"fﬁ' e v uuate, e ‘é?%'gf%t%f ?Pﬁﬂ ?Sewrrﬁgatﬁrobe

252 {d omn@atirEGEland Westdbfish tHd [@afiSnshib bethidst Tatg/pra $C kx%gﬁf]aa rQ%y .
tenperature telemnmetric system 400 in accordancé wtfi a“further e Oél ment

of the preewtptobe fYShtWUBA) inkerigakt Gitemtendteds om) linto tsey sictnm. 4 (Bstanestiises a
central receiver ,?r noni t or 40%,{%‘\%i ch receives terrpgr(zture sip%nal S

wi r el essPFRANHE AL o) Wismeasreskt & mpeeatyre sensor eHS (YordempnUear used
to s nonj : Lt L 2G : ' rni ng
dovi cos ORI REQHERSH M 8A2ebodchi B e B hmuith Wl RbACY i

pref er abl.§ cusinb b ehir 3¢ hmitdbT, J whilseal cohverionsl B, arageemdilflevice (Quek
nonitor 402 is also preferably equipped with an alarm 410 to alert a
supebvi sbechpplegies:plUSA) “eaﬁynsqsé}i iaet t%ém@d@r & npepitos thes feswperatyedpribgr anmed
t enper at L{Bgre%m@. 1o Tenperature telenmetric system 400 can be i npl enented
in situations re T~ of a nunber of persons need nonitoring, for
instance, an ICU in a hospital, where T~ of a nunber of patients nust be
nmoni tored at AnyiaDReast tdi@ucté@MAe litiatict @agiRt prégradbiea Mt49PC andicne
applicable for mlitary purposes as_.it would allow a commander to nonitor
the st atiemperabuey 0%prelitive hyaidisyand 8Q0sWetth per sanprsdngiere.myD of pienulatednt i on

i1l b rent .10t illed in th f i der at | Jih
Sheci 1 Al daos IRRE eeobifhs sk it in TR Bl heposk "
t er monol @ewn hag 3098 polyeser. f Dirikd) thePifal ARE SrifsubREG Wk lavieedCloakhlkYon #nd not

to limt the present invention. The enbodi nents and preferred features
descri bettcadbnol et &paveglthiatiserrespondafiowitll 76%ctm®B08% ¢f their thihart tede raserved (IMRRpei ng

defined by the ended cl ai ns. A 1. Atenperature teleneter,
conpri si 3,5%3 wge 5@&‘88‘?%{ GRS dYaéer?eteg'n%q’ zLirltf\e/EIe_aB‘fl Tta'_no eeé‘Fﬁéeéﬁé‘I‘bJ?ﬁI Y¢S ubj ect ;
5 a trangamditeht iGRMAIIEHF 19 s&Bhak, I§ARRIe, 1YNEESIS, S §erc§15l§s["résfa)l€crtivb§r. to
receive sald tenperature fromsaid sensor and wherein said transmtter is
t o generHicetrial s¢agexhhfidraa trial subject’s T,, reached 39.5°C and remained at or above this

25  temperature for at least 1 minute. The data collected was then analyzed. A statistical

significance (p-value) of less than 0.05 was deemed an acceptable level of error.

The relationships between T, T, T, and T,, were analyzed with the Pearson

€c?

Product Moment Correlation (r), which reflects the linear relationship between a pair of

variables. Pearson’s correlation (r) ranges from +1 to —1, with a value of +1 indicating a
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transmt said tenperature; and a receiver to wirelessly receive said signal
fromsaid transmtter. |0 2. The tenperature teleneter as recited in claim
1, further conprising a housing to support the sensor and the transmtter,
wherein said housing is to secure the tenperature teleneter to the ear
canal . 3. The tenperature teleneter as recited in claim2, further

conpri si pgfaat pésitiadiindat eslatasipp ednbanwhe pait BE vaeibtar Samdartyh@ighrpiBivet t er,
wherein said nodulator is to anplify the signal. 4. The tenperature

t el emet eY‘V%lgeSr wdicetscR Piong BOSH S, relgionein betrsen dbe peis of varighiesy s Ehe data

conver si 90, BLIRLL RIS SOIVET b hScBEIRRIALNL 5 00y AOEE SPPCTALGE. 20

5. The t% er as ‘reci er caofiprising a
battery OusTiOsch@ér RURRAE hid\Gehl et év%[LMUng\Aﬂférlﬂitxﬁe S defrat befdlationshi

provi de power for the sensor and the transmtter. 25 6. The tenperature

t el en®et ebetwsenr teiverablém claim S, wherein the receiver includes a nonitor to
di splay the core tenperature. 19 7. The tenperature teleneter as recited
in claimé®, ere ousi n shaped fit dn.the nal . 8. The
{ormperature T GEAEE e e HEERG BT Fo Fu CHBHOR Gt o 10 SR

anmbi ent  giepmey ﬁtlblé\?resﬁrﬁﬂfcat%yﬁﬁ?'iﬁe%jlsbé’ S8V BMS BOrEIiSES&IWES D 288DI ent
temperature. 9. A nethod for providing a core tenperature of a siibject,
conpr i si Tig:Figeastrillagratestaesvpiéeratiagramfof dip @& ddyticasi Ty Tk ssatial diagojrect to
generate, a_tenperatuyre neasurenent; 10, vvl{el essl t,ra smtting sai

t enper at iir Bigpes ab nadiggto fhat dhde dbAveRsttveglinsy Forehten betiesn: B and ofue

t enper at g, t t ng a
t ol at e MsPuaANUELE) ARy 1. A shitgod SF TR R0 1D B
an ear CRigate Sclibdicatéddthaflthereiet posltit®lingar ovirelatigh BetwesneT | &mpEy.at ure as
recited in claim.10, further conprising providing an alert when the

tenperature equals a predetern ned tenperature. 20 12. The method for
providing a C%qagopm&t@pét)&gw%ﬁh%@lffeppn{g RSP EEMPETAYIR SIC2SBRBERE| ng

di'splayi g f0e c&ﬂfnﬁegl SR h ot Wing formula:

sxy - 2X2Y

: o o &
2 X XY
2 2 _
2.X N| |2y N
15
where X = T (°C)
Y = T, Ty, or Ty, (°C)

i

Number of data points

A summary of the computed r-values is displayed in Table 1.

20 Table 1 Pearson’s correlation (r) between T, and T, T,, and T,
Tre Tgi Talt Tec
T 0.91 0.82 0.87

re
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13. The nmethod for providing a tenperature neasurenent as recited in claim
12, further conprising nmeasuring an anbient tenperature, wherein said
anbient 25 tenperature is to generate the core tenperature. 14. A
tenperature telenmetric system conprising 20 a plurality of tenperature
tel eneters, wherein each of said plurality of tenperature teleneters
conprises: a senso& to neasure a tenperature of % ear ca&gé of a subject;
and a transmtter Ceupled to said sensor, wher ePA%said tr mtter is to
receive 5 said tenperature fromsaid sensor and wherein said transmtter is
to generate a signpl to transmt said tenperature; and a ggntral receiver
to receive said sighal wirelessly fromsaid transnmtter of each of said
plurality of tenperature—teteneters—to—15—Thetenperature—tetenetric
systemas recited in claim 14, wherein each of the plurality of tenperature
teleneters further conprises a housing to support the sensor and the
transmitter, vwieokietvedandldbddis) g rivalded teecsthel [, hadtBIPRr &iduT S drehiiet er to
the ear canal. 15 16. The tenperature teleneter as recited in claim 15,
wher ei n eBehimpliesibatpivign dhqugl the absolie tempareuteaicadipgesrefnnt tthepaeo it i ses a
nmodul at orchgoue{)lirclai bf:twe tréem ensor. an thee .;lrIansm' tters— wherein said
modul at or” 7t ﬁ’pgi?‘n w8 s gnar. 17, %Stlemfferature tel eneter as .
recited in claim16, wherein the central 20 receiver uses a conversion

al goristhm t o qesw&iet, b&Ruie PRk Y Rdriehtion CRESuRMPEr atdhbth o rdigon
tenperature telenmeter as recited in claim17, wherein said central receiver
i ncl udes betwesnia pair ebvatiabpasaljuties theoagseanagny bettegn ¢he par oDvariphiest miber at ur e
telemeter _as,recited in gl?i({n 18, . rein saicH;l using i s shaiped.tbcl) fit in
t he ear CCélﬁ&}aUO%Sl were conducted to vern Y € agreemen cween € palr or variaples.

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
10  between the variables can be measured by computing the coefficient of determination (r%),

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.

Table 2 Coefficient of determination (r°) between T, and T, T,, and T,,

) Tre_ Tgi Talt Tec
T,. 0.83 0.67 0.76
T, 0.71 0.73
Tal! 091
15 The results in Table 2 indicate that 76%, 73% and 91% of the data points in

Figures 5a, 5b and 5c, respectively, are in agreement. 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 a direct measure of T..
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10% & ()-y 10% & ().- F&L0% & ()-&$10% & () -$10% & () - SL

10% & 8 glowﬁ&e'(ngazlxﬁ& Ilzl,esf.ropt(y?@/aswn( 91.%0*1@5% Jay) by ; © convep T, to T, by

210 & PRI s ST G et T by A e TS, O
#10% & (btain! Fx FolOWRIDORSiHe)MOE! bbO¥edddr ( dnd T.0is adddd to T,, measured by sensor
15 110. Using the value of the MOE between T, and T, in Figure 5a, that is, 0.81°C, a T,,
of 38°C would correspond to a T,, of 38.81°C. The conversion algorithm can also be
programmed to perform both types of conversion, that is, from T, to both T, and T,,. -
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.

20 With reference to Figure 3, housing 104 also supports a battery casing 114, in
which a battery, such as a pair of 1.55 Volts 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.

25 Figure 6 illustrates a perspective view of a subject 160 wearing temperature
telemeter 100 in accordance with one embodiment of the present invention. Housing
104, which is placed behind an earlobe 154, is coupled to flexible wire 106, which

extends around the top of earlobe 154. This arrangement of housing 104 and flexible

15



10/, ; MLO% & ()-F 4110% & ()- GDz[9_@! 11#10%U>U& ()- " *!10% U& () - #$10%
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#$109HUHUE: () -1, $1090U9UE' () - ! #$1090U0UL' () - 62{ Y73! | #10%&' ()- M | #10%& () -
M B$109%x& ()-!$109%& ()- 10 U 10 U 10 U, ; 10% U& ()-; d79: ; <wXMB73 10 10 10f;
S109& ()-!, F/ #10%& ()- ! F/ #10%& ()- !, F#10%& () - S! 6F#10%& () - S<+( dEMB73 10
1 FI 109w(te- 10618%ircs Jromsing e (§) Sulged 0% ()d 2NlQ09@nfer@Et0RRi(eier 100 to

1S U VI W X aV @8 10 10 .10 .10y,

109& () - BCCFBOARC £97.92n4 &“?J?Ctlléﬁ#lofy& ()-&LO%& ()-Xiql1mi""" dEVK@B 10
10sYy10% & () - #10°/c( & ()-s!'10% & ()-s@10% & ()-910% &' ( )-, 10% & ()-
" 3# # # W$$dEVK illustrates an anatomical v1ew of an ear canal 2 robe 202
100 " @O0% & () - O%{&'() F#10% & () - 10%4 & () - I10%{&'() 91 %{&'() $

%8 Y& &&dﬁﬂh@thﬂn&m in accordance with one embodlment of the present invention. Probe 202
5 is coupled to a housing 204 located in earlobe 206. Housing 204 preferably supports a
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 is 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

10 transmission by the transmitter in housing 204. The temperature signal, which is
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

15  accurate temperature measurement. As discussed previously, the sensor is also placed as
close as possible to a tympanic membrane 208. Probe 202 may be molded to an ear
impression of a subject, or embedded in a piece 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

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

receives temperature signals wirelessly from transmitter 258.

Probe 252 is inserted into a body cavity so that sensor 254 can measure T,, and

25  generate a temperature signal. Sensor 254 is positioned close to the surface of probe 252
so that sensor 254 will be in close proximity to the surface of the body cavity. This
facilitates the attainment of a more accurate temperature measurement. The temperature

signal generated is relayed to modulator 256. Modulator 256 varies the amplitude,
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10L910%& () - 109%& () - sS109%& ’Oé/é sS!I 109&' ()-L109& ()- 109& ()-..1/w'/
0_OdEPE: fralsmiggon bygrapymilie () - Y#109%&' () - sOf 10%&' () - 910%&' ()-s

109’ ()-_000L11162dEPE: 3 1 109+109%& ()-sf)109& ()-9' 109& ()-F

ses0s & 0 2L S0 B e RS SRR T S casan
XYNC8 10 piddferably displays the temperature in real-time. The temperature 31gnals received are
5  preferably converted into a digital form for display. Additionally, the temperature signals
received by monitor 262 may be stored and collated so that T, can be displayed in a

graphical form when prompted by a subject. The option 6 display T, graphically allows

the 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

10 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 Ty, exceeds or
falls below a pre-programmed temperature range. The warning given by alarm 262 can
be auditory, such as a beep, a string of notes, etc., or vibratory. Alarm 262 can also be
programmed to emit different types of signals to indicate different temperatures. If a

15  database of an individual subject’s physical condition and ability is available, alarm 262

can be tailored to suit a the subject’s requirements.

A battery to provide electrical energy to operate sensor 254, modulator 256 and
transmitter 258 n{ay 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

20  temperature telemeter 250 can be reused. Probe 252 of temperature telemeter 250 can be

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

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

25  Probe 252 further comprises a battery casing 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 remove a
flat battery. Although door pull 268 is depicted in this embodiment as a string with a
knob on one end, it will be appreciated that door pull 268 can also be any device that

assists in removing probe 252 from ear canal 300.
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signals wirelessly from a plurallty of temperature telemeters 404, which are used to
5 monitor the temperature of multiple subjects. A plurality of warning devices 406 is
coupled to each telemeter 404. Central monitor 402 1s 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 T,. of any subject exceeds or falls below a pre-

programmed temperature range.

10 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

state of each soldier deployed.

15 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

be considered exemplary, with the invention being defined by the appended claims.
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10 temperature from said sensor and wherein said transmitter is to generate a signal to

transmit said temperature; and

a receiver to wirelessly receive said signal from said transmitter.

10 2. The temperature telemeter as recited in claim 1, further comprising a
housing to support the sensor and the transmitter, wherein said housing is to secure the

temperature telemeter to the ear canal.

3. The temperature telemeter as recited in claim 2, further comprising a
15 modulator coupled between the sensor and the transmitter, wherein said modulator is to

amplify the signal.

4. The temperature telemeter as recited in claim 3, wherein the receiver is to

use a conversion algorithm to convert the temperature to a core temperature.

20
5. The temperature telemeter as recited in claim 4, further comprising a
battery housing for supporting a battery, wherein said battery is to provide power for the
sensor and the transmitter.
25 6. The temperature telemeter as recited in claim 5, wherein the receiver

includes a monitor to display the core temperature.
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10 wirelessly transmitting said temperature to a receiver; and

converting said temperature to a core temperature using a conversion algorithm.

10.  The method for providing a temperature measurement as recited in claim

9, wherein the body cavity is an ear canal.

15
11.  The method for providing a core temperature as recited in claim 10,
further comprising providing an alert when the temperature equals a predetermined
temperature.
20 12.  The method for providing a core temperature as recited in claim 11,

further comprising displaying the core temperature.

13.  The method for providing a temperature measurement as recited in claim
12, further comprising measuring an ambient temperature, wherein said ambient

25  temperature is to generate the core temperature.

14. A temperature telemetric system comprising

20
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10 15.  The temperature telemetric system as recited in claim 14, wherein each of
the plurality of temperature telemeters further comprises a housing to support the sensor
and the transmitter, wherein said housing is to secure the temperature telemeter to the ear

canal.

15 16. The temperature telemeter as recited in claim 15, wherein each of the
plurality of temperature telemeters further comprises a modulator coupled between the

sensor and the transmitter, wherein said modulator is to amplify the signal.

17.  The temperature telemeter as recited in claim 16, wherein the central

20  receiver uses a converston algorithm to convert the temperature to a core temperature.

18.  The temperature telemeter as recited in claim 17, wherein said central

receiver includes a monitor to display the core temperature.

25 19.  The temperature telemeter as recited in claim 18, wherein said housing is

shaped to fit in the ear canal.
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